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2 CONTENTS

1 M.E.S.S. - Matrix Equation Sparse Solver

1.1 Welcome to M.E.S.S.

M.E.S.S., the Matrix Equation Sparse Solver library, is the successor to the Lyapack Toolbox for MATLAB. It
is available as a MATLAB toolbox as well as a C library. It is intended for the solution of symmetric linear anyd
quadratic, differential and algebraic matrix equations with real, large, and sparse (or sparse + low-rank) coefficient
matrices in the linear terms, low-rank quadratic and constant terms, and linearow-rank solutions. The C version
provides a large set of auxillary subroutines for sparse matrix computations and efficient usage of modern multicore
workstations.

1.2 Features

+ Solving large scale (generalized) Lyapunov and Riccati Equations.

» Model order reduction for 1st and 2nd order systems via Balanced Truncation.
* Ho model order reduction via the IRKA and TSIA algorithms.

+ Tools for LQR problems.

+ A uniform inferface to handle sparse and dense matrices.

» Shared memory parallel algorithms using OpenMP and Pthreads.

* A solver for special sparse-dense Sylvester equations.

» Alarge set of direct and iterative solvers for linear systems.

« Various helper subroutines for thread pools, configuration files, interfaces to Pyt hon.

1.3 Overview of the Functionality
The libary is organized in different functional groups:

+ General Type Definitions and Macros
» Matrix Operations

« Vector Operations

» Direct Solvers for Linear Systems

« Solvers for Sets of Linear Systems

* lterative Solvers for Linear Systems

» Dynamical Systems

» Eigenvalue and Related Problems

» Low-Rank Methods for Matrix Equations
» Easy Frontends to Main Functions

+ Graph Algorithms

+ Matrix Generators

 Error Handling
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* Interfaces to other Programming Languages and Libraries
* Plotting Interface

» Miscellaneous Helper Functions

 Tutorials

+ Software Testing

1.4 Supported Matrix Equations

1.4.1 Algebraic Lyapunov equations

AXET + EXAT + BBT =0
ATXE+ET"XA+CTC =0

These equations are solved via the low-rank ( X = ZZ7, or X = LDL") alternating directions implicit iteration
(LR-ADI) using the function mess_lradi. For the case where F, A are real sparse matrices we also provide a
lyap-like function mess_lyap and mess_glyap.

1.4.2 Continuous Time Algebraic Riccati equations

AXET + EXAT —EXBBTXET +CcTC =0
ATXE+ET"XA-ET"XCTCXE+ BBT =0

For these standard control and filter equations we provide several solvers. Similar to mess_lyap above we also
provide a quick-start interface mess_care using a similar syntax as care. For experts and for use with the non-
standard equations, we implemented a low-rank Newton ADI method with linesearch in mess_Irnm.

1.5 Installation

For installation details please look at the Installation page.

1.6 Contact

The main website of M.E.S.S. islocatedathttp://www.mpi-magdeburg.mpg.de/projects/mess.
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4 CONTENTS

‘ File Description

2 Tutorials

In this section we have tutorials for the following applications:

File Description
tutorial_matrix_<« show basic algebraic matrix operations
operations.c
tutorial_direct_solvers.c show how to solve a linear system of equations
tutorial_lyap.c using mess_lyap to solve a (generalized) Lyapunov Equation
tutorial_care.c using mess_care to solve a (generalized) Riccati Equation
tutorial_Iradi.c using mess_Iradi to solve a (generalized) Lyapunov Equation
tutorial_Irnm.c using mess_Irnm to solve a (generalized) Riccati Equation
tutorial_bt.c using mess_bt_Irsrm to reduce a LTI-System
tutorial_plot.c using mess_plotExport instance to generate and export plots
tutorial_spy.c using mess_matrix_spy to plot the sparsity pattern of a matrix
tutorial_eig.c compute and plot eigenvalues and singular values of a dense matrix
tutorial_sign.c using mess_eigen_sign to compute the sign function of a matrix
tutorial_sylvester.c Solving standard or generalized sparse-dense Sylvester equations.

Further examples for balanced trunctation:

File Description
tutorial_bt_gglrsrm.c reduce a first order generalized LTI system using low-rank square root
balanced trunction
tutorial_bt_gslrsrm.c reduce a first order generalized LTI to a first order LTI system using low-rank
square root balanced trunction
tutorial_bt_Irsrm.c reduce a first order LTI to a first order LTI system using low-rank square root
balanced trunction
tutorial_bt_Irsrm_somor.c reduce a second order LTI to a first order LTI system using low-rank square
root balanced trunction
tutorial_bt_Irsrm_somor_<«~ | reduce a second order LTI to a second order LTI system using low-rank square
S0.C root balanced trunction

Further examples for eigenvalue computations:

File Description
tutorial_eig.c show dense eigenvalue computations using mess_eigen_eig
tutorial_eigs.c show sparse eigenvalue computations using mess_eigen_eigs and ARPACK interface
tutorial_« show generalized schur computation using mess_eigen_gschur mess_eigen_gschur_complex
gschur.c
tutorial_schur.c using mess_eigen_schur and mess_eigen_schur_complex to compute schur decomposition
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Further examples for miscallenous examples:

File Description
tutorial_vector_« generate a random vector and read and write operations
read.c
tutorial_norms.c compute different matrix norms
tutorial_it_unsym.c usage of iterative solvers
tutorial_gen_fdm_« convection diffusion matrix generation
cd.c
tutorial_gen_« discrete laplace operator matrix generation
laplace.c
tutorial_h2norm.c compute the Ho Norm
tutorial_irka_biorth.c Ho model order reduction via irka algorithm
tutorial_tsia.c ‘Ho model order reduction via tsia algorithm
tutorial_backslash.c solve a linear system using mess_matrix_backslash
tutorial_Irnm-g.c solve a algebraic riccati equation and show stepfunction application
tutorial_qr.c solve a linear system using mess_direct_create_lapack_qr

3 Install Instructions

Build dependencies

C-M.E.S.S. uses the CMake build system to configure the source code. In contrast to the GNU Autotools this is a
relatively new tool, but it is used by many, even large, projects like KDE or MySQL. Unfortunately you need to install
CMake before you are able to build C-M.E.S.S.

C-M.E.S.S. requires a C and Fortran Compiler supporting at least OpenMP 2.5

* g++ + gcc + gfortran >=4.8
« icc+ifort >= Composer XE 2013

 clang >=3.9
The key library dependencies are:

« LAPACK > 3.2.0

» SuiteSparse > 3.7.0
Optionally C-M.E.S.S. depends on:

« Python >= 2.7 with NumPy (>= 1.6) and SciPy (>= 0.9.0)
* libmatio >=1.5.0

» Doxygen

« ARPACK

» Serveral compression libraries like zlib, bz2, Izma
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Preparation on Systems with Package-Managers

The dependencies can be installed as well using the package management:

On Debian(>=7.0)/Ubuntu(>=14.04):

sudo apt-get install build-essential cmake gfortran libblas-dev liblapack-dev \
libsuitesparse-dev zliblg-dev libbz2-dev liblzma-dev libarpack2-dev libmatio-dev \
doxygen python3-dev python-dev python-scipy python3-scipy

If the cmake package installs an old (<3.0.2) version of cmake check if the cmake 3 is available.

On Redhat/Fedora/CentOS or Scientific Linux:

sudo yum install gcc-gfortran cmake blas-devel lapack-devel suitesparse-devel zlib-devel
bzip2-devel rpm-build lzma-devel arpack-devel python-devel numpy scipy

If the cmake package installs an old (<3.0.2) version of cmake check if the cmake3 is available.

On FreeBSD:

portinstall gcc cmake blas lapack suitesparse
or via the pkg system

pkg install gcc cmake blas lapack suitesparse
On MacOSX:

brew install cmake gcc suite-sparse

You have to specify the compilers on MacOSX, e.g.

CC=gcc-7 CXX=g++-7 FC=gfortan-7 cmake ../ <OPTIONS>

For an optimal performance we recommend to install an optimized and threaded BLAS library like Intel MKL, Open+«
BLAS or ATLAS.

Build and install MESS

If you have installed or build all dependencies, you can build the MESS library. We recommend an out-of-source
build to keep the sources clean.

mkdir mess-build
cd mess-build

From inside this build directory you can now run CMake
cmake ../ <OPTIONS>

and build and install MESS using

make
make install

Options for CMake

Options that influences the behavior of the configuration process are:
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Parameter

Description

-DCMAKE_INSTALL_PREFIX=/path/

Install path for make install. Default /usr/local/

-DMESS64=0ON/OFF

Turn on 64-bit integers in MESS This requires all external libraries to
work with 64bit integers too. Default: OFF

-DDEBUG=0ON/OFF

Enables the debug build. Optimizations are turned off, verbose output
of the library, debug symbols are included. Default: OFF

-DCOVERAGE=ON/OFF

Enable the code coverage, only useful with the DEBUG option and the
automatic tests. Default: OFF

-DTESTS=0ON/OFF

Build software tests. Default: ON

-DLARGETESTS=0ON/OFF

Build long running software tests. Default: OFF

-DHUGETESTS=0ON/OFF

Build an extensiv test. Try to test all possible combination of LRADI/L+«
RNM options. Default: OFF

-DPYTHON=ON/OFF

Try to build the Py-M.E.S.S. interface. It searches for all available
Python interpreters and if the support NumPy and SciPY. Default: OFF

-DPYTHON_VERSION=x.y

Search only for the given Python version x.y instead of all.

-DMATIO=ON/OFF

Enables MATIO support to read form Matlab files. If MATIO is compiled
with HDF5 support, MESS can load Matlab v7.3 files. Default: OFF

-DDOC=0ON/OFF

Enable the make doc target to build the documentation. Default: OFF.

-DDOCPDF=0ON/OFF

Enable the make doc target to build the documentation as PDF.
Default: OFF.

-DMATHJAX=ON/OFF

Enable MATHJAX for documentation. Default: OFF.

-DSUPERLU=ON/OFF

Enable SuperLU support. Default OFF.

