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Source Code


This appendix contains all the source code that was programmed and used during my project. It could be of interest to people (experts) who know the programming language C++.


The English translation of the report covers only chapter � REF _Ref325899807 \n �6.1.1� (“� REF _Ref325899819 \* FORMATVERBINDEN �Shell & Fruit�”). The other topics like the container class library, the string library and the TERM project, are explained only in the original German report.
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�
Alpha Library


Shell & Fruit


ALHND.H


// PROJECT : ALIB


// FILE    : ALHND.H - header file for handles


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : January 1994


// DATE oLM: May 1995


// LEVEL   : GLE





#ifndef __ALHND_H


#define __ALHND_H





#include <error.h>


#include <debug.h>


#include <iostream.h>





#ifndef __ALOBJECT_H


#  include <albasecl.h>


#endif





/*------------------------------------------------------------------------ */





// FORWARD DECL


template <class T> class Shell;





/* ------------------------------------------------------------------------


    CLASS : SPtr<T> = Smart Pointer


    TYPE  : Template for ANY class T that has a "refs" data member of


            int, long or similar type and that is visible to SPtr.


            Ready-To-Use. Don't have to derrivate of SPtr<>.





    DESC  : This is a pattern for a smart pointer that frees the object


            it points to whenever neccessary. Don't delete these objects!





    REMARK: Comparison of SPtrs works like comparison of C-Pointers: They


            are equal, if they point to the same address. The objects that


            these pointers refer to are NOT compared.





    IMPL DETAIL: Have a look at the operator=() members. The order of


                 execution of these tiny commands there is important


                 if one attempts to set a SPtr to "itself". We could


                 also insert a check like if(p==r) but this would consume


                 too much space & time compared to the few cases where


                 one really performs a self-assignment. The approach


                 shown here is better and handles this special case


                 too, because the ref.count is FIRST incremented.


*/





template<class T> class SPtr {


 public:





   T* operator->() { return r;  };


   T& operator*()  { return *r; };





   const T* operator->() const { return r;  };


   const T& operator*()  const { return *r; };





   SPtr(T& o)       : r(&o)   { r->refs++;        };


   SPtr(T* p)       : r(p)    { if (r) r->refs++; };


//   SPtr(SPtr<T>& s) : r(s.r)  { if (r) r->refs++; };


   SPtr(const SPtr<T>& s) : r(s.r)  { if (r) r->refs++; };


   SPtr(Shell<T>& h); // Only decl; inline-def comes at the end.


   SPtr()           : r(NULL) {                   };





   ~SPtr()


     { if (r)


       { r->refs--;


         if (!(r->refs)) delete r;  };


     };





   SPtr& operator=(T& o)


     { o.refs++;


       if (r)


       {  r->refs--;


          if (!(r->refs)) delete r; };


       r=&o;


       return *this;


     };





   SPtr& operator=(T* p)


     { if (p) p->refs++;


       if (r)


       {  r->refs--;


          if (!(r->refs)) delete r; };


       r=p;


       return *this;


     };





   SPtr& operator=(SPtr<T>& s)


     { if (s.r) s.r->refs++;


       if (r)


       {  r->refs--;


          if (!(r->refs)) delete r; };


       r=s.r;


       return *this;


     };





   SPtr& operator=(Shell<T>& h); // Only decl; inline-def comes at the end.





          bool operator==(const T* p)       const { return   p==r; };


          bool operator==(const SPtr<T>& s) const { return s.r==r; };


   friend bool operator==(const T* p, const SPtr<T> SP);


          bool operator!=(const T* p)       const { return   p!=r; };


          bool operator!=(const SPtr<T>& s) const { return s.r!=r; };


   friend bool operator!=(const T* p, const SPtr<T> SP);


   // No comp with Typ T& because that could be confusing.





 public: // private: (PROBLEM)


   T* r;


};





template<class T> bool operator==(const T* p, const SPtr<T> SP)


  { return   p==SP.r; };


template<class T> bool operator!=(const T* p, const SPtr<T> SP)


  { return   p!=SP.r; };





/* ------------------------------------------------------------------------


    CLASS : Fruit


    TYPE  : ABC, belongs to my Shell/Fruit-Pattern


    DESC  : This class has to be mixed-in in any other class that will be


            used as a FRUIT in connection with the Shell<> template.





    PROBLEMS: 1. Security problem in connection with templates. The "refs"


             member and the destructor should be private. I want to make


             ALL Shell<> and all SPtr<> templates friends of this class


             Fruit. How can this be set??





              2. Static fruits are attempted to be delete'd at the end of


             the program. This is a mistake because they were never new'd.


             The problem could be solved if....


             ...but there is no known possibility to distinguish from an


             object wheter its dynamical or statical. I tried to find this


             out by checking at the beginning if new() was invoked, but it


             doesn't work this way...





// Fruit nur als "Frucht" für alShellTempl verwenden!


// ALL Fruit-Objects MUST be dynamic, NOT static!


// NEVER delete an Fruit!





// MAKRO  : Für jede Fruit-Klasse K muss genau 1x das FRUITMACRO im


// public-Teil auftauchen. Siehe Bemerkung unten. Setzt einen


// Copy-Konstruktor (ev. autom. gen.) voraus.


// Gilt _NICHT_ für ABCs.





    IMPL DETAIL: 1. The Copy() member function: This function simply


                    invokes the copy-constructor of the class. This is


                    neccessary because std copy-constructors cannot be


                    virtual (but this member can).


*/


#define FRUITMACRO(F) Fruit& Copy() const { return ref_cast(F,*new(F(*this))); };


/*


#define FRUITMACRO(F) \


   public:    Fruit& Copy() const { return ref_cast(F,*new(F(*this))); }; \


   private: void operator delete(void*);                                \


   public:


*/


// The new C++ std draft will allow the following (instead the ref_cast):


//      F& Copy() const { return *new F(*this)); };








class Fruit : public AlBObject


{public:


   Fruit()               : refs(0) {};


   Fruit(const Fruit& C) : refs(0) {}; // _NICHT_ refs(C.refs) !!!





   void MakeStatic() const     { const_cast(Fruit* const, this)->refs=-2; };


/* Erklärung: Fruits MÜSSEN eigt. immer dynamische Heap-Objekte sein. In


   Ausnahmefällen ist es aber erlaubt, sie statisch zu machen. Dann muss aber


   diese Methode für das Objekt aufgerufen werden.


   Diese Sache ist noch nicht vollständig & sicher überdacht... ev. müssen


   solche Fruits immer const sein??                                         */





 protected:


   virtual Fruit& Copy() const = 0;  // Siehe Makro oben.





 public: // Should be <private:> See PROBLEM above.





   SWORD refs;      // How many references to this object?


                    // special cases: -1 = dead object, -2 = static object


   virtual ~Fruit()


     { if ((refs--)>0)


         Error(ErrWrongDelete);


       refs=-1;                };





   // virtual??? MUST BE! - NO, see trick in Shell::operator==();


   bool operator==(const Fruit& C) const; // This func has NO DEFINITION. That's


   // ok. If a user wants to compare Hnd (say: also Fruits) he must redefine an


   // operator==(const DerrivedFruitType&) later. If a user compares


   // Hnds<DerrF> without redefining DerrF::operator==(DerrF), the


   // _linker_ generates an error.





   friend class ShellEngine;


// Die folgenden FRIEND Deklarationen bewirkt _nix_ . Siehe oben.


// friend class SPtr<Fruit>;


// friend class Shell<Fruit>;


   // darum weglassen; No, bool Shell::operator==(const Shell<T>& c) const


   // geht sonst nicht.





// RELICT


//   virtual BOOL IsA(UWORD id) const  { return( id == IdFruit ); };


//   virtual UWORD TypeOf()     const  { return IdFruit;          };


};








/* ------------------------------------------------------------------------


    MACROS: DERR_SHELL*


    DESC  : One or more of these macros has to be used in every class S that


            is derrived from a Shell<F> named P.


    REMARK: Consider using one of the macros in the ALIAS section below.


*/


// SHELL_INTERFACE(self.Typ, FruitTyp) genau 1x pro Shell.


#define DERR_SHELL_INTERFACE_CSTR(S,P,F) \


        S()                        : P()    { }; \


        S(const F& arg)            : P(arg) { }; \


        S(const Shell<F>& arg)     : P(arg) { }; \


    bool operator==(const S& c) const            \


       { if(ShellEngine::operator==(c)) return true;       \


         else return ref_cast(const F,FrtConst())==ref_cast(const F,c.FrtConst()); }; \


    bool operator!=(const S& c) const            \


       { if(ShellEngine::operator==(c)) return false;      \


         else return !( ref_cast(const F,FrtConst())==ref_cast(const F,c.FrtConst()) ); };


//        S(const F* arg)            : P(arg) { }; \


//        S(const Shell<F>* arg)     : P(arg) { }; \





#define DERR_SHELL_INTERFACE_ASSG(S,P,F) \


        P& operator=(const F& arg) { EqualFrtPtr(&arg); return *this; }; \


        P& operator=(const S& arg) { EqualShell(arg); return *this;}; //\


//        Shell<F>& operator=(const ShellEngine& S)  { ShellEngine::EqualShell(S); return *this; };


//        Shell<F>& operator=(const F* arg) { return EqualFruitPtr(arg);  }; \


//        Shell<F>& operator=(const Shell<F>* arg) { return EqualShell(*arg);    }; //\





#define DERR_SHELL_INTERFACE(S,P,F) DERR_SHELL_INTERFACE_CSTR(S,P,F) \


                                    DERR_SHELL_INTERFACE_ASSG(S,P,F)





/* ------------------------------------------------------------------------


    MACROS: DERR_SHELL*


    DESC  : One or more of these macros


    REMARK: Consider using one of the macros in the ALIAS section below.


*/


// FRUIT_INTERFACE(self.Typ, FruitTyp, InitializerTyp) bel. viele Male. Die


// Shell kann dann mit InitializerTyp initialisiert werden. Achtung: Die


// Entsprechende Fruit braucht einen Konstruktor UND EINEN operator=() [!!]


// mit Arg InitTyp.


#define DERRSH_FRTINI_INTF_FAM(S,SP,F,FP,T) \


        S(const T  init)                   : SP( *new F(init)  )       {  }; \


        Shell<FP>& operator=(const T  arg) { return EqualFrtPtr(new F(arg)); };/* \


        S(const T* init)                   : SP( new F(*init)  )      {  };  \


        Shell<FP>& operator=(const T* arg) { return EqualFruitPtr(new F(*arg));};


*/


#define DEC_DERRSH_FRTINI_INTF_FAM(S,SP,F,FP,T) \


        S(const T  init)                   ; \


        Shell<FP>& operator=(const T  arg) ; \


        S(const T* init)                   ; \


        Shell<FP>& operator=(const T* arg)





#define DEF_DERRSH_FRTINI_INTF_FAM(S,SP,F,FP,T) \


        S::S(const T  init)                : SP( *new F(init)  )       {  }; \


        Shell<FP>& S::operator=(const T  arg) { return EqualFrtPtr(new F(arg)); }; //\





#define FRUITINIT_INTERFACE_FAM(S,F,FP,T) \


        DERRSH_FRTINI_INTF_FAM(S,Shell<FP>,F,FP,T)


#define DEC_FRUITINIT_INTERFACE_FAM(S,F,FP,T) \


        DEC_DERRSH_FRTINI_INTF_FAM(S,Shell<FP>,F,FP,T)


#define DEF_FRUITINIT_INTERFACE_FAM(S,F,FP,T) \


        DEF_DERRSH_FRTINI_INTF_FAM(S,Shell<FP>,F,FP,T)





#define DERRSHELL_FRUITINIT_INTERFACE(S,SP,F,T) \


        DERRSH_FRTINI_INTF_FAM(S,SP,F,F,T)


#define DEC_DERRSHELL_FRUITINIT_INTERFACE(S,SP,F,T) \


        DEC_DERRSH_FRTINI_INTF_FAM(S,SP,F,F,T)


#define DEF_DERRSHELL_FRUITINIT_INTERFACE(S,SP,F,T) \


        DEF_DERRSH_FRTINI_INTF_FAM(S,SP,F,F,T)





#define FRUITINIT_INTERFACE(S,F,T) \


        FRUITINIT_INTERFACE_FAM(S,F,F,T)


#define FRUITINIT_INTERFACE_DEC(S,F,T) \


        DEC_DERRSH_FRTINI_INTF_FAM(S,F,F,T)


#define FRUITINIT_INTERFACE_DEF(S,F,T) \


        DEF_FRUITINIT_INTERFACE_FAM(S,F,F,T)


/*


// If F cannot be defined at the moment of declaration, use this:


#define FRUITINIT_INTERFACE_FAM_DEC(S,F,P,T) \


        S(const T  init); \


        Shell<P>& operator=(const T  arg); //\


//        S(const T* init); \


//        Shell<P>& operator=(const T* arg);


#define FRUITINIT_INTERFACE_FAM_DEF(S,F,P,T) \


        S::S(const T  init)                         : Shell<P>( *new F(init)  )    {  }; \


        Shell<P>& S::operator=(const T  arg) { return EqualFrtPtr(new F(arg)); }; //\


//        S::S(const T* init)                  { EqualFruitPtr(new F(*init));}; \


//        Shell<P>& S::operator=(const T* arg) { return EqualFruitPtr(new F(*arg));};





// Diese Makros braucht es, weil Konstruktoren und operator= nicht "richtig"


// vererbt werden.





*/


/* ------------------------------------------------------------------------


    CLASS : ShellEngine


    TYPE  : For special purposes only! NOT DESIGNED FOR END USERS.


            You have to fully understand the Shell/Fruit pattern to be able


            to use this class.





    DESC  : This is kind of a "general shell" for all fruits. It's main purpose


            is for memory optimization; eg. in the Container class library.





    REMARK: Comparison of ShellEngine works like comparison of two static


            objects: They are equal, if either the _internal_ pointer points


            to the same object OR if the objects _internally_ refered to REALLY


            ARE the same. This is determined by invoking operator==() on the Fruits.





    PROBLEM: Einig Methoden von Shell sollten ein Err-Objekt zurückliefern


             können. Idee: template <class T, T ErrT> Shell<TermFruit, ErrTerm>


             Das geht leider nicht; obwohl zB template <class T, int sz> erlaubt


             ist. Kommt das noch im übernächsten ANSI-Draft?


