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Chapter 1. Introduction

This document describes the functions available in the CSIPL library of vector, signal
processing, and linear algebra routines.

1.1 Types

The following base types are available:

csipl_bool boolean
csipl_cscalar_f complex floating-point scalar
csipl_cscalar_d complex double precision scalar

csipl_index index to a vector

csipl_index mi  index (pair of integers) to a matrix
csipl_length dimension of a vector or matrix
csipl_stride stride or jump of a vector or matrix

If you are using a version of the library that has 64-bit pointers, you must define the
symbol POINTER_SIZE_64BIT at compile time: this will ensure that variables of types
csipl_length and csipl_stride are 64-bit integers.

The library also passes information around in abstract data types. These objects are
opaque structures (implemented as incomplete typedefs) and they can only be created,
accessed, and destroyed with library functions that reference them via a pointer. Some
are used to describe the data layout in memory; others store information on filters,
matrix decompositions, and so on. Some objects have a ‘get attribute’ function that
allows the user access to the internal values.

1.2 Symbols and Flags

The following symbolic constants are defined.

CSIPL_TRUE
CSIPL_FALSE

Other symbols are defined in enumerated types. The valid choices are listed with each
function description.

1.3 Vector Variables

A vector is passed into a function with three parameters:

e a pointer to the start of the data

e an integer for the distance between processed elements (stride); stride = 1 (unit
stride) means every element of a vector has to be processed, stride = 2 means
every other element, and so on
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e an integer for the number of elements accessed (length).

Stride and length are measured in number of data elements (not bytes). For a compound
type like complex, this means the number of (real,imaginary) pairs and not the number
of atomic type elements (floats for example).

When several vectors are passed into a function, each has its own stride, but usually
they all share a common length. In the function prototypes, each vector variable has
two parameters (a data pointer followed by a stride) and the common processed length
is usually the last parameter.

When a stride is negative the processing progresses backwards through the data so a
suitable offset must be added to the data pointer. With proper pointer arithmetic the
offset is also measured in number of data elements.

1.4 Matrix Variables

Matrices are stored in row-major format. A matrix is passed into a function with four
parameters:

e a pointer to the start of the data

e an integer for the distance between adjacent elements in a column of the matrix
(leading dimension); it is denoted by 1dM for matrix M; it can be viewed as the
number of columns in the 2-dimensional array containing M;

e an integer for the number of rows

e an integer for the number of columns (less than or equal to the leading dimension).

As with vectors, the leading dimension is measured in number of data elements.

When several matrices are passed into a function, each has its own leading dimension,
but often they all have the same dimensions, or have one dimension in common. In the
function prototypes, each matrix variable has two parameters (a data pointer followed
by a leading dimension); the dimension parameters (numbers of row and columns) are
often common for several matrices and are usually the last items in the parameter list.
The description of each function explains the dimensions of the matrices.

1.5 Complex Variables

Most functions that use complex data are available in two versions: one accepts data
stored in interleaved format and each complex variable is passed as a single parameter;
the other takes data stored in split format and each complex variable is passed via two
parameters — one each for the real and imaginary parts.

1.6 Function Names

For almost all functions, the suffix indicates the base datatype of the arguments as
follows:
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f float

d  double
i integer
bl boolean

vi vector index
mi matrix index.

1.7 Hints

They following mechanisms are provided for the programmer to indicate preferences for
optimisation: currently almost all are ignored but they are reserved for future use.
The only exception is the algorithm hint in FIR filters.

e Flags of the enumerated type csipl _memory_hint specified when allocating or
creating some objects.

e Flags of the enumerated type csipl_alg hint used to indicate whether algo-
rithmic optimisation should minimise execution time, memory use, or maximise
numerical accuracy.

e An indication of how many times an object will be used (filters and FFTs have
such a parameter).

1.8 Notation

The following standard mathematical notation is used in the function descriptions.

:=  assignment operator
i square root of —1
|z|  absolute value of the real number x
|z|  modulus of the complex number z
|z] floor of the real number x (largest integer less than or equal to x)
[x] ceiling of the real number x (smallest integer greater than or equal to z)
z conjugate of the complex number z
MT  transpose of the matrix M
MY Hermitian (conjugate transpose) of the complex matrix M

Note that in expressions i is always the square root of —1; vectors and matrices are
indexed with j and k.

An elementwise operation on vectors will be written C[j * strideC] := A[j * strideA] 4+
BJj * strideB]. Often the range of the index variable is not given explicity; in such cases
it is clear from the context that it runs over all the elements in the vectors and that the
lengths of the vectors must be equal.

An M by N matrix has M rows and N columns.
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1.9 Errors and Restrictions

Many functions require that their arguments be conformant. This means that the
objects passed have compatible attributes: for example, size and shape of matrices,
lengths of vectors or filter kernels.

If an argument is required to be valid, it means:

e a pointer is not NULL
e a flag is a member of the required enumerated type

e an object has been initialised and not destroyed.
Errors can occur for the following reasons:

1. argument is outside the domain for calculation
2. over/underflow during calculation
3. failure to allocate memory

4. algorithm failure because of inappropriate data (as when a matrix does not have
full rank)

5. arguments are invalid, out of range, or non-conformant.

Only errors of type 5 are regarded as fatal: in this case, the development version of the
library will write a message to stderr and call exit.

Errors of types 3 and 4 are signalled through the return value of the function. A create
function will return NULL if the allocation fails; functions with integer return codes use
zero to indicate success.

The calling program is not alerted to errors of types 1 and 2.
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This section is a short guide for programmers using the NAS CSIPL Library. It contains
explanations of library behavior, and tips on selecting the right storage options for your
data to increase performance.

2.1 Version Information

Information about the version of the NAS CSIPL library you are using can be found in
the comments at the top of the include file csipl.h. There is no way that a program
can determine the library version at run-time.

2.2 Memory Alignment

The efficiency of many operations is improved if data within memory is correctly aligned
on certain word boundaries.

Vectors and matrices can be loaded and stored faster if they are vector aligned.

The following table gives the vector alignment and minimum vector length for float data:

Technology | Vector Aligment

SSE 16
AVX 32
AltiVec 16

Alignment can be controlled using a function such as memalign. This is a C function
that is not in the ANSI standard but is available on many systems. It is defined in
malloc.h on Linux systems.

The following macro redefines malloc so that all memory allocation is optimally aligned:

#include <malloc.h>
#define malloc(SIZE) memalign(16, SIZE)

Some operating systems (e.g. Apple’s OSX) automatically align all memory to a 16-byte
boundary so memalign is not needed.

2.3 Vector/Matrix Format

When available, vector and matrix calculations are done using single instruction, multiple
data (SIMD) instructions to process several elements simultaneously. This imposes a
minimum vector length given in the table below:

CSIPL/Ref [3.20.14D)] ENASoftware 5



CHAPTER 2. GETTING THE BEST PERFORMANCE

Technology minimum
Vector Length

(floats)

SSE 4
AVX 8
AltiVec 4

For short ints (16 bits) the vector length should be twice that of the float vector length.
If the vector unit supports doubles (64 bits), then the vector length should be half that
of floats.

For best performance all input and output vectors should:

e have a stride of 1

Vectors and matrices can be loaded and stored much quicker when they are con-
tiguous in memory. The library includes special optimisations for a stride length
of 2 (which was added for interleaved complex numbers), but all other non-unit
strides will be significantly slower than a stride of 1 and, in many cases, almost as
slow as unvectorised scalar code. Note that, a stride of —1 will also be significantly
slower than a stride of +1.

e be vector aligned

e have length greater than or equal to the vector length

The vector unit works on arrays of the vector length so no speed up is gained by
using the library on vectors of length less than this.

e have row (row major matrices) or column (column major matrices) length divisible
by the vector length

For a row major matrix: if the row length of a matrix is not divisible by the vector
length then the alignment of the first element of each row will change for each
row/column. For optimal performance the first element of each row should be
vector aligned.

The same rule applies to columns in column major matrices.

e have a length divisible by the vector length

Any elements at the end of the vector which cannot be dealt with by the vector
unit must be dealt with in normal scalar code, which will decrease the performance.
The decrease in performance becomes less important for longer vectors.

2.4 Error Checking and Debugging

Two versions of the NAS CSIPL library are provided: a performance version and a
development version. The development version of the library (signified by a ‘D’ in the
library’s name) contains full error checking and should always be used when developing
and debugging applications.
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A few library functions return status information: always check the return code of those
that do.

