Алгоритми и структуре података 2






СИ2АС2
На језику C реализовати бинарно стабло претраживања. Реализација треба да обухвати уметање целобројних кључева у стабло, обилазак стабла по INORDER, PREORDER и POSTORDER поретку, испис садржаја стабла, брисање кључева и брисање стабла. Главни програм треба да илуструје коришћење претходних функција.
/* stack.h */

#ifndef STACK_H
#define STACK_H
typedef struct st 

{

      void **content;

      int top;

      int max_size;

} Stack;

Stack *createStack(int initial_size);

void emptyStack(Stack *);

void eraseStack(Stack *);

int push(Stack *, void *);

void *pop(Stack *);

int isEmptyStack(Stack *);

#endif

	void eraseStack(Stack *s)

{

   if( s ) 

   {

     free(s->content);

     free(s);

   }

}

int push(Stack *s, void *dat)

{

  if( ! s ) return 0;

  if( s->top == s->max_size*9/10 )

  {

  Stack **tmp=(Stack **)realloc(s->content,sizeof(void *)*s->max_size*2);

       if( ! tmp ) return 0;

       s->content = tmp;

       s->max_size *= 2;

  }

  s->content[s->top++] = dat;

  return 1;

}

void *pop(Stack *s)

{

  if( ! s ) return 0;

  if( s->top == 0 ) return 0;

  return s->content[--s->top];

}

int isEmptyStack(Stack *s)

{

  if( ! s )  return 1;

  return s->top == 0;

}



#ifndef QUEUE_H
#define QUEUE_H
typedef struct queue 

{

      void **content;

      int front, rear;

      int max_size;

} Queue;

Queue *createQueue(int initial_size);

void emptyQueue(Queue *);

void eraseQueue(Queue *);

int insertIntoQueue(Queue *, void *);

void *removeFromQueue(Queue *);

int isEmptyQueue(Queue *);

#endif
#include "Queue.h"

#include <stdlib.h>

Queue *createQueue(int initial_size)

{

Queue *ret = (Queue *)calloc(1, sizeof(Queue));

      if( ! ret ) return 0;

      ret->content = calloc(initial_size, sizeof(void *) );

      if( ! ret->content )

      {

            free(ret);

            return 0;

      }

      ret->max_size = initial_size;

      return ret;

}

void emptyQueue(Queue *q)

{

   if( q ) q->front = q->rear = 0;

}

void eraseQueue(Queue *q)

{

      if( q )

      {

            free(q->content);

            free(q);

      }

}

int insertIntoQueue(Queue *q, void *dat)

{

  if( ! q ) return 0;

  if( (q->rear + 1)%q->max_size == q->front )

  {

  void **c = (void **)calloc(q->max_size*2, sizeof(void *));

  int i, j;

     if( ! c )   return 0;

     for(i = 0, j = q->front; j != q->rear; j = (j+1) % q->max_size, i++)

         c[i] = q->content[j];

     q->front = 0; q->rear = i;

     free(q->content);

     q->content = c;

     q->max_size *= 2;

  }

  q->content[q->rear++] = dat;

  q->rear = q->rear % q->max_size;

  return 1;

}

void *removeFromQueue(Queue *q)

{

void *ret = 0;

   if( ! q ) return 0;

   if( q->front == q->rear ) return 0;

   ret = q->content[q->front++];

   q->front = q->front % q->max_size;

   return ret;

}

int isEmptyQueue(Queue *q)

{

   if( ! q )  return 1;

   return q->front == q->rear;

}

#ifndef BINTREE_H
#define BINTREE_H
#include "../Linearne strukture/Stack.h"

typedef struct btNode
{

      int key;

      struct btNode *parent, *left, *right;

} BinTreeNode;

typedef struct binTree
{

      BinTreeNode *root;

      int treeHeight;

} BinTree;

typedef struct btVisitor
{

      BinTree     *tree;

      Stack       *stack;

      BinTreeNode *current;

} BinTreeVisitor;

/* tree creation, emptying and deletion */
BinTree *createBinTree();

void deleteBinTree(BinTree *);

void emptyBinTree(BinTree *);

/* key (node) lookup:

- node equals NULL if key is not found

- parent is the parent node of the node where the key is or should be

returns the level at which the key has been found  */
int findKey(BinTree *, int, BinTreeNode **, BinTreeNode **);

/* key insertion and deletion */
int insertKey(BinTree *, int);

int deleteKey(BinTree *, int);