-DSUPERLU_ROOT=/path/

Give CMake a path, where to find your SuperLU build directory.

-DARPACK=ON/OFF

Enable Arpack support. Default OFF.

-DLD_MULTIPLICITY=NUMBER Set Leading Dimension of Dense Matrices to a multiple of NUMBER.

Default 1.
Give CMake a path, to your SuiteSparse build directory.

Specify a BLAS library.

Specify a LAPACK library.

Enable Mex-M.E.S.S. Interface

Give CMake a path, to your Matlab installation path

-DSUITESPARSE=/path/
-DBLAS_LIBRARIES=Ilib
-DLAPACK_LIBRARIES=lib
-DMATLAB=ON/OFF
-DMATLABROOT=/path/

If CMake detects the wrong compilers you can specify them by setting the CC, CXX and FC environment variables.
In this way the Intel Compiler suite can be enabled using

CC=icc CXX=icpc FC=ifort cmake ../ <OPTIONS>

Build the Documentation

In order to build the documentation you have to install doxygen before you run the configure step. If -DDOC=0ON
is given as an argument to CMake the make doc target is enabled. The documentation is build in doc/html by
calling

make doc

Caused by a problem in Doxygen the bibliography is only integrated in the HTML page if the installed Doxygen
version is higher than 1.8.3.

Generated by Doxygen


http://www.doxygen.org

8 CONTENTS

Run the Software-Tets

If the tests are enabled you can verify your configuration after the build process using

make test

The coverage can be enabled using the COVERAGE option and needs gcov and 1cov to be installed on the
system. The code coverage is done using

make coverage

If valgrind was found during the configuration, you can run all tests with valgrind using

make memtest

Py-M.E.S.S. Interface and Sphinx Documentation

In order to build the Py-M.E.S.S. Documentation you need sphinx, numpydoc, matplotlib and a working
Py-M.E.S.S. installation. You can build the Py-M.E.S.S. by setting PYTHON=ON. Py-M.E.S.S. needs
numpy and scipy. After a successfull CMake configuration type

make

and change into the directory python and using the setup . py files to install the Python interface

cd python/python_X.Y
python setup.py build && sudo python setup.py install

For a local installation create a directory mkdir ~/pymess_install compile C-M.E.S.S. as described
above and execute the following commands

cd python/python_X.Y
python setup.py build && python setup.py install —--prefix=~/pymess_install

Do not forget to adapt the PYTHONPATH variable

export PYTHONPATH=/home/daniels/pymess_install/lib/python2.7/site-packages:$PYTHONPATH

If CMake found all necessary tools for the Py-M.E.S.S. documentation a special target for your Python executable
is activated to generate the documentation:

make pymess-python2.7-doc-html
make pymess-python2.7-doc-pdf
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Mex-M.E.S.S. Interface

To generate Mex-M.E.S.S the Matlab interface to C-M.E.S.S. set MATLAB=O0ON and give your Matlab installation
directory via MATLABROOT=/path/. Make sure that you use compilers which are compatible with your Matlab
installation

CC=gcc-4.9 CXX=g++-4.9 FC=gfortran-4.9 cmake ../cmess -DMATLAB=ON -DMATLABROOT=/path/
If the mex-compiler complains abot your gcc version configure your Matlab mex setup properly.

Start Matlab and change to the C-M.E.S.S. <build>/mat lab directory. Execute mess_path.m script to add
Mex-M.E.S.S. to the matlab path. Afterwards you can test the Mex-M.E.S.S. interface using

run_tests ()
run_examples ()

function calls.

Debian Packages

C-M.E.S.S. comes with all scripts required to build a debian packages. Therefore, use

dpkg-buildpackage -us -uc

to create the 1ibmess, libmess—dev, and 1ibmess—-doc package for your current system.

4 Module Index

4.1 Modules

Here is a list of all modules:

General Type Definitions and Macros 44
Matrix Operations 48
Arithmetic Operations on Matrices 50
Arithmetic Operations on Matrix Columns 79
Computation of Matrix Norms 91
Allocate, Convert and Access to Matrices 109
Input/Output Operations with Matrices 155
Various Other Operations on Matrices 163
Data Structures, Types and Macros for Handling Matrices 177
Generic matrix-vector Products 183
Vector Operations 187
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Data Structures and Related Functions 188
Arithmetic Operations with Vectors 197
Various Other Operations with Vectors 206

Direct Solvers for Linear Systems 234
Generic Interface to Direct Solvers 236
Direct Solvers for Linear Systems 247
Triangular Solvers 265
Direct Solvers for Matrix Equations 288
Matrix Decompositions 297
Residual Computations 300
Various Other Functions related to Direct Solvers. 314

Solvers for Sets of Linear Systems 317
Generic Interface to Multisolvers 318
Multisolvers 322

Iterative Solvers for Linear Systems 329
Types and Datastructures 330
Solvers 334
Preconditioners 344

Dynamical Systems 350
Interface for handling Dynamical Systems 351
Model Order Reduction 371

Balanced Truncation 372
H2 Model Order Reduction 392

Eigenvalue and Related Problems 424
Dense Eigenvalue Solvers 425
Sparse Eigenvalue Solvers 442

Low-Rank Methods for Matrix Equations 464
Generic Functions and Data Structures 465
The ADI and the ADI-NM Algorithm 483
Equation Generators 502

Define own Matrix Generators 534
Additional Matrix Equation Solvers 553
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Miscellaneous Functions 569
Easy Frontends to Main Functions 585
Graph Algorithms 595
Matrix Generators 598
FDM Matrix Generators 599
Error Handling 604
Error Codes and Handling 605
Error Macros 610
Interfaces to other Programming Languages and Libraries 612
Interface to CSparse 613
Interface to Cholmod 619
Interface to Python 620
Plotting Interface 656
X11 Function Plotter 657
Plot Export 663
Miscellaneous Helper Functions 672
Hashtable 690

A Compact Loader Pool Implementation 691
Time Measurement 696
Various Macros 700
Software Testing 712
Basic Matrix and Vector Operations 714
Direct Solvers for Linear Systems 718
Eigenvalue and Related Problems 720
Input/Output Operations 722
Iterative Solvers for Linear Systems 723
Low-Rank Methods for Matrix Equations 724
Storage Formats 726
Miscellaneous Functions and Functions Related to Vectors 727
Interfaces_matlab 728

5 Hierarchical Index
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5.1 Class Hierarchy

This inheritance list is sorted roughly, but not completely, alphabetically:

__glyap_daet 764
__glyap_dae2 766
__glyap_so1 769
__glyap_so2 772
__ilu0_data 774
__iluk 775
__lyap 776
__matlab_equation 778
__mess_Ircfadi_step 780
__mess_plotdata 782
__mess_plotExportData 783
__mess_plotter 784
__mess_plotterScript 788
__mess_solver_options 789
__mess_solver_status 791
__presordata 792
__stable_lyap 793
_equations_t 794
_glyap3_st 795
_mess_call 796
_scalepoints 797
_sylv_solver_d_st 798
_sylv_solver_sd_st 800
mess_equation_st::AINV_st 802
mess_equation_st::ApEINV_st 803
mess_equation_st::ApEX_st 804
mess_equation_st::AX_st 805
banded_lapack 806
bicgstab_solver 807
CCSRFmt 808
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cholesky_solver 809
csparse_solver 810
csparse_solver_complex 811
mess_equation_st::EINV_st 812
mess_equation_st::EX_st 813
hessenberg_solver 814
int_list 815
jobdata_st 817
lapack_solver 819
lapackqr_solver 820
mat_diff 822
mess_bt_options_st 823
mess_bt_status_st 824
mess_direct_levelset_st 834
mess_direct_st 837
mess_dynsys_st 840
mess_eigen_arpack_options_t 842
mess_equation_st 847
mess_freelist_st 852
mess_h2_options_st 854
mess_h2_status_st 855
mess_krylov_arnoldi_st 857
mess_matrix_file_st 869
mess_matrix_st 871
mess_multidirect_st 879
mess_mvpcall_st 884
mess_options_st 892
mess_precond_st 899
mess_status_st 905
mess_threadpool_st 910
mess_threadpooljob_st 912
mess_timer_st 913
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mess_vector_st
mklpardiso_solver
module_state
multi_umfpack
multilu

mvpdata
mvpdatag
newlu_data
norm2data

norminv2data
octave_base value

MESS_datatype_t
MESS_direct
MESS_direct_cholpackage_t
MESS_direct_lupackage_t
MESS_equation
MESS_equation_t
MESS_matrix
MESS_memusage_t
MESS_multidirect
MESS_multidirect_t
MESS_operation_t
MESS_options
MESS_parameter_t
MESS_residual_t
MESS_status
MESS_storage_t
MESS_vector
pair_mess_int_t2
pair_mess_int_t2_complex
pair_mess_int_t2_double

pair_mess_int_t_complex

921

923

924

925

926

929

930

932

933

934

827

829

832

835

844

850

859

873

875

882

885

887

897

900

902

908

914

935

935

936

937
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pair_mess_int_t_double 938
parameter_mvp_call 939
rc2data 940
res2_data_st 941
res2nm_data_st 943
th_done_entry 944
umfpack_control_solver 945
VWjob 946

6 Data Structure Index

6.1 Data Structures

Here are the data structures with brief descriptions:

__glyap_daet

Contains matrices, solvers and additional data for a DAE 1 function handles ??
__glyap_dae2

Contains matrices, solvers and additional data for a DAE 2 function handles ??
__glyap_so1i

Contains matrices, solvers and additional data for Second Order System function handles ??
__glyap_so2

Contains matrices, solvers and additional data for Second Order System function handles ??
__ilu0_data

Internal structure for / LU (0) preconditioner. Internal structure for /LU (0) preconditioner ??
__iluk ?2?
__lyap

Contains matrices, solvers and additional data for a generalized Lyapunov Equation ??
__matlab_equation ??
__mess_lIrcfadi_step

Structure to pass information to the step function inside the LRCF iterations ??
__mess_plotdata

Structure for one data element in a plot ??
__mess_plotExportData

Structure for one data element in a plot ??
__mess_plotter

Structure to hold a complete plotter ??
__mess_plotterScript

?2?

