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1. Introduction

aocl-sparse is a library that contains basic linear algebra subroutines for sparse matrices and vectors
optimized for AMD EPYC family of processors. It is designed to be used with C and C++.
The current functionality of aocl-sparse is organized in the following categories:

e Sparse Level 2 Functions describe operations between a matrix in sparse format and a vector

in dense format.

e  Sparse Format Conversion Functions describe operations on a matrix in sparse format to
obtain a different matrix format.

e  Sparse Auxiliary Functions describe auxiliary functions.

2. Auxiliary Functions

aoclsparse_auxiliary.h provides auxiliary functions in aoclsparse

Functions

aoclsparse_status aoclsparse_get version (aoclsparse_int *version)
Get aoclsparse version.

aoclsparse_status aoclsparse_create_mat_descr (aoclsparse_mat_descr *descr)
Create a matrix descriptor.

aoclsparse_status aoclsparse_copy_mat_descr (aoclsparse_mat_descr dest, const
aoclsparse_mat_descr src)

Copy a matrix descriptor.

aoclsparse_status aoclsparse_destroy_mat_descr (aoclsparse_mat_descr descr)
Destroy a matrix descriptor.

aoclsparse_status aoclsparse_set_mat_index_base (aoclsparse_mat_descr descr,
aoclsparse_index_base base)

Specify the index base of a matrix descriptor.

aoclsparse_index_base aoclsparse_get_mat_index_base (const aoclsparse_mat_descr descr)

Get the index base of a matrix descriptor.

aoclsparse_status aoclsparse_set_mat_type (aoclsparse_mat_descr descr,
aoclsparse_matrix_type type)

Specify the matrix type of a matrix descriptor.

aoclsparse_matrix_type aoclsparse_get mat_type (const aoclsparse_mat_descr descr)
Get the matrix type of a matrix descriptor.

aoclsparse_status aoclsparse_set_mat_fill_mode (aoclsparse_mat_descr descr,
aoclsparse_fill_mode fill_mode)

Specify the matrix fill mode of a matrix descriptor.

aoclsparse_fill_mode aoclsparse_get mat_fill_mode (const aoclsparse_mat_descr descr)
Get the matrix fill mode of a matrix descriptor.

aoclsparse_status aoclsparse_set_mat_diag_type (aoclsparse_mat_descr descr,
aoclsparse_diag_type diag_type)

Specify the matrix diagonal type of a matrix descriptor.

aoclsparse_diag_type aoclsparse_get_mat_diag_type (const aoclsparse_mat_descr descr)
Get the matrix diagonal type of a matrix descriptor.

Detailed Description
aoclsparse_auxiliary.h provides auxilary functions in aoclsparse
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Function Documentation

aoclsparse_status aoclsparse_get_version (aoclsparse_int * version)

Get aoclsparse version.
aoclsparse get version getsthe aoclsparse library version number.

e patch = version % 100
e minor = version/ 100 % 1000
e major = version / 100000

Parameters:

Lout | version | the version number of the aoclsparse library.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | version isinvalid.
invalid_pointer

aoclsparse_status aoclsparse_create_mat_descr (aoclsparse_mat_descr * descr)

Create a matrix descriptor.

aoclsparse create mat descr  creates a matrix descriptor. It initializes
aoclsparse_matrix_type to aoclsparse_matrix_type_general and
aoclsparse_index_base to aoclsparse_index_base zero. It should be destroyed at the
end using aoclsparse_destroy_mat_descr().

Parameters:

‘out | descr | the pointer to the matrix descriptor.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | descr pointer is invalid.
invalid_pointer

aoclsparse_status aoclsparse_copy_mat_descr (aoclsparse_mat_descr dest, const
aoclsparse_mat_descr src)

Copy a matrix descriptor.

aoclsparse copy mat descr copies a matrix descriptor. Both, source and
destination  matrix  descriptors must  be initialized prior to calling
aoclsparse copy mat descr.

Parameters:
out dest the pointer to the destination matrix descriptor.
in src the pointer to the source matrix descriptor.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | src or dest pointer is invalid.
invalid_pointer
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aoclsparse_status aoclsparse_destroy_mat_descr (aoclsparse_mat_descr descr)

Destroy a matrix descriptor.

aoclsparse destroy mat descr destroys a matrix descriptor and releases all
resources used by the descriptor.

Parameters:

in ' descr | the matrix descriptor.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | descr isinvalid.
invalid_pointer

aoclsparse_status aoclsparse_set_mat_index_base (aoclsparse_mat_descr descr,
aoclsparse_index_base base)

Specify the index base of a matrix descriptor.

aoclsparse set mat index base sets the index base of a matrix descriptor.
Valid options are aoclsparse_index_base_zero or aoclsparse_index_base_one.

Parameters:
injout | descr the matrix descriptor.
in base aoclsparse_index_base zero or aoclsparse_index _base one.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | descr pointer is invalid.
invalid_pointer

aoclsparse_status_ | base isinvalid.
invalid value

aoclsparse_index_base aoclsparse_get_mat_index_base (const aoclsparse_mat_descr
descr)

Get the index base of a matrix descriptor.
aoclsparse get mat index base returns the index base of a matrix descriptor.

Parameters:
"in " descr ' the matrix descriptor.
Returns:

aoclsparse_index_base_zero or aoclsparse_index_base one.

aoclsparse_status aoclsparse_set_mat_type (aoclsparse_mat_descr descr,
aoclsparse_matrix_type type)

Specify the matrix type of a matrix descriptor.

aoclsparse set mat type sets the matrix type of a matrix descriptor. Valid
matrix types are aoclsparse_matrix_type_general,
aoclsparse_matrix_type_symmetric, aoclsparse_matrix_type_hermitian or
aoclsparse_matrix_type_triangular.



[AMD Public Use]

Parameters:
in,out | descr the matrix descriptor.
in type aoclsparse_matrix_type_general,

aoclsparse_matrix_type_symmetric,
aoclsparse_matrix_type_hermitian or
aoclsparse_matrix_type triangular.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | descr pointer is invalid.
invalid_pointer

aoclsparse_status_ | type isinvalid.
invalid value

aoclsparse_matrix_type aoclsparse_get_mat_type (const aoclsparse_mat_descr
descr)

Get the matrix type of a matrix descriptor.
aoclsparse get mat type returns the matrix type of a matrix descriptor.

Parameters:
in " descr ' the matrix descriptor.
Returns:

aoclsparse_matrix_type_general, aoclsparse_matrix_type_symmetric,
aoclsparse_matrix_type_hermitian or aoclsparse_matrix_type_triangular.

aoclsparse_status aoclsparse_set_mat_fill_mode (aoclsparse_mat_descr descr,
aoclsparse_fill_mode fill_mode)

Specify the matrix fill mode of a matrix descriptor.

aoclsparse set mat fill mode sets the matrix fill mode of a matrix

descriptor. Valid fill modes are aoclsparse_fill_mode_lower or
aoclsparse_fill_mode_upper.

Parameters:
injout | descr the matrix descriptor.
in fill_mode aoclsparse_fill_ mode lower or aoclsparse_fill_ mode upper.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | descr pointer is invalid.
invalid_pointer

aoclsparse_status_ | £111 mode isinvalid.
invalid value

aoclsparse_fill_mode aoclsparse_get_mat_fill_mode (const aoclsparse_mat_descr
descr)

Get the matrix fill mode of a matrix descriptor.

aoclsparse get mat fill mode returns the matrix fill mode of a matrix
descriptor.

Parameters:

Lin | descr | the matrix descriptor.
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Returns:
aoclsparse_fill_mode_lower or aoclsparse_fill_mode_upper.

aoclsparse_status aoclsparse_set_mat_diag_type (aoclsparse_mat_descr descr,
aoclsparse_diag_type diag_type)

Specify the matrix diagonal type of a matrix descriptor.

aoclsparse set mat diag type sets the matrix diagonal type of a matrix
descriptor. Valid diagonal types are  aoclsparse_diag_type unit  or
aoclsparse_diag_type_non_unit.