*/





class ShellEngine


{ public:


    operator bool() const


      { if (r!=NULL) return FrtConst();


        else         return false;      };





    ShellEngine()                                                    { };


    ShellEngine(const ShellEngine& arg)  : r(arg.r)                  { };


    ShellEngine(const ShellEngine* arg)  : r(arg->r)                 { };


    ShellEngine(const Fruit& arg)        : r(const_cast(Fruit&,arg)) { };


    ShellEngine(const Fruit* arg)        : r(const_cast(Fruit*,arg)) { };


    DERR_SHELL_INTERFACE_ASSG(ShellEngine,ShellEngine,Fruit)





  protected:


    const Fruit& FrtConst() const


    { if (r==NULL)


        { Error(ErrNotInitVar); /* return ErrT; s.u. */ };


      // else


        return *r;  };





    Fruit& FrtUpd()


      { Fruit& newFrt=FrtCopy();


        EqualFrtPtr(&newFrt);


        return newFrt;              };





    Fruit& FrtMustCpy() const // MyFrtMustCopy


    { if (r==NULL)


        { Error(ErrNotInitVar); /* return ErrT; s.u. */ };


      //else


          return ref_cast(Fruit,r->Copy());


          // FALSCH wäre: *new Fruit(*r); weil so Probleme mit verberbten Fruit's


          // ref_cast wg. prob bei Ändern von Copy() return type (so.)


    };





    // Cannot remember why I made this protected???


    bool operator==(const ShellEngine& c) const


      { if(r==c.r) return true;


        else       return (*r)==c; };





    ShellEngine& EqualFrtPtr(const Fruit* arg)


    { if (arg!=r) r=const_cast(Fruit*,arg);


      return *this;                                                  };





    ShellEngine& EqualShell(const ShellEngine& arg)


    { if(arg.r!=r) r=const_cast(SPtr<Fruit>&,arg.r);


      return *this;                                                  };





//  private:


public:


    SPtr<Fruit> r; // former: Fruit* r;





    Fruit& FrtCopy() const


    { if (r==NULL)


        { Error(ErrNotInitVar); /* return ErrT; s.u. */ };


      // else {


        if(r->refs>1 || r->refs==-2)


          return ref_cast(Fruit,r->Copy()); // so.


        else


          return const_cast(Fruit&,*r); /* }; */                                        };





 // a) friend template <class T> class Shell;


 // b) friend class Shell;


 // c) friend Shell<T>;


 //friend class Shell<Fruit>;


};





/* ------------------------------------------------------------------------


    CLASS : Shell<T>


    TYPE  : Main template belonging to my Shell/Fruit-Pattern.





    DESC  : Read the corresponding sections in my sjf-report.





    REMs  : T must be derrived from class Fruit!


*/





template <class T>


class Shell : public ShellEngine


{   typedef ShellEngine E;


  public:


/*


    operator bool() const   { return E::operator bool(); };


    bool operator==(const Shell<T>& c) const


       { if(E::operator==(c)) return true;


         else return ref_cast(const T,FrtConst())==ref_cast(const T,c.FrtConst()); };


    bool operator!=(const Shell<T>& c) const


       { if(E::operator==(c)) return false;


         else return !( ref_cast(const T,FrtConst())==ref_cast(const T,c.FrtConst()) ); };


*/





   DERR_SHELL_INTERFACE_CSTR(Shell,ShellEngine,T)


   Shell(const ShellEngine& se): ShellEngine(se)  {};


   DERR_SHELL_INTERFACE_ASSG (Shell,Shell,T)


/* These methodes (constructors and operator=) _have to_ be repeated here, because


    a) one might use type Shell<Fruit> directly _without_ derriving from it


        (though that's what ShellEngine is thought for... ;-)


    b) it is not possible to call the ShellEngine cstr from a class derrived from


       Shell<> (though this class also IS-A ShellEngine)


*/


  protected:


    T& Frt()                { return ref_cast(T,E::FrtUpd());         };


    const T& Frt()  const   { return ref_cast(const T,E::FrtConst()); };





    Shell<T>& EqualFrtPtr(const T* arg)    { E::EqualFrtPtr(arg); return *this;  };


    Shell<T>& EqualShell(const Shell& arg) { E::EqualShell(arg);  return *this;  };


    T&        FrtMustCpy() const           { return ref_cast(T,E::FrtMustCpy()); };





// the following is for backward compatibility, better use the substitutes now


    const T& MyFrtConst() const           { return Frt(); };


    Shell<T>& EqualFruitPtr(const T* arg) { return EqualFrtPtr(arg); };





// RELICT


// protected:


//  virtual BOOL IsA(UWORD id) const    { return( id == IdShell ) };


//  virtual UWORD TypeOf()     const    { return IdShell;         };


};





/* ------------------------------------------------------------------------


    Out-Of-Class Definitions





    DESC: These member functions could not be defined above (only declared).


          This is because the Compiler didn't know some important things at


          the declaration point.





          The functions are still inline, though.


*/





template<class T>


inline SPtr<T>::SPtr(Shell<T>& h) : r(ref_cast(SPtr<T>,h.r).r)  { if (r) r->refs++; };


   /* REM about the complicated cast:


                                     SPtr<Fruit> s=h.r;


                                     SPtr<T>& p=ref_cast(SPtr<T>,h.r);


                                     r=ref_cast(SPtr<T>,h.r).r;             */


template<class T>


inline SPtr<T>& SPtr<T>::operator=(Shell<T>& h)


  { T* p=ref_cast(SPtr<T>,h.r).r;


    if (p) p->refs++;


    if (r)


    { r->refs--;


      if (!(r->refs)) delete r; };


    r=p;


    return *this;


  };








/* ------------------------------------------------------------------------


   ALIASES





      Hnd<T>               = Shell<T>


      SHELL_INTERFACE(S,F) = DERR_SHELL_INTERFACE(S,Shell<F>,F)


      SHELL_INTF(S,F)      = SHELL_INTERFACE(S,F)





   PROBLEM: I'm sorry I couldn't replace these macros with typedefs, but this


            didn't work:


                         typedef Shell Hnd;


                ???      typedef template <class T> Shell<T> Hnd<T>;


                         template <class T> typedef ...


                         ...


*/


#define Hnd Shell





#define SHELL_INTERFACE(S,F) DERR_SHELL_INTERFACE(S,Shell<F>,F)


#define SHELL_INTF(S,F) DERR_SHELL_INTERFACE(S,Shell<F>,F)





/* ------------------------------------------------------------------------


    MACRO: CHECK_SHELL(YourDerrivedShellClass)


    DESC:  You might remember that a Shell MUST have the same size as a


           native pointer or as a ShellEngine object. This macro chechks


           that at compile time.





    PROBLEM: Does not work! It seems it's not possible to include


             preprocessor commands in a #define command because the #


             is always treated as token. Know a solution?


*/


/*


#define CHECK_SHELL \


   #if (sizeof(S)!=sizeof(ShellEngine))                                 \


   #  error This handle has additional data members or virtual members  \


   #endif


*/


// ------------------------------------------------------------------------





#endif  // __ALHND_H








Base Classes


ALBASECL.H


// PROJECT : ALIB


// FILE    : ALBASECL.H - header file for base class


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : January 1994


// DATE oLM: October 1994


// LEVEL   : GLE





#ifndef __ALBASECL_H


#define __ALBASECL_H








#include <portab.h>


#include <ids.h>





/* ------------------------------------------------------------------------ */


// AlBObject - BaseObject: Almost everything is derrived from that. It's


// interface has to be kept VERY tiny; things like runtime-type-checking,


// streaming, persistence etc. don't belong in this class!


class AlBObject


{public:


   virtual operator bool() const { return true; }; // is object "valid" or ok?





   virtual ~AlBObject()          { };


    // Unbedingt so lassen! Durch diesen virtuellen Destruktor erhalten ALLE


    // ALLE abgeleiteten Klassen auch virtuelle Destruktoren. Das ist WICHTIG!


};


class T_ErrBObject : public AlBObject


{ public:                                         // See below.


    operator bool() const { return false; }; };


extern T_ErrBObject ErrBObject;





// AlObject : Classes derrived from this provide runtime-type-checking with


// methods IsA() and TypeOf().


class AlObject : public AlBObject


{


  public:


    virtual BOOL IsA(UWORD id) const = 0;


    virtual UWORD TypeOf() const     = 0;


//  UWORD static typeNrId;


};





class T_ErrObject : public AlObject


{ public:


    BOOL  IsA(UWORD id) const { return(id==IdErrObject); };


    UWORD TypeOf() const      { return IdErrObject;      };


    operator bool() const     { return false;            };


};


extern T_ErrObject ErrObject; // Globales Objekt (zB return ErrObj; bei troubles)








ALBASECL.CPP


// PROJECT : ALIB


// FILE    : ALBASECL.CPP - tiny implementation; 2 global objects


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : January 1994


// DATE oLM: October 1994


// LEVEL   : GLE





#include <albasecl.h>





T_ErrObject ErrObject;


T_ErrBObject ErrBObject;








Container Classes


LIST.H


// PROJECT : ALIB (alpha library)


// FILE    : LIST.H - header file for Container-Class library


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : September 1994


// DATE oLM: October 1994


// LEVEL   : GLE





/* DESCRIPTION





   This module provides a very flexible CONTAINER family with Stacks & Queues


   and Orderer COLLECTIONS such as Arrays, Lists etc.


   Interface (declaration, ABCs) and Implementation are strictly separated.


*/








//#include <debug.h>


#include <portab.h>


#include <error.h>


#include <alobject.h>


#include <alstring.h>





#pragma warn -inl





/* ------------------------------------------------------------------------ */


// FORWARD-Deklarationen


template<class T> class ArrayABC;


template<class T> class AIterABC;





/* ------------------------------------------------------------------------ */


// ContainerABC<I, O> - abstract base class for EVERYTHING here


// methods: Add(I)    - add item to Container


//          GetRemove - return any item (not known which!) and remove it


//          IsEmpty   - is the Container empty?


template<class I, class O> class ContainerABC


{ public:


   virtual void        Add(const I&)   = 0;


   virtual O           GetRemove()     = 0;


   virtual const bool  IsEmpty()       = 0;


   virtual             ~ContainerABC()    { };


// short forms


   ContainerABC& operator+=(const I& e)   { Add(e); return *this; };


   ContainerABC& operator<<(const I& e)   { Add(e); return *this; };


   O             operator() ()            { return GetRemove();   };


                 operator const bool()    { return !IsEmpty();    };





   ContainerABC() { };


  private:


    operator=(const ContainerABC&); ContainerABC(const ContainerABC&);


};





/* ------------------------------------------------------------------------ */


// StackABC<T> - interface for Stack classes


// A Stack is a stack. If you don't know what this is -> :-(


// (it's a Container that works after the LIFO principle)


template<class T> class StackABC : public ContainerABC<T, T>


{ public:


};





// StackT2_E<Type,BaseType,Implementation> - type conversion template for


// a <Type> stack that it is implemented with a <Implementation> of <BaseType>


template<class T, class BT, class Eng> class  StackT2_E : public StackABC<T>


{   Eng E; // the "engine" or implementation


 public:


   void        Add(const T& a)   { E.Add(a);                };


   T           GetRemove()       { return (T)E.GetRemove(); };


   const bool  IsEmpty()         { return E.IsEmpty();      };


};


// StackP_E<T,Implementation> - a stack for Pointers. Implementation must be


// of Type <void*>. This template bases on StackT2_E.


template<class T, class E> class StackP_E : public StackT2_E<T,void*, E> {};


// StackP<T> a stack of Pointers. Implemented with Stack_LL.


template<class T> class StackP : public StackT2_E<T,void*, Stack_LL<void*> > {};


// StackH<T> a stack of Handles. Implemented with Stack_LL.


template<class T> class StackH : public StackT2_E<T,ShellEngine, Stack_LL<ShellEngine> > {};








// Stack_LL<T> - an implementation of a stack. works with a single linked list.


template<class T> class Stack_LL : public StackABC<T>


{ public:


   void       Add(const T& a);


   T          GetRemove();


   const bool IsEmpty()        { return last==NIL; };





   Stack_LL() : last(0), head(0)  { };


   ~Stack_LL();





  private:


    Node<T>* last;


    Node<T>* head;


};


// Because this is the only implementation avalaible at the moment, we define


// Stack as Stack_LL.


#define StackTpl Stack_LL





/* ------------------------------------------------------------------------ */


// QueueABC<T> - interface for Queue classes


// A Queue is a Container that works after the FIFO principle.


template<class T> class QueueABC : public ContainerABC<T, T>


{ public:


};








// QueueT2_E<Type,BaseType,Implementation> - type conversion template for


// a <Type> stack that it is implemented with a <Implementation> of <BaseType>


template<class T, class BT, class Eng> class  QueueT2_E : public QueueABC<T>


{   Eng E; // the "engine" or implementation


 public:


   void        Add(const T& a)   { E.Add(a);                };


   T           GetRemove()       { return (T)E.GetRemove(); };


   const bool  IsEmpty()         { return E.IsEmpty();      };


};


// QueueP_E<T,Implementation> - a Queue of Pointers. Implementation must be


// of Type <void*>. This template bases on QueueT2_E.


template<class T, class E> class QueueP_E : public QueueT2_E<T,void*, E> {};


// QueueP<T> a Queue of Pointers. Implemented with Stack_LL.


template<class T> class QueueP : public QueueT2_E<T,void*, Queue_LL<void*> > {};


// QueueH<T> a stack of Handles. Implemented with Stack_LL.


template<class T> class QueueH : public QueueT2_E<T,ShellEngine, Queue_LL<ShellEngine> > {};








// Queue_LL<T> - an implementation of a queue; works with a single linked list


template<class T> class Queue_LL : public ContainerABC<T, T>


{ public:


   void       Add(const T& a);


   T          GetRemove();


   const bool IsEmpty()        { return head==NIL; };





   Queue_LL() : last(0), head(0)  { };


   ~Queue_LL();





  private:


    Node<T>* last;


    Node<T>* head;


};


template<class T> class QueueTpl : public Queue_LL<T> {};





/* ------------------------------------------------------------------------ */


// CollectionABC<I, O> & IterABC<I, O> - abstract base class for special


// Container where EACH item can be accessed (and found and removed)


// This work with ITERATORs: You can Find(I) an item and you'll get an Iter


// With thisone, you can and Remove(Iter) the item.





template<class I, class O> class IterABC;


template<class I, class O> class Iter;





template<class I, class O> class CollectionABC : public ContainerABC<I,O>


{  typedef IterABC<I,O> It;


 public:


   virtual O           Get(const It& i)   const        { return i.Get(); };


   virtual Iter<I,O>   Find(const I&)              const  = 0;


   virtual void        Remove(const It&)                  = 0;


};





template<class I, class O> class IterABC : public Fruit


{   operator=(const IterABC&); IterABC(const IterABC&);


  public:


    virtual bool     Valid()                                const = 0;


    virtual bool     ValidFor(const CollectionABC<I, O>& c) const = 0;


    virtual O        Get()                                  const = 0;





    operator bool()                            { return Valid(); };


    virtual O  operator() ()                   { return Get();   };





    IterABC() { };


};





template<class I, class O> class Iter : public Hnd<IterABC<I,O> >


{   typedef IterABC<I,O> F; typedef CollectionABC<I,O> C;


 public:


    SHELL_INTERFACE(Iter,F)





    bool     Valid() const                { return Frt().Valid(); };


    bool     ValidFor(const C& c) const   { return Frt().ValidFor(c); };


    O        Get()                const   { return Frt().Get(); };





    operator bool() const                 { return Valid(); };


    O operator() () const                 { return Get();   };





    operator const F&() const             { return Frt(); };


};





/* ------------------------------------------------------------------------ */


// Set<T>


// A Set is an unordered set (:-) of items; so you cannot iterate (++)


// through it!


template<class T> class Set : public CollectionABC<T, T>


{ public:


}; // Q: Does this make sense??





