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CHAPTER

The CUBLAS Library

CUBLAS is an implementation of BLAS (Basic Linear Algebra
Subprograms) on top of the NVIDIA® CUDA™ runtime. It allows
access to the computational resources of NVIDIA GPUs. The library is
self-contained at the API level, that is, no direct interaction with the
CUDA driver is necessary. CUBLAS attaches to a single GPU and does
not auto-parallelize across multiple GPUs.

The basic model by which applications use the CUBLAS library is to
create matrix and vector objects in GPU memory space, fill them with
data, call a sequence of CUBLAS functions, and, finally, upload the
results from GPU memory space back to the host. To accomplish this,
CUBLAS provides helper functions for creating and destroying objects
in GPU space, and for writing data to and retrieving data from these
objects.

For maximum compatibility with existing Fortran environments,
CUBLAS uses column-major storage and 1-based indexing. Since C
and C++ use row-major storage, applications cannot use the native
array semantics for two-dimensional arrays. Instead, macros or inline
functions should be defined to implement matrices on top of one-
dimensional arrays. For Fortran code ported to C in mechanical
fashion, one may chose to retain 1-based indexing to avoid the need to

PG-00000-002_V3.0 1
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transform loops. In this case, the array index of a matrix element in
row i and column j can be computed via the following macro:

#define IDX2F(i,j,1d) (CCA)-L)*d))+((i)-1))

Here, Id refers to the leading dimension of the matrix as allocated,
which in the case of column-major storage is the number of rows. For
natively written C and C++ code, one would most likely chose 0-based
indexing, in which case the indexing macro becomes

#define IDX2C(i,j,1d) (CA)*(1d))+(i))

Please refer to the code examples at the end of this section, which
show a tiny application implemented in Fortran on the host

(Example 1. “Fortran 77 Application Executing on the Host”) and
show versions of the application written in C using CUBLAS for the
indexing styles described above (Example 2. “Application Using C and
CUBLAS: 1-based Indexing” and Example 3. “Application Using C
and CUBLAS: 0-based Indexing”).

Because the CUBLAS core functions (as opposed to the helper
functions) do not return error status directly (for reasons of
compatibility with existing BLAS libraries), CUBLAS provides a
separate function to aid in debugging that retrieves the last recorded
€error.

The interface to the CUBLAS library is the header file cublas.h.
Applications using CUBLAS need to link against the DSO cublas.so
(Linux), the DLL cublas.dll (Windows), or the dynamic library
cublas.dylib (Mac OS X) when building for the device, and against
the DSO cublasemu.so (Linux), the DLL cublasemu.dll (Windows),
or the dynamic library cublasemu.dylib (Mac OS X) when building
for device emulation.

Following these three examples, the remainder of this chapter
discusses “CUBLAS Types” on page 8 and “CUBLAS Helper
Functions” on page 9.

PG-00000-002_V3.0
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Example 1. Fortran 77 Application Executing on the Host

subroutine modify (m, ldm, n, p, q, alpha, beta)
implicit none

integer ldm, n, p,

real*4 m(ldm,*), alpha, beta

external sscal

call sscal (n-p+l1, alpha, m(p,q), 1dm)

call sscal (Idm-p+1, beta, m(p,q), 1)

return

end

program matrixmod
implicit none
integer M, N
parameter (M=6, N=5)
real*4 a(M,N)
integer i, j

call modify (a, M, N, 2, 3, 16.0, 12.0)
doj =1, N

doi=1, M

write(*,"(F7.0%)") a(i,j)

enddo

write (*,*) "
enddo
stop
end

PG-00000-002_V3.0 3
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Example 2. Application Using C and CUBLAS: 1-based Indexing

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#include "cublas.h"

#define IDX2F(i,j,1d) ((CQ)-1)*(1d))+((i)-1))

void modify (float *m, int Ildm, int n, int p, int g, float alpha,
float beta)
{
cublasSscal (n-p+1, alpha, &m[I1DX2F(p,q,idm)], Idm);
cublasSscal (ldm-p+1, beta, &m[IDX2F(p,q,ldm)], 1);

}

#define M 6
#define N 5
int main (void)
{
int i, j;
cublasStatus stat;
float* devPtrA;
float* a = 0;
a = (float *)malloc (M * N * sizeof (*a));
if (1a) {
printf ('host memory allocation failed");
return EXIT_FAILURE;
}
for g = 1; j <= N; j++) {
for (i = 1; i <= M; i++) {
a[IDX2F(i,j,M] = (-1) * M + j;
}

}
cublasInit();

stat = cublasAlloc (M*N, sizeof(*a), (void**)&devPtrA);

4 PG-00000-002_V3.0
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Example 2. Application Using C and CUBLAS: 1-based Indexing (continued)

if (stat '= CUBLAS_STATUS_SUCCESS) {
printf ('device memory allocation failed™);
cublasShutdown();
return EXIT_FAILURE;

}
stat = cublasSetMatrix (M, N, sizeof(*a), a, M, devPtrA, M);
if (stat '= CUBLAS_STATUS_SUCCESS) {
printf (“'data download failed™);
cublasFree (devPtrA);
cublasShutdown();
return EXIT_FAILURE;
}
modify (devPtrA, M, N, 2, 3, 16.0F, 12.0F);
stat = cublasCGetMatrix (M, N, sizeof(*a), devPtrA, M, a, M);
if (stat != CUBLAS_STATUS_SUCCESS) {
printf (“"data upload failed");
cublasFree (devPtrA);
cublasShutdown();
return EXIT_FAILURE;
}
cublasFree (devPtrA);
cublasShutdown();
for G =1; j <= N; j++) {
for (i = 1; i <= M; i++) {
printf ("%7.0F", a[IDX2F(i,j,.M)]);

3
printf ('\n");
b
return EXIT_SUCCESS;
3
PG-00000-002_V3.0 5
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Example 3. Application Using C and CUBLAS: 0-based Indexing

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include "cublas.h"

#define IDX2C(i,j,1d) CC@)*d))+(i))

void modify (float *m, int Ildm, int n, int p, int g, float alpha,
float beta)

