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Define a partial order

= Causality: A= B = Time(A) < Time(B)

= |nverse Is not required to be true

Causal Ordering

‘when A becomes effective’

/\J

Same as: Time(A) < Time(B) = B $ A

= they can be ‘concurrent

Strong causality: A =

B = Time(A) < Time(

B) && Time(A) < Time(B) = A =2> B

+ Clocks at least must support partial ordering of events

= (Can construct total ordering (e.g., by using Process-ID to break tie)

= Possible to build “counters” that can support total order (strong causality)



Synchronization

- Synchronization primitives Concepts
= | ock/Mutex, Condition variables, Monitor
¢ Instantaneous
= Atomics, Critical section, Barrier, Wait, Order £ ALOMIC

- Properties of Synchronization




- Object: lock

'!;l"x‘:lcl:a\"(i:-\ LV - '!;f«"(l:a\"(i:'\' !.'l’*»::lcl:a\"(i:-\ !.'l’*»::lcl:a\"(i:-\ NS a\"l;i:-\' !.'l’-'»::(l:a\"(i: LS "(i:-\' !;l"x‘:lcl:a\"(i:'\' 234 (I:a\"(i:-\ LV e '!;f«"(l:a\"(i:'\' !.'l’*»::lcl:a\"(i:-\ !.'l’*»::lcl:a\"(i:-\ NS a\"l;i:-\' !.'l’-'»::(l:a\"(i:

*\"(i:'\'!,'f«‘;(l:i\"(i:'\'!,‘f« (I:J\"(i:'\ RS LRSS "(i:'\'!,'-’N;(l:i\"(i:'\'!,'-’-\‘;(I:*\"(i:'\ E5ENS MR ';;-’N'(l:i\"(i:'\'!,'-’-\‘;(I:*\"(i:'\ !"I"\‘}';‘:’\"';‘:'\ AN J\"(i:'\'!,'l’«‘;lcl:a\"(i: RS ESAS "(i:'\'!,'l’«‘;lcl:a\"(i:'\'!,'l’ S Y e '!,'l’«"(l:a\"(i:'\'!,'l’-\‘;(l:a\"(i:'\ !,'l’*wlcl:a\"(i:'\ NS J\"(i:'\'!,'l’«‘;lcl:a\"(i:

SRS I RRNUSS i o = i SRS e B N A i o = RS O e IS SRS RS i o = i SRS O e IS e e TR o = i SRS e



- Object: lock

Lock

omp_lock_t *lockA;
omp_init_lock (lockA);

omp_destroy_lock (lockA); Crit

ical Section

OperateA(object *A

i s A

omp_set_lock(lockA




Lock

omp_lock t *lockA:

See: lock (lockA);
int omp_test_lock (omp_lock_t *);

omp_destroy_lock (lockA); Critical Section

OperateA(object *A)
- Object: lock {

omp_set_lock(lockA); J

- Actions: Lock and Unlock Operate_Exclusively(A) «
omp_unset_lock (lockA);

{

omp_set_lock(lockA);

if(! A->Initalized())
OperateA(A);

omp_unset_lock(lockA)




Critical Section

- Block of code
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Condition Variable

- Raise the condition Produce();
acv.notify_one();
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std::unigue_lock<std::mutex> alock(amutex);
acv.wait(alock);
.. Condition Holds Now ..

Consume();



Barrier

- A group of entities

arallelinput
pragma omp barrier
arallelProcess

pragma omp barrier
arallelOutput




Lock “resources

Process




Lock “resources

Process




Lock “resources

Process




Lock
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Lock
“Sequential Equivalence”
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Lock “resources

Process




Lock “resources

Process




Lock “resources

Process




Lock

Request> [?block] <Acquired>
+ Lock “resources’ lock 106/1

pored = Find(key
pred.nxt = Node(key, pred.nxt

- Process

o
9

- Unlock “resources” unlock(lock4 v

el o
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mutex m;
lock

doCriticalwork
std::unlock




Lock

<Request> [7block] <Acquired>

- Lock “resources” lock( I%A
=
red = Find(ke
- Process P 2 f l
pred.nxt = Node(key, pred.nxt)

e y‘ e y‘ e y‘ e y‘ e y‘ e y‘ e y‘ e y‘ e y‘ e y‘ e y‘ e . ) = Y a N N ! - P

std::mutex m;
std::lock(m);

doCriticalwork();
std::unlock(m);




Lock “resources”

Process

Lock

Node {

Key key
Node nxt
L ock lock




Lock “resources”

Process

Lock

Node {

Key key
Node nxt
L ock lock




Lock

Lock “resources pred

- Process

Unlock “resources”
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Node {
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Lock “resources”
Process

Unlock “resources”
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Key key
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Lock
Lock “resources”

ored
Process
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Node nxt
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Lock

Lock “resources ored

- Process

Unlock “resources”
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Node {
Key key

Node nxt
L ock lock



Lock

Lock “resources”

Process

Unlock “resources”

Node {

Key key

Node nxt

Lock lock




Lock

Lock “resources”

Process

Unlock “resources”
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Lock

Lock “resources”

Process

Unlock “resources”

Node {

Key key

Node nxt

Lock lock




Lock

Lock “resources”

Process

Unlock “resources”

Node {

Key key

Node nxt volatile

Lock lock




Lock

- Lock “resources”

- Process

- Unlock “resources”

Node nxt volatile
L ock lock




Lock

Lock “resources”

Process

Unlock “resources”

Node {

Key key

Node nxt volatile

Lock lock




Lock

Lock “resources”

Process

Unlock “resources”

Node {

Key key

Node nxt volatile

Lock lock




Lock

- Lock “resources”

- Process

*
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Node nxt volatile

Lock lock



Compare & Swap

int CAS(int* address, int expect, int newval):
old = "address

Atomically Iiele == EqEel) “ElerlEse = MEvieEl
return old




Compare & Swap

int CAS(int* address, int expect, int newval):
old = "address

Atomically Iiele == EqEel) “ElerlEse = MEvieEl
return old




Compare & Swap

int CAS(int* address, int expect, int newval):
old = *address

tomically f(old == expect): *address = newval
return old




Compare & Swap

int CAS(int* address, int expect, int newval):
old = *address
Atomically f(old == expect): *address = newval
return old




Compare & Swap

int CAS(int* address, int expect, int newval):
old = *address

tomically f(old == expect): *address = newval
return old




