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My Recent Work: LAMMPS

* Molecular/Particle Simulator

* Distributed heterogenous computing

Large-scale Atomic/Molecular
* Goal: Match CUDA performa nce Magssively Parallel Simulator
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Overview

* Benefits of DPC++ and SYCL ( COdePlay-i
* Porting your brain I,;:?’"’ 'j.m;,},, g
m S’ B

""'—-'!"’..' R

* Porting your code

"Hands on" example

fsssixf

oneAPI
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Learning Objectives

Understand why you Learn how to port Learn how to write
should use SYCL existing CUDA code new SYCL code,
to SYCL targeting Nvidia
hardware

Copynght Codeplay Software lxd 2021
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Practical Material

* Codeplay has a repo of examples with O] e v R e Mot St
a docker image

* Some include both .cu & .cpp
» All target the SYCL CUDA backend

* |'[| signpost these in the slides, and
encourage you to play around with
them

https://github.com/codeplaysoftware/SYCL-For-CUDA-Examples
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What is DPC++

* Data Parallel C++ is an open alternative to
single-architecture proprietary languages Intel* oneAP| DPC++/C++ Compiler and Runtime

» DPC++ is an open source implementation of
SYCL with some extensions

* |t is part of the oneAP| framework that m “ ﬂ ﬁ

includes definitions of standard library CRU GPU FRGA  Jeeceie
interfaces, for common operations such as
math
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SYCL and DPC++ Enables Supercomputers

_ 1 Gnonnaﬁ;.'
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DPC++ performance on Nvidia GPUs

* This graph compares the BabelStream

benchmarks results for: — A | |
* Native CUDA cocde " l
* OpenCL code |

* SYCL code using the CUDA backend
* Run on GeForce GTX 980 with CUDA 10.1
* Minimal SYCL overhead

http://uob-hpc.github.io/BabelStream
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Why use SYCL?

* Code Portability

* Target GPUs from Nvidia, Intel, AMD
* Run on CPU, FPGASs, exotic hardware

e

SYCL.

* Performance Portability

* "But | already know how to use CUDA!"
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Moving to SYCL is easy!
* Most CUDA concepts map 1:1 with SYCL concepts
* SYCL 2020 spec describes this in detail
* The same performance optimizations apply

* The same profiling tools (nvprof, nsys, ncu) still work
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Why use SYCL?

* Code Portability

* Target GPUs from Nvidia, Intel, AMD
* Run on CPU, FPGAs, exotic hardware

SYCL.

* Performance Portability

1 I

* You basically already know how to use SYCL!
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Porting your brain to SYCL
* SYCL has strong GPU heritage (OpenCL)
* Most CUDA concepts map to a SYCL equivalent

* SYCL is an abstraction layer on top of CUDA & others

# codeplay’ 15 B 2021 Codeplay Saftware l1d.



CUDA as a backend o

* The DPC++ runtime currently implements 4

SYCL backends:
* OpenCL
* |evel Zero

- =i

* CUDA backend uses CUDA runtime API

* Moving up a level of abstraction, you untether
your codebase from specific hardware

* Devs have flexibility to prioritize performance
or partability

# codeplay’ 15 @ 2021 Codeplay Saftware l1d.



CUDA as a backenad
Check out the draft CUDA backend spec in the SYCL 2020 spec

Appendix D: CUDA backend specification

This chapter describes ey the SYCL general prodrianuning model s mapped on op ol CUDNA, and how
Il B { hes | he SYCL general prog g fel pped on top ol CUD i
Lhe SYCL generic Inreroperability interface must be implemented by vendors providing SYCL lor CLUDA
Ill-l!il"l'l'-l;'l!'i|r|l11!"" (o ensure SYCL applications writtén ol the CUDA backend are intey -1|H-rr'.|1h*

Currently in PR #197:

https://github.com/KhronosGroup/SYCL-Docs/pull/197

Viewable as a PDF via Github Actions artefact
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Concepts: How SYCL maps to CUDA
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Clistream
CUcontext
CUdevice

ClUevent

sycizgueue
syclicontext
sycl::device

sycl::event

c

i
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It isn't all the same

* SYCL offers out-of-order queues

arid
Bloskin, 0) .I#hchn.h: Moeki, 0)
* Buffers! %ﬁ%%

* Strong focus on task-graphs

* Specify total problem size, not grid & block ]\kl ____‘

+ Optionally specify work-group (block) size ':.;- ”“ ‘

- I"."" e
— : £ LI' : — illlI "'-:'
NN
Ll
| E !
L] i
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Specifying Problem Size

