
1. k > ` ≥ 0 ⇒ n` ∈ o(nk)

lim
n→∞

n`

nk
= lim

n→∞

1
nk−`

= 0

2. k > ` ≥ 0 ⇒ nk + n` ∈ Θ(nk)

nk ≤ nk + n` ⇒ nk + n` ∈ Ω(nk)

nk + n` ≤ 2 · nk ⇒ nk + n` ∈ O(nk)
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3. p(n) =
∑k

i=0 pi ni mit pk 6= 0 ⇒ p(n) ∈ O(nk)

|p(n)| =

∣∣∣∣∣
k∑

i=0

pi ni

∣∣∣∣∣
≤

k∑
i=0

|pi|ni

≤ max
0≤i≤k

(
|pi]
)
·
∑

0≤i≤k

ni

≤ max
0≤i≤k

(
|pi]
)
· nk+1 − 1

n− 1
≤ max

0≤i≤k

(
|pi]
)
· 2 · nk (falls n ≥ 2)

⇒ p(n) ∈ O(nk)
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4. p(n) =
∑k

i=0 pi ni mit pk > 0 ⇒ p(n) ∈ Ω(nk)

p(n) = pk nk +
k−1∑
i=0

pi ni

= pk nk

(
1 +

1
nk

k−1∑
i=0

pi

pk
ni

)

≥ pk nk

(
1− 1

nk

k−1∑
i=0

∣∣∣∣ pi

pk

∣∣∣∣ ni

)
≥ pk nk

(
1− 1

nk
· max
0≤i<k

(∣∣∣∣ pi

pk

∣∣∣∣) · 2 · nk−1

)
= pk nk

(
1− 2 · max

n

)
≥ 1

2
pk nk für n ≥ 4 ·max

⇒ p(n) ∈ Ω(nk)
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5. nk = o(2n) (k ∈ N)

∀n, ` ∈ N lnn ≤ n

`
+ `

⇓

lim
n→∞

(
n− k · log n︸︷︷︸

≤2 ln n

)
≥ lim

n→∞

(
n− 2k

( n

4k
+ 4k

))
= lim

n→∞

(n

2
− 8k2

)
= ∞

⇓

lim
n→∞

nk

2n
= lim

n→∞
2k·log n−n = 0
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6. logk n = o(nε) (ε > 0, k ∈ N)

Fall k = 1

lim
n→∞

log n

nε
= lim

n→∞

1/(n · ln 2)
ε · nε−1

=
1

ln 2 · ε
lim

1
nε

= 0

Fall k > 1 (Induktion)

lim
n→∞

logk n

nε
=

1
ln 2

lim
n→∞

k · logk−1 n · 1
n

ε · nε−1
=

k

ε · ln 2
· lim

n→∞

logk−1 n

nε
= 0
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7. 2n ∈ o(22n) (aber: n /∈ o(2n))

lim
n→∞

2n

22n
= lim

1
2n

= 0

8. O vs. Ω, o vs. ω

f ∈ O(g) ⇔ g ∈ Ω(f)

f ∈ o(g) ⇔ g ∈ ω(f)

9. Transitivität (O ∈ {O, o,Θ,Ω, ω})

f ∈ O(g) ∧ g ∈ O(h) ⇒ f ∈ O(h)

10. Additivität (O ∈ {O, o,Θ,Ω, ω})

f ∈ O(h) ∧ g ∈ O(h) ⇒ f + g ∈ O(h)
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