Parameters:
injout | descr the matrix descriptor.
in diag_type aoclsparse_diag type unit or aoclsparse diag_type non_unit.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | descr pointer is invalid.
invalid_pointer

aoclsparse_status_ | diag type isinvalid.
invalid value

aoclsparse_diag_type aoclsparse_get_mat_diag_type (const aoclsparse_mat_descr
descr)

Get the matrix diagonal type of a matrix descriptor.

aoclsparse get mat diag type returns the matrix diagonal type of a matrix
descriptor.

Parameters:

in " descr ' the matrix descriptor.

Returns:
aoclsparse_diag_type_unit or aoclsparse_diag_type _non_unit.
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3. Conversion Functions

aoclsparse_convert.h provides Sparse Format conversion Subprograms

Functions

aoclsparse_status aoclsparse_csr2ell_width (aoclsparse_int m, aoclsparse_int nnz, const
aoclsparse_int *csr_row_ptr, aoclsparse_int *ell_width)
Convert a sparse CSR matrix into a sparse ELL matrix.

aoclsparse_status aoclsparse_csr2dia_ndiag (aoclsparse_int m, aoclsparse_int n,
aoclsparse_int nnz, const aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind,
aoclsparse_int *dia_num_diag)

Convert a sparse CSR matrix into a sparse DIA matrix.

aoclsparse_status aoclsparse_csr2bsr_nnz (aoclsparse_int m, aoclsparse_int n, const
aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, aoclsparse_int block _dim,
aoclsparse_int *bsr_row_ptr, aoclsparse_int *bsr_nnz)

aoclsparse_csr2bsr_nnz computes the number of nonzero block columns per row and the total
number of nonzero blocks in a sparse BSR matrix given a sparse CSR matrix as input.

aoclsparse_status aoclsparse_scsr2ell (aoclsparse_int m, const aoclsparse_int *csr_row_ptr,
const aoclsparse_int *csr_col_ind, const float *csr_val, aoclsparse_int *ell_col_ind, float
*ell_val, aoclsparse_int ell_width)

Convert a sparse CSR matrix into a sparse ELLPACK matrix.

aoclsparse_status aoclsparse_dcsr2ell (aoclsparse_int m, const aoclsparse_int *csr_row_ptr,

const aoclsparse_int *csr_col_ind, const double *csr_val, aoclsparse_int *ell_col_ind, double
*ell_val, aoclsparse_int ell_width)

Convert a sparse CSR matrix into a sparse ELLPACK matrix.

aoclsparse_status aoclsparse_scsr2dia (aoclsparse_int m, aoclsparse_int n, const
aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, const float *csr_val,
aoclsparse_int dia_num_diag, aoclsparse_int *dia_offset, float *dia_val)

Convert a sparse CSR matrix into a sparse DIA matrix.

aoclsparse_status aoclsparse_dcsr2dia (aoclsparse_int m, aoclsparse_int n, const
aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, const double *csr_val,
aoclsparse_int dia_num_diag, aoclsparse_int *dia_offset, double *dia_val)

Convert a sparse CSR matrix into a sparse DIA matrix.

aoclsparse_status aoclsparse_scsr2bsr (aoclsparse_int m, aoclsparse_int n, const float
*csr_val, const aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, aoclsparse_int
block_dim, float *bsr_val, aoclsparse_int *bsr_row_ptr, aoclsparse_int *bsr_col_ind)

Convert a sparse CSR matrix into a sparse BSR matrix.

aoclsparse_status aoclsparse_dcsr2bsr (aoclsparse_int m, aoclsparse_int n, const double
*csr_val, const aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, aoclsparse_int
block_dim, double *bsr_val, aoclsparse_int *bsr_row_ptr, aoclsparse_int *bsr_col_ind)
Convert a sparse CSR matrix into a sparse BSR matrix.

aoclsparse_status aoclsparse_scsr2csc (aoclsparse_int m, aoclsparse_int n, aoclsparse_int
nnz, const aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, const float *csr_val,
aoclsparse_int *csc_row_ind, aoclsparse_int *csc_col_ptr, float *csc_val)

Convert a sparse CSR matrix into a sparse CSC matrix.
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aoclsparse_status aoclsparse_dcsr2csc (aoclsparse_int m, aoclsparse_int n, aoclsparse_int
nnz, const aoclsparse_int *csr_row_ptr, const aoclsparse_int *csr_col_ind, const double
*csr_val, aoclsparse_int *csc_row_ind, aoclsparse_int *csc_col_ptr, double *csc_val)
Convert a sparse CSR matrix into a sparse CSC matrix.

Detailed Description

aoclsparse_convert.h provides Sparse Format conversion Subprograms

Function Documentation

aoclsparse_status aoclsparse_csr2ell_width (aoclsparse_int
const aoclsparse_int *

aoclsparse_status aoclsparse_scsr2ell (aoclsparse_int
csr_row_ptr, const aoclsparse_int *

aoclsparse_int* ell_col _ind, float *

m, aoclsparse_int
ell_width)

nnz,
csr_row_ptr, aoclsparse_int *

Convert a sparse CSR matrix into a sparse ELL matrix.

aoclsparse csr2ell width computes the maximum of the per row non-zero
elements over all rows, the ELL width , for a given CSR matrix.

Parameters:
in m number of rows of the sparse CSR matrix.
in nnz number of non-zero entries of the sparse CSR matrix.
in Csr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.
out ell_width pointer to the number of non-zero elements per row in ELL storage
format.

Return values:

aoclsparse_status_
success

the operation completed successfully.

aoclsparse_status_
invalid_size

m isinvalid.

aoclsparse_status_
invalid_pointer

csr_row ptr,orell width pointer isinvalid.

aoclsparse_status_
internal_error

an internal error occurred.

m, const aoclsparse_int *
csr_col_ind, const float * csr_val,
ell_val, aoclsparse_int ell_width)

Convert a sparse CSR matrix into a sparse ELLPACK matrix.

aoclsparse csr2ell converts a CSR matrix into an ELL matrix. It is assumed,
that e11 val and ell col ind are allocated. Allocation size is computed by the
number of rows times the number of ELL non-zero elements per row, such that
$nnz_ELL =m ell_width$. The number of ELL non-zero elements per row is obtained by
aoclsparse_csr2ell_width().

Parameters:
in m number of rows of the sparse CSR matrix.
in csr_val array containing the values of the sparse CSR matrix.
in Csr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.
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aoclsparse_int *

in csr_col_ind array containing the column indices of the sparse CSR matrix.

in ell_width number of non-zero elements per row in ELL storage format.

out ell_val array of m timesell width elements of the sparse ELL
matrix.

out ell_col_ind array of m timesell width elements containing the column
indices of the sparse ELL matrix.

Return values:

aoclsparse_status_
success

the operation completed successfully.

aoclsparse_status_
invalid_handle

the library context was not initialized.

aoclsparse_status_
invalid_size

m orell width isinvalid.

aoclsparse_status_
invalid_pointer

csr _val,csr row ptr,csr col ind,ell val or
ell col ind pointer is invalid.

aoclsparse_status aoclsparse_dcsr2ell (aoclsparse_int m, const aoclsparse_int *
csr_row_ptr, const aoclsparse_int * csr_col_ind, const double * csr_val,
ell_col_ind, double * ell val, aoclsparse_int ell_width)

Convert a sparse CSR matrix into a sparse ELLPACK matrix.

aoclsparse csr2ell converts a CSR matrix into an ELL matrix. It is assumed,
that e11 val and ell col ind are allocated. Allocation size is computed by the
number of rows times the number of ELL non-zero elements per row, such that
$nnz_ELL = m ell_width$. The number of ELL non-zero elements per row is obtained by
aoclsparse_csr2ell_width().

