Comp 212 March 13, 2000

Overview

e Describing the Efficiercy et Computaticns

e Calculating the Efficiency of Binary Search
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Efficiency of Computations

e A running pregram corsumes rescurces such as time (secends) and space
(bits). Frequently, we abstract cur units, and measure steps and cbkjects,
insteac of seconds and bits.

e Whenr cocmparing pregrams (cor algerithms), you skould first pay attenticr
to gross differences in time or space consumed, for example, n3 versus
n? steps, rather thar 3n versus 2n steps.

e For o few pregrams, the cest is fixed and can be calculated by
examining the pregram text. Meore frecuently, however, cest depends or
characteristics of the input, suck as lergth.
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Order Arithmetic

e Wher we make gress compariscrs of programs, we cfter refer tc the
“crder-ct-magrituce” cof the cest. Thke notaticn used is scmetimes called
“Big-Ch,” ard is always cf the form O(f(n)), where f(n) is scme
functicn cver the positive irtegers.

e The Big-Ch nctaticr simply mears that the cost functicn is beunded by
(is less than) scme multiple of the functicn f(n). For example, if we say

P =n’+0(n? (1)
we mean that P equals n3, plus scme terms that are “on the orcler of
n?"—i.e., they don't grow faster than kn? where k is scme corstant

term.
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Order Arithmetic (cont.)

e [Vicre precisely,

Definition. A functicn g(n) is said tc be O(f(n)), writter

g(n) = O(f(n)) (%)
if there is a positive integers ¢ and ng such that

0 <g(n) <cfn) (3)
for all n > ny.

e In other words, O(f(n)) is the set of all functicns h(n) such that there
exist positive integers ¢ and ng such that

0 < h(n) <cf(n) (4)

for all n > ny.
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Order Arithmetic (cont.)

e Fcr example,

nin+1) n? n
+24+3+..+n 5 5t 5 (5)
n2

1+2+3+..+n=0(n" (7)
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Order Arithmetic (cont.)

e Here are scme equivalerces that allow you tc maripulate ecuatiors
invelving corcler-ct-magnrituce quantities:

fn) = O(f(n)) (8)
K xO(f(n)) = O(f(n)) ()
O(f(n)) +0(f(n)) = O(f(n)) (1)

O(f(n)) x O(g(n)) = O(f(n) x g(n)) (11)
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Order Arithmetic (cont.)

e Alsc, the base tc which a legarithm is computed deesr't affect the corder
ct magnitude, because charging the base ot the legarithm from 2 te c
changes the value by a cerstart facter of logsc.



