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What you should know from last lecture

» Bond-based Peridynamics (Course project)
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Notes

Vectors and Matrices

Vector space [1, 4] Notes

A vector space (or a linear space) is a collection of so-called
vectors v € R". Vectors can be added or scaled (multiplied by a

scalar value).

v={v,v,..., Vn}
W= {wi, wy s Wn}
Addition
V+wW={vi+wp,vo+wa...,vp+wy}
Scaling
2v = {2v1,2va,...,2vp}
Vector |l Notes

Column vector

Vi

Vn

Row vector

vi={v,...v,}

Matrix Notes

A matrix A € R™™ has n rows and m columns

a1l ... dim
A=
an1 --- anm
Scaling
23171 2317,,-,
2A = : :

2ap,1 ... 2apm




Matrix [l Notes
Addition
ai1+ b1 ai,m+ bim
A+B= : :
an,1 + bn.l an,m + bn,m
Matrix vector multiplication
ai x b+ “+ai,m * by
Av = : :
an,1 * bi+ “+an,m * by
Notes
Applications
Communication Notes
We have a group of people Pi,..., P,, if person P; has contact
with person Py, we can model this information by setting the
matrix element a; 5 = 1. By doing this for all people in our group,
we will get some matrix
0101
0010
M= 10 01
1100
This matrix will tell us that P; has contact with Py and Py, Ps
with P53 and so on.
Now we define
M{=M.-M.-M.M,
which means for M”, we have to do n multiplications of M .
Communication Notes

We now can compute

M? =

_ ==

o

=N o=

= o o

== O

and see that person P3 can send some message to Person Py in

two cycles.




Notes

Blaze

Blazel Notes

Blaze is an open-source, high-performance C+-+ math library for
dense and sparse arithmetic. With its state-of-the-art Smart

Expression Template implementation Blaze combines the elegance
and ease of use of a domain-specific language with HPC-grade

performance, making it one of the most intuitive and fastest C++
math libraries available.

More details about the implementation details [2, 3].

1https ://bitbucket.org/blaze-1ib/blaze/src/master/

Installation? Notes

CMake

tar -xvf blaze-3.6.tar.gz
cd blaze-3.6

cmake -DCMAKE_INSTALL_PREFIX=/home/patrick/blaze
make install

Manual

tar -xvf blaze-3.6.tar.gz
cd blaze-3.6

cp -r ./blaze /home/patrick/blaze

2
https://bitbucket.org/blaze-1ib/blaze/wiki/Configuration20and%20Installation

Compilation? Notes

CMake

find_package ( blaze )
if ( blaze_FOUND )

add_library( blaze_target INTERFACE )
target_link_libraries( blaze_target

INTERFACE blaze::blaze )
endif ()

Compiler

g++ -I/home/diehlpk/blaze BlazeTest.cpp

3
https://bitbucket.org/blaze-1ib/blaze/wiki/Configuration20and%20Installation
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Parallelism* Notes

C++11 Thread Setup

Add following arguments to the compiler

-std=c++11 -DBLAZE_USE_CPP_THREADS

and set the number of threads

export BLAZE_NUM_THREADS=4 // Uniz systems

HPX

Add following arguments to the compiler

-DBLAZE_USE_HPX_THREADS

and set the number of threads

./a.out --hpx:threads=4

4https ://bitbucket.org/blaze-1ib/blaze/wiki/Shared),20Memory%20Parallelization

Notes

Blaze's API

Vector® Notes

using blaze ynamicVector;
using blaze olumnVector;

using blaze::rowVector;

// Setup of the 3-dimensional dense column vector
DynamicVector<int,columnVector> a{ 1, 2, 3 };

// Setup of the 3-dimensional dense rTow vector
DynamicVector<int,rowVector> b{ 4, 5, 6 };

// Instantiation of a 3-dimensional column vector
blaze::DynamicVector<int> c( 3UL );

// Set all elements of the wector c to 5

c = 5;

5}:mtps ://bitbucket.org/blaze-1ib/blaze/wiki/Vectors

6

Vector operations Notes

// Get the size of the wector
auto size = c.size();

// Access the i-th element

auto value = c[il;

// Loop over the wector

for( size_t i=0UL; i< c.size(); ++i )
std::cout << c[i] << std::endl;

// Iterate over a vector
blaze::CompressedVector<int> d{ 0, 2, 0, 0};

for( CompressedVector<int>::Iterator it=d.begin();
it!=d.end (); ++it )

std::cout << it->value() << std::endl;

