Department of Computer Science and Engineering
National Sun Yat-sen University
Data Structures - Final Exam., Dec. 19, 2022

. Suppose that the preorder of a binary tree is ABC. Please give all possible postorder
sequences with preorder ABC. (10%)

. The following shows a threaded binary tree, where each dotted line is a thread
pointer. Suppose that a new node r will be inserted as the right child of s. Please
draw the threaded binary after r has been inserted. (10%)

. Suppose that there are ten elements, whose hashing function is given in the left table.
The directoryless dynamic hash table is used to insert the above elements, where
each bucket has two slots. Initially, suppose that some elements have been inserted
into the hash table (shown in the right table).

k h(k) k h(k)
A0 | 100000 | B5 | 101101

Al | 100001 | C1 | 110001 00 B4, A0
BO | 101000 | C2 | 110010 01 Al1,B5
Bl | 101001 | C3 | 110011 10 C2, -
B4 | 101100 | C5 | 110101 11 C3, -

(@) Please show the hash table after the next element C5 is inserted. (5%)
(b) Please show the hash table after the next elements C5 and C1 are inserted. (5%)

. (a) Please describe the three properties for the colors of the nodes in a red-black tree
(5%)
(b) Assume that the initial red-black tree is empty. Please draw the tree after the
numbers 25, 15, 10, 50, 70 are inserted into the tree sequentially, and indicate
the node colors (R for red, and B for black). (5%)
(c) Please draw the tree after the numbers 90, 6 are inserted into the above red-
black tree obtained in (b), and indicate the node colors. (5%)

. Explain each of the following terms. (16%)
(@) priority queue

(b) external sorting

(c) linear probing in hashing



(d) splay tree

6. (a) For a B-tree of order m (m-way), how many children are there for each non-root
node? How many children are there for the root node? (6%)
(@) What is difference between a B-tree and B+-tree? (4%)

7. Please draw the tree after 485 and 496 are inserted into the following B tree of order
5. (5%)

395 4320 480

493 506 511

8. Given a searched value x and a difference value n, we want to find the element y
such that | x — y | < n (absolute value of the difference). Write a recursive C/C++
function to count the number of all such y stored in a binary tree, where each node
stores one integer element (not a binary search tree). (12%)

class TreeNode {
int data;  // the number stored in the node
TreeNode *leftChild, *rightChild;

¥

int Count(...) or void Count(...) // x: searched value; n: difference value

{

Please write the body of the function.

}+ // end of Count( )

9. Write a recursive C++ function to perform Quick Sort with nondecreasing order.
You can directly call swap(x,y) to exchange the values of x and y. (12%)

int a[100]; // global array for storing the elements to be sorted.
// ' The sorted elements are still storedinaf| ].

void swap(int &c, int &d) // exchange the values of ¢ and d

{ int temp;

temp=c; c¢=d; d=temp;

b

void gsort(int left, int right) // a recursive function

// left, right: the left and right indexes of a[ ] to be sorted

{

Please write the body of the function.

} // end of gsort ()



Answer:
1. BCA, CBA

2. threaded binary tree

3. hash table

(a)

(b)

Overflow
bucket

000 A0, -

001 Al,B5 ™ Cs5
010 C2, -

011 C3, -

100 B4, -

000 A0, -

001 Al, C1

010 C2, -

011 C3, -

100 B4, -

101 B5, C5




4. Red-black tree
(a) RBI: The root and all external nodes are black.
RB2: No root-to-external-node path has two consecutive red nodes.

RB3: All root-to-external-node paths have the same number of black nodes.

(b)

1. Insert 25

2. Insert 15

3. Insert 10




4. |Insert 50

i E RRr i E Root i i

5. Insert 70

:i E RRb

(c)



6. Insert 90

/. lnsert 6

5.
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6. B-tree
(a) # of children of non-root node: [%] < # children of non-root < m

# of children of root node: 2 < # children of root < m
(b) Btree % — % node(# 7 internal node ¥ leaf node)i’ﬂ’ﬁ For o A
B+tree 9 L @ 5573 *t leaf node(internal node X #5713 F L) o ot #t 5 Bttree
711 leafnode ¥ 2 linked list 8 374 — 42 °

7. B-tree

395 430 480 496

class TreeNode {
int data; // the number stored in the node
TreeNode *left, *right;

¥

int Count(TreeNode *root, int x, int n)

{

int leftC, rightC;
if( root==0)
return 0;  // Return O if the binary tree is empty.
leftC = Count(root->left );
rightC = Count(root->right );
if ( abs(root->data, x) <=n) // the root is an answer
return leftC + rightC +1;
else // the root is not an answer
return leftC + rightC

}+ // end of Count ()

void gsort(int left, int right){
if (left <ritght) {
int 1 = left, j = right + 1, pivot = a[left];
do{
do i++; while (a[1] < pivot);
do j--; while (a[j] > pivot);
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if (i<y) swap(ali], a[j]);
} while (i <j);
swap(a[left], a[j]);
gsort(left, j—1);
gsort(j+1, right);