Parameters:

in m number of rows of the sparse CSR matrix.

in csr_val array containing the values of the sparse CSR matrix.

in Csr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in csr_col_ind array containing the column indices of the sparse CSR matrix.

in ell_width number of non-zero elements per row in ELL storage format.

out ell_val array of m timesell width elements of the sparse ELL
matrix.

out ell_col_ind array of m timesell width elements containing the column
indices of the sparse ELL matrix.

Return values:

aoclsparse_status_
success

the operation completed successfully.

aoclsparse_status_
invalid_handle

the library context was not initialized.

aoclsparse_status_
invalid_size

m orell width isinvalid.

aoclsparse_status_
invalid_pointer

csr val,csr row ptr,csr col ind,ell val oOr
ell col ind pointer is invalid.

aoclsparse_status aoclsparse_csr2dia_ndiag (aoclsparse_int m, aoclsparse_int n,
aoclsparse_int nnz, co
csr_col_ind, aoclsparse_int * dia_num_diag)

nst aoclsparse_int * csr_row_ptr, const aoclsparse_int *

Convert a sparse CSR matrix into a sparse DIA matrix.

10
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aoclsparse_status aoclsparse_scsr2dia (aoclsparse_int
csr_row_ptr, const aoclsparse_int *
csr_val, aoclsparse_int dia_num_diag, aoclsparse_int *

aoclsparse_int *

aoclsparse_status aoclsparse_dcsr2dia (aoclsparse_int

aoclsparse_int* csr_row_ptr, const aoclsparse_int *

aoclsparse csr2dia ndiag computes the number of the diagonals for a given

CSR matrix.
Parameters:
in m number of rows of the sparse CSR matrix.
in n number of cols of the sparse CSR matrix.
in nnz number of non-zero entries of the sparse CSR matrix.
in Ccsr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.
in csr_col_ind array containing the column indices of the sparse CSR matrix.
out dia_num_diag pointer to the number of diagonals with non-zeroes in DIA storage
format.

Return values:

aoclsparse_status_
success

the operation completed successfully.

aoclsparse_status_
invalid_size

m isinvalid.

aoclsparse_status_
invalid_pointer

csr_row ptr,orell width pointer isinvalid.

aoclsparse_status_
internal_error

an internal error occurred.

m, aoclsparse_int n, const
csr_col_ind, const float *
dia_offset, float * dia_val)

Convert a sparse CSR matrix into a sparse DIA matrix.

aoclsparse csr2dia converts a CSR matrix into an DIA matrix. It is assumed,
that dia val and dia offset are allocated. Allocation size is computed by the
number of rows times the number of diagonals. The number of DIA diagonals is obtained
by aoclsparse_csr2dia_ndiag().

Parameters:

in m number of rows of the sparse CSR matrix.

in n number of cols of the sparse CSR matrix.

in CSr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in csr_col_ind array containing the column indices of the sparse CSR matrix.

in csr_val array containing the values of the sparse CSR matrix.

in dia_num diag number of diagoanls in ELL storage format.

out dia_offset array of dia num diag elements containing the diagonal
offsets from main diagonal.

out dia_val array of m timesdia num diag elements of the sparse DIA
matrix.

Return values:

aoclsparse_status_
success

the operation completed successfully.

aoclsparse_status_
invalid_handle

the library context was not initialized.

aoclsparse_status_
invalid_size

m orell width isinvalid.

aoclsparse_status_
invalid_pointer

csr val,csr row ptr,csr col ind,ell val or
ell col ind pointer is invalid.

m, aoclsparse_int n, const
csr_col_ind, const double *

11
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csr_val, aoclsparse_int dia_num_diag, aoclsparse_int *

dia_offset, double *

dia_val)

aoclsparse_status aoclsparse_csr2bsr_nnz (aoclsparse_int
const aoclsparse_int *
aoclsparse_int

Convert a sparse CSR matrix into a sparse DIA matrix.

aoclsparse csr2dia converts a CSR matrix into an DIA matrix. It is assumed,
that dia val and dia offset are allocated. Allocation size is computed by the
number of rows times the number of diagonals. The number of DIA diagonals is obtained
by aoclsparse_csr2dia_ndiag().

Parameters:

in m number of rows of the sparse CSR matrix.

in n number of cols of the sparse CSR matrix.

in Ccsr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in csr_col ind array containing the column indices of the sparse CSR matrix.

in csr val array containing the values of the sparse CSR matrix.

in dia_num_diag number of diagoanls in ELL storage format.

out dia_offset array of dia num diag elements containing the diagonal
offsets from main diagonal.

out dia_val array of m timesdia num diag elements of the sparse DIA
matrix.

Return values:

aoclsparse_status_ | the operation completed successfully.

success
aoclsparse_status_ | the library context was not initialized.
invalid_handle

aoclsparse_status_ | m orell width isinvalid.
invalid_size

aoclsparse_status_
invalid_pointer

csr _val,csr row ptr,csr col ind,ell val or
ell col ind pointer is invalid.

m, aoclsparse_int n,
csr_row_ptr, const aoclsparse_int * csr_col_ind,
bsr_row_ptr, aoclsparse_int *

block_dim, aoclsparse_int * bsr_nnz)

aoclsparse_csr2bsr_nnz computes the number of nonzero block columns per row and the total
number of nonzero blocks in a sparse BSR matrix given a sparse CSR matrix as input.

Parameters:
in m number of rows of the sparse CSR matrix.
in n number of columns of the sparse CSR matrix.
in CSr_row_ptr integer array containing m+1 elements that point to the start of
each row of the CSR matrix
in csr_col_ind integer array of the column indices for each non-zero element in the
CSR matrix
in block dim the block dimension of the BSR matrix. Between 1 and min(m, n)
out bsr_row_ptr integer array containing mb+1 elements that point to the start of
each block row of the BSR matrix
out bsr_nnz total number of nonzero elements in device or host memory.
Return values:
aoclsparse_status_ | the operation completed successfully.
success
aoclsparse_status_ | m orn orblock dim isinvalid.
invalid_size

12
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aoclsparse_status aoclsparse_scsr2bsr (aoclsparse_int
float *
csr_col_ind, aoclsparse_int

bsr_row_ptr, aoclsparse_int *

aoclsparse_status aoclsparse_dcsr2bsr (aoclsparse_int
double *
csr_col_ind, aoclsparse_int

bsr_row_ptr, aoclsparse_int *

aoclsparse_status_
invalid_pointer

csr_row _ptr Orcsr col ind Orbsr row ptr Orbsr nnz
pointer is invalid.

m, aoclsparse_int n, const

csr_val, const aoclsparse_int * csr_row_ptr, const aoclsparse_int *
block_dim, float * bsr_val, aoclsparse_int *
bsr_col_ind)

Convert a sparse CSR matrix into a sparse BSR matrix.

aoclsparse csr2bsr converts a CSR matrix into a BSR matrix. It is assumed, that
bsr val , bsr col ind and bsr row ptr are allocated. Allocation size for
bsr row ptr iscomputed as mb+1 where mb is the number of block rows in the
BSR matrix. Allocation size for bsr val and bsr col ind is computed using
csr2bsr nnz () whichalsofillsinbsr row ptr.

Parameters:

in m number of rows in the sparse CSR matrix.

in n number of columns in the sparse CSR matrix.

in csr_val array of nnz elements containing the values of the sparse CSR
matrix.

in Ccsr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.

in block_dim size of the blocks in the sparse BSR matrix.

out bsr_val array of nnzb*block dim*block dim containing the values
of the sparse BSR matrix.

out bsr_row_ptr array of mb+1 elements that point to the start of every block row
of the sparse BSR matrix.

out bsr_col_ind array of nnzb elements containing the block column indices of
the sparse BSR matrix.

