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Alternative Synchronization
Strategies

« Contents:
— Liveness: Types of Progress
— Coarse-Grained Synchronization
— Fine-Grained Synchronization
— Optimistic Synchronization
— Lazy Synchronization
— Lock-Free Synchronization : o A

» Past lectures

MULT]PPOCES SOR
PROGRAMMING

« Reading list:
— chapter 5 of the Textbook

— Chapter 9 of “The Art of Multiprocessor Progrommlng” by
Maurice Herlihy & Nir Shavit (available at clip)
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The Window CIlass

class window {
public Node pred;
public Node curr;
window(Node pred, Node curr) {
this.pred = pred; this.curr = curr;

¥
}
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The Window CIlass

public Node pred;
public Node curr;
Node curr) {
: this.curr = curr;

¥
}

A container for pred
and current values
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Using the Find Method

window window = find(head, key);
Node pred = window.pred;
Node curr = window.curr;
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Using the Find Method

[window window = find(head, key);]
Node pxred = window.pred;
Node curih= wihdow.curr;

Find returns window
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Using the Find Method

' indow = fin d, key);
Node pred = window.pred;
Node curr = window.curr;

Extract pred and curr
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The FInd Method

[ window window |= find(Chead, key);

At some instant, . or ...
[I-]—»[fi 5—»[]3—»

pred curr succ
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The FInd Method

[ window window |= find(Chead, key);

. su"Wa ::‘ |Tem .::: . .
At some instant, «° "L notin list
(13> {03—
pred curr succ
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Remove (lock-free)

public boolean remove(T 1item) i h
BooTean snip: (3> (3~ (3D
int key = item.hashCode();
while (true) { \ /
window window = find(Chead, key);
Node pred = window.pred, curr = window.curr;
1f (curr.key != key) {
return false;
} else {
Node succ = curr.next.getReference();
snip = curr.next.attemptMark(succ, true);
if (!snip) continue;
pred.next.compareAndset(curr, succ, false, false);
return true;

11}
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Remove (lock-free)

public boolean remove(T item) {f

~
Boolean snip; ([3=>(13=>(13—>(D

am_hashCode();

.

J

= find(Chead, key);
wh dow.pred, curr = window.curr;
key) {

Node pred
if (curr.key !
return false;
} else {
Node succ = curk.Yext.getReference();
snip = curr.next.aNemptMark(succ, true);
if (!snip) continue}
pred.next.compareAndse
return true;

31} Keep trying
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x(curr, succ, false, false);
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Remove (lock-free)

pred curr

int key = item.hashCode();
whi ] ) {

public boolean remove(T item) {f A
Boolean snip; 13> in
\ y,

window window = find(Chead, key);
Node pred = window.pred, curr = window.curr;

return false;
} else {

Node succ = curr.next.getReferen

ship = curr.next.attemptMa

if (Isnip) continue;

pred.next.compareAndset(curr,

return true;

e();

, true):

i Find neighbors
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cc, false, false);
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Remove (lock-free)

pred

public boolean remove(T item) {
Boolean snip; [:B—V [:D

int key = item.hashCode();

while (true) {
window w1ndow = find(head, key);

if (curr.key != key) {

return false;

erse {
Node succ
snip = curr.next™ttamptMark(succ,
if (!snip) continue}
pred.next.compareAndsSe
return true;

rr, succ,

11}
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curr = window.curr;

t.getReference();
true);

false,

It is not there ...

false);

13




Remove (lock-free)

pred curr succ

public boolean remove(T item) {(
Boolean snip; (T3> .
. y,

hashcode()
b7 Try to mark node ¢

! as deleted ‘head, key);

Noae pread 1naow.pred, curr = window.curr;
if (curr.

retur

Node succ = curr.next.getReference();
ship = curr.next.attemptMark(succ, true);

pred.next.compareAndSet(curr, succ, false, false);
return true;

}r}
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Remove (lock-free)

public boolean remove(T item) {[
Boolean snip; (T3> -

int key = item.hashCode();

If it doesn’ T work, just cey)
retry, if it does, job  .rr = window.curr;
essentially done

I CSuLul 1l 1AlOCTy

} else {
Node succ r.next.getReference();
ship = curn. NattemptMark(succ, true);
| if (!snip) continue;

pred.next.compareAndSet(curr, succ, false, false);
return true;

11}
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Remove (lock-free)

pred curr

Succ

public boolean remove(T item) {

Boolean snip; [:B—b

int key = item.hashCode();
while (true) {

..lllll‘

window window = find(head, key);
Node pred = window.pred, curr = window.curr;
if (curr.kgy_!= key) {
Try to advance reference
(if we don’ t succeed, someone else did or will do).

sniE_:ﬂ$5;pfﬁEXt<§:temthark(succ, true):
if (| p) continbe;

return true;

