第5章 树

程序5.1二叉树结点类

template<class T>

struct BTNode

{

BTNode(){ lChild=rChild=NULL;}

BTNode(const T& x)             

{

element=x; lChild=rChild=NULL;

         }

BTNode(const T& x, BTNode<T>* l,BTNode<T>* r)

{

element=x; lChild=l; rChild=r;

}

T element;

BTNode<T>* lChild, *rChild;

};
      程序5.2二叉树类

template<class T>

class BinaryTree

{

public:

   BinaryTree(){root=NULL;}                

   ~BinaryTree(){Clear();}

   bool IsEmpty()const;

   void Clear();

   bool Root(T &x)const;

   void MakeTree(const T &e ,BinaryTree<T>&left, BinaryTree<T>& right); 

   void BreakTree(T &e ,BinaryTree<T>&left, BinaryTree<T>& right); 

   void PreOrder(void (*Visit)(T& x));

   void InOrder(void (*Visit)(T& x));

   void PostOrder(void (*Visit)(T& x));

protected:

   BTNode<T>* root;

private:

   void Clear(BTNode<T>* t);

   void PreOrder(void (*Visit)(T& x),BTNode<T>*t);

   void InOrder(void (*Visit)(T& x),BTNode<T>*t); 

   void PostOrder(void (*Visit)(T& x),BTNode<T>*t);     

};

程序5.3 部分二叉树运算

template <class T>

bool BinaryTree<T>::Root(T &x)const

{

if(root){



x=root->element; return true;


 }

else return false;

}

template <class T>

void BinaryTree<T>::MakeTree(const T &x ,BinaryTree<T>&left,BinaryTree<T>& right)

{

if(root||&left==&right) return;

root=new BTNode<T>(x,left.root, right.root);


  left.root=right.root=NULL;

}

template <class T>

void BinaryTree<T>::BreakTree(T &x, BinaryTree<T>&left, BinaryTree<T>& right)

{

if (!root||&left==&right||left.root||right.root)return;

  x=root->element;

left.root=root->lChild;right.root=root->rChild;

  delete root;root=NULL;     

}

程序5.4 main函数

void main(void)

{

   BinaryTree<char> a,b,x,y,z;                              //图5.9(a)

   y.MakeTree('E',a,b);   
   z.MakeTree('F',a,b);                                     //图5.9(b)
   x.MakeTree('C',y,z);                                     //图5.9(c)
   y.MakeTree('D',a,b);                                     //图5.9(d)
   z.MakeTree('B',y,x);                                     //图5.9(e)
   z.PreOrder(Visit);

   z.BreakTree(e,y,x);

   x.PreOrder(Visit); y.PreOrder(Visit);
}

程序5.5 访问元素函数
template<class T>

void Visit(T& x)

{


cout<<x<<"  ";

}
     程序5.6  先序遍历

template <class T>

void BinaryTree<T>::PreOrder(void (*Visit)(T& x))

{

PreOrder(Visit,root);

}

template <class T>

void BinaryTree<T>::PreOrder(void (*Visit)(T& x),BTNode<T>* t)

{

if (t){



Visit(t->element);



PreOrder(Visit,t->lChild);


     PreOrder(Visit,t->rChild);

            }

}
程序5.7 求二叉树的结点数

template <class T>

int BinaryTree<T>::Size()

{ 

       return Size(root);

}
template <class T>

int BinaryTree<T>::Size(BTNode<T> * t)

{

     if (!t) return 0 ;

     else return Size(t->lChild)+Size(t->rChild)+1;

}

程序5.8 二叉树复制

template <class T>

BTNode<T>* BinaryTree<T>::Copy(BTNode<T>* t)

{

if (!t) return NULL;


       BTNode<T>* q=new BTNode<T>(t->element);


       q->lChild=Copy(t->lChild);q->rChild=Copy(t->rChild);

  return q;  

}

     程序5.9 遍历器类

     template <class T>

class BIterator

{

public:

virtual T* GoFirst(const BinaryTree<T>& bt)=0;


       virtual T* Next (void)=0;

   virtual void Traverse(void (*Visit)(T& x),const BinaryTree<T>& bt);

protected:

     BTNode<T>* r, *current;

};

template <class T>

void BIterator<T>::Traverse(void (*Visit)(T& x),const BinaryTree<T>& bt)

{


       T* p=GoFirst(bt);


       while (p){

        Visit(*p);p=Next();

  }

}

    程序5.10 中序遍历器类

template <class T>

class IInOrder:public  BIterator<T>

{

public:


IInOrder(BinaryTree<T>& bt,int mSize)


{ 

    
r=bt.root; current=NULL;



s=new SeqStack<BTNode<T>* >(mSize);


}


T* GoFirst(const BinaryTree<T>& bt);


T* Next (void);

private:


SeqStack<BTNode<T>*> *s;

};


template <class T>

T* IInOrder<T>::GoFirst(const BinaryTree<T>&bt)

{

 current=bt.root;


if (!current) return NULL;

 while (current->lChild!=NULL){



s->Push(current); current=current->lChild;