The performance version of the library contains no error checking, and consequently
runs faster than the development library. The performance library should only be used
with applications that have been run successfully with the development version of the
library.

When timing code, the performance version of the library should be used.

Note: the performance version of the library reads in data before it knows how much
will be used and as a result often reads more data than is needed. This is not a problem,
except when using memory checkers such as Electric Fence which object to this behavior.
The development library only reads in the data it intends to use and so is safe to use
with memory checkers.

2.5 Support Functions
Always call csip_init and csip_finalize at the beginning and end of a program.

Note: For the AltiVec optimized library, calling csip_init will put the AltiVec unit
into non-Java mode if it is not already. This speeds up most AltiVec instructions.

2.6 Scalar Functions

As the vector unit works on arrays of the vector length, scalar functions in the library
are not vectorized.

2.7 Random Number Generation

The random number generation functions have not been vectorized in the current version
of the library.

2.8 Vector and Elementwise Operations

All vector and elementwise operations work optimally on vectors which match the con-
ditions given in Section 2.3.

2.9 Signal Processing Functions

All signal processing operations work optimally on vectors which match the conditions
given in Section 2.3.

Most of the signal processing routines are split into three stages:
e a create stage
e a compute stage

e a destroy stage.

The library has been optimized to minimize the time taken to do the compute stage,
which means as much precomputation as possible is done in the create stage. If you are
using the same signal processing routine on many vectors of the same length, it is far
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quicker to just create the required signal processing object once and reuse it for each
computation stage rather than recreating the object each time it is needed.

2.10 FFT Functions

To get the best performance from an FFT, a vector must have length a multiple of the
numbers 2, 4, 8, and 3 only. If a vector length is not a multiple of these numbers, a DFT
may be done, which is considerably slower than an FFT. Factors of 3 should be avoided
if possible. An FFT will only be done for factors of 3 if the length also has a factor of
16, otherwise a DFT is done.

When doing large FFT’s, optimal routines have been developed for the lengths: 4096,
8192, 16384, 32768, and 65536. These lengths should be much quicker than lengths of
similar magnitude. In-place FF'T’s are normally faster than out-of-place FFT’s. FFT’s
are fastest with a scale factor of 1. However, if you need to use a different scale factor,
it is better to let the FF'T routine do the scaling rather than to do it yourself.

The internal FFT routines only work on vector aligned data with a stride of 1. If vectors
are used which do not match these restrictions an internal copy of the vector will be
made. This is an important consideration when using large vectors. Also, if complex
vectors are not stored split an internal copy will be made.

The current version of the NAS CSIPL library does not have any special FFT routines
for doing multiple FFT’s, so the time to do n single FFT’s will be approximately the
same as using the multiple FFT routines on a matrix of n rows.

The ntimes parameter to the FFT functions is ignored. The algorithmic hint is only used
in the FFT create function: if the CSIP_ALG_NOISE hint is used, the FFT create function
will take significantly longer. By default, the algorithms are optimized to minimize
execution time.

2.11 FIR Filter, Convolution and Correlation Functions

These functions call the FFT functions internally and are therefore subject to the same
restrictions.

Hints are ignored with the exception of the internal calling of the FFT create function
described in the FFT functions section.

2.12 Linear Algebra Functions

For optimal performance the vectors and matrices used with the linear algebra functions
should match the conditions given in Section 2.3. (See also the sections below when
using complex LU, complex Cholesky, or complex QRD functions).

2.13 Matrix and Vector Operations

Matrix and vector operations should work optimally on row or column major matrices
(row major is the default), however, the restriction exists that all matrices passed to
a function should be of the same order. For example, using two row major matrices
as input to a function and a column major as output will be slower than using all row
major or all column major. When matrices are passed to NAS CSIPL functions that
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are not all of the same order, the library will assume they are all row major and treat
the column major matrices as strided matrices. (See also the sections below when using
LU, Cholesky, or QRD functions).

2.14 LU Decomposition, Cholesky and QRD Functions

These functions have three separate stages:

e 3 create stage
e a compute stage

e a destroy stage.

The library has been optimized to minimize the time taken to do the compute stage,
which means as much precomputation as possible is done in the create stage. If you
are using the linear algebra routine on many matrices of the same size, it is far quicker
to just create the required linear algebra object once and reuse it for each computation
stage rather than recreating the object each time it is needed.

If matrices of different orders or strided matrices are passed to these functions, an internal
copy will be made of the entire matrix before the computation is done. This is an
important consideration when using large matrices. (Note: unaligned matrices do NOT
require internal copying provided they have a stride of one and all matrices used with
the functions are of the same order).

When using the QRD functions, it is only necessary to save the Q matrix if using the
grdprodq function; the qrsol and qrdsolr do not need the Q matrix.

2.15 Special Linear System Solvers

The covsol and 1lsqgsol functions internally use the QRD functions and so have the
same requirements for optimal performance.

The toepsol functions are based on vector operations and so have the same requirements
for optimal performance.

2.16 Controlling the Number of Threads

The NAS CSIPL library is multithreaded and will take advantage of multiple cores on
the processor invoking it. Utilizing multiple threads is automatic:

e The maximum number of threads used is set when csip_init is called.

e The maximum number running at any one time is also set at that point. If a
threaded routine is called with (say) 4 threads and we have hit this maximum
number running then four of them are shut down before the new function is exe-
cuted.

e The number of threads invoked when a routine is called, is decided by that routine
by reference to the data (vector or matrix) size specified in the call, to provide the
best performance for that call.
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CHAPTER 2. GETTING THE BEST PERFORMANCE

It is possible to change the maximum number of threads used.

1. A threaded, and a non-threaded (“serial”) version of the library are provided. If
you wish to only ever use one thread in a library call, use the serial version of the
library.

2. The maximum number of threads used for a specific function call, and the max-
imum number kept running at any one time, can be changed by a call to the
routine Thread_SetParams with arguments num_threads and max_num_running.
This call, if used, must be made before the library initialization routine csip_init
is called.

3. When calling the routine Thread_SetParams the value of max num running must
be greater or equal to 3*num threads. If the user enters a smaller value than this
in their Thread_SetParams function call then the function will set the value of
max_num_running to 3*num_threads.

If no call to Thread_SetParams is made, the library default values will be utilized.
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Chapter 3. Support Functions

3.1 Initialization and Finalization
e csipl_init

e csipl_finalize
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CHAPTER 3. SUPPORT FUNCTIONS

csipl_init
Provides initialization, allowing the library to allocate and set a global state, and prepare

to support the use of CSIPL functionality by the user.

Prototype
int csipl_init(

void *ptr);
Parameters

e ptr, pointer to structure, input.

Return Value

e Error code.

Description

This required function informs the CSIPL library that library initialization is requested,
and that other CSIPL functions will be called. This function must be called at least
once by all CSIPL programs. It may be called multiple times as well, with correspond-
ing calls to csipl_finalize to create nested pairs of initialization/termination. Only
the csipl_finalize matching the first csipl_init call will actually release the library.
Intermediate calls to csipl_init have no effect, but support easy program/library de-
velopment through compositional programming, where the user may not even know that
a library itself invokes CSIPL.

The argument is reserved for future purposes. The NULL pointer should be passed for
CSIPL 1.0 compliance.

Returns zero if the initialization succeeded, and non-zero otherwise.
Restrictions

This function may be called at any time during the execution of the program.

Errors
Notes

All programs must use the initialization function before calling any other CSIPL func-
tions.
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Unsuccessful initialization of the library is not an error. It is always signalled via the
function’s return value, and should always be checked by the application.
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csipl_finalize

Provides cleanup and releases resources used by CSIPL (if the last of a nested series of
calls), allowing the library to guarantee that any resources allocated by csipl_init are
no longer in use after the call is complete.

Prototype

int csipl_finalize(
void *ptr);

Parameters

e ptr, pointer to structure, input.

Return Value

e Error code.

Description

This required function informs the CSIPL library that it is no longer being used by a pro-
gram, so that all needed global state and hardware state can be returned. All programs
must call this function at least once if they terminate. If the program does terminate,
the last CSIPL function called must be an outermost csipl_finalize. Because nested
csipl_init’s are supported, so are nested csipl_finalize’s.

The user must explicitly destroy all CSIPL objects before calling this function if this
is an ‘outermost’ csipl_finalize. When nesting initializations, there is no need to
destroy all objects prior to calling this function, but the user is obliged to keep track of
the nesting depth if programs are written in such a manner.

