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1 Introduction

1.1 What is Pnl

Pnl is a scientific library written in C and distributed under the Gnu Lesser General Public
Licence (LGPL). This manual is divided into four parts.

o Mathematical functions: complex numbers, special functions, standard financial func-
tions for the Black & Scholes model.

o Linear algebra : vectors, matrices, hypermatrices, tridiagonal matrices, band matrices
and the corresponding routines to manipulate them and solve linear systems.

e Probabilistic functions: random number generators and cumulative distribution func-
tions.



1.2

Deterministic toolbox : FFT, Laplace inversion, numerical integration, zero searching,
multivariate polynomial regression, ...

A few helpful conventions

All header file names are prefixed by pnl_ and are surrounded by the preprocessor
conditionals

#ifndef _PNL_MATRIX_H
#define _PNL_MATRIX_H

#endif /* _PNL_MATRIX_H

All the header files are protected by an extern "C" declaration for possible use with a
C++ compiler. The header files must be include using

#include "pnl/pnl_xxx.h"

All function names are prefixed by pnl_ except those implementing complex number
arithmetic which are named following the C99 complex library but using a capitalised
first letter C.

For example, the addition of two complex numbers is performed by the function Cadd.

Function containing _create in their names always return a pointer to an object
created by one or several calls to dynamic allocation. Once these objects are not
used, they must be freed by calling the same function but ending in _free. A func-
tion pnl_foo_create_yyy returns a PnlFoo * object (note the “x”) and a function
pnl_foo_bar_create_yyy returns a PnlFooBar * object (note the “x”). These objects

must be freed by calling respectively pnl_foo_free or pnl_foo_bar_free.

Every object must implement a pnl_xxx_new function which returns a pointer to an
empty object with all its elements properly set to 0. This means that the objects
returned by the pnl_xxx_new functions can be used as output arguments for functions
ending in _inplace for instance. They are suitable for being resized.

Functions containing _wrap_ in their names always return an object, not a pointer to
an object, and do not make any use of dynamic allocation. The returned object must
not be freed. For instance, a function pnl_foo_wrap_xxx returns an object PnlFoo and
a function pnl_foo_bar_wrap_xxx returns an object PnlFooBar

PnlVectComplex *v1;

PnlVectComplex v2;

vl = pnl_vect_complex_create_from_complex (5, Complex(0., 1.));
v2 = pnl_vect_complex_wrap_subvect (vi, 1, 2);



pnl_vect_complex_free (&vl);

The vector v1 is of size 5 and contains the pure imaginary number i. The vector v2
only provides a view to v1(1:1+2), which means that modifying v2 will also modify v1
and vice-versa because v1 shares part of its data with v2. Note that only v1 must be
freed and not v2.

Functions ending in _init do not create any object but only perform some internal
initialisation.

Hypermatrices, matrices and vectors are stored using a flat block of memory obtained
by concatenating the matrix rows and C-style pointer-to-pointer arrays. Matrices are
stored in row-major order, which means that the column index moves continuously. Note
that this convention is not Blas & Lapack compliant since Fortran expects 2-dimensional
arrays to be stored in a column-major order.

Type names always begin with Pnl, they do not contain underscores but instead we use
capital letters to separate units in type names.
Examples : PnlMat, PnlMatComplex.

Object and function names are intimately linked : an object PnlFoo is manipulated by
functions starting in pnl_foo, an object PnlFooBar is manipulated by functions starting
in pnl_foo_bar. In table[I] we summarise the types and their corresponding prefixes.

All macro names begin with PNL_ and are capitalised.

Differences between copy and clone methods. The copy methods take a single argu-
ment and return a pointer to an object of the same type which is an independent copy
of its argument. Example:

PnlVect *v1, *v2;
vl = pnl_vect_create_from_double (5, 2.5);
v2 = pnl_vect_copy (v1);

vl and v2 are two vectors of size 5 with all their elements equal to 2.5. Note that v2
must not have been created by a call to pnl_vect_create_xxx because otherwise it
will cause a memory leak. vl and v2 are independent in the sense that a modification
to one of them does not affect the other.

The clone methods take two arguments and fill the first one with the second one.
Example:

PnlVect *v1, *v2;

vl = pnl_vect_create_from_double (5, 2.5);
v2 = pnl_vect_new ();

pnl_vect_clone (v2, vi);



Pnl types Pnl prefix

PnlVect pnl_ vect
PnlVectComplex | pnl_vect_ complex
PnlVectInt pnl_vect_int
PnlMat pnl__mat
PnlMatComplex pnl_mat__complex
PnlMatInt pnl _mat int
PnlHmat pnl__hmat
PnlHmatComplex | pnl__hmat_complex
PnlHmatInt pnl_hmat_int

PnlTridiagMat pnl_tridiag mat

PnlBandMat pnl__band_mat
PnlList pnl_list

PnlBasis pnl_basis
PnlCgSolver pnl_cg solver
PnlBicgSolver pnl_bicg solver
PnlGmresSolver pnl__gmres_ solver

Figure 1: Pnl types

vl and v2 are two vectors of size 5 with all their elements equal to 2.5. Note that
v2 must have been created by a call to pnl_vect_new because otherwise the function
pnl_vect_clone will crash. vl and v2 are independent in the sense that a modification
to one of them does not modify the other.

e All objects are measured using integers int and not size_t. Hence, iterations over
vectors, matrices, ...should use an index of type int.

e In fonctions ending in inplace, the output parameter must be different from any of the
input parameters.

1.3 Using Pnl

In this section, we assume that the library is installed in the directory $HOME/pnl-xxx.
Once the library has been installed, the libraries can be found in the $HOME/pnl-xxx/1ib
directory and the headers in the $HOME/pnl-xxx/include directory.

1.3.1 Compiling and Linking

The header files of the library are installed in a root pnl directory and should always be
included with this pnl/ prefix. So, for instance to use random number generators you should
include



#include <pnl/pnl_random.h>

Compiling and linking by hand If gcc is used, you should pass the following options
e -I$HOME/pnl-xxx/include for compiling
o -L$HOME/pnl-xxx/1lib -1lpnl for linking

This does not work straight away on all OS especially if the library is not installed in a
standard directory namely /usr/ or /usr/local/ for which you need a privileged writing
access. On some systems, you may need to add to the linker flags the dependencies of the
library, which can become very tedious. Therefore, we provide a second automatic mechanism
which takes care of the dependencies on its own.

Compiling and linking using an automatic Makefile This mechanism only works
under Unix (it has been tested under various Linux distributions and Mac OS X).

First, you need to create a new directory wherever you want, put in all your code and create
a Makefile as below

To define your target just add the executable name, say my-exec, to the BINS list and create an
entry my_exec_SRC carrying the list of source files needed to create your executable. Note that
if dashes -’ may appear in an executable name, the name of the associated variable holding
the list of source files is obtained by replacing dashes with underscores '’ and adding the
_SRC suffix.

Assume you want to create two binaries : my-exec based on mixed C and C++ code (filel.c
and file2.cpp) and mybinary based on pool.cxx and poo2.cpp. You can use the following
Makefile.

## Flags passed to the linker
LDFLAGS=

## Flags passed to the compiler
CFLAGS=

## list of executables to create
BINS=my-exec mybinary

my_exec_SRC=filel.c file2.cpp

# optional flags for compiling and linking
my_exec_CFLAGS=

my_exec_CXXFLAGS=

my_exec_LDFLAGS=

mybinary_SRC=pool.cxx poo2.cpp

# optional flags for compiling and linking
mybinary_CFLAGS=

mybinary_CXXFLAGS=

mybinary_LDFLAGS=



## This line must be the last one
include full_path_to_pnl/Makeuser.incl

Let us comment a little the different variables

CFLAGS: global flags used for creating objects based on C code
CXXFLAGS: global flags used for creating objects based on C++4 code
LDFLAGS: gobal linker flags.

binaryname_CFLAGS: flags used when creating the objects based on C code and required
by binaryname

binaryname_CXXFLAGS: flags used when creating the objects based on C+4 code and
required by binaryname

binaryname_LDFLAGS: flags used when linking objects for creating binaryname

An example of such a Makefile can be found in pnl-xxx/perso.

Warning;: if a file appears in the source list of several binairies, the flags used to compile this
file are determined by the ones of the first binary involving this file. In the following example
main.cpp will always be compiled with the flag -03 even for generating bin2

BINS=binl bin2

binl_SRC=main.cpp pool.c
my_exec_CXXFLAGS=-03

bin2_SRC=main.cpp poo2.c
mybinary_CXXFLAGS=-g -00

## This line must be the last one
include full_path_to_pnl/Makeuser.incl

2 Objects

2.1

The top-level object

The PnlObject structure is used to simulate some inheritance between the ojbects of Pnl. It
must be the first element of all the objects existing in Pnl so that casting any object to a
PnlObject is legal

typedef unsigned int PnlType;

typedef void (destroy_func) (void *x*);
struct _PnlObject

{

PnlType type; /*!< a unique integer id */



PnlType Description

PNL TYPE VECTOR general vectors

PNL TYPE VECTOR DOUBLE real vectors

PNL TYPE VECTOR_ INT integer vectors

PNL TYPE VECTOR COMPLEX complex vectors

PNL TYPE MATRIX general matrices

PNL TYPE MATRIX DOUBLE real matrices

PNL TYPE MATRIX INT integer matrices

PNL TYPE MATRIX COMPLEX complex matrices

PNL TYPE TRIDIAG MATRIX general tridiagonal matrices
PNL_TYPE TRIDIAG_MATRIX DOUBLE | real tridiagonal matrices
PNL TYPE BAND MATRIX general band matrices
PNL TYPE BAND MATRIX DOUBLE real band matrices
PNL_TYPE_HMATRIX general hyper matrices
PNL TYPE HMATRIX DOUBLE real hyper matrices

PNL TYPE HMATRIX INT integer hyper matrices
PNL_TYPE_HMATRIX_ COMPLEX complex hyper matrices
PNL TYPE BASIS bases

PNL TYPE RNG random number generators
PNL TYPE LIST doubly linked list

Table 1: PnlTypes

const char *label; /#!< a string identifier (for the moment not useful) */

PnlType parent_type; /*!< the identifier of the parent object is any,
otherwise parent_type=id */

destroy_func *destroy; /*!< frees an object */

};

Here is the list of all the types actually defined
We provide several macros for manipulating PnlObejcts.