/* ------------------------------------------------------------------------ */


// OCollectionABC<I, O> & OIterABC<I, O> - abstract base class


// An OrdCollection is an ordered thing: You can access the "third" item and


// you can iterate (by using UWORDs or OIters) through it.


// Attention: The order _always_ starts from one (1) on and goes up to a


// fixed or variable size which can be known be calling the Items() method.


// It is NOT allowed to derrive any class that allowes a range like [-5..3].


// new methods are: - Get and Remove with UWORDS instead Iterators


//                  - bool Items() to know how many items are avail.


//                  - NewIter() to get a new OIter. This is very usefull.





template<class I, class O> class OIterABC;


template<class I, class O> class OIter;





template<class I, class O> class OCollectionABC : public CollectionABC<I, O>


{  typedef IterABC<I,O> It;


 public:


   virtual O           Get(const UWORD)           const ;


   virtual void        Remove(const UWORD r)            ;


   virtual UWORD       Items()                    const = 0;


   virtual Iter<I, O>  NewIter()                  const { return NewOIter(); };


   virtual OIter<I,O>  NewOIter()                 const = 0;


// inherited:


   O                   GetRemove()                      ;


   const bool          IsEmpty()                        { return Items()==0; };


   virtual O           Get(const IterABC<I,O>& i) const { return i.Get();    };


   virtual Iter<I, O>  Find(const I& f)           const { return Find_OIter(f);    };


   virtual OIter<I,O>  Find_OIter(const I&)       const = 0;





   O                   operator[](UWORD i)        const { return Get(i);  };


   O                   operator[](const It& i)    const { return i.Get(); };


};





template<class I, class O> class OIterABC : public IterABC<I, O>


{   operator=(const OIterABC&); OIterABC(const OIterABC&);


  public:


    virtual OIterABC& operator++ () = 0;


    virtual OIterABC& operator-- () = 0;


    virtual void   Set(UWORD p)     = 0;


    //virtual void operator++ (int) = 0;


    //void operator-- (int)         = 0;





    OIterABC() { };


};





template<class I, class O> class OIterErr : public OIterABC<I,O>


{ public:


    bool     Valid()                                const { return false; };


    bool     ValidFor(const CollectionABC<I, O>& c) const { return false; };


    O        Get()                                  const { Error(ErrWrongIter); };





    OIterABC<I,O>& operator++()                           { Error(ErrWrongIter); };


    OIterABC<I,O>& operator-- ()                          { Error(ErrWrongIter); };


    void           Set(UWORD p)                           { Error(ErrWrongIter); };





    OIterErr() {};


    OIterErr(const OIterErr& c) { };


    typedef OIterErr<I,O> td; FRUITMACRO(td)


};





template<class I, class O> class OIter : Hnd<OIterABC<I,O> >


{ public:


    typedef OIterABC<I,O> F; SHELL_INTERFACE(OIter,F)





    OIter& operator++ ()  { Frt().operator++(); return *this;                 };


    OIter& operator-- ()  { Frt().operator--(); return *this;                 };


    OIter  operator++(int){ OIter<I,O> O=*this; Frt().operator++(); return O; };


    OIter  operator--(int){ OIter<I,O> O=*this; Frt().operator--(); return O; };


    void   Set(UWORD p)   { Frt().Set(p);              };





    bool   Valid() const  { return Frt().Valid(); };


    bool   ValidFor(const CollectionABC<I, O>& c) const { return Frt().ValidFor(c); };


    O      Get() const    { return Frt().Get(); };





    operator bool() const               { return Valid(); };


    O operator() () const               { return Get();   };





    operator const Iter<I,O>()      const { return Frt(); };


    operator const IterABC<I,O>&()  const { return Frt(); };


    operator const OIterABC<I,O>&() const { return Frt(); };


};





/* ------------------------------------------------------------------------ */


// ArrayABC<T> - interface for Array classes


// An Array behaves like a built-in array: It's size is fixed.


template<class T> class ArrayABC : public OCollectionABC<T,T>


{ public:


};





//template<class T> class List_A; // forward declaration for friend below. GEHT NICHT!





// Array_A<T> - an implementation of an Array. Works internally with an array


//                                                  (how surprising :-))


template<class T> class Array_A : public ArrayABC<T>


{ public:


   void       Add(const T& i)                   ;


   T          Get(const UWORD i)          const { CheckBnd(i); return arr[i-1];   };


   OIter<T,T> Find_OIter(const T&)        const ;


   void       Remove(const UWORD r)             ;


   void       Remove(const IterABC<T,T>&)       ;


   OIter<T,T> NewOIter()                  const { return *new(AIter_A<T>(*this)); };


   UWORD      Items()                     const { return (n-1); /* s; ?? */       };





               Array_A(UWORD s);


               Array_A(const Array_A<T>& cpy);


   Array_A<T>& operator= (const Array_A&);


               ~Array_A()                       { delete[] arr; };





//   friend class List_A<T>;


  public: // protected: (Prob: obenstehender Friend funktioniert nicht)


    UWORD s;    // size, valid Array indizes are in [1..s]


    UWORD n;    // next item position for a new item, valid range is [1..s]


    T*    arr;  // ptr to real C-array


    bool ValidBnd(UWORD j) const { return((j>0) && (j<n) ); };


    void CheckBnd(UWORD j) const { if(!ValidBnd(j)) Error(ErrArrayBounds); };


  friend class AIter_A<T>;


};


#define ArrayTpl  Array_A // typedef doesn't work with templates


#define ArrayP(P) Array_A<P>


#define ArrayH(H) Array_A<H>





template<class T> class AIter_A : public OIterABC<T,T> // AIterABC<T>


{   void Checki() const { C.CheckBnd(i); };


  public:


    bool       Valid() const     { return C.ValidBnd(i);               };


    bool       ValidFor(const CollectionABC<T, T>& c) const { if(&C!=&c) Error(ErrWrongIter); /*else*/ return true; };


    T          Get() const       { return C.Get(i); };





    OIterABC<T,T>& operator++ () { Checki(); ++i; return *this;        };


    OIterABC<T,T>& operator-- () { Checki(); i--; return *this;        };


    void        Set(UWORD p)     { C.CheckBnd(p); i=p;                 };





    AIter_A(const Array_A<T>& c)          : C(c) { i=1;                  };


    AIter_A(const Array_A<T>& c, UWORD p) : C(c) { C.CheckBnd(p); i=p;   };


    AIter_A(const AIter_A& s)             : C(s.C), i(s.i)             { };


    AIter_A& operator=(const AIter_A& s)  { ValidFor(s.C); i=s.i; /*s.i=0;


                                             delete &s;*/ return *this;    };


    FRUITMACRO(AIter_A<T>)


  public: // PROTECTED: (Prob: Untenstehender Friend funktioniert nicht)


    const Array_A<T>& C;


    UWORD i;                  // currently "iterated" item; range [1..C.s]


  friend class Array_A<T>;


  //friend void List_A<T>::Insert(const IterABC<T,T>& I, const T it);


};


#define AIter AIter_A // typedef doesn't work with templates


/*


// ArrayT2_E<Type,BaseType,Implementation> - type conversion template for


// a <Type> Array that it is implemented with a <Implementation> of <BaseType>


template<class Tx, class BT, class Eng> class ArrayT2_E : public ArrayABC<Tx>


{ / Eng E; // the "engine" or implementation


    typedef OIter<T,T> It;


 public:


   void       Add(const T& i)                   { E.Add(i);               };


   T          Get(const UWORD i)          const { return E.Get(i);        };


   OIter<T,T> Find_OIter(const T& f)      const { return (It)E.Find_OIter(f); };


   void       Remove(const IterABC<T,T>& i)     { E.Remove(i);            };


   OIter<T,T> NewOIter()                  const { return (It)E.NewOIter();    };


   UWORD      Items()                     const { return E.Items();       };





              ArrayT2_E(UWORD s)            :  E(s) { };


  ArrayT2_E<T,BT,Eng>& operator= (const Eng& a) { E.operator=(a); return *this; };


};





// ArrayH<T> an array of Handles. Implemented with Array_A.


template<class T> class ArrayH


  : public ArrayT2_E<T,ShellEngine,Array_A<ShellEngine> >


  { ArrayH(UWORD s) : ArrayT2_E<T,ShellEngine,Array_A<ShellEngine> >(s) { };


  };


/*


// ArrayP_E<T,Implementation> - an Array of Pointers. Implementation must be


// of Type <void*>. This template bases on ArrayT2_E.


template<class T, class E> class ArrayP_E : public ArrayT2_E<T,void*, E> {};


// ArrayP<T> an array of Pointers. Implemented with Array_A.


template<class T> class ArrayP : public ArrayT2_E<T,void*,Array_A<void*> > {};


*/


*/


/* ------------------------------------------------------------------------ */


// List<T> & LIter<T>


// Lists are similar to Arrays, but they are "unlimited" - they never exceed.


// Lists have an additional method Insert() which does not override any item.





// PROBLEM: Is List a child of Array() ? It has the same interface; but the


// meaning changed a little... I don't know yet. I'll assume it is... NO!


// this multiple inheritance causes troubles because double OColl is amgib!


template<class T> class ListABC : public OCollectionABC<T,T> // ? ArrayABC<T>


{public:


   virtual void Insert(const IterABC<T,T>&, const T) = 0;


   virtual void Insert(const UWORD r, const T it)    = 0;


 //    { OIter<T,T> I=NewOIter(); I.Set(r); Insert(I,it); };


 // Die Deklaration von diesem Insert muss sowieso wiederholt werden....


};





// List_A - a list implementation with a flexible array


template<class T> class List_A : public ListABC<T> //, private Array_A<T>


{  //typedef Array_A<T> A;


 public:


   void       Add(const T& i)                   ;


   void       Insert(const IterABC<T,T>&, const T);


   void Insert(const UWORD r, const T it)


     { OIter<T,T> I=NewOIter(); I.Set(r); Insert(I,it); };


   T          Get(const UWORD i)          const { return A.Get(i);        };


   OIter<T,T> Find_OIter(const T& i)      const { return A.Find_OIter(i); };


   void       Remove(const UWORD r)             { A.Remove(r);            };


   void       Remove(const IterABC<T,T>& i)     { A.Remove(i);            };


   OIter<T,T> NewOIter()                  const { return A.NewOIter();    };


   UWORD      Items()                     const { return A.Items();       };





   List_A(UWORD iniSz=10, UWORD icr=5) : A(iniSz), incr(icr)            { };


   List_A(const List_A& copyL)         : A(copyL.A), incr(copyL.incr)   { };


   List_A& operator= (const List_A& copyL) { A.operator=(copyL.A); incr=copyL.incr; };





/* This MUST BE REPEATED here if private derr of Array_A AND ListABC


   ContainerABC<T,T>& operator+=(const T& e)   { Add(e); return *this;  };


   ContainerABC<T,T>& operator<<(const T& e)   { Add(e); return *this;  };


   T                  operator() ()            { return A.GetRemove(); };


                      operator const bool()    { return !A.IsEmpty();     };


*/


 protected:


    Array_A<T> A;


    UWORD incr; // um wieviel Elemente wird size bei Bedarf erhöht?


};


#define ListTpl List_A


#define ListP(P) List_A<P>


#define ListH(H) List_A<H>





/* ------------------------------------------------------------------------ */


// SortListABC<T>


// SortLists are similar to Lists, but all elements are automatically sorted


// Take care: You have no idea & control at which position an item is stored;


// but SortLists are still OrdCollections because you can iterate through


// them. A SortList CAN contain an item twice or more.


// REMARK: Though SortList has the same interface as List, it is not a List


// in the OOD way (in my opinion) because it behaves quite different; and it


// has no insert method.


template<class T> class SortListABC : public OCollectionABC<T, T>


{public:


};





// SortList_A - a sorted list implemented with List_A


template<class T> class SortList_A : public SortListABC<T>


{ public:


   void       Add(const T& i)                   ;


   T          Get(const UWORD i)          const { return A.Get(i);        };


   OIter<T,T> Find_OIter(const T& i)      const { return A.Find_OIter(i); };


   void       Remove(const UWORD r)             { A.Remove(r);            };


   void       Remove(const IterABC<T,T>& i)     { A.Remove(i);            };


   OIter<T,T> NewOIter()                  const { return A.NewOIter();    };


   UWORD      Items()                     const { return A.Items();       };





   SortList_A(UWORD iniSz=10, UWORD icr=5) : A(iniSz,icr)               { };


   SortList_A(const SortList_A& copyL)     : A(copyL.A)                 { };


   SortList_A& operator= (const SortList_A& copyL){ A.operator=(copyL.A); };





 protected:


   List_A<T> A;


};


#define SortListTpl SortList_A


#define SortListP(P) SortList_A<P>


#define SortListH(H) SortList_A<H>





/* SortList_LL - a sorted list implemented with a double linked list


   DOES NOT WORK! PLEASE FINISH LATER!