{
cublasSscal (n-p, alpha, &m[IDX2C(p,q,ldm)], 1dm);
cublasSscal (ldm-p, beta, &m[I1DX2C(p,q,1dm)], 1);
}
#define M 6
#define N 5
int main (void)
{
int i, j;
cublasStatus stat;
float* devPtrA;
float* a = O;
a = (float *)malloc (M * N * sizeof (*a));
it (1a) {
printf ('host memory allocation failed");
return EXIT_FAILURE;
}
for ( =0; J <N; j++) {
for (i = 0; 1 <M; 1++) {
a[IDX2C(i,j.M] =1 * M + j + 1;
}
}
cublasInit(Q);
stat = cublasAlloc (M*N, sizeof(*a), (void**)&devPtrA);
if (stat != CUBLAS_STATUS_SUCCESS) {
6 PG-00000-002_V3.0
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Example 3. Application Using C and CUBLAS: 0-based Indexing (continued)

printf ('device memory allocation failed™);
cublasShutdown() ;
return EXIT_FAILURE;
}
stat = cublasSetMatrix (M, N, sizeof(*a), a, M, devPtrA, M);
ifT (stat != CUBLAS_STATUS_SUCCESS) {
printf (“'data download failed™);
cublasFree (devPtrA);
cublasShutdown();
return EXIT_FAILURE;
}
modify (devPtrA, M, N, 1, 2, 16.0F, 12.0F);
stat = cublasGetMatrix (M, N, sizeof(*a), devPtrA, M, a, M);
if (stat '= CUBLAS_STATUS_SUCCESS) {
printf (“"data upload failed™);
cublasFree (devPtrA);
cublasShutdown();
return EXIT_FAILURE;
}
cublasFree (devPtrA);
cublasShutdown();
for G =05 jJ <N; j++) {
for (i =0; 1 <M; i++) {
printf ("%7.0f", a[IDX2C(i,j,.MD);

}
printf (''\n");
b
return EXIT_SUCCESS;
3
PG-00000-002_V3.0 7
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CUBLAS Types

The only CUBLAS type is cublasStatus.

Type cublasStatus

The type cublasStatus is used for function status returns. CUBLAS
helper functions return status directly, while the status of CUBLAS
core functions can be retrieved via cublasGetError(). Currently, the

following values are defined:
cublasStatus Values

CUBLAS_STATUS_SUCCESS
CUBLAS_STATUS_NOT_INITIALIZED
CUBLAS_STATUS_ALLOC_FAILED
CUBLAS_STATUS_INVALID_VALUE

CUBLAS_STATUS_ARCH_MISMATCH

CUBLAS_STATUS_MAPPING_ERROR

CUBLAS_STATUS_EXECUTION_FAILED

CUBLAS_STATUS_INTERNAL_ERROR

operation completed successfully
CUBLAS library not initialized
resource allocation failed

unsupported numerical value was
passed to function

function requires an architectural
feature absent from the architecture of
the device

access to GPU memory space failed
GPU program failed to execute
an internal CUBLAS operation failed

NVIDIA

PG-00000-002_V3.0
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CUBLAS Helper Functions

The following are the CUBLAS helper functions:
“Function cublasInit()” on page 9
“Function cublasShutdown()” on page 10
“Function cublasGetError()” on page 10
“Function cublasAlloc()” on page 10

0

Q

Q

0

0 “Function cublasFree()” on page 11

0 “Function cublasSetVector()” on page 11
0 “Function cublasGetVector()” on page 12
0 “Function cublasSetMatrix()” on page 13
Q

“Function cublasGetMatrix()” on page 13

Function cublaslInit()

cublasStatus

cublaslinit (void)

initializes the CUBLAS library and must be called before any other
CUBLAS API function is invoked. It allocates hardware resources
necessary for accessing the GPU. It attaches CUBLAS to whatever
GPU is currently bound to the host thread from which it was invoked.
Return Values

CUBLAS_STATUS_ALLOC_FAILED if resources could not be allocated

CUBLAS_STATUS_SUCCESS if CUBLAS library initialized successfully

PG-00000-002_V3.0 9
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Function cublasShutdown()

cublasStatus
cublasShutdown (void)

releases CPU-side resources used by the CUBLAS library. The release
of GPU-side resources may be deferred until the application shuts
down.

Return Values

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_SUCCESS CUBLAS library shut down successfully

Function cublasGetError()

cublasStatus
cublasGetError (void)

returns the last error that occurred on invocation of any of the
CUBLAS core functions. While the CUBLAS helper functions return
status directly, the CUBLAS core functions do not, improving
compatibility with those existing environments that do not expect
BLAS functions to return status. Reading the error status via
cublasGetError() resets the internal error state to
CUBLAS_STATUS_SUCCESS.

Function cublasAlloc()

10

cublasStatus
cublasAlloc (int n, int elemSize, void **devicePtr)

creates an object in GPU memory space capable of holding an array of
n elements, where each element requires elemSize bytes of storage. If
the function call is successful, a pointer to the object in GPU memory
space is placed in devicePtr. Note that this is a device pointer that
cannot be dereferenced in host code. Function cublasAlloc() is a
wrapper around cudaMal loc(). Device pointers returned by

PG-00000-002_V3.0
NVIDIA



CHAPTER 1 The CUBLAS Library

cublasAlloc() can therefore be passed to any CUDA device kernels,
not just CUBLAS functions.

Return Values
CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ INVALID_VALUE if n<=0o0relemSize <=0

CUBLAS_STATUS_ALLOC_FAILED if the object could not be allocated
due to lack of resources.

CUBLAS_STATUS_SUCCESS if storage was successfully allocated

Function cublasFree()

cublasStatus

cublasFree (const void *devicePtr)

destroys the object in GPU memory space referenced by devicePtr.
Return Values

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_INTERNAL_ERROR if the object could not be deallocated
CUBLAS_STATUS_SUCCESS if object was deallocated successfully

Function cublasSetVector()

cublasStatus
cublasSetVector (int n, int elemSize, const void *x,
int incx, void *y, int incy)

copies n elements from a vector x in CPU memory space to a vector y
in GPU memory space. Elements in both vectors are assumed to have a
size of elemSize bytes. Storage spacing between consecutive elements
is incx for the source vector x and incy for the destination vector y. In
general, y points to an object, or part of an object, allocated via
cublasAlloc(). Column-major format for two-dimensional matrices
is assumed throughout CUBLAS. If the vector is part of a matrix, a
vector increment equal to 1 accesses a (partial) column of the matrix.

PG-00000-002_V3.0 11
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Similarly, using an increment equal to the leading dimension of the
matrix accesses a (partial) row.