« PNL_OBJECT (o)
Description Casts any object into a PnlObject

« PNL_VECT__OBJECT (o)
Description Casts any object into a PnlVectObject

« PNL_MAT_OBJECT (o)
Description Casts any object into a PnlMatObject

« PNL_HMAT_OBJECT (o)
Description Casts any object into a PnlHmatObject

« PNL_BAND__MAT_OBJECT (o)
Description Casts any object into a PnlBandMatObject

« PNL_TRIDIAGMAT__OBJECT (o)
Description Casts any object into a PnlTridiagMatObject



« PNL_BASIS_OBJECT (o)
Description Casts any object into a PnlBasis

« PNL_RNG_OBIJECT (o)
Description Casts any object into a PnlRng

« PNL_LIST_ OBJECT (o)
Description Casts any object into a PnlList

« PNL_GET_TYPENAME (o)
Description Returns the name of the type of any object inheriting from PnlObject

« PNL_GET_TYPE (o)
Description Returns the type of any object inheriting from PnlObject

« PNL_GET_PARENT_TYPE (o)
Description Returns the parent type of any object inheriting from PnlObject

o PnlObjectx pnl__object__create (PnlType t)
Description Creates an empty PnlObject of type t which can any of the registered types,
see Table [l

2.2 List object

This section describes functions for creating an manipulating lists. Lists are internally stored
as doubly linked lists.
The structures and functions related to lists are declared in pnl/pnl_list.h.

typedef struct _PnlCell PnlCell;

struct _PnlCell

{
struct _PnlCell *prev; /*!< previous cell or 0 */
struct _PnlCell *next; /*!< next cell or 0 */
Pnl0Object *self; /*!< stored object */

s

typedef struct _PnllList PnlList;
struct _PnlList
{
/*%
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlList pointer to be cast to a PnlObject
*/
PnlObject object;
PnlCell *first; /*!< first element of the list */
PnlCell *last; /*!< last element of the list */
PnlCell *curcell; /*!< last accessed element,
if never accessed is NULL */



int icurcell; /*!< index of the last accessed element,
if never accessed is NULLINT */
int len; /*!< length of the list */
};

o PnlList * pnl_ list_ new ()
Description Creates an empty list

o PnlCell % pnl__cell_new ()
Description Creates an cell list

o void pnl_ list_ free (PnlList xxL)
Description Frees a list

o void pnl__cell_ free (PnlCell xxc)
Description Frees a list

o PnlObjectx pnl__list__get ( PnlList %L, int i)
Description This function returns the content of the i—th cell of the list L. This function
is optimized for linearly accessing all the elements, so it can be used inside a for loop
for instance.

o void pnl_list__insert_ first (PnlList *L, PnlObject *o0)
Description Insert the object o on top of the list L. Note that o is not copied in L, so

do not free o yourself, it will be done automatically when calling

o void pnl_list_ insert_ last (PnlList L, PnlObject o)
Description Insert the object o at the bottom of the list L. Note that o is not copied in
L, so do not free o yourself, it will be done automatically when calling

o void pnl_ list_ remove__last (PnlList L)
Description Removes the last element of the list L and frees it.

o void pnl_list_ remove__ first (PnlList xL)
Description Removes the first element of the list L and frees it.

o void pnl_ list__remove__i (PnlList *L, int i)
Description Removes the i-th element of the list L and frees it.

o void pnl_list_ concat (PnlList *L1, PnlList xL2)
Description Concatenates the two lists L1 and L2. The resulting list is store in L1
on exit. Do not free L2 since concatenation does not actually copy objects but only
manipulates addresses.

o void pnl_list__print (PnlList xL)

Description Not yet implemented because it would require that the structure PnlObject
has a field copy.
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2.3 Array object

This section describes functions for creating an manipulating arrays of PnlObjects.
The structures and functions related to arrays are declared in pnl/pnl_array.h.

typedef struct _PnlArray PnlArray;
struct _PnlArray
{
VES
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlArray pointer to be cast to a PnlObject
*/
Pnl0bject object;
int size;
Pnl0Object **array;
int mem_size;

o PnlArray x pnl__array_new ()
Description Creates an empty array

o void pnl__array_ free (PnlArray sx)
Description Frees an array and all the objects hold by the array.

o int pnl__array_ resize (PnlArray T, int size)

Description Resizes T to be size long. As much as possible of the original data is kept.

o PnlObjectx pnl__array__get ( PnlArray «T, int i)

Description This function returns the content of the i—th cell of the array T. No copy

is made.

o PnlObjectx pnl__array__set ( PnlArray T, int i, PnlObjectxO)

Description T[i] = 0. No copy is made, so the object 0 must not be freed manually.

o void pnl__array_ print (PnlArray %)

Description Not yet implemented because it would require that the structure PnlObject

has a field copy.

3 Mathematical framework

3.1 General tools

The macros and functions of this paragraph are defined in pnl/pnl_mathtools.h.

3.1.1 Constants

A few mathematical constants are provided by the library. Most of them are actually
already defined in math.h, values.h or limits.h and a few others have been added.

11



M_E el

M_LOG2E logy e

M_LOGI10E logpe

M_LN2 log, 2

M_ LN10 log, 10

M_PI m

M_ 2P1 27

M_PI_2 /2

M_PI_4 /4

M_1_PI 1/7

M_2 PI 2/

M_ 2 SQRTPI 2/ /T

M_SQRT2PI sqrt2mw

M_SQRT?2 V2

M_EULER Y = limy oo (g £ = In(n))
M_SQRT1_2 1/v2

M_1_SQRT2PI 1/v2r

M__SQRT2_PI V2/m

INT_MAX 2147483647

MAX_INT INT MAX

DBL__ MAX 1.79769313486231470e + 308
DOUBLE_MAX DBL_MAX
DBL__EPSILON 2.2204460492503131e — 16
PNL__NEGINF —00

PNL_ POSINF +00

PNL_ INF +00

NAN Not a Number

3.1.2 A few macros

« PNL_IS_ODD (int n)
Description Returns 1 if n is odd and 0 otherwise.

« PNL_IS_EVEN (int n)
Description Returns 1 if n is even and 0 otherwise.

« PNL_ALTERNATE (int n)

n

Description Returns (—1)".

+ MIN (x)
Description Returns the minimum of x and y.

« MAX (xy)
Description Returns the maximum of x and y.

e ABS (x)
Description Returns the absolute value of x.

« PNL_SIGN (x)
Description Returns the sign of x (-1 if x < 0, 0 otheriwse).

12



SQR (x)
Description Returns 22,

CUB (x)
Description Returns 22,

3.1.3 Functions

int intapprox (double s)

Description Returns the nearest integer with the convention (intapprox(1.5)=1). This
function is similar to the round function (provided by the C library) but the result is
typed as an integer instead of a double.

double trunc (double s)
Description Returns the nearest integer not greater than the absolute value of s. This
function is part of C99.

double Cnp (int n, int p)
Description Computes the binomial coefficient (Z) in double precision.

double pnl__fact (int n)
Description Computes n! =I'(n + 1) in double precision.

double pnl__pow__i (double x, int n)
Description Computes 2" for n € N using a squaring method.

void pnl__gsort (void *a, int n, int es, int lda, int *t, int ldt, int use_index, int
(*cmp)(void const *, void const *))

Description Sorts the array a using the comparison function cmp. n is the number of
elements in a, each element being of size es. t is an array of integers of length n used to
store the permutation when use_index=TRUE. 1da and 1dt are the leading dimensions
of the arrays a and t and are used to sort matrices column-wise.

double pnl_ nan ()
Description Returns Nan

double pnl__posinf ()
Description Returns + infinity

double pnl__neginf ()
Description Returns - infinity

int pnl__isnan (double x)
Description Returns 1 if x = Nan

int pnl__isfinite ()
Description Returns 1 if x != Inf

int pnl__isinf ()
Description Returns +1 if x = +Inf, -1 if x = -Inf, O otherwise.

13



We provide a few functions mathematical functions named pnl_funcname, some of which are
already part of C99 as funcname.

o double pnl__lgamma (double x)
Description Computes log(T'(z)).

o double pnl_tgamma (double x)
Description Computes I'(z).

o double pnl__acosh (double x)
Description Computes acosh(x).

o double pnl__asinh (double x)
Description Computes asinh(x).

o double pnl__atanh (double x)
Description Computes atanh(x).

o double pnl__loglp (double x)
Description Computes log(1+x) accurately for small values of x

o double pnl__expm1l (double x)
Description Computes exp(x)-1 accurately for small values of x

o double pnl__cosm1 (double x)
Description Computes cos(x)-1 accurately for small values of x

3.2 Complex numbers
3.2.1 Overview

The complex type and related functions are defined in the header pnl/pnl_complex.h.