*/


template<class T> class SortList_LL : public OCollectionABC<T,T>


{ };


/* typedef IterABC<T,T> It;


 public:


   void       Add(const T& i);


   T          Get(const It& i)            const { return i.Get();         };


   T          Get(const UWORD i)          const {};


   OIter<T,T> Find_OIter(const T& i)      const {};


   void       Remove(const It& i)         {};


   OIter<T,T> NewOIter()                  const { return *new SIter_LL<T>(*this); };


   UWORD      Items()                     const { return l;};





   SortList_LL() : h(NULL), l(0) {};


   SortList_LL(const SortList_LL& copyL);


   SortList_LL& operator= (const SortList_LL& copyL);


   ~SortList_LL();


   friend class SIter_LL<T>;


  private:


     DNode<T>* h;


     UWORD l;


};


template<class T> class SIter_LL : public OIterABC<T,T>


{   //operator=(const OIterABC&); OIterABC(const OIterABC&);


  public:


    bool     Valid()                               const { return i!=NULL; };


    bool     ValidFor(const CollectionABC<T,T>& c) const { if(&C!=&c) Error(ErrWrongIter); /*else*/ return true; };


    T        Get()                                 const { CheckI(); return i->item; };





    OIterABC<T,T>& operator++ ()   { CheckI(); if (i) i=i->n; else /*###*/return *this; };


    OIterABC<T,T>& operator-- ()   { CheckI(); if (i) i=i->p; else /*****/return *this; };


    void   Set(UWORD p)            { /*###*/ };





    SIter_LL(const SortList_LL<T>& sl)      : C(sl) { i=C.h; };


    SIter_LL(const SIter_LL& cpy)           : C(cpy.C) { i=C.h; };


    //SIter_LL& operator=(const SIter_LL& )





    FRUITMACRO(SIter_LL<T>)


    friend class SortList_LL<T>;


  private:


    const SortList_LL<T>& C;


    DNode<T>*    i;





    void CheckI() const { if (!Valid()) Error(0); /* ### */ };


};


*/





/* /* /*





/* ------------------------------------------------------------------------ */


// Dictionary<K,V> & DIter<V>


// A dictionary contains two lists: One for storing a _Key and another for a


// _Value. You have to use Add(K,V) to add a pair of a key and a value which


// you will be able to access later by using Find(K) with a key. Find() will


// return an IterABC; use it to get back the Value with V Get(IterABC).


template<class K, class V> class Dictionary : public OCollectionABC<K, V>


{ public:


    void      Add(const K&, const &V);


    IterABC<K,V> Find(const I&) const;


    V&        Get(const IterABC<K, V>&);


    const V&  Get(const IterABC<K, V>&) const;


    void      Remove(const IterABC<L, V>&);





    void Add(const K&); // NOT defined! If used anyway, the linker detects it.


};





*/ */ */





/* ------------------------------------------------------------------------ */


// OCollUWI<OCollectionABC<I,O>&> - CollectionUserWorldInterface


// This FUNCTION (not method) converts ANY OrderedCollection into a string


// with format: {item1, item2, ...}


template<class I, class O>


String OCollUWI(const OCollectionABC<I,O>& C)


{ OIter<I, O> J=C.NewOIter();


  String s("{"); String i;


  while(J)


    { s+=J(); ++J; if(J) s+=", "; };


  s+="}";


  return s;


};


// Das obige soll eine allg. Prozedur zur Ausgabe von OCollectionABC's sein.


// Geht aber nicht, weil der dämliche BC nicht schnallt, dass ein Array<char>


// ein OCollectionABC<char,char> ist... (sollte er aber).


// Deshalb "von Hand" :


template<class T> String OCollUWI(const ArrayABC<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };


template<class T> String OCollUWI(const Array_A<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };


template<class T> String OCollUWI(const ListABC<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };


template<class T> String OCollUWI(const List_A<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };


template<class T> String OCollUWI(const SortListABC<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };


template<class T> String OCollUWI(const SortList_LL<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };


template<class T> String OCollUWI(const SortList_A<T>& A)


{ typedef OCollectionABC<T,T>& rOC; return OCollUWI( TC(A,rOC) ); };





/* ------------------------------------------------------------------------ */


// ContUWI<ItemT,CollectionT> - CollectionUserWorldInterface


// Derrive any Collection class from ContUWI and it can be outputet to cout!


/*


template<class T> class ContUWI : virtual public OCollectionABC<T,T>, public isASCIIable {


  String AsASCII() const


   { OIter<T,T,SWORD>& I=NewIter_OIter();


     String s("{");


     while(I)


       { s+=I(); I++; };


     s+="}";


     return s;             };


};


Das funktioniert aus div. Gründen (im Moment?) nicht wie gedacht...


*/





/* ------------------------------------------------------------------------ */


//                            IMPLEMENTATION


/* ------------------------------------------------------------------------ */


#pragma warn -rvl // turn off "Function should return a value"





template<class T> struct Node {


  T item;


  Node*  lnk;


  Node(T it, Node* n=NULL) : item(it), lnk(n) { };


};


/* ------------------------------------------------------------------------ */


template<class T> inline void Stack_LL<T>::


Add(const T& a)


{ Node<T>* N=new Node<T>(a);


  if(last)


    N->lnk=last;


  else


    head=N;


  last=N;


};





template<class T> inline T Stack_LL<T>::


GetRemove()


{ if(last) {


    T R=last->item;


    Node<T>* h=last->lnk;


    delete last;


    last=h;


    return R; }


  else


    Error(ErrContainerEmpty);  // should be throw


};





template<class T> inline void Stack_LL<T>::


~Stack_LL()


{};





/* ------------------------------------------------------------------------ */


template<class T> inline void Queue_LL<T>::


Add(const T& a)


{ Node<T>* N=new Node<T>(a);


  if(last)


    last->lnk=N;


  else


    head=N;


  last=N;


};





template<class T> inline T Queue_LL<T>::


GetRemove()


{ if(head) {


    T R=head->item;


    Node<T>* h=head->lnk;


    delete head;


    head=h;


    return R; }


  else


    Error(ErrContainerEmpty);  // should be throw


};





template<class T> inline Queue_LL<T>::


~Queue_LL()


{ while(head) {


    Node<T>* N=head->lnk;


    delete head;


    head=N;   };


};





/* ------------------------------------------------------------------------ */





template<class I, class O> inline O OCollectionABC<I,O>::


Get(const UWORD r) const


  { OIter<I,O> I=NewOIter(); I.Set(r); O& o=Get(I); return o; };





template<class I, class O> inline void OCollectionABC<I,O>::


Remove(const UWORD r)


  { OIter<I,O> I=NewOIter(); I.Set(r); Remove(I); };





template<class I, class O> inline O OCollectionABC<I,O>::


GetRemove()


  { O& o=Get(Items()); Remove(Items()); return o; };





/* ------------------------------------------------------------------------ */


template<class T> Array_A<T>::


Array_A(UWORD size) {


  if(size<1)


    Error(ErrArrayBounds);


  arr=new T[s=size];


  n=1;


};





template<class T> inline Array_A<T>::


Array_A(const Array_A<T>& cpy)


{ arr=new T[s=cpy.s];


  for(n=0; n<(cpy.n-1); n++)


    arr[n]=cpy.arr[n];


  n++;


};





template<class T> inline Array_A<T>& Array_A<T>::


operator= (const Array_A<T>& cpy)


  { if (cpy.s>s) Error(ErrArrayBounds);


    for (n=0; n<(cpy.n-1); n++)


      arr[n]=cpy.arr[n];


    n++;


    return *this;


  };





template<class T> inline void Array_A<T>::


Add(const T& i)


  { if(n>s) Error(ErrArrayOverflow);


    else arr[(n++)-1]=i;             };





template<class T> OIter<T,T> Array_A<T>::


Find_OIter(const T& c) const


  { for(UWORD q=0; q<(n-1); q++)


      if(arr[q]==c)


        return *new AIter_A<T>(*this,q+1);


//    AIter_A<T>& NotValid=*new AIter_A<T>(*this);


//    NotValid.i=0;    // Ungültiger Iterator!


//    return NotValid;


   return *new OIterErr<T,T>;


  };





template<class T> void Array_A<T>::


Remove(const UWORD r)


  { CheckBnd(r);


    for(UWORD q=r-1; q<(n-2); q++)


      arr[q]=arr[q+1];


    n--;


  };





template<class T> void Array_A<T>::


Remove(const IterABC<T,T>& I)


  { I.ValidFor(*this); I.Valid();                // Wenn I ValidFor dieses Array


    for(UWORD q=TC(I,AIter_A<T>&).i-1; q<(n-2); q++) // ist, ist es sicher ein AIter_A.


      arr[q]=arr[q+1];


    n--;


  };





/* ------------------------------------------------------------------------ */





/*


template<class T> void ListABC<T>::


Insert(const UWORD r, const T it)


  { OIter<I,O>& I=NewOIter(); I.Set(r); Insert(I,it); delete &I; };


*/


/* ------------------------------------------------------------------------ */





template<class T> void List_A<T>::


Insert(const IterABC<T,T>& I, const T it)


  { I.ValidFor(A); I.Valid();


    UWORD p=TC(I,AIter_A<T>&).i; // siehe oben


    if(A.n>A.s) {


      T* old=A.arr;


      A.arr=new T[A.s+=incr];


      { UWORD i;


        for(i=0; i<(p-1); i++)


          A.arr[i]=old[i];


        for(i=A.n; i>(p-1); i--)


          A.arr[i]=old[i-1];     };


      delete[] old;


    }


    else {


      for(UWORD i=A.n; i>(p-1); i--)


        A.arr[i]=A.arr[i-1];


      A.n++;


    };


    A.arr[p-1]=it;


};





//template<class T> void List_A<T>::


//Insert(const UWORD i, const T it)





template<class T> void List_A<T>::


Add(const T& it)


{


  if(A.n>A.s) {


    T* old=A.arr;


    A.arr=new T[A.s+=incr];


    for(UWORD i=0; i<(A.n-1); i++)


      A.arr[i]=old[i];


    delete[] old;


  };


  A.arr[(A.n++)-1]=it;


};





/* ------------------------------------------------------------------------ */





template<class T> void SortList_A<T>::


Add(const T& e)


{


  UWORD i=1;


  if(i<=A.Items()) {


    while(e>A.Get(i))


      { i++; if(i>A.Items()) break; };


  }





  if(i>A.Items()) A.Add(e);


  else            A.Insert(i,e);


};





/* ------------------------------------------------------------------------ */





/* SortList_LL - a sorted listed implemented with a double linked list


   DOES NOT WORK! PLEASE FINISH LATER!





template<class T> struct DNode {


  T item;


  DNode* n; DNode* p;


  DNode(T it, DNode* na=NULL, DNode* pa=NULL) : item(it), n(na), p(pa) { };


};





template<class T> inline void SortList_LL<T>::


Add(const T& i)


{ DNode<T>* lc=h; DNode<T>* c=h;


  while(c) {


    lc=c;


    if(i>(c->item))  c=c->n;


    else           c=NULL;    };


  if(h) { DNode<T>* N=new DNode<T>(i,lc,lc->p);  lc->p->n=N; lc->p=N; }


  else  { h=new DNode<T>(i,NULL,NULL);                         };


  ++l;


};





template<class T> SortList_LL<T>::~SortList_LL()


 { DNode<T>* lc=h; DNode<T>* N;


   while(lc)  {


     N=lc->n;


     delete lc;


     lc=N;     };


   h=NULL;


 };


*/





/* ------------------------------------------------------------------------ */


/* ------------------------------------------------------------------------ */








String Class


ALSTRING.H


// PROJECT : ALIB


// FILE    : ALSTRING.H - header file for ALIB strings


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : August 1994


// DATE oLM: August 1994


// LEVEL   : GLE








#ifndef __ALSTRING_H


#define __ALSTRING_H





#define UseStringLib





#if defined(UseStringLib)   // Verwende Str++ 3.0 (download von Fido) ?


# include <str.h>





#else                       // Nein, dann ALIB





# include <alhnd.h>    // Strings are Handles


# include <iostream.h> // for istream and ostream


# include <string.h>   // for strcmp, strcpy etc.


# include <stdlib.h>   // for itoa()





// #define strDEBUG         // Debugging für Strings





/* So än Saich; das untenstehende wäre doch eine saubere Lsg für


   Debug-Ausgaben-Ifdefs. Statt immer


     #ifdef strDEBUG


         cerr << "blabla" << endl;


     #endif


   könnte man dann schreiben


      sDbg cerr << "blabla" << endl;





#ifdef strDEBUG


#define sDbg


#else


#define sDbg //     <- das geht nicht!


#endif */





// machen wir's halt so:


#ifdef strDEBUG


#define DBGPRT(m) cerr << m << endl;


#else


#define DBGPRT(m)


#endif








class StringFruit : public Fruit


{ private:


    char* s;





   public:


     FRUITMACRO(StringFruit)





//     StringFruit(char* i)


//      { s=new char[strlen(i)+1]; strcpy(s,i);


//        DBGPRT("StringFruit konstruiert aus char* = \"" << s << "\"")


//      };


    StringFruit(const char* i)


      { s=new char[strlen(i)+1]; strcpy(s,i);


        DBGPRT("StringFruit konstruiert aus CONST char* = \"" << s << "\"")


      };





//     StringFruit(const char i)


//      { s=new char[2]; s[0]=i; s[1]=0;


//        DBGPRT("StringFruit konstruiert aus const char = '" << s << "'")


//      };





/* StringFruit(const char* i)


      { s=(char*)i; };


    // Das ist natürlich etwas frech, einfach zu casten. Ich denke aber


    // hier ist es erlaubt und sinnvoll. Denn ... ???





   Nein, ist es nicht! Folgender Code:


                                        String      s="Mike";


     Beim Umweg über einen const        const char* cp=s;     // keine Kopie!


     char* geht die Information


     verloren, ob der String schon      String      e(cp);


     benutzt wird. Das ist beim         // StringFruit(const char* i) benutzt!


     const char* noch egal, nicht


     mehr aber bei einem neuen String() e[0]='D';


                                        cout << s; // gibt "Dike" aus!       */


    StringFruit(const StringFruit& i)


      { s=new char[strlen(i.s)+1]; strcpy(s,i.s);


        DBGPRT("StringFruit konstruiert über Copy-Konstruktor von \"" << s << "\"") };





    StringFruit(const SWORD i)


      { char num[18];


        itoa(i, num, 10);


        s=new char[strlen(num)+1]; strcpy(s,num);


        DBGPRT("StringFruit konstruiert aus SWORD(" << i << ")") };





    ~StringFruit() {


      DBGPRT("StringFruit \"" << s << "\"" << " destruiert!")


      delete[] s;


      s=0;         };





    StringFruit& operator+ (const char* c)


       { char* t=new char[strlen(s)+strlen(c)+1];


         DBGPRT("StringFruit \"" << s << "\" operator+(\"" << c << "\")")


         strcpy(t, s);


         strcpy(&t[strlen(s)] ,c);


         delete[] s;


         s=t;


         return *this; };





    StringFruit& operator+ (const char C)


       { char* t=new char[strlen(s)+1+1];


         DBGPRT("StringFruit \"" << s << "\" operator+(\"" << C << "\")")


         strcpy(t, s);


         t[strlen(s)]=C; t[strlen(s)+1]=0;


         delete[] s;


         s=t;


         return *this; };





//    virtual BOOL IsA(UWORD id) const


//      { return( id==IdStringFruit || Fruit::IsA(id) ); };


//  virtual UWORD TypeOf() const


//      { return IdStringFruit; };





  friend class String;


/* Wenn der Compiler diese (richtige!) Zeile schnallen würde, könnte oben


   der Destruktor auch noch private gemacht werden.