Return Values
CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ INVALID_VALUE if incx, incy, or elemSize <=0
CUBLAS_STATUS_MAPPING_ERROR if error accessing GPU memory
CUBLAS_STATUS_SUCCESS if operation completed successfully

Function cublasGetVector()

cublasStatus
cublasGetVector (int n, int elemSize, const void *x,

int incx, void *y, int incy)
copies n elements from a vector x in GPU memory space to a vector y
in CPU memory space. Elements in both vectors are assumed to have a
size of elemSize bytes. Storage spacing between consecutive elements
is incx for the source vector x and incy for the destination vector y. In
general, x points to an object, or part of an object, allocated via
cublasAlloc(). Column-major format for two-dimensional matrices
is assumed throughout CUBLAS. If the vector is part of a matrix, a
vector increment equal to 1 accesses a (partial) column of the matrix.
Similarly, using an increment equal to the leading dimension of the
matrix accesses a (partial) row.
Return Values

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_INVALID_VALUE if incx, incy, or elemSize <=0
CUBLAS_STATUS_MAPPING_ERROR if error accessing GPU memory
CUBLAS_STATUS_SUCCESS if operation completed successfully

12 PG-00000-002_V3.0
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Function cublasSetMatrix()

cublasStatus

cublasSetMatrix (int rows, int cols, int elemSize,
const void *A, int lda, void *B,
int 1db)

copies a tile of rowsxcols elements from a matrix A in CPU memory
space to a matrix B in GPU memory space. Each element requires
storage of elemSize bytes. Both matrices are assumed to be stored in
column-major format, with the leading dimension (that is, the number
of rows) of source matrix A provided in Ida, and the leading
dimension of destination matrix B provided in Idb. B is a device
pointer that points to an object, or part of an object, that was allocated
in GPU memory space via cublasAlloc().

Return Values
CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ INVALID_VALUE if rows or cols < 0; or elemSize,
Ida, or Idb <=0

CUBLAS_STATUS_MAPPING_ERROR if error accessing GPU memory

CUBLAS_STATUS_SUCCESS if operation completed successfully

Function cublasGetMatrix()

cublasStatus

cublasGetMatrix (int rows, int cols, int elemSize,
const void *A, int lda, void *B,
int 1db)

copies a tile of rowsxcols elements from a matrix A in GPU memory
space to a matrix B in CPU memory space. Each element requires
storage of elemSize bytes. Both matrices are assumed to be stored in
column-major format, with the leading dimension (that is, the number
of rows) of source matrix A provided in Ida, and the leading
dimension of destination matrix B provided in Idb. A is a device

PG-00000-002_V3.0 13
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pointer that points to an object, or part of an object, that was allocated
in GPU memory space via cublasAlloc().

Return Values

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ INVALID_VALUE if rows or cols < 0; or elemSize,
Ida, or Idb <=0

CUBLAS_STATUS_MAPPING_ERROR if error accessing GPU memory

CUBLAS_STATUS_SUCCESS if operation completed successfully
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CHAPTER

BLAS1 Functions

Level 1 Basic Linear Algebra Subprograms (BLASI) are functions that
perform scalar, vector, and vector-vector operations. The CUBLAS
BLASI implementation is described in these sections:

O “Single-Precision BLAS1 Functions” on page 16

Q “Single-Precision Complex BLAS1 Functions” on page 29

0 “Double-Precision BLASI Functions” on page 43

0 “Double-Precision Complex BLAS] functions” on page 57
PG-00000-002_V3.0 15
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The single-precision BLASI functions are as follows:

16

O 000000 D0 0D 0O DO

“Function cublasIsamax()” on page 17
“Function cublasIsamin()” on page 17
“Function cublasSasum()” on page 18
“Function cublasSaxpy()” on page 19
“Function cublasScopy()” on page 20
“Function cublasSdot()” on page 21
“Function cublasSnrm2()” on page 22
“Function cublasSrot()” on page 22
“Function cublasSrotg()” on page 23
“Function cublasSrotm()” on page 24
“Function cublasSrotmg()” on page 26
“Function cublasSscal()” on page 27
“Function cublasSswap()” on page 28

NVIDIA

CUBLAS Library
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Function cublaslisamax()
int
cublaslsamax (int n, const float *x, int incx)
finds the smallest index of the maximum magnitude element of single-
precision vector x; that is, the result is the first i, i =0 to n-1, that

maximizes abs(x[1 + i * incx]) . The result reflects 1-based indexing
for compatibility with Fortran.

Input
n number of elements in input vector
X single-precision vector with n elements

incx  storage spacing between elements of x

Output

returns the smallest index (returns zero if n <= 0 or incx <= 0)

Reference: http://www.netlib.org/blas/isamax.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublaslisamin()
int
cublaslsamin (int n, const float *x, Int Incx)
tinds the smallest index of the minimum magnitude element of single-
precision vector x; that is, the result is the first i, i = 0 to n-1, that

minimizes abs(x[1 + i * incx]) . The result reflects 1-based indexing
for compatibility with Fortran.

Input
n number of elements in input vector
X single-precision vector with n elements

incx  storage spacing between elements of x

PG-00000-002_V3.0 17
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Output
returns the smallest index (returns zero if n <= 0 or incx <= 0)

Reference: http://www.netlib.org/scilib/blass.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasSasum()

18

float
cublasSasum (int n, const float *x, int incx)

computes the sum of the absolute values of the elements of single-
precision vector x; that is, the result is the sum from i = 0 to n-1 of
abs(x[1+1i*1Incx]).

Input
n number of elements in input vector
X single-precision vector with n elements

incx  storage spacing between elements of x

Output

returns the single-precision sum of absolute values
(returns zero if n <= 0 or incx <=0, or if an error occurred)

Reference: http://www .netlib.org/blas/sasum.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublasSaxpy()
void
cublasSaxpy (int n, float alpha, const float *x,
int incx, float *y, iInt incy)

multiplies single-precision vector x by single-precision scalar alpha
and adds the result to single-precision vector y; that is, it overwrites
single-precision y with single-precision alpha* x +y.
For i =0 to n-1, it replaces

y[ly + i * incy] with alpha* x[Ix+ i *incx]+y[ly+1i *incy],
where

Ix =0 if incx>=0, else

Ix =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors
alpha single-precision scalar multiplier

X single-precision vector with n elements
incx  storage spacing between elements of x
y single-precision vector with n elements

incy  storage spacing between elements of y

Output
y single-precision result (unchanged if n <= 0)

Reference: http://www.netlib.org/blas/saxpy.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU

PG-00000-002_V3.0 19
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Function cublasScopy()
void
cublasScopy (int n, const float *x, int incx, Ffloat *y,
int incy)

copies the single-precision vector x to the single-precision vector y. For
i =0 ton-1, it copies

X[Ix+ 1 *incx] toy[ly+1 *incy],

where

Ix = 1if incx>=0, else

1+(1-n)*incx;

