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clGetPrograminfo()

CL_PROGRAM_BINARIES

"4



clCreateProgramWithBinary() @
!
& &
; & barrier() mem_fence() read_mem_fence()
write_mem_fence()
12 *
$ !
& myArray][tid]

/I myArray is an array of non-zero integers
/I located in global or shared memory
__kernel  void myKernel( __ global int * result) {
int tid= get_local_id 0);
int refl = myArray[tid] * 1;
myArray[tid + 1] = 2;
int ref2 = myArray[tid] * 1;
result[tid] = refl * ref2;

}
" ref2 * 2 tid
tid-1 myArray[tid] 'l
" volatile 5,
!
myArray
ref2 * ' tid

tid myArray][tid] ref2 tid-1

"1 - $ * - IC!
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/I Host code
/I Matrices are stored in row-major order:
/I M(row, col) = *(M.elements + row * M.width + col )
typedef struct {
int  width;
int height;
cl_mem elements;
} Matrix;
/I Thread block size
#define BLOCK_SIZE 16
/I Matrix multiplication - Host code
/I Matrix dimensions are assumed to be multiples of BLOCK_SIZE
void MatMulHost( const Matrix A, const Matrix B, Matrix C,

o



const cl_context context,
const cl_kernel matMulKernel,
const cl_command_queue queue)

/I Load A and B to device memory

Matrix d_A,;

d_A.width = A.width; d_A.height = A.height;

size_t size = A.width * A.height * sizeof (float );

d_A.elements = clCreateBuffer(context,
CL_MEM_READ_ONLY | CL_MEM_ COPY_HOST_PTR,
size, A.elements, 0);

Matrix d_B;

d_B.width = B.width; d_B.height = B.height;

size = B.width * B.height * sizeof (float );

d_B.elements = clCreateBuffer(context,
CL_MEM_READ_ONLY | CL_MEM_ COPY_HOST_PTR,
size, B.elements, 0);

/I Allocate C in device memory
Matrix d_C;
d_C.width = C.width; d_C.height = C.height;
size = C.width * C.height * sizeof (float );
d_C.elements = clCreateBuffer(context,
CL_MEM_WRITE_ONLY, size, 0 , 0);

/I Invoke kernel

cl_uinti=0;
clSetKernelArg(matMulKernel, i++,

sizeof(d_A.width), (void*)&d_ A.width);
clSetKernelArg(matMulKernel, i++,

sizeof(d_A.height), (void*)&d_ A.height);
clSetKernelArg(matMulKernel, i++,

sizeof(d_A.elements), (void*)&d_ A.elements);
clSetKernelArg(matMulKernel, i++,

sizeof(d_B.width), (void*)&d_ B.width);
clSetKernelArg(matMulKernel, i++,

sizeof(d_B.height), (void*)&d_ B.height);
clSetKernelArg(matMulKernel, i++,

sizeof(d_B.elements), (void*)&d_ B.elements);
clSetKernelArg(matMulKernel, i++,

sizeof(d_C.width), (void*)&d_ C.width);
clSetKernelArg(matMulKernel, i++,

sizeof(d_C.height), (void*)&d_ C.height);
clSetKernelArg(matMulKernel, i++,

sizeof(d_C.elements), (void*)&d_ C.elements);

size_t localWorkSize[] = { BLOCK_SIZE, BLOCK_SIZE };
size_t globalWorkSize[] =

{ B.width / dimBlock.x, A.height / dimBlock.y };
clEnqueueNDRangeKernel(queue, matMulKernel, 2, 0,
globalWorkSize, localWor kSize,
0,0, 0);

/I Read C from device memory
clEnqueueReadBuffer(queue, d_C.elements, CL_TRU E, O, size,
C.elements, 0, 0, 0);

/I Free device memory

“"H# 1



clReleaseMemObject(d_A.elements);
clReleaseMemObject(d_C.elements);
clReleaseMemObject(d_B.elements);

}

/I Kernel code

/I Matrices are stored in row-major order:
/I M(row, col) = *(M.elements + row * M.width + col

typedef struct {

int  width;

int height;

__global float *elements;
} Matrix;

/I Thread block size
#define BLOCK_SIZE 16

/I Matrix multiplication function called by MatMulK
void MatMul(Matrix A, Matrix B, Matrix C)
{

float Cvalue =0;

int row = get_global_id(2);

int col = get_global_id(0);

for ( int e =0;e<A.width; ++e)

Cvalue += A.elements[row * A.width + €]

* B.elements[e * B.width + col];
C.elements[row * C.width + col] = Cvalue;