//  friend class Shell<StringFruit>;                                      */


};





class String : public Shell<StringFruit>


{ public:


    SHELL_INTERFACE(String,StringFruit)


    FRUITINIT_INTERFACE(String,StringFruit,char*)


    FRUITINIT_INTERFACE(String,StringFruit,const char*)


    FRUITINIT_INTERFACE(String,StringFruit,const SWORD)





    operator const char*() const


      { return MyFrtConst().s; };


    operator char*() const


      { return MyFrtMustCopy().s; };


/* the methode above was like this:


    operator char*()


      { char* t=new char[strlen(MyFrtConst().s)+1];


        strcpy(t,MyFrtConst().s);


        return t; };                                */


    const char& operator[] (int i) const


      { CheckPosRange(i);


        return MyFrtConst().s[i]; };


    char& operator[] (int i)


      { CheckPosRange(i);


        EqualFruitPtr(&MyFrtCopy());


        return MyFrtConst().s[i]; };





    StringFruit& operator+ (const char* a) const


      { return (MyFrtMustCopy()+a); };


    void operator+=(const char* a)


      { EqualFruitPtr( &(MyFrtCopy()+a)); };


    StringFruit& operator+ (const String& a) const


      { return (MyFrtMustCopy() + a.MyFrtConst().s); };


    void operator+=(const String a)


      { EqualFruitPtr( &(MyFrtMustCopy() + a.MyFrtConst().s)); };


    StringFruit& operator+ (const char c) const


      { return (MyFrtMustCopy()+c); };


    void operator+= (const char c)


      { EqualFruitPtr( &(MyFrtMustCopy()+c)); };





    bool operator== (const char* c) const


      { return !strcmp(MyFrtConst().s,c); };


    bool operator== (const String& c) const


      { return !strcmp(MyFrtConst().s,c.MyFrtConst().s); };





    bool operator> (const char* c) const


      { return(strcmp(MyFrtConst().s,c) > 0); };


    bool operator> (const String& c) const


      { return(strcmp(MyFrtConst().s,c.MyFrtConst().s) > 0); };


    bool operator< (const char* c) const


      { return(strcmp(MyFrtConst().s,c) < 0); };


    bool operator< (const String& c) const


      { return(strcmp(MyFrtConst().s,c.MyFrtConst().s) < 0); };





    //void Reset() { Shell<StringFruit>::Reset(); };





    friend istream& operator>> (istream& i, String& s);





//    virtual BOOL IsA(UWORD id) const


//      { return( id==IdString || Shell<StringFruit>::IsA(id) /*|| isASCIIable::IsA(id)*/ ); };


//  virtual UWORD TypeOf() const


//      { return IdString; };





 private:


    void CheckPosRange(int i) const


      { if( i<0 || i>strlen(MyFrtConst().s) ) Error(ErrString); };


};





String operator+ (const char* a, const String& b);





#endif // defined(UseStringLib)





class isASCIIable //: public AlObject


{ public:


    virtual String AsASCII() const = 0;





//    operator String() const { return AsASCII(); };


// Dieser cast-operator ist SCHLECHT, weil so jede abgeleitete


// Klasse ambig-Probleme bekommt. Bsp. X::operator!= wird auch


// (X::operator String)::operator!= in Betracht gezogen.





/*  virtual BOOL IsA(UWORD id) const


        { return(id==IdisASCIIable); };


    virtual UWORD TypeOf() const


     { return IdisASCIIable; };         */


};


extern ostream& operator<< ( ostream&, const isASCIIable&);








ALSTRING.CPP


// PROJECT : ALIB


// FILE    : ALSTRING.CPP - implementation of some PORTABle stuff


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : August 1994


// DATE oLM: August 1994


// LEVEL   : GLE





#include <alstring.h>


#if !defined(UseStringLib)   // Verwende Str++ 3.0 (download von Fido) ?





istream& operator>> (istream& i, String& s)


  { char buf[81];


    i.get(buf,80,'\n'); // war: cin.get(...)


    s.EqualFruitPtr(new StringFruit(buf));


    return i;


  };





String operator+ (const char* a, const String& b)


  { return String(a) + b; };





#else





/* Das definiert diese String-Klasse selbst in STR.CPP


istream& operator>> (istream& i, String& s)


  { char buf[81];


    i.get(buf,80,'\n'); // war: cin.get(...)


    s=buf;


    return i;


  };


*/


#endif





ostream& operator << ( ostream& s, const isASCIIable& o)


  { s << o.AsASCII(); return s; };








Debugging


DEBUG.H


// PROJECT : ALIB


// FILE    : DEBUG.H - header file for debug facilities


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : October 1994


// DATE oLM: October 1994


// LEVEL   : GLE





/* This module makes it possible to detect if memory on the heap was not


   free'd and who new'd it. This can be a great help to find memory problems. */





#define DEBUG








#ifndef __DEBUG_H


#define __DEBUG_H





#if defined(DEBUG)





#include <portab.h>





// TAKE CARE: This header file could be used without linking DEBUG.CPP...


// That's not what we want! This is a way to ensure that debug.cpp was


// linked. Note that we have a new MustLink object in every module that


// imports DEBUG.H...


void ForgotToLinkDebugCPP();


static struct TMustLink { TMustLink() { ForgotToLinkDebugCPP(); }; } MustLink;








void* operator new(size_t s);


void operator delete(void* p);





extern char*    HCnFile;     // argument passing new(T) macro to operator new()


extern unsigned HCnLine;     // dito.





#define alpha_new(T) (HCnFile=__FILE__, HCnLine=__LINE__, new T)





/*template<class T>*/


class debugable /* : virtual public AlObject */ {


  public:


    debugable();


    virtual ~debugable();





  private:


    static UWORD nextnumber;


    UWORD number;


};


// further ideas: Ausgabe von Header mit Name und Startzeit und Endzeile


//                mit Stopzeit und Laufzeit. Ausgabe, wenn unvorgesehenes


//                Ende.





//                Ausgabe des tatsächlichen VarNamens und des Typ-Namens


//                IST NUR über Makros zu lösen; siehe DEBUG.CPP


#else





# define alpha_new(T) (new T)





  class debugable { };





#endif //  defined(DEBUG)





#define new(T) alpha_new(T)





#endif // __DEBUG_H








DEBUG.CPP


// PROJECT : ALIB


// FILE    : DEBUG.CPP - implementation of debug facilities


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : October 1994


// DATE oLM: October 1994


// LEVEL   : GLE





/* This module makes it possible to detect if memory on the heap was not


   free'd and who new'd it. This can be a great help to find memory problems. */





#include <debug.h>





#if defined(DEBUG)





#include <stdlib.h>


#include <iostream.h>


#include <msitext.h>


#include <alloc.h>  // for _heapchecknode (not ANSI)





struct anAlloc {    // data keept of each allocation


   void*    p;          // where is it?


   unsigned s;          // which size has it? (eigt. size_t)


   char*    source;     // filename of source


   unsigned line;       // line in source


   // maybe add "time" and object name and ?


};





const unsigned sHCL=100;    // const size of the HCL array


unsigned       nHCL;        // next item in HCL


//unsigned       uHCL;        // used items in HCL


anAlloc        HCL[sHCL];   // array with all items. HCL=heap control list (?)


char*          HCnFile;     // argument passing new(T) macro to operator new()


unsigned       HCnLine;     // dito.


char*          LineUnknown="--unknown--";





/* REMARK: all memory allocations are stored in the HCL array. This array is


   used as a "ring" - it's cyclic. Rings could be implemented with modulo %


   ...but I did it differnt (mainly because at first I forgot about the


   modulo method and then I was too lazy to change the code again.          */





void InitHCL()


{ /*uHCL=0*/


   for(nHCL=0; nHCL<sHCL; nHCL++)


     HCL[nHCL].p=NULL;


   nHCL=0;


};





#undef new


void* operator new(size_t s)  {


  void* t;


  if(s) {


    t=malloc(s);


    if (t) {


      unsigned stop=nHCL-1;


      if(nHCL==0) stop=sHCL-1;


      while(HCL[nHCL].p && nHCL!=stop)


        if(nHCL<(sHCL-1)) ++nHCL; else nHCL=0;


      if(nHCL==stop && HCL[nHCL].p) NativePrint("HCL is FULL. NO MORE HEAP CHECKING... increase sHCL");


      else {


        HCL[nHCL].p=t;


        HCL[nHCL].s=s;


        if(HCnFile==0) HCnFile=LineUnknown;


        HCL[nHCL].source=HCnFile; HCnFile=NULL;


        HCL[nHCL].line=HCnLine;   HCnLine=0;


        if(++nHCL==sHCL) nHCL=0;


      };


    }


    else


      { NativePrint(CR); NativePrint("No more memory! [FATAL]");


        NativePrint(CR); abort();                                };


  } else


      { NativePrint(CR); NativePrint("Attempt to allocate (new) zero (0) bytes.");


        NativePrint(CR); /* don't abort. */                                 };


  return t;


};


#define new(T) alpha_new(T)





void operator delete(void* p) {


  if ( heapchecknode(p) != _USEDENTRY )


    { if (wherex()>1) NativePrint(CR);


      NativePrint("Attempt do delete a block that is "


                  "already free or was never new'd." );


      NativePrint(CR);


    };


  unsigned stop=nHCL+1;


  if(nHCL==sHCL-1) stop=0;


  while(HCL[nHCL].p!=p && nHCL!=stop)


    if(nHCL!=0) --nHCL; else nHCL=sHCL-1;


  if(HCL[nHCL].p==p) // means: found


    { free(p); HCL[nHCL].p=NULL; }


};





inline void ForgotToFree(unsigned i)


  { // printf("FORGOT TO free() %u BYTES at %p // new()'d IN FILE <%s> #%u\n",HCL[i].s,HCL[i].p,HCL[i].source,HCL[i].line); };


    cerr << "FORGOT TO free() "<<HCL[i].s<<" BYTES at "<<HCL[i].p<<" // new()'d IN FILE <"


         <<HCL[i].source<<"> #"<<HCL[i].line<<endl; };





void CloseHCL()


{ unsigned stop=nHCL+1;


  if(nHCL==sHCL-1) stop=0;


  while(nHCL!=stop)


    { if(HCL[nHCL].p) { ForgotToFree(nHCL); delete HCL[nHCL].p; };


      if(nHCL!=0) --nHCL; else nHCL=sHCL-1; };


  if(HCL[nHCL].p) // check last item too.


    { ForgotToFree(nHCL); delete HCL[nHCL].p; };


};





class DebugMain


{ ULONG HeapMem;


 public:


  DebugMain()


  { /*clrscr();*/ // HeapMem=coreleft();


    InitHCL();


    cerr << ">>>Program started>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>" << endl;


  };


  ~DebugMain()


  { // signed long diff=HeapMem-coreleft();


    // ?? [UNZUVERLÄSSIG] 48 bytes diff verschwinden offenbar wg. Klasse


    // ?? 32 sind es, wenn mind. eine Klasse mit virtuellen Methoden


    //if( (diff!=48) && (diff!=32) )


    //  NativePrint("Memory lost!"); NativePrint(CR);


    // cerr << "Memory lost! Diff=" << diff << " bytes" << endl;


    if(TxtCursX()>1) cerr << endl;


    cerr << "===============================================================Program ended===" << endl;


    CloseHCL(); };


} debugMain;








void ForgotToLinkDebugCPP() { }; // see DEBUG.H








/* --------------------------------------------------------------------*/








debugable::debugable()


{


        cerr << "CONSTRUCT: new object of class >";


// siehe unten zum folgenden...


/*      if ( TypeOf() < IdAppClassesFirst )


          { cerr << classNamesAlpha[TypeOf()]; }


        else


          cerr << classNamesApp[TypeOf()];


*/      cerr << "< with DebugId #" << (number=nextnumber++)


             << " (at adr " << this << ")" << endl;


};





debugable::~debugable()


{       cerr << "DESTRUCT: object #" << number


             << " (at adr " << this << ")" << endl;


};





UWORD debugable::nextnumber = 1;


// MEMSIZE debugable::allocatedObjMem = 0; // Wieviel Heap-Speicher wird durch


// Objekte belegt? Muss wieder Null sein am Ende.





#endif //  defined(DEBUG)








Portability and BOOL Class


PORTAB.H


// PROJECT : ALIB or rather more - very general


// FILE    : PORTAB.H - some general defines and typedefs


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : January 1994


// DATE oLM: October 1994


// LEVEL   : GLE





/* This portab has a nice substite for bools; look at it!


   It has initialization warning, couting with TRUE/FALSE


   and more strict type checking so that it is not compatible


   with int. You'll have to use if( ) and FOR( ) and while( ).





   ...Nice, but inefficient...





   Use alpha bools? If not (undefined) a std enum is supported. */


// #define UseAlBool








#ifndef __PORTAB_H


#define __PORTAB_H





#include <stddef.h>   // size_t





#ifdef UseAlBool


#  include <error.h>  // also includes <iostream.h>


#  include <iostream.h>


#endif





/* MACROS for type casting. These macros don't help very much but by using


   them, it will be easier later to upgrade to the new cast-operators provided


   in the C++ ANSI draft.


*/


#define const_cast(T,e) ((T)e)


// #define const_cast(T,e) const_cast<T>(e) // so umdef. sobald offiz. supp.


#define dynamic_cast(T,r) ((T)r)


// later: dynamic_cast<T>(r)


/* Diesen cast könnte man ev. mal über IsA()-Methode sicherer machen... */


#define ptr_cast(T,p) ((T*)p)


#define ref_cast(T,r) ((T&)r)


// others (??): static_cast<T>(e) & reinterpret_cast<T>(e)


// typeid(e) [Strous: ptr_type_info(p), ref_type_info(r), static_type_info(T)








/* TC=Type-Cast


   Bitte im Moment IMMER TC fürs casten benutzen und NIE mehr (T)e, weil


   so später die entsprechenden Stellen leichter gefunden werden können.


