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Tree

* Tree consists of nodes and edges
Edge has direction (Directed Edge)

A is the parent of B when there’s an edge from A
to B

« Each node has only one parent
(Except root, which has no parent)

* Tree with v nodes has v — 1 edges

o
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Tree Implementation : Use array to store children

class node {
T data;
node *children[4];

};
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Tree Implementation : Use list to store children

e Store link to the left most child
« Each child link to the next child

GG
® © @®
class node({

node *leftChild;
node *nextSibling;

};
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« Each node has two children: left and right

& - A

.||——
IH—

class node {
T data;
node *left, *right;

node (T data, node *left, node *right)
data (data) , left(left), right(right)

{}

bool islLeaf () {
return left==NULL && right==NULL;

};

© S. Prasitjutrakul 09/10/66 6



Huffman Code

Al S “lulald L o
24116(15|111| 8 |4 | 4 | 4 | 4 |4 | 2| 2 | 2

0000|0001 |{0010|1010|0011|0100|0101|0110|0111|1000|1001 10111100
11 | 010 | 00O | OO1 |0110/01110/01111|1000 1001 |10100(10101/10110(10111

4x(24+16+15+11+8+4+4+4+4+4+2+2+2) = 400 bits

2 x 24 + A

variable-length code 3x (16 + 15 + 11) +
_ 4x(B8+4+4)+
prefix-free code S5x(4+4+4+2+2+2)

> = 328 bits

No code is a prefix of another code
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How to find Huffman code?

100
0 1
0 1 0 1
0 1 0 1
0 1 0 1
) L) (e
0 1 0 1 0 1 0 1 0 1

15 ["11] [0:16] [u:8][a:4][ﬂ:4][u:4 [ L:4 ][ “4] [ a:2][:¢:2 ][ -:::f'::?:z] [n:24]
000 001 010 0110 0111001111 1000 1001 10100101011011010111 11
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huffman tree

class huffman tree {
class node ({ u |21 an
public: ‘/ \
char c;
int freq;
node *left, *right;

node (char ¢, int freq, node *left, node *right)
c(c), freg(freq), left(left), right(right)
{}
};

node *root;
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huffman tree: ctor

class huffman tree {

class node { ... } N |21 /1N
node *root; " \
public:

huffman tree(char c[], int £f[], size t n) {
class freq comp {
public:
bool operator () (node *a, node *b) {
return a->freq > b->freq;
}
};
priority queue<node*,vector<node*>, freq comp > h;
for (size_t i=0; i<n; ++i) {
h.push (new node(c[i], £[i], NULL, NULL))
}
for (size_t i=0; i<n-1; ++i) {
node *nl = h.top(); h.pop()
node *n2 = h.top(); h.pop()
h.push (new node('*', nl->freq+n2->freq, nl, n2));

}
root = h.top()
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huffman tree: dtor

class huffman tree {

AAAe *root; K/ \\

public:
huffman tree(char c[], int f[], int n) { ... }

~huffman tree() ({

delete _all node( root );
}

void delete all nodes (hnode *r) ({
if (r == NULL) return;
delete_all nodes(r->left);
delete_all nodes(r->right);
delete r;
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Expression Tree

« Represent expression as tree
« Leaf: operand
* Inner Node : operator

5 +y * 4

@{ S [ ] * [y
L L

@ ‘Y L] 4 1]

LL LL
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Expression Tree Construction

e Operand: push to stack

« Operator: pop two nodes from stack to be the
children of the new node, then push to stack

© S. Prasitjutrakul

infix : 5
postfix : 5

+ y * 4
y 4 *

fffff
/

|

/]
K/

7
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expression_tree

node *expression tree(string &infix)
string postfix = infix2postfix(infix);
stack<node*> s;
for (size t i=0; i<postfix.size(); i++) {
char token = postfix[i];
if (!'isOperator (token)) {
s .push (new node (token, NULL, NULL))
} else {
node *right = s.top(); s.pop():
node *left = s.top(); s.pop():
s .push (new node (token, left, right))

}
}

return s.top();
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Binary tree: recursive view

* Binary tree is
— Empty tree (NULL) or
— A node with binary trees as left and right children

-

Binary
Tree
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Counting number of nodes

L=

numNodes

yA lree A\

k® numNodes + numNodes

int numNodes (node *r) {
if (r == NULL) return O;
return 1 + numNodes (r->left)
+ numNodes (r->right) ;
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Finding height
C-1f A
A\ _

Gheight,

maX( , height | , height )

k Lree Lree

int height (node *r) {
if (r == NULL) return -1;
return 1 + max(height(r->left),
height (r->right)) ;
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Copying Tree

node *rr = copy(r):
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Copying tree (Recursive View)

© S. Prasitjutrakul

right

node *copy(node *r) {
if (r == NULL) return NULL;
node *rL = copy(r->left);
node *rR = copy(r->right) ;
return new node (r->data, rL, rR);
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Tree traversal

