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1 Abstract

The project consists in the study, implementation and comparison of binary matrix multiplication algorithms in C++.  We consider Strassen’s algorithm (which is known to perform well over the real numbers) the Four Russians algorithm (which is designed for binary matrices) and compare their performances to that of the naïve multiplication algorithm on binary matrices.
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3 Introduction

The study of matrices is quite old. Matrices have a long history of application in solving linear equations. Babylonians studied them as early as 1900 BC. Leibniz, one of the two founders of calculus, developed the theory of determinants in 1693. Cramer further developed the theory, presenting Cramer's rule in 1750. Carl Friedrich Gauss and Wilhelm Jordan developed Gauss-Jordan elimination in the 1800s. J. J. Sylvester first coined the term “matrix” in 1848. Cayley, Hamilton, Hermann Grassmann, Frobenius and von Neumann are among the famous mathematicians who have worked on matrix theory. 

4 Theory

4.1 Naïve multiplication

4.1.1 Algorithm

For simplicity, we will assume throughout this report that all matrices are square. The simplest and most obvious algorithm for multiplying two matrices is presented below.

	Naive multiplication
Problem: Matrix multiplication

Input: 
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Output: 
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, C = AB
begin

for i:=0 to m-1 do
     for j:=0  to l-1 do
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end


4.1.2 Complexity

Since C is an n by n matrix, it has n2 elements. To compute each element we need n scalar multiplications and n-1 additions. So, to compute the product of A and B we need n3 multiplications and n2(n-1) additions. The complexity of this algorithm is O(n3). 

4.2 Strassen’s algorithm

4.2.1 Algorithm

Strassen’s algorithm is a divide-and-conquer algorithm, which was invented in 1969 and improved by Winograd in 1973. For clarity, the algorithm given below assumes that the matrix size n is a power of 2. However we will see below that with some modifications the algorithm can be generalized to all sizes n.

	Strassen’s multiplication
with Winograd’s improvement

Problem: Matrix multiplication

Input: 
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, n is a power of 2 (for simplicity)

Output: 
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begin

We decompose each matrix in four n/2xn/2 sub-matrices:
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We make the following computations:

S1  =  A21 + A22

S2  =  S1 + A11
S3  =  A11 + A21
S4  =  A12 + S2

T1  =  B12 – B11

T2  =  B22 – T1
T3  =  B22 – B12
T4  =  B21 –T2

P1 = A11B11
P2 = A12B21
P3 = S1T1
P4 = S2T2

P5 = S3T3
P6 = S4B22

P7 = A11T4
U1 = P1 + P2
U2 = P1 + P4

U3 = U2 + P5

U4 = U3 + P7

U5 = U3 + P3

U6 = U2 + P3

U7 = U6 + P6

C11 = U1
C21 = U4

C12 = U7
C22 = U5
end


As n is a power of 2 (n = 2k), we will make k=log(n) decompositions until A,B.C are 1x1 matrices. We can also use improvements to make Strassen’s algorithm even faster and more general:

· If n is odd, we add a row and a column of zeros to A, B, C and n becomes even. Now we can apply Strassen’s algorithm. At the end we remove the last row and column of C.

· If n is smaller than 100, Strassen’s algorithm becomes slower than naïve algorithm. In this case we just multiply A and B using naïve algorithm.

· Also we can use fewer matrixes than the next computations, by using each matrix the most times we can. I used 14 matrices of size 
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4.2.2 Complexity


We can see that Strassen’s algorithm uses 7 multiplications and 15 additions/subtractions of 
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 matrices:

· Multiplications: M(2n) = 7M(n)

· Additions/subtractions: A(2n)  = 7A(n) +15n2 
· Total operations: T(2n) = 7T(n) + 15n2
The initial conditions are:

· M(1) = 1

· A(1) = 0 (no additions needed to multiply two real numbers)

· T(1) = 1


We can prove that the complexity of Strassen’s algorithm is
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	Theorem: 


-If  T(n) satisfies the following conditions:

· 
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-Then:

· if ab < c, then 
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· if ab = c, then 
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· if ab > c, then 
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If we apply this theorem, we have 
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4.3 Four-Russians algorithm

4.3.1 Algorithm

The Four-Russians algorithm was invented in 1970. The advantage for its implementation is that we can use all the bits of a byte (each bit represent one element of the matrix) and make the multiplication without using shifts.  The basic idea of this algorithm is that it pre-computes all the all the possible rows that C=AB and inserts them in C after.

	Four-Russians algorithm

Problem: Boolean matrix multiplication

Input: 
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We decompose A and B into n/k sub-matrices:
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Ai are nxk, Bi  are kxn
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The question now is how to compute 
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begin

We initialize C to 0.

for i := 0 to n/k-1 do

  {    

     We construct an array Table[], which contains all possible combinations of sums of rows of Bi. Table[]  has 2k rows and the same number of columns as  Bi. See next for the algorithm, which constructs this array. 

m := i*k;

for j := 0 to n do

   {


We use a k-bit number: 



Address = {A[j,m+1], A[j,m+2],…, A[j,m+k]};



// or Address = {Ai[j,1], Ai [j, 2],…, Ai [j, k]};


And we add Table[Address] to row j in C.