Structure to hold a complete plotter
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__mess_solver_options
Representation of options for iterative solvers

__mess_solver_status

Representation of status information of an iterative solvers

__presordata
__stable_lyap

_equations_t

??

??

??

??

Structure for all Py-M.E.S.S. toM.E.S.S. converters. Structure for all Py-M.E.S.S. to

M.E.S.S. converters
_glyap3_st
_mess_call
_scalepoints
_sylv_solver_d_st

_sylv_solver_sd_st

Internal structure for sparse-dense Sylvester equation solver

mess_equation_st::AINV_st
Structure defining op(A)Y = X

mess_equation_st::ApEINV_st
Structure defining op(A + pE)Y = X

mess_equation_st::ApEX_st
Structure defining Y = op(A + apE)X

mess_equation_st::AX_st
Structure defining Y = op(A4)X

banded_lapack
bicgstab_solver
CCSRFmt

cholesky_solver
Internal structure for the LAPACK based solver

csparse_solver
csparse_solver_complex

mess_equation_st::EINV_st
Structure defining op(E)Y = X

mess_equation_st::EX_st
Structure defining Y = op(E)X

hessenberg_solver
Internal structure for the LAPACK based solver

int_list

jobdata_st

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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lapack_solver
Internal structure for the LAPACK based solver ??
lapackqr_solver
Internal data structure. Internal data structure for QR/LQ decompostitions ??
mat_diff
Helper structure for mat_diff_mvp ??
mess_bt_options_st
Options structure for balanced truncation ??
mess_bt_status_st
Status structure for balanced truncation ??
MESS_datatype_t ?2?
MESS_direct ??
MESS_direct_cholpackage_t ??
mess_direct_levelset_st ?2?
MESS_direct_lupackage_t ??
mess_direct_st
Representation of a generic direct solver ??
mess_dynsys_st
Representation of a dynamical system ??
mess_eigen_arpack_options_t
Options structure for ARPACK ??
MESS_equation ??
mess_equation_st
Structure defining an equation as a set of function pointers ??
MESS_equation_t 2?
mess_freelist_st
Structure containing a minimal memory manage in order to avoid memory leaks in the Pyt hon
and MEX-M.E.S.S. interface ??
mess_h2_options_st
Structure to store 7{, options ??
mess_h2_status_st
Structure to store 7{, status ??
mess_krylov_arnoldi_st ?2?
MESS_matrix 2?
mess_matrix_file_st
Type definition and structure for mess_matrix files ??
mess_matrix_st
The mess_matrix structure to handle dense and sparse matrices in a common context ??
2?

MESS_memusage_t
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MESS_multidirect

mess_multidirect_st
Representation of a generic direct solver

MESS_multidirect_t

mess_mvpcall_st
Represent a generic matrix-vector-product

MESS_operation_t
MESS_options

mess_options_st
Options for the LRCF-ADI algorithm family

MESS_parameter_t

mess_precond_st
Representation of a preconditioner

MESS_residual_t
MESS_status

mess_status_st

Structure/object to save the final status of a LRCF algorithm

MESS_storage_t

mess_threadpool_st
Representation of a thread pool

mess_threadpooljob_st
Representation of a thread pool job

mess_timer_st
Representation of a timer

MESS_vector

mess_vector_st
Representation of a real or complex vector

mklpardiso_solver
module_state
multi_umfpack

multilu
Internal structure to store a multilu

mvpdata
mvpdatag
newlu_data
norm2data

norminv2data

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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19

pair_mess_int_t2
pair_mess_int_t2_complex
pair_mess_int_t2_double
pair_mess_int_t_complex
pair_mess_int_t_double
parameter_mvp_call
rc2data

res2_data_st
res2nm_data_st
th_done_entry

umfpack_control_solver

VWijob
7 File Index
7.1 File List

Here is a list of all files with brief descriptions:

symbols/__my_module__my_sub.c
VerifyC/CMakeFiles/FortranClnterface/symbols/__my_module__my_sub.c
symbols/__my_module_MOD_my_sub.c
VerifyC/CMakeFiles/FortranClnterface/symbols/__my_module_MOD_my_sub.c
symbols/__my_module_NMOD_my_sub.c
VerifyC/CMakeFiles/FortranCInterface/symbols/__my_module_NMOD_my_sub.c
symbols/__mymodule__mysub.c
VerifyC/CMakeFiles/FortranCinterface/symbols/__mymodule__mysub.c
symbols/__mymodule_MOD_mysub.c
VerifyC/CMakeFiles/FortranCinterface/symbols/__mymodule_ MOD_mysub.c
symbols/__mymodule_NMOD_mysub.c
VerifyC/CMakeFiles/FortranCinterface/symbols/__mymodule_NMOD_mysub.c

add.c
Add two matrices

addcol.c
Add new columns to a matrix

??

??

??

??

??

??

22

??

??

22

??

??

??

22

??

??

22

22

??

22

22

??

22

22

??

??
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matrix/alloc.c
Allocate and resize matrices

vector/alloc.c
Allocation function of mess_vector structures

amd.c
Compute AMD reordering of a matrix

matrix/any.c
Any function clone from MATLAR

vector/any.c
Anyfunction of mess_vector structures

arnoldi.c
Arnoldi iteration

arnoldi_template.c
Arnoldi iteration

arpack.c
Interface to ARPACK

axpy.c
Axpy function of mess_vector structures

backslash.c
Implementation of a MATLAR backslash like function call

banded.c
Interface to LAPACK or UMFPACK based banded solver

bandwidth.c
Determine the bandwidth of a matrix

ber_sgn_fac.c
Solve a Algebraic Bernoulli equation using the sign function method

direct/singlesolver/bicgstab.c
Wrapper to use bicgstab as single solver

itsolver/bicgstab.c
Solve Ax = b with BiCGStab

biorth.c
Biorthonormalize two matrices

blas_defs.h
Fortran name mangling for LAPACK and BLAS

blockpart.c
Detect blocks inside a matrix

call_macro.h
Function call wrapper for test functions

callback_equation.c

lib/direct/care.c
Solve the algebraic Riccati Equation

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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lib/easyfrontend/care.c
Easy to use Riccati solver interface ??
python/c_interface/functions/care.c
Interface to mess_care 2?
matrix/cat.c
Concatenate up to four matrices ?2?
vector/cat.c
Cat and Resize functions of mess_vector structures ??
cg.c
Conjugate gradients itsolver ??
check add.c
Check matrix addition ??
check_addcol2p.c
Check the mess_matrix_addcols2p function ??
check_any.c
Check function mess_matrix_any ??
check_arnoldi_template.c
Check the mess_eigen_arnoldi_template function ??
check_arnoldi_template_nrm.c
Check the mess_eigen_arnoldi_template_nrm function ?2?
check_arpack.c
Check the solution of the eigenvalue problem using the Arnoldi process from ARPACK 2?
check_arpack_lanczos.c
Check the solution of the eigenvalue problem using the Lanczos process from ARPACK ??
check _backslash.c
Check the solution of a system of linear equations ??
check_bandwidth.c
Check mess_matrix_bandwidth function ?2?
check_ber_sign_fac.c
Check the computation of the solution of Bernoulli equations using matrix sign function and
its residual 27
check biorth.c
Check the construction of a biorthonormal basis for two matrices ?2?
check_cat.c
Check the concatenation of two matrices ??
check_cholmod.c
Check cholmod.c functions ??
check_cimport.c
Check the creation of different storage type matrices from given arrays ??
check_cimport_c2d.c
2?

Check the creation of a dense mess_matrix from a C 2 dimensional array
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check_colaxpy2.c

Check the mess_matrix_colaxpy2 function ??
check _coldot.c

Check the column dot product ??
check_coldotc.c

Check the column dot product of a complex matrix ??
check_coldotcE.c

Check the mess_matrix_coldotcE function ??
check coldotE.c

Check the mess_matrix_coldotE function ??
check_colnorm.c

Check the column norm 2?
check_colscale.c

Check the column scaling function of a matrix ??
check colsub.c

Check the column submatrix computation ??
check_colvecaxpy.c

Check the axpy scalar vector product ?2?
check_colvecdot.c

Check the column vector product ??
check_colvecdotc.c

Check the complex column vector product ??
check_condest.c

Check the condition number estimation ?2?
check_convert.c

Check the conversion subroutine ??

check_dae2_handles_adi.c
Check function handles for Hessenberg index 2 DAE systems, which are necessary for mess«
_lrcfadi_adi

check_dae2_handles_para.c
Check function handles for Hessenberg index 2 DAE systems, which are necessary for mess«
_lrcfadi_parameter

check_decomp.c
Check the mess_matrix_decomp function

check_dense_nm.c
Check the dense Newton Method for dense algebraic Riccati equations

check_dense_nm_tridiag.c
Check the solution of a generalized Riccati Equation in transposed and nontransposed version
using mess_dense_nm_gmpare

check _det.c
Check the det and detc functions of the solver

??

??

?2?

??

??

