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//
// File Matrix.hpp

/7
#ifndef MATRIX_HPP
#define MATRIX_HPP
#include <iostream.h>
#include <stdlib.h>
/7

//prevents multiple includes

//headerfile for in-outputstream

class Matrix{
friend class Vector;
private:
double** m;
int r.¢;
public:
// constructor and destructor
Matrix();
Matrix(int rows,int columns);

//base pointer
//number of elements

//creates a matrix with 3 rows and 3 columuns
//creates a matrix with m rows and n columuns

Matrix(int rows,int columns,double initval);//initialization of a matrix with the value initval

Matrix(Matrix& x);

“Matrix();

int upper_row(){return(r-1);}
int upper_col(){return(c-1);}

//initialization by a matrix x
//destructor

//upper bound of rows (coded inline)
//upper bound of columns (coded inline)

double& operator()(int row,int col); //range checked element index runs from i1 to number of row/col

Matrix& operator=(Matrix& x);
Matrix& operator=(double d);

//addition operator
//addition operator

friend Matrix operator+(Matrix&,Matrix&);//adition operator

friend Matrix operator-(Matrix&,Matrixg);
friend Matrix operator*(Matrix&,Matrixg);
friend Vector operator*(Matrix&,Vector );
friend Vector operator*(Vectork,Matrix );
friend Matrix operator*(Matrix&,double );
friend Matrix operator*(double ,Matrixk);
friend Matrix trans(Matrix&);
friend Matrix inv (Matrixk);
friend double det (Matrixk);
friend ostream& operator<<(ostreaml,!atrixt);
void print(char¥msg="");

X3

#endif

// end of file matrix.h

w7

//transpose matrix
//inverse matrix
//determinat
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//
// File Vector.hpp

//
#ifndef VECTOR_HPP
#define VECTOR_HPP
#include <iostream.h>
#include <stdlib.h>

//prevents multiple includes

//headerfile for in-outputstream

//
class Vector{
friend class Matrix;
friend class Node;
friend class Nodetree;
private:

double** v;

//base pointer

int r; //number of elements
public:
// constructor and destructor
Vector(); //creates a Vector with 3 rows

Vector(int rows,int columns);

//creates a Vector with m rows

Vector(int rows,int columns,double initval);//initialization of a Vector with the value initval

Vector(Vector& x);

“Vector();

int upper_row(){return(r-1);}
double& operator()(int row);

int getrow();

double& vget(int row);

double& vput(int row,double vp);
Vector& operator=(Vector& x);
Vector& operator=(double d);

//destructor

//initialization by a Vector x

//upper bound of rows (coded inline)

//range checked element index runs from 1 to number of row
//get the number of rows

//get the pointer of member v[il]

put *v on the pointer of member v[i]

//assignment operator

//assignment operator

friend Vector operator+(Vector&,Vectork);//adition operator

friend Vector operator-(Vector&,Vector&);
friend double operator*(Vector&,Vectorg);
friend Vector operator*(Vectort,double DL
friend Vector operator*(double ,Vectorg);
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Summary

AN OBJECT-ORIENTED APPROACH
FOR NONLINEAR FINITE ELEMENT ANALYSIS
Shigenori Tanaka, Shigeyuki Maeda
Department of Civil Engineering, Hosei University
Hiroshi Takeda

Computer Center, Hosei University

This paper describes the problems with conventional finite element analysis software and the potential solutions offered by

object-oriented programs. It introduces the basic concepts of object-oriented programming and of expandable applications.

Nonlinear finite element fundamentals are explained using a new perspective leading to the implementation of an object-

oriented numerical analysis program.

In addition, a few classes were introduced to handle the basic matrix algebra, including the Vector and Matrix classes. The

classes Vector and Matrix provide a symbolic notation by way of operator overloading and polymorphic methods, which leads

to clearly structured programs.
Key Words

object-oriented approach, nonlinear finite element analysis, continuum mechanics
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