The first native implementation of complex numbers in the C language appeared in C99,
which is unfortunately not available on all platforms. For this reason, we provide here an
implementation of complex numbers.

typedef struct {
double r; /*!< real part */
double i; /*!< imaginary part */
} dcomplex;

3.2.2 Constants

CZERO 0 as a complex number
CONE 1 as a complex number
Cl I the unit complex number

14



3.2.3 Functions

double Creal (dcomplex z)
Description R(z)

double Cimag (dcomplex z)
Description Im(z)

dcomplex Cadd (dcomplex z, dcomplex b)
Description z+b

dcomplex CRadd (dcomplex z, double b)

Description z+b

dcomplex RCadd (double b, dcomplex z)
Description b+z

dcomplex Csub (dcomplex z, dcomplex b)
Description z-b

dcomplex CRsub (dcomplex z, double b)
Description z-b

dcomplex RCsub (double b, dcomplex z)
Description b-z

dcomplex Cminus (dcomplex z)
Description -z

dcomplex Cmul (dcomplex z, dcomplex b)
Description z*b

dcomplex RCmul (double x, dcomplex z)
Description x*z

dcomplex CRmul (dcomplex z, double x)
Description z * x

dcomplex CRdiv (dcomplex z, double x)
Description z/x

dcomplex RCdiv (double x, dcomplex z)
Description x/z

dcomplex Complex (double x, double y)
Description x + i y

dcomplex Complex__polar (double r, double theta)
Description r exp(i theta)

dcomplex Conj (dcomplex z)
Description z

15



dcomplex Cinv (dcomplex z)
Description 1/z

dcomplex Cdiv (dcomplex z, dcomplex w)
Description z/w

double Csqr__norm (dcomplex z)
Description Re(z)? + im(2)?

double Cabs (dcomplex z)
Description |z|

dcomplex Csqrt (dcomplex z)
Description sqrt(z) , square root (with positive real part)

dcomplex Clog (dcomplex z)
Description log(z)

dcomplex Cexp (dcomplex z)
Description exp(z)

dcomplex Clexp (double t)
Description exp( it )

dcomplex Cpow (dcomplex z, dcomplex w)
Description 2%, power function

dcomplex Cpow__real (dcomplex z, double x)
Description 2%, power function

dcomplex Ccos (dcomplex z)
Description cos(g)

dcomplex Csin (dcomplex z)
Description sin(g)

dcomplex Ctan (dcomplex z)
Description tan(z)

dcomplex Ccotan (dcomplex z)
Description cotan(z)

dcomplex Ccosh (dcomplex z)
Description cosh(g)

dcomplex Csinh (dcomplex z)
Description sinh(g)

dcomplex Ctanh (dcomplex z)

. . 11— —2z
Description tanh(z) = SE—r
dcomplex Ccotanh (dcomplex z)
1+e*§Z
1—e—%%

Description cotanh(z) =

16



double Carg (dcomplex z)
Description arg(z)

dcomplex Ctgamma (dcomplex z)
Description Gamma(z), the Gamma, function

dcomplex Clgamma (dcomplex z)
Description log(Gamma (z)), the logarithm of the Gamma function

void Cprintf (dcomplex z)
Description Prints a complex number on the standard output

Most algebraic operations on complex numbers are implemented using the following naming
for the functions

All these function names begin in C_op_,

The small letters a, b denote two complex numbers whereas d is a real number,
The letter i denotes the multiplication by the pure imagniary number 1,

The letter c indicates that the next coming number is conjugated.

The letters p, m denote the two standard operations plus and minus respectively.

For example C_op__idamcb is 1d (a — 5). So functions are :

dcomplex C__op__apib (dcomplex a, dcomplex b)
Description a + 1b.

dcomplex C__op__apch (dcomplex a, dcomplex b)
Description a + b.

dcomplex C__op__amcb (dcomplex a, dcomplex b)
Description a — b.

dcomplex C__op__amib (dcomplex a, dcomplex b)
Descriptiona - i b

dcomplex C__op__dapb (double d, dcomplex a, dcomplex b)
Description d(a + b).

dcomplex C__op__damb (double d, dcomplex a, dcomplex b)
Description d(a — b).

dcomplex C__op__dapib (double d, dcomplex a, dcomplex b)
Description d(a + b).

dcomplex C__op__damib (double d, dcomplex a, dcomplex b)
Description d(a — 1b).

dcomplex C__op__dapcb (double d, dcomplex a, dcomplex b)
Description d (a + 5).

17



dcomplex C__op__damcb (double d, dcomplex a, dcomplex b)
Description d (a — 5).

dcomplex C__op__idapb (double d, dcomplex a, dcomplex b)
Description d (a + b).

dcomplex C__op__idamb (double d, dcomplex a, dcomplex b)
Description «d (a — b).

dcomplex C__op__idapcb (double d, dcomplex a, dcomplex b)
Description d <a<+-5>.

dcomplex C__op__idamcb (double d, dcomplex a, dcomplex b)
Description d (a-—»5>.

4 Linear Algebra

4.1
4.1.1

Vectors

Overview

The structures and functions related to vectors are declared in pnl/pnl_vector.h.
Vectors are declared for several basic types : double, int, and dcomplex. In the following
declarations, BASE must be replaced by one the previous types and the corresponding vector

struct

ures are respectively named PnlVect, PnlVectInt, PnlVectComplex

typedef struct _PnlVect {
/**

*
*

Must be the first element in order for the object mechanism to work
properly. This allows any PnlVect pointer to be cast to a PnlObject

x/
Pnl0bject object;
int size; /*!< size of the vector */

int

mem_size; /*!< size of the memory block allocated for array */

double *array; /*!< pointer to store the data */

int

owner; /*!< 1 if the object owns its array member, O otherwise */

} PnlVect;

typedef struct _PnlVectInt {

VETS

*
*
*/

Pnl

int

int
int
int

Must be the first element in order for the object mechanism to work
properly. This allows any PnlVectInt pointer to be cast to a PnlObject

Object object;

size; /*!< size of the vector */

mem_size; /*!< size of the memory block allocated for array */
*xarray; /*!< pointer to store the data */

owner; /*!< 1 if the object owns its array member, O otherwise */
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} PnlVectInt;

typedef struct _PnlVectComplex {
VETS
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlVectComplex pointer to be cast
* to a PnlObject
*/
Pnl0bject object;
int size; /*!< size of the vector */
int mem_size; /*!< size of the memory block allocated for array */
dcomplex *array; /*!< pointer to store the data */
int owner; /*!< 1 if the object owns its array member, O otherwise */
} PnlVectComplex;

size is the size of the vector, array is a pointer containing the data and owner is an integer
to know if the vector owns its array pointer (owner=1) or shares it with another structure
(owner=0). mem_size is the number of elements the vector can hold at most.

4.1.2 Functions

General functions These functions exist for all types of vector no matter what the basic
type is. The following conventions are used to name functions operating on vectors. Here is
the table of prefixes used for the different basic types.

type prefix BASE
double pnl__vect double
int pnl__vect_int int

dcomplex pnl_vect_ complex dcomplex

In this paragraph, we present the functions operating on PnlVect which exist for all types.
To deduce the prototypes of these functions for other basic types, one must replace pnl_vect
and double according the above table.

Constructors and destructors There are no special functions to access the size of a
vector, instead the field size should be accessed directly.

o PnlVect * pnl__vect__new ()
Description Creates a new PnlVect of size 0.

o PunlVect x pnl__vect__create (int size)
Description Creates a new PnlVect pointer.

o PnlVect * pnl__vect__create_ from__zero (int size)
Description Creates a new PnlVect pointer and sets it to zero.

o PnlVect * pnl__vect__create_ from__double (int size, double x)
Description Creates a new PnlVect pointer and sets all elements t x.
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PnlVect * pnl__vect__create__from__ptr (int size, const double *x)
Description Creates a new PnlVect pointer and copies x to array.

PnlVect x pnl__vect__create_ from_ list (int size, ...)

Description Creates a new PnlVect pointer of length size filled with the extra arguments
passed to the function. The number of extra arguments passed must be equal to size
and they must be of the type BASE. Example: To create a vector {1., 2.}, you should
enter pnl_vect_ create_from_ list(2, 1.0, 2.0) and NOT pnl_ vect_ create_ from_ list(2,
1.0, 2) or pnl_vect_ create_from_list(2, 1, 2.0). Be aware that this cannot be checked
inside the function.

PnlVect * pnl__vect__create__from__file (const char xfile)

Description Reads a vector from a file and creates the corresponding PnlVect. The data
might be stored as a single blank separated line or as a one column file with one element
per line.

PnlVect x pnl__vect__copy (const PnlVect xv)
Description This is a copying constructor. It creates a copy of a PnlVect.

void pnl__vect__clone (PnlVect xclone, const PnlVect *v)

Description Clones a PnlVect. clone must be an already existing PnlVect. It is resized
to match the size of v and the data are copied. Future modifications to v will not affect
clone.

PnlVect * pnl__vect__create__subvect__with__ind (const PnlVect %V, const Pn-
IVectInt *ind)
Description Creates a new vector containing V(ind(:)).

void pnl__vect__extract__subvect__ with__ind (PnlVect *V__sub, const PnlVect %V,
const PnlVectInt *ind)
Description On exit, V_sub = V(ind(:)).

PnlVect x pnl__vect__create_ subvect (const PnlVect #V, int i, int len)
Description Creates a new vector containing V(i:i+len-1). The elements are copied.

void pnl__vect__extract__subvect (PnlVect xV__sub, const PnlVect V| int i, int len)
Description On exit, V_sub = V(i:i+len-1). The elements are copied.

void pnl__vect__free (PnlVect *xv)
Description Frees a PnlVect pointer and set the data pointer to NULL

PnlVect pnl__vect__wrap__array (const double xx, int size)
Description Creates a PnlVect containing the data x. No copy is made. It is just a
container.

PnlVect pnl__vect__wrap_ subvect (const PnlVect *x, int i, int s)
Description Creates a PnlVect containing x(i:i+s-1). No copy is made. It is just a
container. The returned PnlVect has size=s and owner=0.

PnlVect pnl__vect__wrap__subvect__with__last (const PnlVect xx, int i, int j)
Description Creates a PnlVect containing x(i:j). No copy is made. It is just a con-
tainer.
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o PnlVect pnl__vect__wrap__mat (const PnlMat «M)
Description Returns a PnlVect (not a pointer) whose array is the row wise array of M.
The new vector shares its data with the matrix M, which means that any modification
to one of them will affect the other.

Resizing vectors

o int pnl__vect__resize (PnlVect xv, int size)
Description Resizes a PnlVect. It copies as much of the old data to fit in the resized
object.

o int pnl_vect__resize_ from_ ptr (PnlVect v, int size, double xt)

Description Resizes a PnlVect and uses t to fill the vector. t must be of size size.

Accessing elements If it is supported by the compiler, the following functions are declared
inline. You just need to define the macro HAVE_INLINE for by passing ~-DHAVE_INLINE to gcc
to use the inline versions of the following functions.

» void pnl__vect__set (PnlVect xv, int i, double x)
Description Sets v[i]=x

o double pnl__vect__get (const PnlVect xv, int i)
Description Returns the value of v[i].

o void pnl__vect__lget (PnlVect v, int i)
Description Returns the address of vli].

o void pnl__vect__set__double (PnlVect %v, double x)
Description Sets all elements to x.

o void pnl__vect__set_ zero (PnlVect *v)
Description Sets all elements to zero.