??
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check_dgeqp3.c
Check the mess_direct_dgeqp3 function ??
check_diag.c
Check the output of diagonal elements of a matrix ??
check_direct_care.c
Check the mess_direct_care and mess_direct_care_res2 function 2?
check_dynorm2.c
Check the 2-norm computation of a matrix ??
check_dynorm2t.c
Check the 2-norm computation of a transposed matrix ?2?
check_dynorm_indefinite2.c
Check the mess_matrix_indefinite_dynorm2 function ??
check_dynorm_indefinitef.c
Check the mess_matrix_indefinite_dynormf and mess_matrix_indefinite_dynormf2 functions ??
check_dynormf.c
Check the Frobenius-norm computation of a matrix ??
check_dynormft.c
Check the Frobenius-norm computation of a transposed matrix ??
check_eig.c
Check the solution of the eigenvalue problem using xGEEV from LAPACK ??
check_eig2.c
Check the solution of the eigenvalue problem using xGEEV from LAPACK (complex version) ??
check_eig_complex.c
Check the solution of the eigenvalue problem using xGEEV from LAPACK (complex version) ?2?
check_eig_hessenberg_schur.c
Check the mess_eigen_hessenberg_schur, mess_eigen_schur_to_evd ??
check_eig_hessenberg_schur_largest_ev.c
Check the mess_eigen_hessenberg_abs_largest ?2?
check_eliminate_zeros.c
Check the mess_matrix_eliminate_zeros function 2?
check_eps.c
Check the machine epsilon calculation ??
check_fputs_block.c
Check writing of large blocks ??
check_freelist.c
Check the mess_freelist_t structure ??
check_fro_inn.c
Check the frobenius inner product ?2?
check_gaxpy.c
Check the matrix-vector product with an update of a vector ??
check_getelement.c
2?

Check if a matrix element is returned correctly

Generated by Doxygen


http://www.netlib.org/lapack
http://www.netlib.org/lapack
http://www.netlib.org/lapack

CONTENTS

check_getLU.c
Check the getL and getU functions of the solver

check_gsign.c
Check the mess_eigen_gsign function

check_hessenberg.c
Check the mess_direct_create_hessenberg_lu solver

check _itsolver.c
Check different iterative solvers

check_kron.c
Check the Kronecker product computation

check_lapackqr.c
Check functions of mess_direct_create_lapack_qr for over and underdetermined systems

check _lift.c
Check the mess_matrix_lift and mess_vector_lift function

check_linesearch.c
Check the linesearch function defined in Irnm_linesearch.c

check_lradi_dae1l.c
Check the solution of a Lyapunov Equation using the LRCF-ADI method and DAE 1 function
handles

check_lIradi_dae2.c
Check the solution of a Lyapunov Equation using the LRCF-ADI method and DAE 2 function
handles

check_lIradi_glyap.c
Check the solution of a Lyapunov Equation using the LRCF-ADI method

check Iradi_so.c
Check the solution of a Lyapunov Equation arising from a second order system

check_Iradi_unsym.c
Check the solution of standard Lyapunov Equations using the LRCF-ADI method

check_Irnm_dael.c
Check the solution of a Lyapunov Equation using the LRCF-ADI method and DAE 1 function
handles

check_Irnm_dae2.c
Check the solution of generalized Riccati Equation arising from a Hessenberg index 2 DAE
system using LRCF-NM

check_Irnm_g.c
Check the solution of a generalized Riccati Equation in transposed and nontransposed version
using LRCF-NM

check_Irnm_so.c
Check the solution of a Riccati Equation arising from a second order system

check_Irnm_unsym.c
Check the solution of Riccati Equations using LRCF-NM

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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check_lyap_sign_fac.c
Check the computation of the solution of Lyapunov Equations using matrix sign function and
its residual ??
check_matrix_biorth.c
Check the biorthonormal basis construction ??
check_matrix_colaxpy.c
Check the column update of a matrix using an axpy-operation ??
check_matrix_gbiorth.c
Check the biorthonormal basis construction with respect to a weighted scalar product ??
check_matrix_null.c
Check the orthogonal basis construction of the nullspace ??
check_matrix_sum.c
Check the column and row sum computation of a matrix ??
check_matrixio.c
Check 10 operations on mess_matrix instances 2?
check_mgs.c
Check the ortohogonal basis construction using the modified Gram-Schmidt process ?2?
check_mgs_inplace.c
Check the ortohogonal basis construction using the modified Gram-Schmidt process (inplace
version) ??
check_mgsadd.c
Check the orthogonal basis construction using the modified Gram-Schmidt process (column
adding version) 2?
check_mul.c
Check the multiplication of two matrices ??
check_mul_small.c
Check the multiplication of two matrices (version with small matrices) ??
check_mul_tall.c
Check the multiplication of two matrices (version with tall matrices) ?2?
check_mulnormf2.c
Check the Frobenius-norm computation of a matrix ??
check_mvp.c
Check matrix-vector product computation ??
check_mvpcall_matrix.c
Check the mess_muvpcall_matrix function ??
check_norm.c
Check norm functions ?2?
check_one_value.c
Check the mess_matrix_one_value and mess_matrix_one_valuec functions ??
check_orth.c
2?

Check the orthogonal basis construction using SVD
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check_perm.c
Check the permutation function for matrices ??

check_pinv.c
Check the computation of the pseudoinverse of a matrix ??

check_precond.c
Check different preconditioner ?2?

check_proj_sym.c
Check the proj_sym function ??

check_rank.c
Check rank estimation ?2?

check_real_imag_part.c
Check the mess_matrix_realpart mess_matrix_imagpart and mess_matrix_complex_from_«

parts functions ??

check_rowsub.c
Check the row submatrix computation ??

check_scalem.c
Check the mess_matrix_rowscalem and mess_matrix_colscalem ??

check_schur.c
Check the mess_eigen_schur and mess_eigen_schur_complex functions ??

check_set_get_col_row.c
Check the overwriting of a matrix column ??

check_setelement.c
Check the overwriting of a matrix element ??

check_sign.c
Check the mess_eigen_sign function ??

check_so1_handles.c
Check function handles for second order systems (so1) 2?

check_so02_handles.c
Check function handles for second order systems (so02) ??

check_sub.c

Check the sub matrix computation ??
check_svd.c
Check the singular value decomposition ??

check_svd_complex.c
Check the singular value decomposition (complex version) ??

check_svd_econ.c
Check the economy size singular value decomposition ??

check_svd_econ_complex.c
Check the economy size singular value decomposition (complex version) ??

check_trace.c
Check the trace computation ?2?
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check_transpose.c
Check the transpose function ??
check_tridiag.c
Check mess_matrix_tridiag function ??
check_trisolve.c
Check the functions in trisolve.c ?2?
check_vector_perm.c
Check the permutation function for vectors ??
check vectorio.c
Check 10 operations on mess_vector instances ??
cholesky.c
Cholesky decomposition based on DPOTRF 2?
cholfactor.c
Compute a Cholesky factor X = ZZ7 of a matrix 2?
cholmod.c
Import and export vectors and dense/csc matrices fromM.E.S.S. to CHOLMOD ??
cholmod_chol.c
Interface for Tim Davis CHOLMOD (Cholesky Decomposition) ??
cimport.c
Import matrices from C and Fortran arrays ??
CMakeCCompilerld.c ??
CMakeCXXCompilerld.cpp ?2?
CMakeFortranCompilerld.F ?2?
col_compress.c
Column compression for the ADI process ?2?
colops.c
Perform operations directly on the columns of a matrix ??
colrowsums.c
Compute the column or row sum of a matrix ?2?
condest.c
Condition nhumber estimaton ??
config.h ??
matrix/convert.c
Uniform matrix converting interface ??
vector/convert.c
Convert functions of mess_vector structures 2?
copy.c
Copy functions of mess_vector structures ??
csc.c
2?

Kernels for y < Az + y in MESS_CSC storage
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CONTENTS

csparse.c
Interface for Tim Davis CXSparse

csparse_chol.c
Interface for Tim Davis CXSparse (Cholesky decomposition)

csr.c
Kernels for y <+ Az + y in MESS_CSR storage

cuthill.c
Cuthill MC Kee Reordering

matlab/c_interface/conv/eqn/dael.c
Equation conversion for dae1 function handles

python/c_interface/conv/eqn/dael.c
Equation conversion for dae1 function handles

matlab/c_interface/conv/eqn/dae2.c
Equation conversion for so1 function handles

python/c_interface/conv/eqn/dae2.c
Equation conversion for dae2 function handles

DartConfiguration.tcl
DCPX_T.c

decomp.c
Decompose a Matrix in symmetric (hermitian) and skewsymmetric (skewhermitian) part

default_rom_chooser.c
Default adaptiv ROM dimension chooser

dense.c
Kernels for y < Az + y in MESS_DENSE storage

dense_nm.c
Various implementations of the dense Newton method for the algebraic Riccati Equation

dense_nm_gmpare.c
Interface to mess_dense_nm_gmpare

dfs.c
Depth-first-search on a graph and reachability set

dgeqp3.c
Interface for DGEQP 3

matrix/diag.c
Operations on the diagonal elements of a matrix

precond/diag.c
Diagonal/Jacobi preconditioner

direct.c
The ultimate direct solver interface

direct.h
Direct linear systems solvers and single-pattern multi-value LU

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

?2?
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direct_chol_select.c
Interface to mess_direct_chol_select ??
direct_select.c
Interface to mess_direct_lu_select ?2?
doxy_main.c ??
dupl.c
Remove duplicate entries and zero entries from sparse storage schemes ??
dynorm.c
Norm computation of a dyadic matrix product ??
dynsys.h
Basic functions for dynamical systems ??
dynsysinit.c
Initialize dynamical systems ??
easyfrontend.h
Easy frontends for several functions ??
eig.c
Wrapper around various eigenvalue computations from LAPACK ?2?
eig_hessenberg.c
Eigenvalue computations for upper hessenberg matrices from LAPACK ??
eigenvalue.h
Interface for Eigenvalue computation ?2?
enum_conversions.c ??
lib/misc/eps.c
Compute machine precision 2?
python/c_interface/functions/eps.c
Interface to mess_eps ??
equal.c
Operations on the pattern of matrices and norm of the difference of matrices ??
equation.c
Manage the mess_equation structure ??
equation_apply.c
Wrapper for mess_equation function pointers ??
equation_glyap.c
Build an equation object (generalized Lyapunov or Riccati Equation) ?2?
equation_glyap_dae1l.c
Function handles for Index 1 DAE System ??
equation_glyap_dae2.c
Function handles for Hessenberg Index 2 DAE System ?2?
equation_glyap_soi.c
Build an equation object (generalized Lyapunov or Riccati Equation) out of a second order
2?

system
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CONTENTS

equation_glyap_so2.c

Build an equation object (generalized Lyapunov or Riccati Equation) out of a second order

system

equation_lyap.c
Build an equation object (Lyapunov or Riccati Equation)

equation_stable.c

??