Returns zero if the finalization succeeded, and non-zero otherwise. Zero is always re-
turned if the call is not outermost.

Restrictions

This function may only be called if a previous csipl_init call has been made, with no
previous corresponding csipl_finalize.

Errors

An outermost csipl_finalize call produces an error if there are any CSIPL objects
not destroyed.
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Notes

The user program is always responsible for returning resources it is no longer using
by destroying CSIPL objects. An outermost finalization function will return resources
that it allocated previously with csipl_init. Non-outermost csipl_finalize’s always
return zero (success).
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3.2 Sundry Functions
e csipl_complete

e csipl_cstorage
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csipl_complete

Force all deferred CSIPL execution to complete.

Prototype

void csipl_complete(void) ;

Parameters

® none.

Return Value

® none.

Description

Forces all deferred CSIPL execution to complete and then returns. NOTE: there is no
deferred execution in this implementation of CSIPL.

Restrictions
Errors

Notes
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csipl_cstorage

Returns the preferred complex storage format for the system.

Prototype

csipl_cmplx _mem csipl_cstorage(void) ;

Parameters

® none.

Return Value

e enumerated type.
CSIPL_CMPLX_INTERLEAVED interleaved

CSIPL_CMPLX_SPLIT split
CSIPL_CMPLX_NONE no preference
Description

Returns the preferred complex storage format for the system.

Restrictions
Errors

Notes
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Chapter 4. Scalar Functions

4.1 Real Scalar Functions
e csipl_acos_P
e csipl_asin_ P
e csipl_atan_P
e csipl_atan2_P
e csipl_ceil_P
e csipl_cos_P
e csipl_cosh_P
e csipl_exp_P
e csipl_explO_P
e csipl_floor_P
e csipl_fmod_P
e csipl_hypot_P
e csipl_log_P
e csipl_loglO_P
e csipl_mag P
e csipl_max P
e csipl_min P
e csipl_pow_P
e csipl_rsqrt_P
e csipl_sin P
e csipl_sinh P
e csipl_sqrt_P
e csipl_tan P

e csipl_tanh P
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csipl_acos_P

Computes the principal radian value in [0, 7] of the inverse cosine of a scalar.

Prototype

scalar_ P csipl_acos_P(
scalar_ P A);

The following instances are supported:

csipl_acos_f

csipl_acos_d

Parameters

e A, scalar, input.

Return Value

e scalar.

Description

return value := cos™!(A).

Restrictions

The arguments must lie in the interval [—1,1].

Errors

Notes

CSIPL/Ref [3.20.14D)] ERINASoftware 20



CHAPTER 4. SCALAR FUNCTIONS

csipl_asin_P

Computes the principal radian value in [0, 7| of the inverse sine of a scalar.

Prototype

scalar_ P csipl_asin_P(
scalar_ P A);

The following instances are supported:

csipl_asin_f

csipl_asin_d

Parameters

e A, scalar, input.

Return Value

e scalar.

Description

return value := sin~*(4).

Restrictions

The arguments must lie in the interval [—1,1].

Errors

Notes
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csipl_atan_P

Computes the principal radian value in [—7/2, 7/2] of the inverse tangent of a scalar.

Prototype

scalar_P csipl_atan_P(
scalar_ P A);

The following instances are supported:

csipl_atan_f

csipl_atan_d

Parameters

e A, scalar, input.

Return Value

e scalar.

Description

return value := tan=!(4).

Restrictions
Errors

Notes
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csipl_atan2_P

Computes the four-quadrant radian value in [—m, 7| of the inverse tangent of the ratio

of two scalars.

Prototype
scalar P csipl_atan2 P(

scalar_ P A,
scalar_ P B);

The following instances are supported:

csipl_atan2_f

csipl_atan2_d

Parameters

e A, scalar, input.

e B, scalar, input.

Return Value

e scalar.

Description

return value := tan—'(A/B).

The rules for calculating the function value are the same as those for the ANSI C function

atan?2.

Restrictions

The arguments must not be both zero.

Errors

Notes
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csipl_ceil P

Computes the ceiling of a scalar.

Prototype

scalar P csipl_ceil P(
scalar_ P A);

The following instances are supported:

csipl_ceil_f
csipl_ceil_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := [A].

Returns the smallest integer greater than or equal to the argument.

Restrictions
Errors

Notes
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csipl_cos_P

Computes the cosine of a scalar angle in radians.

Prototype

scalar_ P csipl_cos_P(
scalar_P A);

The following instances are supported:

csipl_cos_£f

csipl_cos_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := cos(4).

Restrictions
Errors
Notes

Input argument is expressed in radians.
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csipl_cosh_P

Computes the hyperbolic cosine of a scalar.

Prototype

scalar_P csipl_cosh_P(
scalar_ P A);

The following instances are supported:

csipl_cosh_f
csipl_cosh_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := cosh(2).

Restrictions
Errors

Notes
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csipl_exp_P

Computes the exponential of a scalar.

Prototype

scalar P csipl_exp_P(
scalar_P A);

The following instances are supported:

csipl_exp_£f
csipl_exp_-d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := exp(A).

Restrictions

Overflow will occur if the argument is greater than the natural logarithm of the maximum
representable number. Underflow will occur if the argument is less than the natural

logarithm of the maximum representable number.

Errors

Notes
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csipl_exp10_P

Computes the base-10 exponential of a scalar.

Prototype

csipl_Dscalar_P csipl_expl0_P(
csipl_Dscalar_ P A);

The following instances are supported:

csipl_explO_£
csipl_expl0_d

Parameters

e A real or complex scalar, input.

Return Value

e real or complex scalar.

Description

return value := 10*.

Restrictions

Overflow will occur if the argument is greater than the base-10 logarithm of the maximum
representable number. Underflow will occur if the argument is less than the base-10

logarithm of the maximum representable number.

Errors

Notes
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csipl_floor_P

Computes the floor of a scalar.

Prototype

scalar P csipl_floor_P(
scalar_ P A);

The following instances are supported:

csipl_floor_£
csipl_floor_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := [A].

Returns the largest integer less than or equal to the argument.

Restrictions
Errors

Notes

CSIPL/Ref [3.20.14D] ENASoftware

29



CHAPTER 4. SCALAR FUNCTIONS

csipl_fmod_P

Computes the remainder of the quotient (modulo) of two scalars.

Prototype
scalar P csipl_fmod_P(

scalar_ P A,
scalar_P B);

The following instances are supported:

csipl_fmod_£f
csipl_fmod_d

Parameters

e A, scalar, input.

e B, scalar, input.

Return Value

e scalar.

Description

return value := A — nB

For some integer n such that, if B is non-zero, the result has the same sign as A and

magnitude less than the magnitude of B.

Restrictions
Errors

Notes
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csipl_hypot_P

Computes the square root of the sum of the squares (hypotenuse) of two scalars.
Prototype

scalar_P csipl_hypot_P(

scalar_ P A,
scalar_P B);

The following instances are supported:

csipl_hypot_f
csipl_hypot_d

Parameters

e A, scalar, input.

e B, scalar, input.

Return Value

e scalar.

Description

return value := VvV AZ + B2,

Restrictions
Errors

Notes
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csipl_log P

Computes the natural logarithm of a scalar.

Prototype

scalar_P csipl_log_P(
scalar_P A);

The following instances are supported:

csipl_log_£f
csipl_log_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := logea(4).

Restrictions

The agument must be greater than zero.

Errors

Notes
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csipl_log10_P

Computes the base 10 logarithm of a scalar.

Prototype

scalar_P csipl_logl0_P(
scalar_ P A);

The following instances are supported:

csipl_loglO_£
csipl_logl0_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := log;((4).

Restrictions

The argument must be greater than zero.

Errors

Notes
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csipl_mag P

Computes the magnitude (absolute value) of a scalar.

Prototype

scalar_P csipl_mag P(
scalar_ P A);

The following instances are supported:

csipl_mag_f
csipl_mag d

Parameters

e A, scalar, input.

Return Value

e scalar.

Description

return value := |A|.

Restrictions
Errors

Notes
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csipl_max_P

Computes the maximum of two scalars.
Prototype

scalar_ P csipl_max_P(

scalar P A,
scalar_P B);

The following instances are supported:

csipl_max_f
csipl_max_d

csipl_max_i

Parameters

e A, scalar, input.

e B, scalar, input.

Return Value

e scalar.