     }

  }

end




	Create table algorithm

Problem: Construct an array Table, which contains all possible combinations of sums of rows of A using 2k additions of rows (The naïve way of doing this would use 2kk/2 additions of rows).

 Input: 
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Output: Table

begin
We initialize Table to 0. 
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position = 0;

for i := 0 to k-1 do

{

position++;


Table[position]=B[i];


for j := 1 to 2i-1 do

   
{


position++;



Table[position]=Table[2i] + Table[j];


}

}

End


Example:

This example shows the principle and not the full algorithm.


We would like to compute the product of two Boolean matrixes A and B, where:
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We construct the table of all combinations of sums of rows of B:
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 EMBED Equation.3  [image: image36.wmf], lj is the row number j of B.


As addition we used the excusive OR (XOR) logical operator. 


We associate a 3-bit number to each row of A and by using T we compute C=
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· Row  1:  0 1 0 
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 2. 
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 Row 1 of C = T[2]
· Row 2:  1 0 1 
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 5. 
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 Row 2 of C = T[5]
· Row 3:  1 1 0 
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 0 1 1 
[image: image43.wmf]®

 3. 
[image: image44.wmf]Þ

 Row 3 of C = T[3]
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4.3.2 Complexity


If we multiply A and B, we will have to compute the n/k products
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In practice this algorithm is much faster than Strassen’s. Strassen’s is not specialised for Boolean matrices, whereas Four-Russian is.

5 Evaluation 

5.1.1 Algorithms evaluation


In the application part of this project three algorithms have been implemented and tested in terms of performance. In the followings graphs we can observe the time that a multiplication of nxn Boolean matrixes takes for different values of n. 
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	n
	Naïve
	Strassen’s
	4Russians

	200
	956
	745
	62

	400
	7506
	5578
	344

	600
	26501
	18078
	1015

	1000
	126518
	74595
	4070

	1500
	436914
	238817
	12859

	2000
	1104022
	610730
	42454

	3000
	4496841
	1891386
	112553

	4000
	14970753
	3771000
	218246


We can check the complexity of naïve and the improved version of Strassen’s algorithm (cf. p.5) by dividing each value of the performances by n3.035 for naïve and n2.85 for Strassen’s.
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5.1.2 Comparisons

Tests demonstrated that the Four-Russians algorithm is the fastest algorithm among the algorithms tested. This is because of that it uses resources more efficiently and does less verification by using the principle of pre computing all the possibilities. 

We also observe that Strassen’s algorithm becomes faster than the naïve when the size of the matrices increases.

6 Conclusions

The examination of the three algorithms confirmed that the choice of the best algorithm depends on the matrices sizes and types. For Boolean matrices, Four-Russian algorithm is the best choice. Nevertheless, Four-Russians algorithm is the hardest to implement. For non-Boolean matrices the best choice depends of the length of matrices. For long length-matrices Strassen’s algorithm is faster than the naïve while for short matrices the Naïve is faster. Also, Naïve algorithm is very simple and can be easily be implemented.
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8 Appendix

Matrix.h

#ifndef MATRIX_H

#define MATRIX_H

class matrix

{

public:


matrix(int rows, int cols);


matrix * add(matrix * M);


matrix * MultNaive(matrix * M);


matrix * MultStrassen(matrix * M);


~matrix();


char getElement(int row, int col);


void setElement(int row, int col, char element);


void setElement2(int row, int col, char element);


int numRows();


int numCols();


void setRandom();


void setZero();


void print();

private:


char* mContents;//Contenu de la matrice


int mRows;//nb de lignes


int mCols;//nb de colonnes

};

#endif

Matrix.cpp

#include <iostream>

#include "matrix.h"

#include <time.h>

#include <stdio.h>

#include "functionsStrassenAlgo.h"

#include "functionsTestStats.h"

/*Constructeur de la classe matrix. Un objet matrix represente une matrice.

Le input represente le nb de lignes et de colonnes de la matrice.*/

matrix::matrix(int rows, int cols)

{


mRows = rows;


mCols = cols;


mContents = (char*)(malloc(sizeof(char)*rows*cols));//alloue la memoire necessaire pour le matrice

}

/*-----------------APPLICATION DES ALGORITHMES------------------*/

/*

-ADDITION

-MULTIPLICATION NAIVE

-MULTUPLICATION STRASSEN

*/

/* Fontion add: "additionne" la matrice "this" avec  la matrice M, et renvoie la matrice C=this"+"M

La addition correspond a l`operateur logique XOR(exclusive OR)*/

matrix * matrix::add(matrix * M)

{


matrix *C;//La matrice qui va etre retournée


if (mRows != M->numRows())//verifie que le nb des lignes des matrices sont les memes


{



printf("Error: number of rows must be equal\n");



C = NULL;



return C;


}


if (mCols != M->numCols())//verifie que le nb des colonnes des matrices sont les memes


{



printf("Error: number of columns must be equal\n");



C = NULL;



return C;


}


C = new matrix(mRows,mCols);


for (int i = 0; i < mRows; i++)//parcour des lignes de C



for (int j = 0; j < mCols; j++)//parcourt des collonnes de C




C->setElement(i,j, getElement(i,j) ^ M->getElement(i,j));//atribution des valeurs de C  


return C;

}

/* Fonction MultNaive: Multiplie la matrice "this" avec la matrice M (input) et renvoie la matrice C=this*M.