Equivalently to these functions, there exist macros for PnlVect only.

o GET (v,1i)
Description Returns v[i].

e LET (v,1i)
Description Returns v[i] as a lvalue.
Printing vector

o void pnl__vect__print (const PnlVect V)
Description Prints a PnlVect as a column vector

o void pnl__vect__fprint (FILE «fic, const PnlVect xV)
Description Prints a PnlVect in file fic as a column vector.

o void pnl__vect__print__asrow (const PnlVect *V)
Description Prints a PnlVect as a row vector
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void pnl_ vect_ fprint__asrow (FILE xfic, const PnlVect xV)
Description Prints a PnlVect in file fic as a row vector.

void pnl__vect__print_ nsp (const PnlVect V)
Description Prints a vector to the standard output in a format compatible with Nsp.

void pnl__vect__fprint__nsp (FILE xfic, const PnlVect V)
Description Prints a vector to a file in a format compatible with Nsp. The saved vector
can be reloaded by the function [pnl_vect_create_from_ file]

Applying external operation to vectors

void pnl__vect__minus (PnlVect xlhs)
Description In-place unary minus

void pnl__vect__plus__double (PnlVect xlhs, double x)
Description In-place vector scalar addition

void pnl__vect__minus__double (PnlVect *lhs, double x)
Description In-place vector scalar substraction

void pnl__vect__mult__double (PnlVect xlhs, double x)
Description In-place vector scalar multiplication

void pnl__vect__div__double (PnlVect xlhs, double x)
Description In-place vector scalar division

Element wise operations

void pnl__vect__plus_ vect (PnlVect *lhs, const PnlVect *rhs)
Description In-place vector vector addition

void pnl__vect__minus__vect (PnlVect xlhs, const PnlVect #rhs)
Description In-place vector vector substraction

void pnl__vect__inv__term (PnlVect xlhs)
Description In-place term by term vector inversion

void pnl__vect__div__vect__term (PnlVect *lhs, const PnlVect *rhs)
Description In-place term by term vector division

void pnl__vect__mult__ vect__term (PnlVect xlhs, const PnlVect rhs)
Description In-place vector vector term by term multiplication

void pnl__vect__map (PnlVect xlhs, const PnlVect xrhs, double(xf)(double))
Description 1hs = f(rhs)

void pnl__vect__map__inplace (PnlVect xlhs, double(xf)(double))
Description 1hs = £ (1lhs)

void pnl__vect__map_ vect (PnlVect xlhs, const PnlVect srhsl, const PnlVect *rhs2,

double(xf)(double, double))
Description 1hs = f(rhsl, rhs2)
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e void pnl__vect__map_ vect__inplace (PnlVect xlhs, PnlVect xrhs,
double(xf)(double,double))
Description 1hs = f(lhs,rhs)

» void pnl__vect__axpby (double a, const PnlVect xx, double b, PnlVect xy)
Description Computesy : = a x + b y. When b==0, the content of y is not used on
input and instead y is resized to match x.

o double pnl__vect__sum (const PnlVect *lhs)
Description Returns the sum of all the elements of a vector

o void pnl__vect__cumsum (PnlVect xlhs)
Description Computes the cumulative sum of all the elements of a vector. The original
vector is modified

o double pnl__vect__prod (const PnlVect V)
Description Returns the product of all the elements of a vector

o void pnl__vect__cumprod (PnlVect xlhs)
Description Computes the cumulative product of all the elements of a vector. The
original vector is modified

Test functions

o int pnl_ vect__eq (const PnlVect *V1, const PnlVect xV2)
Description Tests if two vectors are equal. Returns TRUE or FALSE.

o int pnl__vect__eq__double (const PnlVect xv, double x)
Description Tests if all the components of v are equal to x. Returns TRUE or FALSE.

Ordering functions The following functions are not defined for PnlVectComplex because
there is no total ordering on Complex numbers

o double pnl__vect__max (const PnlVect xV)
Description Returns the maximum of a a vector

o double pnl__vect__min (const PnlVect V)
Description Returns the minimum of a vector

o void pnl__vect__minmax (double xm, double *M, const PnlVect x)
Description Computes the minimum and maximum of a vector which are returned in m
and M respectively.

o void pnl__vect__min__index (double xm, int *im, const PnlVect %)
Description Computes the minimum of a vector and its index stored in sets m and im
respectively.

o void pnl_ vect_ max__index (double *M, int *iM, const PnlVect *)
Description Computes the maximum of a vector and its index stored in sets m and im
respectively.
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e void pnl_ vect_ minmax__index (double xm, double *M, int xim, int *iM, const
PnlVect %)
Description Computes the minimum and maximum of a vector and the corresponding
indices stored respectively in m, M, im and iM.

o void pnl__vect__gsort (PnlVect %, char order)
Description Sorts a vector using a quick sort algorithm according to order (’i’ for
increasing or ’d’ for decreasing).

o void pnl__vect__gsort__index (PnlVect %, PnlVectInt *index, char order)
Description Sorts a vector using a quick sort algorithm according to order (’i’ for
increasing or ’d’ for decreasing ). On output, index contains the permutation used to
sort the vector.

o int pnl_vect_ find (PnlVectInt xind, char xtype, int(xf)(double *t), ...)
Description £ is a function taking a C array as argument and returning an integer. type
is a string composed by the letters 'r’ and v’ and is used to describe the types of the
arguments appearing after £. This function aims at simulating Scilab’s find function.
Here are a few examples (capital letters are used for vectors and small letters for real
values)

— ind = find ( a < X )

int isless ( double *t ) { return t[0] < t[1]; }
pnl_vect_find ( ind, "rv", isless, a, X );

— ind = find (X <= Y)

int isless ( double *t ) { return t[0] <= t[1]; }
pnl_vect_find ( ind, "vv", isless, X, Y );

— ind = find ((a < X) & (X <=Y))

int cmp ( double *t )
{

return (t[0] <= t[1]) && (t[1] <= t[2]);
}

pnl_vect_find ( ind, "rvv", cmp, a, X, Y );

ind contains on exit the indices i for which the function f returned 1. This function
returns OK or FAIL when something went wrong (size mismatch between matrices, invalid
string type).

Scalar products and norms

o double pnl__vect__norm__two (const PnlVect V)
Description Returns the two norm of a vector
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o double pnl__vect__norm__one (const PnlVect xV)
Description Returns the one norm of a vector

o double pnl__vect__norm__infty (const PnlVect V)
Description Returns the infinity norm of a vector

o double pnl__vect__scalar__prod (const PnlVect srhsl, const PnlVect srhs2)
Description Computes the scalar product between 2 vectors

Misc

o void pnl__vect__swap__elements (PnlVect *v, int i, int j)
Description Exchanges v[i] and v[j].

o void pnl__vect__reverse (PnlVect %v)
Description Performs a mirror operation on v. On output v[i] = v[n-1-i] for
i=0,...,n-1 where n is the length of the vector.

Complex vector functions

o void pnl__vect__complex__mult__double (PnlVectComplex *lhs, double x)
Description In-place multiplication by a double.

o PnlVectComplex* pnl__vect__complex_ create_ from__array (int size, const double
«re, const double *im)
Description Creates a PnlVectComplex given the arrays of the real parts re and imag-
inary parts im.

o void pnl_ vect__complex_ split_ in__array (const PnlVectComplex *v, double *re,
double *im)
Description Splits a complex vector into two C arrays : the real parts of the elements
of v are stored into re and the imaginary parts into im.

o void pnl__vect__complex__split__in__vect (const PnlVectComplex *v, PnlVect *re,
PnlVect *im)
Description Splits a complex vector into two PnlVects : the real parts of the elements
of v are stored into re and the imaginary parts into im.

There exist functions to directly access the real or imaginary parts of an element of a complex
vector. These functions also have inlined versions that are used if the variable HAVE_INLINE
was declared at compilation time.

o double pnl__vect__complex__get_ real (const PnlVectComplex *v, int i)
Description Returns the real part of v[i].

o double pnl__vect__complex__get__imag (const PnlVectComplex v, int i)
Description Returns the imaginary part of v[i].

o doublex pnl__vect__complex_ lget_ real (const PnlVectComplex v, int i)
Description Returns the real part of v[i] as a lvalue.
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o doublex pnl__vect__complex_ lget__imag (const PnlVectComplex *v, int i)
Description Returns the imaginary part of v[i] as a lvalue.

o void pnl__vect__complex_ set_ real (const PnlVectComplex *v, int i, double re)
Description Sets the real part of v[i] to re.

o void pnl__vect__complex__set__imag (const PnlVectComplex v, int i, double im)
Description Sets the imaginary part of v[i] to im.

Equivalently to these functions, there exist macros. When the compiler is able to handle
inline code, there is no gain in using macros instead of inlined functions at least in principle.

« GET_REAL (v,1i)
Description Returns the real part of v[i].

GET_IMAG (v, i)
Description Returns the imaginary part of v[i].

LET_REAL (v, i)

Description Returns the real part of v[i] as a lvalue.

LET_ IMAG (v, 1i)
Description Returns the imaginary part of v[i] as a lvalue.

4.2 Compact Vectors
4.2.1 Short description

typedef struct PnlVectCompact {
/**
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlVectCompact pointer to be cast to a PnlObject
*/
Pnl0bject object;
int size; /* size of the vector */
union {
double val; /* single value */
double *array; /* Pointer to double values */
s
char convert; /* ’a’, ’d’ : array, double */
} PnlVectCompact;

4.2.2 Functions

o PnlVectCompact * pnl__vect__compact__new ()
Description Creates a PnlVectCompact of size 0.

o PnlVectCompact * pnl__vect__compact__create (int n, double x)
Description Creates a PnlVectCompact.
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o int pnl_vect_ compact_ resize (PnlVectCompact *v, int size, double x)
Description Resizes a PnlVectCompact.

o PnlVectCompact * pnl__vect__compact__copy (const PnlVectCompactxv)
Description Copies a PnlVectCompact

o void pnl__vect__compact__free (PnlVectCompact #xv)
Description Free a PnlVectCompact

o PnlVect * pnl__vect__compact__to__pnl_ vect (const PnlVectCompact xC)
Description Converts a PnlVectCompact pointer to a PnlVect pointer.

e double pnl_ vect__compact__get (const PnlVectCompact *C, int i)
Description Access function

« void pnl__vect__compact__set__double (PnlVectCompact *C, double x)
Description Sets all elements of C to x. C is converted to a compact storage.

o void pnl__vect__compact__set_ ptr (PnlVectCompact xC, double ptr)
Description Copies the array ptr into C. We assume that the sizes match. C is converted
to a non compact storage.

