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Figure 21.1 Two different drawings of the same graph.
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Figure 2.1.2 Two drawings of essentially the same graph.
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Figure 21.2 Two drawings of essentially the same graph.
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Def. - Two simple graphs G and H are jsomorphic, denoted G @H , if there
exists a structure-preserving vertex bijectionf :V; ® V,,. Such

afunction f between the vertex-sets of G and H is called an isomorphism
fromG toH.
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Figure2.1.4 Another way of depicting an isomorphism.
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Figure 2.1.5 Bijective and adjacency-preserving. but not an isomorphism.
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Figure 2.1.6 Preserves adjacency and non-adjacency. but is not bijective.
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Figure 21.7 Two graphs that are not structurally cquivalent.
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DEFINITION: If G and H are graphs with multi-edges, then an isomorphism from
G to H is specified by giving a vertex bijection fv : Vg = Vi and an edge bijection

- B¢ — By that are consistent
[ ;

Figure21.8 There are 12 distinct isomorphisms from (' to H.
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Figure21.8 Hypercube graph Qs and circular ladder ('L are isomorphic.

dder ML, is a graph obtained from the circular ladder
ladder two of its parallel curved edges and replacing

bEFINITION: The Mébius
L, by deleting from

them with two edges th s-match their endpoints

Figure 21.10 Bipartite graph K33 and Mobius ladder M Ly are isomorphic.
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Def. - Each equivalence classunder @ (isisomorphicto) is called
an isomorphism type.

.- . [ N

Figure 2.1.11 The four isomorphism types for a simple 3-vertex graph.
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prriNITIoN: Two digraphs are isomorphic if there is an isomorphism f between their
. That is. ¢ 1s directed from

underlying graphs that preserves the direction of each edge
w to v if and only if f(e) is directed from f(u) to f{v)

Y 7 X 7 A 7

N 5 % o / {/

Figure 2.1.12 Four non-isomorphic digraphs.
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DEFINITION: The graph-isomorphism problem is to devise a practical general algo-
rithm to decide graph isomorphism, or, alternatively, to prove that no such algorithm
exists.

Application 2.1.1  Computer Chip Intellectual Property Rights:  Suppose that not
long after ABC Corporation develops and markets a computer chip. it happens that the
DEF Corporation markets a chip with striking operational similarities. 1f ABC coul
prove that DEF’s circuitry is merely a rearrangement of the ABC circuitry (i.e.. that

the circuitries are isomorphic), they might have the basis for a patent-in{ringement suit
Il ABC had to check structure preservation [or each of the permutations of the nodes
of the DEF chip, the task would take prohibitively long. However, knowledge of the
organization of the chips might enable the ABC engineers Lo take a shorteut
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