1x

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X single-precision vector with n elements
incx  storage spacing between elements of x
y single-precision vector with n elements

incy  storage spacing between elements of y

Output
y contains single-precision vector x

Reference: http://www.netlib.org/blas/scopy.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

20 PG-00000-002_V3.0
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Function cublasSdot()

float
cublasSdot (int n, const float *x, iInt incx,
const float *y, int incy)

computes the dot product of two single-precision vectors. It returns
the dot product of the single-precision vectors x and y if successful,
and 0.0F otherwise. It computes the sum for i =0 to n-1 of

X[Ix+i*incx]*y[ly+1i *incy],

where
Ix = 1if incx>=0, else
Ix =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X single-precision vector with n elements
incx  storage spacing between elements of x
y single-precision vector with n elements

incy  storage spacing between elements of y

Output
returns single-precision dot product (returns zero if n <= 0)

Reference: http://www .netlib.org/blas/sdot.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS EXECUTION_FAILED if function failed to execute on GPU
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Function cublasSnrm2()

float
cublasSnrm2 (int n, const float *x, int incx)
computes the Euclidean norm of the single-precision n-vector x (with

storage increment incx). This code uses a multiphase model of
accumulation to avoid intermediate underflow and overflow.

Input

n number of elements in input vector
X single-precision vector with n elements
incx  storage spacing between elements of x

Output

returns the Euclidian norm
(returns zero if n <= 0, incx <= 0, or if an error occurred)

Reference: http://www .netlib.org/blas/snrm?2.£
Reference: http://www .netlib.org/slatec/lin/snrm2.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_ALLOC_FAILED if function could not allocate

reduction buffer
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasSrot()

22

void
cublasSrot (int n, float *x, int incx, float *y, int incy,
float sc, float ss)

T
multiplies a 2x2 matrix | SC SS| with the 2xn matrix {X } .
-Ss sc yT

The elements of x are in X[Ix + i * incx], i =0 to n-1, where

Ix = 1if incx>=0, else
Ix =1+(1-n)*incx;

PG-00000-002_V3.0
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y is treated similarly using ly and incy.

Input

n number of elements in input vectors

X single-precision vector with n elements
incx  storage spacing between elements of x
y single-precision vector with n elements
incy  storage spacing between elements of y
sc element of rotation matrix

ss element of rotation matrix

Output

X rotated vector x (unchanged if n <= 0)
y rotated vector y (unchanged if n <= 0)

Reference: http://www.netlib.org/blas/srot.f
Error status for this function can be retrieved via cublasGetError().

Error Status
CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU

Function cublasSrotg()
void
cublasSrotg (float *host_sa, float *host_sb,
float *host_sc, float *host_ss)

constructs the Givens transformation

G=| SCSS|  gc24g5s2=1
-ss sc

which zeros the second entry of the 2-vector [s a sb} T

PG-00000-002_V3.0 23
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The quantity r = t./sa?+ sb? overwrites sa in storage. The value of
sb is overwritten by a value z which allows sc and ss to be recovered
by the following algorithm:

0.0 and ss = 1.0.
if abs(z) <1 set sc = J1-z2 and ss = z.
if abs(z) >1 set sc = 1/z and ss = J1-sc2.

ifz=1 set sc

The function cublasSrot(n, x, incx, y, incy, sc, ss) normally is
called next to apply the transformation to a 2xn matrix. Note that this
function is provided for completeness and is run exclusively on the
host.

Input

sa single-precision scalar
sb single-precision scalar
Output

sa single-precision r

sb single-precision z

sc single-precision result
ss single-precision result

Reference: http://www.netlib.org/blas/srotg.f

This function does not set any error status.

Function cublasSrotm()

24

void cublasSrotm (int n, float *x, int incx, float *y,
int incy, const float *sparam)

=
applies the modified Givens transformation, h, to the 2xn matrix [XT]
Yy

The elements of x are in X[Ix + i * incx], i =0 to n-1, where

Ix = 1if incx>=0, else
Ix=1+(1-n)*incx;

PG-00000-002_V3.0
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y is treated similarly using ly and incy.
With sparam[0] = sflag, h has one of the following forms:

sflag = -1.0Ff sflag = 0.0F
h = |Sh00 sho1 h = |1-0F shO1
'sh10 shi11 'sh10 1.0f
sflag = 1.0F sflag = -2.0f
h = | shoo 1.0f h=|1.0F 0.0f
-1.0f shi11 | 0.0F 1.0f
Input
n number of elements in input vectors.
X single-precision vector with n elements.
incx  storage spacing between elements of x.
y single-precision vector with n elements.

incy  storage spacing between elements of .

sparam 5-element vector. sparam[0] is sflag described above. sparam[1]
through sparam[4] contain the 2x2 rotation matrix h: sparam[1]
contains sh00, sparam[2] contains sh10, sparam[3] contains
sh01, and sparam[4] contains sh11.

Output
X rotated vector x (unchanged if n <= 0)
y rotated vector y (unchanged if n <= 0)

Reference: http://www.netlib.org/blas/srotm.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU
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Function cublasSrotmg()

26

void

cublasSrotmg (float *host_sdl, float *host_sd2,

float *host_sx1, const float *host_syl,
float *host_sparam)

constructs the modified Givens transformation matrix h which zeros
the second component of the 2-vector (J/sd1*sx1, Jsd2*sy1)T.
With sparam[0] = sflag, h has one of the following forms:

sflag = -1.0F sflag = 0.0F
h = |Sh00 shO1 h = |1-0F shO1
1sh10 sh11l 1sh10 1.0F
sflag = 1.0F sflag = -2.0F
h = | shOO 1.0f h=|1-0f 0.0F
I-1.0f shll |0.0F 1.0F

sparam[1] through sparam[4] contain sh00, sh10, sh01, and sh11,
respectively. Values of 1.0f, -1.0F, or 0.0f implied by the value of
sflag are not stored in sparam. Note that this function is provided for
completeness and is run exclusively on the host.

Input

sdl single-precision scalar.

sd2 single-precision scalar.

sx1 single-precision scalar.

syl single-precision scalar.

Output

sdl changed to represent the effect of the transformation.

sd2 changed to represent the effect of the transformation.

sx1 changed to represent the effect of the transformation.

sparam 5-element vector. sparam[0] is sflag described above. sparam[1]

through sparam[4] contain the 2x2 rotation matrix h: sparam[1]
contains sh00, sparam[2] contains sh10, sparam[3] contains
sh01, and sparam[4] contains sh11.
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Reference: http://www.netlib.org/blas/srotmg.f

This function does not set any error status.

