CSCl 136:
Data Structures
and
Advanced Programming

L ecture 21

Trees

Instructor: Dan Barowy

Announcements

No Barowy office hours this Friday
PRE-LAB 1. due in lab on today

More one-on-one meetings

Williams
OrderedVector Shunting yard algorithm
What is the biggest limitation of an 0Orderedvector? m ._n
output input

It's elements are Comparable<T>,
so there is only one order possible.

How might you overcome that limitation?

operator stack




Shunting yard algorithm

Converts infix expressions to postfix expressions.

Utilizes a stack and a queue.

Shunting yard algorithm

output input

Queue Queue

operator stack

Stack

Shunting yard algorithm

Pseudocode (slightly simplified):

while there are tokens to be read:
read a token.
if the token is a number, then:
push it to the output queue.
if the token is an op, then:
while ((there is an operator at the top of the op stack with greater
precedence) or
(the op at the top of the op stack has equal precedence and
is left associative)):
pop ops from the op stack onto the output queue.
push it onto the op stack.
if there are no more tokens to read:
while there are still op tokens on the stack:
pop the op from the op stack onto the output queue.
exit.

Shunting yard algorithm

Example: 3 + 4 x 2




Example: 3 + 4 x 2
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Example: 3 + 4 x 2
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Activity: 1 - 2% x 2

output input

operator stack

Shunting yard algorithm

Pseudocode (slightly simplified):

while there are tokens to be read:
read a token.
if the token is a number, then:
push it to the output queue.
if the token is an op, then:
while ((there is an operator at the top of the op stack with greater
precedence) or
(the op at the top of the op stack has equal precedence and
is left associative)):
pop ops from the op stack onto the output queue.
push it onto the op stack.
if there are no more tokens to read:
while there are still op tokens on the stack:
pop the op from the op stack onto the output queue.
exit.




Activity: 1 - - 1 x 2

output input

operator stack

Trees

List

A list is a recursive data structure that stores information
sequentially. A list is either:

-empty (e, @) or
- a node containing a value and a reference to a list.

The empty list: o

Listoflength1 | a | @

Listoflength3: | a | —>| » —>| c | g

Tree

A tree is a recursive data structure that stores information
hierarchically. Atree is either:

-empty (i.e, @), or
+a node containing a value and references to one or

more trees.
The empty tree: A non-empty tree:
b
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Uses

Many kinds of information is hierarchical.

Trees facilitate encoding such information on a computer.
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36 ORIGIN OF UIFE

The Tree of Life

ere is a visual representation to explain how all
H living beings are related. Uniike genealogical trees,
in which information supplied by families is used,
phylogenetic
that generated through the structural and molecular
studies of organisms. The construction of phylogenetic
trees takes into account the theory of evolution, which
a
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Uses

Mark Hill
Chief executive officer

Tel: 01 213 123 134

Joe Linux
Chief Technology
Officer

Linda May
Chief Business Officer

Ron Blomquist
Chief Information
Security Officer

Alice Lopez
¢ Chief Communications
. Officer

Michael Rubin
Chief Innovation Officer
we@aregreat.com

Mary Johnson
Chief Brand Officer

Kirk Douglas
Chief Business
Development Officer

John Green
Chief accounting officer
Tel: 01 213 123 134

Chief Customer Officer




Terminology

The topmost node is called the root.

Terminology

The nodes at the bottom of a tree are called leaves.

Terminology

Any node that is not a leaf is an interior node.




Terminology

A node may have children.

Terminology

A node may have children.

Terminology

A node may have children.

Terminology

A node that has children is called the parent of those
children.




Terminology

For a given node, all of the nodes above it are called
ancestors.

Terminology

For a given node, all of the nodes below it are called

descendants.
o o o

Terminology

The degree of a tree is the maximum number of children

had by any node.

Degree of this tree: 2

Degree 2 trees are common: we call them binary trees.

Terminology

A tree that is missing no leaves is full.




Terminology

A path is a sequence of edges between two nodes.

Terminology

The length of a path is the number of edges in the path.
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Length = 2

Terminology

The height of node n is the length of the longest path
between n and any leaf.

A
AN

Heightofn =1

Terminology

The height of a tree is the length of the longest path
between the root and any leaf.

"~
AVA

Height of tree = 2




Terminology

The depth of node n is the length of the longest path
between the root and n.

A
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Depthof n=1

Terminology

The level of any node is its depth.

A ............................ Level O
A A .................. Level 1

. . . . ............... LeveL 2

Terminology

The depth of n + the height of n < the height of the tree.

A\
I\

(depth of n: 1) + (height of n: 0) < (height of tree: 2)

Terminology

A complete tree of height h is a full tree with zero or more
rightmost leaves of level h removed.

A




Is a list a tree?

Yes, a list is a tree whose nodes have degree 1.

We call such trees degenerate.

Binary Tree

Let's implement this together.

Recap & Next Class

Today we learned:

Trees

Next class:

Binary Search Trees