   Es ist gedacht, alle TCs sobald verfügbar durch die neuen cast-Operatoren


   (siehe c't 9/94, S.184ff) zu ersetzten.                                */


#define TC(x,y) ( (y)(x) )





typedef signed long   SLONG;


typedef unsigned long ULONG;


typedef signed int    SWORD;


typedef unsigned int  UWORD;


typedef signed char   SBYTE;


typedef unsigned char UBYTE;








#ifndef NULL


#define NULL    0L


#endif


#define NIL     NULL





#ifdef UseAlBool


class bool {


  enum  internBOOL {internFALSE=0, internTRUE=!0} v; // char v;


  internBOOL init;


  void operator=(int) { }; // Zuweisung int an bool wird wg. private: abgewiesen


  char* AsASCII() const { if (init) return (v ? "TRUE" : "FALSE");


                                   else {Error(ErrNotInitVar); return NULL; };};


public:


  bool(int i);


//    : init(internTRUE)


//    { v=(i!=0    ? internTRUE : internFALSE); };


  bool(void* i);


//    : init(internTRUE)


//    { v=(i!=NULL ? internTRUE : internFALSE); };


  bool();


//    : init(internFALSE)  { };


  bool operator|| (bool c) const; // { return v || c.v; };


  bool operator|| (char c) const; // { return v || c;   };


  bool operator&& (bool c) const; // { return v && c.v; };


  bool operator&& (char c) const; // { return v && c;   };


  bool operator!  ()       const; // { return !v;       };


  char onlyIf(); /*   { if(init) return v;


                             else { Error(ErrNotInitVar); return 0; };


                  };*/


  friend ostream& operator<< (ostream&, const bool&);


  friend bool operator|| (char c1, bool c2);


  friend bool operator&& (char c1, bool c2);


};


#else


  typedef int bool;


  const bool false=0;


  const bool true=!false;


#endif


typedef bool BOOL;





#ifdef UseAlBool


extern bool true;


extern bool false;


inline bool operator|| (char c1, bool c2) { return c1 || c2.v; };


inline bool operator&& (char c1, bool c2) { return c1 && c2.v; };





# define SaveIf(cond)    if(bool(cond).onlyIf() )


# define if(cond)        SaveIf(cond)


# define SaveWhile(cond) while(bool(cond).onlyIf())


# define while(cond)     SaveWhile(cond)


# define FOR(i,t,c)      for(i; bool(t).onlyIf(); c)


#else


# define SaveIf(cond)    if(cond)


# define SaveWhile(cond) while(cond)


# define while(cond)     while(cond)


# define FOR(i,t,c)      for(i; t; c)


#endif





#define TRUE true


#define FALSE false


/*


inline ostream& operator<< ( ostream& s, const bool& o)


  { return s<<o.AsASCII(); };


*/





#endif /* __PORTAB__ */











PORTAB.CPP


// PROJECT : ALIB


// FILE    : PORTAB.CPP - implementation of some PORTABle stuff


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : August 1994


// DATE oLM: August 1994


// LEVEL   : GLE





#include <portab.h>





#ifdef UseAlBool


 // see the definition of class bool in PORTAB.H and the BOOL.CPP sample code


 bool false(0);


 bool true(1);





/* Das ganze Gebastel hier könnte wesentlich eleganter gelöst werden, wenn man


   einfach die Vergleichsoperatoren == > < überladen könnte. Leider wird


     bool operator==(int, int)


   mit der Fehlermeldung


     operator== must be a member function or have a parameter of class type


   abgelehnt. Schade!


*/


/*


  bool(int i)


    : init(internTRUE)


    { v=(i!=0    ? internTRUE : internFALSE); };


  bool(void* i)


    : init(internTRUE)


    { v=(i!=NULL ? internTRUE : internFALSE); };


  bool()


    : init(internFALSE)


    { };


  bool operator|| (bool c) { return v || c.v; };


  bool operator|| (char c) { return v || c;   };


  bool operator&& (bool c) { return v && c.v; };


  bool operator&& (char c) { return v && c;   };


  bool operator!  ()       { return !v;       };


  char onlyIf()   { if(init) return v;


                             else { Error(ErrNotInitVar); return 0; };


                  };


*/


/*inline*/ bool::bool(int i) : init(internTRUE)


  { v=(i!=0    ? internTRUE : internFALSE); };





bool::bool(void* i)


    : init(internTRUE)


    { v=(i!=NULL ? internTRUE : internFALSE); };





bool::bool() : init(internFALSE) {};





bool bool::operator|| (bool c) const { return v || c.v; };


bool bool::operator|| (char c) const { return v || c;   };


bool bool::operator&& (bool c) const { return v && c.v; };


bool bool::operator&& (char c) const { return v && c;   };


bool bool::operator!  ()       const { return !v;       };


#undef if // ACHTUNG Endlosschleife!


#undef while


char bool::onlyIf()   { if(init) return v;


                             else { Error(ErrNotInitVar); return 0; }; };


#define if(cond) SaveIf(cond)


#define while(cond) SaveWhile(cond)





ostream& operator << ( ostream& s, const bool& o)


  { return s<<o.AsASCII(); };





#endif // UseAlBool








Runtime-Error Support


ERROR.H


// PROJECT : ALIB (alpha library)


// FILE    : ERROR.H - header file for runtime errors


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : January 1994


// DATE oLM: October 1994


// LEVEL   : GLE





/* This File contains the prototyp for the


   Error(..) function and others. See Error.CPP */





#ifndef __ERROR_H


#define __ERROR_H





enum ErrorCode


{


    ErrNone,


//  ErrNotOverloaded,


    ErrNotInitVar,


//  ErrNotUsedAnymore1,


//  ErrNotUsedAnymore2,


    ErrWrongDelete,     // if fruit deleted


    ErrTooManyYAF,


    ErrAccDelObj,


//  ErrCannotConvertFruit,


    ErrArrayBounds,


    ErrArrayOverflow,


    ErrOORinLA,  // Out Of Range In List Access


    ErrWrongIter,


    ErrContainerEmpty,


    ErrString,





// TERM spezifisch


    ErrUnknownClass,


    ErrNotImplemented,


    ErrDivByZero,


    Err0Power0,


    ErrOperUnknownType,





    ErrLAST


};





//enum ErrorAction { notice, none, breakApp };


//extern ErrorAction ErrWhatReact[ErrLAST];





//extern char* ErrMsgDt[];


//extern char* ErrMsgEgl[];





void Error( ErrorCode nr );





enum ErrorModeEnum { toCout, quiet };


enum ErrorLangEnum { english, deutsch };


void ErrorSetMode( ErrorModeEnum m, ErrorLangEnum l = english);





// Globale Fehler-Objekte (als Returnwert bei troubles)


// extern String StringErr;








ERROR.CPP


// PROJECT : ALIB (alpha library)


// FILE    : ERROR.CPP - implementation for runtime error function


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : January 1994


// DATE oLM: October 1994


// LEVEL   : GLE





/* This File contains a very simple mechanism for runtime error ability.


   The main function is Error(..)


   All this will be replaced somewhen with true exceptions.              */





#include <stdlib.h> // for abort()


#include <conio.h>  // for wherex()


#include <iostream.h>





#include <error.h>





char* ErrMsgDt[ErrLAST] =


{


    "?? kein Fehler aufgetreten",


//  "abstrakte Basisklassen-Methode in abgeleiteter Klasse nicht definiert",


    "Zugriff auf nicht initialisierte Variable (Handle?) ! [FATAL]",


//  "* Vergleich dieser beiden Typen nicht zulässig",


//  "* Standardkonstruktor nicht benutzbar",


    "[ITN] Die Fruit darf jetzt nicht so (direkt) gelöscht werden. Auto-Fruit!",


    "[ITN] Fruit::YAF() wurde zu oft aufgerufen",


    "[ITN] Shell greifft auf tote (freigegebene,zerstörte) Fruit zu! [FATAL]",


//  "\"Frucht\" dieser AlShell kann nicht in gewünschten Typ umgewandelt werden",


    "Array-Grenzen nicht erlaubt",


    "Array ist voll!",


    "Zugriff auf nicht existierendes Listen-Element",


    "Iterator falsch gebunden",


    "Container ist leer",


    "Stringproblem. Zugriff ausserhalb dieses Strings",


    "TERM: Klassen-Typ unbekannt/neu.",


    "TERM: Methode nicht implementiert",


    "TERM: Nulldivision!",


    "TERM: 0^0 ist undefiniert!",


    "TERM: Operation mit unbekanntem Typ. Eine beteiligte Klasse kennt die andere nicht."


};





char* ErrMsgEgl[ErrLAST] =


{


    "no problem",


//  "pure virtual member function not redefined in derrivation",


    "attempt to access non-initialized variable (handle?) ! [FATAL]",


//  "* classes aren't comparable to eachother",


//  "* don't use this standard constructor",


    "[ITN] fruit should not be deleted now. Check Auto-Fruit problem",


    "[ITN] Fruit::YAF() method was called too often",


    "[ITN] Shell access's dead Fruit! [FATAL]",


//  "this shell-object cannot be converted into that fruit",


    "wrong array bounds",


    "array is full!",


    "out of range in LIST access",


    "iterator not linked to this list",


    "container empty!",


    "string access out of range",





    "TERM: unknown or new class in math operation",


    "TERM: method not implemented",


    "TERM: division by zero!",


    "TERM: 0^0 is undefined!",


    "TERM: one class doesn't know the other. Not implemented now; will come soon."


};





enum ErrorAction { notice, none, breakApp };


ErrorAction ErrWhatReact[ErrLAST] =


{


    notice,


//  breakApp,


    breakApp,   // ErrNotInitVar -> ALWAYS breakApp; don't change!


//  none,


//  none,


    notice,


    notice,


    breakApp,


//  breakApp,


    breakApp,


    breakApp,


    breakApp,


    breakApp,


    breakApp,


    breakApp,





    notice,


    notice,


    notice,


    notice,


    notice


};





ErrorModeEnum ErrorMode=toCout;


ErrorLangEnum ErrorLang=english;


void ErrorSetMode( ErrorModeEnum m, ErrorLangEnum l)


{ ErrorMode=m; ErrorLang=l; }





void Error( ErrorCode nr )


{


  if ( ErrorMode==toCout && ErrWhatReact[nr] != none)


    { if (wherex()>1) cerr << endl;


      cerr << "Err #" << nr << ": "


           << ( ErrorLang==english ? ErrMsgEgl[nr] : ErrMsgDt[nr] ) << endl;


    };


    if ( ErrWhatReact[nr] == breakApp )


      { cerr << "App aborted because of breakApp (fatal) error! "; abort(); };


};





// Globale Fehler-Objekte (als Returnwert bei troubles)


// String StringErr = "<String invalid>";








MSITEXT.H


// PROJECT : ALIB


// FILE    : MSITEXT.H - machine specific implementation, text interface


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : October 1994


// DATE oLM: October 1994


// LEVEL   : MSI





#ifndef __MSITEXT_H


#define __MSITEXT_H





#include <conio.h>





// NativePrint() is a low level textscreen-output function. Don't use printf()


// or even cout here! Reentrance problems are one thing...


void NativePrint(char* cp)  { cputs(cp); };


char* CR="\r\n";





// Return X-Position of text cursor from 1..80 (maybe more than 80)


int TxtCursX()              { return wherex(); };





#endif // __MSITEXT_H








Project TERM


Interface


TERM.H


// PROJECT : TERM


// FILE    : headerfile and some tiny inline implementations


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : July 1994


// DATE oLM: August 1994





#ifndef __TERM_H


#define __TERM_H





#include <alobject.h>


#include <error.h>


#include <alstring.h>


#include <list.h>


#include "ids_term.h"   // must be last #include





//class TermABC;


//class MultiplyClass;


//class PlusClass;


//class PowerClass;





enum CalcType { std, sym, num };





#define const const





class hTerm;


class Numerical;


class Double;   extern Double StdNumerical;


class T_NoTermF; extern T_NoTermF NoTerm;





class TermABC : public Fruit, public isASCIIable //, public debugable


{ public:


    // FRUITMACRO(TermABC) not neccessary for ABC





    virtual hTerm Plus(const TermABC& t, CalcType ct=std)     const = 0;


    virtual hTerm Multiply(const TermABC& t, CalcType ct=std) const = 0;


    virtual hTerm Power(const TermABC& t, CalcType how=std)   const = 0;





// These methods are the same as above but apply to YourSelf; they change the


// object itself instead returning a new new. This is good for performance.


//  virtual hTerm PlusYS(const TermABC& t, CalcType ct=std)     = 0;


//  virtual hTerm MultiplyYS(const TermABC& t, CalcType ct=std) = 0;


//  virtual hTerm PowerYS(const TermABC& t, CalcType how=std)   = 0;





    //virtual hTerm ReCalc(TermABC& t, CalcType how)  const;


    virtual hTerm Numeric(Numerical& N) const;





    virtual bool operator== (const TermABC& c) const { return true;  };


// not needed: virtual bool operator!= (const TermABC& c) const { return !operator==(c); };


    virtual bool operator>  (const TermABC& c) const { return false; };


    virtual bool operator<  (const TermABC& c) const { return !operator>(c);  };


    virtual bool operator>= (const TermABC& c) const { return operator>(c) || operator==(c); };


    virtual bool operator<= (const TermABC& c) const { return operator<(c) || operator==(c); };





// inherited:


    virtual operator bool()    const { return true; };


    virtual String AsASCII()   const = 0;


    virtual BOOL IsA(UWORD id) const


        { return( id==IdTermABC


//                     || isASCIIable::IsA(id)


//                     || isSortable::IsA(id)


                );


        };


    virtual UWORD TypeOf()     const { return IdTermABC; };


};





class Integer;


class Variable;





// hTerm ist das Handle für Term und wird intern verwendet. Siehe unten.


class hTerm : public Shell<TermABC>


{ public:


    SHELL_INTERFACE(hTerm, TermABC)


    DEC_FRUITINIT_INTERFACE_FAM(hTerm,Integer,TermABC, SWORD) // S F T


    DEC_FRUITINIT_INTERFACE_FAM(hTerm,Real,TermABC,double)


    DEC_FRUITINIT_INTERFACE_FAM(hTerm,Variable,TermABC,String)


    operator const TermABC&() const { return Frt(); };


    //operator bool() const { return Shell<TermABC>::operator bool(); };





/* STOP: These operators are only supported in Term. This internal Class works


         with the corresponding Plus/Multiply/... functions!


    hTerm operator+ (const hTerm& t) const


	{ return Frt().Plus(t.Frt() ); };


    hTerm operator- (const hTerm& t) const; 


