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10.4 Connectivity

10.5 Euler and Hamilton Paths

10.6 Shortest Path Problems

10.7 Planar Graphs

10.8 Graph Coloring

paths

counting paths

connectedness in undirected graphs

connectedness in direct graphs

paths and isomorphism

Euler paths and circuit

hamilton paths and circuit

weighted graph G=(V,E,W)

Dijkstra's Algorithm

planar

region

Deg(R)

in a connected planar simple graph

KURATOWSKI'S THEOREM

the dual graph of the map

The chromatic number of a graph

path of length n

the number of different paths of length r from
v_itov_j

connected

connected components/components

strongly connected

weakly connected

number and size of the connected components

path

Euler path
Euler circuit

Euler graph

a connected multigraph has ...

Euler circuit and paths in directed graphs(a
directed multigraph having no isolated vertices)

Hamilton path

Hamilton circuit/Hamilton cycle
has

Hamilton graph

sufficient condition

necessary condition

[(Example 7)1 Seven examinations must be arranged in a week.
Each day has one examination. The examinations are in charged
by the same teacher cannot be arranged in the adjacent two days.
One teacher is in charge at most four examinations. Show that
such an arrangement is possible.

Proof:

(1) Construct graph
V: seven examinatiosn, E={(u,v)|u,v are examinations
are not in charged by the same teacher .}

(2) If there is a H path, then the arrangement is possible.
Since one teacher is in charge at most four examinations,
then every vertex in the graph has at least three adjacent

vertices. It follows that the sum of the degrees of a pair
vertices is at least 6.

examples

Procedure Dijkstra(G: weighted connected simple graph, with
all weights positive)
{G has vertices a = vy, vy , * * * ,v, =z and weights w(v; ;)
where w(v;,v; )= if {v; ,v; }is not an edge in G}
Fori:z=1ton
L(v;):=c
L(a):=0
S=0

{the labels are now initialized so that the label of a is zero and

all other labels are o,and S is the empty set } »

While z ¢ §
Begin

u :=a vertex not in S with L(z) minimal

S§:=SU {u}

for all vertices v not in §'

if L(u) +w(,9)<L(v) L) :=L(u)+w(u,y)

{this adds a vertex to S with minimal label and updates the
labels of vertices not in S}
End {L(z)=length of shortest path from a to z }
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planar representation(draw without crossing)
bounded region

unbounded region

the number of the edges on the boundary of R
Euler's Formula

es3v-6

v=3 and no circuits of length 3,then e <2v-4

Generally, if every region of a connected planar simple
graph has at least k edges, then

k-2

homeomorphic

A graph is nonplanar if and only if it contains
a subgraph homeomorphic to K3,3 or K5.

Fz3: x(G)

The chromatic number of a planar graph is no
greater than four.

Show that the chromatic numbers of a graph is
n.

A simple graph with a chromatic number of 2 is
bipartite.

simple

circuit

in directed graph

the (i,j)th entry of A’r

There is a simple path between every pair of
distinct vertices of a connected undirected
graph

cut vertex/articulation point

cut edge/bridge
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undirected graph is connected

simple circuits of the same degree

corresponding vertices have the same degree

simple path containing every edge of G

simple circuit containing every edge of G
contains

each of its vertices has even degree

it has exactly two vertices of odd degree

weakly connected

visits every vertex in G exactly once

visits every vertex exactly once, except for the
first vertex

If G is a simple graph with n vertices with n>=3
such that

G is connected

There are at most two vertices which degree
are less than 2.

The degree of each vertex is larger than 1.

For any nonempty subset S of set V, the

number of connected components in G-S <=|S|.

one unbounded region in a planar graph

r=e-v+2(EF 3G EIUERR)

G has a vertex of degree not exceeding five

obtained from the same graph by a sequence
of elementary subdivision

Show that the graph can be colored with n
colors.

Show that the graph cannot be colored using
fewer than n colors.

circuit or cycle

simple path

strongly connected components/strong
components

the in-degree and out-degree of each vertex
are equal

the in-degree and out-degree of each vertex
are equal for all but two vertices, one that has
in-degree 1 larger than its out-degree and the
other that has out-degree 1larger than its in-
degree.

the degree of every vertex in G is at least n/2

deg(u)+deg(v) >= n for every pair of
nonadjacent vertices u and v in G

and G hasa Hamilton path.

or

or G has a Hamilton circuit.

If a vertex in the graph has degree two, then
both edges that are incident with this vertex
must be part of any Hamilton circuit.

G has a Hamilton circuit.

When a Hamilton circuit is being constructed
and this circuit has passed through a vertex,
then all remaining edges incident with this
vertex, other than the two used in the circuit,
can be removed from consideration.

2e=>deg(R_i)
based on:
r=e-v+2

constructing such a coloring

Hamilton path: IEI0— MORTE RERECEBRY =S
&circuit, REIEIINRZEE