Return values:

aoclsparse_status_ | the operation completed successfully.

success

aoclsparse_status_ | m orn orblock dim isinvalid.

invalid_size B

aoclsparse_status_ | bsr val ,bsr row ptr,bsr col ind, csr val,csr row ptr

invalid_pointer or csr col ind pointer is invalid.

m, aoclsparse_int n, const

csr_val, const aoclsparse_int * csr_row_ptr, const aoclsparse_int *

block_dim, double * bsr_val, aoclsparse_int *
bsr_col_ind)

Convert a sparse CSR matrix into a sparse BSR matrix.

aoclsparse csr2bsr converts a CSR matrix into a BSR matrix. It is assumed, that
bsr val , bsr col ind and bsr row ptr are allocated. Allocation size for
bsr row ptr iscomputed as mb+1 where mb is the number of block rows in the
BSR matrix. Allocation size for bsr val and bsr col ind is computed using

csr2bsr nnz () whichalsofillsinbsr row ptr.

Parameters:
in m number of rows in the sparse CSR matrix.
in n number of columns in the sparse CSR matrix.
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in csr_val array of nnz elements containing the values of the sparse CSR
matrix.

in Csr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.

in block_dim size of the blocks in the sparse BSR matrix.

out bsr_val array of nnzb*block dim*block dim containing the values
of the sparse BSR matrix.

out bsr_row_ptr array of mb+1 elements that point to the start of every block row
of the sparse BSR matrix.

out bsr_col_ind array of nnzb elements containing the block column indices of
the sparse BSR matrix.

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | m orn orblock dim isinvalid.
invalid_size

aoclsparse_status_ | bsr val ,bsr row ptr,bsr col ind,csr val,csr row ptr
invalid_pointer orcsr col ind pointer is invalid.

aoclsparse_status aoclsparse_scsr2csc (aoclsparse_int m, aoclsparse_int n,
aoclsparse_int nnz, const aoclsparse_int* csr_row_ptr, const aoclsparse_int *
csr_col_ind, const float * csr_val, aoclsparse_int* csc_row_ind, aoclsparse_int *
csc_col_ptr, float* csc_val)

Convert a sparse CSR matrix into a sparse CSC matrix.

aoclsparse csr2csc converts a CSR matrix into a CSC matrix.
aoclsparse csr2csc canalso be used to convert a CSC matrix into a CSR matrix.

Note:
The resulting matrix can also be seen as the transpose of the input matrix.
Parameters:
in m number of rows of the sparse CSR matrix.
in n number of columns of the sparse CSR matrix.
in nnz number of non-zero entries of the sparse CSR matrix.
in csr_val array of nnz elements of the sparse CSR matrix.
in CSr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.
in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.
out csc_val array of nnz elements of the sparse CSC matrix.
out csc_row_ind array of nnz elements containing the row indices of the sparse
CSC matrix.
out csc_col_ptr array of n+1 elements that point to the start of every column of
the sparse CSC matrix. aoclsparse_csr2csc_buffer_size().

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status_ | m,n ornnz isinvalid.
invalid_size

aoclsparse_status_ | csr_val,csr_row ptr,csr col ind,csc val,csc_row_ind,
invalid_pointer csc_col ptr isinvalid.
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aoclsparse_status aoclsparse_dcsr2csc (aoclsparse_int m, aoclsparse_int n,
aoclsparse_int nnz, const aoclsparse_int* csr_row_ptr, const aoclsparse_int *
csr_col_ind, const double * csr_val, aoclsparse_int * csc_row_ind, aoclsparse_int *

csc_col_ptr, double * csc_val)

Convert a sparse CSR matrix into a sparse CSC matrix.

aoclsparse csr2csc

converts a CSR matrix into a CSC matrix.

aoclsparse csr2csc canalso be used to convert a CSC matrix into a CSR matrix.

Note:
The resulting matrix can also be seen as the transpose of the input matrix.
Parameters:
in m number of rows of the sparse CSR matrix.
in n number of columns of the sparse CSR matrix.
in nnz number of non-zero entries of the sparse CSR matrix.
in csr_val array of nnz elements of the sparse CSR matrix.
in Ccsr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.
in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.
out csc_val array of nnz elements of the sparse CSC matrix.
out csc_row_ind array of nnz elements containing the row indices of the sparse
CSC matrix.
out csc_col_ptr array of n+1 elements that point to the start of every column of
the sparse CSC matrix. aoclsparse_csr2csc_buffer_size().

Return values:

SUCCESS

aoclsparse_status_ | the operation completed successfully.

invalid_size

aoclsparse_status | m,n ornnz isinvalid.

aoclsparse_status_ csr_val,csr row ptr,csr col ind,csc val,csc_row ind,
invalid_pointer csc_col ptr isinvalid.
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4. Sparse Level 2 Functions

aoclsparse_functions.h provides Sparse Linear Algebra Subprograms of Level 1, 2 and 3, for AMD
CPU hardware.

Functions

aoclsparse_status aoclsparse_scsrmv (aoclsparse_operation trans, const float *alpha,
aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const float *csr_val, const
aoclsparse_int *csr_col_ind, const aoclsparse_int *csr_row_ptr, const aoclsparse_mat_descr
descr, const float *x, const float *beta, float *y)

Single precision sparse matrix vector multiplication using CSR storage format.

aoclsparse_status aoclsparse_dcsrmv (aoclsparse_operation trans, const double *alpha,
aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const double *csr_val, const
aoclsparse_int *csr_col_ind, const aoclsparse_int *csr_row_ptr, const aoclsparse_mat_descr
descr, const double *x, const double *beta, double *y)

Double precision sparse matrix vector multiplication using CSR storage format.

aoclsparse_status aoclsparse_sellmv (aoclsparse_operation trans, const float *alpha,
aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const float *ell_val, const
aoclsparse_int *ell_col_ind, aoclsparse_int ell_width, const aoclsparse_mat_descr descr, const
float *x, const float *beta, float *y)

Single precision sparse matrix vector multiplication using ELL storage format.

aoclsparse_status aoclsparse_dellmv (aoclsparse_operation trans, const double *alpha,
aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const double *ell_val, const
aoclsparse_int *ell_col_ind, aoclsparse_int ell_width, const aoclsparse_mat_descr descr, const
double *x, const double *beta, double *y)

Double precision sparse matrix vector multiplication using ELL storage format.

aoclsparse_status aoclsparse_sdiamv (aoclsparse_operation trans, const float *alpha,
aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const float *dia_val, const
aoclsparse_int *dia_offset, aoclsparse_int dia_num_diag, const aoclsparse_mat_descr descr,
const float *x, const float *beta, float *y)

Single precision sparse matrix vector multiplication using DIA storage format.

aoclsparse_status aoclsparse_ddiamv (aoclsparse_operation trans, const double *alpha,
aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const double *dia_val, const
aoclsparse_int *dia_offset, aoclsparse_int dia_num_diag, const aoclsparse_mat_descr descr,
const double *x, const double *beta, double *y)

Double precision sparse matrix vector multiplication using DIA storage format.

aoclsparse_status aoclsparse_sbhsrmv (aoclsparse_operation trans, const float *alpha,
aoclsparse_int mb, aoclsparse_int nb, aoclsparse_int bsr_dim, const float *bsr_val, const
aoclsparse_int *bsr_col_ind, const aoclsparse_int *bsr_row_ptr, const aoclsparse_mat_descr
descr, const float *x, const float *beta, float *y)

Single precision Sparse matrix vector multiplication using BSR storage format.
aoclsparse_status aoclsparse_dbsrmv (aoclsparse_operation trans, const double *alpha,
aoclsparse_int mb, aoclsparse_int nb, aoclsparse_int bsr_dim, const double *bsr_val, const
aoclsparse_int *bsr_col_ind, const aoclsparse_int *bsr_row_ptr, const aoclsparse_mat_descr
descr, const double *x, const double *beta, double *y)

Double precision Sparse matrix vector multiplication using BSR storage format.
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aoclsparse_status aoclsparse_scsrsv (aoclsparse_operation trans, const float *alpha,
aoclsparse_int m, const float *csr_val, const aoclsparse_int *csr_col_ind, const aoclsparse_int
*csr_row_ptr, const aoclsparse_mat_descr descr, const float *x, float *y)

Sparse triangular solve using CSR storage format for single data precisions.

aoclsparse_status aoclsparse_dcsrsv (aoclsparse_operation trans, const double *alpha,
aoclsparse_int m, const double *csr_val, const aoclsparse_int *csr_col_ind, const
aoclsparse_int *csr_row_ptr, const aoclsparse_mat_descr descr, const double *x, double *y)
Sparse triangular solve using CSR storage format for double data precisions.