	// { return( operator+ ( t*Integer_1 ) ); };


    hTerm operator* (const hTerm& t) const


	{ return Frt().Multiply(t.Frt(), std); };


    hTerm operator^ (const hTerm& t) const


	{ return Frt().Power(t.Frt(), std); };


    hTerm operator/ (const hTerm& t) const; // 


	{ return( operator* ( t^Integer_1 ) ); };





// later we will introduce TermABC::PlusYS etc. and the change this


    hTerm operator+= (const hTerm& t)


	{ EqualFrtPtr(&( Frt().Plus(t.Frt())    .Frt() )); return *this; };


    hTerm operator-= (const hTerm& t)


	{ EqualFrtPtr(&( operator-(t)           .Frt() )); return *this; };


    hTerm operator*= (const hTerm& t)


	{ EqualFrtPtr(&( Frt().Multiply(t.Frt()).Frt() )); return *this; };


    hTerm operator^= (const hTerm& t)


	{ EqualFrtPtr(&( Frt().Power(t.Frt())   .Frt() )); return *this; };


    hTerm operator/= (const hTerm& t)


	{ EqualFrtPtr(&( operator/(t)           .Frt() )); return *this; };


*/


    hTerm Plus(const TermABC& t, CalcType ct=std)     const


	{ return Frt().Plus(t,ct); };


    hTerm Multiply(const TermABC& t, CalcType ct=std) const


	{ return Frt().Multiply(t,ct); };


    hTerm Power(const TermABC& t, CalcType ct=std)    const


	{ return Frt().Power(t,ct); };





// operators== and != are supported by Handle


// bool operator== (const hTerm& c) const { return Frt().operator==(c.Frt()); };


// bool operator!= (const hTerm& c) const { return Frt().operator!=(c.Frt()); };


   bool operator>  (const hTerm& c) const { return Frt().operator> (c.Frt()); };


   bool operator<  (const hTerm& c) const { return Frt().operator< (c.Frt()); };


   bool operator>= (const hTerm& c) const { return Frt().operator>=(c.Frt()); };


   bool operator<= (const hTerm& c) const { return Frt().operator<=(c.Frt()); };





    hTerm Numeric(Numerical& N) const  { return Frt().Numeric(N); };





    String AsASCII() const { return Frt().AsASCII(); };





    friend class Term;     // damit operatoren auf t.Frt() zugreifen können


};





// Term ist von hTerm abgeleitet und diejenige Klasse, mit die der Benutzer


// verwendet. Notwendig weil a) AsASCII das äusserste Klammerpaar entfernt


// in _diese_ Klasse später ein catch(...) reinkommt!


class Term : public hTerm, public isASCIIable


{ public:


    DERR_SHELL_INTERFACE(Term,hTerm,TermABC)


    DEC_DERRSH_FRTINI_INTF_FAM(Term,hTerm,Integer,TermABC,SWORD)


    DEC_DERRSH_FRTINI_INTF_FAM(Term,hTerm,Real,TermABC,double)


    DEC_DERRSH_FRTINI_INTF_FAM(Term,hTerm,Variable,TermABC,String)





// These operators HAVE TO return Term instead hTerm, 


// so that cout << a^2 is possible


    Term operator+ (const hTerm& t) const 


	{ return Frt().Plus(t.Frt() ); };


    Term operator- (const hTerm& t) const;


 // 	{ return( operator+ ( t*Integer_1 ) ); };


    Term operator* (const hTerm& t) const


	{ return Frt().Multiply(t.Frt(), std); };


    Term operator^ (const hTerm& t) const


	{ return Frt().Power(t.Frt(), std); };


    Term operator/ (const hTerm& t) const; 


// 	{ return( operator* ( t^Integer_1 ) ); };





// later we will introduce TermABC::PlusYS etc. and the change this


    hTerm operator+= (const hTerm& t) 


	{ EqualFrtPtr(&( Frt().Plus(t.Frt())    .Frt() )); return *this; };


    hTerm operator-= (const hTerm& t)


	{ EqualFrtPtr(&( operator-(t)           .Frt() )); return *this; };


    hTerm operator*= (const hTerm& t)


	{ EqualFrtPtr(&( Frt().Multiply(t.Frt()).Frt() )); return *this; };


    hTerm operator^= (const hTerm& t)


	{ EqualFrtPtr(&( Frt().Power(t.Frt())   .Frt() )); return *this; };


    hTerm operator/= (const hTerm& t)


	{ EqualFrtPtr(&( operator/(t)           .Frt() )); return *this; };





    //hTerm Numeric(Numerical& N) const;





    String AsASCII() const


      { String s=Frt().AsASCII();


        if (s[0]=='(') { s.Mid(1,s.Length()-2); };


        return s;                                 };


};





class T_NoTermF : public TermABC


{ public:


    hTerm Plus(const TermABC& t, CalcType ct=std) const     { return NoTerm; };


    hTerm Multiply(const TermABC& t, CalcType ct=std) const { return NoTerm; };


    hTerm Power(const TermABC& t, CalcType ct=std) const    { return NoTerm; };


/*


    virtual bool IsZero() const ;


    virtual bool IsPositive() const;


    virtual bool IsOne() const;


*/


    //hTerm ReCalc(const TermABC& t, CalcType how)  const





    operator bool()  const { return false; };


    String AsASCII() const { return "--no hTerm built/found/???--"; };





    FRUITMACRO(T_NoTermF)


    BOOL  IsA(UWORD id) const { return( id==IdINVTerm || TermABC::IsA(id)); };


    UWORD TypeOf()      const { return IdINVTerm; };


};





class T_ErrTermF;


extern T_ErrTermF ErrTerm;


class T_ErrTermF : public T_NoTermF


{ public:


    hTerm Plus(const TermABC& t, CalcType ct=std) const     { return ErrTerm; };


    hTerm Multiply(const TermABC& t, CalcType ct=std) const { return ErrTerm; };


    hTerm Power(const TermABC& t, CalcType ct=std) const    { return ErrTerm; };





    operator bool()  const { return true;        }; // true is fine. NOT false.


    String AsASCII() const { return "--ERROR--"; };


};





/* -------------------------------------------------------------------*/





class Operator : public TermABC


{public:


  hTerm Plus(const TermABC& e, CalcType how)     const


	{ return TermABC::Plus(e, how); };


  hTerm Multiply(const TermABC& e, CalcType how) const


	{ return TermABC::Multiply(e, how); };


  hTerm Power(const TermABC& e, CalcType how)    const


	{ return TermABC::Power(e, how); };





  BOOL IsA(UWORD id) const { return( id==IdOperator || TermABC::IsA(id) ); };


  UWORD TypeOf()     const { return IdOperator; };


};





class Operand : public TermABC


{public:


  hTerm Plus(const TermABC& e, CalcType how)     const


	{ return TermABC::Plus(e, how); };


  hTerm Multiply(const TermABC& e, CalcType how) const 


	{ return TermABC::Multiply(e, how); };


  hTerm Power(const TermABC& e, CalcType how)    const


	{ return TermABC::Power(e, how); };





  BOOL IsA(UWORD id) const    { return( id==IdOperand || TermABC::IsA(id) ); };


  UWORD TypeOf()     const    { return IdOperand; };


};





class Real;





class Numerical : public Operand


{public:


//  hTerm NPow_(Numerical& e);


//  virtual Numerical& NPow(Numerical& e) = 0;


//  hTerm NMultiply_();


  hTerm Plus(const TermABC& e, CalcType how)         const;


  hTerm Multiply(const TermABC& e, CalcType how=std) const;


  hTerm Power(const TermABC& e, CalcType how=std)    const;





  virtual bool IsZero()     const = 0;


  virtual bool IsPositive() const = 0;


  bool    IsNegative()      const { return ( (!IsZero()) && (!IsPositive()) ); };


  virtual bool IsOne()      const = 0;


//


  virtual operator double() const = 0;


  virtual operator SWORD()  const = 0;





  virtual void Set(const Real&)    = 0;


  virtual void Set(const Integer&) = 0;





  Numerical& operator=(const TermABC& N)


   { if(N.IsA(IdReal) )


       Set(TC(N,const Real&));


     else if(N.IsA(IdInteger))


       Set(TC(N,const Integer&));


     return *this;


   };


//


  BOOL IsA(UWORD id) const  { return( id==IdNumerical || TermABC::IsA(id) ); };


  UWORD TypeOf()     const  { return IdNumerical; };


};





class Natural : public Numerical


{public:


  BOOL IsA(UWORD id) const  { return( id==IdNatural || Numerical::IsA(id) ); };


  UWORD TypeOf()     const  { return IdNatural; };


};





const char ApproxChar='_';  // sollte konstante innerhalb der Klasse sein.


class Approximate : public Numerical


{public:


  BOOL IsA(UWORD id) const { return( id==IdApproximate || Numerical::IsA(id) ); };


  UWORD TypeOf()     const { return IdApproximate; };


};





class Special : public Numerical


  {};





class Imaginary : public Special


  {};





class Infinite : public Special


  {};





/* -------------------------------------------------------------------*/





class Integer : public Natural


{ private:


    SWORD i;





  public:


    Integer(SWORD v)  { i=v; };





    hTerm Plus(const TermABC& t, CalcType ct = std)     const;


    hTerm Multiply(const TermABC& t, CalcType ct = std) const;


    hTerm Power(const TermABC& t, CalcType ct = std)    const;





//    virtual Numerical& NPow(Numerical& e);





    bool IsZero()      const  { return( i==0 ); };


    bool IsPositive()  const  { return( i>0 );  };


    bool IsOne()       const  { return( i==1 ); };





    operator double()  const  { return i;       };


    operator SWORD()   const  { return i;       };


    void Set(const Real& R)   ;


    void Set(const Integer& I){ i=I;            };





    FRUITMACRO(Integer)


    String AsASCII()   const  { return(i);      };


    BOOL IsA(UWORD id) const  { return( id==IdInteger || Numerical::IsA(id) );};


    UWORD TypeOf()     const  { return IdInteger; };


};





class Real : public Approximate


{ private:


    double d;





  public:


    Real(double i) : d(i) {};





    bool IsZero()      const  { return( d==0 ); };


    bool IsPositive()  const  { return( d>0 );  };


    bool IsOne()       const  { return( d==1 ); };





    hTerm Plus(const TermABC& t, CalcType ct = std)     const;


    hTerm Multiply(const TermABC& t, CalcType ct = std) const;


    hTerm Power(const TermABC& t, CalcType ct = std)    const;





    operator double()  const  { return d;       };


    operator SWORD()   const  { return d;       };


    void Set(const Real& R)   { d=R;            };


    void Set(const Integer& I);





    FRUITMACRO(Real)


    String AsASCII()   const  { String s(ApproxChar); s.SetFloatFormat("%g");


                                s<<d; return(s);                              };


    BOOL IsA(UWORD id) const  { return( id==IdReal || Approximate::IsA(id) ); };


    UWORD TypeOf()     const  { return IdReal; };


};





class Variable : public Operand     // NOT Numerical!


{


  private:


    String id; // identifier


//  hTerm   ct; // contents


  public:


    Variable(const String& name /* ,hTerm init = NIL */) : id(name) // ,ct(init)


      { };





    virtual hTerm Plus(const TermABC& t, CalcType ct = std)     const;


    virtual hTerm Multiply(const TermABC& t, CalcType ct = std) const;


    virtual hTerm Power(const TermABC& t, CalcType ct = std)    const;





    virtual String AsASCII() const


      { return id; };





    FRUITMACRO(Variable)


    virtual UWORD TypeOf() const


      { return IdVariable; };


    BOOL IsA(UWORD id) const


      { return( id==IdVariable || Operand::IsA(id) ); };


};





class PlusClass : public Operator


{  private:


     hTerm s1;  // 1. Summand


     hTerm s2;  // 2. Summand





   public:


    PlusClass(const TermABC& a, const TermABC& b)


      : s1(a), s2(b)


      { };





    virtual hTerm Plus(const TermABC& t, CalcType ct = std)     const;


    virtual hTerm Multiply(const TermABC& t, CalcType ct = std) const;


    virtual hTerm Power(const TermABC& t, CalcType ct = std)    const;





    virtual String AsASCII() const


        { return "("+s1.AsASCII()+"+"+s2.AsASCII()+")"; };


        // Tip: "+" statt '+' umgeht ambiguity-Problem der String-Klasse!





    FRUITMACRO(PlusClass)


    virtual BOOL IsA(UWORD id) const


        { return( id==IdPlus || Operator::IsA(id) ); };


    virtual UWORD TypeOf() const


        { return IdPlus; };


};





class MultiplyClass : public Operator


{ private:


    SortList_A<hTerm> L;





  public:


    MultiplyClass(const TermABC& a, const TermABC& b)


      { L+=(a); L+=(b); };





    hTerm Plus(const TermABC& t, CalcType ct = std)     const;


    hTerm Multiply(const TermABC& t, CalcType ct = std) const;


    hTerm Power(const TermABC& t, CalcType ct = std)    const;





    String AsASCII() const;





    FRUITMACRO(MultiplyClass)


    virtual BOOL IsA(UWORD id) const


        { return( id==IdMultiply || Operator::IsA(id) ); };


    virtual UWORD TypeOf() const


        { return IdMultiply; };


};





class PowerClass : public Operator


{ private:


    hTerm b;  // Basis


    hTerm e;  // Exponent





  public:


    //PowerClass(const TermABC& base, const TermABC& exponent)


    PowerClass(const hTerm base, const hTerm exponent)


      : b(base), e(exponent) { };





    hTerm Plus(const TermABC& t, CalcType ct = std)     const;


    hTerm Multiply(const TermABC& t, CalcType ct = std) const;


    hTerm Power(const TermABC& t, CalcType ct = std)    const;





    //hTerm ReCalc(Numerical& t, CalcType how) const


    hTerm Numeric(Numerical& N) const


      { N=b;


        return N.Power(e,num); };





    String AsASCII()   const { return "("+b.AsASCII()+"^"+e.AsASCII()+")"; };





    FRUITMACRO(PowerClass)


    BOOL IsA(UWORD id) const { return( id==IdPower || Operator::IsA(id) ); };


    UWORD TypeOf()     const { return IdPower; };


};








/* -------------------------------------------------------------------*/


//  some INLINE Implementations


// =============================





// -> most of this is in Term.CPP


// but inlines can only be defined in .H files (?)





#endif // __TERM_H








IDS_TERM.H


// PROJECT : TERM


// FILE    : IDS_TERM.H - header file with TERM class identifiers for owm RTTI


// AUTHOR  : Michael Vorburger, alpha ware, CH-SG


// DATE oC : July 1994


// DATE oLM: August 1994





enum


{


    IdAppClassF = IdAppClassesFirst,





    IdTermABC, //IdPureTerm,


    //IdTermRoot,


    //IdTermFruit,


    IdINVTerm,





    IdOperator,


    IdOperand,


    IdNumerical,


    IdNatural,


    IdApproximate,


// ACHTUNG: Die Reihenfolge der folgenden Ids ist WICHTIG.