La multiplication scalaire correspond a l'operateur OR. L'algorithme utilisé est celui de la multiplication naïve.*/

matrix * matrix::MultNaive(matrix * M)

{


matrix *C;


char sum;


if (mCols != M->numRows())//verifie que le nb des colonnes de this est egal au nb des lignes de M


{



printf("Error: number of colums of A  must be equal to the number of rows of B\n");



C = NULL;



return C;


}


C = new matrix(mRows, M->numCols());


for (int i = 0; i < mRows; i++)//parcour des lignes de C


{



for (int j = 0; j < M->numCols(); j++)//parcour des colonnes de C



{





sum = 0;




for(int k=0; k<mCols; k++)




{





sum = sum ^ (getElement(i,k) & M->getElement(k,j));




} 




C->setElement(i,j, sum);//C(i,j)=Somme((this(i,k)*M(k,j)) pour k=0,1,...,mCols-1  



}




}


return C;

}

/* Fonction MultStrassen: Multiplie la matrice "this" avec la matrice M (input) et renvoie la matrice C=this*M.

La multiplication scaleire correspond a l'operateur OR. L'algorithme utilisé est celui de Strassen.*/

matrix * matrix::MultStrassen(matrix * M)

{


matrix *C;


if (mRows != M->numRows())//verification que les matrices ont la meme taille


{



printf("Error: Les matrices n'ont pas la meme taille\n");



C = NULL;



return C;


}


if ((mRows != mCols)||(M->numCols() != M->numRows()))//verification que le matrices sont carrés


{



printf("Error: Au moins une matrice n'est pas carrée\n");



C = NULL;



return C;


}


C = new matrix(mRows, mRows);


C->setZero();


MultStrassen2( this, M, C, 0, 0, 0, 0, 0, 0, mRows);//voire function.cpp


return C;

}

/*-------FONCTIONS POUR ACCEDER,MODIFIER OU IMPRIMER LES ATTRIBUS DE LA MATRICE-------*/

/* Fonction getElement: renvoie la valeur de l'element se trouvant dans la ligne row et la colonne col*/

char matrix::getElement(int row, int col)

{


return mContents[row*mCols +col];

}

/* Fonction getElement: atribue la valeur val à l'element se trouvant dans la ligne row et la colonne col*/

void matrix::setElement(int row, int col, char val)

{


mContents[row*mCols +col] = val;

}

/* Fonction getElement2: additionne la valeur val et celle se trouvant deja(...), et l'atribue 

à l'element se trouvant dans la ligne row et la colonne col*/

void matrix::setElement2(int row, int col, char element)

{


mContents[row*mCols +col] = mContents[row*mCols +col] ^ element;

}

/*Fonction numRows: retourne le nb de lignes de la matrice*/

int matrix::numRows()

{


return mRows;

}

/*Fonction numCols: retourne le nb de colonnes de la matrice*/

int matrix::numCols()

{


return mCols;

}

/*Fonction setRandom: atribue des valeurs aleatoires a la matrice*/

void matrix::setRandom()

{


for (int i = 0; i < mRows; i++)



for (int j = 0; j < mCols; j++)




setElement(i,j, rand() % 2);

}

/*Fonction setZero: atribue des valeurs nulles a la matrice*/

void matrix::setZero()

{


for (int i = 0; i < mRows; i++)



for (int j = 0; j < mCols; j++)




setElement(i,j, 0);

}

/*Fonction print: imprime la matrice*/

void matrix::print()

{


for (int i = 0; i < mRows; i++)


{



for (int j = 0; j < mCols; j++)




printf("%d", getElement(i,j));



printf("\n");


}


printf("\n");

}

matrix::~matrix()

{


delete(mContents);//desallocation de la memoire utilisé pour le contenu de la matrice

}

FunctionsStrassenAlgo.h

#include "matrix.h"

#ifndef FUNCTIONSSTRASSENALGO_H

#define FUNCTIONSSTRASSENALGO_H

void add2(matrix * M, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len);

void MultNaive2(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len);

void MultStrassen2(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len);

void removeRowCol(matrix * C1, matrix * C, int Cx, int Cy, int len);

void addRowCol(matrix * A, matrix * A1, int Ax, int Ay, int len);

void algoStrassen(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len);

#endif

FunctionsStrassenAlgo.cpp

#include "functionsStrassenAlgo.h"

#include "matrix.h"

#include <stdlib.h> 

/*-------------ADDITION, MULTIPLICATION NAIVE, MULTIPLICATION STRASSEN-----------*/ 

/*-----UTILISANT UNE DECOMPOSITION EN BLOCKS SANS CREER DE NOUVELLES MATRICES----*/ 

/*

  Utilisons un exemple afin d'expliquer la fontionnalité des fonctions qui suivent.