Description

return value := max{A, B}

Restrictions
Errors

Notes

CSIPL/Ref [3.20.14D] ENASoftware

35



CHAPTER 4. SCALAR FUNCTIONS

csipl_min_P

Computes the minimum of two scalars.
Prototype

scalar P csipl_min P(

scalar P A,
scalar_P B);

The following instances are supported:

csipl_min f
csipl_min d

csipl_min_i

Parameters

e A, scalar, input.

e B, scalar, input.

Return Value

e scalar.

Description

return value := min{A, B}

Restrictions
Errors

Notes
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csipl_pow_P

Computes the power function of two scalars.

Prototype
scalar_ P csipl_pow_P(

scalar P A,
scalar_P B);

The following instances are supported:

csipl_pow_f
csipl_pow_d

Parameters

e A, scalar, input.

e B, scalar, input.

Return Value

e scalar.

Description

return value := A5,

Restrictions
Errors

Notes
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csipl_rsqrt_P

Computes the reciprocal square root of a scalar.

Prototype

scalar P csipl_rsqrt_P(
scalar_ P A);

The following instances are supported:

csipl_rsqrt_£
csipl_rsqrt_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := 1/+/A.

Restrictions

The argument must be greater than or equal to zero.

Errors

Notes
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csipl_sin_P

Computes the sine of a scalar angle in radians.

Prototype

scalar P csipl_sin P(
scalar_P A);

The following instances are supported:

csipl_sin_f

csipl_sin_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := sin(A).

Restrictions
Errors
Notes

Input argument is expressed in radians.
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csipl_sinh_P

Computes the hyperbolic sine of a scalar.

Prototype

scalar_P csipl_sinh_ P(
scalar_ P A);

The following instances are supported:

csipl_sinh_ f
csipl_sinh_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := sinh(4).

Restrictions
Errors

Notes
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csipl_sqrt_P

Computes the square root of a scalar.

Prototype

scalar_ P csipl_sqrt_P(
scalar_ P A);

The following instances are supported:

csipl_sqrt_£f
csipl_sqrt_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := v/A.

Restrictions

The argument must be greater than or equal to zero.

Errors

Notes
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csipl_tan_P

Computes the tangent of a scalar angle in radians.

Prototype

scalar_ P csipl_tan P(
scalar_P A);

The following instances are supported:

csipl_tan_f

csipl_tan_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := tan(A).

Restrictions

For values (n + 1/2)m, the tangent function has a singularity and is undefined.

Errors
Notes

Input argument is expressed in radians.
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csipl_tanh_P

Computes the hyperbolic tangent of a scalar.

Prototype

scalar_P csipl_tanh_ P(
scalar_ P A);

The following instances are supported:

csipl_tanh f
csipl_tanh_d

Parameters

e A scalar, input.

Return Value

e scalar.

Description

return value := tanh(A).

Restrictions
Errors

Notes
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4.2 Complex Scalar Functions

csipl_arg P
csipl_cadd_P
csipl_rcadd_P
csipl_cdiv_P
csipl_crdiv_P
csipl_cexp_P
csipl_cjmul_P
csipl_cmag_P
csipl_cmagsq-P
csipl_cmplx_P
csipl_cmul_P
csipl_rcmul_P
csipl_cneg P
csipl_conj_P
csipl_crecip_P
csipl_csqrt_P
csipl_csub_P
csipl_rcsub_P
csipl_crsub_P
csipl_imag P
csipl_polar_P
csipl_real_P

csipl_rect_P
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csipl_arg P
Returns the argument in radians [—m, 7| of a complex scalar.
Prototype

scalar_P csipl_arg P(
csipl_cscalar P x);

The following instances are supported:

csipl_arg_f
csipl_arg d

Parameters

e x, complex scalar, input.

Return Value

e scalar.

Description

return value := tan~!(imag(x) /real(x)).

Restrictions

The argument must not be zero.

Errors

Notes
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csipl_cadd P

Computes the complex sum of two scalars.

Prototype
csipl_cscalar_P csipl_cadd_P(

csipl_cscalar_P x,
csipl_cscalar P y);

The following instances are supported:

csipl_cadd_f£f
csipl_cadd_d

Parameters

e x, complex scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value := x + y.

Restrictions
Errors

Notes
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csipl_rcadd_P

Computes the complex sum of two scalars.

Prototype
csipl_cscalar_P csipl_rcadd_P(

scalar_P X,
csipl_cscalar P y);

The following instances are supported:

csipl_rcadd_f
csipl_rcadd_d

Parameters

e x, scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value := x + y.

Restrictions
Errors

Notes
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csipl_cdiv_P

Computes the complex quotient of two scalars.

Prototype
csipl_cscalar_P csipl_cdiv_P(

csipl_cscalar_P x,
csipl_cscalar P y);

The following instances are supported:

csipl_cdiv_f
csipl_cdiv_d

Parameters

e x, complex scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value := x/y.

Restrictions

The divisor must not be zero.

Errors

Notes
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csipl_crdiv_P

Computes the complex quotient of two scalars.

Prototype
csipl_cscalar_P csipl_crdiv_P(

csipl_cscalar_P x,
scalar_P V)

The following instances are supported:

csipl_crdiv_f

csipl_crdiv_d

Parameters

e x, complex scalar, input.

e v, scalar, input.

Return Value

e complex scalar.

Description

return value := x/y.

Restrictions

The divisor must not be zero.

Errors

Notes
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csipl_cexp_P
Computes the complex exponential of a scalar.
Prototype

csipl_cscalar_P csipl_cexp_P(
csipl_cscalar_ P x);

The following instances are supported:
csipl_cexp_£f
csipl_cexp_d

Parameters

e x, complex scalar, input.

Return Value

e complex scalar.

Description

return value := exp(x).

For a complex value z = x + iy we have exp(z) = exp(x)(cos(y) +1 - sin(y)).
Restrictions

Overflow will occur if the real part of the argument is greater than the natural logarithm
of the largest representable number.

Underflow will occur if the real part of the argument is less than the negative of the
natural logarithm of the largest representable number.

Errors

Notes
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csipl_cjmul _P

Computes the product a complex scalar with the conjugate of a second complex scalar.

Prototype
csipl_cscalar_P csipl_cjmul_P(

csipl_cscalar_P x,
csipl_cscalar P y);

The following instances are supported:

csipl_cjmul_£f
csipl_cjmul_d

Parameters

e x, complex scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value := x - y*.

Restrictions
Errors

Notes
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csipl_cmag_P

Computes the magnitude of a complex scalar.

Prototype

scalar_P csipl_cmag P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_cmag_f

csipl_cmag_d

Parameters

e x, complex scalar, input.

Return Value

e scalar.

Description

return value := |x|.

Restrictions
Errors

Notes
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csipl_cmagsq P

Computes the magnitude squared of a complex scalar.

Prototype

scalar_P csipl_cmagsq_P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_cmagsq_f
csipl_cmagsq-d

Parameters

e x, complex scalar, input.

Return Value

e scalar.

Description

return value := |x/|2.

Restrictions
Errors

Notes
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csipl_cmplx_P

Form a complex scalar from two real scalars.

Prototype
csipl_cscalar_P csipl_cmplx_P(

scalar_P re,
scalar_P im);

The following instances are supported:

csipl_cmplx_f
csipl_cmplx_d

Parameters

e re, scalar, input.

e im, scalar, input.

Return Value

e complex scalar.

Description

return value :=re +1i-im.

Restrictions
Errors

Notes
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csipl_cmul_P

Computes the complex product of two scalars.

Prototype
csipl_cscalar_P csipl_cmul_P(

csipl_cscalar_P x,
csipl_cscalar P y);

The following instances are supported:

csipl_cmul_f£f

csipl_cmul_d

Parameters

e x, complex scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value :=x - y.

Restrictions
Errors

Notes
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csipl_rcmul_P

Computes the complex product of two scalars.

Prototype
csipl_cscalar_P csipl_rcmul_P(

scalar_P X,
csipl_cscalar P y);

The following instances are supported:

csipl_rcmul_f

csipl_rcmul_d

Parameters

e x, scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value :=x - y.

Restrictions
Errors

Notes
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csipl_cneg_P

Computes the negation of a complex scalar.

Prototype

csipl_cscalar_P csipl_cneg_P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_cneg_£f
csipl_cneg_d

Parameters

e x, complex scalar, input.

Return Value

e complex scalar.

Description

return value := —x.

Restrictions
Errors

Notes
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csipl_conj_P

Computes the complex conjugate of a scalar.

