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ther processors such as Cell/B.E.
ccelerate parallel computation

for computationally intensive applications
rtable code across different devices and

nCL™ you can

e AMD’s CPUs,and AMD’s GPUs, to accelerate parallel
computation
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cutable code - similar to a C function
r task-parallel

tion of kernels and other functions
Ahalogous to a dynamic library
Applications queue kernel execution instances
*  Queued in-order
= Executed in-order or out-of-order
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elism in OpenCL ™

mputation domain (N =1, 2 or 3)
lement of execution in N-D domain is

defines the total number of work-items that

lel
1024 x 1024 image: Global problem dimensions:

= 1 kernel execution per pixel: 1,048,576 total

| Data-Parallel
void

scalar_mul(int n,

const float =*a, kernel void

const float =*b, dp_mul(global const float *a,
float *result) global const float x*b,
{ global float *result)

int i; {
for (i=0; i<n; i++) int id = get_global_id(0);
result[i] = ali] * blil; result[id] = alid] * blidl;

} }

// execute dp_mul over N~ work-items
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lelism in OpenCL™

s a global domain of work-items
 define the range of computation
er computation, executed in parallel
uped in local workgroups

sions define the size of the workgroups

d together on one device

Share local memory and synchronization

Caveats

~  Global work-items must be independent: No global
synchronization

= Synchronization can be done within a workgroup

. AMD?




ansions

x 1024 (whole problem space)
8 x 128 (executed together)

Synchronization between
work-items possible only
within workgroups:

barriers and memory
fences

Can not synchronize
outside of a workgroup
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ensions

n array:
00000,1,1};

ideo frame, 2.3M pixels:
{1920, 1200, 1};

X 256 volume, 16.7M voxels:
| dim[3] = {256, 256, 256};

- Maps well
« Performs well

Choose the dimensions that are “best” for your algorithm

Qs
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hin Work-Items

n, only within workgroups
‘workgroup can:

chronize execution

es to synchronize memory accesses

your algorithm to only require
ation

- Within workgroups (e.g., reduction)

- Between kernels (e.g., multi-pass)
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ansions

x 1024 (whole problem space)
8 x 128 (executed together)

Synchronization between
work-items possible only
within workgroups:

barriers and memory
fences

Can not synchronize
outside of a workgroup
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r more OpenCL ™ devices

e or more compute units (cores)

of one or more processing elements
sing elements execute code as SIMD or SPMD

\O Host
penCL™ Compute Device
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Per
work-item

* Local Memory: Shared

within a workgroup

* Local Global/Constant

Memory: Not synchronized

On the
CPU

Memory management is explicit
You must move data from host to global to local and back

s AMD?




U, Cell/B.E.
ction of devices
mit work to the device

s—Blocks of memory
- Images—2D or 3D formatted images
Execution

- Programs—Caollections of kernels

- Kernels—Argument/execution instances
Synchronization/profiling

= Events

Q > AMDZ®
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Sontext

e

Programs WCIES

Memory Objects

__kernel void

dp_mul(__global const float *a,
__global const float *b,
__global float *c)

{

intid = get_global_id(0);
clid] = a[id] * b[id];

}

dp_mul
CPU program
binary

dp_mul
GPU program
binary

Compile code

dp_mul

arg [0] value

arg [1] value

arg [2] value

Images

1

Command Queues
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Sontext

e

Programs WCIES

Memory Objects

__kernel void

dp_mul(__global const float *a,
__global const float *b,
__global float *c)

{

intid = get_global_id(0);
clid] = a[id] * b[id];

}

dp_mul
CPU program
binary

dp_mul
GPU program
binary

Compile code

dp_mul

arg [0] value

arg [1] value

arg [2] value

Images

1

Command Queues
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PREMIUM
GRAPHICS

Context

urned;

[ el

IDs(NULL, CL_DEVICE_TYPE_GPU, 1,
&devices[0], num_devices_returned);

etDevicelDs(NULL, CL_DEVICE_TYPE_CPU, 1,
&devices|[1], &num_devices_returned);

cl_context context;
context = clCreateContext(0, 2, devices, NULL, NULL, &err);

cl_command_queue queue_gpu, queue_cpu;
queue_gpu clCreateCommandQueue(context, devices[O0], 0, &err);
queue_cpu clCreateCommandQueue(context, devicesl1l], 0, &err);

Q e AMDZ




or GPU together are a single

S kernels across all cores in a data-

aring of memory between devices

share between devices, both devices must be in the
same context

Queues
- All work submitted through queues
- Each device must have a queue

Q s AMDZ




| devices—which is best?
nm- and hardware-dependent

. clGetDevicelnfo(device, param_name, *value)
ute units  CL_DEVICE_MAX_COMPUTE_UNITS

ency CL_DEVICE_MAX_CLOCK_FREQUENCY

size CL_DEVICE_GLOBAL_MEM_SIZE

xtensions (double precision, atomics, etc.)