Supposons qu'on a les matrices suivantes:



  (A11 | A12)



A=(---------)   



  (A21 | A22)



  (B11 | B12)



B=(---------)



  (B21 | B22)



  (C11 | C12)



C=(---------)



  (C21 | C22)



A,B,C sont de taille 2n*2n et A11,A12,A21,A22,B11... de taille n*n.



On veut additionner A11 et B22 et l'affecter au C21. Il suffit d'executer la commande 


suivante:



add2(A,B,C, 0,0, n,n, n,0, n);



On veut multiplier A21 et B11 et l'affecter au C22. Il suffit d'executer la commande 


suivante:



MultNaive2(A,B,C, n,0, 0,0, n,n, n);//naive



MultStrassen2(A,B,C, n,0, 0,0, n,n, n);//stassen



Toutes ces fonction sont utilisés exclusivent pour des matrices carrés et s prennent 


les memes parametres:



(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len)



Ax,Ay representent les coordonnés de debut du block de A au quel on veut utiliser.



Bx,By representent les coordonnés de debut du block de B au quel on veut utiliser.



Cx,Cy representent les coordonnés de debut du block de C au quel on veut affecter.



len la taille des blocks.



J'ai utiliser cette methode afin d'eviter la creation de nouvelles matrices et donc des


allocation supplementaires de memoire.

*/

/*Fonction MultStrassen2: Multiplie les blocks de A et B, et l'affecte le resultat a celui de C.

La multiplication scalaire correspond a l'operateur OR. L'algorithme utilisé est celui de la 

multiplication de Strassen (variante améliorée de Winograd).*/

void MultStrassen2(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len)

{


if(len<100)//si le nb de lignes/colonnes est plus petit que 100, on aplique l'algorithme naïfe


{






MultNaive2(A, B, C, Ax, Ay, Bx, By, Cx, Cy, len);


}


else


{



if(len%2!=0)//si le nb de lignes/colonnes est impaire



{




//les matrices sont de taille impaire=>on ajoute un ligne et une colonne nulle=>Strassen




matrix *A1,*B1,*C1;




A1= new matrix(len+1,len+1);




B1= new matrix(len+1,len+1);




C1= new matrix(len+1,len+1);




addRowCol(A, A1, Ax, Ay, len);




addRowCol(B, B1, Bx, By, len);




algoStrassen(A1, B1, C1, 0, 0, 0, 0, 0, 0, len+1);




removeRowCol(C1,C, Cx, Cy, len);



}



else//si le nb de lignes/colonnes est paire



{




algoStrassen(A,B,C,Ax,Ay, Bx, By, Cx, Cy, len);



}


}

}

void removeRowCol(matrix * C1, matrix * C, int Cx, int Cy, int len)

{


for (int i = 0; i < len; i++)


{



for (int j = 0; j < len; j++)




C->setElement(Cx + i,Cy + j, C1->getElement(i,j));


}

}

void addRowCol(matrix * A, matrix * A1, int Ax, int Ay, int len)

{


for (int i = 0; i < len; i++)


{



for (int j = 0; j < len; j++)




A1->setElement(i,j, A->getElement(Ax + i,Ay + j));


}


for(int k = 0; k < len + 1; k++){




A1->setElement(len,k, 0 );




A1->setElement(k,len, 0 );


}

}

void algoStrassen(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len)

{



int len2=len/2;



matrix *T1,*T2,*T3,*T4,*P1,*P2,*P3,*U2;//matrices utilisés par l'algorithme




//Initialisation de matrices suplementaires utilisés:



T1 = new matrix(len2,len2);



T2 = new matrix(len2,len2);



T3 = new matrix(len2,len2);



T4 = new matrix(len2,len2);



P1 = new matrix(len2,len2);



P2 = new matrix(len2,len2);



P3 = new matrix(len2,len2);



U2 = new matrix(len2,len2);



//On applique l'algorithme de strassen...



//Calculs:version "ameliorée" qui diminue le nb de matrices utilisés et les allocations de memoire...



//Le code analytique se trouve tout en bas, il utilise 14 matrices suplaimaintaires a chaque fois.



add2(A, A, C, Ax + len2, Ay, Ax + len2, Ay + len2, Cx, Cy, len2);//C11=A21+A22



add2(C, A, C, Cx,Cy, Ax, Ay, Cx, Cy+len2, len2);



//C12=C11+A11



add2(A, A, C, Ax, Ay, Ax + len2, Ay, Cx+len2, Cy, len2);

//C21=A11+A21



add2(C, A, C, Cx,Cy+len2, Ax, Ay + len2, Cx+len2, Cy+len2, len2);
//C22=A12+C12



add2(B, B, T1, Bx, By+ len2, Bx, By, 0, 0, len2);



