Handout 3.2

DEFINITION 1  Let f and g be functions from the set of integers or the set of real numbers to the set of real
numbers. We say that f(x) is O (g(x)) if there are constants C and k such that

|f(x)| < Clg(x)|

whenever x > k. [This is read as “f (x) is big-oh of g(x).’]

THEOREM 1  Let f(x) = anx" + ayp—1x" "' +--- + aix + ao, where ag, a, ..., ay—1, a, are real num-
bers. Then f(x) is O(x").

THEOREM 2 Suppose that fi(x) is O(gi(x)) and that fr(x) is O(ga(x)). Then (fi + f2)(x) is
O (max(|g;(x)], [g2(x)])).

COROLLARY 1 Suppose that fj(x) and f>(x) are both O(g(x)). Then (f; + f2)(x) is O(g(x)).

THEOREM 3  Suppose that fi(x) is O(g1(x)) and f(x) is O(g2(x)). Then (fi f2)(x) is O (g1 (x)g2(x)).

DEFINITION 2 Let f and g be functions from the set of integers or the set of real numbers to the set of real
numbers. We say that f(x) is 2(g(x)) if there are positive constants C and k such that

|f ()] = Clg(x)]

whenever x > k. [This is read as “ f(x) is big-Omega of g(x).”]



DEFINITION 3  Let f and g be functions from the set of integers or the set of real numbers to the set of real
numbers. We say that f(x) is ©®(g(x)) if f(x)is O(g(x)) and f(x) is 2(g(x)). When f(x)

is ®(g(x)) we say that f is big-Theta of g(x), that f(x) is of order g(x), and that f(x) and
g(x) are of the same order.

THEOREM 4  Let f(x) = apx" + ap_1x" ' + -+ + ayx + ap,where ag, aj, . . ., a, are real numbers with
a, # 0.Then f(x) is of order x".