Pick the best device for your algorithm
« Sometimes CPU is better, other times GPU is better

Q . AMDZ




mory
- however they like (array, pointers,

and write buffers

aque 2D or 3D formatted data structures
- Kernels access only via read _image() and write_image()

- Each image can be read or written in a kernel, but not
both

O ” AMD!




BCLRG, CL_RGB, CL_RGBA, efc.

CL_UNORM_INT8, CL_FLOAT, etc.
ats() returns supported formats

ar or nearest
g: clamp, clamp-to-edge, repeat, or none
ormalized: true or false

Benefit from image access hardware on GPUs

Ozz AMDZ!




IS

;‘LOAT;

£l

A\

. CL_MEM_READ_ONLY, é&format,
image_height, O, NULL, &err);

widtl

)

i ge2D(context, CL_MEM_WRITE_ONLY, &format{
ge_width, image_height, 0, NULL, &err);

_;‘ "
clCreateBuffer(context!, CL_MEM_READ_ONLY,
sizeof (¢l _float)*4*image_width*image_height, NULL, &err);

cl_med-output_buffer;

output_buffer = clCreateBuffer(context, CL_MEM_WRITE_ONLY,
sizeof(cl_float)*4*image_width*image_height

©23 AMD1
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mory Object Data

S memory object data
n memory object to host memory

B EN oD ect, blocking, offset, size,

in memory object from host memory

iteBuffer (queue, object, blocking, offset, size,

region in memory object to host address space

- clEnqueueMapBuffer (queue, object, blocking, flags, offset,
size, ...)

- Copy regions of memory objects

- clEnqueueCopyBuffer (queue, srcobj, dstobj, src_offset,
dst_offset, ...)

Operate synchronously (blocking = CL_TRUE) or asynchronously

O y AMD!
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| Objects

ulate
r binary
d latest successfully built executable

el objects

‘objects encapsulate

- A specific kernel function in a program
—-Declared with the kernel qualifier

- Argument values

- Kernel objects can only be created after the program
executable has been built

e AMD?




Program
Kernel Code

horizontal_reflect( src, G P U
dst) .
{ —— Compile for [:'> cod
x = get_global_id( ); y = get_global_id( ); G PU
width = get_image_width(src); src_val = read_imagef(src, e
sampler,

(int2)(width- -x, y)); write_imagef(dst, (int2)(x, y), src_val);
}

Compile for x86
e

Programs build executable code for multiple devices

Execute the same code on different devices

O . AMD!




code) or precompiled binary
1amic library: A collection of kernels

ices for which kernels should be compiled
iler flags

or compilation/build errors

CEICRUER GInER

- Returns a kernel object used to hold arguments for a
given execution

Q . AMDZ




ting a Program

File: kernels.cl
// Images Kernel

kernel average images(read only image2d tinput, write _only image2d_t output)

{
sampler_t sampler = CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST | CLK_NORMALIZED_COORDS_FALSE;

int x = get_global_id(0);
inty = get_global_id(1);
float4 sum = (float4)0.0f;

int2 pixel,
for (pixel.x=x-SIZE; pixel.x<=x+SIZE; pixel.x++)
for (pixel.y=y-SIZE; pixel.y<=y+SIZE; pixel.y++)
sum += read_imagef(input, sampler, pixel);

write_imagef(output, (int2)(x, y), sum/TOTAL);

cl_program program;
program = clCreateProgramWithSource(context, 1, &source, NULL, &err);

AMD 1
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a Kernel

NULL, NULL, NULL),

gram, device, CL PROGRAM _BUILD LOG,
(log), log, NULL);
n%s\n", log);

kernel = clCreateKernel(program, "average images", &err);

Qso AMD1




image_height, 0};
el(queue, kernel, 2, NULL, global, NULL, O, NULL, NULL);

: Your kernel is executed asynchronously

- Nothing may happen—you have only enqueued
your kernel

« Use a blocking read clEnqueueRead*(... CL_TRUE ...)
« Use events to track the execution status

031 AMDZ




Commands
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2/Queue

1€ results of Kernel 1

| Kernel 2 waits in the eeutil

Larral 2

AMD{1
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ices/Queues

@utput —Plnpth

GPU CPU

Explicit dependency: Kernel 1 must finish before Kernel 2
starts

Q y AMDZ




/Queues

N

. T’

cc _
oo Kernel 2 waits for an
ff event from Kernel 1, and
33 does not start until the
== results are ready
oo
c

L

Larnal “ KEerneln2

Time— Time—
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ent_list)
e complete

or a marker that moves through the

ts(queue, num_events, *event_list)
WaitForEvents” into the queue

tinfo()

- Command type and status
CL_QUEUED, CL_SUBMITTED, CL_RUNNING, CL_COMPLETE, Or error code

clGetEventProfilingInfo()
« Command queue, submit, start, and end times

Q . AMDZ
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ays, and bit fields
ge for parallelism
d workgroups

ronization
Address space qualifiers
Optimized image access
Built-in functions

ders, function pointers, recursion,
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cated from global address space,
fault

obal, but read only

ared by work-group

e per work-item memory
only for images

e_only - only for images

Kernel args have to be global, constant or local.
Can’t assign to different pointer type.