//T1=B12-B11



add2(B, T1, T2, Bx+ len2, By+ len2, 0, 0, 0, 0, len2);


//T2=B22-T1



add2(B, B, T3, Bx+ len2, By+ len2, Bx, By+ len2, 0, 0, len2);
//T3=B22-B12



add2(B, T2, T4, Bx + len2, By, 0, 0, 0, 0, len2);



//T4=B21-T2



//DIVIDE AND CONQUER:



MultStrassen2(A, B, P1, Ax, Ay, Bx, By, 0, 0, len2);


//P1=A11*B11



MultStrassen2(A, B, P2, Ax, Ay+ len2, Bx+ len2, By, 0, 0, len2);//P2=A12*B21



MultStrassen2(C, T1, P3, Cx, Cy, 0, 0, 0, 0, len2);



//P3=C11*T1



MultStrassen2(C, T2, T1, Cx,  Cy+ len2, 0, 0, 0, 0, len2);

//T1=C12*T2



MultStrassen2(C, T3, T2, Cx+ len2,  Cy, 0, 0, 0, 0, len2);

//T2=C21*T3



MultStrassen2(A, T4, T3, Ax+ len2, Ay+ len2, 0, 0, 0, 0, len2);
//T3=A22*T4



MultStrassen2(C, B, T4, Cx+ len2,  Cy + len2 , Bx+ len2, By+ len2, 0, 0, len2);
//T4=C22*B22



//Calculs// 



add2(P1, P2, C, 0, 0, 0, 0, Cx, Cy, len2);





//C11=T4+P2



add2(P1, T1, U2, 0, 0, 0, 0, 0, 0, len2);





//U2=P1+T1



add2(U2, T2, P1, 0, 0, 0, 0, 0, 0, len2);





//P1=U2+P5



add2(P1, T3, C, 0, 0, 0, 0, Cx+ len2, Cy, len2);



//C21=P1+T3



add2(P1, P3,C, 0, 0, 0, 0, Cx+ len2, Cy+ len2, len2);


//C22=P1+P3



add2(U2, P3, P1, 0, 0, 0, 0, 0, 0, len2);





//P1=U2+P3



add2(P1, T4, C, 0, 0, 0, 0, Cx,  Cy+ len2, len2);



//C12=U6+P6



delete(T1);



delete(T2);



delete(T3);



delete(T4);



delete(P1);



delete(P2);



delete(P3);



delete(U2);

}

/*Fonction add2:"additionne" les blocks de A et B, et l'affecte le resultat a celui de C.

La addition correspond a l`operateur logique XOR(exclusive OR)*/

void add2(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len)

{



for (int i = 0; i < len; i++)



for (int j = 0; j < len; j++)




C->setElement(Cx + i,Cy + j, A->getElement(Ax + i,Ay + j) ^ B->getElement(Bx + i,By + j));  

}

/*Fonction MultNaive2: Multiplie les blocks de A et B, et l'affecte le resultat a celui de C.

La multiplication scalaire correspond a l'operateur OR. L'algorithme utilisé est celui de la multiplication naïve.*/

void MultNaive2(matrix * A, matrix * B, matrix * C, int Ax, int Ay, int Bx, int By, int Cx, int Cy, int len)

{


char sum;


for (int i = 0; i < len; i++)


{



for (int j = 0; j < len; j++)



{





sum = 0;




for(int k=0; k < len; k++)




{





sum = sum ^ (A->getElement(Ax + i, Ay + k) & B->getElement(Bx + k, By + j));




} 




C->setElement(Cx + i, Cy + j,  sum);  



}




}

}

///CECI FAIT PARTIE DU DEVELOPEMENT DE MON PROJET. C'EST DU CODE QUE N'EST PLUS UTILISÉ

//code test: divide-and-conquer avec seulement multiplication naïve



/*MultStrassen2(A,B,C, Ax, Ay, Bx, By, Cx, Cy, len2);//C11=A11*B11



MultStrassen2(A,B,C, Ax, Ay +len2, Bx +len2, By, Cx, Cy, len2);//C11=C11+A12*B21



MultStrassen2(A,B,C, Ax, Ay, Bx, By +len2, Cx, Cy +len2, len2);//C12=A11*B12



MultStrassen2(A,B,C, Ax, Ay +len2, Bx +len2, By+len2, Cx, Cy+len2, len2);//C12=C12+A12*B22



MultStrassen2(A,B,C, Ax+len2, Ay, Bx, By, Cx+len2, Cy, len2);//C21=A21*B11



MultStrassen2(A,B,C, Ax+len2, Ay +len2, Bx +len2, By, Cx+len2, Cy, len2);//C21=C21+A22*B21



MultStrassen2(A,B,C, Ax+len2, Ay, Bx, By +len2, Cx+len2, Cy +len2, len2);//C22=A21*B12



MultStrassen2(A,B,C, Ax+len2, Ay +len2, Bx +len2, By+len2, Cx+len2, Cy+len2, len2);//C22=C22+A22*B22*/

/*//Calculs:version analytique...//plus besoin de ses 15 matrices



//S1 = new matrix(len2,len2);



