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PGl Workstation / Server /| CDK

Linux, Windows, MacOS32-bit, 64-bit, Intel 64, AMD64
UNIXheritage Commandevel Compilers + Graphical Tools

Compiler Language Command

PGF95F | Fortran 95w/some pgf 95
F2003

PGCC® | ANSIC99 K&R Cand | Pgcc
GNU gcc Extensions

PGC++® | ANSI/ISO C++ pgCC

PGDBG® | MPI/OpenMP debugger| Pgdbg

PGPROF| MPI/OpenMP profiler pgprof

Self-contained OpenMP/MPI Development Solution
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Simple Fortran Matrix Multiply
for an 64 Host

doj=1m
dok=1,p
doi=1,n
a(l,]) = a(,)) + b(i,k)*c(k,))
enddo
enddo
enddo



Parallel Fortran Matrix Multiply
for a Multkcore Y64 Host

I$Somp parallel do
doj=1m
dok=1,p
doi=1,n
a(l,]) = a(,)) + b(i,k)*c(k,))
enddo
enddo
enddo



Basic CUDA C Matrix Multiply Kernel
for an NVIDIA GPU

extern "C" __ global __ void
mmkernel( float* a,float* b,float* c,
int la,int |b,int Ic,int n,
iInt m,intp)

int 1 = blockldx.x*64+threadldx.x:
int | = blockldx.y;

float sum = 0.0;

for(intk =0; k <p; ++k )
sum += b[i+lb*k] * c[k+lc*];

a[i+la*] = sum;



extern"C" _ global __ void

mmkernel( float* a, float* b, float* c, int la, int Ib, int Ic, int n, int m, intp )

{

int tx = threadldx.x;
int i = blockldx.x*128 + tx; int j = blockldx.y*4;
__shared__ float cb0[128], cb1[128], cb2[128], cb3[128];

float sum0 =0.0, sum1 =0.0, sum2 =0.0, sum3 = 0.0;
for(int ks = 0; ks < p; ks += 128 ){
cbO[tx] = c[ks+tx+Ic*j]; cbl[tx] = c[ks+tx+Ic*(j+1)];
cb2[tx] = c[ks+tx+Ic*(j+2)]; cb3[tx] = c[ks+tx+Ic*(j+3)];
__syncthreads();
for(int k = 0; k <128; k+=4 ){

float rb = b[i+Ib*(k+ks)];
sumO +=rb * cbO[Kk]; suml +=rb * cbl[k];
sum2 +=rb * cb2[k]; sum3 +=rb * cb3[K];

rb = b[i+lb*(k+ks+1)];
sumO +=rb * cbO[k+1]; suml +=rb * cb1[k+1];
sum2 +=rb * cb2[k+1]; sum3 +=rb * cb3[k+1];

rb = b[i+Ib*(k+ks+2)];
sumO +=rb * cbO[k+2]; sum1 +=rb * cb1[k+2];
sum2 +=rb * cb2[k+2]; sum3 +=rb * cb3[k+2];

rb = b[i+lb*(k+ks+3)][;
[_____SumO *+=7b * cCbO[K+3[j[SumI +=1b " CDI[K+3[, |

}

__syncthreads();

}
a[i+la*j] =sumO0; afi+la*(j+1)] = suml;
ali+la*(j+2)] = sum2; a[i+la*(j+3)] = sum3;

}

Optimized
CUDA C
Matrix
Multiply
Kernel



Hostside CUDA C Matrix Multiply GPU Control
Code

cudaMalloc( &bp, memsize);
cudaMalloc( &ap, memsize );
cudaMalloc( &cp, memsize );

cudaMemcpy( bp, b, memsize, cudaMemcpyHostToDevice );
cudaMemcpy( cp, ¢, memsize, cudaMemcpyHostToDevice );
cudaMemcpy( ap, a, memsize, cudaMemcpyHostToDevice );

dim3 threads( 128);

dim3 blocks( matsize/128, matsize/4 ),

mmkernel<<<blocks,threads>>>(ap,bp,cp,nsize,nsize,
nsize,matsize,matsize,matsize);

cudaMemcpy( a, ap, memsize, cudaMemcpyDeviceToHost );
cudaFree( ap );

cudaFree( bp);
cudaFree( cp );



PGI Directivdbased Fortran Matrix Multiply for
xo04+GPU

I$acc region
doj=1,m
dok=1,p
doi=1,n
a(l,)) = a(i,j) + b(i,k)*c(k,))
enddo
enddo
enddo
I$acc end region



SUBROUTINE SAXPY (A,X,Y,N)
INTEGER N
REAL A,X(N),Y(N)
15ACC REGION
DOI =1, N
X(I) = A*X(I) + Y(I)

PGI Accelerator
Compilers

Auto-generated GPU code

Host x64 asm File

typedef struct dim3{ unsigned int x,y,=z; }dim3;

saxpy - typedef struct uint3d{ unsigned int x,y,z; }uint3;
extern uint3 const threadldx, blockIdx;
el UEE ST extern dim3 const blockDim, gridDim;
movl teax, -4(%rbp) static __ attribute ((_ global )) wvoid
call _ Pgi_cu _init pgicuda (

_ attribute ((_ shared )) int tc,
_ attribute ((_ shared }) int il,
_ attribute ((_ shared )) int i2,
+ _ attribute ((_ shared }) int n,

call _ pgi_cu function

call __Ppgi_cu allec __attribute_ ((__shared )) float* e,
_ attribute_ ((_ _shared )} float* _b,
_ attribute ((_ shared )) float* _a )
{ int i; imnt pl; int i;
i = blockIdx.x * 64 + threadIdx.x;
if( i < te ){

call _ pgi_cu upload

call _ Pgi_cu _call

_ali+i2-1] = ((_ecli+i2-1]+ c[i+i2-1])+ bl[i+i2-1]1);
call __pgi_cu download _b[i+i2-1] = ec[i+i2];
—— Tio= (Li+1)
Pl = (pl-1);

b}

Unified

a.out ... No change to existing makefiles, scripts, IDEs,

programming environment, etc.




Building Programs

Is easy! ... just add one compiler option:

% pgcc —fast —ta=nvidia —-Minfo program.c

% pgfortran —-fast —-ta=nvidia -Minfo program. f90



Accelerator Compute Region
dJC

#ipragma acc region
{
for( i = 0; 1 < n; ++1 ) r[i] = a[1]*2.0f;

}

J Fortran

!Sacc region
do 1 = 1,n
r(i) = a(i) * 2.0
enddo
!Sacc end region



Compute Region Clauses
data copy clauses - multiple

dC
#pragma acc region copyin(a[0:n-1]) copyout (r)
{
for( 1 = 0; 1 < n; ++1 ) r[i] = a[i]*2.0f;
}
J Fortran
!Sacc region copyin(a(l:n)) copyout(r)
do i = 1,n
r(i) = a(i) * 2.0
enddo

!Sacc end region



Supported C Intrinsics

d C: #include <accelmath.h>

acos asin atan atan2
cos cosh exp fabs
fmax fmin log loglO
pow sin sinh sgrt
tan tanh

acosft asinf atanf atan2f
cosf coshf expf fabsf
fmaxf fminf logf loglOf
powf sinf sinhf sgrtf
tanf tanhf




Supported Fortran Intrinsics

abs acos aint asin
atan atan2 cos cosh
dble exp iand ieor
int ior log loglO
max min mod not
real sign sin sinh
sgrt tan tanh