[? pred.next.compareAndSet(curr, succ, false, fa1se)ﬂ
}
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Remove (lock-free)

pred curr succ

public boolean remove(T item) {[
Boolean snip; (T3> ]
X y

int key = item.hashCode();
while (true) {

window window = findChead, key);
Node pred = window.pred, curr = window.curr;
if (curr.kgy_!= key) {

Try to advance reference
(if we don’ t succeed, someone else did or will do).

sniE_:ﬂ$5;pfﬁEXt<§:temthark(succ, true):
if (| p) continbe;

[? pred.next.compareAndSet(curr, succ, false, fa1se)ﬂ
}

return true;
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Remove (lock-free)

pred succ

public boolean remove(T item) {[
Boolean snip; (3=

int key = item.hashCode();
while (true) { \ ~
window window = find(Chead, key);

Node pred = window.pred, curr = window.curr;

if (curr.key != key) {

Try to advance reference
(if we don’ t succeed, someone else did or will do).

sniE_:ﬂ$5;pfﬁEXt<§:temthark(succ, true):
if (| p) continbe;

[? pred.next.compareAndSet(curr, succ, false, fa1se)ﬂ
}

return true;

Mat 12, 2020 Concurrency and Parallelism — J. Lourenco © FCT-UNL 2019-20 18



Add (lock-free)

public boolean add(T item) { [ é % ™)

boolean snip;

int key = item.hashCode(); CB—’ [:D
. y

while (true) {
window window = findChead, key);
Node pred = window.pred, curr = window.curr;
if (curr.key == key) {
return false;
} else {
Node node = new Node(item);
node.next = new AtomicMarkableRef(curr, false);
if (pred.next.compareAndset(curr, node,
false, false)) {return true;}

11}
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Add (lock-free)

pred ___curr

public boolean add(T item) { é i
boolean snip; [:B_» l | |
int key = item.hashCode();

while (true) {
window window = find(Chead, key),

Node pred = window.pred, curr = window.curr;

1f (curr.key == key) {

return false;

} else {

Node node ew [Node(item);

node.next = new |AtomicMarkableRef(curr, false);
if (pred.next.gpmpareAndSet(curr, node,

}H Item already there. 33
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Add (lock-free)

public boolean add(T item) { [ h
boolean snip; [:B_» [:D
\ y,

int key = item.hashCode();
while (true) {
window window = find(Chead, key);
Node pred = window.pred, curr = window.curr;
if (curr.key == key) {
return false;

else {
Node node = new Node(item);
node.next = new AtomicMarkableRef(curr, false);

.hext.compareAn curr, node,
false, false)) {return true;}
111

create new hode
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Add (lock-free)

public boolean add(T item) { (
boolean snip; [:B_»
int key = item.hashCode(); .
while (true) { .

window window = find(Chead, key);

Node pred = window. pred curr = window.curr;
.I.F/ _____ | PN

Install new node
b« else retry loop

NUUC\ILem

pred curr

if (pred.next.compareAndset(curr, node,
false, false)) {return true;}

Pr}
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Contains (wait-free)

public boolean contains(T item) {
boolean[] marked;
int key = item.hashCode();
Node curr = this.head;
while (curr.key < key)
curr = curr.next;
Node succ = curr.next.get(marked);
return (curr.key == key && !marked[0])
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Contains (wait-free)

public boolean contair-/—, “*+7=2
boolean[] marked; Only diff '5 that we

int key = item.ha:  get and check
Node curr = this.| marked

while (curr.key < key)////\\\\\\
curr = curr.next;

Node succ = curr.next.get(marked);
return (curr.key == key && !marked[0])
}

]
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FInd (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
retry: while (true) {

pred = head;

curr = pred.next.getReference();

while (true) {
succ = curr.next.get(marked);
while (marked[0]) {

}

if (curr.key >= key)

return new wWindow(pred, curr);
curr;

succ;

pred
curr

}
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Find (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
[retry: while (true) {
pred = head;

curr = pred.next: e .
while (EI"UE) { If |IS1‘ Changes Whlle

succ = curr.next.get(niraversed, start over
while (marked[0]) { Lock-Free because we
: start over only if

ef

}

S Gy = someone else makes
return new Window( progress

pred = curr;

curr = succ;

}
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Find (lock-free)

pUb-I'iC Window findrNada haad -Ant lav)

Node pred - Start looking from head
boolean[] marked = {talse}; bgplean snip;

retry: while (true) {
pred = head;
curr = pred.next.getReference(Q);
while (true) {
succ = curr.next.get(marked);
while (marked[0]) {

1 (I
1if (curr.key >= key)
return new wWindow(prqg

pred curr;
Succ;

curr

¥
Mat 12, 20z }}
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Find (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;

retry: while (true) { Move down the list

pred = head;
— ren ;
while (true) {

succ = curr.next.get(marked);
while (marked[0]) {

, -
1f (curr.key >= key)

return new wWindow(pred, curr)
pred curr; AJ/J

curr = succ;