//S2 = new matrix(len2,len2);



//S3 = new matrix(len2,len2);



//S4 = new matrix(len2,len2);



//P4 = new matrix(len2,len2);



//P5 = new matrix(len2,len2);



//P6 = new matrix(len2,len2);



//P7 = new matrix(len2,len2);



//U1 = new matrix(len2,len2);



//U3 = new matrix(len2,len2);



//U4 = new matrix(len2,len2);



//U5 = new matrix(len2,len2);



//U6 = new matrix(len2,len2);



//U7 = new matrix(len2,len2);



//tmp = new matrix(len2,len2);



add2(A, A, S1, Ax + len2, Ay, Ax + len2, Ay + len2, 0, 0, len2);//S1=A21+A22



add2(S1, A, S2, 0, 0, Ax, Ay, 0, 0, len2);





//S2=S1+A11



add2(A, A, S3, Ax, Ay, Ax + len2, Ay, 0, 0, len2);



//S3=A11+A21



add2(S2, A, S4, 0, 0, Ax, Ay + len2, 0, 0, len2);



//S4=A12+S2



add2(B, B, T1, Bx, By+ len2, Bx, By, 0, 0, len2);



//T1=B12-B11



add2(B, T1, T2, Bx+ len2, By+ len2, 0, 0, 0, 0, len2);


//T2=B22-T1



add2(B, B, T3, Bx+ len2, By+ len2, Bx, By+ len2, 0, 0, len2);
//T3=B22-B12



add2(B, T2, T4, Bx + len2, By, 0, 0, 0, 0, len2);



//T4=B21-T2



//DIVIDE AND CONQUER:



MultStrassen2(A, B, P1, Ax, Ay, Bx, By, 0, 0, len2);


//P1=A11*B11



MultStrassen2(A, B, P2, Ax, Ay+ len2, Bx+ len2, By, 0, 0, len2);//P2=A12*B21



MultStrassen2(S1, T1, P3, 0, 0, 0, 0, 0, 0, len2);



//P3=S1*T1



MultStrassen2(S2, T2, P4, 0, 0, 0, 0, 0, 0, len2);



//P4=S2*T2



MultStrassen2(S3, T3, P5, 0, 0, 0, 0, 0, 0, len2);



//P5=S3*T3



MultStrassen2(S4, B, P6, 0, 0, Bx+ len2, By+ len2, 0, 0, len2);
//P6=S4*B22



MultStrassen2(A, T4, P7, Ax+ len2, Ay+ len2, 0, 0, 0, 0, len2);
//P7=A22*T4



//Calculs// 



add2(P1, P2, U1, 0, 0, 0, 0, 0, 0, len2);





//U1=P1+P2



add2(P1, P4, U2, 0, 0, 0, 0, 0, 0, len2);





//U2=P1+P4



add2(U2, P5, U3, 0, 0, 0, 0, 0, 0, len2);





//U3=U2+P5



add2(U3, P7, U4, 0, 0, 0, 0, 0, 0, len2);





//U4=U3+P7



add2(U3, P3, U5, 0, 0, 0, 0, 0, 0, len2);





//U5=U3+P3



add2(U2, P3, U6, 0, 0, 0, 0, 0, 0, len2);





//U6=U2+P3



add2(U6, P6, U7, 0, 0, 0, 0, 0, 0, len2);





//U7=U6+P6



tmp->setZero();//matrice nulle



add2(U1, tmp, C, 0, 0, 0, 0, Cx, Cy, len2);





//C11=U1



add2(U4, tmp, C, 0, 0, 0, 0, Cx+ len2, Cy, len2);



//C21=U4



add2(U7, tmp, C, 0, 0, 0, 0, Cx, Cy+ len2, len2);



//C12=U7



add2(U5, tmp, C, 0, 0, 0, 0, Cx+ len2, Cy+ len2, len2);


//C22=U5



*/



//Fin de l'algorithme de Strassen



//Liberation de la memoire

MatrixBool.h

#ifndef MATRIXBOOL_H

#define MATRIXBOOL_H

class matrixBool

{

public:


matrixBool(int rows,int cols);


~matrixBool();


unsigned char getContent8(int Row,int Col8);


void setContent8(int Row,int Col8, char cont);


int numCols8();


int numRows();


int numCols();


void setRandom();


void setZero();


void print();

private:


unsigned char* mContents;//Contenu de la matrice


int mRows;//nb de lignes


int mCols;//nb de colonnes


int mCols8;

};

#endif

MatrixBool.cpp

#include <iostream>

#include "matrixBool.h"

#include <time.h>

#include <stdio.h>

#include <math.h>

/*Constructeur de la classe matrix. Un objet matrix represente une matrice carree 

de taille len.*/

matrixBool::matrixBool(int rows,int cols)

{


mRows = rows;


mCols = cols;


mCols8=ceil(cols/8.);//c'est le nombre de chars utilises par chaque ligne


mContents = (unsigned char*)(malloc(sizeof(unsigned char)*mCols8*rows));//alloue la memoire necessaire pour le matrice

