CS3334 - Data Structures
Lab 4
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* Tree Exercises
 Assignment 757: Huffman Code
* Assignment 756: Max-Heap



Exercise 1 for Tree
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What’s the@ of nodel6? 2
What's the|height| of node@? |
What is the‘depth of node(6P |
What's the depth pf node @? 2

What's the|preorder traversal of the tree?



Exercise 2 for Tree

* Create a binary search tree according to the inputlinsertioﬂ
sequence:

{3I 5) OI 2) 7) 6) 8’ 9) 4) 1}'
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Step 1: input sequence {3,5,0,2,7,6,8,9,4,1} Step 2: input sequence {5,0,2,7,6,8,9,4,1} Step 3: input sequence {0,2,7,6,8,9,4,1} Step 4: input sequence {2,7,6,8,9,4,1} Step 5: input sequence {7,6,8,9,4,1}

Step 6: input sequence {6,8,9,4,1} Step 7: input sequence {8,9,4,1} Step 8: input sequence {9,4,1} Step 9: input sequence {4,1}

Step 10: input sequence {1}



Binary Search Tree - Deletion

\%\a node in a BST: void Mytree::delete(TreeNode* node)
Case 1: Case 2: Case 3:

To delete a(‘ leaf node To delete a node that has To delete a node
(Msubtree (left or right)) thatlhas@ubtreeg?

» Set the parent node’s « Set the parent’s child pointer
child pointer to NULL to root of unwanted node’s : >
More complicated

subtree (left or right).




Binary Search Tree - Deletion

Delete a node in a BST: void Mytree::delete(TreeNode* node)

Case 3:
To delete a node that hasé}subtrees

Replace its value by its inorder
successor: |t \eost (Wjev w(me> 9

|The inorder successo is the|leftmost]

node of right subtree. <Bg

Delete the successor in turn:




Exercise 2 for Tree
[Tnput]

S

 Then delete 3|from the constructed binary search tree.

‘Leftmost'node of/right subtree




Exercise 3 for Tree

* What's the running time for the function “countleaf”?

Example:

ANULL binary | A tree with 5 @ @
tree has 0 leaf | 1 node has | No. of No. of

node 1 leaf node | leaf nodes =1 | leaf nodes =3

@A)

<,

{

/[To count the number of leaf nodes
int Mytree::count_leaf(TreeNode* p)
~——

if (p == NULL)
return(0);

else if ((p->left == NULL) && (p->right == NULL))

return(1);
else

return(count_leaf(p->left) + count_leaf(p->right)); \;"\w
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Exercise 4 for Tree

 Reconstruct the binary tree whose postorder and inorder are
as follows.
— Postorder: BDFECA
— Inorder: BACDFE

T
| preordertraversal

linordertraversal | postordet traversal

Visit the root

<ﬂ

Traverse the
left subtree

Traverse the
left subtree

V

<ﬂ

Visit the root

Traverse the

Traverse the
left subtree

<ﬂ

V

Traverse the

right subtree

#

Traverse the

right subtree

<ﬂ

right subtree

v

Visit the root

|



Exercise 4 for Tree

 Reconstruct the binary tree whose postorder and inorder are

as follows. 2

Y

— |Postorder BDFE@@ /\
— Inorder: B@CDFE

(@vian

preorder traversal

inorder traversal  postorder traversal

Visit the root

Traverse the
left subtree

Traverse the
left subtree

~~

¢
«

Traverse the
left subtree

Visit the root

Traverse the
right subtree

(
(
(

Traverse the
right subtree

Traverse the
right subtree

Visit the root

G
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Exercise 5 for Tree

* Showing the postorder traversal of the binary tree with
preorder and inorder shown as follows.

—KPreordeig:@BCDE> O A O A

— Inorder: BDACE @)g \CE %/ 2

S,

inorder traversal

—
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preorder traversal postorder traversal

Visit the root

(
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Traverse the
left subtree

Traverse the
left subtree
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Visit the root

Traverse the
right subtree

¢
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¢

Traverse the
right subtree

Traverse the
left subtree

Traverse the
right subtree

Visit the root




Exercise 6 for Tree i fom Y0 0 -t e

‘ O The logth of e witpe |
e find the@ﬁ\lode “ptr” in a binary tree with root node

“root”. Using the recursive function

struct Node {
int data;
struct Node *left, *right;
Y E%vYE@uéVQ/wMC
7\

int level (Node* root, ﬁgggi_ggr, int lev) {

}




Exercise 6 for Tree

* find the level of Node “ptr” in a binary tree with root node
“root”. Using the recursive function.

struct Node {
int data;
struct Node *left, *right;

D a/\‘MWb \J'&@'\’IJ

int level (Node* root, Node* ptr, int lev) {
—_———

b

/\/-/‘}\ S ! Qja/q\{ewb love | a]L Yook
IS LAX 'Y\G’K"Q“ if (root == NULL) '(IN%@C

return 0O;
if (root == ptr)
return lev;

// Return level if Node is present in left subtree
int 1 = level (root->left, ptr, lev + 1);
[if (I T=0)

return l;x X ’ﬁL‘OL n /Q’{t Sultree

// Else search in right subtree
return level (root->right, ptr, lev + 1);




757: Huffman Coding

Description

Huffman code is a particular type of optimal prefix code that is commonly used for
lossless data compression. Th@ of Huffman coding is quite simple:
encodefrequently used symbols with\ﬂmr/b_@.