??

Stabilize a given Lyapunov Equation with matrices U and V/, i.e. build an operator (A — UV7T) 2?2

equations.c
Handle different equation types for Pyt hon interface

error.c
Error level handling

error_macro.h
Interface to error macros

errors.h
Interface to error codes

eye.c
Generate identity matrices

fdm_matrix.c
Generate simple FDM matrices on the unit square

feature_tests.c
feature_tests.cxx

fill.c
Fill up symmetry in coordinate matrices

filter.c
Filter functions of mess_vector structures

filter2D.C
fortran_translate.h

freelist.c
Memory manager

freelist.h
A structure and manage allocation and free of M.E.S.S. structures

galerkin.c
Galerkin projection for the mess_Irnm method

gaxpy.c
Compute the matrix-vector product y < y + op(A)z

getcol.c
Extract or set a column in a matrix

getelement.c
Read access to matrix elements

getrow.c
Extract or set a row out of a matrix

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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getset.c
Get/set of mess_vector structures ??
gettypes.c
Get human readable string from type identifiers ??
gglrsrm.c
GS-LR-SRM balanced truncation ?2?
glyap.c
Interface to mess_glyap ??
glyap3.c
Generate a solver for dense Lyapunov and Stein equations based on GLYAP 3 ??
glyap_test.c
Check the solution of generalized Lyapunov Equations ??
gmres.c
Solve a linear equation with GMRES ??
gslrsrm.c
GS-LR-SRM balanced truncation ??
gstein.c
Interface to mess_gstein ??
gstein_test.c
Check the solution of generalized Stein Equations ?2?
h2.h
All functions for 7> model order reduction and balanced truncation ??
h2_norm.c
Compute the 7{>-norm of a LTI system ??
h2error.c
Compute the 7 ,-error between two dynamical systems ??
hessenberg_lu.c
Generate a dense L.APACK based solver for upper Hessenberg Matrices ?2?
ilu0.c
Generate an /LU (0) preconditioner ??
iluk.c
Generate an /LU (k) preconditioner based on [27] 2?
matrix/init.c
Basic management of mess_matrix structures 2?
misc/init.c
InitializeM.E.S.S. ??
vector/init.c
Init function of mess_vector structures 2?
interface_cholmod.h
Interface of conversion from a mess_matrix or a mess_vector to a CHOLMOD datastructure (and
?2?

vice versa)
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CONTENTS

interface_csparse.h

Interface to CSparse. mess.h and c¢s.h from CSparse should be included in the program

already
interface_matlab.c

interface_matlab.h
Interface to MATLAB

inverse.c
Check the computation of the inverse of a matrix

irka_biorth.c
IRKA algorithm (biorthonormal version)

irka_common.c
Common functions for IRKA

irka_para_init.c
Initialize parameters for IRKA

jacobi.c
Solve a linear equation with Jacobi iteration

kron.c
Kronecker product function of mess_vector structures

lanczos_template_nrm.c
The Lanczos iteration for 2-norm computation (real symmetric case)

lapack.c
Generate a dense LAPACK based LU-solver

lapack_qr.c
Generate a LAPACK based solver based on QR decomposition

lift.c
Add a lower trailing block zeros to a matrix

linsolve.c
Check the solution of a linear system of equations

linsolve_multi.c
Check the solution of a shifted linear system of equations

linsolvem.c
Check the solution of a linear system of equations (matrix version)

linsolvem_multi.c
Check the solution of a shifted linear system of equations (matrix version)

linspace.c
Linspace functions of mess_vector structures

lib/Ircf_adi/lradi.c
The template formulation of the LRCF-ADI

python/c_interface/functions/Iradi.c
Interface to mess_lIradi

Ircf_adi.h
LRCF-ADI related functions and data structures

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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7.1 File List 33
lib/Ircf_adi/lrnm.c
Implementation of the Newton method ??
python/c_interface/functions/Irnm.c
Interface to mess_Irnm ?2?
Irnm_linesearch.c
Implementation of the linesearch function for the Newton method ??
Irsrm.c
LR-SRM balanced truncation ?2?
Irsrm_somor.c
LR-SRM balanced truncation ??
Irsrm_somor_so.c
LR-SRM balanced truncation for second order LTI systems to second order LTI systems ?2?
lu.c
Reuse kernel for sparse LU decomposition ??
lib/easyfrontend/lyap.c
Easy to use Lyapunov solver interface 2?
python/c_interface/functions/lyap.c
Interface to mess_lyap ??
lyap_res2.c
Compute the 2-norm residual of a Lyapunov equation ?2?
lyap_sgn_fac.c
Solve a Lyapunov Equation using the sign function method ??
malloc.c
Alloc functions for C-M.E.S.S. ?2?
matrix/map.c
Map a scalar function to a matrix ??
vector/map.c
Map functions of mess_vector structures 2?
matrix.c
Convert a Pyt hon matrix to a mess_matrix or vice-versa ??
matrix.h
Interface to handle matrices ??
matrix_print.c
Print matrices and underlying information to the standard output ??
memsize.c
Memory size function of mess_vector structures ??
mess.h
MainM.E.S.S. include file ??
mess_call.c ?2?
mess_classhame_from_mexmess.c ?2?
2?

MESS_direct.cc
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CONTENTS

MESS_direct.h
MESS_direct_install.cc
MESS_enum.cc
mess_enhum_converter.c
MESS_enums.cc
MESS_enums.h
MESS_equation.cc
MESS_equation.h
mess_equation_from_mexmess.c
MESS_equation_install.cc
MESS_error.h
MESS_HAVE_PTRDIFF_T.c
MESS_HAVE_SIZE_T.c
mess_matrix.c
cpp_interface/MESS_matrix/MESS_matrix.cc
octmess/src/MESS_matrix.cc
MESS_matrix.h
MESS_matrix_install.cc
MESS_matrix_ops_mm_generator.h
MESS_matrix_ops_mm_mm.cc
MESS_matrix_ops_mm_ocm.cc
MESS_matrix_ops_mm_om.cc
MESS_matrix_ops_mm_os.cc
MESS_matrix_ops_mm_osc.cc
MESS_matrix_ops_mm_oscm.cc
MESS_matrix_ops_mm_osm.cc
MESS_misc.cc
MESS_multidirect.cc
MESS_multidirect.h
MESS_multidirect_install.cc
mess_options.c

cpp_interface/MESS_options/MESS_options.cc

??

??

??

??

??

??

??

??

22

22

??

22

??

22

??

22

??

22

??

??

??

??

??

??

??

22

??

??

??

??

??
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octmess/src/MESS_options.cc 2?
MESS_options.h 2?
MESS_options_install.cc ??
mess_set_errorlevel.c

Interface to mess_set_errorlevel 2?
mess_status.c ?2?
cpp_interface/MESS_status/MESS_status.cc ??
octmess/src/MESS_status.cc 2?
MESS _status.h 2?
MESS_status_install.cc ??
MESS _to_oct.cc ??
mess_vector.c ??
cpp_interface/MESS_vector/MESS_vector.cc ??
octmess/src/MESS_vector.cc 2?
MESS_vector.h ??
MESS_vector_install.cc ??
MESS_vector_ops_mm_mv.cc ??
MESS_vector_ops_mv_generator.h 2?
MESS_vector_ops_mv_mv.cc ?2?
MESS_vector_ops_mv_os.cc ??
MESS_vector_ops_mv_osc.cc ??
MESS_vector_ops_ocm_mv.cc ??
MESS_vector_ops_om_mv.cc 2?
MESS_vector_ops_oscm_mv.cc ??
MESS_vector_ops_osm_mv.cc ??
mess_version.c

Interface to mess_version ??
mex_mess_care.c ??
mex_mess_dense_nm_gmpare.c ??
mex_mess_glyap.c ?2?
mex_mess_gstein.c ??
mex_mess_lradi.c ?2?

?2?

mex_mess_Irnm.c

Generated by Doxygen



36

CONTENTS

mex_mess_lyap.c
mex_mess_sylvester_dense.c
mex_mess_sylvester_sparsedense.c
mex_test _matrix.c
meXx_test_options.c
mex_test_status.c
mex_test_vector.c

mgs.c
The modified Gram-Schmidt algorithm

mgsadd.c
Add columns to an orthogonal matrix

minmax.c
MinMax functions of mess_vector structures

lib/misc/misc.c
Miscellaneous functions (print memory, round value)

matlab/c_interface/misc/misc.c

misc.h
Miscallenous functions

mklipardiso.c
Interface to MKL.-PARDISO

mult.c
Matrix-matrix multipication

multidirect.c
Generic interface for the multi-LU / multisolvers

multidirect_select.c
Interface to mess_multidirect_select

multilu_adavanced.c
Multisolver implementation with mess lu

multilu_umfpack.c
UMFPACK multisolver interface

mvp.c
Compute the matrix-vector product y = Ax

mvpcall.c
Handling generic matrix-vector products

mxIsSubClass.c
symbols/MY_MODULE_mp_MY_SUB-UPPER.c
VerifyC/CMakeFiles/FortranClnterface/symbols/MY_MODULE_mp_MY_SUB-UPPER.c

