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True or false: The binary tree above satisfies the max heap condition (for every node).

Folze

Let T be a (max) heap. Let v be a node at depth 2 in T', and let w be a node at depth 4 in T".
Which of the following statements about the keys of v and w is true?

a. The key of v must be larger than or equal to the key of w.

b. The key of w» must be larger than or equal to the key of v.

@ None of the above.

In the lecture you saw the ExtractMax procedure to remove the root of a (max) heap, and subsequently restore the heap condition.
Let £ be the rightmost leaf in the lowest level of a max heap consisting of at least 2 nodes, and assume all keys in the heap are unique.
True or false: The node £ is guaranteed to be a leaf again after running the ExtractMax procedure.

(A leaf is a node without children)

Fale 3 CybrockMox .
/N /
N 2 “1

True or false: the runtime of the quick sort algorithm depends on the way in which the pivot is chosen.

True



Let B be the binary decision tree of a comparison-based sorting algorithm for arrays of length n.

Which of the following statements are true for B?

a. B contains at most 2" nodes.

\(B\) contains at least \(n!\) nodes.
@/ \(B\) has depth at least \( \Omega(n \log n) \).

d. \(B\) has depth at most\( O(n \log n) \).
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claim | true false claim | true false
s <O(Wn) | O O s 22?0 O
log(n!) > Q(n?) | O O log;(n®) = ©(logy(n¥V™)) | O O
n > Q(k"),ifl <k <O(1)) O Jz( 3nt4n?4+n>Q@?) | O O
m O(log, m /K( O (x) n!< O(,nn;“?) P O 'k(
g o - A0
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— =4 =01n (=01
€0g, (n®) =@y 4D osn 2.0,41
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Algorithm 4
(a) 141
whilez < n do
7+ 1
while /7 < n do
f0
j—g+1
i+—i1+1
Hint: You may use the formula for a finite geometric series without proof
n ) n+1
Zar' = uforv # 1.
: r—
i=0
Algoritl}lll 5 @3NS Tn) £ 202 +3TE)
(b) function A(n) AN N " n ~
i1 ZZ + BT(E)/'Z;Lm-aM) « 3T
while i < n do =4 5=1 : a="3
ji 2 - 4 =3T3 =&
while j < n do =dn 2%‘ > A v
f0 A1
2 - n
70 =272 i+ 3T(R) gt
jj+1 =9 - “ 69, 4=
i+l = -2 WS 3R D
k3] = =
forf=1...3do = @RancBTE o)

if & > 0 then
A(k)




T = W n+3 (2
(c)* Prove that the function 7" : N — R™ from the code snippet in part (b) is indeed increasing.

Hint: You can show the following statement by mathematical induction: “For alln' € N withn’ <n
we have T'(n' +1) > T'(n')”

. 2 x - _
BC: T@=3a*+«2 %% 2> =T(A)

(e sdhe Hink

(S Thal) = s D« 3T ELD
/N\>
> ErreeaT (LD 2 @rke3T(ED = TW)
LH,

Cage Uistincton:
@ k& gerede @ « \mgaoda
=SS 21 =[5 4



O 6((0 L) FORIT EVPRESCIONG FOR RCIREHE HERINLAG
Beispie

4.m<7'9\1ch\ceu- :Kire LWerte  lceredven und “voten”
TW=c T(D= e+ d  TMW=crdd
T(n\ =d QO%-LQﬂ . C

2. mdglJchkej’(: Teleskopieren

TD=TE)+d = TE& +d+d =T« 33 = ..
= Qos?_tm~d+c

am Erde GUQt'\Q\:e‘st formol mit Induidion beweisen!
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Prufungsaufiplee (HS30)
Theorem 1 (Master theorem) Lef a,C > 0 and b > 0 be constants and T : N — R*
non-decreasing function such that for all k € N and n = 2F,
T(n) < aT'(n/2) + Cn".
Then

o Ifb>log,a, T(n) < O(n?).
o Ifb=1logya, T(n) < O(n'#2% . logn).
(@)

o Ifb<logya, T(n) < O(n'#22),

Consider the following recursive function that takes as an input a positive integer m that is a
power of two (that is, m = 2¥ for some integer k > 0).

