第9章 图
程序9.1 Graph类

template<class T>

class Graph

{

public:


    virtual ResultCode Insert(int u,int v, T& w)=0;

    virtual ResultCode Remove(int u,int v)=0;

    virtual bool Exist(int u,int v)const=0;

virtual int Vertices()const {return n;}

   (
protected:

    int n,e;

};

程序9.2 MGraph类

template<class T>

class MGraph:public Graph<T>

{

public:


   MGraph(int mSize,const T& noedg);


  ~MGraph();

    ResultCode Insert(int u,int v, T& w);

    ResultCode Remove(int u,int v); 

    bool Exist(int u,int v)const;

           (
protected:

   T**a;

   T noEdge;

};
    程序9.3 构造函数和析构函数
template<class T>

MGraph<T>::MGraph(int mSize, const T& noedg)             

{


n=mSize;e=0;noEdge=noedg;


a= new T*[n];


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



a[i]=new T [n];



for (int j=0;j<n;j++) a[i][j]=noEdge;



a[i][i]=0;


}

}

template<class T>

MGraph<T>::~MGraph()

{

    for(int i=0;i<n;i++) delete []a[i];

    delete []a;

}

程序9.4 边的搜索、插入和删除

template<class T>

template<class T>

bool  MGraph<T>::Exist(int u,int v)

{

if(u<0||v<0||u>n-1||v>n-1||u==v||a[u][v]==noEdge) return false;


 return true;

}

ResultCode MGraph<T>::Insert(int u,int v, T& w) 

{

if(u<0||v<0||u>n-1||v>n-1||u==v) return Failure;

if(a[u][v]!=noEdge) return Duplicate;

a[u][v]=w; e++; return Success;

}

template<class T>

ResultCode MGraph<T>::Remove(int u,int v)

{

if(u<0||v<0||u>n-1||v>n-1||u==v) return Failure;

if(a[u][v]==noEdge) return NotPresent;

a[u][v]=noEdge;e--; return Success;

}

程序9.5 ENode类

template<class T >

struct ENode

{

 ENode()  { nextArc=NULL; }

 ENode(int vertex,T weight, ENode* next)

 {



adjVex=vertex; w=weight; nextArc=next;

 }

 int adjVex;

 T w;

     ENode* nextArc;

};

程序9.6 LGraph类

template<class T>

class LGraph: public Graph<T>

{

public:

LGraph(int mSize);                

    ~LGraph();

    ResultCode Insert(int u,int v, T& w) ;

    ResultCode Remove(int u,int v) ;

    bool Exist(int u,int v)const ;

         (
protected:

   ENode<T>** a;

};
程序9.7 构造函数和析构函数

template<class T>

LGraph<T >::LGraph(int mSize)

{                

n=mSize;e=0;

a=new ENode<T>* [n];

for (int i=0;i<n;i++) a[i]=NULL;

}

template<class T>

LGraph<T >::~LGraph()

{


ENode<T>* p,*q;

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


p=a[i];q=p;


while (p) {



p=p->nextArc;delete q;q=p;


}

}

delete[] a;

 }
程序9.8 搜索、插入和删除函数

template<class T>

bool LGraph<T >::Exist(int u,int v)const

{


if(u<0||v<0||u>n-1||v>n-1||u==v) return false;

   ENode<T>* p=a[u];


while (p&& p->adjVex!=v) p=p->nextArc;


if (!p) return false;


else return true;

}

template<class T>

ResultCode LGraph<T >::Insert(int u,int v, T& w) 

{



 if(u<0||v<0||u>n-1||v>n-1||u==v) return Failure;

    if(Exist(u,v))return Duplicate;

 
 ENode<T>* p=new ENode<T>(v,w,a[u]);

    a[u]=p;e++;

    return Success;

}

template<class T>

ResultCode LGraph<T >::Remove(int u,int v)

{


if(u<0||v<0||u>n-1||v>n-1||u==v) return Failure;