4.3 Matrices
4.3.1 Overview

The structures and functions related to matrices are declared in pnl/pnl_matrix.h.

typedef struct _PnlMat{
/**
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlMat pointer to be cast to a PnlObject
*/
Pnl0bject object;
int m; /*!< nb rows */
int n; /*!< nb columns */
int mn; /*!< product m*n */
int mem_size; /*!< size of the memory block allocated for array */
double *array; /+*!< pointer to store the data row-wise */
int owner; /*!< 1 if the object owns its array member, O otherwise */
} PnlMat;

typedef struct _PnlMatInt{

/x*
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlMatInt pointer to be cast to a PnlObject
*/

PnlObject object;

int m; /*!< nb rows */

int n; /*!< nb columns */
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int mn; /*!< product m*n */

int mem_size; /*!< size of the memory block allocated for array */

int *array; /#*!< pointer to store the data row-wise */

int owner; /*!< 1 if the object owns its array member, O otherwise */
} PnlMatInt;

typedef struct _PnlMatComplex{
/x*
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlMatComplex pointer to be cast
* to a PnlObject
*/
Pnl0Object object;
int m; /*!< nb rows */
int n; /*!< nb columns */
int mn; /*!< product m*n */
int mem_size; /*!< size of the memory block allocated for array */
dcomplex *array; /*!< pointer to store the data row-wise */
int owner; /*!< 1 if the object owns its array member, O otherwise */
} PnlMatComplex;

m is the number of rows, n is the number of columns. array is a pointer containing the data
of the matrix stored line wise, The element (i, j) of the matrix is array[i*m+j]. owner is
an integer to know if the matrix owns its array pointer (owner=1) or shares it with another
structure (owner=0). mem_size is the number of elements the matrix can hold at most.

The following operations are implemented on matrices and vectors. alpha
and beta are real numbers, A and B are matrices and x and y are vectors.
pnl_mat_ axpy| B := alpha * A + B
pnl_jnat_ﬁcahn;_prod| x’ Ay
pnl__mat_dgemm| C := alpha * op (A) * op (B) + beta * C
pnl mat_mult_vect_transpose_inplace, y = A’ * x
pnl_mat_mult_vect_inplace| y = A *x
anﬁHmngApry| y := alpha * A * x + beta * y
pnl_mat_dgemv| y := alpha * op (A) * x + beta * y
pnl_mat_ dger| A := alpha x * y’> + A

4.3.2 Generic Functions

These functions exist for all types of matrices no matter what the basic type is. The following
conventions are used to name functions operating on matrices. Here is the table of prefixes
used for the different basic types.

type prefix BASE
double pnl__mat double
int pnl_mat_ int int

dcomplex pnl_mat_complex dcomplex
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In this paragraph we present the functions operating on PnlMat which exist for all types. To
deduce the prototypes of these functions for other basic types, one must replace pnl_mat and
double according the above table.

Constructors and destructors There are no special functions to access the sizes of a
matrix, instead the fields m, n and mn give direct access to the number of rows, columns and
the size of the matrix.

o PnlMat % pnl__mat_ new ()
Description Creates a PnlMat of size 0

o PnlMat % pnl__mat_ create (int m, int n)
Description Creates a PnlMat with m rows and n columns.

o PnlMat % pnl__mat__create_ from__double (int m, int n, double x)
Description Creates a PnlMat with m rows and n columns and sets all the elements to x

o PnlMat % pnl__mat__create_ from__ptr (int m, int n, const double *x)
Description Creates a PnlMat with m rows and n columns and copies the array x to the
new vector. Be sure that x is long enough to fill all the vector because it cannot be
checked inside the function.

o PnlMat % pnl__mat__create_ from__ list (int m, int n, ...)
Description Creates a new PnlMat pointer of size m x n filled with the extra arguments
passed to the function. The number of extra arguments passed must be equal to m x
n, be aware that this cannot be checked inside the function.

o PnlMat % pnl__mat__copy (const PnlMat *M)
Description Creates a new PnlMat which is a copy of M.

o PnlMat % pnl__mat__create__diag_ from__ptr (const double x, int d)
Description Creates a new squared PnlMat by specifying its size and diagonal terms as
an array.

o PnlMat % pnl__mat__create__diag (const PnlVect V)
Description Creates a new squared PnlMat by specifying its diagonal terms in a PnlVect.

o PnlMat % pnl__mat__create_ from__file (const char xfile)
Description Reads a matrix from a file and creates the corresponding PnlMat. The
following conventions are used for the storage in a file:

— one row of the matrix corresponds to one line of the file
— the elements of a row should be separated by blanks (spaces or tabs) and nothing
else (no comma or semi-colon separators are detected).

o void pnl__mat_ free (PnlMat #*M)
Description Frees a PnlMat and sets *M to NULL

o PnlMat pnl__mat_ wrap_ array (const double *x, int m, int n)
Description Creates a PnlMat of size m x n which contains x. No copy is made. It is
just a container.
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PnlMat pnl__mat__ wrap__vect (const PnlVect V)

Description Returns a PnlMat (not a pointer) whose array is the array of V. The new
matrix shares its data with the vector V, which means that any modification to one of
them will affect the other.

void pnl__mat__clone (PnlMat *clone, const PnlMat M)
Description Clones M into clone. No no new PnlMat is created.

int pnl__mat__resize (PnlMat *M, int m, int n)
Description Resizes a PnlMat. The new matrix is of size m x n. It copies as much of
the old data to fit in the resized matrix.

PnlVect * pnl_vect_ create_ submat (const PnlMat M, const PnlVectInt xindi,
const PnlVectInt xindj)

Description Creates a new vector containing the values M(indi(:), indj(:)). indi
and indj must be of the same size.

void pnl_ vect__extract__submat (PnlVect *V_sub, const PnlMat *M, const Pn-
IVectInt *indi, const PnlVectInt *indj)

Description On exit, V_sub = M(indi(:), indj(:)). indi and indj must be of the
same size.

void pnl__mat__extract__subblock (PnlMat *M_sub, const PnlMat *M, int i, int
len_i, int j, int len_j)

Description M_sub = M(i:i+len_i-1, j:j+len_j-1). len_i (resp. len_j) is the
number of columns (resp. rows) to be extracted.

Accessing elements

void pnl__mat_ set (PnlMat M, int i, int j, double x)
Description Sets the value of M[i, j]=x

double pnl__mat__get (const PnlMat M, int i, int j)
Description Gets the value of M[i, j]

double * pnl_mat__lget (PnlMat *M, int i, int j)
Description Returns the address of M[i, j] for use as a lvalue.

void pnl__mat__set__double (PnlMat *M, double x)
Description Sets all elements of M to x.

void pnl__mat__set__id (PnlMat *xM)
Description Sets the matrix M to the identity matrix. M must be a square matrix.

void pnl__mat_ set_ diag (PnlMat xM, double x, int d)
Description Sets the d*' diagonal terms of the matrix M to the value x. M must be a
square matrix.

void pnl__mat__get_ row (PnlVect %V, const PnlMat M, int i)
Description Extracts and copies the i-th row of M into V.
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void pnl__mat_ get_ col (PnlVect ¥V, const PnlMat «M, int j)
Description Extracts and copies the j-th column of M into V.

PnlVect pnl__vect__wrap__mat_ row (const PnlMat «M, int i)

Description Returns a PnlVect (not a pointer) whose array is the i-th row of M. The
new vector shares its data with the matrix M, which means that any modification to one
of them will affect the other.

void pnl__mat__swap__rows (PnlMat M, int i, int j)
Description Swaps two rows of a matrix.

void pnl__mat__set__col (PnlMat *M, const PnlVect %V, int j)
Description Replaces the i-th column of a matrix M by a vector V

void pnl__mat__set__row (PnlMat *M, const PnlVect %V, int i)
Description Replaces the i-th row of a matrix M by a vector V

Equivalently to the functions[pnl _mat_get|and [pnl _mat_ set] there exist macros for PnllMat

only.

MGET (M, i, j)
Description Returns M[1i, j].

MLET (M, i, j)
Description Returns M[i,j] as a lvalue for assignment.