symbols/my_module_MP_my_sub.c

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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VerifyC/CMakeFiles/FortranClnterface/symbols/my_module_MP_my_sub.c ??
symbols/my_module_mp_my_sub_.c ??
VerifyC/CMakeFiles/FortranCInterface/symbols/my_module_mp_my_sub_.c ?2?
symbols/my_module_my_sub_.c ??
VerifyC/CMakeFiles/FortranClinterface/symbols/my_module_my_sub_.c ??
symbols/my_moduleSmy_sub.c ?2?
VerifyC/CMakeFiles/FortranClnterface/symbols/my_moduleSmy_sub.c ??
symbols/MY_SUB-UPPER.c ?2?
VerifyC/CMakeFiles/FortranClnterface/symbols/MY_SUB-UPPER.c ??
symbols/my_sub.c ??
VerifyC/CMakeFiles/FortranClnterface/symbols/my_sub.c ?2?
symbols/my_sub_.c ??
VerifyC/CMakeFiles/FortranClnterface/symbols/my_sub_.c ?2?
symbols/my_sub__.c ??
VerifyC/CMakeFiles/FortranClinterface/symbols/my_sub__.c ??
symbols/MYMODULE_mp_MYSUB-UPPER.c ?2?
VerifyC/CMakeFiles/FortranClnterface/symbols/MYMODULE_mp_MYSUB-UPPER.c ??
symbols/mymodule_MP_mysub.c ?2?
VerifyC/CMakeFiles/FortranClnterface/symbols/mymodule_MP_mysub.c ??
symbols/mymodule_mp_mysub_.c ??
VerifyC/CMakeFiles/FortranCinterface/symbols/mymodule_mp_mysub_.c ?2?
symbols/mymodule_mysub_.c ??
VerifyC/CMakeFiles/FortranCInterface/symbols/mymodule_mysub_.c ??
symbols/mymoduleSmysub.c ?2?
VerifyC/CMakeFiles/FortranClinterface/symbols/mymoduleSmysub.c ??
symbols/MYSUB-UPPER.c ?2?
VerifyC/CMakeFiles/FortranCInterface/symbols/MYSUB-UPPER.c ??
symbols/mysub.c ?2?
VerifyC/CMakeFiles/FortranClnterface/symbols/mysub.c ??
symbols/mysub_.c ??

?2?

VerifyC/CMakeFiles/FortranClinterface/symbols/mysub_.c
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newlu.c
Easy left looking sparse LU

matrix/norm.c
Compute various norms of a matrix

vector/norm.c
Norm functions of mess_vector structures

offsets.c
Return offsets of structures definedinM.E.S.S.

matrix/ones.c
Generate a matrix containing one number over and over again

vector/ones.c
Fill functions of mess_vector structures

openmp.c
OpenMP utilities

lib/dynsys/bt/options.c
Options for balance truncation

lib/Ircf_adi/options.c
LRCF-ADI options

python/c_interface/conv/options.c

Convert a Pyt hon options class to mess_options and vice-versa

orth.c
Orthogonalize a matrix

para.c
Parameter compuation for ADI processes

matrix/perm.c
Different matrix permutation operations

vector/perm.c
Permutation functions of mess_vector structures

pinv.c
Compute Pseudoinverse of a dense matrix

plot_scriptExporter.c
A small plot script creator

plot_scriptExporter.h
Interface definition of the Gnuplot module

plot_x11.h
Interface definition of the plotting module

precond.c
Preconditioner interface

print.c

proj_sym.c
Projection of a matrix on symmetric matrix space

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??

??
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project.c
Project a system ((G)LTI, second order) to another system ((G)LTI, second order) ??
pymess.c
Functions which should be called from Python ??
pymess.h
Interface to Python ??
rail_371_c60.C 2?
matrix/rand.c
Generate different random matrices ??
vector/rand.c
Rand functions of mess_vector structures ??
rank.c
Estimate the rank of a matrix ??
rc2norm.c
Compute the 2-norm difference between two factored solutions of a matrix equation ??
rcFnorm.c
Frobenius-norm difference between factored solutions ??
read.c
Read matrices from files ??
real_complex.c
Realpart Imagpart functions of mess_vector structures ??
realimag.c
Handle real and imaginary parts of complex matrices ??
reimplemented.c
Check if instance is reimplemented ??
direct/res2/res2.c
2-norm residual of r = Az — b and similar equations ??
Ircf_adi/norms/res2.c
2 Norm residual computation for the Lyapunov and the Riccati operator ??
res2_template.c
New LRCF-ADI res2 implementation for the eqn structure ??
scal.c
Scale a matrix 22
scale.c
Scale functions of mess_vector structures ?2?
schur.c
Compute the Schur decomposition of a matrix ??
schur_to_evd.c
Computes Spectral Decomposition from Schur decomposition ??
select.c
2?

Select reordering by name
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setelement.c
Set an element in a matrix ??
shellsort.c
Compact shellsort implementation for matrix data structures ??
sign.c
Implementation of a basic sign function iteration ??
matlab/c_interface/conv/eqn/so1.c
Equation conversion for so1 function handles ??
python/c_interface/conv/eqn/soi.c
Equation conversion for so1 function handles ?2?
matlab/c_interface/conv/eqn/so2.c
Equation conversion for so1 function handles ??
python/c_interface/conv/eqn/so2.c
Equation conversion for so2 function handles ??
solver.h
Interface to all iterative linear system solvers ??
solvername.h
Structure of solvernames ??
itsolver/sor.c
Solve Ax = b with SOR and similar algorithms ?2?
precond/sor.c
Generate a SOR based preconditioner ??
sort.c
Sort the data structures inside a matrix ?2?
splsolve.c
Efficient solution with sparse lower trinagular matrices ??
spy.c
Generate spy plots of matrices ??
stable.c
Check if a dynamical system is stable or not ?2?
lib/dynsys/bt/status.c
Work with the mess_bt_status objects ?2?
lib/itsolver/status.c
Status / options object for iterative solvers ??
lib/Ircf_adi/status.c
LRCF-ADI status ?2?
python/c_interface/conv/status.c
Convert a mess_status structure to a python status object ?2?
statusopt.c
Status and options for 7{, things ??
matlab/c_interface/conv/eqn/std.c
2?

Equation conversion for dae1 function handles
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python/c_interface/conv/eqn/std.c
Equation conversion for standard lyapunov riccati equation ??
stein_res2.c
Compute the 2-norm residual of a Stein equation ?2?
sub.c
Get a submatrix from a matrix ??
superlu.c
Interface to SuperLU ??
superlu_refinement_bug.c ?2?
superlu_refinement_bug_43.c ??
superlu_refinement_bug_50.c ?2?
svd.c
Compute the singular value decompositon (SVD) ??
sylv_res2.c
Residual computations for dense Sylvester equations ??
lib/direct/singlesolver/sylvester_dense.c
Generate a solver for dense Sylvester eqautions based on LAPACK dtrsyl / ztrsyl /
dtgsyl/ztgsyl ?2?
tests/direct/sylvester_dense.c
Check the solution of dense Sylvester equations ??
lib/direct/singlesolver/sylvester_sparsedense.c
Generate a solver for a sparse-dense Sylvester equation with a small second matrix ??
python/c_interface/functions/sylvester_sparsedense.c
Interface to mess_direct_create_sylvester_sparsedense 2?
tests/direct/sylvester_sparsedense.c
Check the solution of a sparse-dense Sylvester equations with a small second matrix ??
test.c
Test functions which can be called from Python ??
TestRestrict.c ?2?
threadpool.c
Basic functions for a loader pool ??
threadpool.h
Interface to handle a pool of threads ??
time.c
Functions for timers and time measuring ?2?
trace.c
Compute the trace of a matrix ?2?
transfer.c
Evalute the transfer function ??
transpose.c
2?

Transpose a matrix
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tridiag.c
Generate tridiagonal matrices

trisolve.c
Solving with triangular systems

triul.c
Upper triangular part of Matrix Operations

tsia.c
TSIA algorithm

tsiag.c
Generalized TSIA Algorithm

tutorial_backslash.c
Demostrate how to solve a linear system using a \-operator

tutorial_bt.c

tutorial_bt_gglrsrm.c
Demonstrate how to reduce a first order GLTI system using a generalized low-rank square root
balanced truncation (BT-GGLRSRM)

tutorial_bt_gslrsrm.c
Demonstrate how to reduce a first order GLTI system to a first order LTI system using a gener-
alized low-rank square root balanced truncation (BT-GSLRSRM)

tutorial_bt_Irsrm.c
Demonstrate how to reduce a first order LTI system using a low-rank square root balanced
truncation (BT-LRSRM)

tutorial_bt_Irsrm_somor.c
Demonstrate how to reduce a second order LTI system to a first order LTI system using a
low-rank square root balanced truncation (BT-LRSRM-SOMOR)

tutorial_bt_Irsrm_somor_so.c
Demonstrate how to reduce a second order LTI system to another second order LTI system
using a low-rank square root balanced truncation (BT-LRSRM-SOMOR-SO)

tutorial_care.c
Tutorial for solving a (generalized) Riccati Equation using mess_care solver

tutorial_direct_solvers.c
Tutorial about linear equation systems

tutorial_eig.c
Tutorial for demonstrating dense eigenvalue and svd decomposition using mess_eigen_eig
and mess_eigen_svd

tutorial_eigs.c
Demonstrate how to approximate some eigenvalues of a matrix

tutorial_gen_fdm_cd.c
Demonstrate how to discretize a convection-diffusion operator on the unit square

tutorial_gen_laplace.c
Demonstrate how to discretize a convection-diffusion operator on the unit square

tutorial_gschur.c
Demonstrate how to compute the generalized Schur decomposition of a matrix pair (A, B)

??

??

??

??

??

??

??

??

??

??

??

?2?

??

??

??

??

??

??

