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Agenda

1. Intro GPU architecture
2. Intro GPU programming model
3. CUDA/OpenCL by example: matrix-multiplication

4. C++11 % GPU — SyCL



Why believe me”?
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A Study of the Potential of Locality-Aware

Thread Scheduling for GPUs
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Abstract. Programming models such as CUDA and OpenCL allow the
programmer to specify the independence of threads, effectively remov-
ing ordering constraints. Still, parallel architectures such as the graph-
ics processing unit (GPU) do not exploit the potential of data-locality
enabled by this independence. Therefore, programmers are required to
manually perform data-locality optimisations such as memory coalescing
or loop tiling. This work makes a case for locality-aware thread schedul-
ing: re-ordering threads automatically for better locality to improve the
programmability of multi-threaded processors. In particular, we analyse
the potential of locality-aware thread scheduling for GPUs, considering
among others cache performance, memory coalescing and bank locality.
This work does not present an implementation of a locality-aware thread
scheduler, but rather introduces the concept and identifies the potential.
We conclude that non-optimised programs have the potential to achieve
good cache and memory utilisation when using a smarter thread sched-
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GTC 2016
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Join us for the opening keynote on September 28.
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Registration Now Open!
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1. Intro GPU architecture
2. Intro GPU programming model
3. CUDA/OpenCL by example: matrix-multiplication

4. C++11 % GPU — SyCL



Quiz: what is this?
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But where Is the ALU?

Total chip:
5,5 billion transistors

: I Simple 32-bit integer multiplier:
sl 21 thousand transistors
0 i
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Haswell-E core



But where Is the ALU?

Lot’s of ‘useless logic’

Conseqguence:
only 8 multiplications
per clock-tick per core
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Why Is the ‘useless logic’ needed?

A d P e

Haswell: 19 pipeline stages

Huge impact of branches & data dependencies, low ILP



Now let’s build a GPU

Step 1: Vector ALU only
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Now let’s build a GPU

Step 2: Multiple active threads




Now let’s build a GPU

Step 3: More more more!
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Now let’s build a GPU

Step 4: High-bandwidth off-chip memory




Now let’s build a GPU

Step 5: Duplicate this ‘core’ / ‘SM’
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GPU vs CPU

CPU
130 pJ/flop (SIMD SP)

Optimised for latency
Low latency DRAM
Deep cache hierarchy
Few active threads

Haswell-E

GPU
30 pd/flop (SP)

Optimised for throughput
High bandwidth DRAM
Explicit management of SRAM
Many active threads
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2. Intro GPU programming model
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S0, let’'s program this GPU!

. But, how?
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The CPU as a control processor

‘device’
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Vector add i1s the new "hello world’

1 // CPU reference code
2v void vectorAdd (

3 ——std::vector<float>& -a, // input array

4 ——std::vector<float>& b, // input array

5 ——std::vector<float>& ¢, // output array

6 ——const-int-N)-// number of elements to add
7v {

8 —for-(int-i-=-0; i -<'Nj; ++i)

9 —{

10 —cli] =-ali] + bl[il];

il =

12 }

Candidate for parallelisation



The kernel

For incomplete blocks 'Function’ to be executed by each thread

| // GPU kernel /

__global__ void addKernel(

——float-*a, - // input array O .. (N/512 - 1)
———float *xb, - // input array
—float *c, - // output arr
——const-int-N)-// numb

of elements to add
const-int i = blockIdx.x #* blockDim.x + threadIdx.x;
if- (i -<-N)
— \ S 0. 511

, 512

\

Replacement of the for-loop index

// Launch the vector additi kernel

int blockSize = 512;

int gridSize = N / blockSize;

addKernel<<<gridSize, blockSize-->->(device_a, device_b, device_c, N);



Threads and thread-blocks

—// Launch the vector addition kernel

—int blockSize = 512;

~int gridSize = N / blockSize;

—addKernel<<<gridSize, blockSize--->(device_a, device_b, device_c, N);

512 threads

1 thread-block
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thread-blocks and grids can also be 2D or 3D



Weaving threads




Weaving threads (aka scheduling)

Scheduling unit: thread-block

Multiple blocks per SM, but:
1. Maximum 2048 threads

aximum 32 blocks

‘occupancy’

aximum 64KB shared memory

V]
Maximum 64K registers
Wi

> W

Why do we care”?
1. Share SRAM ‘shared memory’
2. Synchronisation barriers

Otherwise: no synchronisation!