Printing Matrices

void pnl__mat__print (const PnlMat «M)
Description Prints a matrix to the standard output.

void pnl__mat__fprint (FILE «fic, const PnlMat *M)
Description Prints a matrix to a file.

void pnl__mat__print_ nsp (const PnlMat *M)
Description Prints a matrix to the standard output in a format compatible with Nsp.

void pnl__mat_ fprint_ nsp (FILE xfic, const PnlMat «M)
Description Prints a matrix to a file in a format compatible with Nsp. The saved matrix
can be reloaded by the function [pnl__mat_create from_ filel

Applying external operations

void pnl__mat__plus__double (PnlMat *lhs, double x)
Description In-place matrix scalar addition

void pnl__mat__minus__double (PnlMat xlhs, double x)
Description In-place matrix scalar substraction

void pnl__mat__mult__double (PnlMat *lhs, double x)
Description In-place matrix scalar multiplication

void pnl__mat__div__double (PnlMat *lhs, double x)
Description In-place matrix scalar division
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Element wise operations

o void pnl__mat__mult__mat__term (PnlMat xlhs, const PnlMat s#rhs)
Description In-place matrix matrix term by term product

o void pnl__mat_ div__mat__term (PnlMat xlhs, const PnlMat srhs)
Description In-place matrix matrix term by term division

o void pnl__mat__ map__inplace (PnlMat *lhs, double(xf)(double))
Description 1hs = f(1lhs).

o void pnl__mat__ map (PnlMat xlhs, const PnlMat srhs, double(xf)(double))
Description 1hs = f(rhs).

e void pnl_mat__map_mat_ inplace (PnlMat xlhs, const PnlMat s*rhs, dou-
ble(xf)(double, double))
Description 1hs = f£(lhs, rhs).

o void pnl__mat__map__mat (PnlMat *lhs, const PnlMat srhsl, const PnlMat srhs2,
double(xf)(double, double))
Description 1hs = f(rhs1l, rhs2).

o double pnl__mat__sum (const PnlMat xlhs)
Description Sums matrix component-wise

o void pnl__mat__sum__vect (PnlVect xy, const PnlMat %A, char c)
Description Sums matrix column or row wise. Argument c can be either 'r’ (to get
a row vector) or ¢’ (to get a column vector). When c="r’, y(j) = >; A;; and when

c="rc, y(i) = Zj Ajj.

o void pnl__mat__cumsum (PnlMat %A, char ¢)
Description Cumulative sum over the rows or columns. Argument ¢ can be either 'r’ to
sum over the rows or ’c’ to sum over the columns. When c="r’, A;; = > 1 .«; Ax; and
when c=’rc, A;j =371 <p<; Ak

o double pnl__mat__prod (const PnlMat xlhs)
Description Products matrix component-wise

o void pnl__mat_ prod_ vect (PnlVect xy, const PnlMat %A, char c)
Description Prods matrix column or row wise. Argument c can be either 'r’ (to get
a row vector) or 'c’ (to get a column vector). When c="r’, y(j) = []; Ai; and when

c="rc, y(i) = [I; Ay.

o void pnl__mat__cumprod (PnlMat %A, char ¢)
Description Cumulative prod over the rows or columns. Argument c can be either 'r’
to prod over the rows or ’c’ to prod over the columns. When c="r’, A;; = [[;<p<; Ak;
and when c="rc, Aj; = [[1<p<j Aik- -
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Test functions

int pnl__mat__eq (const PnlMat «M1, const PnlMat «M2)
Description Tests if two matrices are equal. Returns TRUE or FALSE.

int pnl__mat__eq__double (const PnlMat *M, double x)
Description Tests if all the components of M are equal to x. Returns TRUE or FALSE.

Ordering operations

void pnl__mat__max ( PnlVect *M, const PnlMat %A, char d)
Description On exit, M(i) = max;(A(7,7)) when d=’c’ and M(i) = max;(A(j,7)) when
d="r’ and M(0) = max; ; = A(¢, j) when d=%".

void pnl__mat__min ( PnlVect xm,const PnlMat A, char d)
Description On exit, m(i) = min;(A(¢,5)) when d="c’ and m(¢) = min;(A(j,¢)) when
d="r’ and M(0) = min; ; = A(7,j) when d="%".

void pnl__mat__minmax ( PnlVect *m, PnlVect *M, const PnlMat %A, char d)
Description On exit, m(é) = min;(A(¢,7)) and M(¢) = max;(A(4,j)) when d=c’ and
m(i) = min;(A(j,4)) and M(i) = min;(A(j,4)) when d="r’ and M(0) = max;; = A(%,J)
and m(0) = min; ; = A(¢,j) when d=%".

void pnl__mat__min__index ( PnlVect xm, PnlVectInt «im, const PnlMat %A, char d)
Description Idem as and index contains the indices of the minima. If
index==NULL, the indices are not computed.

void pnl__mat__max__index ( PnlVect *M, PnlVectInt «iM, const PnlMat %A, char
d)

Description Idem as [pnl_mat max| and index contains the indices of the maxima. If
index==NULL, the indices are not computed.

void pnl__mat_ minmax__index ( PnlVect sm, PnlVect *M, PnlVectInt *im, Pn-
IVectInt *iM, const PnlMat %A, char d)

Description Idem as [pnl__mat__minmax| and im contains the indices of the minima and
iM contains the indices of the minima. If im==NULL (resp. iM==NULL, the indices of the
minima (resp. maxima) are not computed.

void pnl__mat__gsort (PnlMat #, char dir, char order)

Description Sorts a matrix using a quick sort algorithm according to order (’i’ for
increasing or ’d’ for decreasing). The parameter dir determines whether the matrix is
sorted by rows or columns. If dir="c’, each row is sorted independently of the others
whereas if dir="r’, each column is sorted independently of the others.

void pnl__mat__gsort__index (PnlMat %, PnlMatInt *index, char dir, char order)

Description Sorts a matrix using a quick sort algorithm according to order (’i’ for
increasing or ’d’ for decreasing). The parameter dir determines whether the matrix is
sorted by rows or columns. If dir="c’, each row is sorted independently of the others
whereas if dir="r’, each column is sorted independently of the others. In addition to
the function [pnl__mat_gsort] the permutation index is computed and stored into index.
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o int pnl__mat_ find (PnlVectInt xindi, PnlVectInt indj, char xtype, int(*f)(double xt),

Description £ is a function taking a C array as argument and returning an integer. type
is a string composed by the letters 'r’ and 'm’ and is used to describe the types of the
arguments appearing after £ : 'r’ for real numbers and 'm’ for matrices. This function
aims at simulating Scilab’s find function. Here are a few examples (capital letters are
used for matrices and small letters for real values)

— [indi, indj] = find ( a < X )

int isless ( double *t ) { return t[0] < t[1]; }
pnl_mat_find ( indi, indj, "rm", isless, a, X );

— ind = find (X <= Y)

int isless ( double *t ) { return t[0] <= t[1]; }
pnl_mat_find ( ind, "mm", isless, X, Y );

— [indi, indj] = find ((a < X) && (X <= Y))

int cmp ( double *t )
{

return (t[0] <= t[1]) && (t[1] <= t[2]);
}

pnl_mat_find ( indi, indj, "rmm", cmp, a, X, Y );

(indi, indj) contains on exit the indices (i,j) for which the function f returned 1.
Note that if indj == NULL on entry, a linear indexing is used for matrices, which means
that matrices are seen as large vectors built up be stacking rows. This function returns
OK or FAIL if something went wrong (size mismatch between matrices, invalid string

type).

Standard matrix operations

void pnl__mat__plus__mat (PnlMat xlhs, const PnlMat xrhs)
Description In-place matrix matrix addition

void pnl__mat__minus_ mat (PnlMat xlhs, const PnlMat *rhs)
Description In-place matrix matrix substraction

void pnl__mat_ sq_transpose (PnlMat *M)
Description On exit, M is transposed

PnlMat % pnl__mat__transpose (const PnlMat M)
Description Creates a new matrix which is the transposition of M

void pnl__mat__tr ( PnlMat «tM, const PnlMat *M)
Description On exit, tM = M’
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void pnl__mat__axpy (double alpha, const PnlMat A, PnlMat *B)
Description Computes B := alpha * A + B

void pnl__mat__dger (double alpha, const PnlVect *x, const PnlVect xy, PnlMat *A)
Description Computes A := alpha x * y’ + A

PnlVect * pnl__mat__mult__vect (const PnlMat %A, const PnlVect *x)
Description Matrix vector multiplication A * x

void pnl__mat__ mult__vect__inplace (PnlVect xy, const PnlMat %A, const PnlVect
*X)

Description In place matrix vector multiplication y = A * x. You cannot use the same
vector for x and y.

PnlVect * pnl__mat__mult__vect__transpose (const PnlMat A, const PnlVect #x)
Description Matrix vector multiplication A’ * x

void pnl__mat__mult__vect__transpose__inplace (PnlVect *y, const PnlMat %A,
const PnlVect *x)

Description In place matrix vector multiplication y = A’ * x. You cannot use the same
vector for x and y. The vectors x and y must be different.

void pnl__mat_ 1Axpby (double lambda, const PnlMat %A, const PnlVect xx, double
mu, PnlVect xb)

Description Computes b := lambda A x + mu b. When mu==0, the content of b is not
used on input and instead b is resized to match A*x. The vectors x and b must be
different.

void pnl__mat__dgemv (char trans, double lambda, const PnlMat *A, const PnlVect
+x, double mu, PnlVect xb)

Description Computes b := lambda op(A) x + mu b, where op (X) = Xorop (X) =
X’. If trans="N’ or trans=’n’, op (A) = A, whereas if trans=’T’ or trans=’t’, op
(A) = A’.When mu==0, the content of b is not used and instead b is resized to match
op(A)*x. The vectors x and b must be different.

void pnl__mat__dgemm (char transA, char transB, double alpha, const PnlMat %A,
const PnlMat *B, double beta, PnlMat *C)

Description Computes C := alpha * op(A) * op (B) + beta * C. When beta=0,
the content of C is unused and instead C is resized to store alpha A *B. If transA=’N’
or transA=’n’, op (A) = A, whereas if transA="T’ or transA="t’, op (A) = A’. The
same holds for transB. The matrix C must be different from A and B.

PnlMat * pnl__mat__mult__mat (const PnlMat rhsl, const PnlMat *rhs2)
Description Matrix multiplication rhs1l * rhs2

void pnl__mat__mult__mat__inplace (PnlMat xlhs, const PnlMat xrhsl, const Pnl-
Mat *rhs2)

Description In-place matrix multiplication 1hs = rhsl * rhs2. The matrix 1hs must
be different from rhsi and rhs2.
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4.3.3 Functions specific to base type double

Standard matrix operations

o double pnl__mat_ scalar_ prod (const PnlMat %A, const PnlVect xx, const PnlVect

+y)
Description Computes x> * A * y

o void pnl__mat__exp (PnlMat B, const PnlMat *A)
Description Computes the matrix exponential B = exp(4).

o void pnl__mat__log (PnlMat xB, const PnlMat *A)
Description Computes the matrix logarithm B = log(A). For the moment, this function
only works if A is diagonalizable.

o void pnl__mat__eigen (PnlVect *v, PnlMat %P, const PnlMat %A, int with__eigenvec-
tor)
Description Computes the eigenvalues (stored in v) and optionally the eigenvectors
stored column wise in P when with_eigenvector==TRUE. If A is symmetric, P is or-
thonormal.