* CUDA kernels' execution range defined by passing number of A BT
blocks per grid, and threads per block: W m

CUDAKernel<<<BlocksPerGrid, ThreadsPerBlock>>>( .. ); g% EEEE% ﬁuﬁmﬁiiﬁ
I i) -

* Using sycl::nd_range to define execution range, we specify the -
global range, and local range E—

ST T
mwdd {2, 0 | thmad |2,
‘ “ E-I

".
¥
'1

'-
-.‘_-
l.
-q.-n &l - o e S
T | [ I i
f L g | = C A
| ‘_J
L L.
.
i

* Using sycl::range, just specify the global range! it U :

sycl::nd_range<i>({global}, {local})

# codeplay’ 3 @ 2021 Codeplay Saftware L1d.



Specitying Problem Size

A SYCL loczal range = CUDA threads per block

A SYCL global range = CUDA blocks per grid * threads per block

You can leave it to the SYCL runtime to choose your local range

But probably get better performance if you pick it
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It isn't all the same

* SYCL offers out-of-order queues Column-major order
&y G 3 |
* Buffers wAW/
* Strong focus on task-graphs _ 1 A N3
CUDA, OpenCL, FORTRAN
* Specity total problem size, not grid & block Row-maijor order
» Optionally specify work-group (block) size f Ay 312313 1
. Agf—aop—is;
* Index ordering is flipped... At By
SYCL, C++
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Index Ordering

CUDA:

Threads {0, 9, 10} and {1, @, 10} are warp-neighbours.
Max range in X-dimension is much larger than Y-, Z-.

SYCL:
Threads {10, 8, 0} and {10, 8, 1} are warp-neighbours.

Max range in Z-dimension is much larger than X-, Y-.

# codeplay’

Column-major order

BT G2 G |
3213?23.23
o a a, a;

CUDA, OpenCL, FORTRAN

Row-major order

- A3
| AgF—8yy—8gy |
SYCL, C++
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threadldx.{x,v,z} nd {tem.get local id({0,1,2})

device
int getGloballIdx
int blockl

3D _3D(){
d = blockIdx.x + blocklIdx.y * gridDim.x

* gridDim.y B

* blockDim.y * blockDim.z2)
* blockDim.vy))
threadIdx.x;

+ gridDim.x * blockIdx.
blockId * (blockDim.x
+ (threadlIdx.z * (blockDim.x
+ (threadldx.y blockDim.x) +

int threadlId =

return threadld:

Copynight Codeplay Software lad 2021
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Porting your code

* DPC++ Compatibility Tool

* Can even handle large projects:
'intercept-build make’

* Doesn't handle everything

* Use Unified Shared Memory (USM)

* |ncremental porting via interop
* Launch existing CUDA kernels

* Call existing CUDA libs (cuBLAS,
CUDNN)
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Using DPC++ with CUDA and Nvidia

p——

e

e oneAPI

Incremental porting oneAPl Apps on Nvidia Access CUDA libraries
» Port CUDA applications to SYCL » Existing oneAP| applications can « oneAP! / SYCL applications can call
one kernel at a time run unmeodified on NVIDIA native CUDA libraries directly from
hardware DAG
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argeting Nvidia hardware

* Compile DPC++ with CUDA support:

git clone htipe://github.comfintel/11lvin, g1t —b sycl
- - - 2 J

cd 1lvm
python ./buildbot/configure.py —cuda -t release —cmake-gan "Unix
s ——

ed build

* Specify NVPTX target:

clang++ -fsycl -fsycl-targets=nvptx64-nvidia-cuda vec_add.cpp -0 vec_:

* Select a '"CUDA' device...

