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Why Do We Need It

* NVIDIA GPU is getting more and more powerful so
that it can perform multiple CUDA operations
simultaneously.

* Fermi architecture can simultaneously support:

— Up to 16 CUDA kernels on GPU

— 2 cudaMemcpyAsyncs
— Computation on the CPU
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How to Do Asynchronous Offloading in
OpenMP

void foo () {
fpragma omp target teams nowait

{ //kernel 1 }

fpragma omp target teams nowait
{ // kernel 2 }

// Some CPU workloads
//

// Maybe some synchronization
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How to Do Asynchronous Offloading in
OpenMP

void foo () {

fpragma omp target teams nowait ¥ \
{ //kernel 1 }

fpragma omp target tea t 8
{ // kernel 2 }

// Some CPU &loads

/] ...

// Maybe some synchronization
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How to Do Asynchronous Offloading in
OpenMP — Another Way

void kernell () {

#fpragma omp target teams
{ // kernel 1}

}

void kernel?2 () {

#fpragma omp target teams
{ // kernel 2 }

}

void foo () {
pthread create(tidl, .., kernell, ...);
pthread create(tid2, ..., kernel2, ...);

// Some CPU workloads
/] ...

// Maybe some synchronization here
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How to Do Asynchronous Offloading in
OpenMP — Another Way

void kernell () {
#fpragma omp target teams
{ // kernel 1}

}

void kernel? () {
#fpragma omp target teams
{ // kernel 2 }
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volid foo( Q
pthread create 6 ., kernell, ...);
pthread cre ., kernel2, ...);

// Some CPU workloads
/] ...

// Maybe some synchronization here
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CUDA Stream

* A sequence of operations that execute in
issue-order on the GPU
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Default Stream

e Stream used when no stream is specified

* Completely synchronous w.r.t. host and device

— As if cudaDeviceSynchronize () inserted
before and after every CUDA operation

* Exceptions —asynchronous w.r.t. host

— Kernel launches in the default stream

— cudaMemcpy*Async
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Concurrency

 CUDA operations in different streams may run
concurrently
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Multiple Streams!
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http://users.wfu.edu/choss/CUDA/docs/Lecture%2013.pdf
https://steamcommunity.com/sharedfiles/filedetails/?id=798035133

[
3 ; IHCS INSTITUTE FOR ADVANCED
! COMPUTATIONAL SCIENCE

TYﬁ“!

11



Our Contribution

* Implement the support for multiple streams in
LLVM OpenMP (merged)

e Make nowait clause work (WIP)
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Our Contribution Cont.

void foo () {
fpragma omp target teams nowait

{ //kernel 1 }

fpragma omp target teams nowait
{ // kernel 2 }

// Some CPU workloads
//

// Maybe some synchronization

‘ E; ) [
IH‘ s INSTITUTE FOR ADVANCED
COMPUTATIONAL SCIENCE

13



Multiple Streams in OpenMP

* Runtime library initializes 256 streams for
each CUDA device. CUDA runtime will cap the

number of “real” streams.

* For each CUDA operation, like memory copy
and kernel launch, the runtime library selects

a stream in a round-robin manner.
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Micro Benchmark

clock t run(const size t kernel size) {
int data[NUM] [kernel sizel]; // NUM=8

const clock t start = clock();

fpragma omp parallel for
for (int 1 = 0; i1 < NUM; ++1i) {

#fpragma omp target teams distribute parallel for map(to:

data[i] [O:kernel size])
for (size t j = 0; J < kernel size; ++3J) {
for (size t k = 0; k < kernel size; ++k) {
datal[i] []J] += k;

return (clock() - start) * 1000 / CLOCKS PER SEC;
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Hardware Configuration

CPU: Intel(R) Xeon(R) Gold 5115 CPU @
2.40GHz x 2

GPU: NVIDIA GeForce RTX 2080 8(GB

OS: Ubuntu 18.04.01
LLVM Code Base: 3ff4e2ee
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NVVP Result
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NVVP Result Cont.
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nowailt Clause

e Anowailt targetis transformed into an
OpenMP task. Dependencies will be handled
by task.
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nowailt Clause

e Anowailt targetis transformed into an
OpenMP task. Dependencies will be handled
by task.

#fpragma omp target depend (D) nowait
{ ...}
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nowailt Clause

e Anowailt targetis transformed into an
OpenMP task. Dependencies will be handled
by task.