Prototype

csipl_cscalar_P csipl_conj_P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_conj_£f

csipl_conj_d

Parameters

e x, complex scalar, input.

Return Value

e complex scalar.

Description

return value := x*.

Restrictions
Errors

Notes
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csipl_crecip_P

Computes the reciprocal of a complex scalar.

Prototype

csipl_cscalar_P csipl_crecip_P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_crecip_f

csipl_crecip_d

Parameters

e x, complex scalar, input.

Return Value

e complex scalar.

Description

return value := 1/x.

Restrictions

The argument must not be zero.

Errors

Notes
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csipl_csqrt_P

Computes the square root a complex scalar.

Prototype

csipl_cscalar_P csipl_csqrt_P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_csqrt_£
csipl_csqrt_d

Parameters

e x, complex scalar, input.

Return Value

e complex scalar.

Description

return value := /x.

Restrictions
Errors

Notes
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csipl_csub_P

Computes the complex difference of two scalars.

Prototype
csipl_cscalar_P csipl_csub_P(

csipl_cscalar_P x,
csipl_cscalar P y);

The following instances are supported:

csipl_csub_£f
csipl_csub_d

Parameters

e x, complex scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value :=x — y.

Restrictions
Errors

Notes
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csipl_rcsub_P

Computes the complex difference of two scalars.

Prototype
csipl_cscalar_P csipl_rcsub_P(

scalar_P X,
csipl_cscalar P y);

The following instances are supported:

csipl_rcsub_f

csipl_rcsub_d

Parameters

e x, scalar, input.

e vy, complex scalar, input.

Return Value

e complex scalar.

Description

return value :=x — y.

Restrictions
Errors

Notes
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csipl_crsub_P

Computes the complex difference of two scalars.

Prototype
csipl_cscalar_P csipl_crsub_P(

csipl_cscalar_P x,
scalar_P V)

The following instances are supported:

csipl_crsub_f

csipl_crsub_d

Parameters

e x, complex scalar, input.

e v, scalar, input.

Return Value

e complex scalar.

Description

return value :=x — y.

Restrictions
Errors

Notes

CSIPL/Ref [3.20.14D)] ERINASoftware

63



CHAPTER 4. SCALAR FUNCTIONS

csipl_imag P
Extract the imaginary part of a complex scalar.
Prototype

scalar_P csipl_imag P(
csipl_cscalar_ P x);

The following instances are supported:
csipl_imag_f

csipl_imag_d

Parameters

e x, complex scalar, input.

Return Value

e scalar.

Description

return value := imag(x).

Restrictions
Errors

Notes
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csipl_polar_P

Convert a complex scalar from rectangular to polar form. The polar data consists of a
real scalar containing the radius and a corresponding real scalar containing the argument

(angle) of the complex scalar.

Prototype
void csipl_polar_P(
csipl_cscalar P a,

scalar_P *T,
scalar_P *t);

The following instances are supported:
csipl_polar_f
csipl_polar_d

Parameters

e a, complex scalar, input.
e 1, pointer to scalar, output.

e ©, pointer to scalar, output.

Return Value

e none.
Description
r:=|a| and t := arg(a).

Restrictions

The argument must be non-zero.

Errors

Notes

Complex numbers are always stored in rectangular x + iy format.

represented by two real scalars.

The polar form is
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csipl_real _P

Extract the real part of a complex scalar.

Prototype

scalar_ P csipl_real_ P(
csipl_cscalar_ P x);

The following instances are supported:

csipl_real_f

csipl_real_d

Parameters

e x, complex scalar, input.

Return Value

e scalar.

Description

return value := real(x).

Restrictions
Errors

Notes
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csipl_rect_P

Convert a pair of real scalars from complex polar to complex rectangular form.
Prototype

csipl_cscalar_P csipl_rect_P(

scalar_ P r,
scalar_ P t);

The following instances are supported:

csipl_rect_f£f

csipl_rect_d

Parameters

e 1, scalar, input.

e t, scalar, input.

Return Value

e complex scalar.

Description

return value := r - (cos(t) 4 1i-sin(t)).

Restrictions
Errors
Notes

Complex numbers are always stored in rectangular x + iy format. The polar form is
represented by two real scalars.
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4.3 Index Scalar Functions
e csipl_matindex
e csipl_mcolindex

e csipl_mrowindex

CSIPL/Ref [3.20.14D)] ERINASoftware 68



CHAPTER 4. SCALAR FUNCTIONS

csipl_matindex

Form a matrix index from two vector indices.
Prototype

csipl_scalar_mi csipl_matindex(

csipl_index r,
csipl_index c);

Parameters

e 1, vector-index scalar, input.

e ¢, vector-index scalar, input.

Return Value

e matrix-index scalar.

Description

return value := (r, c).

Restrictions
Errors

Notes
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csipl_mcolindex

Returns the column vector index from a matrix index.

Prototype

csipl_index csipl_mcolindex(
csipl_scalar_mi mi);

Parameters

e mi, matrix-index scalar, input.

Return Value

e vector-index scalar.

Description

return value := column(mi).

Restrictions
Errors

Notes
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csipl_mrowindex

Returns the row vector index from a matrix index.

Prototype

csipl_index csipl_mrowindex(
csipl_scalar_mi mi);

Parameters

e mi, matrix-index scalar, input.

Return Value

e vector-index scalar.

Description

return value := row(mi).

Restrictions
Errors

Notes
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Chapter 5. Random Number Generation

5.1 Random Number Functions
e csipl_randcreate
e csipl_randdestroy
e csipl_randu_P
e csipl_crandu_P
e csipl_vrandu_P
e csipl_cvrandu_inter_P
e csipl_cvrandu_ split_P
e csipl_randn_ P
e csipl_crandn P
e csipl_vrandn_ P
e csipl_cvrandn_inter_P

e csipl_cvrandn_split_P

CSIPL/Ref [3.20.14D] ENASoftware



CHAPTER 5. RANDOM NUMBER GENERATION

csipl_randcreate

Create a random number generator state object.

Prototype

csipl_randstate * csipl_randcreate(
csipl_index seed,
csipl_index numprocs,
csipl_index id,
csipl_rng portable);

Parameters

e seed, vector-index scalar, input. Seed to initialise the generator.
e numprocs, vector-index scalar, input.

e id, vector-index scalar, input.

e portable, enumerated type, input.

CSIPL_PRNG  portable generator
CSIPL_NPRNG non-portable generator

Return Value

e structure.

Description

Creates a state object for use by a random number generation function. The random
number generator is characterised by specifying the number of random number gen-
erators (numprocs) the application is expected to create, and the index (id) of this
generator. If the portable sequence is specified, then the number of random number
generators specifies how many subsequences the primary sequence is partitioned into.

The function returns a random state object which holds the state information for the
random number sequence generator, or NULL if the create fails.

Restrictions
Errors

The arguments must conform to the following:

1. 0 < id < numprocs < 231 _ 1.
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Notes

You must call this function for each random number sequence/stream the application
needs. This might be one per processor, one per thread, etc. For the portable sequence
to have the desired pseudo-random properties, each create must specify the same number
of processors/subsequences.
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csipl_randdestroy

Destroys (frees the memory used by) a random number generator state object. Returns
Zero on success, non-zero on failure.

Prototype

int csipl_randdestroy(
csipl_randstate *rand);

Parameters

e rand, structure, input.

Return Value

e Error code.

Description

Destroys a random number state object.

Restrictions
Errors

The arguments must conform to the following;:

1. The random number state object must be valid. An argument of NULL is not an
error.

Notes

An argument of NULL is not an error.
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csipl_randu_P

Generate a uniformly distributed (pseudo-)random number. Floating point values are
uniformly distributed over the open interval (0,1). Integer deviates are uniformly dis-
tributed over the open interval (0,23 — 1).

Prototype

scalar_P csipl_randu_P(
csipl_randstate *state);

The following instances are supported:

csipl_randu_f

csipl_randu_d

Parameters

e state, structure, input.

Return Value

e scalar.

Description

return value := uniform(0, 1).

Restrictions
Errors

Notes
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csipl_crandu_P

Generate a uniformly distributed (pseudo-)random number. Floating point values are
uniformly distributed over the open interval (0,1). Integer deviates are uniformly dis-
tributed over the open interval (0,23 — 1).

Prototype

csipl_cscalar_P csipl_crandu_P(
csipl_randstate *state);

The following instances are supported:

csipl_crandu_f

csipl_crandu_d

Parameters

e state, structure, input.

