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Linux Vector processor
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$ gcc matmul.c -o matnul
$ ./matmul

$ ncc matmul.c -7 matmul
$ ./matmul
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VE and VH

Egawa et al. (PBMS2020)
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Vector Engine Offloading (VEO)

« H—RILEITZVEICA T

#include <ve_offload.h>
int main()

{

— R BIEHDIELNIVIZEFHAPI

#include <stdio.h>
#include <stdint.h>
uinte4_t hello()

/* Load "vehello" on VE node © */ {

veo_proc_handle *proc = veo _proc_create(0); printf("Hello, world¥n");
uint64_t handle = veo_load_library(proc, "./libvehello.so"); 0;

veo_thr_ctxt *ctx = veo_context_open(proc); }

veo_args *argp = veo_args_alloc();
zizzgz_z :‘:t:a\llt.eo_call_async_by_name(ctx, handle, "hello", argp); D 1— |\7é__f:| ~) \O’I/“/L/_C

— 3 P
veo_call wait_result(ctx, id, &retval); :/H\:ﬁjj ‘/IG |\
veo_args_free(argp); ./libvehello.so
veo_context_close(ctx); Spe i

- s & UTHESm

veo_proc_destroy(proc);
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SYCL Implementations in Development (2021/04/27)

SYCL, OpenCL and SPIR-V, as open industry
standards, enable flexible integration and
deployment of multiple acceleration technologies

GyeL

Source Code

( codeplay’/ ¢ computeCpp

B DPC++
NY\aM  Uses LLVM/Clang
Part of oneAPI

ComputeCpp triSYCL
Multiple Open source
Backends test bed
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OpenCL 'l Any CPU
SPIR. O’penEIl
e Intel CPUs SPIR.
OpenCL Intel GPUs
SPIR Intel FPGAs XILINX FPGAs
" Intel GPUs AMD GPUs POCL
Intel CPUs (depends on driver stack) (opep-source OpenCL
intel GPU Arm Mali s Cr i
Intel FPGAs IMG PowerVR
Renesas R-Car w

This work is licensed under a Creative Commons Attribution 4.0 International License

SYCL enables Khronos to e
influence ISO C++ to (eventually)

support heterogeneous compute

& XILINX.
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neoSYCL
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hipSYCL
CUDA and
HIP/ROCm

SX-AURORA
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CUDA
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\\ VEO
<
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Multiple Backends in Development
There is development on supporting SYCL on
even more low-level frameworks.

For more information: http://sycl.tech
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neoSYCL
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* Kernel Outlining

queue.submit([&] (handler &cgh) {

auto ka = buf_a.template get_access<access::mode::write>(cgh);
auto kb = buf_b.template get_access<access::mode::read>(cgh);
auto kc = buf_c.template get_access<access::mode::read>(cgh);

cgh.parallel_for<class triad_kernel>(range<1>(array_size), [=](const id<1> &i) {
ka[i] = kb[i] + scalar * kc[i];

})s
s H—ILEBTS (functor) Z 5Bl U CRAERAID) L — T ([CE A
> VEOZES Z & T, H—RIVEBRIZEFZVEICA T O— REITHIHE

int triad_kernel(double *ka, double *kb, double *kc, int N) {
for (int i = @; i < N; i++) {
ka[i] = kb[i] + 0.4 * kc[i]; .

} O1— REHERLIMINY S T 7 1)L E U TCER
return ©; = SYCLA > J 1T — R =it 9 DD HER




Ke et al. (HPC Asia 2021)
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Ke et al. (HPC Asia 2021)

fhaDSYCLZEE & DB

W triSYCL B neoSYCL W OpenMP (ThreadNum=1)
18000

13500
- I I I I I I

Copy

« GPU-STREAM (CPUZE1T)
« 1AL Y REITTOERELLER
» OpenMP3EZR & neoSYCLERDMEREZEFFIT1.6%1EE
e triSYCLOMED TULVBBoostDZ RTEHN AT VHREST —FIE—%Z<ET

Bandwidth ( MBytes/s )
3
8

o

RIEHEISRY - OIS




Ke et al. (HPC Asia 2021)

N-body(C K35l

 2DD)L—T RE L UB) EETNTNH—RILELTATIO—R
e H—JLLISADERSY EVHTEIT (VHO SO S RS

_ . for (int_i = 0; i < nBodies;_i++) { _ __ __ _ _ _ _ _

| float Fx = 0.0f; B
float Fy = 0.0f; loop-1 |
| float Fz = 0.0f; |
| for (int j = @; j < nBodies; j++) { I
I 1 |
| pli].vx += delta x Fx;
plil.vy += delta * Fy; |
I_ _ _plil.vz += delta x Fz; ]
}
_ _ for (int i =0; i < nBodies; i++) { _ _ _ _ _ _ _ _
| plil.x += pl[il.vx * delta; !
plil.y += plil.vy % delta; loop-2 |
'_ __plil.z += plil.vz * delta; ]
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N-body(c & D FEMfER