     }


     return &current->element;

}

template <class T>

T* IInOrder<T>::Next(void)

{

BTNode<T>* p;

  if (current->rChild!=NULL){


   p=current->rChild;

   

      while (p->lChild!=NULL){







s->Push(p);p=p->lChild;

}


   current=p;

}

else if (!s->IsEmpty()){



     s->Top(current); s->Pop();


    }


    else {


  
    current=NULL; return NULL;


    }

return &current->element;

}

程序5.11 向下调整和建堆运算

template <class T>

void AdjustDown (T heap[], int r, int j)

{

   int child=2*r+1; 

   T temp=heap[r]; 

   while  (child<=j) {

      if (( child <j) && ( heap[child]>heap[child+1])) child++;

      if  (temp<=heap[child]) break;

      heap[(child-1)/2]=heap[child];

      child=2*child+1;

   }

   heap[(child-1)/2]=temp;

}
template <class T> 

void CreateHeap(T heap[],int n)

{

  for (int i=(n-2)/2;i>-1;i--) AdjustDown(heap,i,n-1);
}
程序5.12 优先权队列类

template<class T>

class PrioQueue

{

 public:


 PrioQueue(int mSize=20);


 ~PrioQueue(){delete[] q;};


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


 bool IsFull() const{return  n==maxSize;}


 void Append(const T &x);


 void Serve(T &x);

private:


 void AdjustDown (int r, int j);


 void AdjustUp (int j);


 T*q;


 int n,maxSize;

};

template <class T>

PrioQueue<T>::PrioQueue(int mSize)

{


maxSize=mSize;n=0;

   q=new T[maxSize];

}
    程序5.13 函数AdjustUp 

template <class T>

void PrioQueue<T>::AdjustUp (int j)

{

   int i=j;T temp=q[i];

   while  (i>0 && temp<q[(i-1)/2]){


   q[i]=q[(i-1)/2]; i=(i-1)/2;

   }

   q[i]=temp;

}
程序5.14 函数Append和Serve

template <class T>

void PrioQueue<T>::Append(const T &x)

{

if(IsFull())throw Overflow;

q[n++]=x;
AdjustUp(n-1);

}

template <class T>

void PrioQueue<T>::Serve(T &x)

{

 if(IsEmpty())throw Underflow;


  x=q[0];q[0]=q[--n];

 AdjustDown (0, n-1);

}
程序5.15 哈夫曼树类

template <class T>

class HfmTree:public BinaryTree<T>

{

public:


 operator T()const {return weight;}                //重载类型转换运算符


 T getW(){return weight;}


 void putW(const T& x){ weight=x;} 
    SetNull(){root=NULL;}            

private:


 T weight;

};
程序5.16 构造哈夫曼树
template <class T>

HfmTree<T> CreateHfmTree (T w[],int n) 

{

PrioQueue <HfmTree<T> > pq(n);        //定义一个元素类型为HfmTree<T>的优先权队列

HfmTree<T> x,y,z,zero;

for (int i=0;i<n;i++){



    z.MakeTree(w[i],x,y);z.putW(w[i]); //构造树中只有一个结点的哈夫曼树对象



pq.Append(z);                      //将哈夫曼树对象进优先权队列


z.SetNull();                       //将z置成空树


}


for (i=1;i<n;i++){



pq.Serve(x);pq.Serve(y);           //取出最小和次小权值哈夫曼树对象x和y


z.MakeTree(x.getW()+y.getW(),x,y); //构造一个新哈夫曼树对象


z.putW(x.getW()+y.getW());



pq.Append(z);                      //新哈夫曼树对象进优先权队列


z.SetNull();                       //将z置成空树


}


pq.Serve(z);                           //从队列中取出构造完毕的哈夫曼树对象

return z;                              //返回构造完成的哈夫曼树对象
}

    程序5.17 并查集类

#include <iostream.h>

class UFSet

{

public:

UFSet(int mSize);   


 ~UFSet(){delete[]parent;}   

     int Find(int i)const;

void Union(int x, int y);

private:

int *parent;

int size;

};

UFSet::UFSet(int mSize)

{


size=mSize;


parent=new int [size];


for (int i=0;i<size; i++) parent[i]=-1;

}
程序5.18函数Union和Find

int UFSet::Find(int i)const

{

  for (;parent[i]>=0;i=parent[i]) ;

  return i;

}

void UFSet::Union(int x,int y)

{  

  parent[x]=y;

}

     程序5.19 改进的函数Union2和Find2
int UFSet::Find2(int i)

{

  int r,t,l;

  for (r=i;parent [r]>=0; r=parent[r]);

  if (i!=r) 


  for (t=i;parent [t]!=r; t=l){

          l=parent[t]; parent[t]=r;


  };

  return r;

}

void UFSet::Union2( int x,int y)

{

  int temp=parent[x]+parent[y];

  if (parent[x]>parent[y]) {

      parent[x]=y; parent[y]=temp;

  }

  else {

      parent[y]=x;parent[x]=temp;

  }

}
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