Return Value

e complex scalar.

Description

return value := uniform(0, 1) + i - uniform(0, 1).

Restrictions
Errors
Notes

The complex random number has real and imaginary components where each component
is uniform(0, 1).
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csipl_vrandu_P

Generate a uniformly distributed (pseudo-)random number. Floating point values are
uniformly distributed over the open interval (0,1). Integer deviates are uniformly dis-
tributed over the open interval (0,23 — 1).

Prototype

void csipl_vrandu_P(
csipl_randstate *state,

scalar_P *R,,
csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vrandu_f
csipl_vrandu_d

Parameters

e state, structure, input.

e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := uniform(0, 1).

Restrictions
Errors

Notes
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csipl_cvrandu_inter_P

Generate a uniformly distributed (pseudo-)random number. Floating point values are
uniformly distributed over the open interval (0,1). Integer deviates are uniformly dis-
tributed over the open interval (0,23 — 1).

Prototype

void csipl_cvrandu_inter_P(
csipl_randstate *state,

void *R,
csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_cvrandu_inter_f
csipl_cvrandu_inter_d

Parameters

e state, structure, input.

e R, complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := uniform(0, 1) + i - uniform(0, 1).

Restrictions
Errors
Notes

The complex random number has real and imaginary components where each component
is uniform(0, 1).

CSIPL/Ref [3.20.14D)] ERINASoftware 79



CHAPTER 5. RANDOM NUMBER GENERATION

csipl_cvrandu_split_P

Generate a uniformly distributed (pseudo-)random number. Floating point values are
uniformly distributed over the open interval (0,1). Integer deviates are uniformly dis-
tributed over the open interval (0,23 — 1).

Prototype

void csipl_cvrandu_split_P(
csipl_randstate *state,

scalar_P *R_re,
scalar_P *R_im,
csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_cvrandu_split_£f
csipl_cvrandu_split_d
Parameters

e state, structure, input.

e R_re, real part of complex vector, length n, output.

e R_im, imaginary part of complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := uniform(0, 1) 4 i - uniform(0, 1).
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Restrictions
Errors
Notes

The complex random number has real and imaginary components where each component
is uniform(0, 1).
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csipl_randn_P

Generate an approximately normally distributed (pseudo-)random deviate having mean
zero and unit variance: N(0,1). The random numbers are generated by summing values
returned by the uniform random number generator.

Prototype

scalar_P csipl_randn_P(
csipl_randstate *state);

The following instances are supported:

csipl_randn_f

csipl_randn_d

Parameters

e state, structure, input.

Return Value

e scalar.

Description

return value := N(0, 1).

Restrictions

Errors

Notes

If a true Gaussian random deviate is needed, the Box-Muller algorithm should be used.

See Donald E. Knuth, Seminumerical Algorithms, 2nd ed., vol. 2, p117 of The Art of
Computer Programming, Addison-Wesley, 1981.
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csipl_crandn_P

Generate an approximately normally distributed (pseudo-)random deviate having mean
zero and unit variance: N(0,1). The random numbers are generated by summing values
returned by the uniform random number generator.

Prototype

csipl_cscalar_P csipl_crandn P(
csipl_randstate *state);

The following instances are supported:

csipl_crandn_f
csipl_crandn_d
Parameters

e state, structure, input.

Return Value

e complex scalar.

Description

return value := N(0,1) +1i-N(0,1).

Restrictions
Errors
Notes

The complex random number has real and imaginary components that are uncorrelated.

If a true Gaussian random deviate is needed, the Box-Muller algorithm should be used.
See Donald E. Knuth, Seminumerical Algorithms, 2nd ed., vol. 2, p117 of The Art of
Computer Programming, Addison-Wesley, 1981.
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csipl_vrandn_P

Generate an approximately normally distributed (pseudo-)random deviate having mean
zero and unit variance: N(0,1). The random numbers are generated by summing values
returned by the uniform random number generator.

Prototype

scalar_P csipl_vrandn_P(
csipl_randstate *state);

The following instances are supported:

csipl_vrandn_f

csipl_vrandn_d

Parameters

e state, structure, input.

Return Value

e scalar.

Description

return value := N(0, 1).

Restrictions

Errors

Notes

If a true Gaussian random deviate is needed, the Box-Muller algorithm should be used.

See Donald E. Knuth, Seminumerical Algorithms, 2nd ed., vol. 2, p117 of The Art of
Computer Programming, Addison-Wesley, 1981.
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csipl_cvrandn_inter_P

Generate an approximately normally distributed (pseudo-)random deviate having mean
zero and unit variance: N(0,1). The random numbers are generated by summing values
returned by the uniform random number generator.

Prototype

void csipl_cvrandn_inter_P(
csipl_randstate *state,

void *R,
csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_cvrandn_inter_f
csipl_cvrandn_inter_d

Parameters

e state, structure, input.

e R, complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := N(0,1) +1i-N(0,1).

Restrictions
Errors
Notes

The complex random number has real and imaginary components that are uncorrelated.
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If a true Gaussian random deviate is needed, the Box-Muller algorithm should be used.
See Donald E. Knuth, Seminumerical Algorithms, 2nd ed., vol. 2, p117 of The Art of
Computer Programming, Addison-Wesley, 1981.
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csipl_cvrandn_split_P

Generate an approximately normally distributed (pseudo-)random deviate having mean
zero and unit variance: N(0,1). The random numbers are generated by summing values
returned by the uniform random number generator.

Prototype

void csipl_cvrandn_split_P(
csipl_randstate *state,

scalar_P *R_re,
scalar_P *R_im,
csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_cvrandn _split_f
csipl_cvrandn split_d

Parameters

e state, structure, input.

e R_re, real part of complex vector, length n, output.

e R_im, imaginary part of complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := N(0,1) +1i-N(0,1).

Restrictions
Errors
Notes

The complex random number has real and imaginary components that are uncorrelated.
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If a true Gaussian random deviate is needed, the Box-Muller algorithm should be used.
See Donald E. Knuth, Seminumerical Algorithms, 2nd ed., vol. 2, p117 of The Art of
Computer Programming, Addison-Wesley, 1981.
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Chapter 6. Vector And Elementwise Opera-
tions

6.1 Elementary Mathematical Functions

e csipl_vacos_P

e csipl_macos_P

e csipl_vasin P

e csipl_masin_P

e csipl_vatan_P

e csipl_matan_P

e csipl_vatan2_ P

e csipl_matan2_ P

e csipl_vcos_P

e csipl_mcos_P

e csipl_vcosh_P

e csipl_mcosh_P

e csipl_vexp_P

e csipl_cvexp_inter_P
e csipl_cvexp_split_P
e csipl_mexp_P

e csipl_cmexp_inter_ P
e csipl_cmexp_split_P
e csipl_vexplO_P

e csipl_mexplO_P

e csipl_vfloor_P

e csipl_vlog_P

e csipl_cvlog_inter_P
e csipl_cvlog _split_P
e csipl_mlog_ P

e csipl_cmlog_inter_P
e csipl_cmlog_split_P
e csipl_vloglO_P
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e csipl_mloglO_P

e csipl_vsin_ P

e csipl_msin_ P

e csipl_vsinh P

e csipl_msinh P

e csipl_vsqrt_P

e csipl_cvsqrt_inter_P
e csipl_cvsqrt_split_P
e csipl_msqrt_P

e csipl_cmsqrt_inter_P
e csipl_cmsqrt_split_P
e csipl_vtan_P

e csipl_mtan_P

e csipl_vtanh_ P

e csipl_mtanh P
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csipl_vacos_P

Computes the principal radian value in [0, 7] of the inverse cosine for each element of a

vector.

Prototype

void csipl_vacos_P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vacos_f
csipl_vacos_d

Parameters

e A vector, length n, input.
e stridel, integer scalar, input.

e R, vector, length n, output.

strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := cos ! (A[j * strideA]) where 0 < j < n.

Restrictions

The arguments must lie in the interval [—1,1].

Errors

Notes
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csipl_macos_P

Computes the principal radian value in [0, 7] of the inverse cosine for each element of a

matrix.

Prototype

void csipl_macos_P(
scalar_P
int
scalar_P
int

csipl_length
csipl_length

The following instances are supported:

csipl_macos_£f

csipl_macos_d

Parameters

e A matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := cos L(A[j * 1dA + k]) where 0 < j < m and 0 < k < n.

