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6.1 General Tree Definitions and Terminology

General Trees

A Tree is a finite set of n (n>0) nodes such that

* One and only one node R, is called the root of
T.

 The remaining nodes are partitioned into
m(m=0) disjoint subsets Ty, T;.....T,, 1, each of
which is a tree, and whose roots Ry, R;.....R, 1,
respectively, are children of R.

e The subsets T, (0<i<m) are said to be subtrees
of T.



6.1 General Tree Definitions and Terminology

General Trees

Root R
Ancestors of V

Parent of V

S1 S2

L Siblings of V

“¥~ Subtree rooted at V

Children of V



6.1 General Tree Definitions and Terminology

General Trees

A node’s out degree is the number of children for
that node.

— Out degree of node D is 3.

A forest is a collection of one or more trees.
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6.1 General Tree Definitions and Terminology

General Tree Node

// General tree node ADT
template <typename E> class GTNode {

public:
E value () ; // Return value
bool isLeaf () ; // TRUE if is a leaf
GTNode* parent () ; // Return parent

Y

GTNode* leftmostChild(); // First child
GTNode* rightSibling(); // Right sibling

void
voild
voild
voild
voild

setValue (E&) ; // Set wvalue
insertFirst (GTNode<E>*) ;

insertNext (GTNode<E>*) ;
removeFirst(); // Remove first child
removeNext (); // Remove sibling



6.1 General Tree Definitions and Terminology

General Tree ADT

// General tree ADT

template <typename E> class GenTree {

public:
void clear () ; // Send nodes to free store
GTNode<E>* root () ; // Return the root

//Combine two subtrees
vold newroot (E&, GTNode<E>*, GTNode<E>*) ;

void print(); // Print a tree

Y



6.1 General Tree Definitions and Terminology

General Tree Traversal

Preorder: First visit the root of the tree, then
performs a preorder traversal of each subtree
from left to right;

Postorder: First performs a postorder traversal of
the root’s subtrees from left to right, then visit
the root;

Inorder traversal does not have a natural
defination. (R)



6.1 General Tree Definitions and Terminology

Preorder traversals
ABEFCDGHIJK

Postorder traversals

EFBCIJKHGDA

Level traversals
ABCDEFGHIJK




6.1 General Tree Definitions and Terminology

General Tree Traversal

//Print using a preorder traversal
void printhelp (GTNode<E>* root) {

/ /i AR

if (root->isleaf()) cout << "Leaf: ";

else cout << "Internal: ";

cout << root->value () << "\n";

/[ MBI T5 1) 25114

for (GTNode<E>* temp =root->leftmostChild() ;
temp != NULL;
temp = temp->rightSibling()) G’

printhelp (temp) ; c' c,
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6.2 The Parent Pointer Implementation

Parent Pointer Implementation
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6.2 The Parent Pointer Implementation

Parent Pointer Implementation

Advantages: Can answer the following question
easily: Given two or more nodes, are they in the
same tree?

Disadvantages: It is inadequate for such important
operations as finding the leftmost child or the

right sibling (R) (W)
for a node.
() (®) ‘ z b

Parent’s Index 0|01 1 1 ]|@ 717
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6.2 The Parent Pointer Implementation

ADT for parent pointer
Implementation

Class ParPtrTree/(
Private:
int* array;
int size:
int FIND (int) const;//Find root
Public:
ParPtrTree (int) ;
~ParPtrTree () {delete[] array;}
void UNION (int, int)//Merge equivalences
bool differ (int,int)//TRUE if not in same tree
I



6.2 The Parent Pointer Implementation

Implementation of Find()

int ParPtrTree::FIND (int curr) const/{
while (array[curr]!=RO0T)
curr = arraylcurr];

return curr;

BRI A -1, ROOT=-1 . OmO

e.g. FIND(4)

curr: 4->1->0 o o G °

Parent’s Index 0|01

Label | R|A|B|C|D

Nodelndex 0 1 2 3

G| TN




6.2 The Parent Pointer Implementation

Implementation of differ()

The parent pointer representation is good for
answering:

— Are two elements in the same tree?

// Return TRUE if nodes in different trees
bool ParPtrTree::differ (int a, int b) {
int rootl = FIND(a); // Find root for a
int root2 = FIND (b); // Find root for b

return rootl != root2; // Compare roots



6.2 The Parent Pointer Implementation

Implementation of Union()

//Merge two subtrees
vold ParPtrTree::UNION (1nt a, int b) {
int rootl FIND(a); // Find root for a
int root2 = FIND(b); // Find root for b
if (rootl != root2) array[root2] = rootl;
//root2 as a subtree of rootl

R )= w

e.g. UNION(4,9)
root1=0; o e

root2=7; (c)(®)(e) (F)

array|[7]=0;

Parent’s Index 0 111111207 |7 |7
Label RIA|B|C|D|IE|F|W|X|Y|Z
NodeIlndex 0 1 3 4 5 6 7 8 9 10



6.2 The Parent Pointer Implementation

Equivalence Classes(F & 4E)

« Consider the problem of assigning the
members of a set to disjoint subsets called

equivalence classes.