B Kernel time Data copy time B Kernel time Data copy time
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BFS(Rodinia)lC & B s {iflifS R

« FIHMEEB D IINRD MUICARSRERDIZHZA T O— RHFHRE)

Kernel time I Execution time B Execution time B Execution time
Kernel time (include data copy) Kernel time (include data copy)
160000 160000 160000
w @ @
é 120000 g 120000 g 120000
0 VE-only 2 neoSYCL 0 VEO
[ = =
c 80000 < 80000 c 80000
ke 9o kel
§ § § Applicaton | VERSION | NLOC AvgCCN Avg.token
4y 40000 35 40000 35 40000 SYCL 148 12 %
I I I STREAM
VE-Offload | 296 3.8 159.7
0 ——— | III III 0 — | III III 0 E— ] | III
1k 4k 16k 64k 256k 1M 4M 16M 1k 4k 16k 64k 256k 1M 4M 16M ik 4k 16k 64k 256k 1M 4M 16M Nebod SYCL 86 2.7 233.3
-bo
Graph size Graph size Graph size y VE-Offload | 166 5 240.2
Origin 66 3.3 173.7
SYCL 133 4.5 248
3 BFS
~ — » 3= NS
SYCL >A J T —XIc KD O— R ==K BIEE VEOffoad | 225 74 302
Origin 116 4.5 196.2
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 VEO-SYCL-Bench https://github.com/Tohoku-University-Takizawa-Lab/veo-sycl-bench

« SYCL-Bench (Lal et al. @Euro-Par 2020)/ &1/2MR U\ ?)
e« DPC++ CHneoSYCLTHEI/)\AILITS—
o MIFRILICKDA—) NV ROFHHIC(IVEOMREIMNE

void setup() { int main(int argc, char** argv) {
inputl.resize(args.problem size); accelerator_selector as;

e B ensize) SYCL-Bench's vec_add T etorotionts inputi(LENGTE, 0)) VEO-SYCL-Bench'’s vec_add

for (size_t i =0; i < args.problem_size; i++) { vector<float> input2(LENGTH, 0);

inputl[i] = static_cast<T>(i); vector<float> output(LENGTH, 0);
input2[i] = static_cast<T>(i); for (size t i = 0; i < LENGTH; i++) {
output[i] = static_cast<T>(0); inputl[i] = static_cast<float>(i);
input2[i] = static_cast<float>(i);
inputl buf.initialize(args.device_gqueue, inputl.data(), s::range<l>(args.problem ! output[i] = static_cast<float>(0);
input2 buf.initialize(args.device_queue, input2.data(), s::range<l>(args.problem : -
output_buf.initialize(args.device_gqueue, output.data(), s::range<l>(args.problem : buffer<float> inputl buf(inputl.data(), range<l>(LENGTH));
¥ X buffer<float> input2_buf(input2.data(), range<l>(LENGTH));
void r:“(Std;‘Ze°;°r<°l‘;SY°_l"e"ent>& g"?:ts) { buffer<float> output buf (output.data(), range<l>(LENGTH));
e e e i qsubmit (16] (handlert coh)
auto inl = inputl buf.template get_ access<access::mode::read>(cgh);

auto inl = inputl buf.template get_ access<s::access::mode::read>(cgh);
auto in2 = input2_buf.template get_access<s::access::mode::read>(cgh);
auto out = output buf.template get access<s::access::mode::read write>(cgh);
cl::sycl::range<l> ndrange {args.problem size};
cgh.parallel_ for<class VecAddKernel<T>>(ndrange,

[=]1(cl::sycl::id<1> gid) {

out[gid] = inl[gid] + in2[gid];
i
P

auto in2 = input2_buf.template get_access<access::mode::read>(cgh);
auto out = output buf.template get_ access<access::mode::read write>(cgh);
cgh.parallel_ for<class VecAddKernel>(range<l>(LENGTH), [=](id<l> gid) {
out[gid] = inl[gid] + in2[gid];
hi
)i
g.wait();
return 0;
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mm\VEO = neoSYCL =—#=—=NLOC (VEO)

| sva VEO

| | Avg.NLOC 69.2 86.4
| g Avg.CCN 10 12
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« DPC++ test cases (basic tests) https://github.com/intel/11lvm/tree/sycl/sycl/test

# sycl v llvm/sycl/ test [ basic_tests / Go to file Add file ~ .

M Pass M Fail
;;; DenisBakhvalov [SYCL] Fix is_device_copyable with range rounding (#4478) ... X 2d28cd4 2 daysago ‘O History