Note:
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The bolilerplate code
CPU function

// GPU implemengdtion using CUDA
void vectorAdd

std::vector<float>& a, // input array
std::vector<float>& b, // input array
std::vector<float>& ¢, // output array
const-int-N)-// number of elements to add

// Allocate space on the GPU
float+ device_a; :
float+ device_b; — . Pointers to
float* device_c;

cudaMalloc(&device_a, N * sizeof(float)); GPU DRAM
cudaMalloc(&device_b, N * sizeof(float));

cudaMalloc(&device_c, N * sizeof(float));

// Copy a and b to the GPU
cudaMemcpy(device_a, a.data(), N * sizeof(float), cudaMemcpyHostToDevice);
cudaMemcpy(device_b, b.data(), N = sizeof(float), cudaMemcpyHostToDevice);

// Launch the vector addition Kkernel

int blockSize = 512;

int gridSize = N / blockSize; “ N threads
addKernel<<<gridSize, blockSize->>(device_a, device_b, device_c, N);

// Copy the results back
cudaMemcpy(c.data(), device_c, N * sizeof(float), cudaMemcpyDeviceToHost);

// Clean-up

cudaFree(device_a);
cudaFree(device_b);
cudaFree(device_c);



CUDA versus OpenCL
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CUDA versus OpenCL

__global__ void addKernel(

float *a,
float *b,
float *c, |
{ int N) The good:
int i = blockIdx.x * blockDim.x + threadIdx.x;
(1<) Kernels are almost the same
{
cli] ‘=-ali] - +:-b[i];
}
} The bad:

OpenCL host code is much

more verbose
__kernel void addKernel(

__global float =*a,
__global float *b,
__global float =*c,

int-N) The Ugly:
{
int i = get_global_id(0); | Performance portability is
(i <N) .
{ far from trivial
clil = alil + b[il;
}



What about (modern) C++7

. o~ I I A ; _ ':j ;- '-[ ':4' Al_
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void xyzw_frequency(int *count, char *text, int-n)
{
char letters|[] { 'x','y','z"','w' }; Lambada’s
count_if(count, - text, n, [&](char c)
{
( auto x : letters) Range-based for-loops
{
(c x) { true; -}
}
false; _ .
}); Device functions
} Templates
// CUDA C++11 device function
template <typename T, typename Predicate>
__device__
void count_if(int *count, T *data, int n, Predicate p) Auto ’[ype
{ .
auto tid - blockDim.x # blockIdx.x + threadIdx.x; deduction
(auto-i-=-tid;-i-<'n;-1i gridDim.x + blockDim.Xx)
{
(p(datal[i])) { atomicAdd(count, 1); }
}



What about (modern) C++ in kernels?

(subset of) (subset of) (subset of)
© O C++11/14
CUDA < 7.0 y )
cupas7o | L, . .
OpenCL < 2.1 v
opencLz21| L, L P

No implementation yet
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Matrix-multiplication: C = A * B

www.cedricnugteren.nl/tutorial.php

~-(int-m-=-0:-m-<-M; - ++m)

for-(int - n-=-0; n-<-N; - ++n) nN=7
{
float acc 0.0f;
or- (int- k- =-0; k- <-K; - ++k)
{

—acc-+=-A[k-*-M-+-m] - *
¥

M. e EEEEEEEEEE

Cln + M+ m] = acc; : EEEEEEEEEE

} | EEEEEEEEEE
} g EEEEEEEEE
; T T TR

- NN

Assumptions:

* Single-precision floating-point
* Layout: column-major ordering


http://www.cedricnugteren.nl/tutorial.php

OpenCL SGEMM tuning

www.cedricnugteren.nl/tutorial.php

CUDA version is
very similar

Optimisation steps:

1. Naive implementation

Tiling in the shared memory
More work per thread
Wider data-types (vectors)

Transposed input matrix and rectangular tiles

S - S R A

2D register blocking

Tesla K40m (Kepler), ECC on

in short CUDAG.5


http://www.cedricnugteren.nl/tutorial.php

Step 1: Naive implementation

www.cedricnugteren.nl/tutorial.php

__kernel void myGEMM1 (
const-int-M, const-int-N, const:-int K,
onst __global float* A,
onst-__global float* B,
__global float* ()

nst-int globalRow = get_global_id(@); // m:
st-int globalCol = get_global_id(1); // n:

S O

float acc = 0.0f;
~(int -k =-0; k- < K; - ++k)
{
acc += Alk *# M + globalRow] =+ Bl[globalCol * K + kl;

}
ClglobalCol * M + globalRow] = acc;

}

for- (int-m-=-0; -m-<-M; - ++m)

. for-(int-n-=-0; n-<-N; ++n)
{ float -acc = 0.0f;
for (int k-=-0; k- < K; - ++k)
{ acc +="Alk-* M- +m] * Bln %K +k];
. é[n M + m] = acc;

}

2D thread
indexing


http://www.cedricnugteren.nl/tutorial.php

Step 1: Naive implementation

www.cedricnugteren.nl/tutorial.php

__kernel void myGEMM1 (
int M, int N, int K,
__global float* A,
__global float* B,
__global float* ()

{
int globalRow = get_global_id(0);
int globalCol = get_global_id(1);
float acc = 0.0f; 1024 threads
: (int k= 0; k < K; ++k) per block
acc Alk + M + globalRow] * Bl[globalCol * K + Kk];
}
ClglobalCol + M + globalRow] = acc;
}

size_t locall2] = {32, 32 };
size_t global[2] = { M, N };
clEnqueueNDRangeKernel(..., global, local, ...);

NAVAIBIYA
AMD | W cuBLAS
' . clBlas
AMD B ciBlas (tuned)

myGEMM1 (naive)

A'dam C++ meetup

800 1200 1600 2000 2400 2800 3200
GFLOPS (4096x4096x4096 on Tesla K40m)



http://www.cedricnugteren.nl/tutorial.php

Step 2: Tiling in the shared memory

www.cedricnugteren.nl/tutorial.php

Lots of data re-use
in A and B!



http://www.cedricnugteren.nl/tutorial.php

Step 2: Tiling in the shared memory

www.cedricnugteren.nl/tutorial.php

Shared memory required:
2" 32*32*4B = 8KB

Shared memory available:
48K

Active blocks per core/SM:
48/8 = 6

32 by 32



http://www.cedricnugteren.nl/tutorial.php

Step 2: Tiling in the shared memory

www.cedricnugteren.nl/tutorial.php

__kernel void myGEMM2 (
int M, int N, int K,
__global float* A,
__global float* B,
; __global float* C) 2 in example
int row = get_local_id(0); -
int col = get_local_id(1);
int globalRow = 32 *-get_group_id(0) row;
int globalCol = 32 x get_group_id(1) col;

int'numTiles K-/-32;
(int t =0; t < numTiles; t)

__local float Asub[32][32]; e {

_10C81 float BSUb[32] [32]; int tiledRow 32 t row:

int tiledCol =32 * t + col;
Asub[col] [row] = A[tiledCol + M + globalRow];

float acc =-0.0f; Bsub[col] [row] = Bl[globalCol * K + tiledRow];

(ana) >
barrier(CLK_LOCAL_MEM_FENCE);

ClglobalCol + M + globalRow] = acc;
} (int k- =-0; k-<-32; k)
{
acc Asub[k] [row] + Bsub[col] [k];
Shared within a }

thread-block
barrier(CLK_LOCAL_MEM_FENCE);


http://www.cedricnugteren.nl/tutorial.php

Step 2: Tiling in the local memory

www.cedricnugteren.nl/tutorial.php

Factor 3 in picture:
- Before 2x6 loads
- Now 2x2 loads

Advantages:
1. Reduction of 32x in off-chip memory accesses

2. Coalesced memory accesses now also for B

NVIDIA
AMD cuBLAS
A\Y/ID, cIBlas

B cIBlas (tuned)
myGEMM1 (naive)

A'dam C++ meetup MyGEMM? (tiling)

800 1200 1600 2000 2400 2800
GFLOPS (4096x4096x4096 on Tesla K40m)



http://www.cedricnugteren.nl/tutorial.php

Step 3: More work per thread

www.cedricnugteren.nl/tutorial.php

Main body of our kernel:

int numTiles K-/ -32;

(int t =0: t < numTiles;  ++t)
int tiledRow - 32 t row;
int tiledCol = 32 t col;

Asub[col] [row]
Bsub[col] [row]

A[tiledCol + M
BlglobalCol + K

globalRow];
tiledRow];

barrier(CLK_LOCAL_MEM_FENCE) ;

