Symbol Notation Asymptotic Bound Limit theorem Definition with constants Example
c] f(n) = 0(g(n)) | Asymptotic tight lim 2™ — - =0 There exist positive constants ¢y, ¢; and no s.t.: 25n2 + 100n = 0(n?)
(== bound n—co g(n) cog(n)<fln)<cig(n) foralln=no ~ -/
Theta (non-zero constant) f(n) a(n)
(g(n) is an asymptotic ) )
tight bound for f(n)) It implies that:
im 9 _1
noo f(n) ¢
(0] f(n) = 0(g(n)) | Asymptotic upper bound | |y £ — 9 or ¢ There exist positive constants ¢; and no such that: | n? + 100n = 0(n®)
(< (can be tight) n—co g(n) fln)<cig(n) forallnzng 25n2 4+ 100n = 0(n?)
Big-Oh
Q f(n) = Q(g(n)) | Asymptotic lower bound lim f(m) o or There exist positive constants ¢o and no such that: | n? + 100n = 2(nvn)
(> (can be tight) noog(n) cog(n) < f(n) foralln2ng 25n% + 100n = Q(n?)
Omega 2 300 = Qn2
1o0g _ 500n = Q%)
o f(n) = o(g(n)) | Asymptotic upper bound I f(m) For any positive constant c; , there exists ng s.t.: n? +100n = o(n3)
(<) but NOT tight b gn) fln)<cig(n) foralln=>ne
Little-oh Cannot be a constant 25n* +100n # o(n?)
w f(n) = w(g(n)) | Asymptotic lower bound . f(m) For any positive constant cp, there exist np s.t.: n? 4+ 100n = w(nvn)
. lim —= =
(>) but NOT tight n—co g(n) cog(n) < f(n) foralln>no
Little-omega Cannot be a constant 25n% 4+ 100n # w(n?)
Properties Notation abuse: a'o8r(™ =plog(@  put (a™ #n?)
1. f(n)=0(g(n)) =>g(n)=Q(f(n)) Instead of f(n) € 0(g(n))
( E.g. 910g3N — Nlog39 = N2 )
2. f(n)=Q(g(n)) =>g(n)=O(f(n)) weuse:  f(n) =0(g(n))
3. f(n)=0(g(n)) =>g(n) = O(f(n)) If 0 < ¢ <d, then n® = o(n%). (E.g.n? = o(n®))
4. Iff(n)=0(g(n)) and f(n)=Q(g(n)) => f(n) = ©(g(n)) (Higher-order polynomials grow faster than lower-order ones.)
100
5. Iff(n) = ©(g(n)) =>f(n) = O(g(n)) and f(n)=Q(g(n)) Foranyd,ifc > 1,n% = o(c®) (E.g n' =o0(2"),b. Crlll_rﬂonz_n =0)
Transitivity (proved in slides): (Exponential functions grow faster than polynomial ones.)
6. Iff(n) = O(g(n)) and g(n) = 0(h(n)), then f(n) = 0(h(n)). 0=0Uw
7. Iff(n) = 2(g(n)) and g(n) = 2(h(n)), then f(n) = 2(h(n)). 0=0Uo Typically, f(n) is the running time of an
algorithm. (f(n) can be a complicated
1/n, 1, Ign, nf,vn, n, nlgn, n? n3, n% c* nl, n" function.)
where 0 < € < 0.5 and c and d are constants We try to find a g(n) that is simple (e.g.
(o]

n?), and bounds f(n). E.g. f(n) = ©(g(n)).

Substitution method: If lim h(x) = oo, and h(x) is monotonically increasing

then f(x) = O(g(x)) = f(h(x)) =0(g(h(x))). (topic not required)

I x—00 : e.g. for g(n) =n?
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