}

/I Matrix multiplication kernel called by MatMulHos
__kernel  void MatMulKernel(

int  Awidth, int Aheight, __global
int Bwidth, int Bheight, __global
int Cwidth, int Cheight, __global

Matrix A = { Awidth, Aheight, Aelements };
Matrix B = { Bwidth, Bheight, Belements };
Matrix C = { Cwidth, Cheight, Celements };
matrixMul(A, B, C);

o

ernel()

t0

* Aelements,
* Belements,
* Celements)
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BLOCK_SIZE
A.height;
)i

1 &) +
/I Host code
/I Matrices are stored in row-major order:
/I M(row, col) = *(M.elements + row * M.stride + co
typedef struct {
int  width;
int height;
int stride;
cl_mem elements;
} Matrix;
/I Thread block size
#define BLOCK_SIZE 16
/I Matrix multiplication - Host code
/I Matrix dimensions are assumed to be multiples of
void MatMulHost( const Matrix A, const Matrix B, Matrix C,
const cl_context context,
const cl_kernel matMulKernel,
const cl_command_queue queue)
{
/I Load A and B to device memory
Matrix d_A;
d_A.width = d_A.stride = A.width; d_A.height =
size_t size = A.width * A.height * sizeof (float

d_A.elements = clCreateBuffer(context,
CL_MEM_READ_ONLY | CL_MEM_
size, A.elements, 0);

Matrix d_B;

d_B.width = d_B.stride = B.width; d_B.height =

size = B.width * B.height * sizeof (float

d_B.elements = clCreateBuffer(context,
CL_MEM_READ_ONLY | CL_MEM_
size, B.elements, 0);

/I Allocate C in device memory
Matrix d_C;
d_C.width = d_C.stride = C.width; d_C.height =

size = C.width * C.height * sizeof (float

d_C.elements = cICreateBuffer(context,
CL_MEM_WRITE_ONLY, size, 0

/I Invoke kernel
cl_uinti=0;
clSetKernelArg(matMulKernel, i++,
sizeof(d_A.width), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_A.height), (void*)&d_
clSetKernelArg(matMulKernel, i++,

o

COPY_HOST_PTR,

B.height;

COPY_HOST_PTR,

C.height;

, 0);

A.width);

A.height);
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sizeof(d_A.stride), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_A.elements), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_B.width), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_B.height), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_B. stride), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_B.elements), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_C.width), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_C.height), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_C.stride), (void*)&d_
clSetKernelArg(matMulKernel, i++,
sizeof(d_C.elements), (void*)&d_

size_t localWorkSize[] = { BLOCK_SIZE, BLOCK_SIZE };

size_t globalWorkSize[] =
{ B.width / dimBlock.x, A.height /
clEnqueueNDRangeKernel(queue, matMulKernel, 2,
globalWorkSize, localWor
0, 0, 0);

/l Read C from device memory

clEnqueueReadBuffer(queue, d_C.elements, CL_TRU

C.elements, 0, 0, 0);

/I Free device memory

clReleaseMemObject(d_A.elements);
clReleaseMemObject(d_C.elements);
clReleaseMemObject(d_B.elements);

/I Kernel code

/I Matrices are stored in row-major order:
/I M(row, col) = *(M.elements + row * M.stride + co
typedef struct {
int  width;
int height;
int stride;
__global float * elements;
} Matrix;

/I Thread block size
#define BLOCK_SIZE 16

/I Get a matrix element
float GetElement( const Matrix A, int row,

{
}

return  A.elements[row * A.stride + col];

int

col)

A.stride);
A.elements);
B.width);
B.height);
B.stride);
B.elements);
C.width);
C.height);
C.stride);
C.elements);
dimBlock.y };

0,
kSize,

E, 0, size,



/I Set a matrix element

void SetElement(Matrix A, int row, int col, float
{

A.elements[row * A.stride + col] = value;
}

/I Get the BLOCK_SIZEXBLOCK _SIZE sub-matrix Asub of
/' located col sub-matrices to the right and row su
/I from the upper-left corner of A
Matrix GetSubMatrix(Matrix A, int row, int col)
{

Matrix Asub;

Asub.width = BLOCK_SIZE;

Asub.height = BLOCK_SIZE;

Asub.stride = A.stride;

Asub.elements =

&A.elements[A.stride * BLOCK_SIZE * row + BLO
return  Asub;

}

/I Matrix multiplication function called by MatMulK
void MatMul(Matrix C, Matrix A, Matrix B,

value)

A thatis
b-matrices down

CK_SIZE * col];

ernel()

__local float As[BLOCK_SIZE][BLOCK_SIZE],
__local float Bs[BLOCK_SIZE][BLOCK_SIZE])

/I Block row and column
int blockRow =  get _group_id (1);
int blockCol = get_group_id  (0);