\
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Find (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
retry: while (true) {
pred = head;
curr = pred.next.getReference();

) {
i succ = curr.next.get(marked);
while (marked

}
1if (curr.key >= key)

return new windo
pr‘ed Y al il sl o

: curr Get ref to successor and current

o1 202 13 deleted bit

pred, curr);
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Find (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
retry: while (true) {

pred = head;

curr = pred.next.getReference();

while (true) {

while (marked[0]) {

return new Windagw , curr);
nred = clirr-

Try to remove deleted nodes in
path... code details soon
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Find (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
retry: while (true) {
pred = head;

~iirr — nrnad navd Aa+FDafarancal) s

If curr key is greater or equal,
_return pred and curr

I § N \ 1WA Tl TN LVJ/ L

.

J
1f (curr.key >= key)
return new window(pred, curr);

curr;
SUCC;

pred
curr

}
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Find (lock-free)

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
retry: while (true) {
pred = head;
curr = pred.next.getReference();
while (true) {

Otherwise advance window and
loop again
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Find (lock-free)

Mat 12, _c.

public window find(Node head, int key) {
Node pred = null, curr = null, succ = null;
boolean[] marked = {false}; boolean snip;
retry: while (true) {

pred = head;

curr = pred.next.getReference();

while (true) {

while (marked[0]) { J

CUrr.Key >= Key)
return new Wi ndovsl(/p;ed,c/ur'r);

nrad = cilirr-

Try to remove deleted nodes in
path... Let's see how it works!
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FInd (lock-free)

retry: while (true) {

while (marked[0]) {
snip = pred.next.compareAndSet(curr,
succ, false, false);
if (!snip) continue retry;
curr = Succ;
succ = curr.next.get(marked) ;
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FInd (lock-free)

retry: while (true) {

while
snip = pred.next.compareAndSet(curr,

}

Mat 12, 2020

marked[0

Try to snip out node

/N

succ, false, fa1se);]

%
curr
SUCC

(Isnip) continue retry;

SUCC;
curr.next.get(marked) ;

s

&>

Concurrency and Parallelism — J. Lourenco © FCT-UNL 2019-20
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Find (lock-free)

if predecessor’ s next field
changed must retry whole

retry: while (true) {

while (marked[01) {
snip = pred.next.gompapeAndSet(curr,

false, false);
l if (!snip) continue retry;
= SUCC,
succ = curr.next.get(marked) ;- —
, R B0
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Find (lock-free)

Otherwise move on to check —

if next node deleted
retry: while (true, ¢

while (marked[0]) {
snip = pred.next.cofipar¢AndSet(curr,
sudc, false, false);

curr

succ = curr.next.get(marked) ;
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Performance

« On 16 node shared memory machine
« Benchmark throughput of Java List-based Set

« Algs. vary % of Contains() method Calls



High Contains Ratio

2e+07
1e+07
8e+06
6e+06
4e+0
2e+0

Mat 12, 2020

Ops/sec (90% reads/0O load)

A
N

Lock-free
Lazy list

Course Grained
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Low Contains Ratio

Ops/sec (50% reads/0O load)

3.56+06 ] ] [ ] [ ]
>x
3e+06 + K %%%% Hock-free
2.5e+06 r %% ,.J;—:%\.y\l\.‘-.]f’?.\i/“l\ll“g Lazy list
2e+06 - K './‘ = Ty i
1.5e+06 W~ )
é) i = |
1e+606 - .
500000 + Course Grained
0 Le—oto—o-B-0-010-6-—-B-o-010-——8—O Fine Lock-coupling
5 10 15 20 25 30
threads
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As Contains Ratio Increases

Ops/sec (32 threads/O load)

8e+06 —
7e+06 r i
6e+06 -
5e+06 | R
4e+06 . e
3e+06 | i -
2+06 & & @ e .
1e+06 ™ | I

0 10 20 30 40 50 60 70 80 90

% Contains()
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Lock-free
Lazy list

Course Grained
Fine Lock-coupling
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Summary

« Contents:
— Coarse-Grained Synchronization
— Fine-Grained Synchronization
— Optimistic Synchronization
— Lazy Synchronization
— Lock-Free Synchronization

« Reading list:
— chapter 5 of the Textbook

— Chapter 9 of “The Art of Multiprocessor Programming” by
Maurice Herlihy & Nir Shavit (available at clip)



“To Lock or Not to Lock”™

« Locking vs. Non-blocking: Extremist views on both
sides

* The answer: nobler fo compromise, combine
locking and non-blocking

— Example: Lazy list combines blocking add() and remove()
and a wait-free contains()

— Remember: Blocking/non-blocking is a property of a
method



The END

Mat 12, 2020
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