// Die "tieferen" Klassen "wissen" von den darüberliegenden


// nichts. Dh. Integer reicht alle kommutativen Operationen,


// die nicht ebenfalls mit einem Integer sind, weiter an die


// andere Klasse.





    IdInteger,


    IdReal,


    IdVariable,


    IdPlus,


    IdMultiply,


    IdPower


};








Implementation


TERM.CPP


// PROJECT : TERM


// FILE    : main implementation!


// AUTHOR  : Michael Vorburger, alpha ware


// DATE oC : February/July 1994


// DATE oLM: August 1994





//#include <alobject.h>


//#include <error.h>


/* #include <str.h> */


// #include "ids_term.h"    // must be last #include





#include <stdlib.h>         // für itoa() for abs Macro


#include <math.h>           // for pow() function


#include <values.h>         // for MAXINT








#include "term.h"





/* -------------------------------------------------------------------*/


// IMPLEMENTATION


// ==============


//    GENERAL


// --------------





DEF_FRUITINIT_INTERFACE_FAM(hTerm,Integer,TermABC, SWORD)


DEF_FRUITINIT_INTERFACE_FAM(hTerm,Real,TermABC, double)


DEF_FRUITINIT_INTERFACE_FAM(hTerm,Variable,TermABC,String)





DEF_DERRSH_FRTINI_INTF_FAM(Term,hTerm,Integer,TermABC,SWORD)


DEF_DERRSH_FRTINI_INTF_FAM(Term,hTerm,Real,TermABC,double)


DEF_DERRSH_FRTINI_INTF_FAM(Term,hTerm,Variable,TermABC,String)





//Shell<TermABC>& hTerm::operator=(const SWORD arg) { return EqualFrtPtr(new Integer(arg)); };





// häufig benötigte Konstanten


const Integer Integer_1(-1);


const Integer Integer1(1);


const Integer Integer0(0);





Term Term::operator- (const hTerm& t) const { return( operator+ ( t.Multiply(Integer_1) ) ); };


Term Term::operator/ (const hTerm& t) const { return( operator* ( t.Power(Integer_1) ) ); };


/*


hTerm hTerm::operator- (const hTerm& t) const { return( operator+ ( t*Integer_1 ) ); };


hTerm hTerm::operator/ (const hTerm& t) const { return( operator* ( t^Integer_1 ) ); };


*/





// spezielle Rückgabewerte zum Anzeigen...


T_NoTermF  NoTerm;   // dass _keine_ Vor-Verarbeitung stattfand


T_ErrTermF ErrTerm; // dass ein Fehler auftrat; return nach Error()





//hTerm TermABC::ReCalc(TermABC& t, CalcType how) const { return NoTerm; };


//hTerm Term::Numeric(Numerical& N) const  { return Frt().ReCalc(N,num); };





hTerm TermABC::Numeric(Numerical& N) const  {  return *this; };





void Integer::Set(const Real& R)    { i=SWORD(R);     };


void Real   ::Set(const Integer& I) { d=I;            };





/*


hTerm Term::Numeric(Numerical& N) const


  { hTerm kN=N;


    hTerm rN=Frt().Numeric(N);


    N=kN; return rN;                };


*/





struct T_InitConst {


  T_InitConst()  { Integer_1.MakeStatic(); Integer1.MakeStatic();


                   Integer0.MakeStatic(); NoTerm.MakeStatic();


                   ErrTerm.MakeStatic();                           };


} InitConst;





/* -------------------------------------------------------------------*/


//  documentation of math rules


// =============================


//


//   [g]  = general (_really_ general: number, variable, matrix, summand..)


//   [Num]= Numerical (like Integer, Real, Complex, VLN etc.





/* -------------------------------------------------------------------*/


//     Power


// ==============





hTerm TermABC::Power(const TermABC& x, CalcType how) const


// g^Num(1)=g                    // [if g NOT num]


//                               // if num==0 returns 1


//                               // if num==1 returns g


{ if (how==sym)


    return *new PowerClass(*this, x);


  else {


    if (x.IsA(IdNumerical) )  //&& !IsA(IdNumerical) )


      { //if(TC(x,Numerical&).IsZero() ) // g^0 = 1;


        //  return Integer1;


        if(TC(x,Numerical&).IsOne() )  // g^1 = b;


          return *this;


      };


    return NoTerm;                     // "Normalfall"


  };


};





hTerm Numerical::Power(const TermABC& x, CalcType how) const


//                        // NO: Num(0)^g[!Num] = 0


// Num(0)^Num(<0) = Err


// Num(0)^Num(0)  = Err


// Num(0)^Num(>0) = 0


// Num(1)^g       = 1


{ { const hTerm t=TermABC::Power(x,how); if(t) return t; }


  if(IsZero() )


    //if(!x.IsA(IdNumerical) ) // 0^x für alle nicht numerischen x = 0


    //  return Integer0;


    if(x.IsA(IdNumerical) ) { //else {


      if(TC(x,Numerical&).IsNegative() )  // 0^(-n) = Err (later: infinity)


        { Error(ErrDivByZero); return ErrTerm; }


      if(TC(x,Numerical&).IsZero() )      // 0^0    = Err


        { Error(Err0Power0);   return ErrTerm; }


      return Integer0;                    // else is positive, return 0


    };


  if(IsOne() )


    return Integer1;


  return NoTerm;                          // "Normalfall"


};





hTerm Integer::Power(const TermABC& x, CalcType how) const


// int^int = numRes if possible, in case of overflow symb


// int^g   = sym


{ { const hTerm t=Numerical::Power(x,how); if(t) return t; }


  if(x.IsA(IdInteger) )


    { if(TC(x,Integer&).IsNegative())


        //if(how==num) { return *new Integer(?); }


        /*else*/ return *new PowerClass(*this, x);


      else {


        if( TC(x,Integer&).i <= SWORD(log10(MAXINT) / log10(abs(i))) )


          { return *new Integer(pow(i,TC(x,Integer&).i));       }


        else


          return *new PowerClass(*this, x);                     };


      }


  else


    {// Error(ErrOperUnknownType); return ErrTerm;            };


        return *new PowerClass(*this, x);                     };


       // Wenn ALIB mal voll dyn.Typumwandlung unterstützt, könnte *this


       // in ein Objekt von Typ von x umgewandelt und das pow() darauf an-


       // gewendet werden. Ungefähr so:


       // Numerical& temp = CreateObject( TypeOf(x) );


       // temp(*this); // init new object of type of x with "myself"


       // temp.NPow(x);


       // return temp;


};





hTerm Real::Power(const TermABC& x, CalcType how) const


// real^num = real^real(num)


// else sym


{ { const hTerm t=Numerical::Power(x,how); if(t) return t; }


  if(x.IsA(IdNumerical) )


    { double e=TC(x,Numerical&); Real& R=*new Real(pow(d,e));


      if (errno) return ErrTerm; else return R;               }


  else


    { return *new PowerClass(*this, x);                       };


};





hTerm Variable::Power(const TermABC& x, CalcType how) const


// v^g = sym


{ { const hTerm t=Operand::Power(x,how); if(t) return t; }


  return *new PowerClass(*this, x);


};





hTerm PowerClass::Power(const TermABC& x, CalcType how) const


// (b^e)^x = b^(e*x)


{ { const hTerm t=Operator::Power(x,how); if(t) return t; }


  return *new PowerClass(b, e.Multiply(x) );


};





hTerm MultiplyClass::Power(const TermABC& x, CalcType how) const


// (a*b*c*...)^x = (a^x)*(b^x)*(c^x)*...


{ { const hTerm t=Operator::Power(x,how); if(t) return t; }


  hTerm M=1; //=*new MultiplyClass(*this);


  OIter<hTerm,hTerm> I=L.NewOIter();


  while (I)


    { M=M.Multiply(L[I].Power(x)); ++I; }


    // BETTER: M.MultiplyThis(L[I].Power ...


  return M;


};





// NOT YET IMPLEMENTED!


hTerm PlusClass::Power(const TermABC& x, CalcType how) const


// (a+b+c+...)^x[Prec] = nach Pascal, sonst sym


{ { const hTerm t=Operator::Power(x,how); if(t) return t; }


  return *new PowerClass(*this, x);


};





/* -------------------------------------------------------------------*/


//    Multiply


// ==============





hTerm TermABC::Multiply(const TermABC& x, CalcType how) const


// g*x[num] : x=0 returns 0, x=1 returns g


{ if(how==sym)


    return *new MultiplyClass(*this, x);


  else {


    if (x.IsA(IdNumerical))


      { if(TC(x,Numerical&).IsZero() ) // g*0 = 0


          return Integer0;


        if(TC(x,Numerical&).IsOne() )  // g*1 = g


          return *this;


      };


    return NoTerm;


  };


};





hTerm Numerical::Multiply(const TermABC& x, CalcType how) const


// num(0)*g = 0, num(1)*g = g


{ { const hTerm t=Operand::Multiply(x,how); if(t) return t; }


  if( IsZero() ) return Integer0; // 0*g = 0;


  if( IsOne() )  return x;        // 1*g = g;


  return NoTerm;


};





hTerm Integer::Multiply(const TermABC& x, CalcType how) const


// int*int          = int or sym (in case of overflow)


// int*g[IdG>IdInt] = g*int


// sonst            = sym


{ { const hTerm t=Numerical::Multiply(x,how); if(t) return t; }


  if (x.IsA(IdInteger))


    if( i > (MAXINT/TC(x,Integer&).i) )        // wenn Überlauf...


      return *new MultiplyClass(*this,x);      //   dann symbolisch


    else


      return *new Integer(i*TC(x,Integer&).i); //   sonst numerisch


  else


    if (x.TypeOf() > IdInteger)


       return x.Multiply(*this, how);


    else


       return *new MultiplyClass(*this,x);


};





// NOT YET IMPLEMENTED!


hTerm Real::Multiply(const TermABC& x, CalcType how) const


{ { const hTerm t=Numerical::Multiply(x,how); if(t) return t; }


  return *new MultiplyClass(*this,x);


};





hTerm Variable::Multiply(const TermABC& x, CalcType how) const


// var*var [both ident] = var^2


// var*g[IdG>IdVar]     = g*var


// otherwise            = sym


{ { const hTerm t=Operand::Multiply(x,how); if(t) return t; }


  if(x.IsA(IdVariable))


    if(TC(x,Variable&).id==id)


      return *new PowerClass(*this, *new Integer(2));


  if (x.TypeOf() > IdInteger)


    return x.Multiply(*this, how);





  return *new MultiplyClass(*this, x);


};





hTerm MultiplyClass::Multiply(const TermABC& x, CalcType how) const


// (f1*f2*f3)*x =


{ { const hTerm t=Operator::Multiply(x,how); if(t) return t; }


  return *new MultiplyClass(*this, x); // ## ?? ##


};





hTerm PlusClass::Multiply(const TermABC& x, CalcType how) const


{ { const hTerm t=Operator::Multiply(x,how); if(t) return t; }


  return *new MultiplyClass(*this, x);


};





// NOT YET IMPLEMENTED!


hTerm PowerClass::Multiply(const TermABC& x, CalcType how) const


// (b^e)*x [b==x] = b^(e+1)


// else:          = x*(b^e) ???


// ??? be concerned about IdX ><? IdPower!


{ { const hTerm t=Operator::Multiply(x,how); if(t) return t; }


//  Add(x);


  return *new MultiplyClass(*this, x);


};





/* -------------------------------------------------------------------*/


//      Plus


// ==============





hTerm TermABC::Plus(const TermABC& x, CalcType how) const


// g+x[num] : x=0 return g, otherwise NoTerm


{ if (how==sym)


    return *new PlusClass(*this, x);


  else


    if (x.IsA(IdNumerical))


      if(TC(x,Numerical&).IsZero() )


        return *this;


    return NoTerm;


};





hTerm Numerical::Plus(const TermABC& x, CalcType how) const


// num(0)+g=g;


{ { const hTerm t=Operand::Plus(x,how); if(t) return t; }


  if( IsZero() ) return x;


  return NoTerm;


};





// ACHTUNG: Überlauf wird noch nicht abgefangen!


hTerm Integer::Plus(const TermABC& x, CalcType how) const


// int+int          = int


// int+g[IdG>IdInt] = g*int


// sonst            = sym


{ { const hTerm t=Numerical::Plus(x,how); if(t) return t; }


  if(x.IsA(IdInteger) )


    return *new Integer(i+TC(x,Integer&).i);


  else


    if (x.TypeOf() > IdInteger)


       return x.Plus(*this, how);


    else


       return *new PlusClass(*this,x);


};





// NOT YET IMPLEMENTED!


hTerm Real::Plus(const TermABC& x, CalcType how) const


{ { const hTerm t=Numerical::Plus(x,how); if(t) return t; }


  return *new PlusClass(*this,x);


};





hTerm Variable::Plus(const TermABC& x, CalcType how) const


// var+var [both ident] = 2*var


// var+g[IdG>IdVar]     = g+var


// otherwise            = sym


{ { const hTerm t=Operand::Plus(x,how); if(t) return t; }


  if(x.IsA(IdVariable))


    if(TC(x,Variable&).id==id)


      return *new MultiplyClass(*new Integer(2), *this);


  if (x.TypeOf() > IdInteger)


    return x.Plus(*this, how);


  return *new PlusClass(*this, x);


};





hTerm PlusClass::Plus(const TermABC& x, CalcType how) const


{ { const hTerm t=Operator::Plus(x,how); if(t) return t; }


  return *new PlusClass(*this, x);


};





hTerm MultiplyClass::Plus(const TermABC& x, CalcType how) const


{ { const hTerm t=Operator::Plus(x,how); if(t) return t; }


  return *new PlusClass(*this, x);


};





hTerm PowerClass::Plus(const TermABC& x, CalcType how) const


{ { const hTerm t=Operator::Plus(x,how); if(t) return t; }


  return *new PlusClass(*this, x);


};





/* -------------------------------------------------------------------*/


//     AsASCII


// ==============





String MultiplyClass::AsASCII() const


{ String s("(");


  OIter<hTerm,hTerm> I=L.NewOIter();


  while (I)


      { s+=L[I].AsASCII(); ++I; if(I) s+="*"; }


  s+=")";


  return s;


};





/* -------------------------------------------------------------------*/


�SEITE  �41�
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