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Concurrency

6 - Deadlock
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Monitors & Condition Synchronization - Repetition
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wait() , notify() , and notifyAll() - Repetition

Thread A Thread B

wait()
notify()

Monitor

data
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public final void wait() throws InterruptedException;

public final void notify();

public final void notifyAll();
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The Car Park Example - Repetition
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Condition Synchronization (in Java) - Repetition

class CarParkControl {
protected int spaces, capacity;

synchronized void arrive()
throws Int’Exc’ {

while (spaces==0) wait ();
--spaces;
notify ();

}

synchronized void depart()
throws Int’Exc’ {

while (spaces==capacity) wait ();
++spaces;
notify ();

}
}
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Semaphores - Repetition
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$%&�1� &����#��������#'�!����
�����!��������	2�	34���

5��������������������(�������� 	������'�	���
��
��
�'�

Composing
potential DEADLOCK
States Composed: 28 Transitions: 32 in 60ms
Trace to DEADLOCK:

get

Nested Monitors - Bounded Buffer Model - Repetition 
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Deadlock
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Deadlock: 4 Necessary and Sufficient Conditions
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Wait-For Cycle
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6.1  Deadlock Analysis - Primitive Processes

♦ ����
����������� ��������������������������

♦ :��;,%��& ���������#'�����STOP�����

MOVE = (north->(south->MOVE|north-> STOP)).

♦����#����������$%&��

MOVE
north north

south

0 1 2

Trace to DEADLOCK:
north
north
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Deadlock Analysis - Parallel Composition

♦ :��!��
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RESOURCE = (get-> put-> RESOURCE).

P = ( printer.get ->
scanner.get -> copy-> printer.put-> scanner.put-> P).

Q = ( scanner.get ->
printer.get -> copy-> scanner.put-> printer.put-> Q).

||SYS = (p:P || q:Q || 
{p,q}:: printer :RESOURCE || {p,q}:: scanner :RESOURCE).

printer:
RESOURCE
get
put

SYS

scanner:
RESOURCE
get
put

p:P
printer

scanner

q:Q
printer

scanner
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P = ( x -> y -> P).
Q = ( y -> x -> Q).
||D = (P || Q).
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Recall the 4 Conditions…
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Deadlock Analysis – Avoidance (#1 ?)
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Deadlock Analysis – Avoidance (#2 ?)
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LOCK = ( acquire -> release -> LOCK).

P = ( scanner_printer . acquire -> 
printer.get-> 

scanner.get-> 
copy-> 

scanner.put-> 
printer.put-> 

scanner_printer . release -> P).
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Deadlock Analysis – Avoidance (#3 ?)

♦;��
����������&����)����������� ����'�
P          = (printer.get-> GETSCANNER),
GETSCANNER= (scanner.get-> copy-> printer.put

-> scanner.put-> P
| timeout -> printer.put-> P).

Q          = (scanner.get-> GETPRINTER),
GETPRINTER = (printer.get-> copy-> printer.put

-> scanner.put-> Q
| timeout -> scanner.put-> Q).

�
�#
���4�

.���/���
�0�'����	*
��
���
*�������#���!��
���)�������
���
����������!��-� !����
&���
���#�(������(�'������������#����������
���������#�

����
���4 ���� ����



Concurrency: Deadlock ©Magee/Kramer

Deadlock Analysis – Avoidance (#4 ?)
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P = ( printer.get ->
scanner.get -> 

copy-> 
printer.put-> scanner.put-> P).

Q = ( printer.get -> 
scanner.get -> 

copy-> 
printer.put-> scanner.put-> Q).
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6.2  Dining Philosophers
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Dining Philosophers - Model Structure Diagram

phil[4]:
PHIL

phil[1]:
PHIL

phil[3]:
PHIL

phil[0]:
PHIL

phil[2]:
PHIL

FORK FORK

FORK

FORK FORK

lef tright

right

right

right

lef t

lef t

right

lef t

lef t
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Dining Philosophers - Model

const N = 5

FORK = ( get -> put -> FORK).

PHIL = (sitdown->
right. get -> left. get ->

eat->
right. put -> left. put ->

arise-> PHIL).

||DINING_PHILOSOPHERS = 
forall [i:0..N-1] (phil[i]:PHIL ||

{phil[i].left,phil[((i-1)+N)%N].right}::FORK).

��	�������)���'�����
���4���	�������)���'�����
���4�



Concurrency: Deadlock ©Magee/Kramer

Dining Philosophers - Model Analysis
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Trace to DEADLOCK: 
phil.0.sitdown
phil.0.right.get
phil.1.sitdown
phil.1.right.get
phil.2.sitdown
phil.2.right.get
phil.3.sitdown
phil.3.right.get
phil.4.sitdown
phil.4.right.get
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Dining Philosophers
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Dining Philosophers - Implementation in Java
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Applet

Diners

Thread

Philosopher
1 n

Fork

1

n

PhilCanvas

display

controller

view

display
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Dining Philosophers – Fork (Monitor)

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

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

synchronized void get () throws Int’Exc’ {
while ( taken) wait ();
taken = true ;
display.setFork(identity, taken);

}

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

}
}

taken
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Dining Philosophers – Philosopher (Thread)

class Philosopher extends Thread {
public void run() {

try {
while ( true ) {

view.setPhil(identity,view.THINKING);
sleep(controller.thinkTime());
view.setPhil(identity,view.HUNGRY);
right. get ();
view.setPhil(identity,view.GOTRIGHT);
sleep(500); // constant sleep!
left. get ();
view.setPhil(identity,view.EATING);
sleep(controller.eatTime());
right. put (); left. put ();

}
} catch (InterruptedException _) {}

}
}
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Dining Philosophers – Main Applet

for ( int i=0; i<N; i++) {
phil[i] = 

new Philosopher ( this , i, fork[(i-1+N)%N], fork[i]);
phil[i].start();

}

5����!!���1�������&'� ������
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for ( int i=0; i<N; i++) {
fork[i] = new Fork (display, i);

}
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Dining Philosophers
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Deadlock-free Philosophers
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PHIL[i:0..N-1] =
(when (i%2==0) sitdown-> left .get-> ...-> PHIL
|when (i%2==1) sitdown-> right .get->...-> PHIL).
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Maze Example - Shortest Path to STOP (Goal State) 

0 1 2

3 4 5

6 7 8

STOP

north

south

west east
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eg. MAZE(Start=8) = P[Start],
P[0] = (north-> STOP|east->P[1]),...
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||GETOUT = MAZE(7).

0 1 2

3 4 5

6 7 8

STOP

north

south

west east
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Trace to 
DEADLOCK:

east
north
north
west
west
north

Maze Example - Shortest Path to STOP (Goal State) 
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Summary
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