Linear systems and matrix decompositions The following functions are designed to
solve linear system of the from A x = b where A is a matrix and b is a vector except in
the functions [pnl mat syslin mat| [pnl mat lu syslin mat| and jpnl mat chol syslin -
which expect the right hand side member to be a matrix too. Whenever the vector b is
not needed once the system is solved, you should consider using “inplace” functions.

All the functions described in this paragraph return 0K if the computations have been carried
out successfully and FAIL otherwise.

o int pnl__mat__chol (PnlMat xM)
Description Computes the Cholesky decomposition of M. M must be symmetric, the
positivity is tested in the algorithm. M = L * L’. On exit, the lower part of M contains
the Cholesky decomposition L and the upper part is set to zero.

e int pnl__mat_ pchol (PnlMat «M, double tol, int xrank, PnlVectInt xp)
Description Computes the Cholesky decomposition of M with complete pivoting. P’ *
A x P =1L x L’. M must be symmetric positive semi-definite. On exit, the lower part
of M contains the Cholesky decomposition L and the upper part is set to zero. The
permutation matrix is stored in an integer vector p : the only non zero elements of P
are P(p(k) ,k) =1

o int pnl__mat_ lu (PnlMat %A, PnlPermutation *p)
Description Computes a P A = LU factorization. P must be an already allocated
PnlPermutation. On exit the decomposition is stored in A, the lower part of A contains
L while the upper part (including the diagonal terms) contains U. Remember that the
diagonal elements of L are all 1. Row i of A was interchanged with row p(i).

o int pnl__mat_ qr (PnlMat xQ, PnlMat xR, PnlPermutation %p, const PnlMat *A)
Description Computes a A P = QR decomposition. If on entry P=NULL, then the decom-
position is computed without pivoting, i.e A = QR. When P # NULL, P must be an
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already allocated PnlPermutation. Q is an orthogonal matrix, i.e Q' = Q7 and R is an
upper triangular matrix. The use of pivoting improves the numerical stability when A
is almost rank deficient, i.e when the smallest eigenvalue of A is very close to 0.

int pnl__mat__upper__syslin (PnlVect x, const PnlMat U, const PnlVectxb)
Description Solves an upper triangular linear system U x = b

int pnl__mat__lower__syslin (PnlVect x, const PnlMat *L, const PnlVectxb)
Description Solves a lower triangular linear system L x = b

int pnl__mat__chol__syslin (PnlVect xx, const PnlMat *chol, const PnlVect xb)
Description Solves a symmetric definite positive linear system A x = b, in which chol

is assumed to be the Cholesky decomposition of A computed by

int pnl__mat__chol__syslin__inplace ( const PnlMat xchol, PnlVect *b)
Description Solves a symmetric definite positive linear system A x = b, in which chol

is assumed to be the Cholesky decomposition of A computed by The
solution of the system is stored in b on exit.

int pnl__mat_ lu__syslin (PnlVect %x, const PnlMat LU, const PnlPermutation *p,
const PnlVect *b)

Description Solves a linear system A x = b using a LU decomposition. LU and P are
assumed to be the PA = LU decomposition as computed by In particular,
the structure of the matrix LU is the following : the lower part of A contains L while
the upper part (including the diagonal terms) contains U. Remember that the diagonal
elements of L are all 1.

int pnl__mat_ lu_ syslin__inplace (const PnlMat xLU, const PnlPermutation *p, Pn-
[Vect *b)

Description Solves a linear system A x = b using a LU decomposition. LU and P are
assumed to be the PA = LU decomposition as computed by In particular,
the structure of the matrix LU is the following : the lower part of A contains L. while
the upper part (including the diagonal terms) contains U. Remember that the diagonal
elements of L are all 1. The solution of the system is stored in b on exit.

int pnl_mat_ gr_ syslin (PnlVect #x, const PnlMat *Q, const PnlMat %R, const
PnlVectInt *p, const PnlVect *b)
Description Solves a linear system A x = b where A is given by its QR decomposition

with column pivoting as computed by the function

int pnl__mat_ syslin (PnlVect *x, const PnlMat %A, const PnlVect xb)
Description Solves a linear system A x = b using a LU factorization which is computed
inside this function.

int pnl__mat__syslin__inplace (PnlMat xA, PnlVect *b)

Description Solves a linear system A x = b using a LU factorization which is computed
inside this function. The solution of the system is stored in b and A is overwritten by
its LU decomposition.
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o int pnl__mat_ syslin__mat (PnlMat*A, PnlMat xB)
Description Solves a linear system A X = B using a LU factorization which is computed
inside this function. A and B are matrices. A must be square. The solution of the system
is stored in B on exit. On exit, A contains the LU decomposition of the input matrix
which is lost.

e int pnl_mat_ chol_syslin__mat (const PnlMat*A, PnlMat xB)
Description Solves a linear system A X = B using a Cholesky factorization of the
symmetric positive defnite matrix A. A contains the Cholesky decomposition as computed
by B is matrix with the same number of rows as A. The solution of the

system is stored in B on exit.

o int pnl__mat_lu_ syslin__mat (const PnlMat*A, const PnlPermutation *p, PnlMat
*B)
Description Solves a linear system A X = B usinga P A = L U factorization. A contains
the L U factors and p the associated permutation. A and p must have been computed
by B is matrix with the same number of rows as A. The solution of the
system is stored in B on exit.

o int pnl__mat_ls (const PnlMatxA, PnlVect xb)
Description Solves a linear system A x = b in the least square sense, i.e. x =
argming ||A * u — b||2. The solution is stored into b on exit. It internally uses a AP
= QR decomposition.

e int pnl_mat_ls_ mat (const PnlMatxA, PnlMat *B)
Description Solves a linear system A X = B with A and B two matrices in the least
square sense, i.e. X = argming ||[A * U — BJ|?>. The solution is stored into B on exit.
It internally uses a AP = QR decomposition. Same function as but handles
several r.h.s.

The following functions are designed to invert matrices. The authors provide these functions
although they cannot find good reasons to use them. Note that to solve a linear system, one
must used the syslin functions and not invert the system matrix because it is much longer.

o int pnl_mat_ upper__inverse (PnlMat *A, const PnlMat xB)
Description Inversion of an upper triangular matrix

o int pnl__mat_ lower__inverse (PnlMat %A, const PnlMat xB)
Description Inversion of a lower triangular matrix

o int pnl__mat_ inverse (PnlMat xinverse, const PnlMat xA)
Description Computes the inverse of a matrix A and stores the result into inverse. A
LU factorisation of the matrix A is computed inside this function.

o int pnl__mat__inverse__with__chol (PnlMat xinverse, const PnlMat *A)
Description Computes the inverse of a symmetric positive definite matrix A and stores
the result into inverse. The Cholesky factorisation of the matrix A is computed inside
this function.
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4.3.4 Permutations

typedef PnlVectInt PnlPermutation;

The PnlPermutation type is actually nothing else than a vector of integers, i.e. a PnlVectInt.
It is used to store the partial pivoting with row interchanges transformation needed in
the LU decomposition. We use the Blas convention for storing permutations. Consider a
PnlPermutation p generated by a LU decomposition of a matrix A : to compute the decom-
position, row i of A was interchanged with row p(i).

o PnlPermutation * pnl__permutation__new ()
Description Creates an empty PnlPermutation.

o PnlPermutation * pnl__permutation__create (int n)
Description Creates a PnlPermutation of size n.

o void pnl__permutation__free (PnlPermutation sxp)
Description Frees a PnlPermutation.

o void pnl__permutation__inverse (PnlPermutationxinv, const PnlPermutation*p)
Description Computes in inv the inverse of the permutation p.

o void pnl__vect__permute (PnlVect xpx, const PnlVect xx, const PnlPermutation p)
Description Applies a PnlPermutation to a PnlVect.

o void pnl__vect__permute__inplace (PnlVect xx, const PnlPermutation xp)
Description Applies a PnlPermutation to a PnlVect in-place.

« void pnl__vect__permute__inverse (PnlVect *px, const PnlVect #x, const PnlPermu-
tation *p)
Description Applies the inverse of PnlPermutation to a PnlVect.

o void pnl__vect__permute__inverse__inplace (PnlVect xx, const PnlPermutation *p)
Description Applies the inverse of a PnlPermutation to a PnlVect in-place.

o void pnl__mat__col__permute (PnlMat *pX, const PnlMat X, const PnlPermutation
+D)
Description Applies a PnlPermutation to the columns of a matrix. pX contains the
result of the permutation applied to X.

o void pnl__mat_ row_ permute (PnlMat *pX, const PnlMat *X, const PnlPermuta-
tion *p)
Description Applies a PnlPermutation to the rows of a matrix. pX contains the result
of the permutation applied to X.

o void pnl__permutation_ fprint (FILE xfic, const PnlPermutation *p)
Description Prints a permutation to a file.

o void pnl__permutation__print (const PnlPermutation *p)
Description Prints a permutation to the standard output.
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4.4 Tridiagonal Matrices
4.4.1 Overview

The structures and functions related to tridiagonal matrices are declared in
pnl/pnl_tridiag_matrix.h.
We only store the three main diagonals as three vectors.

typedef struct PnlTridiagMat{
/*x*
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlTridiagMat pointer to be cast to a PnlObject
*/
PnlObject object;
int size; /*!< number of rows, the matrix must be square */
double #D; /*!< diagonal elements */
double *DU; /*!< upper diagonal elements */
double *DL; /*!< lower diagonal elements */
} PnlTridiagMat;

size is the size of the matrix, D is an array of size size containing the diagonal terms. DU,
DL are two arrays of size size-1 containing respectively the upper diagonal (M; ;1) and the
lower diagonal (M;_ ;).

typedef struct PnlTridiagMatLU{

VA

* Must be the first element in order for the object mechanism to work

* properly. This allows any PnlTridiagMatLU pointer to be cast to a PnlObject
*/

Pnl0Object object;

int size; /*!< number of rows, the matrix must be square */

double *D; /*!< diagonal elements */

double #*DU; /*!< upper diagonal elements */

double *DU2; /*!< second upper diagonal elements */

double #DL; /*!< lower diagonal elements */

int *ipiv; /#*!< Permutation: row i has been interchanged with row ipiv(i) */

};

This type is used to store the LU decomposition of a tridiagonal matrix.