6https ://bitbucket.org/blaze-1ib/blaze/wiki/Vector}200perations
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Vector operations II” Notes
blaze::DynamicVector<double> a, b;
// Computes the sine of each element of the wector
b = sin( a );
// Computes the base e ezponential of each element
b = exp( a );
// Computes the exponential wvalue of each element
b = pow( a, 1.2 );
// Computes the absolute value of each element
b = abs( a );
// Complexz numbers
using blaze::StaticVector;
using cplx = std::complex<double>;
StaticVector<cplx,1UL> a{ cplx(-2.0,-1.0)};
double b = imag( a ); //Get the imaginary part
7https://en.cppreference.com/w/cpp/numerlc/complex
Dense Matrix® Notes
// Definition of a 3z4 matriz
// Values are not initialized
blaze::DynamicMatrix<int> A( 3UL, 4UL );
// Definition of a 3z4 matriz
// with 0 rows and columns
blaze::StaticMatrix<int ,3UL,4UL> A;
// Definition of column-major matriz
// with 0 rows and columns
blaze::DynamicMatrix<double,blaze::columnMajor> C;
Remarks:
» Default is row-major matrices:
> Static Matrix are small and size known at compile time
shttps://b)tbucke:.org/blazeflib/blaze/uiki/MatrixZ2OTypes
Sparse matrix Notes
// Definition of a 3z4 integral row-major matriz
blaze::CompressedMatrix<int> A( 3UL, 4UL );
// Definition of a 3z3 identity matriz
blaze::IdentityMatrix<int> A( 3UL );
// Definition of a 3z5 zero matriz
blaze::ZeroMatrix<int> A( 3UL, 5UL );
Sparse matrices are used, if you have only few non-zero entries.
Matrix operation® Notes

// Access elements

M1(0,0) = 1;

// Total amount of elements
size( M2 );

/7
M2.

Number of rows
rows ();

/7’
M2.

Number of columns
columns ();

// Computes the element-wise absolute value

abs( A );

ghttps ://bitbucket.org/blaze-1ib/blaze/wiki/Arithmetic%200perations
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Matrix operation 1110 Notes

// Traversing the matriz
blaze::CompressedMatrix<int> M1( 4UL, 4UL );

for( size_t i=0UL; i<Mi.rows(); ++i ) {
for( size_t j=0UL; j<Mi.columns(); ++j ) {

= M1(i,j);
}

// Traversing the matriz by Iterator

for( size_t i=0UL; i<A.rows(); ++i ) {
for( CompressedMatrix<int,rowMajor>::Iterator it=

A.begin(i); it!=A.end(i); ++it ) {
it->value() = ...;

10
https://bitbucket.org/blaze-1ib/blaze/wiki/Matrix200perations#!element-access

Arithmetic operation'? Notes

blaze::StaticVector<int,3UL> vi{ 3, 2, 5, -4, 1, 6 };

// Addition
blaze::StaticVector<int ,3UL> res = vl + vi;

// Subtraction
blaze::StaticVector<int,3UL> res = vl - 2 *x vi;

blaze::DynamicMatrix<float ,rowMajor> M1( 7UL, 3UL );
// Addition

blaze::DynamicMatrix<float,rowMajor> res = M1 + Mi;
// Subtraction
blaze::DynamicMatrix<float,rowMajor> res = 2xM1 - Mi;

llhttps ://bitbucket.org/blaze-1ib/blaze/wiki/Arithmetic)200perations

Matrix decomposition'? Notes

blaze::DynamicMatrix<double,blaze::rowMajor> A;
// ... Resizing and initialization

blaze::DynamicMatrix<double,blaze::rowMajor> L, U, P;

// LU decomposition of a row-major matric
lu( A, L, U, P);

assert( A ==L * U x P );

Decompositions
» Cholesky

> QR/RQ

> QL/LQ

12
https://bitbucket.org/blaze-1ib/blaze/wiki/Matrix%200perations# matrix-decomposition

13,14

Eigen values Notes

// The symmetric matriz A

SymmetricMatrix< DynamicMatrix<double,rowMajor>>
AC 5UL, 5UL );
// ... Initialization

// The wector for the real eigenvalues

DynamicVector<double,columnVector> w( 5UL );
// The matriz for the left eigenvectors
DynamicMatrix<double,rowMajor> V( 5UL, 5UL );

eigen( A, w, V );

Adapters may be more efficient and less memory consuming.

13
https://bitbucket.org/blaze-lib/blaze/wiki/Matrix%200perations#! eigenvalueseigenvectors

4}:mtps ://bitbucket.org/blaze-1ib/blaze/wiki/Symmetric)20Matrices
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Sum

A

Notes

Summary

mary Notes

fter this lecture, you should know

» Vectors and matrices

» How to use Blaze for matrix and vector operations

» How to compile a program using a external library

Notes
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