/[ Each thread block computes one sub-matrix Cs
Matrix Csub = GetSubMatrix(C, blockRow, blockCo

/I Each thread computes one element of Csub
/I by accumulating results into Cvalue
float Cvalue =0;

/I Thread row and column within Csub
int row= get_local_id (2);
int col=  get local_id 0);

/I Loop over all the sub-matrices of A and B th
/I required to compute Csub
/I Multiply each pair of sub-matrices together
/I 'and accumulate the results
for ( int m=0; m< (Awidth / BLOCK_SIZE); ++m) {

/I Get sub-matrix Asub of A
Matrix Asub = GetSubMatrix(A, blockRow, m);

/I Get sub-matrix Bsub of B
Matrix Bsub = GetSubMatrix(B, m, blockCol);

/I Load Asub and Bsub from device memory to

/I Each thread loads one element of each su
As[row][col] = GetElement(Asub, row, col);
Bs[row][col] = GetElement(Bsub, row, col);

o

ub of C
);

at are

shared memory
b-matrix
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}

/I Synchronize to make sure the sub-matrice
/I before starting the computation
barrier (CLK_LOCAL_MEM_FENCE);

/I Multiply Asub and Bsub together
for ( int e=0;e<BLOCK_SIZE; ++e)
Cvalue += As[row][e] * Bs[e][col];

/I Synchronize to make sure that the pr
/I computation is done before loading t
/I sub-matrices of A and B in the next
barrier (CLK_LOCAL_MEM_FENCE);

}

/I Write Csub to device memory
/I Each thread writes one element
SetElement(Csub, row, col, Cvalue);

/I Matrix multiplication kernel called by MatMulHos

{

kernel  void matrixMulKernel(

int  Cwidth, int Cheight, int Cstride, __global
int  Awidth, int Aheight, int Astride, __global
int  Bwidth, int Bheight, int Bstride, __global

__local float As[BLOCK_SIZE][BLOCK_SIZE],
__local float BS[BLOCK_SIZE][BLOCK_SIZE])

Matrix C = { Cwidth, Cheight, Cstride, Celement
Matrix A = { Awidth, Aheight, Astride, Aelement
Matrix B = { Bwidth, Bheight, Bstride, Belement
MatMul(A, B, C, As, Bs);

s are loaded

eceding
WO new
iteration

t0

float* Celements,
float* Aelements,
float* Belements,

s}k
sk
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native_divide(X, y)
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I mul24 '
mul24
5, n
" (in) * (i>>log2(n) ) (i%n) * (i&Mn-1) )+
n !
" & 7 !
n 7 |
I n
n 7 |
& I 5
char short
int
9 &:
!
f & 3.141592653589793f 1.0f 0.5f !
&'&T7TH#H !
2 9 if switch do for while :
& I,
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& I > &
& |
, $
!Il
- 11 12 &
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WSIZE $!,
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- $ if switch
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2 &

5
__local float shared[32];
__global float device[32];
shared[threadldx.x] = device[threadldx.x];

7 7
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barrier 7
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&% &/ 4
&
!
C 7 0
M 5
__global type device[32];
type data = devicel[tid];
type sizeof(type)
* c7 O type sizeof(type)
9 sizeof(type) !
n * '
$ *

__attribute__ ((aligned(8)))
__attribute__ ((aligned(16)))

struct  {
float a;
float b;
} __ attribute___ (( aligned (8)));

struct  {
float a;
float b;
float c;
} __ attribute___ (( aligned (16)));

0

__attribute__ ((aligned(16)))

struct  {
float
float
float
float
float
} __ attribute__ (( aligned (16)));
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2 L}
, tid sb5
__local float shared[32];
float data = shared[Baselndex + s * tid];
, tid tid+n
m *
d m
$
1&
S m
E 0 &
D &
!
' $! &
char 5

__local char shared[32];
char data = shared[Baselndex + tid];

shared[0] shared[1] shared[2]
! n
5

char data = shared[Baselndex + 4 * tid];

__local double shared[32];
double data = shared[Baselndex + tid];
*

double

5

__local int shared_lo[32];
__local int shared_hi[32];

double dataln;
shared_lo[Baselndex + tid] = __double2loint(dataln)
shared_hi[Baselndex + tid] = __double2hiint(dataln)

double dataOut =
__hiloint2double(shared_hi[Baselndex +
shared_lo[Baselndex +

__local struct type shared[32];
struct type data = shared[Baselndex + tid];

5

struct  type {

o

double 5

shared[3]

type

tid],
tid]);