   ENode<T>* p=a[u],*q=NULL;


while (p&& p->adjVex!=v){



q=p;p=p->nextArc;


}


if (!p) return NotPresent;


if (q) q->nextArc=p->nextArc;


else a[u]=p->nextArc;


delete p;e--;


return Success;

}
    程序9.9 ExtLGraph类

template <class T>

class ExtLGraph: public LGraph<T>

{

public:

  ExtLGraph(int mSize):LGraph<T>(mSize){}             //调用父类的构造函数


 void DFS();


 void BFS();

     (
private:


void DFS(int v,bool* visited);


void BFS(int v,bool* visited);

     (
};

程序9.10  DFS算法

template<class T>

void ExtLGraph<T >::DFS()

{

bool* visited=new bool [n];

for(int i=0;i<n;i++) visited[i]=false;

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


         if (!visited[i]) DFS(i,visited);

delete[]visited;

}
template<class T>

void ExtLGraph<T >::DFS(int v,bool* visited)

{

    visited[v]=true;cout<<" "<<v;

    for (ENode<T> *w=a[v]; w; w=w->nextArc)

       if (!visited[w->adjVex]) DFS(w->adjVex,visited);

}

程序9.11 BFS算法

template<class T>

void ExtLGraph<T >::BFS(int v, bool* visited)

{

   SeqQueue<int> q(QSize);

   visited[v]=true; cout<<" "<<v;

   q.EnQueue(v);

   while (! q.IsEmpty()){

     q.Front(v);q. DeQueue();

     for (ENode<T> *w=a[v];w;w=w->nextArc)   

        if (!visited[w->adjVex]){


   visited[w->adjVex]=true;cout<<" "<< w->adjVex;


   q.EnQueue(w->adjVex);

       }

   }
}

程序9.12 CalInDegree函数

template<class T>

void ExtLGraph<T >::CalInDegree(int* InDegree)

{


 for(int i=0;i<n;i++) InDegree[i]=0;       //对InDegree数组初始化


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



for(ENode<T>* p=a[i];p;p=p->nextArc)  //检查以顶点i为尾的所有邻接点




InDegree[p->adjVex]++;           //将顶点i的邻接点p->adjVex的入度加1

}

程序9.13 拓扑排序C++程序

template<class T>

void ExtLGraph<T >::TopoSort(int* order)
{

     int* InDegree=new int[n];
       


 int i,j,k,top=-1;                             //置栈顶指针为－1，代表空栈


 CalInDegree(InDegree);                        //(1) 计算每个顶点的入度


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



 if (!InDegree[i]){InDegree[i]=top;top=i;} //(2) 图中入度为零的顶点进栈


 for (i=0;i<n;i++) {                            //(3)生成拓朴序列



if (top==-1) throw  HasCycle;              //若堆栈为空，表示图中存在有向环



else {



    j=top;top=InDegree[top];               //入度为零的顶点出栈



    order[i]=j;cout<<j<<' ';               //order[i]＝j，输出顶点j



    for (ENode<T>* p=a[j];p;p=p->nextArc){ //检查以顶点j为尾的所有邻接点

             k=p->adjVex; InDegree[k]--;        //将j的出邻接点k的入度减1


        if (!InDegree[k])

{InDegree[k]=top;top=k;}    //顶点k入度为零时进栈



    }//endfor



}//endelse


 }//endfor

}

程序9.14  Earliest函数
template<class T>

void ExtLGraph<T >::Earliest(int* earliest,int* order)

{


 for(int i=0;i<n;i++)earliest[i]=0;

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



 int k=order[i];



 for (ENode<T>* p=a[k];p;p=p->nextArc)



     if (earliest[p->adjVex]<earliest[k]+p->w)//计算earliest[k]



     
 earliest[p->adjVex]=earliest[k]+p->w;


   }

   }
程序9.15 Latest函数

template<class T>

void ExtLGraph<T >::Latest(int* latest,int* order,int longest)

