                       Příloha P2

                   Operace s komplexními čísly

     V příloze je definována třída Complex se skoro všemi možnými

operacemi. Je upravena podle [LADD].

                         Definice třídy

class Complex  {

private:

  double Real; // Reálná část

  double Imag; // Imaginární část

  static void (* ErrorHandler)();

public:

// konstruktory

  Complex (void);

  Complex (const Complex & c);

  Complex (const double & r, const double & i);

  Complex (const double & r);

// metoda dosazující funkci pro obhospodaření chyb

  static void SetErrorHandler(void (* userHandler)());

// zpřístupnění reálné a imaginární části

  friend double real(const Complex & c);

  friend double imag(const Complex & c);

// metody přiřazení

  void operator = (const Complex & c);

  Complex operator += (const Complex & c);

  Complex operator -= (const Complex & c);

  Complex operator *= (const Complex & c);

  Complex operator /= (const Complex & c);

// speciální funkce

  friend double abs(const Complex & c);

  friend double norm(const Complex & c);

  friend double arg(const Complex & c);

// unární minus

  Complex operator - ();

// aritmetické operace

  friend Complex operator+ (const Complex& c1, const Complex& c2);

  friend Complex operator- (const Complex& c1, const Complex& c2);

  friend Complex operator* (const Complex& c1, const Complex& c2);

  friend Complex operator/ (const Complex& c1, const Complex& c2);

// relační operace

  friend int operator == (const Complex& c1, const Complex& c2);

  friend int operator != (const Complex& c1, const Complex& c2);

  friend int operator <  (const Complex& c1, const Complex& c2);

  friend int operator <= (const Complex& c1, const Complex& c2);

  friend int operator >  (const Complex& c1, const Complex& c2);

  friend int operator >= (const Complex& c1, const Complex& c2);

// funkce pro polární souřadnice

  friend Complex polar(const double radius,

                                      const double theta = 0.0);

  friend Complex conj(const Complex & c);

// trigonometrické funkce

  friend Complex cos(const Complex & c);

  friend Complex sin(const Complex & c);

  friend Complex tan(const Complex & c);

  friend Complex cosh(const Complex & c);

  friend Complex sinh(const Complex & c);

  friend Complex tanh(const Complex & c);

// logaritmické funkce

  friend Complex exp(const Complex & c);

  friend Complex log(const Complex & c);

// mocnina a odmocnina

  friend Complex pow(const Complex & c, const Complex & power);

  friend Complex sqrt(const Complex & c);

// výstup

  int Print() const;   // analog k fprint

                       // operace třídy ostream

  friend ostream& operator << (ostream& s, komp& c);

};

                        Operace přiřazení

void Complex::operator = (const Complex & c) {

    Real = c.Real;

    Imag = c.Imag;

}

Complex Complex::operator += (const Complex & c) {

    Real += c.Real;

    Imag += c.Imag;

    return *this;

}

Complex Complex::operator -= (const Complex & c) {

    Real -= c.Real;

    Imag -= c.Imag;

    return *this;

}

Complex Complex::operator *= (const Complex & c) {

    double OldReal = Real; // úschova původní hodnoty

    Real = (Real * c.Real) - (Imag * c.Imag);

    Imag = (OldReal * c.Imag) + (Imag * c.Real);

    return *this;

}

Complex Complex::operator /= (const Complex & c) {

    double den = norm(c);

    if (den != 0.0) {

        double OldReal = Real;

        Real = (Real * c.Real + Imag * c.Imag) / den;

        Imag = (Imag * c.Real - OldReal * c.Imag) / den;

        }

    else

        Complex::ErrorHandler();

    return *this;

}

                         Relační operace

int operator == (const Complex & c1, const Complex & c2) {

    return (c1.Real == c2.Real) && (c1.Imag == c2.Imag);

}

int operator != (const Complex & c1, const Complex & c2) {

    return (c1.Real != c2.Real) || (c1.Imag != c2.Imag);

}

int operator <  (const Complex & c1, const Complex & c2) {

    return abs(c1) < abs(c2);

}

int operator <= (const Complex & c1, const Complex & c2) {

    return abs(c1) <= abs(c2);

}

int operator >  (const Complex & c1, const Complex & c2) {

    return abs(c1) > abs(c2);

}

int operator >= (const Complex & c1, const Complex & c2) {

    return abs(c1) >= abs(c2);

}

                       Logaritmické funkce

Complex exp(const Complex & c) {

    double X = exp(c.Real);

    Complex result;

    result.Real = X * cos(c.Imag);

    result.Imag = X * sin(c.Imag);

    return result;

}

Complex log(const Complex & c) {

    double hypot = abs(c);

    Complex result;

    if (hypot > 0.0) {

        result.Real = log(hypot);

        result.Imag = atan2(c.Imag, c.Real);

        }

    else

        Complex::ErrorHandler();

    return result;

}

                  Funkce pro polární souřadnice

Complex polar(const double radius, const double theta) {

    Complex result;

    result.Real = radius * cos(theta);

    result.Imag = radius * sin(theta);

    return result;