&

m/d
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float x,y, z;

struct  type {
float X, y;

struct  type {

float f;
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clEnqueueNDRangeKernel()  :I"
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&
! ’
!
; #< @
@
CL_MEM_ALLOC_HOST_PTR @
!
= (<&.4! 8
) &
$ barrier()
!
, & barrier() *
& 91!l result[i] = 2 * myArray[i] i>0 !
> $ myArray(tid]
' myArray
myArray[tid + 1] = 2 !
/I myArray is an array of integers located in globa | or shared

/I memory
__kernel  void myKernel( __global int *result) {
int tid = get_local_id(0);

int refl = myArray[tid] * 1;
barrier(CLK_LOCAL_MEM_FENCE|CLK_GLOBAL_MEM_FENC E);
myArray[tid + 1] = 2;
barrier(CLK_LOCAL_MEM_FENCE|CLK_GLOBAL_MEM_FENC E);

int ref2 = myArray[tid] * 1;
result[tid] = refl * ref2;

}

A
barrier() !
/l myArray is an array of integers located in globa | or shared
/I memory
__kernel  void myKernel( __global int *result) {
int tid = get_local_id(0);
if (tid < warpSize) {
int refl = myArray[tid] * 1;
myArray[tid + 1] = 2;
int ref2 = myArray[tid] * 1;
result[tid] = refl * ref2;
}
}

o
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rint()
round() !" round() 7 *
rint() ! trunc()  ceil()
floor() !
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X+y A#222()0 (( (<B
A3l 7 /B
X*y A#222()0 (( (<B
A3l 7 /B
xly A& B
1/x A& B
1/sqrt(x) A& B
rsqrt(x)
sqrt(x) A& B
cbrt(x) A& B
hypot(x,y) A&& B
exp(x) A& B
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exp2(x) A& B
expl0(x) A& B
expm1(x) A& B
log(x) A& B
log2(x) A& B
log10(x) A& B
loglp(x) A& B
sin(x) A& B
cos(x) A& B
tan(x) 0A & B
sincos(x,cptr) A& B
asin(x) 0A & B
acos(x) A& B
atan(x) A& B
atan2(y,x) A& B
sinh(x) A& B
cosh(x) A& B
tanh(x) A& B
asinh(x) A& B
acosh(x) 0A & B
atanh(x) A& B
pow(X,y) A& B
erf(x) A& B
erfc(x) A& B
erfinv(x) YA && B
erfcinv(x) A& B
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tgamma(x) A& B
fma(x,y,z) A& B
frexp(x,exp) A& B
Idexp(x,exp) A& B
scalbn(x,n) A& B
scalbin(x,l) A& B
logbh(x) A& B
ilogb(x) A& B
fmod(x,y) A& B
remainder(x,y) A& B
remquo(x,y,iptr) A& B
modf(x,iptr) A& B
fdim(x,y) A& B
trunc(x) A& B
round(x) A& B
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rint(x) A& B
nearbyint(x) A& B
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floor(x) A& B
Irint(x) A& B
Iround(x) A& B
lIrint(x) A& B
liround(x) A& B
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sqrt(x) A#222()0 (( (< B
rsqrt(x) A& B
cbrt(x) A& B
hypot(x,y) A&& B
exp(x) A& B
exp2(x) A& B
expl0(x) A& B
expmZ1(x) A& B
log(x) A&& B
log2(x) A& B
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log10(x) A& B
log1p(x) A& B
sin(x) A& B
cos(x) A& B
tan(x) A& B
sincos(x,sptr,cptr) A& B
asin(x) A& B
acos(x) A& B
atan(x) A& B
atan2(y,x) A& B
sinh(x) A& B
cosh(x) A& B
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asinh(x) A& B
acosh(x) A& B
atanh(x) A& B
pow(X,y) A& B
erf(x) A& B
erfc(x) A& B
erfinv(x) A& B
erfcinv(x) A& B
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fma(x,y,z) A#222()0 (( (< B
frexp(x,exp) A& B
Idexp(x,exp) A& B
scalbn(x,n) A& B
scalbin(x,l) A& B
logb(x) A& B
ilogb(x) A& B
fmod(x,y) A& B
remainder(x,y) A& B
remquo(Xx,y,iptr) A& B
modf(x,iptr) A& B
fdim(x,y) A& B
trunc(x) A& B
round(x) A& B
rint(x) A& B
nearbyint(x) A& B
ceil(x) A& B
floor(x) A& B
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Iround(x) A& B
lIrint(x) A& B
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native_recip(x) #222(! &

native_sqrt(x) #222(! &
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native_exp(x) $ 3 &

2 + floor(abs(1.16 * x))

native_exp10(x) $ 3 &

2 + floor(abs(2.95 * x))

native_log(x)
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