{


  for (int i=0;i<n;i++) latest[i]=longest; 

     for (i=n-2;i>-1;i--){

        int j=order[i]; 

        for (ENode<T>* p=a[j];p;p=p->nextArc) 



   if (latest[j]>latest[p->adjVex]-p->w)



         latest[j]=latest[p->adjVex]-p->w;

     }

 }
    程序9.16 普里姆算法C++程序

template<class T>

void ExtLGraph<T >::Prim(int k,int* nearest,T* lowcost)

{

   bool* mark=new bool[n];


  ENode<T> *p;

   if (k<0||k>n-1) throw OutofBounds;

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

        nearest[i]=-1;mark[i]=false;

        lowcost[i]=INFTY;

   }

   lowcost[k]=0; nearest[k]=k; mark[k]=true;    // 源点k加入生成树 

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

       for(p=a[k];p;p=p->nextArc){              //修改lowcost和nearest的值




int j= p->adjVex;




if ((!mark[j] )&&(lowcost[j]>p->w)){





 lowcost[j]=p->w; nearest[j]=k;   

             }

          }

       T min=INFTY;                              //求下一条最小权值的边

       for (int j=0;j<n;j++)   //求不属于树中的顶点中，具有最小lowcost的顶点k

          if ((!mark[j])&&(lowcost[j]<min)){




    min=lowcost[j]; k=j;

          }

       mark[k]=true;                              //将顶点k加到生成树上

  }   

}     
程序9.17 克鲁斯卡尔算法C++程序

template <class T>

void ExtLGraph<T>::Kruskal(PrioQueue<eNode<T> >& pq)

{  //优先权队列 pq中保存无向图边集

eNode<T>  x;


UFSet s(n);                       // 建立一个并查集

int u,v,k=0;    

    while (k<n-1 && !pq.IsEmpty()){


    pq.Serve(x);                  //从优先权队列pq中取出最小代价的边x=(u,v,w) 

    u=s.Find(x.u); v=s.Find(x.v);


    if (u!=v){                     // 如果边的两个端点不在同一子集合



s.Union(u,v); k++;        //合并两个子集u和v,将边(u,v)加入生成树



    cout<<"("<<x.u<<","<<x.v<<","<<x.w<<") ";                 



}


}


if (k<n-2) throw NonConnected;      // 表示原图不是连通图

}

程序9.18 迪杰斯特拉算法C++程序

template <class T>

int ExtMGraph<T>::Choose(int* d, bool* s)

{

   int i,minpos; T min;

   min=INFTY; minpos=-1;

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

     if (d[i]<min &&!s[i]){

          min=d[i];minpos=i;

     }

   return minpos;

}

template <class T>

void ExtMGraph<T>::Dijkstra(int v,T* d,int* path)

{


 int i,k,w;



 if (v<0||v>n-1) throw OutOfBounds;


 bool *s=new bool[n]; 

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

       s[i]=false;d[i]=a[v][i];

       if (i!=v && d[i]<INFTY) path[i]=v;

       else path[i]=-1;


 }

    s[v]=true; d[v]=0;

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

            k=Choose(d,s);s[k]=true;       //选择当前路径最短者，加入S

       for (w=0; w<n; w++)             //更新d和path
       if (!s[w] && d[k]+a[k][w]< d[w]){     
          d[w]=d[k]+a[k][w]; path[w]=k;


   }


}

}
程序9.19 弗洛伊德算法的C++程序

template<class T>

void ExtMGraph<T>::Floyd(T **d, int **path)

{


  int i,j,k;


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


     for (j=0;j<n;j++){



    d[i][j]=a[i][j];   



    if (i!=j && a[i][j]<INFTY) path[i][j]=i;

            else path[i][j]=-1;


     }

     for (k=0;k<n;k++) 

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

           for (j=0;j<n;j++) 

               if (d[i][k]+d[k][j] < d[i][j] ){

                   d[i][j]=d[i][k]+d[k][j];


                path[i][j]=path[k][j];



            }

}
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