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Lecture 26

Today:

e Graphs and Rooted Trees
e [ree Anatomy
e EXxpression Trees



Graphs

A graph depicts the relationships amonga

e the collection is known as the vertices {d

Also: nodes

Also: arcs

llection

cted by dots or junctions)

e the relations are known as the edges {depicted by lines between dots)

What are the vertices and edges in these common graphs?
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« Stations
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* Pipes
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Skytrain Map

Vertices?
« Stations

Edges?
* Tracks
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Paths and Connectivity

A path from vertex u to vertex v is sequence of edges which
connect a sequence of vertices between them.

A graph is connected if each pair of vertices has a path
Q. When might disconnected graphs arise?




Weighted Graphs

e Each edge has an associated weight

e We

ight can represent
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Representing Graphs

e Graphs as a collection of node objects

template <class T>
class node {
private:
// a node holds data of a generic type
T data;

// list of nodes that this node is connected to
LL<node> * connections;

public:
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Two (Extremely) Useful Classes of Algorithms
® Shortest Path Algorithms (A*, Dijkstras, etc.)
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Trees

A tree is a minimally connected graph

e all vertices connected
e no cycles

E.g., Skytrain is almost a tree.

e Q. How can we make it into a tree?

Stadium-Chinatewn

Yaletown—Roundhouse

Brentwood
Town Sperling— Production Way—
Rupert Gimore W Centre Burnaby fake University
Main Street Renfrew Millennium Line Holdom Lake City
Science World Way

VCC—Clark o
Olympic Village &
Commercial- Wy, Nanaimo
Broadway

Lougheed Town Centra
Broadway-City Hall (390 29th Averie Braid
King Edward J Joyce—Lollingwood Sapperton

Oakridge—41s5t Avenue S Patterson

Columbia 0
Langara—49th Avenue

Scott Road "

Metrotown Meww Westminster

22nd
Edmonds  Street

Marine Drive

Gateway 4
Royal
Oak

Surrey Central 3

YVR
Airport Templeton

1

l Richmond-Erighouse

(¥ Bridgeport

o
Sea lsland

Centre Aberdeen

Lansdowne

King George ©



Example: Building a Network

The Problem: Join a community with the least amount of
Infrastructure.

e roads
e train tracks
e ethernet trunk

BRITISH
COLUMBIA

Strategy:

e Use the smallest tree, a
minimum spanning tree

Algorithm:

e Repeatedly select the
smallest connection that
doesn’t form a cycle.

e Kruskal’'s Algorithm



Directed Graphs and Rooted Trees

Sometimes denote a direction on an edge:

e o0ne way traffic

_ _ “from” “to”
e pipeline flow ° ‘o
e web links tail head
outbound inbound
° dependency edge odge
o A‘lkes” B

A rooted tree Is a directed version of the tree where exactly
one vertex, called the root, has no inbound edges, but all

~ ____— root

-

leaves


http://en.wikipedia.org/wiki/Equals_sign#Approximately_equal
http://en.wikipedia.org/wiki/Equals_sign#Approximately_equal

Rooted Tree Examples

Directory Tree

bin

btlsim

etc

home

awiggin

jdelphik

cmptll8

formics




Rooted Tree Examples

Infection Trees

e communicable period vs . ..
e infection rate

4
L 4
L
Long communicable period

Short communicable period
Low infection rate

High infection rate

awn



Merg eSOrt e O(N) work per row

e O(logN) rows

= O(NlogN) running time

Recursion tree:

- Merge N elements per row. —

log,N
rows




Tree Terminology

Inbound edge: parent
Outbound edge: child
Common parent: sibling

On path to root: ancestor / \

Path away from root: / 1\
descendant

No child: leaf ® _voon  bing
At least one child: — child — uncle

Internal node () —ancestor @ - cousin

— descendant



Binary Trees

An m-ary tree Is a tree in which each vertex has at most m
children.

The common name for a 2-ary tree is binary tree.
e denote its children as the left child and right child

Any algebraic expression can be
represented as a binary tree.

left right
child child

Represents the expression:
(4* (x/7))+(x=(y/3))

Q. How do you evaluate an
expression tree?