Restrictions

*A,

14A,

*R,,

1dR,
m,
n);

The arguments must lie in the interval [—1,1].
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Errors

Notes
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csipl_vasin_P

Computes the principal radian value in [0, 7] of the inverse sine for each element of a

vector.

Prototype

void csipl_vasin P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vasin_f
csipl_vasin_d

Parameters

e A vector, length n, input.
e stridel, integer scalar, input.

e R, vector, length n, output.

strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := sin !(A[j * strideA]) where 0 < j < n.

Restrictions

The arguments must lie in the interval [—1,1].

Errors

Notes
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csipl_masin_P

Computes the principal radian value in [0, 7] of the inverse sine for each element of a

matrix.

Prototype

void csipl_masin P(
scalar_P
int
scalar_P
int

csipl_length
csipl_length

The following instances are supported:

csipl_masin_f

csipl_masin_d

Parameters

e A matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := sin ! (A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

Restrictions

*A,

14A,

*R,,

1dR,
m,
n);

The arguments must lie in the interval [—1,1].
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Errors

Notes
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csipl_vatan_P

Computes the principal radian value in [—7/2,7/2] of the inverse tangent for each ele-
ment of a vector.

Prototype

void csipl_vatan P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_vatan_f
csipl_vatan_d
Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := tan"!(A[j * strideA]) where 0 < j < n.

Restrictions
Errors

Notes
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csipl_matan_P

Computes the principal radian value in [—7/2,7/2] of the inverse tangent for each ele-

ment of a matrix.

Prototype

void csipl_matan P(
scalar_P
int
scalar_P
int

csipl_length
csipl_length

The following instances are supported:

csipl_matan_f

csipl_matan_d

Parameters

e A matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := tan~1(A[j * 1dA + k]) where 0 < j < m and 0 < k < n.

Restrictions
Errors

Notes

*A,

1dA,

*R,,

1dR,
m,
n);
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csipl_vatan2_ P

Computes the four-quadrant radian value in [—m, 7| of the inverse tangent of the ratio
of the elements of two input vectors.

Prototype

void csipl_vatan2 P(
scalar_P *A,
csipl_stride strideA,
scalar_P *B,
csipl_stride strideB,
scalar_P *R,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_vatan2_ f

csipl_vatan2_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e B, vector, length n, input.

e strideB, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := tan~!(A[j * strideA]/B[j * strideB]) where 0 < j < n.

The rules for calculating the function value are the same as those for the ANSI C function
atan?.
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Restrictions

The arguments must not be both zero.

Errors

Notes
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csipl_matan2_P

Computes the four-quadrant radian value in [—m, 7| of the inverse tangent of the ratio
of the elements of two input matrices.

Prototype

void csipl_matan2 P(
scalar_P *A
int 1dA,
scalar_P *B,
int 1dB,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length 1n);

The following instances are supported:

csipl_matan2_f

csipl_matan2_d

Parameters

e A matrix, size m by n, input.
e 1dA, integer scalar, input.

e B, matrix, size m by n, input.
e 1dB, integer scalar, input.

e R matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := tan"L(A[j * 1dA + k]/B[j * 1dB + k]) where 0 < j < m and 0 < k < n.

The rules for calculating the function value are the same as those for the ANSI C function
atan2.
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Restrictions

The arguments must not be both zero.

Errors

Notes
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csipl_vcos_P

Computes the cosine for each element of a vector. Element angle values are in radians.

Prototype

void csipl_vcos_P(
scalar_P *A
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_vcos_f

csipl_vcos_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := cos(A[j * strideA]) where 0 < j < n.

Restrictions

Accuracy is decreased for values larger than 8192.

Errors
Notes

Input arguments are expressed in radians.
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csipl_mcos_P

Computes the cosine for each element of a matrix. Element angle values are in radians.

Prototype

void csipl_mcos_P(
scalar_P *A,
int 1dA,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:
csipl_mcos_f£f
csipl_mcos_d

Parameters

e A, matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := cos(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

Restrictions

Accuracy is decreased for values larger than 8192.

CSIPL/Ref [3.20.14D)] ENASoftware 104



CHAPTER 6. VECTOR AND ELEMENTWISE OPERATIONS

Errors
Notes

Input arguments are expressed in radians.
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csipl_vcosh_P

Computes the hyperbolic cosine for each element of a vector.

Prototype

void csipl_vcosh P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_vcosh_£f
csipl_vcosh_d
Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := cosh(A[j * strideA]) where 0 < j < n.

Restrictions
Errors

Notes
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csipl_mcosh_P

Computes the hyperbolic cosine for each element of a matrix.

Prototype

void csipl_mcosh P(
scalar_P
int
scalar_P
int

csipl_length
csipl_length

The following instances are supported:

csipl_mcosh_f

csipl_mcosh_d

Parameters

e A, matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k| := cosh(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

Restrictions
Errors

Notes

*A,

14dA,

*R,,

1dR,
m’

n);
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csipl_vexp_P

Computes the exponential function value for each element of a vector.

Prototype

void csipl_vexp_P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vexp_f
csipl_vexp_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := exp(A[j * strideA]) where 0 < j < n.

Restrictions

Overflow will occur if an element is greater than the natural logarithm of the largest
representable number.

Underflow will occur if an element is less than the negative of the natural logarithm of
the largest representable number.
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Errors

Notes
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csipl_cvexp_inter_P

Computes the exponential function value for each element of a vector.

Prototype

void csipl_cvexp_inter_P(
void *A,
csipl_stride strideA,
void *R,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_cvexp_inter_f

csipl_cvexp_inter_d

Parameters

e A complex vector, length n, input.
e stridel, integer scalar, input.

e R, complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := exp(A[j * strideA]) where 0 < j < n.

For a complex value z = z + iy we have exp(z) = exp(z)(cos(y) +1i- sin(y)).

Restrictions
Overflow will occur if the real part of an element is greater than the natural logarithm
of the largest representable number.

Underflow will occur if the real part of an element is less than the negative of the natural
logarithm of the largest representable number.
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Errors

Notes
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csipl_cvexp_split_P

Computes the exponential function value for each element of a vector.

Prototype

void csipl_cvexp_split_P(
scalar_P *A re,
scalar_P *A_im,
csipl_stride stridel,
scalar_P *R_re,
scalar_P *R_im,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_cvexp_split_f£
csipl_cvexp_split_d

Parameters

e A re, real part of complex vector, length n, input.

e A _im, imaginary part of complex vector, length n, input.
e stridel, integer scalar, input.

e R_re, real part of complex vector, length n, output.

e R_im, imaginary part of complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := exp(A[j * strideA]) where 0 < j < n.

For a complex value z = x + iy we have exp(z) = exp(x)(cos(y) +1 - sin(y)).
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Restrictions

Overflow will occur if the real part of an element is greater than the natural logarithm
of the largest representable number.

Underflow will occur if the real part of an element is less than the negative of the natural
logarithm of the largest representable number.

Errors

Notes

CSIPL/Ref [3.20.14D)] EFINASoftware 113



CHAPTER 6. VECTOR AND ELEMENTWISE OPERATIONS

csipl_mexp_P

Computes the exponential function value for each element of a matrix.

Prototype

void csipl_mexp_P(
scalar_P *A
int 1dA,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:
csipl_mexp_£f
csipl_mexp_d

Parameters

e A matrix, size m by n, input.
e 1dA, integer scalar, input.

e R matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k| := exp(A[j * 1dA 4 k]) where 0 < j <m and 0 < k < n.

Restrictions

Overflow will occur if an element is greater than the natural logarithm of the largest
representable number.

Underflow will occur if an element is less than the negative of the natural logarithm of
the largest representable number.
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Errors

Notes
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csipl_cmexp_inter_P

Computes the exponential function value for each element of a matrix.

Prototype

void csipl_cmexp_inter_P(
void *A,
int 1dA,
void *R,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:

csipl_cmexp_inter_f
csipl_cmexp_inter_d
Parameters

e A, complex matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, complex matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := exp(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

For a complex value z = x + iy we have exp(z) = exp(x)(cos(y) +1 - sin(y)).
Restrictions

Overflow will occur if the real part of an element is greater than the natural logarithm
of the largest representable number.
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Underflow will occur if the real part of an element is less than the negative of the natural
logarithm of the largest representable number.

Errors

Notes

CSIPL/Ref [3.20.14D)] EFINASoftware 117



CHAPTER 6. VECTOR AND ELEMENTWISE OPERATIONS

csipl_cmexp_split_P

Computes the exponential function value for each element of a matrix.