}

Complex conj(const Complex & c) {

    Complex result;

    result.Real =  c.Real;

    result.Imag = -c.Imag;

    return result;

}

                             Výstup

// funkce analogická k fprint, hodnotou je počet tištěných znaků

int Complex::Print() const {

    int out_len;

    out_len = printf("(%g", Real);

    if (Imag >= 0.0) {

        ++out_len;

        putchar('+');

        }

    out_len += printf("%g)", Imag);

    return out_len;

}

// operace třídy ostream

ostream& operator << (ostream& s, komp& c) {

      s<<c.real;

      if (c.imag!=0) {

          if (c.imag>0)

                     s<<"+";

          s<<c.imag<<"i";

          }

      return s;

}

               Unární mínus a aritmetické operace

Complex Complex::operator - () {

    Complex result;

    result.Real = -Real;

    result.Imag = -Imag;

    return result;

}

Complex operator + (const Complex & c1, const Complex & c2) {

    Complex result;

    result.Real = c1.Real + c2.Real;

    result.Imag = c1.Imag + c2.Imag;

    return result;

}

Complex operator - (const Complex & c1, const Complex & c2) {

    Complex result;

    result.Real = c1.Real - c2.Real;

    result.Imag = c1.Imag - c2.Imag;

    return result;

}

Complex operator * (const Complex & c1, const Complex & c2) {

    Complex result;

    result.Real = (c1.Real * c2.Real) - (c1.Imag * c2.Imag);

    result.Imag = (c1.Real * c2.Imag) + (c1.Imag * c2.Real);

    return result;

}

Complex operator / (const Complex & c1, const Complex & c2) {

    Complex result;

    double del;

    del = norm(c2);

    if (del != 0.0) {

        result.Real = (c1.Real*c2.Real + c1.Imag*c2.Imag) / del;

        result.Imag = (c1.Imag*c2.Real - c1.Real*c2.Imag) / del;

        }

    else

        Complex::ErrorHandler();

    return result;

}

                       Mocnina a odmocnina

// mocnina

Complex pow(const Complex & c, const Complex & mocn) {

    Complex result;

    if (mocn.Real == 0.0 && mocn.Imag == 0.0) {

        result.Real = 1.0;

        result.Imag = 0.0;

        }

    else {

        if (c.Real != 0.0 || c.Imag != 0.0)

            result = exp(log(c) * mocn);

        else

            Complex::ErrorHandler();

        }

    return result;

}

// odmocnina

Complex sqrt(const Complex & c) {

    return pow(c,Complex(0.5,0.0));

}

                     Trigonometrické funkce

Complex cos(const Complex & c) {

    Complex result;

    result.Real =  cos(c.Real) * cosh(c.Imag);

    result.Imag = -sin(c.Real) * sinh(c.Imag);

    return result;

}

Complex sin(const Complex & c) {

    Complex result;

    result.Real = sin(c.Real) * cosh(c.Imag);

    result.Imag = cos(c.Real) * sinh(c.Imag);

    return result;

}

Complex tan(const Complex & c) {

    Complex result = sin(c) / cos(c);

    return result;

}

Complex cosh(const Complex & c) {

    Complex result;

    result.Real = cos(c.Imag) * cosh(c.Real);

    result.Imag = sin(c.Imag) * sinh(c.Real);

    return result;

}

Complex sinh(const Complex & c) {

    Complex result;

    result.Real = cos(c.Imag) * sinh(c.Real);

    result.Imag = sin(c.Imag) * cosh(c.Real);

    return result;

}

Complex tanh(const Complex & c) {

    Complex result = sinh(c) / cosh(c);

    return result;

}

                         Zpracování chyb

// prototyp pro implicitní zpracování chyb

static void DefaultHandler();

// přiřazení implicitního zpracování chyb

void (* Complex::ErrorHandler)() = DefaultHandler;

// definice implicitního zpracování chyb

static void DefaultHandler() {

    puts("\aERROR in complex object: DIVIDE BY ZERO\n");

    exit(1);

}

// přiřazení uživatelova zpracování chyb

void Complex::SetErrorHandler(void (* userHandler)()) {

    ErrorHandler = userHandler;

}

                          Konstruktory

Complex::Complex (void) {

    Real = 0.0;

    Imag = 0.0;

}

Complex::Complex (const Complex & c) {

    Real = c.Real;

    Imag = c.Imag;

}

Complex::Complex (const double & r, const double & i) {

    Real = r;

    Imag = i;

}

Complex::Complex (const double & r) {

    Real = r;

    Imag = 0.0;

}

             Zpřístupnění reálné a imaginární části

double real (const Complex & c) {

    return c.Real;

}

double imag (const Complex & c) {

    return c.Imag;

}

                         Speciální funkce

double abs(const Complex & c) {

    double result = sqrt(c.Real * c.Real + c.Imag * c.Imag);

    return result;

}

double norm(const Complex & c) {

    double result = (c.Real * c.Real) + (c.Imag * c.Imag);

    return result;

}

double arg(const Complex & c) {

    double result = atan2(c.Imag, c.Real);

    return result;

}