Huffman code is produced from the Huffman tree, which is a binary tree.

Initially, we extract the frequency (occurrence count) of each symbol from the text file.
In each step, we merge two sub-trees of the least frequency into a new binary tree,
until the final binary tree is constructed.

For each symbol, its Huffman code is the path from the root to the symbol node where

we encode left-tree as ‘0’ and right-tree as ‘1.



757: Huffman Coding (cont.)
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757: Huffman Coding (cont.)

Description

In this question, given the frequency of each symbil, can you caIcuIater
weighted Iength\of the Huffman code of{all symbols?

For example the weighted length of the above Huffman tree is:
15x1+7x3+6x3+6x3+5%3=87

The Huffman tree might not be uniqgue when more than two symbols have the same
frequency. However, the weighted length is always the same. In the example of four
symbols with frequencies {3, 4, 7, 7}, two possible Huffman trees could be constructed

as follows:
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Weighted length = 3X3+4 X347 X2+7X1 =42 Weighted length = 3X2+4X2+7X247X2 =42




757: Huffman Coding

Input_
The input contains multiple test cases.

Each test case begins with one integer/n)(0 < n < 100000), indicating the number of
symbols. -

The following line givesﬁ@m gers f1, f2, ..., fnrepresenting the frequency of
each symbol where 1 < fi <1000.

e

Output

For each test case, print the total weighted length of the Huffman codes in a separate
line.



757: Huffman Coding
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/56: Max-Heap

Description

Heap is a specialized tree-based data structure that satisfies the\heap propertﬂ

. if@is a parent node of C, then the key (the value) of P is either > (in a max
heap) or < (in a min heap) the key of C.

The node at the{"top"] of the heap (with no parents) is called t_he’rmgole.
Inlbinary-tree based hea?, it can be implemented via an array with property:

_——  ——

if a node in the binary tree has|index i| then its two children have index 2i, 2i+1
respectively. The following is an example of a Max-Heap: -

Index 1 2 3 4 5 6 7 8 9 10
Value 77 61 59 48 19 11 26 15 1 5




/56: Max-Heap

Description

There are two main operations on heap:

{Insert b new key: append new key to thelend of the array, and then(adjustthe heap

|PF|:T]'oot node: replace the root by the last node in the array, and then adjust the

hea
p — N — Insert: Initially,
':\2_[_)4: "\‘3_0{' '2_@' heap size is 5. We
/ \\ / U‘O\‘ / \\_ insert X in to
ii\ r::z:x .ﬁ 5;1 {:2) r\/l 5:'. (_j array[6], and
= - [ ‘ J,f - N f.-"' continue swapping
p L'\ ) Py \ /L'_\ the node (x) with its
14) 1|()\| G4 Go) \ X ) farther node if x>
L LR L~ 2 -y
farther.key (adjust)
- = op: Initially
- -\'l I OI
\2[){'\ = heap size is 5. We

replace the root
node by the last
| node (x=10) in the
NN (14) 00 array (pop). Then
fl _\-' ‘i_())' 4 OLW\ 0 continue
swapping the new
node (x=10) with
the children node
if  x<child.key
(adjust)

v 3
Y
L\\
s
=/
L.J/}’

ra )

R
e
'{.'_h_./'
P '
oV




/56: Max-Heap

In this question, you need to implement the data structure of Max-Heap with
functions insert() and pop().
Libraries such as <algorithm> <queue> already implements the heap

(make_heap in <algorithm>, priority queue in <queue>), therefore you are not
allowed to Use these libraries.” /.

Input
The input contains multiple test cases.

Each test case begins with one integer n (0 < n £ 100000), indicating the
number of operations. The following n lines give the operations on the heap,
each line follows the format:

@K@a new number k to the heap, 1<k<1000.

“p”{popremove) the root node of the heap.
”ﬂ:@@the sum of all numbers in the heap.

~——
It will guarantee that the heap is not empty when encountered with pop

operation.



/56: Max-Heap

Sample input Sample output

13 184

Output a6l 4

., n al 5

For each “r” operation, 277

. . . alo
print the sum in a separate line. |,
al5s
a59
a5
a4s
all

Y

p
r

8
a5

Index 1 2 3 4 5 6 7 8

Value 77 61 59 48 19 11 26 15
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