Detailed Description

aoclsparse_functions.h provides Sparse Linear Algebra Subprograms of Level 1, 2 and 3, for
AMD CPU hardware.

Function Documentation

aoclsparse_status aoclsparse_scsrmv (aoclsparse_operation trans, const float *
alpha, aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const float *
csr_val, const aoclsparse_int * csr_col_ind, const aoclsparse_int* csr_row_ptr,
const aoclsparse_mat_descr descr, const float* x, const float* beta, float* vy)

Single precision sparse matrix vector multiplication using CSR storage format.

aoclsparse csrmv multiplies the scalar alpha with a sparse $m n$ matrix, defined
in CSR storage format, and the dense vector $x$ and adds the result to the dense vector
$y$ that is multiplied by the scalar alpha, such that y := op(A) x +y, with op(A) ={
arrayll A, & if trans == aoclsparse_operation none \ AT, & if trans ==
aoclsparse_operation_transpose \ A™H, & if trans ==
aoclsparse_operation_conjugate_transpose array .

for(i = 0; i < m; ++1)
{ yl[i] = beta * y[i];
for(j = csr_row ptr[i]; Jj < csr _row ptr[i + 1]; ++J)
{ y[i] = y[i] + alpha * csr val[j] * x[csr_col ind[]j]];
} }
Note:

Currently, only trans == aoclsparse_operation_none is supported. Currently, for
aoclsparse_matrix_type == aoclsparse_matrix_type_symmetric, only lower triangular
matrices are supported.

Parameters:
in trans matrix operation type.
in alpha scalar alpha.
in m number of rows of the sparse CSR matrix.
in n number of columns of the sparse CSR matrix.
in nnz number of non-zero entries of the sparse CSR matrix.
in csr_val array of nnz elements of the sparse CSR matrix.
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in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.

in Csr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in descr descriptor of the sparse CSR matrix. Currently, only

aoclsparse_matrix_type general and
aoclsparse_matrix_type symmetric is supported.

in X array of n elements ( $op(A) == A$) or m elements ( $op(A) ==
A"TS or $op(A) == A*HS).

in beta scalar alpha.

inout |y array of m elements ( $op(A) == A$) or n elements ( $op(A) ==

A"TS or $op(A) == A*HS).

Return values:

aoclsparse_status_ | the operation completed successfully.

Success

aoclsparse_status | m,n ornnz isinvalid.

invalid_size

aoclsparse_status_ | descr, alpha, csr _val,csr row ptr,csr col ind, x,beta
invalid_pointer or y pointer is invalid.

aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type !=
not_implemented aoclsparse_matrix_type_general. aoclsparse_matrix_type !=
aoclsparse_matrix_type symmetric.

Example

This example performs a sparse matrix vector multiplication in CSR format using additional

meta data to improve performance.
// Compute y = Ax
aoclsparse_scsrmv (aoclsparse operation none,
&alpha,
m,
n,
nnz,
csr_val,
csr_col_ind,
csr_row_ptr,
descr,
Xy
&beta,
y) 7

// Do more work

1l oo

aoclsparse_status aoclsparse_dcsrmv (aoclsparse_operation trans, const double *
alpha, aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const double *
csr_val, const aoclsparse_int * csr_col_ind, const aoclsparse_int* csr_row_ptr,
const aoclsparse_mat_descr descr, const double* x, const double* beta, double *

y)

Double precision sparse matrix vector multiplication using CSR storage format.

aoclsparse csrmv multiplies the scalar alpha with a sparse $m n$ matrix, defined
in CSR storage format, and the dense vector $x$ and adds the result to the dense vector
$y$ that is multiplied by the scalar alpha, such that y :=op(A) x +y, with op(A) ={
arrayll A, & if trans == aoclsparse_operation none \ A T, & if trans ==
aoclsparse_operation_transpose \ AMH, & if trans ==
aoclsparse_operation_conjugate_transpose array .

for(i = 0; 1 < m; ++1i)
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y[i] = beta * y[i];
for(j = csr row ptr(i]; j < csr row ptr[i + 1]; ++3j)
{ y[i] = y[i] + alpha * csr val[j] * x[csr col ind[j]];
} }
Note:
Currently, only trans == aoclsparse_operation_none is supported. Currently, for

aoclsparse_matrix_type == aoclsparse_matrix_type_symmetric, only lower triangular
matrices are supported.

Parameters:

in trans matrix operation type.

in alpha scalar alpha.

in m number of rows of the sparse CSR matrix.

in n number of columns of the sparse CSR matrix.

in nnz number of non-zero entries of the sparse CSR matrix.

in csr_val array of nnz elements of the sparse CSR matrix.

in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.

in CSr_row_ptr array of m+1 elements that point to the start of every row of the

sparse CSR matrix.

in descr descriptor of the sparse CSR matrix. Currently, only
aoclsparse_matrix_type general and
aoclsparse_matrix_type symmetric is supported.

A"TS or $op(A) == AMHS).

in X array of n elements ( $op(A) == A$) or m elements ( $op(A) ==
A"TS or $op(A) == A*HS).

in beta scalar alpha.

inout |y array of m elements ( $op(A) == A$) or n elements ( $op(A) ==

Return values:

aoclsparse_status_ | the operation completed successfully.
success

aoclsparse_status | m,n ornnz isinvalid.
invalid_size

invalid_pointer or y pointer is invalid.

aoclsparse_status_ descr, alpha,csr val,csr row ptr,csr col ind, x,beta

not_implemented aoclsparse_matrix_type_general. aoclsparse_matrix_type !=
aoclsparse_matrix_type symmetric.

aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type !=

Example

This example performs a sparse matrix vector multiplication in CSR format using additional

meta data to improve performance.
// Compute y = Ax
aoclsparse scsrmv (aoclsparse operation none,
&alpha,
m,
n,
nnz,
csr _val,
csr _col ind,
csr_row_ptr,
descr,
Xy
&beta,
y) 7

// Do more work

1) ooo
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aoclsparse_status aoclsparse_sellmv (aoclsparse_operation trans, const float *
alpha, aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const float *
ell_val, const aoclsparse_int * ell_col_ind, aoclsparse_int ell_width, const
aoclsparse_mat_descr descr, const float * x, const float * beta, float * vy)

Single precision sparse matrix vector multiplication using ELL storage format.

aoclsparse ellmv multiplies the scalar alpha with a sparse $m n$ matrix, defined
in ELL storage format, and the dense vector $x$ and adds the result to the dense vector
$y$ that is multiplied by the scalar alpha, such that y := op(A) x +y, with op(A) = {
arrayll A, & if trans == aoclsparse_operation_none \ AT, & if trans ==
aoclsparse_operation_transpose \ A™H, & if trans ==
aoclsparse_operation_conjugate_transpose array .