Algorithm 1 g(m)
if m > 1 then

g(m/2)
g(m/2)
fori=1,..., 6|/m| do
f0
else
f0

Let T'(m) be the number of calls of the function f in g(m).

i) Give a recursive formula for T'(m). Don’t forget to provide the base case as well

2 + o>
ey = { NED 2_4 ARG A N A

elte

ii) Determine T'(m) in O-notation. Your answer should be as tight as possible.

a=2 b=y =6
(o:—% < 6092@5 9922 = A

= T 2 B(MST) = 50m)



SRTRRES-RECAP LI LK

Vergeiche- Vertauschungen Speicher
Bubolesort Q) QU OWL)
Selechiorgort 0 (r®) o) O
Ineertionsort Oln gy n) Or®) OA)
Mergsort Olnay n) A&y O

AICKSRT

- rekursives Aufteien des AWQQS (GInlich wie \oel W\Gxgesor’d

- Wahl eines Pivatelements
= wemn AL1<D: @n\cesTeonrmH
— st rechtes TQJQGWO{g

QUICKSORT(A[1..n],1,7)

1 if [ <r then
2 k < Aufteilen(A,,r)

3 Quicksort(A, I,k — 1)
4 Quicksort(A, k + 1,r)

> Teile All.r] in zwei
Gruppen auf
> Sortiere linke Gruppe

> Sortiere rechte Gruppe

AUFTEILEN(A[1..n], 1, 7)

p <+ Alr]
k < Zahl der Elemente < p in A[l..r]
B <+ neues Array mit r — [ 4+ 1 Zellen
Bl[k] < p
141
j+—k+1
for s« 1, l+1,...,r
if A[s] <p then
Bli] < A[s]
1< 1+1
else
Blj] < Al
J<J+1
kopiere B nach A[l..r]

© 00 N O O = W N =

T St
=~ W NN = O

> Pivotelement
> so gross wie A[l,...,r]
> Pivot muss an k-te Stelle

> Anfang des linken Teils von B
> Anfang des rechten Teils von B

> Schreibe Als| in linke Hilfte

> Schreibe Als] in rechte Hilfte




worst cose:on wohlt ofs Pivet ein Edement am Rond des sortierten. Rereidhng

Loufzert: O® |, mit randomisierter Pivotweing: Oln g

HIRI

Mox- Heap: bingre Boum der foleende Efdmgungen orfutlt:
A) NoRlst andligiert

2) Heop- Bedingurg: Der Sorlisell jedes (rpters ik grosser oder gReich o
Schilisseln seiner Kinder

HEAPSORT(A[1..n) Qln QQQ n)
| H « Heapify(A) > Wandle Array in Heap
9 . - l>‘ml':7ntf("rm" Elemente aus
2fori+nn—1,..., 1 do Heap
3 Alil « ExtractMax(H) &—0(0g ny
Extract o (H) Oy ) oinfiches Beispicl
©
-Wurzel entfeornen /?\ extroctiMax) 5/ A\ /6\ / \%
- Qetztes BROH On Wureedposition verschicloen AT AT A
=il verfetzte  teapoedingung wikriersieden A3 z s < 3 Ao
Insert(H,p) Otlog )
=
-oeven Knoten v mit SOsse? p an ackster froer AN CA N\
ot vttt topledingury durch Tausch vt Cleiroien /Y J 3% LIV
wietkrherstelien
Profunggadfbe KD @0
o) Fug de Schlissel - B,%2,3,S, 29 nocheinander in einen &eren Heop ein
i 23 i 2 i 1NetS) 2 3
s 3 wmn & me S awes o AR
4 Y y 2. s 2
g 3 (LA
st /'y wssk(a) . P & 3 .
2 T /N A / /
209 g SR \ [\
a/\?/ /) ANVAN /S\B\[\)Sg
¥F .3 042 3 4



b) Zeidire den Mow-Heop. rach. ExtroctiNoxO (it Zuoseherschvitien)

G 6 [y 24
10 Y% ~> 4({ \zg I/ 40/ \6 g 4{) \&S
A A A TS A T

Dorstellung - enes: Bindrbouns. im Speicker

= Array
— nder des oters £ sind an Stelle Asiund A=A
Aufgpce:
Siele folggnoen. Binairboum o Array im Spcher dar
G2 s~ 3 3 m S 2
40/ \zu, 42 | 10 Zb,\i% Alrs |+ 16
/NN Iz 7

T 5 7
6



Ab LIGIE

A) ArrQyS  (sdon beamnt aus EProg)
2) einfch veriettete Liste

[(TF+—TF—TF+— TF—mm
/ 7

first Post

(niowt fmemen
3) doppelt wertettete Liste

vorvanden)

nun}H S e I/ICI/fI | =l

first ast

Laufzeitendioeriolick
Array airf, vertetlele (s | clopp. wertettete Lise
insert(k, ) o]®)) OCA o)
et (i, ow) O(n Qln)
eRrt ARk k)1 Own) Q) QA
delete (k1) On) O.(n) Q)