Copynight Codeplay Software lad 2021

# codeplay’




sycl::device selector

* Define a child class of sycl::device selector
* Check for sycl::backend::cuda

class CUDASelector : public sycl::device selector {
public:
int operator()(const sycl::device &device) const override {

if (device.get_platform().get_backend() == sycl::backend: :cuda)
return 1;

else
return =1;

4

5

40d

* Or just use sycl::gpu_selector() if you're feeling lazy...
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Kernel Launch Mechanism

 Example of launching a 1D kernel in CUDA, and an eguivalent invocation in SYCL

olebal  veid CUDAKernai( ... ) | using namespace sycl;
Kernsl implementation 0t R=Lowes
goeve myGuenel CUDASeEIector( )}

£
int N = 12000; auto globalRange =

dim3 ThreadsPerBlock{ @56 ;

ElocksPerfirid.x = h.parallel Tord<class Kerpelx»(NDRange, [=]{nd _item<i: ndlitem)
e=11(doubke{l) f double(ThreadsPerBlock.xl: f Kernal Inpledentat it

CDAKernei{{<BlockParGrid, ThreadsFferBlock>>»»( ... );
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SYCL Unified Shared Memory (USM)

* USM memory allocations return pointers which are consistent

between the host application and kernel function on a device
* Pointer-based APl makes porting from CUDA code easier

* SYCL was historically based on buffers & accessors, these still
exist & have some useful features
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Porting CUDA host code to SYCL — USM

In order to use USM in SYCL, we need to explicitly allocate and free memory

» cudaMallocManaged calls are replaced by

» cudaFree calls are replaced by

We have to make sure to explicitly wait for kernel completion before accessing the
shared memaory region, e.g., by calling

# codeplay’ 30 B 2021 Codeplay Saftware l1d.



Handling memory - USM

int' N = 10000: int N.= 10000:
sycliqueue myQueuelUSMDeviceSelector};

float *x_vec = nullptr:
cudaMallocManaged((void **)&x_vec, N * sizeof{tloat)); float *x_vec = sycl=malioc_shared(N * sizeof{float), myQueue));

for (it 1= 0;1 < N;j ++i) for (int i = 0; 1< N; ++)

X vecli] = N; Xx_veclil=N;

; Call CUDA kernel here imodilying ®x vec /¢ Submit SYCL kern ére (modifying x |
cudaDeviceSynchronize|); myQueue . wait|);
Printing results of kernel f/ Printing results of kernel

for (inti1=0; < N; ++)
std::cout << x_vec[i] <<"\n";

for {inti1=0;1< Nj ++i)
std::cout << x_vec[i] << "\n";

cudarree(x_vec); sycl:free(x_vec, myQuele);

£ 2021 Codeplay Saftware L1d.
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Handling memory - USM

int' N = 10000: int N.= 10000:
sycliqueue myQueuelUSMDeviceSelector};

float *x_vec = nullptr;
cudaitallocManaged|(void **)&x_vec, N * sizeofifloat)); float *x_vec = sycl=malloc_shared(N * sizeof{float), myQueue));
for (it 1= 0;1 < N;j ++i) for (int i = 0; 1< N; ++)

X vecli] = N; Xx_veclil=N;

; Call CUDA kernel here imodilying ®x vec /¢ Submit SYCL kern ére (modifying x |
cudaDeviceSynchronize|); myQueue . wait|);
Printing results of kernel f/ Printing results of kernel

for (inti1=0; < N; ++)
std::cout << x_vec[i] <<"\n";

for {inti1=0;1< Nj ++i)
std::cout << x_vec[i] << "\n";

cudarree(x_vec); sycl:free(x_vec, myQuele);
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Handling memory - USM

int' N = 10000: int N.= 10000:
sycliqueue myQueuelUSMDeviceSelector};

float *x_vec = nullptr;
cudaitallocManaged|(void **)&x_vec, N * sizeofifloat)); float *x_vec = sycl=malloc_shared(N * sizeof{float), myQueue));
for (it 1= 0;1 < N;j ++i) for (int i = 0; 1< N; ++)

X vecli] = N; Xx_veclil=N;

; Call CUDA kernel here imodilying ®x vec /{ Submit 3YCL kernel here (modifying x vec)

pugtaDevicesynehan|ze()) myQueuewait()]