* Tree traversal: mechanism to visit all nodes
In the tree once per node
— Preorder (wuvunoua®u) B,C E D,FG,H
— Inorder (ruusnua6Y) E,C, B FG,D,H
— Postorder (wuuwnasaieu) E,C, G, FH,D,B
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Expression tree traversal

* Preorder traversal => Prefix expression
 |norder traversal => Infix expression
» Postorder traversal => Postfix expression
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Tree traversal with node x as root

e Preorder void preorder (node *x) {
if (x == NULL) return;
visit (x->data) ;
preorder (x->left) ;

— Visit X
— traverse left

— traverse right preorder (x->right) ;

* |norder J void inorder (node *x) {
— traverse left if (x == NULL) return;
— Visit x inorder (x->left) ;

— traverse right visit(x->data);

 Postorder
— traverse left

inorder (x->right) ;

uvoid postorder (node *x) {

_ if (x == NULL) return;
— traverse I’Ight postorder (x->left) ;
— VISIt X postorder (x->right) ;

visit (x->data) ;
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Expression tree evaluation

* Need to know the values of children first
« Similar to postorder traversal

Ol
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Expression Tree Evaluation

© S. Prasitjutrakul

if

if
if
if
if
if

float eval (node *r) {

(r == NULL) return O;
if (r->isleaf()) return (r->data -
float vLieft = eval (r->left);

float vRight = eval (r->right);

(r->data
(r->data
(r->data
(r->data
(r->data

|+l)
|_v)
|*v)
l/v)

lA')

return
return
return
return
return

vieft +
vieft -
vieft *
vieft /

VOI);

vRight;
vRight;
vRight;
vRight;

pow (vLeft, vRight) ;

exit(-9); // Should never reach this line
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Differentiation

f () =(X*+2)x
f'(x) =(x*+2)-1+ x-(2x+0)

=3X° +2
* + +
+/ \x */ \* / \
/\2 N\ /N /*\ 2
A + 1 x +
/N / N\ RN 3 /A\
X 2 A 2 * 0
/ N\ /\ x 2
x 2 p 4

£ diff (£) simplify (£)
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Rules

(u(x) + v(x))' =u'(X)+V'(X)

(u (x)v(x)) =v(Xx)u’(x) +u(x)v'(x)
(U(X)j V(X)u'(X) — U(X)V (X)
vV(X) (V(x))
( u(x) C) =C(u(x)) " u'(x)
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Derivative of expression trees: +, *

/\

‘ / AN
u(x) V(X) AAA
+

(u(x) +v(x))' =U'(X) +V'(x)
487 (ALA

(u(x)v(x) =v(X)u’(X) +u(x)v'(x)
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Derivative of expression tree : ©

((u(x))c )’ = C(u(x))C_lu’(x)
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Derivative of expression tree : /

I T
ALLAS

u(x) v(x)u (X) —u(x)v’ (x)
V(X) (V(x))’
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Example of expression tree differentiation
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Differentiation

node *diff (node *r) {
if (r == NULL) return NULL;
char s = r->data;
if ( r.isLeaf () ) {

r->data = (s == 'x' ? '1l' : '0'");

} else {
if (s == '+') r = diffSum(r) ;
else if (s == '-') r = diffSum(r);
else if (s == '*') r = diffPow(r);
else if (s == '*') r = diffMult(r);
else if (s == '/') r = diffDiv(r);

}

return r;
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Differentiation : +, *

node *diffSum(node *r) { '
r->left = diff (r->left); (U(X)+V(X)) =u'(X)+V'(X)
r->right = diff (r->right);
return r; 2 )

} N

tlx
node *diffMult(node *r) ({ N dv

u/ v/\du
node *u = copy(r->left);
node *v = copy(r->right) ;
node *du = diff (r->left);
o /

node *dv diff (r->right) ;
node *tl new node('*', u, dv);
node *t2 = new node('*', v, du);
return new node('+', tl, t2);

(u(x)v(x))' =v(x)u’(x) +u(x)v'(x)
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Put everything into code

char infix[100];

scanf ("%$s", infix);

node *r = newExpressionTree (infix) ;
printInorder (r); printPostorder(r) ;
r = diff(r);

r = simplify(r);

printInorder (r); printPostorder(r) ;

infix = " (x*242) *x"
*\\ + +
v x N /N
* * * 2
/N /N 7\ VAN
A 2 + 1 x + 3 A
/N / N\ RN 77N\
x 2 A 2 * 0
VAR \ x 2
x 2 X

r diff (r) simplify(r)
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» Tree Is a kind of data structure
» Can be constructed by linking nodes

» Binary tree Is a tree whose nodes has 2 children
» Tree consists of small trees

» Most operations can be naturally expressed with
recursive functions

» Tree operations can be done by preorder, inorder, or
postorder traversal
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