(int k- =-0; k-<-32; k)

{

acc

}

Asub[k] [row] + Bsub[col] [k];

barrier(CLK_LOCAL_MEM_FENCE);

Unroll this loop

Two loop iterations:

S Ll A

ld.shared.f32
ld.shared.f32
$£52,

fma.rn.£32
ld.shared.f32
ld.shared.f32
fma.rn.£32 %£55,

| oad Asub [k] [row]
| oad Bsub[col] [k]

$£50,
$£51,
$£51,
$£53,
$£54,
$£54,

Perform fused multip

Perform fused multipl

[$r18+56];
[$r17+1792];
$£50, %£49;
[$r18+60];
[$r17+1920];
$£53, %£52;

into a register
iNnto a register
y-add (FMA)

| 0ad Asub [k+1] [row] Into a register
| 0ad Bsub[col] [k+1] into a register

y-add (FMA)

Not going to get peak GFLOPS :-(


http://www.cedricnugteren.nl/tutorial.php

Step 3: More work per thread

www.cedricnugteren.nl/tutorial.php

-

, .

Similar idea as before, but now to save on-chip memory accesses

const-size_t-locall2] -=-{ 32, -32/4 };
const-size_t-global[2] =-{ M, N/4 };
clEnqueueNDRangeKernel(..., global, - local, -...);

Tile: 32 by 32
Work-per-thread: 4


http://www.cedricnugteren.nl/tutorial.php

Step 3: More work per thread

www.cedricnugteren.nl/tutorial.php

__kernel void myGEMM3(
int-M, int N,
__global float* A,
_global float* B,

__global float+ C)

int K,

>

{
int row = get_local_id(90);
int col = get_local_id(1);
int globalRow = 32%get_group_id(9) row;
int globalCol = 32%get_group_id(1) col;
__lbcal float Asub[32][32]:
__local float Bsub[32] [32];
float acc[4];
(int-w=-0; W <-4; ++w)
{
acclw] -=-0.0f;
}
{ooa),
(int-w=0; w <-4; ++w)
{
Cl[(globalCol + w + 8)+M + globalRow] - acclw];
}
}

int numTiles K/32;
(int- t =03 t numTiles;
{
(int- w=-0; w < 4; ++w)

{
int tiledRow 32 t
int tiledCol 32 t
float a = A[(tiledCol + w

float b = B[(globalCol + w
Asub[col + w = 8] [row] = a;
Bsub[col + w = 8] [row] b;

}
barrier(CLK_LOCAL_MEM_FENCE);

(int k- =0; k .32; K++)
(int w =-0; w < 4; w)
acc [w] Asub [k] [row]

}

}
barrier(CLK_LOCAL_MEM_FENCE) ;

}

t)
row;
col;
8) + M + globalRow];
8) + K + tiledRow];
{
{

Bsub[col + w + 8] [k];
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Step 3: More work per thread

www.cedricnugteren.nl/tutorial.php

Previous version (4 iterations): New version (4 iterations)

-
L

ld.shared.f32 $£50, [%rl8+56];
ld.shared.f£32 $£51, [%rl7+1792];
fma.rn.f32 %$£f52, %$f51, $£f50, %$£f49;
ld.shared.f32 $£53, [%r1l8+60];
ld.shared.f32 $£54, [%rl17+1920];
fma.rn.£32 %£55, %f54, %£53, %£f52;
ld.shared.f32 $£50, [%rl8+56];
ld.shared.f32 $£51, [%rl1l7+1792];
fma.rn.£32 %£52, %£f51, %£50, %£f49;
ld.shared.f32 $£53, [%rl1l8+60];

ld.shared.f32 %f54, [%$rl17+1920]; (4+1) loads for 4 FMA
fma.rn.f32 %£55, %$f54, %$£53, %£52;

8 loads for 4 FMA

ld.shared.f32 $£82, [%r1l01+4];
ld.shared.f32 $£83, [%rl1l02];
fma.rn.£32 $%£91, %£f83, %£82, %£f67;
ld.shared.f32 $£84, [%r101+516];
fma.rn.£32 %£92, %£83, %£f84, %£69;
ld.shared.f32 $£85, [%r101+1028];
fma.rn.f32 %£93, %£83, %£85, %f71;
ld.shared.f32 $£86, [%r101+1540];
fma.rn.f32 %£f94, %£83, %£86, %£73;

e W
LN T T

1.
2.
3.
4.
5.
6. 6.
7.
8.
9.

