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Learning Objectives in this Part of the Lesson
• Understand how Java atomic classes & 

operations provide concurrent programs 
with lock-free, thread-safe mechanisms 
to read from & write to single variables 

• Note a human known use of atomic 
operations

• Know how Java atomic operations are
implemented

• Recognize how the Java AtomicLong & 
AtomicBoolean classes are implemented
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Implementing 
Java AtomicLong
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• AtomicLong contains a value 
that is updated atomically

Implementing Java AtomicLong

See docs.oracle.com/javase/8/docs/api/java/
util/concurrent/atomic/AtomicLong.html

https://docs.oracle.com/javase/8/docs/api/java/util/concurrent/atomic/AtomicLong.html
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• AtomicLong uses method
Unsafe.compareAndSwapLong()

Implementing Java AtomicLong

See java/util/concurrent/atomic/AtomicLong.java

http://grepcode.com/file/repository.grepcode.com/java/root/jdk/openjdk/6-b27/java/util/concurrent/atomic/AtomicLong.java
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• AtomicLong uses method
Unsafe.compareAndSwapLong()

Implementing Java AtomicLong
public class AtomicLong

... {

private volatile long value;

... 

private static final Unsafe unsafe

= Unsafe.getUnsafe();

private static final long 

valueOffset;

static {

...

valueOffset = unsafe.

objectFieldOffset

(AtomicLong.class.

getDeclaredField("value"));

...

}

...

This volatile field will be read 
from & written to atomically 

via CAS operations

See en.wikipedia.org/wiki/Volatile_(computer_programming)#In_Java

https://en.wikipedia.org/wiki/Volatile_(computer_programming)#In_Java
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• AtomicLong uses method
Unsafe.compareAndSwapLong()

Implementing Java AtomicLong
public class AtomicLong

... {

private volatile long value;

... 

private static final Unsafe unsafe

= Unsafe.getUnsafe();

private static final long 

valueOffset;

static {

...

valueOffset = unsafe.

objectFieldOffset

(AtomicLong.class.

getDeclaredField("value"));

...

}

...

Java reflection is used to 
determine & store the 
offset of volatile ‘value’

See docs.oracle.com/javase/tutorial/reflect

https://docs.oracle.com/javase/tutorial/reflect
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• AtomicLong uses method
Unsafe.compareAndSwapLong()

Implementing Java AtomicLong
public final class Unsafe { 

public final long getAndAddLong

(Object o, 

long offset, 

long delta) {

long v;

do {

v = getIntVolatile

(o, offset);

} while (!compareAndSwapLong

(o, offset, 

v, v + delta));

return v;

}

Unsafe.getAndAddLong() 
atomically updates a value 
at an offset in the object

See www.docjar.com/html/api/sun/misc/Unsafe.java.html

http://www.docjar.com/html/api/sun/misc/Unsafe.java.html
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Implementing Java AtomicLong
public final class Unsafe { 

public final long getAndAddLong

(Object o, 

long offset, 

long delta) {

long v;

do {

v = getIntVolatile

(o, offset);

} while (!compareAndSwapLong

(o, offset, 

v, v + delta));

return v;

}

This “lock-free” call 
runs atomically

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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Implementing Java AtomicLong
public final class Unsafe { 

public final long getAndAddLong

(Object o, 

long offset, 

long delta) {

long v;

do {

v = getIntVolatile

(o, offset);

} while (!compareAndSwapLong

(o, offset, 

v, v + delta));

return v;

}

The ‘offset’ is relative to 
the start of object ‘o’

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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public final class Unsafe { 

public final long getAndAddLong

(Object o, 

long offset, 

long delta) {

long v;

do {

v = getIntVolatile

(o, offset);

} while (!compareAndSwapLong

(o, offset, 

v, v + delta));

return v;

}

Implementing Java AtomicLong

‘v’ is the value at 
‘offset’ into object ‘o’

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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public final class Unsafe { 

public final long getAndAddLong

(Object o, 

long offset, 

long delta) {

long v;

do {

v = getIntVolatile

(o, offset);

} while (!compareAndSwapLong

(o, offset, 

v, v + delta));

return v;

}

Implementing Java AtomicLong

‘delta’ is atomically added 
to value ‘v’ iff ‘v’ hasn’t 

changed since it was read

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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Implementing Java AtomicLong
public class AtomicLong

... {

private volatile long value;

... 

public final long getAndIncrement(){

return unsafe

.getAndAddLong(this, 

valueOffset, 

1L);

}

public final long getAndDecrement(){

return unsafe

.getAndAddLong(this, 

valueOffset, 

-1L);

}

The Unsafe.getAndAddLong() 
method is used to increment & 
decrement values atomically!

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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Implementing Java AtomicLong
public class AtomicLong

... {

private volatile long value;

... 

public final boolean compareAndSet

(long expect, long update) {

return unsafe

.compareAndSwapLong

(this, 

valueOffset, 

expect, 

update);

} 

...

Atomically sets value to given updated value 
if current value equals the expected value

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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Implementing Java AtomicLong
public class AtomicLong

... {

private volatile long value;

... 

public final boolean compareAndSet

(long expect, long update) {

return unsafe

.compareAndSwapLong

(this, 

valueOffset, 

expect, 

update);

} 

...

Unsafe.compareAndSwapLong() 
attempts to update value atomically!

