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1 1

1 fln) ]\S_‘;.'n fin) =mn fln)=nlgn fln) = n? ) = Tl =27
10 0.003 ps* 0.01 s 0.033 us 0.10 ps 1.0 ps 1 jis
20 0.004 ps 0.02 ps 0.086 ps 0.40 ps 8.0 ps I ms'
30 0.005 pes 0.03 ps 0.147 ps 0.90 pus 27.0 ps 1s
40 0.005 ps 0.04 ps 0.213 ps 1.60 ps 64.0 ps 18.3 min
50 0.006 us 0.05 us 0.282 us 2.50 ps 25.0 ps 13 days
102 0.007 ps 0.10 ps 0.664 ps 10.00 ps 1.0 ms 4 x 10" years
10? 0.010 ps 1.00 ps 9.966 s 1.00 ms 1.0s
104 0.013 ps 10.00 ps 130.000 ps 100.00 1115 16.7 min
10° 0.017 ps 0.10 ms 1.670 ms 10.00 s 11.6 days
109 0.020 ps 1.00 ms 19.930 ms 16.70 min 31.7 vears
107 0.023 us 0.01 s 2.660 s 1.16 days 31,709 vears
108 0.027 us 0.10 s 2.660 s 115.70 days  3.17 x 107 years

_10° 0.030 ps 1.00 s 29.900 s 31.70 years

1 ps = 1078 second.

1 ms = 1079 second.
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(Big O; Upper bound) ¥l Ol 5 {5 5 3 (S

For a given complexity function f(n), O(f(n)) is the set of complexity functions g(n) for which there exists some positive
real constant ¢ and some nonnegative integer N such that for all n> N, g(n) < cf(n)
We say that g(n) isbig O of f(n), if g(n) e O(f(n)).

Jbe
n“+10n < 2n? forn>10 = n’+10n e O(nY)

Big O describes the asymptotic behavior of afunction, and puts an asymptotic upper bound (at most) on a function.

(Big Q ;Lower bound) sl Ol o 45 5 3 (SKal
For a given complexity function f(n), Q(f(n)) is the set of complexity functions g(n) for which there exists some positive
real constant ¢ and some nonnegative integer N such that for all n> N, g(n) > cf(n)
We say that g(n) is big 22 of f(n), if g(n) € Q(f(n)).
Jbe
n“+10n>n” forn>0 = n’*+10n € QM)

Big 2 describes the asymptotic behavior of afunction, and puts an asymptotic lower bound (at least) on afunction.

(Big ©;Order) a3 9§51 43 g0 (LS
For agiven complexity function f(n),  ©(f(n)) = O(f(n)) N Q(f(n))
This means that ®(f(n)) isthe set of complexity functions g(n) for which there exists some positive real constant ¢ and d
and some nonnegative integer N such that, for all n> N, cf(n) < g(n) < df(n)
We say that g(n) isorder of f(n), if g(n) € O(f(n)).

:Jbe
n“<n®+10n<2n? forn>10 = n*+10n € O(n?)
cfin) df(n)
g(n) g(n) g(n)
cf(n)
; cf(n)
: == : n—e i
N N N
(a) g(n) € O(f(n)) (b} g(n) € L2(f(n)) (c) g(n) € B(f(n)
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58 Jbe

3lgn+8  4n? 4n?® 4m3+ 3n°

5n+7 6n+ 9 6nZ+9 6nt+ n*

3lgn+8
5n+7

2nlgn 5n°+ 2n 5n°+2n 2"+ 4n \ 2nign

(a) O(n?) (b) ©(n?) (c) 8(n%) = O(n?) N Q(n3)
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For a given complexity function f(n), o(f(n)) isthe set of al complexity functions g(n) satisfying the following:
For every positive real constant ¢ there exists a nonnegative integer N such that, for all n> N, g(n) < cf(n)
We say that g(n) is small o of f(n), if g(n) e o(f(n)). If g(n) € o(f(n)), we have

im90) _ g
n—w f(n)
Jbe
n e o(n?).
- &5
If g(n) € o(f(n)), then g(n) e O(f(n)) — Q(f(n)). That is, g(n) isin O(f(n)) but is not in Q(f(n)).
b i 5 6 S S sS (Kal iy
auad | 1s10n®-3neO(n’) ?
3 _ 3
Yes,since Iimw = Iimlor; - Iims—g =10
n—oo n n—oo n n—oo n

c = geB(f(n) ifc>0 Is nlogeneo(n )?

. . nlog,n . log.n
Iim%= 0 = g(n)eo(f(n) Yes, sincelim n%e =lim ?}e =7
n—o0 n n—w n—ow
= () eo(g(m) UseL'Hopital'sRule:
Iirn(Iogen) _ ml/n:0
n—w (n)' n>o 1

_ ()" *(n-1)!

T (n)
if y=log x then y" ="—=""
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1- g(n) € O(f(n)) if and only if f(n) e Q(g(n).
2- g(n) € O(f(n) if and only if f(n)  O(g(n)).
3-1fb>1anda> 1, thenlogan e ®(logb n).
4-1fb>a>0, then an e of bn).

5- For al a>0,then an e o( n!).

6- ©(log n) < B(n) < O(nlog n)< B(N%) <B(N") <O@" < O(n!).

7- If =0, d >0, g(n)eO(f(n)), and h(n) ®<(f(n)), then

40 S TR

cxg(n)+dxh(n)©@e(f(n)).

Let f(X) = ax"+a, X" +...+ax+ay , where a,> 0,and ag, a1 ,..., @, are real numbers, then f(x) eO(X") .

f(n) = 0(g(n))
f(n) =Q(g(n)
f(n) = 6(g(n))
f(n) = o(g(n))
f(n) = w(g(n))

f(n) isasymptotically smaller than g(n) if f(n) =0 (g(n))
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