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Announcements

1. Homework 03 Posted Soon
e due Friday, April 14th

2. Final Projects Announced Soon «—
e small groups



Last Time
UnboundedQueue &

e concurrent linked-list implementation of a queue
* lock eng and deq operations, not nodes




Unbounded Queue in Pictures
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Dequeue I:

Aquire deglLock
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Dequeue 2: Get Element (or Exception)
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Dequeue 3: Update head
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Dequeue 4: Release Lock
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Enqueue 1: Make Node
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Enqueue 2: Acquire enqlLock
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Enqueue 3: Update tail.next
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Enqueue 4: Update tail
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Enqueue 5: Release Lock
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UnboundedQueue in Code

UnboundedQueue<T> SimpleQueue<T> {
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Node Class

Node {

—_— T value;

) Node next;
/

Node (T value) {

.value = value;




enqg Method

ena (T value) { -
| englock.lock(); — Ob X'Ck\\/\ (Oc—l(.

Node nd = Node (value); Cy gsﬂ Q”‘(

tail.next
tail = nd;




deq Method

T deq() EmptyException {
* T value;

deqLock.lock();

{
—_—) (head.next == ) { EmptyException();}
S —— e ————————
~—3) value = head.next.value;

~ft)head = head.next;

— value;
} {

N———
Y—\deqLock.unlock();

}




Is UnboundedQueue Linearizable?

hat concurrent operations do we need to consider? &
hat internal states do we need to consider?
hat are the linearization points (if any)?
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Pertinent Lines

Node (value); 6“\% C/.S-

tail.next = nd;

EmptyException {

(head.next == ) { EmptyException();}

value = head.next.value;
head = head.next; (bs(& C/ So

value;
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Conclusion

UnboundedQueue:

e is linearizable

 allows for concurrent progress on calls to enq and deq

= 1f two threads each obtain enq and deq locks, both
terminate in a finite number of steps independent of
the actions of the other

e uses locks

= concurrent calls to enq (or deq) are blocking: a thread

i:anﬁlot make progress while another thread holds the
oC



Question

Is it possible to implement a (sequentially consistent?
linearizable?) queue without locks?

-




Enqueue Without Locks

What could go wrong with concurrent eng?

enq (T value) {

Node nd = Node (value) ;
tail.next = nd;
tail = nd;




Possible Linearization Point?

enqg (T value) {

Node nd = Node (value);

tail.next = nd;
tail = nd;




New Tech: AtomicReferences

AtomicReference<Node> (someNode) ;

nd.compareAndSet (expected, update);

Effect of compareAndSet (expected, update):

e if nd’s current value is expected, then update value to
update

= return true

o if lild’s current value is not expected, do not update its
value

= return false



How Could Atomic References Help?

enqg (T value) {

Node nd = Node (value);

tail.next = nd;
tail = nd;




Enqueue Idea

To do:

1. update tail.next to nd
2. update tail to nd

How?

e Can update tail.next only if tail.next == null
e Try to update tail.next to nd:
1. set last to tail, next to tail.next

check if last is still null
update last.next to nd only if last.next is still null

if 3 fails, try to update tail to next
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LockFreeQueue

LockFreeQueue<T> SimpleQueue<T> {
AtomicReference<Node> head;

AtomicReference<Node> tail;

eng(T item) {...}

T deq() EmptyException {...}
Node {
T value;

AtomicReference<Node> next;




LLock Free eng

enq(T item) {
(item == ) NullPointerException();
Node node = Node (item) ;
( ) |
Node last = tail.get();
Node next = last.next.get();

(last == tail.get()) {
(next == ) {

(last.next.compareAndSet (next, node))

tail.compareAndSet(last, node);

{
tail.compareAndSet(last, next);}}}}




Linearization Point (if any)?

enq(T item) {

(item == ) NullPointerException();

Node node = Node (item) ;
( ) |
Node last = tail.get();
Node next = last.next.get();
(last == tail.get()) {
(next == ) {
(last.next.compareAndSet (next, node))
tail.compareAndSet(last, node);

{
tail.compareAndSet(last, next);}}}}




Questions (Next Time)

1. How to dequeue?
2. Which 1s better, locked or lock-free?