}

unsigned char matrixBool::getContent8(int Row,int Col8)

{


return mContents[Row*mCols8 + Col8];

}

void matrixBool::setContent8(int Row,int Col8, char cont)

{


mContents[Row*mCols8 + Col8] = cont;

}

int matrixBool::numCols8()

{


return mCols8;

}

/*Fonction numRows: retourne le nb de lignes de la matrice*/

int matrixBool::numRows()

{


return mRows;

}

/*Fonction numCols: retourne le nb de colonnes de la matrice*/

int matrixBool::numCols()

{


return mCols;

}

/*Fonction setRandom: atribue des valeurs aleatoires a la matrice*/

void matrixBool::setRandom()

{


int nuls = 8-mRows%8;


int mask = 0;


for (int k=0; k<nuls; k++)



mask=(mask<<1)+1;


for (int j = 0; j < mRows; j++)


{



for (int i = 0; i < mCols8; i++)




mContents[j*mCols8 +i] =rand()%256;



if(nuls!=8)




mContents[j*mCols8+mCols8-1]=mContents[j*mCols8+mCols8-1]&(~mask);


}

}

/*Fonction setZero: atribue des valeurs nulles a la matrice*/

void matrixBool::setZero()

{


for (int i = 0; i < mRows; i++)



for (int j = 0; j < mCols8; j++)




mContents[i*mCols8 +j] = 0;

}

/*Fonction print: imprime la matrice*/

void matrixBool::print()

{


for (int i = 0; i < mRows; i++)


{



for (int j = 0; j < mCols8; j++)



{




for (int k=0; k < 8;k++)




{





if(j*8+k==mCols)






break;





if (mContents[i*mCols8+j] & (1<<(7-k)))






printf("1");





else






printf("0");




}



}



printf("\n");


}


printf("\n");

}

matrixBool::~matrixBool()

{


delete [] mContents;//desallocation de la memoire utilisé pour le contenu de la matrice

}

FunctionsFourRussiansAlgo.h

#include "matrixBool.h"

#include "matrix.h"

#ifndef FUNCTIONSFOURRUSSIANSALGO_H

#define FUNCTIONSFOURRUSSIANSALGO_H

void MultFourRussians(matrixBool * A, matrixBool * B, matrixBool * C);

void constructTable(matrixBool *Table,matrixBool *B,int i);

void copyRow(matrixBool *A,matrixBool *C,int fromRow,int toRow);

void copyRow2(matrixBool *A,matrixBool *C,int fromRow,int toRow);

void addRows(matrixBool *A,int Row1,int Row2, int toRow);

unsigned char reverseChar(unsigned char a);

matrixBool* matrixToMatrixBool(matrix* M);

#endif
FunctionsFourRussiansAlgo.cpp
#include "functionsFourRussiansAlgo.h"

#include "matrixBool.h"

#include "matrix.h"

#include <stdio.h>

#include <math.h>

//MultFourRussians: on calcule C=A*B avec l' algorithme des 4 russes

void MultFourRussians(matrixBool * A, matrixBool * B, matrixBool * C)

{


matrixBool *Table = new matrixBool(256, B->numRows());


C->setZero();


for(int i = 0 ; i < A->numCols8() ; i++)


{



constructTable(Table,B,i*8);



for(int j = 0 ; j < A->numRows() ; j++)



{




unsigned char Addr = reverseChar(A->getContent8(j,i));




copyRow2(C,Table,Addr,j);



}


}

}

//Construit la Table qui comporte toutes les combinaisons des sommes des lignes de Bi

void constructTable(matrixBool *Table,matrixBool *B,int startRow)

{


Table->setZero();


int pos = 0;


int puissance;


for (int i=0;i<8;i++)


{



pos++;



if(startRow+i>=B->numRows())




break;



copyRow(Table,B,startRow+i,pos);



puissance=(int)pow(2,i);



for (int j = 1;j< puissance;j++)



{




pos++;




addRows(Table,puissance,j,pos);



}


}


//Table->print();

}

//copyRow: copie la ligne fromRow du C a la ligne toRow de A

void copyRow(matrixBool *A,matrixBool *C,int fromRow,int toRow)

{


for(int i =0  ; i < A->numCols8(); i++)



A->setContent8(toRow,i,C->getContent8(fromRow,i));

}

//copyRow2: additionne la ligne fromRow du C a la ligne toRow de A

void copyRow2(matrixBool *A,matrixBool *C,int fromRow,int toRow)

{


for(int i =0  ; i < A->numCols8(); i++)



A->setContent8(toRow,i,C->getContent8(fromRow,i)^A->getContent8(toRow,i));

}

//addRows: addition les lignes Row1 et Row2 et l'insert a la ligne toRow

void addRows(matrixBool *A,int Row1,int Row2,int toRow)

{


for(int i =0  ; i < A->numCols8(); i++)



A->setContent8(toRow,i,(A->getContent8(Row1,i))^(A->getContent8(Row2,i)));