Function cublasSscal()
void
cublasSscal (int n, float alpha, float *x, int incx)

replaces single-precision vector x with single-precision alpha * x. For
i =0 ton-1, it replaces

X[Ix+ i * incx] with alpha* x[Ix+ i * incx],

where

Ix = 1if incx>=0, else

IXx =1+(1-n)*incx.

Input

n number of elements in input vector
alpha single-precision scalar multiplier

X single-precision vector with n elements

incx  storage spacing between elements of x

Output
X single-precision result (unchanged if n <= 0 or incx <= 0)

Reference: http://www.netlib.org/blas/sscal.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU
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Function cublasSswap()
void
cublasSswap (int n, float *x, int incx, float *y,
int incy)

interchanges single-precision vector x with single-precision vector y.
For i =0 to n-1, it interchanges

X[Ix+ i * incx] with y[ly + i * incy],

where
Ix = 1if incx>=0, else
IXx =1+(1-n)*incx;

ly is defined in a similar manner using incy.

Input

n number of elements in input vectors

X single-precision vector with n elements
incx  storage spacing between elements of x
y single-precision vector with n elements

incy  storage spacing between elements of y

Output
X single-precision vector y (unchanged from input if n <= 0)
y single-precision vector x (unchanged from input if n <= 0)

Reference: http://www.netlib.org/blas/sswap.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU
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Single-Precision Complex BLAS1 Functions

The single-precision complex BLAS1 functions are as follows:
“Function cublasCaxpy()” on page 30
“Function cublasCcopy()” on page 31
“Function cublasCdotc()” on page 32
“Function cublasCdotu()” on page 33
“Function cublasCrot()” on page 34
“Function cublasCrotg()” on page 35
“Function cublasCscal()” on page 36
“Function cublasCsrot()” on page 36
“Function cublasCsscal()” on page 37
“Function cublasCswap()” on page 38
“Function cublasIcamax()” on page 39
“Function cublasIcamin()” on page 40
“Function cublasScasum()” on page 40

0000000000 0D 0O

“Function cublasScnrm?2()” on page 41
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Function cublasCaxpy()

30

void

cublasCaxpy (int n, cuComplex alpha, const cuComplex *x,
int incx, cuComplex *y, int iIncy)

multiplies single-precision complex vector x by single-precision

complex scalar alpha and adds the result to single-precision complex

vector y; that is, it overwrites single-precision complex y with single-

precision complex alpha* x+y.

For i =0 to n-1, it replaces

y[ly + i *incy] with alpha* x[Ix+ i *incx]+y[ly+1i *incy],

where
Ix =0 if incx>=0, else
Ix =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

alpha single-precision complex scalar multiplier

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements

incy  storage spacing between elements of y

Output
y single-precision complex result (unchanged if n <= 0)

Reference: http://www.netlib.org/blas/caxpy.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

PG-00000-002_V3.0
NVIDIA



CHAPTER 2 BLAS1 Functions

Function cublasCcopy()
void
cublasCcopy (int n, const cuComplex *x, int incx,
cuComplex *y, iInt incy)

copies the single-precision complex vector x to the single-precision
complex vector y.

For i = 0 to n-1, it copies

X[Ix+ 1 *incx] toy[ly+1i*incy],

where
Ix = 1if incx>=0, else
Ix=1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements

incy  storage spacing between elements of y

Output
y contains single-precision complex vector x

Reference: http://www.netlib.org/blas/ccopy.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublasCdotc()

32

cuComplex
cublasCdotc (int n, const cuComplex *x, int incx,
const cuComplex *y, int incy)

computes the dot product of two single-precision complex vectors, the
tirst of which is conjugated. It returns the dot product of the complex
conjugate of single- precision complex vector x and the single-
precision complex vector y if successful, and complex zero otherwise.
For i =0 to n-1, it sums the products

X[Ix+ 1 *incx] *y[ly+1i*incy],

where
Ix = 1if incx>=0, else
Ix =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements

incy  storage spacing between elements of y

Output
returns single-precision complex dot product (zero if n <= 0)

Reference: http://www .netlib.org/blas/cdotc.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

PG-00000-002_V3.0
NVIDIA



CHAPTER 2 BLAS1 Functions

Function cublasCdotu()

cuComplex
cublasCdotu (int n, const cuComplex *x, int incx,
const cuComplex *y, int incy)

computes the dot product of two single-precision complex vectors. It
returns the dot product of the single-precision complex vectors x and y
if successful, and complex zero otherwise. For i = 0 to n-1, it sums the
products

X[Ix+ 1 *incx] *y[ly+1i*incy],

where
Ix = 1if incx>=0, else
Ix =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements

incy  storage spacing between elements of y

Output
returns single-precision complex dot product (returns zero if n <= Q)

Reference: http://www .netlib.org/blas/cdotu.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublasCrot()

34

void
cublasCrot (int n, cuComplex *x, int incx, cuComplex *y,
int incy, float sc, cuComplex cs)

-
multiplies a 2x2 matrix { sC CS} with the 2xn matrix {X } .
-Ccs sc y'

The elements of x are in X[Ix + i * incx], i =0 to n-1, where

Ix = 1if incx>=0, else
IXx =1+(1-n)*incx;

y is treated similarly using ly and incy.

Input

n number of elements in input vectors

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements
incy  storage spacing between elements of y

sc single-precision cosine component of rotation matrix
cs single-precision complex sine component of rotation matrix
Output

X rotated vector x (unchanged if n <= 0)

y rotated vector y (unchanged if n <= 0)

Reference: http://netlib.org/lapack/explore-html/crot.f. html
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU
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Function cublasCrotg()

void
cublasCrotg (cuComplex *host_ca, cuComplex cb,
float *host_sc, float *host_cs)

constructs the complex Givens transformation
sc cs —
G=| __ , sc*sc+cs*cs =1
—CS sC
which zeros the second entry of the complex 2-vector [ca cb} T

The quantity ca/|cal*||ca, cbl|| overwrites ca in storage. In this case,

|lca, cb|| = scale*«/lca/scale|2+ch/scalelz,where
scale = |cal +|cDb]|.

The function cublasCrot (n, x, incx, y, incy, sc, cs) normally is
called next to apply the transformation to a 2xn matrix. Note that this
function is provided for completeness and is run exclusively on the
host.

Input

ca single-precision complex scalar

cb single-precision complex scalar

Output

ca single-precision complex ca/|cal*||ca, cb]|

sc single-precision cosine component of rotation matrix

cs single-precision complex sine component of rotation matrix

Reference: http://www.netlib.org/blas/crotg.f

This function does not set any error status.
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Function cublasCscal()
void
cublasCscal (int n, cuComplex alpha, cuComplex *x,
int incx)

replaces single-precision complex vector x with single-precision
complex alpha * x.

