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The final exam will include material from the following sections in the West
textbook: 1.1, 1.2, 1.3, 1.4, 2.1, 2.2, 2.3, 3.1, 3.2, 6.1, 6.2, 6.3.

1.1. basic concepts

(a) vertices, edges

(b) loops, multiple edges

(¢) simple graphs, non-simple graphs
(d) the adjacency matrix
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(i) the Petersen graph
(J

(k) the n-wheel, the n-ladder, etc.

the incidence matrix

the complete graph K,
the complete bipartite graph K.,

)

)

)

)
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) isomorphism, isomorphic graphs
)

)

)

) the n-cube
)

1.2. connectivity

(a) walks, trails, paths, cycles, distance
(b) connected components, diameter

(¢) cut edges

(e) bipartite graphs
(f
(g) Euler trails

)
)
)
(d) cut vertices, nonseparable graphs, blocks
)
) bipartite graphs and odd cycles

)



(h) Euler’s theorem
1.3. degrees and counting
(a) the degree of a vertex
(
(c
(d

(e) counting cycles, etc.

b) the degree sum formula, Y d; = 2m
) r-regular simple graphs
)
)

induction

1.4. directed graphs
(a) walks, trails, paths, cycles
(b) in-degree, out-degree
(c)
(d
(e
(f

)

g) positional games, kernels
)
)

the degree sum formula for digraphs
) adjacency matrix, incidence matrix
) weak components, strong components
Euler’s theorem for digraphs
(
(h

(i) DeBruijn cycles

directed acyclic graphs

2.1. trees

a
b

) acyclic graphs

)
(¢) cut edges, components
(d)

)

the formulae=n—1

(
(

d
(e) the tree graph, T versus T — e + ¢’

spanning trees

2.2. enumeration of spanning trees
(a) the recursion formula 7(G) = 7(G —e) + 7(G - €)
(b) the double edge formula
(c)
(d) spanning trees in the n-wheel, the n-ladder, etc.
)
)

(e
(

solving recursion formulas

the matrix tree theorem

f) spanning trees in K,, Ky, etc.
2.3. optimization and trees

(a) weighted graphs



minimum-weight spanning trees
Kruskal’s algorithm

minimum weight uv-paths
Dijkstra’s algorithm

f) examples

matchings

perfect matchings
maximum matchings
M -augmenting paths
Berge’s theorem

matchings in bipartite graphs

Hall’s theorem
the marriage theorem

vertex coverings

)
)
)
)
)
)
g) the neighborhood of a set of vertices
)
)
)
)
)
)

3.2. algorithms and matchings

(a) the assignment problem

(b)

(c)

(d)
)
)

the augmenting path algorithm
weighted matchings

the weighted assignment problem
(e) weighted vertex coverings

(f) the Hungarian algorithm
6.1. planar graphs

(a) definition of planar graphs
(b) nonplanarity of K5 and K3

(d) deleting edges versus contracting edges
(e
(f

)
)
(¢) the dual of a planar graph
)
) cycles versus bonds

)

spanning trees versus cotrees



(g) bipartite versus Eulerian

)
(h) Euler’s formulan —e+ f =2
(i) the edge-bounding formula e < 3n — 6
(j) triangulations
(k) Féry’s theorem
)

(1

6.2. characterization of planar graphs

vertices of degree < 6

(a) Kuratowski’s theorem

(b) Wagner’s theorem

6.3. colorings and genus

—
=

X(G) = the chromatic number of a graph

G
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the 5-color theorem

¢) the 4-color theorem

o~

surfaces of higher genus

toroidal graphs

—_
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~v(G) = the genus of a graph
g) Euler’s formulan —e+ f=2—2g

h
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the edge-bounding formula e < 3n — 6 + 6g
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i) Heawood’s formula x(QG)

)

)

(k) Wagner’s theorem
)
)

—

minors of a graph

(1) the graph minor theorem

(m) characterization in terms of forbidden minors