for(i = 0; i < m; ++1i)
{
y[i] = beta * y[il];

for(p = 0; p < ell width; ++p)
{

idx = p * m + i;

if ((ell col ind[idx] >= 0) && (ell col ind[idx] < n))

y[i] = y[i] + alpha * ell val[idx] * x[ell col ind[idx]];
}
}
}
Note:
Currently, only trans == aoclsparse_operation_none is supported.
Parameters:
in trans matrix operation type.
in alpha scalar alpha.
in m number of rows of the sparse ELL matrix.
in n number of columns of the sparse ELL matrix.
in nnz number of non-zero entries of the sparse ELL matrix.
in descr descriptor of the sparse ELL matrix. Currently, only
aoclsparse_matrix_type general is supported.
in ell_val array that contains the elements of the sparse ELL matrix. Padded
elements should be zero.
in ell_col_ind array that contains the column indices of the sparse ELL matrix.
Padded column indices should be -1.
in ell_width number of non-zero elements per row of the sparse ELL matrix.
in X array of n elements ( $op(A) == A$) or m elements ( $op(A) ==
A"TS or $op(A) == AMHS).
in beta scalar alpha.
inout |y array of m elements ( $op(A) == A$) or n elements ( $op(A) ==
A"TS or $op(A) == AMHS).
Return values:
aoclsparse_status_ | the operation completed successfully.
success
aoclsparse_status_ | m,n orell width isinvalid.
invalid_size B
aoclsparse_status_ | descr, alpha,ell val,ell col ind,x,beta ory pointeris
invalid_pointer invalid.
aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type !=
not_implemented aoclsparse_matrix_type general.
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aoclsparse_status aoclsparse_dellmv (aoclsparse_operation trans, const double *
alpha, aoclsparse_int m, aoclsparse_int n, aoclsparse_int nnz, const double *
ell_val, const aoclsparse_int * ell_col_ind, aoclsparse_int ell_width, const
aoclsparse_mat_descr descr, const double* x, constdouble* beta, double* V)

Double precision sparse matrix vector multiplication using ELL storage format.

aoclsparse ellmv multiplies the scalar alpha with a sparse $m n$ matrix, defined
in ELL storage format, and the dense vector $x$ and adds the result to the dense vector
$y$ that is multiplied by the scalar alpha, such that y := op(A) x +y, with op(A) = {
arrayll A, & if trans == aoclsparse_operation_none \ A"T, & if trans ==
aoclsparse_operation_transpose \ A™H, & if trans ==
aoclsparse_operation_conjugate_transpose array .

for(i = 0; i < m; ++1i)
{
y[i] = beta * y[il];

for(p = 0; p < ell width; ++p)
{

idx = p * m + i;

if ((ell col ind[idx] >= 0) && (ell col ind[idx] < n))

y[i] = y[i] + alpha * ell val[idx] * x[ell col ind[idx]];
}
}
}
Note:
Currently, only trans == aoclsparse_operation_none is supported.
Parameters:
in trans matrix operation type.
in alpha scalar alpha.
in m number of rows of the sparse ELL matrix.
in n number of columns of the sparse ELL matrix.
in nnz number of non-zero entries of the sparse ELL matrix.
in descr descriptor of the sparse ELL matrix. Currently, only
aoclsparse_matrix_type general is supported.
in ell_val array that contains the elements of the sparse ELL matrix. Padded
elements should be zero.
in ell_col_ind array that contains the column indices of the sparse ELL matrix.
Padded column indices should be -1.
in ell_width number of non-zero elements per row of the sparse ELL matrix.
in X array of n elements ( $op(A) == A$) or m elements ( $op(A) ==
A"TS or $op(A) == AMHS).
in beta scalar alpha.
inout |y array of m elements ( $op(A) == A$) or n elements ( $op(A) ==
A"TS or $op(A) == AMHS).
Return values:
aoclsparse_status_ | the operation completed successfully.
success
aoclsparse_status_ | m,n orell width isinvalid.
invalid_size B
aoclsparse_status_ | descr, alpha,ell val,ell col ind,x,beta ory pointeris
invalid_pointer invalid.
aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type !=
not_implemented aoclsparse_matrix_type general.
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aoclsparse_status aoclsparse_sdiamv (aoclsparse_operation
alpha, aoclsparse_int
dia_val, const aoclsparse_int *
aoclsparse_mat_descr

aoclsparse_status aoclsparse_ddiamv (aoclsparse_operation
alpha, aoclsparse_int
dia_val, const aoclsparse_int *
aoclsparse_mat_descr

trans, const float *
nnz, const float *
dia_num_diag, const
beta, float * y)

m, aoclsparse_int n, aoclsparse_int
dia_offset, aoclsparse_int
descr, const float * x, const float *

Single precision sparse matrix vector multiplication using DIA storage format.

aoclsparse diamv multiplies the scalar alpha with a sparse $m n$ matrix, defined
in DIA storage format, and the dense vector $x$ and adds the result to the dense vector
$y$ that is multiplied by the scalar alpha, such that y := op(A) x +y, with op(A) = {

arrayll A, & if trans == aoclsparse_operation_none \ A"T, & if trans ==
aoclsparse_operation_transpose \ A"H, & if trans ==
aoclsparse_operation_conjugate_transpose array .
Note:
Currently, only trans == aoclsparse_operation_none is supported.
Parameters:
in trans matrix operation type.
in alpha scalar alpha.
in m number of rows of the sparse DIA matrix.
in n number of columns of the sparse DIA matrix.
in nnz number of non-zero entries of the sparse DIA matrix.
in descr descriptor of the sparse DIA matrix. Currently, only
aoclsparse_matrix_type general is supported.
in dia_val array that contains the elements of the sparse DIA matrix. Padded
elements should be zero.
in dia_offset array that contains the offsets of each diagonal of the sparse DIAL
matrix.
in dia_num diag number of diagonals in the sparse DIA matrix.
in X array of n elements ( $op(A) == A$) or m elements ( $op(A) ==
A"TS or $op(A) == A*HS).
in beta scalar alpha.
inout |y array of m elements ( $op(A) == A$) or n elements ( $op(A) ==
A"TS or $op(A) == AMHS).
Return values:
aoclsparse_status_ | the operation completed successfully.
success
aoclsparse_status_ | m,n orell width isinvalid.
invalid_size
aoclsparse_status_ | descr, alpha,ell val,ell col ind,x,beta ory pointeris
invalid_pointer invalid.
aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type !=
not_implemented aoclsparse_matrix_type general.

trans, const double *
m, aoclsparse_int n, aoclsparse_int nnz, const double *
dia_offset, aoclsparse_int dia_num_diag, const
descr, const double * x, const double * beta, double* )

Double precision sparse matrix vector multiplication using DIA storage format.

aoclsparse diamv multiplies the scalar alpha with a sparse $m n$ matrix, defined
in DIA storage format, and the dense vector $x$ and adds the result to the dense vector
$y$ that is multiplied by the scalar alpha, such that y :=op(A) x +y, with op(A) ={
arrayll A, & if trans aoclsparse_operation_none \ AAMT, & if trans
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aoclsparse_status aoclsparse_sbsrmv (aoclsparse_operation
alpha, aoclsparse_int
bsr_val, const aoclsparse_int *
const aoclsparse_mat_descr

aoclsparse_operation_transpose \ AMH, & if trans ==
aoclsparse_operation_conjugate_transpose array .
Note:
Currently, only trans == aoclsparse_operation_none is supported.
Parameters:
in trans matrix operation type.
in alpha scalar alpha.
in m number of rows of the sparse DIA matrix.
in n number of columns of the sparse DIA matrix.
in nnz number of non-zero entries of the sparse DIA matrix.
in descr descriptor of the sparse DIA matrix. Currently, only
aoclsparse_matrix_type general is supported.
in dia_val array that contains the elements of the sparse DIA matrix. Padded
elements should be zero.
in dia_offset array that contains the offsets of each diagonal of the sparse DIAL
matrix.
in dia_num_diag number of diagonals in the sparse DIA matrix.
in X array of n elements ( $op(A) == A$) or m elements ( $op(A) ==
A"TS or $op(A) == AMHS).
in beta scalar alpha.
inout |y array of m elements ( $op(A) == A$) or n elements ( $op(A) ==
A"TS or $op(A) == AMHS).
Return values:
aoclsparse_status_ | the operation completed successfully.
success
aoclsparse_status | m,n orell width isinvalid.
invalid_size B
aoclsparse_status_ | descr,alpha,ell val,ell col ind,x,beta ory pointeris
invalid_pointer invalid. B -
aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type I=
not_implemented aoclsparse_matrix_type general.