« Examples of equivalence classes:
— Connected components in graphs

When two nodes are connected, they are said to
be equivalent.

— Point clustering



6.2 The Parent Pointer Implementation

Equiv Class Processing (1)
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6.2 The Parent Pointer Implementation

Equiv Class Processing (2)
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6.2 The Parent Pointer Implementation

Weighted union

Keep the depth small. % ﬁ
Weighted union rule:

Join the tree with (A, B), (C, H), (G, F), (D, E), and (I, F).

fewer nodes to the

tree with more nodes

by making the smaller E) @) &) (U &
tree’s root point to the

root of the bigger tree. (H, A) and (E, G)



6.2 The Parent Pointer Implementation

Path Compression

Path compression is a method that tends to create
extremely shallow(# 7)) trees.
— First, find the root of node X. Call this root R.
— Reset the parent of every node on the path from
X to R to point directly to R.
Note: Path compression takes place during FIND.
|

:0@:0 ©

& b ® O O ©



6.2 The Parent Pointer Implementation

Path Compression

int ParPtrTree::FIND (1int curr) const {
if (arrayl[curr] == ROOT) return curr;
array|l[curr] = FIND (array[curr]);
return arrayl[curr];

} //With path compression

This FIND can: (1)returns the root of curr node, (2)makes all

ancestors of curr node point to the root.
e.g. UNION (7, 4) BI&JF (H,E)

=P FIND (7), FIND (4) ° @

)
() (© (4

olo|5|5 505 @oee



6.2 The Parent Pointer Implementation

Path Compression

e.g. UNION (7,4) (&2)
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6.2 The Parent Pointer Implementation

Application of Eqiv. Class(1)

* Problem 1: How many tables

Today is Smith's birthday. He invites a lot of friends. Now it's
dinner time. Smith wants to know how many tables he needs
at least. You have to notice that not all the friends know each
other, and all the friends do not want to stay with strangers.

One important rule for this problem is that if | tell you A knows
B, and B knows C, that means A, B, C know each other, so
they can stay in one table.

For example: If | tell you A knows B, B knows C, and D knows
E, so A, B, C can stay in one table, and D, E have to stay in
the other one. So Smith needs 2 tables at least.



6.2 The Parent Pointer Implementation

Application of Eqiv. Class(2)

* Problem 2: 48 5t it
— RS B ORI Ak, B 1R F 4, 4
B 14T 52 SRR AR B R A A i R A B U
B —40, Kzg e AN B, e
02345000
1034560500
2045600
00000000O0

A4



6.2 The Parent Pointer Implementation
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6.2 The Parent Pointer Implementation

Application of Eqiv. Class(3)
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6.3 General Tree Implementation

Index Val Par
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6.3 General Tree Implementation

Leftmost Child/Right Sibling (1)

Left Val Par Right
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6.3 General Tree Implementation

Leftmost Child/Right Sibling (2)

Left Val Par Right
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6.3 General Tree Implementation

Dynamic Node Implementations (1)

» Allocate variable space for each node

« Each node stores an array-based list of child
pointers

Val Size

& o dprm b

@@@ G c o D [0 E o Flo
(a)




6.3 General Tree Implementation

Dynamic node Implementations (2)

Each node stores an linked list of child

pointers
il Fi
/
— S
(R) A// - {
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6.3 General Tree Implementation

Dynamic Left-Child/Right-Sibling

data | leftChild | rightSibling
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6.3 General Tree Implementation

Converting to a Binary Tree

Left child/right sibling representation
essentially stores a binary tree.

Use this process to convert any general tree
or forest to a binary tree.

A forest is a collection of one or more general
trees.

root

/I\Iﬁ\ Z.:'IIZ....
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6.4 K-ary Trees

K-ary Trees

« K-ary trees are trees whose nodes have K
children.

- A binary tree is a 2-ary tree.

« K-ary tree nodes have a fixed number of
children.

* In general, K-ary trees bear many
similarities to binary trees.



6.4 K-ary Trees

K-ary Trees

Full and complete K-ary trees

(@) .

Figure 6.16 Full and complete 3-ary trees. (a) This tree is full (but not complete).
(b) This tree 1s complete (but not full).
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6.5 Sequential Tree Implementations

Sequential Implementations (1)

« List node values in the order they would be
visited by a preorder traversal.

« Saves space, but allows only sequential
access.

* Need to retain tree structure for
reconstruction.



6.5 Sequential Tree Implementations

Sequential Implementations (2)

Example: For binary trees, use a symbol to
mark null links.
preorder traversal: ABDCEGFHI

Sequential Implementation:
AB/D//CEG/ITFHINIT




6.5 Sequential Tree Implementations

Sequential Implementations (3)

« Explicitly list with each node whether it is an
internal node or a leaf.

« Each internal node has two children (full)

Example: Take the tree as a

full binary trees, mark nodes

as leaf or internal.
AB/DC'E’G/F’'HI




6.5 Sequential Tree Implementations

Sequential Implementations (4)

For general trees, use a special mark to
indicate the end of each subtree.

Example:
RAC)D)E))BF))) (R)
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