O AMD:Y




im () (1 to 3)
|_size (uint dimindx)
bal_id (uint dimindx)
ocal_size (uint dimindx)
get_local_id (uint dimindx)
Size_t get_num_groups (uint dimindx)
size_t get_group_id (uint dimindx)
num_groups * local_size = global_size

local_id + group_id * local_size = global_id

global_size % local_size = 0

AMD 1
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ork-items must reach the barrier
er. It must be encountered by all

=NCE, GLOBAL_MEM_FENCE - flush
for local or global memory.

read mem fence (), write mem fence() -
emory loads and stores ordering within work-item.

AMD .t

The future Is fusion




11 float* 1nput,
yal float*x output)

O ;
* input[il];

get_global_id(0) .1==11
*

/(6 (1|]2|2|1|]9|8|4(1(9]|]2|]0|0]|7]|8

\

16| 1,1 81 49 36 1 4 4 1 /|81|64|16 1 81 4 0 0 49|04
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group Functions

get_work_dim

/

2/2/1]9]8]4[1]9[2/0[0]7/8] | 1

)| /

6

get_num_groups —?2

get _local_id .8
get_global _id .21




.6rt, Int, uint, long, ulong
size t, uintptr_t, void,

gedd t, sampler t
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16
at16, double?2,

r length

Vector operations and built-in functions

©4s
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i0.s0123, vil.odd);
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t8)(vi0.s0123, vil.odd);

e Vector ops

| | 2|3|-7|-7
vi0 += vil; +
01 2 3
v vV ¥V ¥
vi0 = abs(vi0); 2 4 B 4

©49 AMD?




‘must use global, local, or constant

loat8* stars, local float8+* local_stars)
D) ARl esal because is uses private

e for arguments and local variables is

B Pobal float* io) {

* image2d t and image3d t are always in global address
space

kernel void average(read only global image_t in, write_only
image2d_t out)

Q o AMDZ




)les must be in constant address

7428E-11;

I/ Illegal non constant
al float4d mass) { time = 1.7643E18f; }

etween different address spaces is undefined

kernel void calcEMF(global float4* particles) {
global float* particle_ptr = (global float*) particles;

e = , ~ Undefrned behavior —
float particle = * private_ptr; // different address

1
J

Q » AMD!




rsions follow C99 rules

lons for vector types

ctor types (different semantics for vectors)

oatd) int4d_vec;

ave other problems

float x,
int 1 = (int)(x + 0.5f); // Round float to nearest integer

Wrong for:
0.5f - 1 ulp (rounds up not down)
negative numbers (wrong answer)

* There is hardware to do it on nearly every machine

O - AMDZ




te><_roundingMode>
i

j vert _uchar4_sat_rte(f4);

4.6 1.2E9f

0 254

S, \)
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Qs Qo (/,O o
oy “77f o Q)é>
O /7@6 /7@6 re 55
7

St
Q
stbenl@wbé

AMD{1

The future Is fusion




-5.0f 254 .5f 254 .6f 1.2E9f
254 .6f 254 .6f 254 .6f 254 .6f
1 i 00000000 | 00000000
c0a00000 | 42fe0000 & 437e8000 @ 4e8f0d18
c0a00000 @ 42fe0000 A 00000000 | 00000000
-5.0f 254 .5f 0.0f 0.0f

OpenCL ™ provides a select built-in
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nding behavior for single precision

2havior for double precision floating-point
ror of math functions as ULP values
s C99 library edge cases
sed single precision math functions come in three
s
- eg. log(x)

— Full precision <= 3ulps

— Half precision/faster. half log—minimum 11 bits of accuracy, <= 8192 ulps

— Native precision/fastest. native log: accuracy is implementation defined

« Choose between accuracy and performance

. AMD?




read(global int* g, local int* shared) {

o | = -item '
barrier (CLK_GLOBAL_MEM_FENCE); work-item O |”993|_ since not all
else <«— work-item 6 work-items

} ke = Lrdanad R E encounter barrier

Oss AMDZ1




hadd, rhadd, clz, mad_hi, mad_sat,
te, sub_sat, upsample

- Geometric and Relational Functions
Vector Data Load and Store Functions
* eg. vload half, vstore half, viload halfn, vstore halfn, ...

@58 AMD1




| and local memory
c, dec, cmp_Xxchg, min, max, and, or,

| égers
mode for a group of instructions at compile

or instructions that operate on floating-point or produce
floating-point values

* #fpragma OpenCL _select rounding _mode
rounding_mode

= All 4 rounding modes supported
Extension: Check clGetDevicelnfo with

O i AMDZ
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