Big-Oh, Big-Q2, Big-0

Let g be a function from the natural integers to the positive reals,
g: N —= AT,

O(g) = {f R = R+ | 30, dnp>0, n=ng = f(n)< c g(n) }
Q(g) = { f: R =R+ | 3c>0, dnp>0, n=ng = f(n)= c g(n) }
fis Q(g) < gis O(f)

o) ={f: X =R+l fis Q(g) and fis O(g) }
= 0(g) N Q(9)



Big-Oh, Big-Q2, Big-O

n € 0(n?) (n is O(n?)) since for c=1, ng=1, n=ng = n=n?

n2 ¢ O(n) (n2 is not O(n)) since for any ¢, ng>c, n=ng = N2> cn
O(n) C O(n2)

n100 € O(10N") since for c=1, ng=300, n=ng = n100<10N

f, € O(¢") since for c=2/V/5, ng=1, n=ng = f, < 29"A/5

n2 € Q(n) since for c=1, np=2, n=ng = n2=n

an+b € ©(n) since an+b € O(n) and an+b € Q(n)



Big-Oh rules

Letd,e,f,g: X — R

. If d € O(f), then a*d € O(f), for any constant a>0
. If d € O(f) and e € O(g), then d+e € O(f+q)
. If d € O(f) and e € O(g), then d*e € O(f*g)

. 1fd € O(f) and f € O(g), then d € O(g)
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If f is a polynomial of degree d, then f & O(nd)

. nX e 0(a") for any fixed x>0, a>1

. log nX € O(log n) for any fixed x>0

(log n)X € O(nY) for any fixed x>0, y>0



Big-Oh limit rules

Letf,g: X — A,

1. If limp_.o f(n)/g(n) = 0, then f € O(g) and g & O(f),
O(f) C O(g)

2. If limn_. o, f(n)/g(n) = ¢ >0, then f € O(g) and g € Off),

3. If limy_, o, f(n)/g(n) = =, then f & O(g) and g € Off),
O(f) © O(g)