}

//reverseChar: inverse le char (ex. 10000011-->11000001)

unsigned char reverseChar(unsigned char a){


unsigned char b = 0;


for (int i=0;i<8;i++)


{



if (a & (1<<i))



{




b = b | (1<<(7-i));



}


}


return b;

}

//matrixToMatrixBool: transforme un objet matrix en matrixBool

matrixBool* matrixToMatrixBool(matrix* M)

{


int len =M->numRows();;


char cont;


matrixBool* MB = new matrixBool(len,len);


int nbCols8 = MB->numCols8();


for(int i = 0 ; i < len ; i++)


{



for(int j = 0 ; j < nbCols8 ; j++)



{




for(int k = 0 ; k <8 ; k++)




{





if(j*8+k>=len)






cont=(cont<<1);





else






cont=(cont<<1)+M->getElement(i,j*8+k);




}




MB->setContent8(i,j,cont);



}


}


return MB;

}

FunctionsTestStats.h
#include "matrix.h"

#ifndef FUNCTIONSTESTSTATS_H

#define FUNCTIONSTESTSTATS_H

void comparerNaifStrassen(int lenStart,int lenEnd,int frequency,int times);

void testAlgo(int x);

#endif

FunctionsTestStats.cpp

#include "functionsStrassenAlgo.h"

#include "matrix.h"

#include "matrixBool.h"

#include <stdlib.h> 

#include <time.h>

#include <iostream>

#include "functionsFourRussiansAlgo.h"

#include <stdio.h>

void comparerNaifStrassen(int lenStart,int lenEnd,int frequency,int times)

{


clock_t  t1;


clock_t  t2;


clock_t  t3;


clock_t  t4;


clock_t  t5;


clock_t  t6;


int somme1;


int somme2;


int somme3;


FILE * mf;


mf=fopen("hello.txt","w");


for(int j=lenStart;j<lenEnd;j+=frequency)


{



somme1 = 0;



somme2 = 0;



somme3 = 0;



for (int i=0; i<times;i++)



{




matrix* A = new matrix(j,j);




matrix* B = new matrix(j,j);




matrix* C;




matrix* D;




matrixBool* A1 = matrixToMatrixBool(A);




matrixBool* B1 = matrixToMatrixBool(B);




matrixBool* C1 = new matrixBool(j,j);

//B1->print();




A->setRandom();




B->setRandom();




t1 = clock();




C = new matrix(j,j);




C = A->MultNaive(B);





t2 = clock();




somme1 = somme1 + (int)(t2-t1);




t3 = clock();




D = A->MultStrassen(B);




t4 = clock();




somme2 = somme2 + (int)(t4-t3);




t5 = clock();




MultFourRussians(A1,B1,C1);




t6 = clock();




somme3 = somme3 + (int)(t6-t5);




delete(A);




delete(B);




delete(C);




delete(D);




delete(A1);




delete(B1);




delete(C1);



}



printf("Times: %d, Dim: %d, Naive: %.2lf, Strassen: %.2lf, four-Russians:%.2lf\n", times, j, (double)(somme1)/times, (double)(somme2)/times,(double)(somme3)/times);



fprintf(mf,"%d \t %d \t %d \t %d \n", j, (int)(somme1)/times, (int)(somme2)/times,(int)(somme3)/times);


}


fclose(mf);

}

//testAlgo: teste les 3 algorithmes utilises pour la multiblication

void testAlgo(int x)

{


matrix* A;//C=A*B(algo naífe)//D=A*B(algo strassen)


matrix* B;


matrix* C;


matrix* D;


A = new matrix(x,x);


A->setRandom();


//srand((unsigned)time(0));


B = new matrix(x,x);


B->setRandom();


printf("A=\n");


A->print();


printf("B=\n");


//A->print();


B->print();


C=D = A->MultNaive(B);


printf("Naive: C=A*B\n");


C->print();


D = A->MultStrassen(B);


printf("Strassen: D=A*B\n");


D->print();


matrixBool* A1 = matrixToMatrixBool(A);


matrixBool* B1 = matrixToMatrixBool(B);


matrixBool* C1 = new matrixBool(x,x);


MultFourRussians(A1,B1,C1);


printf("4Russians: C1=A*B\n");


C1->print();


delete(A1);


delete(B1);


delete(C1);


delete(A);


delete(B);


delete(C);


delete(D);

}

Main.cpp
#include <iostream>

#include "matrix.h"

#include "matrixBool.h"

#include <time.h>

#include <stdio.h>

#include "functionsStrassenAlgo.h"

#include "functionsTestStats.h"

#include "functionsFourRussiansAlgo.h"

int main(int argc, char* argv[])

{


srand(time(0));


char cc;


/*


if (argc != 3)


{



printf("usage: main size #iterations\n");



return 0;


}



long times    = atoi(argv[2]);


long startLen = atoi(argv[1]);


long len=1;


*/


long times = 1;


long startLen =2000;


long len=8001;


//testAlgo(11);


comparerNaifStrassen(startLen,startLen+len,1000,times);


printf("Press enter to exit");


cc = getchar();


return 0;

}
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