Printing results af kernel /] Pri iting results af kernel
for {inti1= 0;1< N ++i) for (inti1=0; i< N;++i)

std::cout << x_vec[i] << "\n"; std::cout << x_vec[i] <<"\n";
cudarree(x_vec); sycl:free(x_vec, myQuele);
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Handling memory - USM

int' N = 10000:

float *x_vec = nullptr;
cudaitallocManaged|(void **)&x_vec, N * sizeofifloat));

far (int 1 =010 < N; ++1)
X vecli] = N;

i C \ KETne (r INE % Vi
pudaDeviceSynehron|ze())
Printing results of kernel

for {inti1=0;1< Nj ++i)
std::cout << x_vec[i] << "\n";

cudaFres(x vec);

int N = 10000;
sycliqueue myQueuelUSMDeviceSelector};

float *x_vec = sycl=malloc_shared(N * sizeof{float), myQueue));

for (Int{=0; 1< N; ++i)
x_vecli] = N;

myQueue wait(),
[ Printing restlts of kernel
for (int1=0; 1< N;++i)

std::cout << x_vec[i] <<"\n";

syclifrea(x_vec, myQueus);

# codeplay’
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cudaMallocManaged sycl::malloc_shared (USM shared)

cudaMallocHost sycl:imalloc_host (USM host pinned)
cudaMalloc syci:malloc_device (LUSM device)
cudaFree() syelifree()

cudaDeviceSynchronize() MyQueue.wait!)
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USM vs Buffers

* USM maps nicely to CUDA's memory
model

e SYCL buffers offer:

* Scoped memory management
* Blocks on destruction
* Automatic task graph generation

* Greenfield project developers —

consider buifers '
There 1s another

# codeplay’



Migrate host code to
SYCL and keepyour
CUDA kernels:

e Replace one CUDA kernel
with a SYCL kernel, test

and run another
e Measure performance at umber ot thriad blocks by gntd
any stage using existing 74 Ga\L T8 DA keriel dirvctly foom SYEL
CUDA tools |
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SYCL Interop

* Host tasks enable calling
CUDA kernels/libraries e e
directly 0120 RECB = DB ot accass<acens::nodo: reads(n)

acel = bl .get _accass- srandertiyritesin)e

* Facilitates incremental h-host_taski =

iirro da reine8rpret Case (ool . Lh.iget_native mem

porting lith 4C = reintarpret cast daubien thoet native. nen
nt:lrh:m.?-?, gridsize;
blockSize = 1824;
hOSt taSk nrlniurf' :- '_1 . '.'.'4"-'1.[ ctat

JecAdd«e< gridSize, blockSize >> gA, dB, df,

interop handle
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CUDA Libraries

* Most CUDA developers use some

CUDA Libraries Documentation of the libraries provided by
Nvidia and others

i 4 il g I s Examples include cuBLAS and
::::!:lfl-:;:::_.|I|ir]t.:-:-":|:-.:;|-=!r-.,1::1lu.lu-!u::::_.:. ._|Irr:;':'II;|:ﬁm_-‘.i;_.':-IL " cu D N N
ik * DPC++ support for CUDA

includes interoperability with
-I1'-';'.1|-|:':i-fﬂ-'ﬂi:-:i:.l.:'lf:;-_":;l.\,'l'.r'r.lTE".‘.E..;;ﬂ*‘l‘lliiir’ ines E‘rj ‘these ]lbrarles

Blivetra slibrsulibss Esdl o andilng spame

malicss s anplewaniid om NYIEHA CLIDA

(unnma and s desgned ot Calkod i O and ° OHEAP] eq U iva[ents EXiSt
=" (oneMKL-BLAS, oneDNN) for
when you're ready to migrate
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g.submitl & bhandler &b
auto d A h_A.get_access<s
o d B = b B.get_access:
g _C b C.get access=3

h.host taski = sycli:ipnteron handle ih
cuCtxSetCurrent Lh.get_ natlvr context

cublas be15tream hdndle th.get_native_queue-bz

to cuA = lnterpret _cast-fleat =, th.get
cuB = retnterpret _cast float * 'ih.get

CHECK _ERROR cublasSgemm| handie, CUBLAS_OF_N,
WIDTH. &ALPHA, CuA,
cuf, WIDTH: ;

# codeplay’

tiread>(h):
siread>(hl;
siwrite=(h};