trans, const float *

mb, aoclsparse_int nb, aoclsparse_int bsr_dim, const float *
bsr_col_ind, const aoclsparse_int* bsr_row_ptr,

descr, const float * x, const float* beta, float * vy)

Single precision Sparse matrix vector multiplication using BSR storage format.

aoclsparse bsrmv multiplies the scalar alpha with a sparse $(mb bsr_dim) (nb
bsr_dim)$ matrix, defined in BSR storage format, and the dense vector $x$ and adds the
result to the dense vector $y$ that is multiplied by the scalar alpha, such that y := op(A)
x +y, with op(A) = {arrayll A, & if trans == aoclsparse_operation_none \ AT, & if

trans ==  aoclsparse_operation_transpose \ A”H, & if trans ==
aoclsparse_operation_conjugate_transpose array .
Note:
Currently, only trans == aoclsparse_operation_none is supported.

Parameters:

in trans matrix operation type.

in mb number of block rows of the sparse BSR matrix.

in nb number of block columns of the sparse BSR matrix.

in alpha scalar alpha.

in descr descriptor of the sparse BSR matrix. Currently, only

aoclsparse_matrix_type general is supported.
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in bsr_val array of nnzb blocks of the sparse BSR matrix.

in bsr_row_ptr array of mb+1 elements that point to the start of every block row
of the sparse BSR matrix.

in bsr_col_ind array of nnz containing the block column indices of the sparse
BSR matrix.

in bsr_dim block dimension of the sparse BSR matrix.

in X array of nb*bsr_dim elements ($op(A) = A$) or
mb*bsr dim elements ($op(A) = A*T$ or $op(A) = A"HS$).

in beta scalar alpha.

inout |y array of mb*bsr dim elements ($op(A) = A$) or
nb*bsr dim elements ($op(A) = ANT$ or $op(A) = AHS).

Return values:

aoclsparse_status_ | the operation completed successfully.

success
aoclsparse_status_ | the library context was not initialized.
invalid_handle

aoclsparse_status_ | mb , nb, nnzb Orbsr dim isinvalid.
invalid_size B

aoclsparse_status_ | descr, alpha, bsr val,bsr row ind,bsr col ind, x,beta
invalid_pointer or y pointer is invalid.

aoclsparse_status_ | the device is not supported.
arch_mismatch

aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type !=
not_implemented aoclsparse_matrix_type general.

aoclsparse_status aoclsparse_dbsrmv (aoclsparse_operation trans, const double *
alpha, aoclsparse_int mb, aoclsparse_int nb, aoclsparse_int bsr_dim, const
double* bsr_val, const aoclsparse_int* bsr_col_ind, const aoclsparse_int *
bsr_row_ptr, const aoclsparse_mat_descr descr, const double* x, const double *
beta, double * y)

Double precision Sparse matrix vector multiplication using BSR storage format.

aoclsparse bsrmv multiplies the scalar alpha with a sparse $(mb bsr_dim) (nb
bsr_dim)$ matrix, defined in BSR storage format, and the dense vector $x$ and adds the
result to the dense vector $y$ that is multiplied by the scalar alpha, such that y := op(A)
x +y, with op(A) = {arrayll A, & if trans == aoclsparse_operation_none \ AT, & if
trans ==  aoclsparse_operation_transpose \ A”H, & if trans ==
aoclsparse_operation_conjugate_transpose array .

Note:
Currently, only trans == aoclsparse_operation_none is supported.
Parameters:
in trans matrix operation type.
in mb number of block rows of the sparse BSR matrix.
in nb number of block columns of the sparse BSR matrix.
in alpha scalar alpha.
in descr descriptor of the sparse BSR matrix. Currently, only
aoclsparse_matrix_type general is supported.
in bsr_val array of nnzb blocks of the sparse BSR matrix.
in bsr_row_ptr array of mb+1 elements that point to the start of every block row
of the sparse BSR matrix.
in bsr_col_ind array of nnz containing the block column indices of the sparse
BSR matrix.
in bsr_dim block dimension of the sparse BSR matrix.
in X array of nb*bsr dim elements ($op(A) = A$) or
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mb*bsr dim elements ($op(A) = A*TS$ or $op(A) = A*HS).

in beta scalar alpha.

inout |y array of mb*bsr_dim elements ($op(A) = A$) or
nb*bsr dim elements ($op(A) = ANTS or $op(A) = AHS).

Return values:

aoclsparse_status_ | the operation completed successfully.

success
aoclsparse_status_ | the library context was not initialized.

invalid_handle

aoclsparse_status_ | mb , nb, nnzb Orbsr dim isinvalid.

invalid_size B

aoclsparse_status_ | descr, alpha,bsr val,bsr row ind,bsr col ind, x,beta
invalid_pointer or y pointer is invalid.

aoclsparse_status_ | the device is not supported.
arch_mismatch

aoclsparse_status_ | trans !=aoclsparse_operation_none or aoclsparse_matrix_type I=
not_implemented aoclsparse_matrix_type general.

aoclsparse_status aoclsparse_scsrsv (aoclsparse_operation trans, const float *
alpha, aoclsparse_int m, const float * csr_val, const aoclsparse_int* csr_col_ind,
const aoclsparse_int* csr_row_ptr, const aoclsparse_mat_descr descr, const float *
X, float * vy)

Sparse triangular solve using CSR storage format for single precisions.

aoclsparse csrsv solves a sparse triangular linear system of a sparse $m m$
matrix, defined in CSR storage format, a dense solution vector $y$ and the right-hand
side $x$ that is multiplied by alpha, such that op(A) y = x, with op(A) = { arrayll A,

& if trans == aoclsparse_operation_none \ AT, & if trans ==
aoclsparse_operation_transpose \ A™H, & if trans ==
aoclsparse_operation_conjugate_transpose array .
Note:
Currently, only trans == aoclsparse_operation_none is supported.
The sparse CSR matrix has to be sorted.
Parameters:
in trans matrix operation type.
in alpha scalar alpha.
in m number of rows of the sparse CSR matrix.
in csr_val array of nnz elements of the sparse CSR matrix.
in CSr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.
in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.
in descr descriptor of the sparse CSR matrix.
in X array of m elements, holding the right-hand side.
out y array of m elements, holding the solution.

Return values:

aoclsparse_status_ | the operation completed successfully.

success
aoclsparse_status_ | m isinvalid.

invalid_size

aoclsparse_status_ | descr, alpha, csr val,csr row ptr,csr col ind,x Ory
invalid_pointer pointer is invalid.

aoclsparse_status_ | an internal error occurred.
internal_error
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aoclsparse_status aoclsparse_dcsrsv (aoclsparse_operation
alpha, aoclsparse_int
csr_col_ind, const aoclsparse_int *
descr, const double *

aoclsparse_status_
not_implemented

trans == aoclsparse_operation_conjugate_transpose or trans
aoclsparse_operation_transpose or aoclsparse_matrix_type !=
aoclsparse_matrix_type general.

trans, const double *
m, const double * csr_val, const aoclsparse_int *
csr_row_ptr, const aoclsparse_mat_descr

X, double * )

Sparse triangular solve using CSR storage format for double data precision.

aoclsparse csrsv solves a sparse triangular linear system of a sparse $m m$
matrix, defined in CSR storage format, a dense solution vector $y$ and the right-hand
side $x$ that is multiplied by alpha, such that op(A) y = x, with op(A) = { arrayll A,
& if trans aoclsparse_operation_none \ AT, & if trans
aoclsparse_operation_transpose \ A™H, & if trans
aoclsparse_operation_conjugate_transpose array .