#fpragma omp target depend (D) nowait

{ ...} l

#pragma omp task depend (D)
#pragma omp target
{ ...}
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nowailt Clause

e Anowailt targetis transformed into an
OpenMP task. Dependencies will be handled

by task.

#fpragma omp target depend (D) nowait

l Is that Itg

#pragma omp task depend (D)
#pragma omp target
{ ...}
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nowailt Clause

e Anowailt targetis transformed into an
OpenMP task. Dependencies will be handled

by task.

#fpragma omp target depend (D) nowait

l Is that Itg

#pragma omp task depend (D)
#pragma omp target
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OpenMP Task

* A task region binds to the innermost enclosing
parallel region.
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OpenMP Task

* A task region binds to the innermost enclosing

parallel region.

fpragma omp task
{ ... }
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OpenMP Task

* A task region binds to the innermost enclosing

parallel region.

fpragma omp task
{ ... }
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OpenMP Task

* A task region binds to the innermost enclosing
parallel region.

fpragma omp task #+eragma—omp—Etask
(e ) —

fpragma omp task
{ ... }
fpragma omp task
{ ... }
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OpenMP Task

* A task region binds to the innermost enclosing
parallel region.

fpragma omp task #+eragma—omp—Etask
Co - T
fpragma omp task $pragma—omp—task
{ ...} { ...}
#fpragma omp task Q S e
{ ...} { ...}
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OpenMP Task

* A task region binds to the innermost enclosing
parallel region.

fpragma omp task foragma—omp—task
Co = |7
fpragma omp task foragma—omp—task
{ ..} { ...}
#pragma omp task é e serrE—are—ask
{ ..} { ...}
@@%@@@
2
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OpenMP Task

* A task region binds to the innermost enclosing
parallel region.

fpragma omp target teams nowait

{ ... 1}
fpragma omp target teams nowait

{ ...}
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OpenMP Task

* A task region binds to the innermost enclosing
parallel region.

fpragma omp target teams mewait
{ ... 1}

fpragma omp target teams mewait
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OpenMP Task Cont.

* The right way to write asynchronous tasks is:

#pragma omp parallel master
{

#fpragma omp task

{ ...}
#fpragma omp task — No barrier
{ ...}

} \
Implicit barrier
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It turns out...

 We need to write in the following way if we
want asynchronous offloading:

#pragma omp parallel master
{
#fpragma omp target nowait
{ .. 1}
#fpragma omp target nowait
{ .. 1}
}
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Unshackled Task

e An unshackled task is a task that is not bound
to any parallel region.
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Unshackled Task

e An unshackled task is a task that is not bound
to any parallel region.

#fpragma omp target depend(Dl) nowait
{ // kernel 1 }
#fpragma omp target depend(D2) nowait
{ // kernel 2 }
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Unshackled Task

e An unshackled task is a task that is not bound
to any parallel region.

#fpragma omp target depend(Dl) nowait
{ // kernel 1 }
#fpragma omp target depend(D2) nowait
{ // kernel 2 }

#fpragma omp task depend(Dl) unshackled
#pragma omp target

{ // kernel 1 }

#fpragma omp task depend(D2) unshackled
#pragma omp target

{ // kernel 2 }
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Unshackled Task Cont.

e An unshackled task is a task that is not bound
to any parallel region.

Hpragma—omp—Pparattet master
_{_
#fpragma omp target depend(Dl) nowait

{ // kernel 1 }

#fpragma omp targes depend(D2) nowait
{ // kernel 2 }
_}_ \

No implicit barrier!
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Unshackled Task Cont.

e An unshackled task is a task that is not bound
to any parallel region.

Hpragma—omp—Pparattet master

_{_
#fpragma omp target depend(Dl) nowait

{ // kernel 1 }

#fpragma omp targes depend(D2) nowait
{ // kernel 2 }
_}_ \

No implicit barrier!
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Current Status

e Code transformation to unshackled task
(done)

* Runtime support for unshackled task (WIP)

e Will submit for code review afterwards
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Future Work

* Optimize the selection of streams taking
dependencies into account

— For example, kernel A depends on kernel B. B and
A can be scheduled into a same stream so that no
need of any host side dependency process. It also
works for data mapping.
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Thank You!
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