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Assumptions

* All functions take non-negative values

e All functions are defined on non-negative
Integers

* Only such functions will be of interest



Overview of Asymptotic Notation

| Notation | Informal statement | Formal definition |
f=0(g) | f grows no faster than ¢ dng > 0,¢ >0 s.t. f(n) <cg(n),Vn > ng
= (g I grows at least as Iast as g ng > U.c > s.t. f(n) > cg(n),Vn > ng
f— O(g) | [ grows at the same rate as g | dng > 0.¢;1 > 0.¢c5 >0  s.t. clq(n) < f(n) < cog(n),Vn > ng
f=o(g) | f grows slower than g Ve >0 dng >0 s.t. f(n) < cg(n),Vn > ng
f=w(g) | f grows faster than g Ve >0 dng >0 st. f(n) > cg(n),Yn > ng
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f(n) = 0(g(n)) Mo f(n) = Q(g(n)) f(n) = ©(g(n))




Overview of Asymptotic Notation

Notation | Informal statement Formal definition

g=0O(f) | g grows no faster than f dng > 0,¢>0 . g(n) <cf(n),Yn > ng

g=(f) | g grows at least as fast as f dng >0,¢>0 . g(n) > cf(n),Yn > ng

qg=0O(f) | g grows at the same rate as f | Ing > 0.c; > 0.co >0 .o f(n) <gln) <cif(n).Vn > ng
g=o(f) | g grows slower than f Ve >0 dng >0 . g(n) <cf(n),Yn > ng

g=w(f) | g grows faster than f Ve >0 dng >0 . g(n)>ecf(n),Yn > ng

* 0() is used to denote O() bound that is not asymptotically tight
e E.g. we can verify that 2n = O(n2), but it is not tight

* We can denote this as 2n = o(n?)
* ...however 2n?is not o(n?)




Notation | Informal statement

f=0(g) | f grows no faster than g

Properties and Relations =i ey

o(g) | f grows slower than g

/
f=w(g) | f grows faster than g

e O is a shorthand: f =0(g) and f =Q(g9) < f =06(g)

e 0 is weaker than O: f =o0(g) = f = O(g)

o w is weaker than Q2: f=w(g) = f = Q(g)

o Sum: f1 = O(g1) and fo = O(g2) = f1 + fo = O(g1 + g2) (same for other notations)

e Product: fi = O(g1) and fo = O(g2) = f1 X fo = O(g1 X g2) (same for other notations)
o Transitivity: f = O(g) and g = O(h) = f = O(h) (same for other notations)

o Symmetry ©: f=0(g) < g=0O(f)
e Transpose symmetry O and Q2: f=0(g) < g = Q(f)

o Transpose symmetry o and w: f =o0(g) <= g=w(f)



Read the rest of Chapter 3

 Comparing the growth of common functions

lo(lg*n) 2¥°"  (J2)en  p2 n! (Ign)!

(3)" n> lgn  lg(n!) 2% nl/ten
Inlnn g™ n n-2"  plelen Inn I

len (1gn)'e™ e” 48" (n + 1)! lg n

+1
lg*(lgn) 2v2en n " nlgn 2%

— p—



Announcements @@»)

* Read through Chapter 3
* HW1 solutions available on BB