/* tree visiting */
BinTreeVisitor *createVisitor(BinTree *);

void deleteVisitor(BinTreeVisitor *);

void visitPreOrder(BinTreeVisitor *);

void visitInOrder(BinTreeVisitor *);

void visitPostOrder(BinTreeVisitor *);

/* tree display */
void printTree(BinTree *tree);

void printVisit(BinTree *, void (*visitMethod)(BinTreeVisitor *) );

#endif
/* BinTree.c */

#include "BinTree.h"

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "../Linearne strukture/Queue.h"

BinTree *createBinTree() {

BinTree *bt = (BinTree *)calloc(1, sizeof(BinTree) );

      if( ! bt )  return 0;

      bt->treeHeight = -1;

      return bt;

}

void deleteBinTree(BinTree *bt) {

      emptyBinTree(bt);

      free(bt);

}

void emptyBinTree(BinTree *bt){

   if( bt ) {

   BinTreeVisitor *visitor = createVisitor(bt);

      if( ! visitor )   return;

      visitPostOrder(visitor);

      while( visitor->current ) {

         free(visitor->current);

         visitPostOrder(visitor);

      }

      bt->root = 0;

      bt->treeHeight = -1;

   }

}

int subtreeHeight(BinTreeNode *node) {

   if( ! node )      return -1;

   return 1+max( subtreeHeight(node->left),subtreeHeight(node->right));

}

int treeHeight(BinTree *bt) {

      if( ! bt ) return -1;

      if( ! bt->root ) return -1;

      return subtreeHeight(bt->root);      

}

int findKey(BinTree *tree,int key,BinTreeNode **node,BinTreeNode **parent)

{

int level = 0;

    *node = *parent = 0;

    if( ! tree )      return -1;

    *node = tree->root;

    while(*node)

    {

       if((*node)->key == key) break;

       level++;

       *parent = *node;

       if( (*node)->key > key ) *node = (*node)->left;

       else                     *node = (*node)->right;

    }

    return level;

}

int insertKey(BinTree *tree, int key)

{

   if( ! tree )  return 0;

   else {

   BinTreeNode *node, *parent, *newnode;

   int level = findKey(tree, key, &node, &parent);

      if( node )  return 1;

      newnode = calloc(1, sizeof(BinTreeNode) );

      if( !newnode ) return 0;

      newnode->key = key;

      newnode->parent = parent;

      if( parent ){

          if( parent->key > key ) parent->left = newnode;

          else                    parent->right = newnode;

      }

      else                        tree->root = newnode;

      tree->treeHeight = max(tree->treeHeight, level);

      return 1;

   }

}

BinTreeNode *predecessor(BinTreeNode *node)

{

      if( ! node ) return 0;

      node = node->left;

      while( node && node->right ) node=node->right;

      return node;

}

BinTreeNode *successor(BinTreeNode *node)

{

      if( ! node ) return 0;

      node = node->right;

      while( node && node->left ) node = node->left;

      return node;

}

void linkParent(BinTreeNode *parent, BinTreeNode *node, BinTreeNode *next)

{

   if( parent && node )

   {

        if( parent->left == node )  parent->left = next;

        else                        parent->right = next;

   }

}

int deleteKey(BinTree *tree, int key)

{

   if( ! tree )    return 0;

   else
   {

   BinTreeNode *node, *parent, *succ;

   int level = findKey(tree, key, &node, &parent);

       if( ! node )      return 0;

       if( ! node->left && ! node->right )

       {

           if( parent )  linkParent(parent, node, 0);

           else          tree->root = 0;

           free(node);

       }

       else  if( ! (node->left && node->right) )

       {

       BinTreeNode *next;

           if( node->left )  next = node->left;

           else              next = node->right;

           if( parent )      linkParent( parent, node, next );

           else              tree->root = next;

           return 1;

       }

       else  {

       int tmp;

           succ = successor(node);

           tmp = succ->key;

           succ->key = node->key;

           node->key = tmp;

           if( succ->parent != node ) succ->parent->left = succ->right;

           else                       node->right = succ->right;

           free(succ);

       }

       tree->treeHeight = treeHeight(tree);

       return 1;

   }

}

/* tree display */
void printTree(BinTree *tree) {
      if( ! tree )   return;

      if( ! tree->root )  return;

      else {

      Queue *q = createQueue( (int)pow(2, tree->treeHeight)  );

      int i, line_len = 62;

      int first_skip = line_len, in_between_skip;

            if( ! q )   return;

            insertIntoQueue(q, tree->root);

            for( i = 0; i <= tree->treeHeight; i++ ) {

            int j = 1 << i, k, l;

               in_between_skip = first_skip;

               first_skip = (first_skip-2)/2;

               for( k = 0; k < first_skip; k++) putchar(' ');