??
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tutorial_h2norm.c

Demonstrate how to compute the 7{5-norm of a LTI system ??
tutorial_irka_biorth.c

Demonstrate the IRKA algorithm 2?
tutorial_it_unsym.c

Demonstrate how to use various iterative solvers for unsymmetric systems of linear equations ??
tutorial_lIradi.c

Tutorial for solving a (generalized) Lyapunov Equation using mess_Iradi solver ?2?
tutorial_Irnm-g.c

Demonstrate how to solve a generalized algebraic Riccati Equation using LRCF-ADI-NM ?2?
tutorial_Irnm.c

Tutorial for solving a (generalized) Riccati Equation using mess_Irnm solver ??
tutorial_lyap.c

Tutorial for solving a (generalized) Lyapunov Equation using mess_lyap solver ??
tutorial_matrix_operations.c

Tutorial on matrix operations ??
tutorial_norms.c

Demonstrate how to compute different matrix norms with different storage formats ??
tutorial_plot.c

Tutorial for the plotting interface and plot the sine and cosine function ??
tutorial_qr.c

Demonstrate how to use a QR solver ??
tutorial_schur.c

Demonstrate how to compute the (complex) Schur decomposition of a matrix ??
tutorial_sign.c

Tutorial for demonstrating how to compute the sign of a matrix using mess_eigen_sign ??
tutorial_spy.c

Tutorial for demonstrating the mess_matrix_spy function ??
tutorial_sylvester.c

Demonstrate how to solve a sparse-dense Sylvester equation ??
tutorial_tsia.c

Demonstrate how to reduce a LTI system using the TSIA algorithm ?2?
tutorial_vector_read.c

Demonstrate a simple input/ouput example for vectors (generate random vectors, read, write,

print) ??
twoside_mgs.c

Skew projection ?2?
umfpack.c

Interface to UMFPACK ?2?
umfpack_control.c

Interface to UMFPACK 2?
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vector.c

Convert a Python matrix/array to a C matrix/array or vice-versa ??
vector.h

Interface to handle vectors ??

vector_print.c
Print mess_vector instance and underlying information to the standard output ?2?

vector_read.c
Read a vector from a matrix market file ?2?

VerifyFortran.h ??

wachspress.c

Auxiliary routines for Wachspress parameter computation ??
write.c

Write matrices to files ??
x11init.c

A small plotter interface ??
xerbla.c

New error handler for LAPACK ?2?

8 Module Documentation

8.1 General Type Definitions and Macros

This section contains all generic macros and type definitions.

Macros

« #define DEPRECATED __ attribute__ ((deprecated))
» #define MESS_PRINTF_INT "%d"
String to print a mess_int_t inside printf.
 #define MESS_PRINTF_INT2D "%2d"
String to print a mess_int_t with 2 digits inside print f.
« #define MESS_INTEGER MESS_REAL

Define for compatibility with the Mat rixMarket file format.
« #define MESS_IS_REAL(m) ((*m).data_type == MESS_REAL)

Check if a mess_matrix, mess_vector or mess_direct object is real.

- #define MESS_IS_INTEGER(m) ((xm).data_type == MESS_REAL)

Check if a mess_matrix, mess_vector or mess_direct object is real.
* #define MESS_IS_COMPLEX(m) ((xm).data_type == MESS_COMPLEX)

Check if a mess_matrix, mess_vector or mess_direct object is complex.
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Typedefs

+ typedef double _Complex mess_double_cpx_t

Default double complex of M.E.S.S..
* typedef float _Complex mess_float cpx_t

Default float complex of M.E.S. S..
* typedef int mess_int_t

Default integer of M.E.S. S..
+ typedef unsigned short MESS_STORETYPE

Type definition for the data type inM.E.S.S..
« typedef unsigned short MESS_SYMMETRY

Type definition for the data type inM.E.S.S..

Enumerations

8.1.1 Detailed Description

One of the important ones are the mess_int_t type definition. Per default this point to a normal int integer. If
M.E.S.S. is configured for 64 Bit integers, i.e. MESS64 is set to during the configure step, the mess_int_t type
pointsto long or int 64_t.

Another important data type is the mess_operation_t enumeration. It defines how routines like mess_matrix_mvp
or mess_matrix_multiply operate .

8.1.2 Macro Definition Documentation

8.1.2.1 #define DEPRECATED __attribute__ ((deprecated))

8.1.2.2 {define MESS_INTEGER MESS_REAL

The MESS_INTEGER define is only included for compatibility reasons with the Mat rixMarket file format.
It should not be used in programs.

See also

mess_datatype_t

8.1.2.3 #define MESS_IS_COMPLEX( m ) ((+m).data_type == MESS_COMPLEX)

The MESS_IS_COMPLEX macro is used to check easily for a complex mess_matrix, mess_vector or mess_direct.

8.1.2.4 #define MESS_IS_INTEGER( m ) ((m).data_type == MESS_REAL)

The MESS_IS_INTEGER is a wrapper around MESS_IS_REAL.
It exists for compatibility reasons with the Mat rixMarket file format.

8.1.2.5 #define MESS_IS_REAL( m ) ((:xm).data_type == MESS_REAL)

The MESS_IS_REAL macro is used to check easily for a real mess_matrix, mess_vector or mess_direct.

Generated by Doxygen


http://math.nist.gov/MatrixMarket/
http://math.nist.gov/MatrixMarket/

46 CONTENTS

8.1.2.6 #define MESS_PRINTF_INT "%d"
The MESS_PRINTF_INT is used to display a mess_int_t inside print £ and similar functions.
See also
mess_int_t
8.1.2.7 #define MESS_PRINTF_INT2D "%2d"
The MESS_PRINTF_INT2D is used to display a mess_int_t inside print £ and similar functions with 2 digits.

See also

mess_int_t

8.1.3 Typedef Documentation

8.1.3.1 typedef double _Complex mess_double_cpx_t

The mess_double_cpx_t typedef is used to avoid incompatability problems when includingM.E.S.S. from C++.
C++ treats complex is a template.

8.1.3.2 typedef float _Complex mess_float_cpx_t

The mess_float_cpx_t typedef is used to avoid incompatability problems when includingM.E.S.S. from C++.
C++ treats complex is a template.

8.1.3.3 typedef int mess_int_t

The mess_int_t typedef is used to make M.E . S. S. independent from the size of the operating systems integer.

It allows to change between 32 and 64 integers without rewriting code. Only the return values of function are always
32bit integers.

Per default the mess_int_t is equal to int.

IfM.E.S.S. is configured with MESS64=0N than it is equal to int 64_t.

8.1.3.4 typedef unsigned short MESS_STORETYPE

The MESS_STORETYPE is used to represent the storage type flag inside mess_matrix and mess_vector.

8.1.3.5 typedef unsigned short MESS_SYMMETRY

The MESS_SYMMETRY is used to represent the symmetry type flag inside mess_matrix.

8.1.4 Enumeration Type Documentation

8.1.41 enum mess_datatype_t

The mess_datatype_t enumeration defines the possible data types insideM.E.S.S.
The mess_datatype_t is used inside mess_matrix, mess_vector and mess_direct.
Enumerator

MESS_REAL The values of the object are real.
MESS_COMPLEX The values of the object are complex.
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8.1.4.2 enum mess_norm_t

The mess_norm_t enumeration is used to represent the type of norm.

Enumerator

MESS 2 NORM The 2-norm.
MESS _FROBENIUS _NORM The Frobenius-norm.
MESS_1_NORM The 1-norm, maximum absolute column sum norm.

MESS_INF_NORM The inf-norm, maximum absolute row sum norm.

8.1.4.3 enum mess_operation_t

The mess_operation_t enumeration is used to define how a subroutine acts on a mess_matrix.

Enumerator

MESS_OP_NONE mess_matrix object is applied non-transposed.
MESS_OP_TRANSPOSE mess_matrix object is applied transposed.
MESS_OP_HERMITIAN mess_matrix object is applied hermitian transposed.

8.1.44 enum mess_print_format_t

The mess_print_format_t enumeration is used to control the output of print functions.

Enumerator

MESS_PRINT_FORMAT_SHORT Short scientific notation with 6 digits after decimal point.
MESS_PRINT_FORMAT_LONG Long scientific notation with 15 digits after decimal point.
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8.2 Matrix Operations

This section contains all matrix related operations.

Collaboration diagram for Matrix Operations:

Allocate, Convert and
Access to Matrices

Computation of Matrix
Norms

Generic matrix-vector
Products

Matrix Operations

Data Structures, Types
and Macros for Handling
Matrices

Modules

Arithmetic Operations on Matrices

Input/Output Operations
with Matrices

Various Other Operations
on Matrices

Arithmetic Operations
on Matrix Columns

Arithmetic Operations
on Matrices

This category contains all basic arithmetic operations with matrices.

Arithmetic Operations on Matrix Columns

This category contains various arithmetic operations on matrix columns.

Computation of Matrix Norms

This category collects all matrix norm computations and related functions like the condition number or its estimate.

Allocate, Convert and Access to Matrices
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This category contains all subroutines which act on the matrix storage type, data structures and data management.
* Input/Output Operations with Matrices

This category contains all functions to read, write and print matrices.
* Various Other Operations on Matrices

This category contains all matrix related functions that fit not well in one of the other categories.
+ Data Structures, Types and Macros for Handling Matrices

This category contains all matrix related data structures, macros and type definitions.
» Generic matrix-vector Products

Representation of a generic matrix-vector Product.

8.2.1 Detailed Description

This includes the management of the mess_matrix data structure, modifying the structure of the mess_matrix and
arithmetic operations. Additionally it includes an input/output interface to read and write Mat rixMarket files.

Matrices are represented as an instance of a mess_matrix object. Before they can be used the first time they must
be initialized using mess_matrix_init and destroyed afterwards using mess_matrix_clear.

mess_matrix A;
mess_matrix_init (&A);
// do some stuff with A
mess_matrix_clear (&A);

A mess_matrix can handle real and complex matrices and the following storage formats:

 Dense (Fortran) storage (MESS_DENSE)

» Compressed Sparse Row storage (MESS_CSR)

» Compressed Sparse Column storage (MESS_CSC)
» Coordinate storage (MESS_COORD)

Most functions can handle all of them or if not convert them automatically to the desired format. If such an automatic
convertation is done a warning is displayed to the standard error ouput. Functions that need a internal copy of the
matrix copy them to the right format as well without such a warning. This can cause memory problems when you
pass a dense matrix to the SVD or a eigenvalue solver. You can convert matrices between all formats using the
mess_matrix_convert function.

Matrices can be created by loading them from a Mat rixMarket file using mess_matrix_read or mess_matrix«
_read_formated. Otherwise they can be created out of the corresponding data structures using mess_matrix_«
dense_from_farray, mess_matrix_dense_from_carray, mess_matrix_csr, mess_matrix_csc or mess_matrix_coord.
A not recommended element-wise access is possible using mess_matrix_getelement, mess_matrix_setelement
and mess_matrix_setelement_complex. Otherwise you can access the elements in mess_matrix directly but keep
in mind that this structure can change sometimes.