For i =0 to n-1, it replaces
X[Ix+ i * incx] with alpha* x[Ix+ i * incx],

where

X
Il

1 if incx >=0, else
Ix=1+(1-n)*incx.

Input

n number of elements in input vector

alpha single-precision complex scalar multiplier

X single-precision complex vector with n elements

incx  storage spacing between elements of x

Output
X single-precision complex result (unchanged if n <= 0 or incx <= 0)

Reference: http://www .netlib.org/blas/cscal.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasCsrot()
void
cublasCsrot (int n, cuComplex *x, int incx, cuComplex *y,
int incy, float sc, float ss)

=
multiplies a 2x2 matrix | SC SS| with the 2xn matrix t(/ } .
-ss sc T
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The elements of x are in X[Ix + i * incx], i =0 to n-1, where

Ix = 1if incx>=0, else
Ix =1+(1-n)*incx;

y is treated similarly using ly and incy.

Input

n number of elements in input vectors

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements
incy  storage spacing between elements of y

sc single-precision cosine component of rotation matrix
ss single-precision sine component of rotation matrix
Output

X rotated vector x (unchanged if n <= 0)

y rotated vector y (unchanged if n <= 0)

Reference: http://www.netlib.org/blas/csrot.f
Error status for this function can be retrieved via cublasGetError().

Error Status
CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasCsscal()

void
cublasCsscal (int n, float alpha, cuComplex *x, int incx)

replaces single-precision complex vector x with single-precision
complex alpha * x. For i =0 to n-1, it replaces

X[Ix+ i * incx] with alpha* x[Ix+ i * incx],

where

Ix = 1if incx>=0, else

1+(1-n)*incx.

I1x
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Input

n number of elements in input vector

alpha single-precision scalar multiplier

X single-precision complex vector with n elements

incx  storage spacing between elements of x

Output
X single-precision complex result (unchanged if n <= 0 or incx <= 0)

Reference: http://www .netlib.org/blas/csscal.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasCswap()

38

void

cublasCswap (int n, const cuComplex *x, int incx,
cuComplex *y, int incy)

interchanges the single-precision complex vector x with the single-

precision complex vector y. For i = 0 to n-1, it interchanges

X[Ix+ i * incx] with y[ly + i * incy],

where
Ix = 1if incx>=0, else
IXx =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X single-precision complex vector with n elements
incx  storage spacing between elements of x

y single-precision complex vector with n elements

incy  storage spacing between elements of y
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Output
X single-precision complex vector y (unchanged from input if n <= 0)
y single-precision complex vector x (unchanged from input if n <= 0)

Reference: http://www.netlib.org/blas/cswap.f
Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublaslcamax()
int
cublaslcamax (int n, const cuComplex *x, iInt incx)
finds the smallest index of the maximum magnitude element of single-
precision complex vector x; that is, the result is the first i, i =0 to n-1,

that maximizes abs(x[1 + i * incx]). The result reflects 1-based
indexing for compatibility with Fortran.

Input
n number of elements in input vector
X single-precision complex vector with n elements

incx  storage spacing between elements of x

Output
returns the smallest index (returns zero if n <= 0 or incx <= 0)

Reference: http://www .netlib.org/blas/icamax.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublaslcamin()

int

cublaslcamin (int n, const cuComplex *x, iInt incx)

finds the smallest index of the minimum magnitude element of single-
precision complex vector x; that is, the result is the first i, i =0 ton-1,

that minimizes abs(x[1 + i * incx]). The result reflects 1-based
indexing for compatibility with Fortran.

Input
n number of elements in input vector
X single-precision complex vector with n elements

incx  storage spacing between elements of x

Output
returns the smallest index (returns zero if n <= 0 or incx <= 0)

Reference: Analogous to http://www.netlib.org/blas/icamax.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasScasum()

40

float
cublasScasum (int n, const cuDouble *x, int incx)

takes the sum of the absolute values of a complex vector and returns a
single-precision result. Note that this is not the L1 norm of the vector.
The result is the sum from 0 to n-1 of

abs(real (X[Ix+ i *incx])) +abs(imag(X[Ix + i * incx])),
where

Ix = 1if incx <=0, else
Ix=1+(1-n)*incx.
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Input
n number of elements in input vector
X single-precision complex vector with n elements

incx  storage spacing between elements of x

Output

returns the single-precision sum of absolute values of real and imaginary parts
(returns zero if n <= 0, incx <= 0, or if an error occurred)

Reference: http://www.netlib.org/blas/scasum.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasScnrm2()

float
cublasScnrm2 (int n, const cuComplex *x, iInt incx)

computes the Euclidean norm of single-precision complex n-vector x.

This implementation uses simple scaling to avoid intermediate
underflow and overflow.

Input
n number of elements in input vector
X single-precision complex vector with n elements

incx  storage spacing between elements of x

Output

returns the Euclidian norm
(returns zero if n <= 0, incx <= 0, or if an error occurred)

Reference: http://www .netlib.org/blas/scnrm?2.f
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Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED

if CUBLAS library was not initialized
CUBLAS_STATUS_ALLOC_FAILED

if function could not allocate
reduction buffer

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Double-Precision BLAS1 Functions

Note: Double-precision functions are only supported on GPUs with double-
precision hardware.

The double-precision BLASI1 functions are as follows:
“Function cublasldamax()” on page 44
“Function cublasldamin()” on page 44
“Function cublasDasum()” on page 45
“Function cublasDaxpy()” on page 46
“Function cublasDcopy()” on page 47
“Function cublasDdot()” on page 48
“Function cublasDnrm?2()” on page 49
“Function cublasDrot()” on page 50
“Function cublasDrotg()” on page 51
“Function cublasDrotm()” on page 52
“Function cublasDrotmg()” on page 53
“Function cublasDscal()” on page 54

o000 000000 oD oo

“Function cublasDswap()” on page 55
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Function cublasidamax()

int

cublasldamax (int n, const double *x, iInt incx)

finds the smallest index of the maximum magnitude element of
double-precision vector x; that is, the result is the first i, i =0 to n-1,

that maximizes abs(x[1 + i * incx]) . The result reflects 1-based
indexing for compatibility with Fortran.