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

               BinTreeNode *btn = (BinTreeNode *)removeFromQueue(q);

                    if( btn ) {

                      insertIntoQueue(q, btn->left);

                      insertIntoQueue(q, btn->right);

                    } else  {

                      insertIntoQueue(q, 0);

                      insertIntoQueue(q, 0);

                    }

                    if( btn )  printf("%2d", btn->key );

                    else       printf("  ");

                    for( l = 0; l < in_between_skip; l++) putchar(' ');

                  }

                  putchar('\n');

                  putchar('\n');

            }

            eraseQueue(q);

      }

}

void printVisit(BinTree *bt, void (*visitMethod)(BinTreeVisitor *) ) {

BinTreeVisitor *v = createVisitor(bt);

      if( ! v )  return;

      do {

            visitMethod(v);

            if( v->current ) printf("%3d", v->current->key );

      } while( v->current );

      deleteVisitor(v);

      printf("\n");

}

BinTreeVisitor *createVisitor(BinTree *bt) {
  if( ! bt ) return 0;

  else {

  BinTreeVisitor *ret=(BinTreeVisitor*)calloc(1,sizeof(BinTreeVisitor));

       if( ! ret ) return 0;

       ret->tree = bt;

       ret->stack = createStack(bt->treeHeight*2);

       if( ! ret->stack ) {

           free(ret);

           return 0;

       }

       return ret;

  }

}

void deleteVisitor(BinTreeVisitor *v) {
      if( v ) {

            free(v->stack);

            free(v);

      }

}

void visitPreOrder(BinTreeVisitor *v) {

      if( v )  {

      BinTreeNode *next;

        if( isEmptyStack(v->stack) && v->current && !v->current->left) {

           v->current = 0;

           return;

        }

        if( ! v->current ) push(v->stack, v->tree->root);

        next = (BinTreeNode *)pop(v->stack);

        v->current = next;

        if( next ) {

            if( next->right ) push(v->stack, next->right);

            if( next->left )  push(v->stack, next->left);

            }

      }

}

void visitInOrder(BinTreeVisitor *v) {

   if( v ) {

   BinTreeNode *next;

        if( isEmptyStack(v->stack) && v->current ) {

            v->current = 0;

            return;

        }

        if( ! v->current ) {

            next = v->tree->root;

            while( next ) {

              push(v->stack, next);

              next = next->left;

            }

        }

        next = (BinTreeNode *)pop(v->stack);

        v->current = next;

        next = next->right;

        while(next){

            push(v->stack, next);

            next = next->left;

        }          

  }

}

void visitPostOrder(BinTreeVisitor *v) {
  if( v ) {

  BinTreeNode *next;

      if( isEmptyStack(v->stack) && v->current ) {

          v->current = 0;

          return;

      }

      if( ! v->current ) {

          next = v->tree->root;

          while( next ) {

             push(v->stack, next);

             push(v->stack, next);

             next = next->left;

          }

      }

      while( ! isEmptyStack(v->stack) )

      {

          next = (BinTreeNode *)pop(v->stack);

          if( next ) {

              push(v->stack, 0);

              next = next->right;

              while(next)  {

                 push(v->stack, next);

                 push(v->stack, next);

                 next = next->left;

              }

          }  else {

              next = (BinTreeNode *)pop(v->stack);

              v->current = next;

              return;

          }

      }

      v->current = 0;

  }

}

/* BinTreeMain.c */

#include <stdio.h>

#include "BinTree.h"

void main(void) {

BinTree *tree = createBinTree();

      insertKey(tree, 21);  insertKey(tree, 15);

      insertKey(tree, 5);   insertKey(tree, 22);

      insertKey(tree, 18);  insertKey(tree, 31);

      insertKey(tree, 48);  insertKey(tree, 12);

      insertKey(tree, 43);  insertKey(tree, 26);

      insertKey(tree, 55);

      printTree(tree);

      printf("Preorder: "); printVisit(tree, visitPreOrder);

      printf("Inorder: ");  printVisit(tree, visitInOrder);

      printf("Postorder: ");printVisit(tree, visitPostOrder);

      deleteKey(tree, 5);

      printTree(tree);

      deleteBinTree(tree);

}