o oo ©®N

NVIDIA
AMD cuBLAS
! clIBlas
A\\Y/ID) ciBlas (tuned)
myGEMM1 (naive)

myGEMMZ2 (tiling)
myGEMMS3 (more work per thread)

A'dam C++ meetup 689

800 1200 1600 2000 2400 2800 3200
GFLOPS (4096x4096x4096 on Tesla K40m)
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Step 4: Wider data-types

www.cedricnugteren.nl/tutorial.php

: Vector operations and loads/stores:
__kernel: void myGEMM4 (

int M, int-N, int K,
—global float4+-4, 1. Not so useful for:
__global float4+ B,
__global float4+ () 1. NVIDIA GPUs
{ 2. Modern AMD GPUs

()

2. |Important for:
1. Older AMD GPUs (VLIW)
2. Intel Xeon Phi
3. CPUs (NEON /SSE / AVX)

cuBLAS

W clBlas
clBlas (tuned)
myGEMM1 (naive)

myGEMM?2 (tiling)
689 myGEMMS3 (more work per thread)

myGEMMA4 (vector data-types
299 y ( ypes)

800 1200 1600 2000 2400 2800 3200
GFLOPS (4096x4096x4096 on Tesla K40m)



http://www.cedricnugteren.nl/tutorial.php

Step 5: Pre-transpose input matrix

www.cedricnugteren.nl/tutorial.php

P pre-transpose matrix B

rectangular tiles
are now allowed

more tuning
CUBLAS opportunities

clBlas
139 B ciBlas (tuned)
373 myGEMM?1 (naive)
myGEMM2 (tiling)

689 myGEMMS3 (more work per thread)
729 myGEMM4 (vector data-types)

myGEMMS (transposed input)
740

800 1200 1600 2000 2400 2800 3200
GFLOPS (4096x4096x4096 on Tesla K40m)
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8 loads for 4 FMA

AU e WNEFEFOOULLE WN -
P R

Step 6: 2D register blocking

www.cedricnugteren.nl/tutorial.php

ld.shared.f32 $£50, [%rl8+56];
ld.shared.f32 $£51, [%rl7+1792];
fma.rn.£32 $£52, $£f51, %$£50, %$£49;
ld.shared.f32 $£53, [%r1l8+60];

1d.shared.f32 $£f54, [%$rl1l7+1920];

fma.rn.£32 %£55, %£f54, %$£53, %£52;
ld.shared.f£32 $£50, [%r1l8+56];

ld.shared.f32 $£51, [%rl7+1792];
fma.rn.£32 %£52, %£51, %$£50, %£f49;
ld.shared.f32 $£53, [%r1l8+60];

ld.shared.f£32  %£f54, [%r17+1920];
fma.rn.£32 $£55, %£54, %£53, %£52;

689
729
740

1.371

800 1200 1600

1.
2.
3.
4.
5.
6.
7.
8.
9.

(4+1) loads for 4 FMA

ld.shared.f32 $£82, [%r101+4];
ld.shared.f32 $£83, [%rl02];
fma.rn.f32 %£91, %£83, %£82, %£f67;
ld.shared.f32 $£84, [%r101+516];
fma.rn.£32 %$£92, %£83, %£84, %£f69;
ld.shared.f32 $£f85, [%r101+1028];
fma.rn.f32 $£93, %£83, %£85, %£f71;
ld.shared.f32 $£86, [%¥rl101+1540];
fma.rn.f32 $£94, %£83, %£86, %£f73;

cuBLAS

| cIBlas
ciBlas (tuned)
myGEMM?1 (naive)
myGEMM?2 (tiling)
myGEMM3 (more work per thread)
myGEMM4 (vector data-types)
myGEMMS (transposed input)
myGEMME (register tiling)

2000 2400 2800 3200

GFLOPS (4096x4096x4096 on Tesla K40m)

float Areg;
float Breg[4];

(int - wn =-0; wn < 4;
{

tidn + wn F
Bsub[col] [k];

int col
Breg [wn]
}

(int - wm = 0; wm < 4;

{
int row = tidm + wm 8;
Areg - Asub[k] [row];
(int wn =-0; wn < 4;
{

acc [wm] [wn]

}

Areg
}

wn)

wm )

wn)

Breg[wn];

(4+4) loads for 4*4 FMA
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Agenda

1. Intro GPU architecture
2. Intro GPU programming model
3. CUDA/OpenCL by example: matrix-multiplication

4. C++11 *° GPU — SyCL



CUDA and OpenCL are not ideal

Drawbacks of CUDA

1. Vendor specific

2. Requires special compiler

3. Some
4. Difficu
5 ..

oollerplate code

t to debug

Drawbacks of OpenCL

1. Kernel source as string
2. C-API, not C++

3.
4

_ots of boilerplate code

—ven more difficult to debug

5. ...