Note:

Currently, only trans

aoclsparse_operation_none is supported.

The sparse CSR matrix has to be sorted.

Parameters:

in trans matrix operation type.

in alpha scalar alpha.

in m number of rows of the sparse CSR matrix.

in csr_val array of nnz elements of the sparse CSR matrix.

in csr_row_ptr array of m+1 elements that point to the start of every row of the
sparse CSR matrix.

in csr_col_ind array of nnz elements containing the column indices of the sparse
CSR matrix.

in descr descriptor of the sparse CSR matrix.

in X array of m elements, holding the right-hand side.

out y array of m elements, holding the solution.

Return values:

aoclsparse_status_
success

the operation completed successfully.

aoclsparse_status_
invalid_size

m isinvalid.

aoclsparse_status_
invalid_pointer

descr, alpha,csr val,csr row ptr,csr col ind,x Ory
pointer is invalid.

aoclsparse_status_
internal_error

an internal error occurred.

aoclsparse_status_
not_implemented

trans == aoclsparse_operation_conjugate_transpose or trans ==
aoclsparse_operation_transpose or aoclsparse_matrix_type !=
aoclsparse_matrix_type general.
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5. aoclsparse_types.h

aoclsparse_types.h defines data types used by aoclsparse

Typedefs

typedef int32_t aoclsparse_int

Specifies whether int32 or int64 is used.

typedef struct _aoclsparse_mat_descr * aoclsparse_mat_descr
Descriptor of the matrix.

Enumerations

enum aoclsparse_operation { aoclsparse_operation_none = 111,
aoclsparse_operation_transpose = 112, aoclsparse_operation_conjugate_transpose = 113
}Specify whether the matrix is to be transposed or not.

enum aoclsparse_index_base { aoclsparse_index_base zero = 0, aoclsparse_index_base one =
1 }Specify the matrix index base.

enum aoclsparse_matrix_type { aoclsparse_matrix_type_general =0,
aoclsparse_matrix_type_symmetric = 1, aoclsparse_matrix_type_hermitian = 2,
aoclsparse_matrix_type_triangular = 3 }Specify the matrix type.

enum aoclsparse_diag_type { aoclsparse_diag_type _non_unit = 0, aoclsparse_diag_type_unit
=1 }Indicates if the diagonal entries are unity.

enum aoclsparse_fill_mode { aoclsparse_fill_mode_lower = 0, aoclsparse_fill_mode_upper =
1 }Specify the matrix fill mode.

enum aoclsparse_status { aoclsparse_status_success = 0, aoclsparse_status_not_implemented
=1, aoclsparse_status_invalid_pointer = 2, aoclsparse_status_invalid_size = 3,
aoclsparse_status_internal_error = 4, aoclsparse_status_invalid_value = 5 }List of aoclsparse
status codes definition.

Detailed Description
aoclsparse_types.h defines data types used by aoclsparse

Typedef Documentation

typedef struct _aoclsparse_mat_descr* aoclsparse_mat_descr

Descriptor of the matrix.

The aoclSPARSE matrix descriptor is a structure holding all properties of a matrix. It
must be initialized using aoclsparse_create_mat_descr() and the returned descriptor
must be passed to all subsequent library calls that involve the matrix. It should be
destroyed at the end using aoclsparse_destroy_mat_descr().

Enumeration Type Documentation

enum aoclsparse_operation

Specify whether the matrix is to be transposed or not.
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The aoclsparse_operation indicates the operation performed with the given matrix.

Enumerator:

aoclsparse_operati | Operate with matrix.
on_none

aoclsparse_operati | Qperate with transpose.
on_transpose

aoclsparse_operati | Operate with conj. transpose.
on_conjugate_tran
spose

enum aoclsparse_index_base

Specify the matrix index base.

The aoclsparse_index_base indicates the index base of the indices. For a given
aoclsparse_mat_descr, the aoclsparse_index base can be set using
aoclsparse_set_mat_index_base(). The current aoclsparse_index_base of a matrix can
be obtained by aoclsparse_get_mat_index_base().

Enumerator:

aoclsparse_index_ | zero based indexing.
base_zero

aoclsparse_indeX_ | one based indexing.
base _one

enum aoclsparse_matrix_type

Specify the matrix type.

The aoclsparse_matrix_type indices the type of a matrix. For a given
aoclsparse_mat_descr, the aoclsparse_matrix_type can be set using
aoclsparse_set_mat_type(). The current aoclsparse_matrix_type of a matrix can be
obtained by aoclsparse_get_mat_type().

Enumerator:

aoclsparse_matrix | general matrix type.
_type_general

aoclsparse_matrix | symmetric matrix type.
_type_symmetric

aoclsparse_matrix | hermitian matrix type.
_type_hermitian

aoclsparse_matrix | triangular matrix type.
_type_triangular

enum aoclsparse_diag_type

Indicates if the diagonal entries are unity.
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The aoclsparse_diag_type indicates whether the diagonal entries of a matrix are unity or
not. If aoclsparse_diag_type_unit is specified, all present diagonal values will be
ignored. For a given aoclsparse_mat_descr, the aoclsparse_diag_type can be set using
aoclsparse_set_mat_diag_type(). The current aoclsparse_diag_type of a matrix can be
obtained by aoclsparse_get_mat_diag_type().

Enumerator:

aoclsparse_diag_ty

Y | diagonal entries are non-unity.
pe_non_unit

aoclsparse_diag_ty

Y | diagonal entries are unity
pe_unit

enum aoclsparse_fill_mode

Specify the matrix fill mode.

The aoclsparse_fill_mode indicates whether the lower or the upper part is stored in a
sparse triangular matrix. For a given aoclsparse_mat_descr, the aoclsparse_fill_mode
can be set using aoclsparse_set_mat_fill_mode(). The current aoclsparse_fill_mode of
a matrix can be obtained by aoclsparse_get_mat_fill_mode().

Enumerator:
aoclsparse_fill_mo | |ower triangular part is stored.
de_lower

aoclsparse_fill_mo

upper triangular part is stored.
de_upper

enum aoclsparse_status

List of aoclsparse status codes definition.
This is a list of the aoclsparse_status types that are used by the aocISPARSE library.

Enumerator:

aoclsparse_status_
success

SUCCESS.

aoclsparse_status_

_ function is not implemented.
not_implemented

aoclsparse_status_i

! : invalid pointer parameter.
nvalid_pointer

aoclsparse_status_i

Latus invalid size parameter.
nvalid_size

aoclsparse_status_i

other internal library failure.
nternal_error

aoclsparse_status_i

: invalid value parameter.
nvalid_value
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DISCLAIMER

The information contained herein is for informational purposes only, and is subject to change without notice.
While every precaution has been taken in the preparation of this document, it may contain technical
inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise correct
this information. Advanced Micro Devices, Inc. makes no representations or warranties with respect to the
accuracy or completeness of the contents of this document, and assumes no liability of any kind, including the
implied warranties of noninfringement, merchantability or fitness for particular purposes, with respect to the
operation or use of AMD hardware, software or other products described herein. No license, including implied or
arising by estoppel, to any intellectual property rights is granted by this document. Terms and limitations
applicable to the purchase or use of AMD’s products are as set forth in a signed agreement between the parties
or in AMD's Standard Terms and Conditions of Sale.
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