• AtomicLong uses method
Unsafe.compareAndSwapLong()
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Implementing Java AtomicLong
public final long getAndUpdate

(LongUnaryOperator updateFunc) {

long prev, next;

do {

prev = get();

next = updateFunction

.applyAsLong(prev);

} while (!compareAndSet(prev, 

next));

return prev;

}

• AtomicLong getAndUpdate()
uses compareAndSet()

Atomically update current value 
with results of applying the given 
function, returning previous value
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Implementing Java AtomicLong
public final long getAndUpdate

(LongUnaryOperator updateFunc) {

long prev, next;

do {

prev = get();

next = updateFunction

.applyAsLong(prev);

} while (!compareAndSet(prev, 

next));

return prev;

}

• AtomicLong getAndUpdate()
uses compareAndSet()

Get the current value
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Implementing Java AtomicLong
public final long getAndUpdate

(LongUnaryOperator updateFunc) {

long prev, next;

do {

prev = get();

next = updateFunction

.applyAsLong(prev);

} while (!compareAndSet(prev, 

next));

return prev;

}

• AtomicLong getAndUpdate()
uses compareAndSet()

Get results of function 
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Implementing Java AtomicLong
public final long getAndUpdate

(LongUnaryOperator updateFunc) {

long prev, next;

do {

prev = get();

next = updateFunction

.applyAsLong(prev);

} while (!compareAndSet(prev, 

next));

return prev;

}

• AtomicLong getAndUpdate()
uses compareAndSet()

Atomically update current value with 
results of applying the given function
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Implementing Java AtomicLong
public final long getAndUpdate

(LongUnaryOperator updateFunc) {

long prev, next;

do {

prev = get();

next = updateFunction

.applyAsLong(prev);

} while (!compareAndSet(prev, 

next));

return prev;

}

• AtomicLong getAndUpdate()
uses compareAndSet()

Return the previous value
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Implementing
Java AtomicBoolean



22See docs.oracle.com/javase/8/docs/api/java/util/concurrent/atomic/AtomicBoolean.html

Implementing Java AtomicBoolean
• AtomicBoolean contains a value 

field that is updated atomically

https://docs.oracle.com/javase/8/docs/api/java/util/concurrent/atomic/AtomicBoolean.html


23See src/share/classes/java/util/concurrent/atomic/AtomicBoolean.java

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()

https://github.com/JetBrains/jdk8u_jdk/blob/master/src/share/classes/java/util/concurrent/atomic/AtomicBoolean.java
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• AtomicBoolean uses method
Unsafe.compareAndSwapInt()

public class AtomicBoolean ... {

private static final Unsafe unsafe

= ...;

private static final long 

valueOffset;

private volatile int value;

static { ...

valueOffset = unsafe

.objectFieldOffset

(AtomicBoolean.class.

getDeclaredField("value"));

... 

}

...

See www.docjar.com/docs/api/sun/misc/Unsafe.html#objectFieldOffset

Compute the offset of 
the ‘value’ field from the 
beginning of the object

Implementing Java AtomicBoolean

http://www.docjar.com/docs/api/sun/misc/Unsafe.html#objectFieldOffset
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public class AtomicBoolean ... {

private static final Unsafe unsafe

= ...;

private static final long 

valueOffset;

private volatile int value;

static { ...

valueOffset = unsafe

.objectFieldOffset

(AtomicBoolean.class.

getDeclaredField("value"));

... 

}

...

See docs.oracle.com/javase/tutorial/reflect

Uses the Java reflection API

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()

https://docs.oracle.com/javase/tutorial/reflect
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public class AtomicBoolean ... {

private static final Unsafe unsafe

= ...;

private static final long 

valueOffset;

private volatile int value;

static { ...

valueOffset = unsafe

.objectFieldOffset

(AtomicBoolean.class.

getDeclaredField("value"));

... 

}

...

Note the “value” 
field is volatile

See en.wikipedia.org/wiki/Volatile_variable#In_Java

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()

http://en.wikipedia.org/wiki/Volatile_variable#In_Java
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public class AtomicBoolean ... {

...

public final boolean compareAndSet

(boolean expected, 

boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, e, u);

}

...

See www.docjar.com/docs/api/sun/misc/Unsafe.html#compareAndSwapInt

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()

http://www.docjar.com/docs/api/sun/misc/Unsafe.html#compareAndSwapInt
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Atomically update field at 
valueOffset to 'updated' iff it’s 
currently holding 'expected'

public class AtomicBoolean ... {

...

public final boolean compareAndSet

(boolean expected, 

boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, e, u);

}

...

See www.docjar.com/docs/api/sun/misc/Unsafe.html#compareAndSwapInt

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()

http://www.docjar.com/docs/api/sun/misc/Unsafe.html#compareAndSwapInt
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Returns true if successful, whereas 
false indicates that the actual value 
was not equal to the expected value 

public class AtomicBoolean ... {

...

public final boolean compareAndSet

(boolean expected, 

boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, e, u);

}

...

See www.docjar.com/docs/api/sun/misc/Unsafe.html#compareAndSwapInt

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()

http://www.docjar.com/docs/api/sun/misc/Unsafe.html#compareAndSwapInt
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public class AtomicBoolean ... {

...

public final boolean compareAndSet

(boolean expected, 

boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, 

e, u);

}

public final void set(boolean

newValue) {

value = newValue ? 1 : 0;

}

...

Unconditionally sets ‘value’ to the given 
`newValue’ via an atomic write on this field

Implementing Java AtomicBoolean
• AtomicBoolean uses method

Unsafe.compareAndSwapInt()
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End of Atomic Classes & 
Operations: Implementing 

Java AtomicLong & 
AtomicBoolean