FRYR— brkae

B accessor [SYCL] Transition from ONEAPI/INTEL to ext::oneapifintel namespaces (#... 2 months ago / \ H b
B buffer [SYCL] Warning if use sycl without dynamic C++ RT on Windows (#2501) 6 months ago = p a r a ]. ]. e l_-FO r‘_WO r‘ k_g r‘O U p
B0 free_function_queries [SYCL] Move free function queries to experimental namespace (#4090) 2 months ago — p a r\ a l l e l -FO r\ Wo r\ k i t e m
® handler [SYCL] Correct CFE behavior with named lambdas in unnamed-lambda mode (... 2 months ago °
M marray [SYCL] Warning if use sycl without dynamic C++ RT on Windows (#2501) 6 months ago n d_l t e m
I queue [SYCL] Move tests with dependencies to on-device directory (#2732) 10 months ago - n d r a n g e
00 stream [SYCL] Move tests with dependencies to on-device directory (#2732) 10 months ago TR °
B vectors [SYCL] Deprecate half from global namespace (#4363) 7 days ago O pe n C L EE %O)% H ] % -U-/-I—\ — '\
[ SYCL-2020-spec-const-ids-order.cpp [SYCL] Switch to using integration footer by default (#3777) 2 months ago L/ t E 'l‘iﬁg %,HH?%T g Td: (/ \ 7:-__, w* .
[ SYCL-2020-spec-constants.cpp [SYCL] Add missed constexpr for vec (#4324) last month * Ta klZaWa et a I . (PARC02021 )
[ address_space_traits.cpp [SYCL] Sub-group load/store for raw pointers (#3255) 6 months ago
[ aliases.cpp [SYCL] Deprecate half from global namespace (#4363) 7 days ago
[  built-ins.cpp [SYCL][ROCm] Setup lit tests for ROCm plugin (#4163) 23 days ago
D context.cpp [SYCL] Warning if use sycl without dynamic C++ RT on Windows (#2501) 6 months ago
[ define_vendors.cpp [SYCL] Predefine SYCL macros with vendor strings (#4498) 4 days ago
[ device.cpp [SYCL] Warning if use sycl without dynamic C++ RT on Windows (#2501) 6 months ago C Ove ra g e: 94 ° 8 %

RY7R— SRS

(parallel_for work_group&parallel for_work item)(CBAd B2{4£LA9MIT R MEFE
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SYCL for FPGA

DDR4 Memories (19.2 GB/s x 4) PCle gen3 x16 (15.75 GBls)

4x4 Crossbar HLS Comp. Core
* 4 input streams | EMIE || EMIF 2|[EMIF 3]|[EMIF 4] | ccIp * Computing module

o || SRR S RS e ESSPER project
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+ Enable back-pressure 4x4 Crossbar < || S, led by 'fEE%ﬁij\QEB T@j: (RlKEN R‘CCS)
for end-to-end bt & 4 v ! | performance
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communication —— | CycleCounter | counter
¢ Own protocol with usr_clk l FC# | | FC#2 |
control-FLITs 250+ MHz | % | Stream Comp. Core
_ [DCFFO | [DCAIFO | | ooream + Computing module
Width Converter ,Zm ] T = | orgzu;mgq_ | synthesized by
*» Convertwidthof || WidthConv| |WidthConv T SPGen compiler .
stream at any ratio 7TMHz ] o AFU fetrasti Fediosseni SYCL for Collaboration between CPU and FPGA
* Configurable I SLIN #1 | l SLII #2 | FIM generator) — nout
gen_inpu
QSFP28 (125 GBls x2) S em— = writefile_input
- set_gbs
Care 0 - calculation

writefile_output

+ SYCL
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T T T T T T
0 5000 10000 15000 20000 25000 30000
Execution time [msec]

RIEHEISRY - OIS

Cyberscience
Center




= Jall.)

* Vector Engine (VE)(ZND MLRIE OUEE TR & FfE
o XEUBR(CRDAERRIERMETE COERT IS
. x86 EVE(FZENZENERD MBS > WihEPTODIENEE
e NeoSYCL : SX-ATCODSYCLICKBDATO— ROV =20
« H—RILEBIDZY)DH UTCVEORRHTH—RILIFEH U I BEZSYCLERE
o EITEREDOOC UL VLIE(LZVEONHEY ©
. [RE A EMOMmE CEE
- IRTE BN CEFED | JERANRTE RE)

- S1EDORERHM
« DTS L —INDATO— RICHIA (ESSPER)

« =)D H UK TEY)(CO— FRERT D E TS SR ERER _EOREEE




	neoSYCL�SX-Aurora TSUBASAのための�軽量SYCL実装
	もくじ
	背景 ～ ヘテロ構成のベクトルシステム ～
	動機 ～ 適材適所の必要性 ～
	Vector Engine Offloading (VEO)
	SYCL Implementations in Development (2021/04/27)
	neoSYCL
	コンパイルの流れ
	他のSYCL実装との比較
	N-bodyによる評価
	N-bodyによる評価結果
	BFS(Rodinia)による評価結果
	独自ベンチマーク集の作成
	生産性と性能の評価
	VHとVEを適材適所で利用する効果
	最近の開発状況
	さらに多様なアクセラレータ
	SYCL for FPGA
	まとめ