: icuda: :
i rscudas
native mem-backasho: :cuda

= native mem-backend: icuda
auts cu = reunterpret_cast float *. ' th.get_

native mem-bhEcNang: rcuda

CUBLAS_OP_N, WIDTH, HEIGHT,
WIDTH, cuB, WIDTH, &BETA,

Copynight Codeplay Software lad 2021




SYCL + cuBLAS SCAL example T

een ,J_:E::_ a2 — 1. Create SYCL queue using CUDA backend
| 2. Create and fill host vector
e 3. Declare and create a cuBLAS handle
- 4, Create new scope for buffer ereation and queus

mibklssdsnile ¢ sublsstandiag

rublastesates | ScublazHandizii submission

Create SYCL buffer from host data

Create a command group submission [o queue
Inside command group, create a SYCL accessor

syelrshufferdflosty BIA[h 3.d8%5(), Syelizraneadl vl

e b AL

wligue, cibwd 2 [ TN syclstlhiandler Seal) 4

suta @ 8= B Ag=r acxassesyplizeccassiinsdarirasd Meiled (eg Invoke the interop_task, passing an interop_handler

esh. hast tazk{[=](syel iinterop bandle L 9. Inside the interop_task, retrieve the native CUDA
e e I L stream handle from our queuea’s CUDA backend
GuUto cUudsstrasgdsntlie = ".'I":':I"' gr.:'__-'-ult_..': L Ll |:'n:liP=I"|‘JI ol '-I"-.!I_IELI’: -
cilklassetstrasn{cublssisndla, cudastreantandls); 10, Use the handle to set the cuBLAS stream
sifEa CiE SlEEthte ek st Ioa. 11. Using the interop_handler, retrieve the native CUDA

" {ih:st moEive pevicyelizhEeb=md: celidafed BY); memory haﬂd[{: frﬂrﬂ the SYCL accessor and cast it to

nstexpr flbse ALBHE = 2.¥; T.hE' Hﬂprﬁpfialf [JD[HT.E’F 1"\‘135'
B e e 12, Call cuBLAS SCAL with desired parameters
cubklsss=es]l (ikiacHahndls, W, &ELPES, s, ITHOX);

13, Afteryou ensure the command group has completed,

remember to destroy the cuBLAS handle (here this is
el ssosstad (ol isanii e gurantead as the buffer destructor is called upon
fase s exiting its scope)
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SYCL offers flexibility
* Free to keep as much/little CUDA code as you like
* Danger: you port from CUDA to "SYCL for CUDA only"

* Compromise: specialize your implementation using:

* Preprocessor macros: "#ifdef _ NVPTX_ "
* Templates

# codeplay’ A4 B 2021 Codeplay Saftware l1d.



Porting Summary

* Migrating CUDA to SYCL is:

* Easy
* |[ncremental

* Flexible : N
* Use existing perf tools | SYCL

* USM makes porting easy

« But buffers are really useful
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Learning Resources

» Data Parallel C++ (the SYCL book) oata arlel G+

* Zheming Jin's HeCBench repo

~ e s f 'l_.-".:"‘ b= o~ v = 1 ¢ ‘.'r:._‘ '-I‘D - e
¢ I L} [fEITRUD.COM/ZIIN=ICT/ nelbencnh

* 100s of ported codes, SYCL-CUDA-OpenMP Rosetta stone!
— SYCL Academy NITLOS :;'I:.'I_.r_'ill;_l \NLCC [T1/ |||'i'—'_r| IS HwWar — A7) |._|_.]r|f—'I|'|'-.,_

* SYCL Spec
* Surprisingly readable
* PR #197 for CUDA backend spec

Ty = 5
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Hands On Exercises

* Range of topics:
* CUDA ->5YCL
* Interop
* CUDA libraries cadanizyanitware | SYOL-For-CUDA-Examples
«  MPI
*  FORTRAN!

" B— T ] I i oy SCRES | [P I S f e Cesr 0T o | L
https://github.com/codeplaysoftware/SYCL-For=CUDA-Examplas

Pull rediiresls  lemues Morksiplbcs  Explots

* Easy to get going (docker)

* Get stuck or have a question:
sycl@codeplay.com
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Dev environment setup

* Use docker image: ruyman/dpcpp cuda examples

43 .
e ]

* Prerequisites:

N

Nvidia hardware

Sudo access i =
pudo 2 onenpy NVIDIA

nvidia-docker2 package

-~
e
4 L Lq",
o .
g
e

# This will pull the image (takes a while)
docker run ——gpus all -it ruyman/dpcpp cuda ex

# Now we're in the container, find the examples:
cd /home/examples/SYCL—For-CUDA-Examples/

] codeplay' 45 Copynight Codeplay Software lad 2021




Getting Started with DPC++ for CUDA

eIy forhuhconfantel Al vm.gis

prehenm o b Tpix Mzksfs =g

=1 :rld

]
b LA N

clang++ with your source code
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