Beside normal matrix operations like the matrix-vector product, there exists many operation that work on matrix
columns. They are available in the Arithmetic Operations on Matrix Columns section.

See also

Arithmetic Operations on Matrices

Arithmetic Operations on Matrix Columns

Computation of Matrix Norms

matrix_data

Input/Output Operations with Matrices

Various Other Operations on Matrices

Data Structures, Types and Macros for Handling Matrices
Matrix Generators
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8.3 Arithmetic Operations on Matrices

This category contains all basic arithmetic operations with matrices.

Collaboration diagram for Arithmetic Operations on Matrices:

Matrix Operations

-«

Functions

Arithmetic Operations
on Matrices

 int mess_matrix_ctranspose (mess_matrix A, mess_matrix AH)

Transpose a matrix.

* int mess_matrix_transpose (mess_matrix A, mess_matrix AT)

Transpose a matrix.

* int mess_matrix_xtranspose (mess_matrix A, mess_matrix AT, int hermitian)

Transpose a matrix.
* int mess_matrix_conj (mess_matrix A)

Conjugate a matrix.

* int mess_matrix_proj_sym (mess_matrix matrix)

Get projection of a matrix on symmetric matrix space.
* int mess_matrix_rank (mess_matrix A, mess_int_t xrank)

Estimate the rank of a matrix.

* int mess_matrix_orth (mess_matrix A, mess_matrix Q)

Compute an orthogonal basis for the range of a matrix.

* int mess_matrix_null (mess_matrix A, mess_matrix Z)

Compute an orthogonal basis for the nullspace of a matrix.
* int mess_matrix_mgs (mess_matrix A, mess_matrix Q, mess_matrix R)

Perform a modified Gram-Schmidt orthogonalization.
* int mess_matrix_mgs_inplace (mess_matrix Q)

Perform a modified Gram-Schmidt orthogonalization inplace on a matrix.
« int mess_matrix_mgs_add (mess_matrix Z, mess_matrix V, mess_matrix E)

Use the modified Gram-Schmidt orthogonalization to add new columns to an orthogonal matrix.

+ int mess_matrix_mvp (mess_operation_t op, mess_matrix A, mess_vector x, mess_vector y)

Compute a matrix-vector product.

* int mess_matrix_gaxpy (mess_operation_t op, mess_matrix A, mess_vector x, mess_vector y)

Compute a matrix-vector product with update of the output.
* int mess_matrix_colsums (mess_matrix A, mess_vector x)

Compute the column sums of a matrix.

* int mess_matrix_rowsums (mess_matrix A, mess_vector x)

Compute the row sums of a matrix.

« int mess_matrix_add (double alpha, mess_matrix A, double beta, mess_matrix B)

Add two real matrices.
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* int mess_matrix_addc (mess_double_cpx_t alpha, mess_matrix A, mess_double_cpx_t beta, mess_matrix
B)
Add two matrices.
« int mess_matrix_multiply (mess_operation_t opA, mess_matrix A, mess_operation_t opB, mess_matrix B,
mess_matrix C)
« int mess_matrix_scale (double alpha, mess_matrix mat)
Scale a real matrix by a scalar.
* int mess_matrix_scalec (mess_double_cpx_t alpha, mess_matrix mat)

Scale a complex matrix by a scalar.

* int mess_matrix_fro_inn (mess_operation_t op, mess_matrix A, mess_matrix B, void xfro)
Compute frobenius inner product of two dense matrices.

« int mess_matrix_trace (mess_matrix A, double xtr)
Compute the trace of a real matrix.

* int mess_matrix_tracec (mess_matrix A, mess_double_cpx_t *tr)

Compute the trace of a complex matrix.
* int mess_matrix_biorth (mess_matrix Vin, mess_matrix Win, mess_matrix Vout, mess_matrix Wout)

Construct two biorthonormal matrices from two given matrices.
* int mess_matrix_gbiorth (mess_matrix E, mess_matrix Vin, mess_matrix Win, mess_matrix Vout, mess_<«
matrix Wout)
Construct two biorthonormal matrices from two given matrices with respect to a weighted scalar product.
+ int mess_matrix_proj_mgs (mess_vector in, mess_matrix Q, mess_matrix QT, mess_int_t colcount, mess«
_vector out, double *nrmout)
Skew projection using @ and QT .
* int mess_matrix_proj_gmgs (mess_vector in, mess_matrix Q, mess_matrix QT, mess_matrix E, char xEflag,
mess_int_t colcount, mess_vector out, double xnrmout)
Generalized skew projection using Q@ and QT'.
+ int mess_matrix_map (mess_matrix mat, double(xf_real)(double), mess_double_cpx_t(xf _cpx)(mess_<«
double_cpx_t1), int full)
Map a scalar function to a matrix.
* int mess_matrix_map_abs (mess_matrix mat, int full)
* int mess_matrix_map_acos (mess_matrix mat, int full)
* int mess_matrix_map_acosh (mess_matrix mat, int full)
« int mess_matrix_map_arg (mess_matrix mat, int full)
* int mess_matrix_map_asin (mess_matrix mat, int full)
* int mess_matrix_map_asinh (mess_matrix mat, int full)
 int mess_matrix_map_atan (mess_matrix mat, int full)
+ int mess_matrix_map_atanh (mess_matrix mat, int full)
* int mess_matrix_map_ceil (mess_matrix mat, int full)
+ int mess_matrix_map_conj (mess_matrix mat, int full)
* int mess_matrix_map_cos (mess_matrix mat, int full)
* int mess_matrix_map_cosh (mess_matrix mat, int full)
+ int mess_matrix_map_exp (mess_matrix mat, int full)
 int mess_matrix_map_expm1 (mess_matrix mat, int full)
* int mess_matrix_map_floor (mess_matrix mat, int full)
+ int mess_matrix_map_log (mess_matrix mat, int full)
+ int mess_matrix_map_not (mess_matrix mat, int full)
* int mess_matrix_map_round (mess_matrix mat, int full)
* int mess_matrix_map_sin (mess_matrix mat, int full)
* int mess_matrix_map_sinh (mess_matrix mat, int full)
* int mess_matrix_map_sqrt (mess_matrix mat, int full)
* int mess_matrix_map_tan (mess_matrix mat, int full)
* int mess_matrix_map_tanh (mess_matrix mat, int full)
* int mess_matrix_map_isfinite (mess_matrix mat, int full)
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* int mess_matrix_map_isinf (mess_matrix mat, int full)

* int mess_matrix_map_isnan (mess_matrix mat, int full)

* int mess_matrix_any (mess_matrix mat, mess_int_t(xf_real)(double), mess_int_t(xf_cpx)(mess_double_«
cpx_t), mess_int_t dim, mess_vector anyvec)

Checks a matrix rowwise/columnwise if a given predicate is true.

8.3.1 Detailed Description

It includes matrix-matrix products, matrix-vector products, addition of two matrices, scaling, orthogonal bases for
the matrix columns and similar things. Operations on matrix columns are available in the Arithmetic Operations on
Matrix Columns category. The computation of norms and related things are available in the Computation of Matrix
Norms category. Most routines are able to work with sparse and dense data. For real and complex data sometimes
exists two variants of a function. In the case of dense matrices we use BLAS (Net LibBLAS, OpenBLAS, Intel
MKL, Atlas, FlexiBLAS) operations as much as possible to get the best performance out of them.

More complex operations like solving linear equations or eigenvalue problems can be found in the corresponding
categories.

See also

Arithmetic Operations on Matrix Columns
Computation of Matrix Norms

8.3.2 Function Documentation

8.3.2.1 int mess_matrix_add ( double alpha, mess_matrix A, double befa, mess_matrix B )

Parameters
in alpha | input coefficient in front of A
in A input matrix A
in beta | input coefficient in front of B
in,out | B input/output matrix B
Returns

Zero on success or a non-zero error value otherwise

The mess_matrix_add function add « times a mess_matrix A to 8 times a matrix B and store it in B.

B+ aA+ BB

If there are new zero elements they have to stay in the pattern for compatibility. The matrix must be sorted internally.
This can be achieved using mess_matrix_sort. This function is only a wrapper around mess_matrix_addc, which
provides an interface for real and complex matrices.
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Here is the call graph for this function:

mess_matrix_tocomplex

__mess_matrix_add_bothsparse
_complex_csr

__mess_matrix_add_bothsparse
_real_complex_csc

__mess_matrix_add_bothsparse
_complex_real_csc

__mess_matrix_add_bothsparse
_complex_csc

mess_matrix_init

| __mess_matrix_add_bothsparse_csr

mess_matrix_clear

mess_matrix_add |—>| mess_matrix_addc

\

| __mess_matrix_add_bothsparse_csc |

__mess_matrix_add_bothsparse
_real_complex_csr

__mess_matrix_add_bothsparse
_complex_real_csr

mess_storage_t_str
mess_matrix_copy

mess_matrix_convert

8.3.2.2 int mess_matrix_addc ( mess_double_cpx_t alpha, mess_matrix A, mess_double_cpx_t beta,
mess_matrix B )

Parameters
in alpha | input coefficient in front of A
in A input matrix A
in beta | input coefficient in front of B
in,out | B input/output matrix B
Returns

Zero on success or a non-zero error value otherwise

The mess_matrix_addc function add « times a matrix A to 8 times a matrix B and store it in B.

B+ aA+ (B

The matrices can be real or complex. Depending on the data, the right internal algorithm is chosen. If there are new
zero elements in the matrix, they will be kept due to produces the correct of the sum. If the matrices are sparse,
they must have sorted internal data structures. If this is not the case, the result will be wrong. The internal data
structure can be sorted using mess_matrix_sort before.
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Here is the call graph for this function:

mess_matrix_tocomplex
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Y
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_complex_csc

mess_matrix_convert
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mess_matrix_init
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8.3.2.3
f_cpx, mes