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Graph Categories
e A graph is connected if each pair of vertices have
a path between them

e A complete graph is a connected graph in which
each pair of vertices are linked by an edge

(ac Connected) (b: Disconnected) (c: Complete)
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Example of Digraph
e Graph with ordered edges are called directed graphs
or digraphs

\
=G

VerticesV = {A, B, C, D, E}
Edges E={(A,B), (A,C), (A,D), (B,D), (B,E), (C,A), (D,E)}
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e Strongly connected if there is a path from any
vertex to any other vertex.

e \Weakly connected if, for each pair of vertices vi and vj,
there is either a path P(vi, vj) or a path P(vi,v)).
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Not Srongly or Weskly Connected Strongly Connected Wesakly Connected
(Nopath EtoDorDto E) (Nopathfrom D to avertex)
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e An m by m matrix, called an adjacency matrix,
Identifies the edges. An entry in row | and column |
corresponds to the edge e = (v, v)). Its value Is the
weight of the edge, or -1 if the edge does not exist.
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e A vertexinfo object consists of seven data members.
The first two members, called vtxMapLoc and edges,
identify the vertex in the map and its adjacency set.

|dentifies Vertex
e vtxMapLoc
edges (set of neighbors)
Y
V inDegree
occupied
vixMapLoc
color
\_/’\ dataValue
parent
Vertex v inamap
vertexinfo Object
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® [0 store the vertices in a graph, we provide a map<T,int>
container, called vtxMap, where a vertex name is the key of
type T. The int field of a map object is an index into a vector of
vertexinfo objects, called vinfo. The size of the vector is initially
the number of vertices in the graph, and there is a 1-1
correspondence between an entry in the map and a vertexinfo

entry in the vector

vixMaplLoc

edges

inDegree

occupied

color
miter
(iterator | vertex index dat avalue
location) distance
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index
vixMap vinfo




_ VitxMap and Vinfo Example

o locA R \

edges | | 1p)| 1
inDegree=1 L
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locC

edoes 0(A)

inDegree=2
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v vinfo
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locB J locD
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Breadth-First Search Algorithm

VistSe visitSet ‘ A I‘ B I VisitSet | I‘ B I‘ c I
visitQueue‘ 5 ‘ C ‘ G I visthueue‘ C ‘ G ‘ D I VistQuee | g ‘ D I
@
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_ Breadth-First Search... (Cont.)
visitSet u visitSet Aﬂﬂu

visitQueueIE visitQueue‘ E ‘ F I
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v = A, w =B
First cdl to dfsVisit() stats a D.
Second cdl to dfsVisit() stats a A
dfsList: A D C B

Y

& G

Vg =

dfsV|S|t() starts a A, dlsoovers C,
discovers D, and findly discovers
B. The nedchbor of B (C) is GRAY
(a back edge).

dfsList: <empty >

pah C D B Cis acyde

©

dfsVisit() stats a B, discovers
naedghbor D, and then naedhbor C.
dfsList: A B D C

(b)

SG— 2=

V= A, v =B, w = C
dfsVisit() stats a A and proceeds
adong the pah fromm B to C.
dfsList: A B C




Strong Components

e A strongly connected component of a graph G is
a maximal set of vertices SC in G that are
mutually accessible.




Graph G and Its Transpose GT

e Thetranspose has the same set of vertices V as
graph G but a new edge set ET consisting of the
edges of G but with the opposite direction.



Shortest-Path Example

e The shortest-path algorithm includes a queue that
Indirectly stores the vertices, using the
corresponding vinfo index. Each iterative step
removes a vertex from the queue and searches its
adjacency set to locate all of the unvisited neighbors

and add them to the queue.
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Shortest-Path Example

e Example: Find the shortest path for the previous
graph from F to C.

visitQueue visitQueue visitQueue
Dy Eyr I ‘ Eqr ‘ Asp I ‘ Asp I
@ (b) (©)
[
visitQueue visitQueue visitQueue visitQueue

‘ Dyr ‘ Eir I ‘ Eir ‘ A2p I ‘ Aszp I ‘ B3a ‘ Csn I
(@ (b) © (d)
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Dijkstra Minimum-Path
Algorithm From A to D Example

‘ mininfo(B,4) I ‘minlnfo(C,ll)I ‘ mininfo(E,4) I

priority queue
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Dijkstra Minimum- Path
Algorlthm From... (Cont...
|m|nlnfoC10I |m|nln CllI |m|nln E4) I |m|nlnfoD12I

priority queue

| mininfo(C,10) I | mininfo(C,11) I | mininfo(D,12) I

priority queue
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Minimum Spanning Tree
Example

Network of Hubs Minimumspanningtree

Q
T

B

M inimum amount of cable= 241
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Minimum Spanning Tree:
Vertices A and B

A0
ORPO

&

4 SpanningtreewithverticesA, B
D minSpanTreeSze=2, minTreeWeight =2

(@ (b)
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Completing the Minimum Spanning-Tree
Algorithm with Vertices C and D

4
D
JanningtreewithverticesA, B,D JanningtreewithverticesA,B,D,C
minSpanTreeSze=3 minTreeWeight =7 minSpanTreeSize=4, minTresWeight = 14
@ (0}
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Summary Slide 1

8- Undirected and Directed Graph (digraph)

- Both types of graphs can be either weighted or
nonweighted.




Summary Slide 2

8- Breadth-First, bfs()

- locates all vertices reachable from a starting vertex

- can be used to find the minimum distance from a
starting vertex to an ending vertex in a graph.




Summary Slide 3
8- Depth-First search, dfs()

- produces a list of all graph vertices in the reverse
order of their finishing times.

supported by a recursive depth-first visit function,
dfsVisit()

an algorithm can check to see whether a graph is
acyclic (has no cycles) and can perform a
topological sort of a directed acyclic graph (DAG)

forms the basis for an efficient algorithm that
finds the strong components of a graph

24




Summary Slide 4

8- Dijkstra's algorithm

- If weights, uses a priority queue to determine a path
from a starting to an ending vertex, of minimum
weight

- This idea can be extended to Prim's algorithm,
which computes the minimum spanning tree in an
undirected, connected graph.




