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Quick recap

| . N
Lim . A < log(logtn)) < \og(n') < fn <N < n-lczrj(rﬂ <n{n < n < ln < nl. < N

b

X

/\ .
log_(bc) = log, (b)+log, (c , i
loia((b‘:; = Cliz{( ()b)+ — m < X (X bﬁ”ﬁ (‘JWCL)
log,(1/b) = —log,(b)
log,(1) = 0
log,(a) = 1 1 cas -
e} = ¥ log, a = lzzdz Definition 1 (O-Notation). For f : N — R™,
logy/o(b) = —log,(b) ’
[RESSIRIS == S O(f)={9g: N—=R"|3C>0V¥n € Ng(n) <C- f(n)}.
log,(a) = 1
0g,(b)
log .(a") = % m # 0
Theorem 1. Let N be an infinite subset of Nand f : N - R" andg: N — R*.
» Converting exponentials from base b to base e | f(n
Q3: How do we convert b* to elsomething)? * Ifni)ng‘o g(n) = 0, then f < O(g ) andg ﬁ O(f )
. U< — olnb . .| pr — (plnbyz — ,(Inbd)-x .
A3: Using b = e'™? we have the conversion formula: | b (6 ) & : . If im f%n; —C e R+, then f S O(g) andg S O(f)
\00 ln Lx\) \eo In(x) - 100 n—oo I\
Example 3 | Rewrite /7 as an exponential with base e. o= = ¢ £(n)
e If lim () = O then f £ O(g) and g < O(f).

1
\3/?: 7% — (eln7>§ _ e%ln? n—oc






Asymptotic Notation



Asymptotic Notation

O-Notation

Describes the upper-bound of an algorithm
To express the worst-case running time
Describes the performance of an algorithm as the amount of data increases

As the input size of the algorithm grows, the execution time of the algorithm
is also going to grow. (Constant, linear, logarithmic, exponential...)

n represents the amount of data that we're passing in

We don’t care about the differences, when those differences are constant
values. We care about n
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Asymptotic Notation

O-Notation

S

INPUT SIZE W)



Asymptotic Notation
O-Notation
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Asymptotic Notation

Q)-Notation

Describes the lower-bound of an algorithm
To express the best-case running time

“ O-Notation reversed “ 9w

n represents the amount of data that we're passing in

We don’t care about the differences, when those differences are constant
values. We care about n



Asymptotic Notation

8-Notation




Asymptotic Notation

Definitions

Definition 1 (O-Notation). For f : N — R™,

O(f)={9g: N—=R"|3C >0V¥ne Ng(n)<C-f(n)}

0(122) = {n,log(n), /n, I()gz(lz_). 1.100n°. - - - }




Asymptotic Notation

Definitions

Definition 1 (O-Notation). For f : N — R,

O(f) ={g:N—=R"|3C>0Vne Ng(n)<C-f(n)}.

Definition 1 (2-Notation). For f : N — R,
Q(f) ={g: N=>R"| f<O(g)}.

We write g > Q( f) instead of g € Q(f).
Definition 2 (©-Notation). For f : N — R ™,

O(f) ={9: N —=>R"|g<O(f)and f < O(g)}.

We write g = O(f) instead of g € O(f).

In other words, for two functions f, g : N — R™* we have

92 Q(f) = f<0(g)

and

g=0(f) © g <O(f)and f < O(g).



Asymptotic Notation

Definitions

Definition 1 (O-Notation). For f : N — R,

O(f) ={g:N—=R"|3C>0V¥ne Ng(n)<C- f(n)}.

Definition 1 (Q-Notation). For f - N — ]R-i-, Theorem 1 (Theorem 1.1 from the script). Let N be an infinite subset of N and f : N — R* and
g: N —-RT,

Q(f) ={g: N—=>R"| f<O0(9)}.

/'\
\/

We write g > €(f) instead of g € Q(f). * If h 0, then f < O(g), but f # ©(g).

g( )
Definition 2 (©-Notation). For f : N — R™, . If ]1 % _ C e R, then f — o(g).
O(f) ={g: N>R |g<O(f)and f < O(g)}. o
We write g = O(f) instead of g € O(f). * If 1 o g(n) — 0o, then f > Q(g), but f # O(g).

In other words, for two functions f, g : N — R™ we have

92Q(f) = f<0(9)

and

9=0(f) ©g<0(f)and f < O(g).



Asymptotic Notation

Theorem

Theorem 1 (Theorem 1.1 from the script). Let N be an infinite subset of N and f : N — R™ and
g: N —>RT.

o If lim ) — 0, then f < O(g), but f # O(g).

n—ooo 9(n)

« If lim ) — ¢ e R, then f = O(g).

n—oo 9(n)

e If lim () — o, then f > Q(g), but f # O(g).

n—soo 9(n)




Asymptotic Notation

Mini cheat-sheet

: n n n
tim . 4 ¢ og(logn) ) < log(n) < i <N < ”"Q{g(m <nln < n" <2 < nl. < N

b

X .- |
N <X (e being died)

i ny < pl<nn
"t — 1 2 o o
g— 1

Geometric series : Z Qk —
k=0
3 31_1 n-\nn = 6( \(\U\(‘\ )

3" =3"+3"+3*+8 =
DL NE S P

k=0 > —1 = nh-lnhn < O(nl) A nlnn > Q (nl)




Asymptotic Notation

Exam question
FS20

/4P a) Landau notation: Fill out the quiz about asymptotic notation below. You get 1P for a correct
answer, -1P for a wrong answer, OP for a missing answer. You get at least 0 points in total.

claim | true false

(2n + n? + 3)? = O(n?)

ogn < O(vn)

log(n!) = O(nlogn)

Zl-ogf "5t > Q(nlogn)

 A—




Let’s take a break



Asymptotic Notation
Exam Tipps

« Try to gain an intuition
« Mind the time ! (Spend 1 min on each exercise at max)
» Don’t forget the sub results of exercise sheets

« Our “cheat sheet” to the rescue !

« Remember the definitions



Exercise Sheet 1
(Non Bonus)

Gruppen 12

Abgegeben 12



Mini Exam

Induction + Asymptotic Notation




Questions

Feedbacks , Recommendations

Nil Ozer



