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Compute variety at scale
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Programming model

SYCL is a high-level single source parallel programming model, that can target a range of heterogeneous
platforms:

e uses completely standard C++;
e Dboth host CPU and device code can be written in the same C++ source file;
e open standard coordinated by the Khronos group.

SYCL implementations

e oneAPI| Data Parallel C++ compiler - https://github.com/intel/llvm e S AV

e hipSYCL - https://github.com/illuhad/hipSYCL tag - v0.9.2
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Finite element overview
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Conjugate Gradient to solve Ax=b

1: T = b — AX()
2: Po =Ty
3: 1=0
4: while i < i, andr; - r; > € do
e Yi = Apl

r, - I;
6: o; =

Pi " Yi
i Xi+1 = Xj + ap;
8: Tjy1 =T — AY;

Iit1 " Ti+1
9: ’Bl =

r - r;

10: pi+1 = Bipi + i
11: I=1+1

12: end while

y =ax + 0y
aQ=X"'Yy
X= ap+X

r= —Qy +r
r-r
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‘ Vector update using an ND-Range kernel

y = ax + 0y

sycl::event axpby (sycl::queueé& dqueue,

std::size t n, T alpha, T beta,

const T* x, T* y, std::size t wgs,
const std::vector<sycl::event>& events = {})
{
auto event = queue.submit ([&] (sycl::handler& h) { 2” reads + n WFItBS
h.depends on (events) ; . . L.
h.parallel for (sycl::range<1>{n, wgs}, [=](sycl::nd item<1> it) [{ 2n mU|tIp|ICatI0nS + n addltlonS
std::size t i = it.get global id (0);
if (1 < n)
y[i] = alpha * x[i] + beta * y[i]; 37’], 1
b ; Al = — = —
o 2dn. 8

return event;

}



}

‘ Inner product using SYCL 2020 built-in reduction

<typename T>

1l::queue& queue,

size t n, const T* x, const T* vy,
:size t wgs, std::size t bs,
::vector<sycl::event>& events = {})
sycl::nd range<1> range{n / bs, wgs};
sycl::buffer<T> sum{ 1};
auto init = sycl::property::reduction::initialize to identity({};
queue .submit ([&] (sycl::handler& h)
{
h.depends on (events) ;
auto reductor = sycl::reduction (sum, h, T{ 0.0}, std::plus<T>(),init);
h.parallel for (range, reductor, [=]( sycl::nd item<l> it, auto& sum)
std::size t idx = it.get global id (0);
std::size t size = it.get global range (0);
for (std::size t i = idx; i < n; 1 += size)
sum += x[i] * y[i];
1)
});

sycl::host accessor sum host{sum};

return sum host [0];

n
a=X-y=)
!

2n reads
n multiplications + » additions

2 1
Ay =22
Ion 8



‘ Inner product using group algorithms

&h) |

queue .submit ([&] (sycl::handler

h.depends on (events) ;

h.parallel for (range, [=](sycl::nd item<1l> it) {
std::size t idx = it.get global id (0); a=X"- y — X er

~t size = it.get global range (0);
1::group group = it.get group ();

T t sum = 0;

for (std::size t i = idx; i < n; 1 += size)
t_sum += x[i] * y[i]; 21’1 readS
n multiplications + n additions

T g sum = sycl::reduce over group (group, t sum, std::plus<T>());

2n 1
if (group.leader ()) { AI — — —

sycl::atomic ref<T, sycl::memory order ::relaxed, 16n 8

syclf: :memory scope ::device,

::address_space ::global_ space>
atomic_sum (*d_sum) ;

atomic_sum.fetch add (g sum);



‘ Fused update using SYCL 2020 built-in reduction

X= ap+X
—Qy +r
r-r

sycl::nd range<1> range{n / bs, wgs};
auto init = sycl::property::reduction::initialize to identity{};
queue .submit ([&] (sycl::handler& h) {

h.depends_on (events) ;

auto reductor = sycl::reduction (sum, h, T{0.0}, std::plus<T>(), init); 4” reads + 2n ertes
h.parallel for (range, reductor, [=]( sycl::nd item<l> it, auto& sum) { 0 o 0 iy
std::size t idx = it.get global id (0); 3n mU|t|pllcat|0nS + 3n addltlons

std::size t size = it.get global range (0);

for (std::size t i1 = idx; i1 < n; 1 += size) {

r[i] -alpha * y[i] + r[i];

1
AT 3n 1

x[i] = alpha * p[i] + x[i];

" 9%n 8

sum += r[i] * r[i];

Without fusion bn reads.




Performance Model

N
1" =1y WB
a

T 1s the execution time

Np is the number of bytes accessed (loads and stores)

Tp is the latency

W, is the asymptotic memory bandwidth

W is the observed memory bandwidth
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‘ Vector update on the A100 GPU
hipSYCL
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Fitted parameters for the vector update kernel (axpby) on the A100 GPU

hipSYCL Intel LLVM/SYCL
WG Size Ty (us) W, (GBs™) | Tp (us) W, (GBs™%)
32 28 1002 10 1002
64 20 1761 10 1762
128 20 1791 9 1791
256 20 1785 9 1788
512 19 1773 9 1776
1024 28 1768 9 1772

For cuBLAS 7, =8 psand W _=1711GBs ™



Fitted parameters for the vector update kernel (axpby) on the Ice Lake node

hipSYCL Intel LLVM/SYCL
WG Size Ty (us) W, (GBs™) | Ty (us) W, (GBs™Y)
16 186 286 868 298
32 263 284 827 300
64 103 286 745 296
128 156 290 726 298

For STREAM Triad W =271 GB s R
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‘ Inner product on the A100 GPU
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Fitted parameters for the inner product kernel (dot) on the A100

bs=16 hipSYCL Intel LLVM/SYCL
WG Size Ty (us) Wy (GBs™) | Tp (us) W, (GBs™')
64 128 1617 1582 5
128 62 1647 3563 9
256 51 1671 231 24
312 61 1769 924 102
1024 638 1742 330 502

For cuBLAS 7, = 23 psand W =1739GB s ™
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Fitted parameters for the inner product kernel (dot) on the A100

bs=236 Intel LLVM/SYCL
WG Size Ty (us) W, (GBs™Y)
64 2l 197
128 41 405
256 62 983
512 108 1746
1024 105 1746

For cuBLAS 7, = 23 psand W =1739GB s ™
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‘ Fused update on the A100 GPU
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Fitted parameters for the fused update kernel on the A100

hipSYCL Intel LLVM/SYCL

WG Size T, (s) W, (GBs™) | T, (s) W, (GBs™)
64 93 1648 209 543
128 82 1657 291 1367
256 65 1661 171 1672
512 82 1691 155 1672
1024 76 1692 164 1678




Fused update on the A100 GPU
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Fused update on the Ice Lake CPU node
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Fused update on the Ice Lake node
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Final observations

o Results indicate that for large problem sizes the performance of the SYCL kernels and the
vendor libraries is very close.

o For smaller array sizes different SYCL implementations have considerably different
performance characteristics.

e The performance model indicates that the two SYCL implementations do reach the
asymptotic memory bandwidth of the vendor implementations, but that latency for the
SYCL implementations is sometimes very high and that latency can dominate the
measured performance.

o High latency can also affect strong scaling performance.

o (Our examination focused only on matrix-free conjugate gradient kernels, and did not
consider preconditioning or evaluation of the matrix action, which is also important for
overall application performance.
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