Prototype

void csipl_cmexp_split_P(
scalar_P *A _re,
scalar_P *A_im,
int 14dA,
scalar_P *R_re,
scalar_P *R_im,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:

csipl_cmexp_split_f
csipl_cmexp_split_d

Parameters

e A_re, real part of complex matrix, size m by n, input.

e A im, imaginary part of complex matrix, size m by n, input.
e 1dA, integer scalar, input.

e R _re, real part of complex matrix, size m by n, output.

e R_im, imaginary part of complex matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k| := exp(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

For a complex value z = x + iy we have exp(z) = exp(x)(cos(y) +1 - sin(y)).

CSIPL/Ref [3.20.14D)] EFINASoftware 118



CHAPTER 6. VECTOR AND ELEMENTWISE OPERATIONS

Restrictions

Overflow will occur if the real part of an element is greater than the natural logarithm
of the largest representable number.

Underflow will occur if the real part of an element is less than the negative of the natural
logarithm of the largest representable number.

Errors

Notes
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csipl_vexp10_P

Computes the base 10 exponential for each element of a vector.

Prototype

void csipl_vexplO_P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vexplO_f
csipl_vexpl0_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strider] := 104U+55r1deA] where 0 < j < m.

Restrictions

Overflow will occur if an element is greater than the base 10 logarithm of the largest
representable number. Underflow will occur if an element is less than the negative of
the base 10 logarithm of the largest representable number.

CSIPL/Ref [3.20.14D)] EFINASoftware 120



CHAPTER 6. VECTOR AND ELEMENTWISE OPERATIONS

Errors

Notes
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csipl_mexp10_P

Computes the base 10 exponential for each element of a matrix.

Prototype

void csipl_mexpl0_P(
scalar_P *A,
int 1dA,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:

csipl_mexplO_f
csipl_mexpl0_d

Parameters

e A, matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := 102U+ LAA+E] where 0 <j<mand 0< k<n.

Restrictions

Overflow will occur if an element is greater than the base 10 logarithm of the largest
representable number. Underflow will occur if an element is less than the negative of
the base 10 logarithm of the largest representable number.
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Errors

Notes
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csipl_vfloor_P

Computes the floor for each element of a vector.

Prototype

void csipl_vfloor_P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_vfloor_f£
csipl_vfloor_d
Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j*strideR] := |A[j*strideA]| where 0 < j < n. Returns the largest integer less than
or equal to the argument.

Restrictions
Errors

Notes
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csipl_vlog P

Computes the natural logarithm for each element of a vector.

Prototype

void csipl_vlog_P(
scalar_P *A
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vlog_£f
csipl_vlog_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] :=loge(A[j * strideA]) where 0 < j < n.

Restrictions

Arguments must be greater than zero.

Errors

Notes
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csipl_cvlog_inter_P

Computes the natural logarithm for each element of a vector.

Prototype

void csipl_cvlog_inter_P(
void *A,
csipl_stride strideA,
void *R,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_cvlog_inter_f
csipl_cvlog_inter_d

Parameters

e A complex vector, length n, input.
e stridel, integer scalar, input.

e R, complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := loge(A[j * strideA]) where 0 < j < n.

For a complex value z where 0 < j < n. we have loge(z) = loge(|2]) +1- arg(z) where
0<y<n.

Restrictions

The arguments must have real and imaginary parts non-zero.
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Errors

Notes
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csipl_cvlog_split_P

Computes the natural logarithm for each element of a vector.

Prototype

void csipl_cvlog split_P(
scalar_P *A re,
scalar_P *A_im,

csipl_stride stridel,
scalar_P *R_re,
scalar_P *R_im,
csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_cvlog _split_f
csipl_cvlog_split_d

Parameters

e A re, real part of complex vector, length n, input.

e A _im, imaginary part of complex vector, length n, input.
e stridel, integer scalar, input.

e R_re, real part of complex vector, length n, output.

e R_im, imaginary part of complex vector, length n, output.
e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] :=loge(A[j * strideA]) where 0 < j < n.

For a complex value z where 0 < j < n. we have loge(z) = loge(|2]) +1- arg(z) where
0< 7 <n.
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Restrictions

The arguments must have real and imaginary parts non-zero.

Errors

Notes
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csipl_mlog P

Computes the natural logarithm for each element of a matrix.

Prototype

void csipl_mlog_P(
scalar_P *A
int 1dA,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:
csipl_mlog_ £
csipl_mlog_d

Parameters

e A, matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k| := loge(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

Restrictions

Arguments must be greater than zero.
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Errors

Notes
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csipl_cmlog_inter_P

Computes the natural logarithm for each element of a matrix.

Prototype

void csipl_cmlog_inter_P(
void *A,
int 1dA,
void *R,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:

csipl_cmlog _inter_f
csipl_cmlog_inter_d
Parameters

e A, complex matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, complex matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k| := loge(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

For a complex value z where 0 < j < m and 0 < k < n. we have loge(2) = loge(|2]) +1i-
arg(z) where 0 < j <m and 0 < k < n..

Restrictions

The arguments must have real and imaginary parts non-zero.
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Notes
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csipl_cmlog_split_P

Computes the natural logarithm for each element of a matrix.

Prototype

void csipl_cmlog split_P(
scalar_P *A _re,
scalar_P *A_im,
int 1dA,
scalar_P *R_re,
scalar_P *R_im,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:

csipl_cmlog _split_f
csipl_cmlog _split_d

Parameters

e A_re, real part of complex matrix, size m by n, input.

e A im, imaginary part of complex matrix, size m by n, input.
e 1dA, integer scalar, input.

e R _re, real part of complex matrix, size m by n, output.

e R_im, imaginary part of complex matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := loge(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

For a complex value z where 0 < j < m and 0 < k < n. we have loge(z) = loge(]z|) +1i-
arg(z) where 0 < j <mand 0 <k <n..
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Restrictions

The arguments must have real and imaginary parts non-zero.

Errors

Notes
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csipl_viog10_P

Compute the base ten logarithm for each element of a vector.

Prototype

void csipl_vlogl0_P(
scalar_P *A,
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:
csipl_vloglO_f£
csipl_vlogl0_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.
e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] :=log;o(A[j * strideA]) where 0 < j < n.

Restrictions

The arguments must be greater than zero.

Errors

Notes
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csipl_mlog10_P

Compute the base ten logarithm for each element of a matrix.

Prototype

void csipl_mlogl0_P(
scalar_P *A,
int 1dA,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:
csipl_mloglO_f
csipl_mlogl0O_d

Parameters

e A, matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k| := logo(A[j * 1dA + k]) where 0 < j < m and 0 < k < n.

Restrictions

The arguments must be greater than zero.
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Errors

Notes

CSIPL/Ref [3.20.14D)] ENASoftware 138



CHAPTER 6. VECTOR AND ELEMENTWISE OPERATIONS

csipl_vsin_P

Compute the sine for each element of a vector. Element angle values are in radians.

Prototype

void csipl_vsin_P(
scalar_P *A
csipl_stride strideA,
scalar_P *R,,

csipl_stride strideR,
csipl_length n);

The following instances are supported:

csipl_vsin_f

csipl_vsin_d

Parameters

e A vector, length n, input.

e stridel, integer scalar, input.
e R, vector, length n, output.

e strideR, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * strideR] := sin(A[j * strideA]) where 0 < j < n.

Restrictions

Accuracy is decreased for values larger than 8192.

Errors
Notes

Input arguments are expressed in radians.
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csipl_msin_P

Compute the sine for each element of a matrix. Element angle values are in radians.

Prototype

void csipl_msin_P(
scalar_P *A,
int 1dA,
scalar_P *R,,
int 1dR,

csipl_length m,
csipl_length n);

The following instances are supported:
csipl_msin_f
csipl_msin_d

Parameters

e A, matrix, size m by n, input.
e 1dA, integer scalar, input.

e R, matrix, size m by n, output.
e 1dR, integer scalar, input.

e m, integer scalar, input.

e 1, integer scalar, input.

Return Value

® none.

Description

R[j * 1dR + k] := sin(A[j * 1dA + k]) where 0 < j <m and 0 < k < n.

Restrictions

Accuracy is decreased for values larger than 8192.
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Errors
Notes

Input arguments are expressed in radians.
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csipl_vsinh_P

Computes the hyperbolic sine for each 