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Multithreading Overview

Motivation & background 

Threads

Creating Java threads

Thread states

Scheduling

Synchronization

Data races

Locks

Deadlock
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Data Race

Definition

Concurrent accesses to same shared variable, 

where at least one access is a write

Properties

Order of accesses may change result of program

May cause intermittent errors, very hard to debug 

Example

public class DataRace extends Thread {

static int x; // shared variable x causing data race

public void run() { x = x + 1; }  // access to x

}
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Data Race Example

public class DataRace extends Thread {

static int common = 0;

public void run() {

int local = common; // data race

local = local + 1;

common = local; // data race

}

public static void main(String[] args) throws InterruptedException {

int max = 3;

DataRace[] allThreads = new DataRace[max];

for (int i = 0; i < allThreads.length; i++)

allThreads[i] = new DataRace();

for (DataRace t : allThreads)

t.start();

for (DataRace t : allThreads)

t.join();

System.out.println(common); // may not be 3

}

}
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Data Race Example

Sequential execution output
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Data Race Example

Concurrent execution output (possible case)

Result depends on thread execution order!