Input
n number of elements in input vector
X double-precision vector with n elements

incx  storage spacing between elements of x

Output
returns the smallest index (returns zero if n <= 0 or incx <= 0)

Reference: http://www.netlib.org/blas/idamax.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU

Function cublasldamin()

44

int

cublasldamin (int n, const double *x, Int Incx)

finds the smallest index of the minimum magnitude element of
double-precision vector x; that is, the result is the first i, i =0 to n-1,

that minimizes abs(x[1 + i * incx]) . The result reflects 1-based
indexing for compatibility with Fortran.
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Input
n number of elements in input vector
X double-precision vector with n elements

incx  storage spacing between elements of x

Output
returns the smallest index (returns zero if n <= 0 or incx <= 0)

Analogous to http://www.netlib.org/blas/idamax.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasDasum()
double
cublasDasum (int n, const double *x, int incx)

computes the sum of the absolute values of the elements of double-
precision vector x; that is, the result is the sum from i = 0 to n-1 of
abs(X[1+ 1 *incx]).

Input
n number of elements in input vector
X double-precision vector with n elements

incx  storage spacing between elements of x

Output

returns the double-precision sum of absolute values
(returns zero if n <= 0 or incx <=0, or if an error occurred)

Reference: http://www.netlib.org/blas/dasum.f
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Error status for this function can be retrieved via cublasGetError().
Error Status
CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasDaxpy()

46

void
cublasDaxpy (int n, double alpha, const double *x,
int incx, double *y, int incy)

multiplies double-precision vector x by double-precision scalar alpha
and adds the result to double-precision vector y; that is, it overwrites
double-precision y with double-precision alpha*x +y.

For i =0 to n-1, it replaces

y[ly + i * incy] with alpha*x[Ix+ i *incx]+y[ly+i *incy],
where

Ix = 0 if incx>=0, else

IXx =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors
alpha double-precision scalar multiplier

X double-precision vector with n elements
incx  storage spacing between elements of x
y double-precision vector with n elements

incy  storage spacing between elements of y

Output

y double-precision result (unchanged if n <= 0)
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Reference: http://www.netlib.org/blas/daxpy.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasDcopy()
void
cublasDcopy (int n, const double *x, int incx, double *y,
int incy)

copies the double-precision vector x to the double-precision vector y.
For i = 0 to n-1, it copies

X[Ix+ 1 *incx] toy[ly+1 *incy],

where
Ix = 1if incx>=0, else
IXx =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X double-precision vector with n elements
incx  storage spacing between elements of x
y double-precision vector with n elements

incy  storage spacing between elements of y

Output

y contains double-precision vector x

Reference: http://www.netlib.org/blas/dcopy.f
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Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU

Function cublasDdot()

48

double
cublasDdot (int n, const double *x, int incx,
const double *y, int incy)

computes the dot product of two double-precision vectors. It returns
the dot product of the double-precision vectors x and y if successful,
and 0.0 otherwise. It computes the sum for i = 0 to n-1 of

X[Ix+i*incx]*y[ly+1i *incy],
where

Ix = 1if incx>=0, else

Ix =1+(1-n)*incx;

ly is defined in a similar way using incy.

Input

n number of elements in input vectors

X double-precision vector with n elements
incx  storage spacing between elements of x
y double-precision vector with n elements

incy  storage spacing between elements of y

Output
returns double-precision dot product (returns zero if n <= 0)

Reference: http://www .netlib.org/blas/ddot.f
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Error status for this function can be retrieved via cublasGetError().
Error Status
CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasDnrm2()
double
cublasDnrm2 (int n, const double *x, int incx)

computes the Euclidean norm of the double-precision n-vector x (with
storage increment incx). This code uses a multiphase model of
accumulation to avoid intermediate underflow and overflow.

Input
n number of elements in input vector
X double-precision vector with n elements

incx  storage spacing between elements of x

Output

returns the Euclidian norm
(returns zero if n <=0, incx <= 0, or if an error occurred)

Reference: http://www.netlib.org/blas/dnrm?2.f
Reference: http://www.netlib.org/slatec/lin/dnrm?2.f

Error status for this function can be retrieved via cublasGetError().
Error Status
CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ALLOC_FAILED if function could not allocate
reduction buffer
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublasDrot()

50

void
cublasDrot (int n, double *x, iInt incx, double *y,
int incy, double dc, double ds)

-
multiplies a 2x2 matrix dc ds| with the 2xn matrix {X } .
—-ds dc yT

The elements of x are in X[Ix + i * incx], i =0 to n-1, where

Ix = 1if incx>=0, else
1+(1-n)*incx;

1x

y is treated similarly using ly and incy.

Input

n number of elements in input vectors

X double-precision vector with n elements
incx  storage spacing between elements of x
y double-precision vector with n elements
incy  storage spacing between elements of y
dc element of rotation matrix

ds element of rotation matrix

Output

X rotated vector x (unchanged if n <= 0)
y rotated vector y (unchanged if n <= 0)

Reference: http://www.netlib.org/blas/drot.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublasDrotg()
void
cublasDrotg (double *host_da, double *host_db,
double *host_dc, double *host_ds)

constructs the Givens transformation

¢ = |dc dS, dc2+ds? = 1
-ds dc

. T
which zeros the second entry of the 2-vector [da db} .

The quantity r = +./da? + db2overwrites da in storage. The value of
db is overwritten by a value z which allows dc and ds to be recovered
by the following algorithm:

ifz=1 setdc = 0.0 and ds = 1.0.
if abs(z) <1 setdc = J1-z2 and ds = z.
if abs(z) >1 setdc = 1/z and ds = J1-dc?2.

The function cublasDrot(n, %, incx, y, incy, dc, ds) normally is
called next to apply the transformation to a 2xn matrix. Note that this
function is provided for completeness and is run exclusively on the

host.

Input

da double-precision scalar
db double-precision scalar
Output

da double-precision r

db double-precision z

dc double-precision result
ds double-precision result

Reference: http://www .netlib.org/blas/drotg.f

This function does not set any error status.

PG-00000-002_V3.0 51
NVIDIA



CUDA

CUBLAS Library

Function cublasDrotm()

52

void
cublasDrotm (int n, double *x, int incx, double *y,
int incy, const double *dparam)

=
applies the modified Givens transformation, h, to the 2xn matrix [X ]
yT
The elements of x are in X[Ix + i * incx], i =0 to n-1, where
Ix = 1if incx>=0, else
Ix =1+(1-n)*incx;
y is treated similarly using ly and incy.