4.4.2 Functions

Constructors and destructors

o PnlTridiagMat x pnl_ tridiag_mat_ new ()
Description Creates a PnlTridiagMat with size 0

o PnlTridiagMat x pnl__tridiag__mat__create (int size)
Description Creates a PnlTridiagMat with size size
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PnlTridiagMat x pnl_ tridiag__mat_ create_ from_ double (int size, double x)
Description Creates a PnlTridiagMat with the 3 diagonals filled with x

PnlTridiagMat * pnl__tridiag__mat__create_from__two__double (int size, double
x, double y)

Description Creates a PnlTridiagMat with the diagonal filled with x and the upper and
lower diagonals filled with y

PnlTridiagMat * pnl_tridiag mat_ create_ from_ ptr (int size, const double
xlower_ D, const double *D, const double xupper_D)
Description Creates a PnlTridiagMat

PnlTridiagMat % pnl__tridiag__mat__create__from__mat (const PnlMat xmat)
Description Creates a tridiagonal matrix from a full matrix (all the elements but the 3
diagonal ones are ignored).

PnlMat % pnl__tridiag__mat__to__mat (const PnlTridiagMat *T)
Description Creates a full matrix from a tridiagonal one.

PnlTridiagMat % pnl__tridiag__mat__copy (const PnlTridiagMat *T)
Description Copies a tridiagonal matrix.

void pnl__tridiag mat_ clone (PnlTridiagMat xclone, const PnlTridiagMat *T)
Description Copies the content of T into clone

void pnl_tridiag_mat_ free (PnlTridiagMat #%v)
Description Frees a PnlTridiagMat

int pnl__tridiag__ mat_ resize (PnlTridiagMat *v, int size)
Description Resizes a PnlTridiagMat.

Accessing elements

void pnl__tridiag__mat__set (PnlTridiagMat sself, int d, int up, double x)
Description Sets self [d, d+up] = x, up can be {—1,0,1}.

double pnl__tridiag__mat__get (const PnlTridiagMat xself, int d, int up)
Description Gets self [d, d+upl, up can be {—1,0,1}.

double * pnl__tridiag_ mat_ lget (PnlTridiagMat xself, int d, int up)
Description Returns the address self[d, d+up] = x, up can be {—1,0,1}.

Printing Matrix

void pnl__tridiag__mat_ fprint (FILE xfic, const PnlTridiagMat «M)
Description Prints a tri-diagonal matrix to a file.

void pnl__tridiag__mat_ print (const PnlTridiagMat *M)
Description Prints a tridiagonal matrix to the standard output.
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Algebra operations

o void pnl__tridiag__ mat__plus__tridiag__mat (PnlTridiagMat xlhs, const PnlTridiag-
Mat *rhs)
Description In-place matrix matrix addition

o void pnl__tridiag_ mat_ minus_ tridiag_ mat (PnlTridiagMat xlhs, const PnlTridi-
agMat #rhs)
Description In-place matrix matrix substraction

o void pnl__tridiag__mat__plus__double (PnlTridiagMat *lhs, double x)
Description In-place matrix scalar addition

o void pnl__tridiag__mat__minus__double (PnlTridiagMat xlhs, double x)
Description In-place matrix scalar substraction

o void pnl__tridiag__mat__mult__double (PnlTridiagMat *lhs, double x)
Description In-place matrix scalar multiplication

o void pnl__tridiag__mat__div__double (PnlTridiagMat xlhs, double x)
Description In-place matrix scalar division

Element-wise operations

o void pnl_tridiag_mat_ mult_ tridiag mat_ term (PnlTridiagMat xlhs, const
PnlTridiagMat *rhs)
Description In-place matrix matrix term by term product

o void pnl__tridiag_mat_ div_ tridiag_ mat_ term (PnlTridiagMat xlhs, const Pnl-
TridiagMat #rhs)
Description In-place matrix matrix term by term division

o void pnl__tridiag__mat__map__inplace (PnlTridiagMat *lhs, double(xf)(double))
Description 1hs = f(1hs).

o void pnl_tridiag_mat_ map_ tridiag mat_ inplace (PnlTridiagMat xlhs, const
PnlTridiagMat srhs, double(*f)(double, double))
Description 1hs = f(1lhs, rhs).

Standard matrix operations & Linear systems

o void pnl_tridiag_mat_ mult_ vect__inplace (PnlVect xlhs, const PnlTridiagMat
xmat, const PnlVect xrhs)
Description In place matrix multiplication. The vector 1hs must be different from rhs.

o PnlVect * pnl__tridiag_ mat__mult_ vect (const PnlTridiagMat xmat, const PnlVect
kvec)
Description Matrix multiplication

42



void pnl__tridiag__mat_ lAxpby (double lambda, const PnlTridiagMat %A, const Pn-
IVect #x, double mu, PnlVect *b)

Description Computes b := lambda A x + mu b. When mu==0, the content of b is not
used on input and instead b is resized to match A*x. Note that the vectors x and b
must be different.

double pnl__tridiag_ mat_ scalar_ prod (const PnlVect xx,const PnlTridiagMat *A,
const PnlVect xy)
Description Computes x> * A * y

void pnl__tridiag_mat_ syslin__inplace ( PnlTridiagMat «M, PnlVect xb)
Description Solves the linear system M x = b. The solution is written into b on exit.
On exit, M is modified and becomes unusable.

void pnl__tridiag_mat_ syslin (PnlVect *x, PnlTridiagMat *M, const PnlVect xb)
Description Solves the linear system M x = b. On exit, M is modified and becomes
unusable.

PnlTridiagMatLUx pnl__tridiag__mat_ lu_ new ()
Description Creates an empty PnlTridiagMatLU

PnlTridiagMatLUx pnl__tridiag__mat__lu__create (int size)
Description Creates a PnlTridiagMatLU with size size

PnlTridiagMatLUx pnl__tridiag__mat_ lu__copy (const PnlTridiagMatLU «mat)
Description Creates a new PnlTridiagMatLLU which is a copy of mat.

void pnl_tridiag _mat_lu_ clone (PnlTridiagMatLU xclone, const PnlTridiag-
MatLU smat)

Description Clones a PnlTridiagMatLLU. clone must already exist, no memory is allo-
cated for the envelope.

void pnl__tridiag_ mat_ lu_ free (PnlTridiagMatLU s*m)
Description Frees a PnlTridiagMatLU

int pnl__tridiag_ mat_ lu_ resize (PnlTridiagMatLU xv, int size)
Description Resizes a PnlTridiagMatLLU

int pnl__tridiag__mat_ lu__compute (PnlTridiagMatLU LU, const PnlTridiagMat
*A)

Description Computes the LU factorisation of a tridiagonal matrix A. LU must have
already been created using [pnl_tridiag_mat_Iu_newl On exit, LU contains the decom-
position which is suitable for use in [pnl_tridiag_mat_[u_ syslinl

int pnl__tridiag__mat_ lu_ syslin__inplace (PnlTridiagMatLU «LU, PnlVect *b)
Description Solves a linear system A x = b where the matrix LU is given the LU de-
composition of A previously computed by [pnl_tridiag mat_Iu_computel On exit, b
is overwritten by the solution x.

int pnl__tridiag__ mat__lu__syslin (PnlVect xx, PnlTridiagMatLLU «LU, const PnlVect
*b)
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Description Solves a linear system A x = b where the matrix LU is given the LU de-
composition of A previously computed by [pnl_tridiag _mat_Tu_compute]

4.5 Band Matrices
4.5.1 Overview

typedef struct
{
/**
* Must be the first element in order for the object mechanism to work
* properly. This allows any PnlBandMat pointer to be cast to a PnlObject
*/
Pnl0Object object;
int m; /*!< nb rows */
int n; /*!< nb columns */
int nu; /*!< nb of upperdiagonals */
int nl; /*!< nb of lowerdiagonals */
int m_band; /*!< nb rows of the band storage */
int n_band; /*!< nb columns of the band storage */
double *array; /*!< a block to store the bands */
} PnlBandMat;

The structures and functions related to band matrices are declared in
pnl/pnl_band_matrix.h.

4.5.2 Functions

Constructors and destructors

o PnlBandMatx pnl__band__ mat_ new ()
Description Creates a band matrix of size 0.

o PnlBandMat pnl__band__mat__create (int m, int n, int nl, int nu)
Description Creates a band matrix of size m x n with nl lower diagonals and nu upper
diagonals.

o PnlBandMatx pnl__band__mat__create_ from__mat (const PnlMat *BM, int nl, int
nu)
Description Extracts a band matrix from a PnlMat.

o void pnl__band__mat__free (PnlBandMatsx)
Description Frees a band matrix.

o void pnl__band__mat__clone (PnlBandMat *clone, const PnlBandMat *M)
Description Copies the band matrix M into clone. No new PnlBandMat is created.

o PnlBandMat pnl__band__mat__copy (PnlBandMat *BM)
Description Creates a new band matrix which is a copy of BM. Each band matrix owns
its data array.
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e PnlMatx pnl__band_ mat_ to_ mat (PnlBandMat *BM)
Description Creates a full matrix from a band matrix.

o int pnl__band_ mat_ resize (PnlBandMat *BM, int m, int n, int nl, int nu)
Description Resizes BM to store a m x n band matrix with nu upper diagonals and nl
lower diagonals.

Accessing elements

o void pnl__band__mat__set (PnlBandMat xM, int i, int j, double x)
Description M; ; = x.

o void pnl__band__mat__get (PnlBandMat %M, int i, int j)
Description Returns M; ;.

o void pnl__band__mat_ lget (PnlBandMat «M, int i, int j)
Description Returns the address &(M; ;).

o void pnl__band__mat__set__double (PnlBandMat *M, double x)
Description Sets all the elements of M to x.

o void pnl__band_ mat__print__as__full (PnlBandMat M)
Description Prints a band matrix in a full format.

Element wise operations

o void pnl__band__mat_ plus_ double (PnlBandMat *lhs, double x)
Description In-place addition, 1hs += x

o void pnl__band__mat__minus__double (PnlBandMat xlhs, double x)
Description In-place