Some alternatives to CUDA/OpenCL

C++ host | Custom |Inter-op with
API kernels OpenCL Method
Bolt/Thrust v Parallel STL library
Boost.Compute s 4 4 Paraliel STL +
: : custom kernels
OpenMP 4/ L
v v
Openacc |, ~ = “ragma diiectves
C++AMP v/ v/ Kernel as lambda
SyCL 4 v 4 Kernel as lambda




A game of thrones

Khal’s sickle
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Khaleesi’s spear

OpenCL SPIR

OpenCL SyCL



Vector addition in {SYCL

// GPU implementation using SyCL

As before void- vectorAdd(
——std: :vector<float>& host_a, // input array
\\\“——b» ——std: :vector<float>& host_b, // input array

——std: :vector<float>&-host_c, // output array
const-int-N)-// number of elements to add

Allocates and copies {

—// Allocate buffers on the GPU
buffers (Wheﬂ needed) ~—cl::sycl::buffer device_a(host_a);
—cl::sycl::buffer device_b(host_b);
—cl::sycl::buffer device_c(host_c);

—// Set-up a queue on the default device
—cl::sycl::queue device_queue;
—cl::sycl::command_group(device_queue, [&]()
—{

——// Data accessors

auto a - device_a.get_access<cl::sycl::access::read-();
——auto b - device_b.get_access<cl::sycl::access::read-();
~——auto ¢ - device_c.get_access-cl::sycl::access::write=();

——// The vector addition kernel
———cl::sycl::parallel_for<class addKernel>(N, ( [=] (id<1>  idx)

—
Device code —ab—ﬁt):[idx] ~=-alidx] + bl[idx]; /

—1});

} Thread index




The SycL compute language

Widening OpenCL Ecosystem

OpenCL C
Kernel Source

Diverse, domain-
specific Languages,
frameworks and tools

file applications |

~

[ Single source

' SPIR Generator
~ (e.g. patched Clang)

SPIR is easier compiler

target than C SYCL
SPI R Programming abstraction that combines

SPIR portability and efficiency of OpenCL with
(Standard Portable ease of use and flexibility of C++

_Intermediate Representation) Single source file programming
First portable IR that includes SYCL 1.2 Provisional Updated

support for parallel computation , November 2014
Created in close cooperation with OpenCL run-time OpenCL C !

LLVM community can consume SPIR Runtime "

SPIR 2.0 Provisional Released -
August 2014
K ) (uses LLVM 3 .4) ‘ ‘
: t Device X | Device Y \ Device Z [

Runs on all existing OpenCL hardware ... as long as there is a compiler



The (GYcL compute language

// GPU implementation using SyCL

void- vectorAdd(

——std: :vector<float>& host_a, - // input array
——std: :vector<float>&- host_b, - // input array
——std: :vector<float>&-host_c,-// output array
——const-int-N)-// number of elements to add

{

—// Allocate buffers on the GPU

—cl::sycl::buffer device_a(host_a);

——cl::sycl::buffer device_b(host_b);

——cl::sycl::buffer device_c(host_c);

—// Set-up a queue on the default device ﬁ

—cl::sycl::queue device_queue;

—:1: :sycl::command_group(device_queue, - [&]()

——// Data accessors

- auto a - device_a.get_access<cl::sycl::access::read>();

~—auto b - device_b.get_access<cl::sycl::access::read-( }i
’

~——auto c = device_c.get_access<cl::sycl::access::write-

——// The vector addition kernel
——cl::sycl::parallel_for<class addKernel>(N, - ([=] (id<1>- idx)
— !

————c[idx] = alidx] + b[idx];

SPIR Final executable
|ntermed|a.te P
representation

CPU object file




GPU programming 101

1. Intro GPU architecture
2. Intro GPU programming model
3. CUDA/OpenCL by example

4. C++11 % GPU —» SyCL
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2016 - 08 - 25