With dparam[0] = dflag, h has one of the following forms:

dflag = -1.0 dflag = 0.0
h = |dh00 dho1 h = | 1.0 dhol
dh10 dh11 dh10 1.0
dflag = 1.0 dflag = -2.0
h = |dh0o0 1.0 h=|1-0 0.0
-1.0 dh11 0.0 1.0
Input
n number of elements in input vectors.
X double-precision vector with n elements.
incx  storage spacing between elements of x.
y double-precision vector with n elements.

incy  storage spacing between elements of y.

dparam 5-element vector. dparam[0] is dflag described above. dparam[1]
through dparam[4] contain the 2x2 rotation matrix h: dparam[1]
contains dh0o, dparam[2] contains dh10, dparam[3] contains
dho1, and dparam[4] contains dh11.

Output
X rotated vector x (unchanged if n <= 0)
y rotated vector y (unchanged if n <= 0)
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Reference: http://www.netlib.org/blas/drotm.f

Error status for this function can be retrieved via cublasGetError().

Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized

CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that
does not support double precision

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublasDrotmg()
void
cublasDrotmg (double *host_ddl, double *host_dd2,

double *host_dx1l, const double *host_dyl,
double *host_dparam)

constructs the modified Givens transformation matrix h which zeros
the second component of the 2-vector (/dd1*dx1, J/dd2*dy1)".
With dparam[0] = dflag, h has one of the following forms:

dflag = -1.0 dflag = 0.0
h = |dh00 dhO1 h = |1-0 dhol
|[dh10 dh11] |[dh10 1.0

dflag = 1.0 dflag = -2.0
h = [dh00 1.0 h=|10 0.0
|-1.0 dh11] 10.0 1.0

dparam[1] through dparam[4] contain dh00, dh10, dh01, and dh11,
respectively. Values of 1.0, -1.0, or 0.0 implied by the value of dflag
are not stored in dparam. Note that this function is provided for
completeness and is run exclusively on the host.

Input

ddl double-precision scalar
dd2 double-precision scalar
dx1 double-precision scalar
dyl double-precision scalar
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Output

ddl changed to represent the effect of the transformation
dd2 changed to represent the effect of the transformation
dx1 changed to represent the effect of the transformation

dparam 5-element vector. dparam[0] is dflag described above. dparam[1]
through dparam[4] contain the 2x2 rotation matrix h: dparam[1]
contains dh0o, dparam[2] contains dh10, dparam[3] contains
dh01, and dparam[4] contains dh11.

Reference: http://www.netlib.org/blas/drotmg.f
This function does not set any error status.

Function cublasDscal()

54

void
cublasDscal (int n, double alpha, double *x, iInt incx)

replaces double-precision vector x with double-precision alpha * x.
For i =0 to n-1, it replaces

X[Ix+ i * incx] with alpha* x[Ix+ i * incx],
where

Ix = 1if incx>=0, else
Ix=1+(1-n)*incx.

Input

n number of elements in input vector
alpha double-precision scalar multiplier

X double-precision vector with n elements

incx  storage spacing between elements of x

Output
X double-precision result (unchanged if n <= 0 or incx <= 0)

Reference: http://www.netlib.org/blas/dscal.f
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Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED  if CUBLAS library was not initialized
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED f function failed to launch on GPU

Function cublasDswap()
void
cublasDswap (int n, double *x, int incx, double *y,
int incy)
interchanges double-precision vector x with double-precision vector y.
For i =0 to n-1, it interchanges

X[Ix+ i * incx] with y[ly + i * incy],

where
Ix = 1if incx>=0, else
IXx =1+(1-n)*incx;

ly is defined in a similar manner using incy.

Input

n number of elements in input vectors

X double-precision vector with n elements
incx  storage spacing between elements of x
y double-precision vector with n elements

incy  storage spacing between elements of y

Output
X double-precision vector y (unchanged from input if n <= 0)
y double-precision vector x (unchanged from input if n <= 0)

Reference: http://www.netlib.org/blas/dswap.f
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Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED

if CUBLAS library was not initialized
CUBLAS_STATUS_ARCH_MISMATCH

if function invoked on device that
does not support double precision

CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

PG-00000-002_V3.0
NVIDIA



CHAPTER 2
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Double-Precision Complex BLAS1 functions

Note: Double-precision functions are only supported on GPUs with double-

precision hardware.

The double-precision complex BLAS1 functions are listed below:

000000000000 OO

“Function cublasDzasum()” on page 58
“Function cublasDznrm2()” on page 59
“Function cublaslzamax()” on page 59
“Function cublasIzamin()” on page 60
“Function cublasZaxpy()” on page 61
“Function cublasZcopy()” on page 62
“Function cublasZdotc()” on page 63
“Function cublasZdotu()” on page 64
“Function cublasZdrot()” on page 65
“Function cublasZdscal()” on page 66
“Function cublasZrot()” on page 67
“Function cublasZrotg()” on page 68
“Function cublasZscal()” on page 68
“Function cublasZswap()” on page 69
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Function cublasDzasum()

58

double
cublasDzasum (int n, const cuDoubleComplex *x, int incx)

takes the sum of the absolute values of a complex vector and returns a
double-precision result. Note that this is not the L1 norm of the vector.
The result is the sum from O to n-1 of

abs(real (X[Ix+ 1 *incx])) +abs(imag(X[Ix + i * incx])),

where

Ix = 1if incx <=0, else

IXx =1+(1-n)*incx.

Input
n number of elements in input vector
X double-precision complex vector with n elements

incx  storage spacing between elements of x

Output

returns the double-precision sum of absolute values of real and imaginary parts
(returns zero if n <= 0, incx <= 0, or if an error occurred)

Reference http://www.netlib.org/blas/dzasum.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized
CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU
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Function cublasDznrm2()
double
cublasDznrm2 (int n, const cuDoubleComplex *x, int incx)

computes the Euclidean norm of double-precision complex n-vector x.

This implementation uses simple scaling to avoid intermediate
underflow and overflow.

Input
n number of elements in input vector
X double-precision complex vector with n elements

incx  storage spacing between elements of x

Output

returns the Euclidian norm
(returns zero if n <= 0, incx <= 0, or if an error occurred)

Reference: http://www .netlib.org/blas/dznrm?2.f

Error status for this function can be retrieved via cublasGetError().
Error Status

CUBLAS_STATUS_NOT_INITIALIZED if CUBLAS library was not initialized

CUBLAS_STATUS_ARCH_MISMATCH if function invoked on device that

does not support double precision
CUBLAS_STATUS_EXECUTION_FAILED if function failed to launch on GPU

Function cublaslzamax()
int
cublaslzamax (int n, const cuDoubleComplex *x, int incx)

finds the smallest index of the maximum magnitude element of

double-precision complex vector x; that is, the result is the first i, i =0
to n-1, that maximizes

abs(real (X[1+ i * incx])) + abs(imag(x[1 + i *