


OpenMP Threads &
Tasks

- Tasks are a software construct

= Have execution context: stack, heap, PC..

= [0 be executed by some “device”

In OpenMP tasks are not directly scheduled on hardware devices

pragma omp parallel
pragma omp single

= Threads are (can be) scheduled by the OS pragma omp task
processAB(a, b, n);

= |t Instead uses the intermediate construct “Thread”

User-space code schedules/assigns tasks to threads



Sharing and Racing

void loop(int &a, int n)

{

= Operation are not instantaneous:

for(int i=0; i<n: i += 3) = Such an operation can becomes visible to different
threads are different times

a++;
J = apparent order of operations may not be consistent
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Share Occasionally

void loop(int &a, int n)

{

7oV A ATa) P AL gL I M) movl  (%rdi), %eax

a++;
! (Rd a; Add1; Wr a)

addl $1, %eax
movl $0, %edx




Share Occasionally

vold loop(volatile int &a, Int n

for(int i=0: i<n: | movl  (%rdi), %eax o MOV %rgli . %oeax
. addl  $1, %eax addl  $1, %eax

aA++; movl  %eax, (%rdi) )
| | ovl $0, %edx -
1d a; AddT; Wra L3:¢qmovl  %eax, %ecx. addl  $3, %edx

cmpl %edXx, %esi
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Share Occasionally

void loop(volatile int &a, int n)

| (%rdi), %eax NI o)V MO 67 Y (o TN /Y= 0.4

for(int i=0; i<n: i +=3 mov| "
( ) addl $1, %eax addl _$1, %eeax

a++: g movl  %eax, (%rdi) D
. . movl $0, %edx —
j LHd & ACGT VT 8 e %ecx) ~ addl $3, %edx
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Memory Model
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Memory Model
- Register size?

- Limit on the number of readers and writers?

Register

- Asynchronous reads and writes

= Global knowledge of ‘time?’
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Memory Model

- Register size?

Limit on the number of readers and writers?
Register

- Asynchronous reads and writes
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= Global knowledge of ‘time?’
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Memory Model
Register size?

- Limit on the number of readers and writers? \ /

Register

- Asynchronous reads and writes

= Global knowledge of ‘time?’




Linearizable
-+ Operations appear to take global effect at some instant

= petween their start and enad

= |f there is@o o@ ordering is well defined
(knowledge of

global time)
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Linearizable
-+ Operations appear to take global effect at some instant

= petween their start and enad

= |f there is@o o@ ordering is well defined
(knowledge of

global time)

Thread A =
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Thread A = o= :
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Linearizable
-+ Operations appear to take global effect at some instant

= petween their start and end Strict Consistency:

Operations are instantaneous

= |f there iIs(no o@ ordering is well defined - - .
(knowledge of ( & Directly gives sequential order

global time)

A; Ao
Thread A = @ :
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Types of Registers

Linearizable registers
Can build shared registers with high

= SRSW 1-bit safe register guarantee using ones with low guarantee
= MRMW n-bit atomic linearizable register Can enforce order between
fead/writé using shared registers
- Sequentially consistent registers ~ (general synchronization)

- Causally consistent registers
FIFO consistent registers

- Weakly consistent registers



