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Figure 12.4. The pigeonhole principle
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The Pigeonhole Principle (function version)
Suppose A and B are finite sets and f : A — B is any function.

1. If|A| > |B|, then f is not injective.
2. If |A| < |BJ|, then f is not surjective.
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,(n 4 Vol 4. Consider a square whose side-length is one unit. Select any five points from
( H inside this square. Prove that at least two of these points are within @ units of
Fu', each other.

6. Given a sphere S, a great circle of S is the intersection of S with a plane through
its center. Every great circle divides S into two parts. A hemisphere is the union
of the great circle and one of these two parts. Prove that if five points are placed
arbitrarily on S, then there is a hemisphere that contains four of them.
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Definition 12.5 Suppose f:A — B and g:B — C are functions with the
property that the codomain of f equals the domain of g. The composition
of f with g is another function, denoted as gof and defined as follows: If
x € A, then gof (x) = g(f(x)). Therefore gof sends elements of A to elements

of C, so gof:A—C.
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