0(1[1/|0
0(0|0

0(0f0|1
110/0|0

O

=
[S)
-
N
N

110/0[0
11001
110|1]0

0[1/0(0
00|11
Welche Adjazenzmatrix gehért zum gerichteten Graph oben? 11001

Wahr oder falsch: Ein langster (gerichteter) Pfad in einem gerichteten Graph ohne gerichtete Zyklen muss in einer Senke enden.

Bitte wahlen Sie eine Antwort:

Q(Wahr

O Falsch

Im obigen Graph zeigen die griinen, durchgezogenen Kanten einen Tiefensuchbaum an. Klassifizieren Sie die restlichen Kanten. (Hinweis: Jede
Option sollte genau einmal verwendet werden.)

(3,9) | Auswahlen.. #
(1,7) | Auswahlen.. *

(5,1) | Auswahlen..

Wir fiihren eine Tiefensuche (DFS) auf einem gerichteten Graph G = (V/, E)) aus und bestimmen alle Pre-/Post-Zahlen.
Wir stellen fest, dass es eine Kante (u,v) € E gibt mit

pre(v) < pre(u) < post(u) < post(v).
Was kénnen wir tiber G' schliessen?

(Erinnern Sie sich daran, dass die Pre-/Post-Zahl eines Knotens den Zeitpunkt angibt, wann er von der Tiefensuche zum ersten/letzten Mal besucht

wird.) \/
Wabhlen Sie eine Antwort: ‘Z
>Z£ a. G hat einen gerichteten Zyklus.

O b. G hat keinen gerichteten Zyklus.

S&‘

O c. Keines der beiden.
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TOPULOGICAL SORTING

[cdlee Graph. iach Aohingigkeiten’  sorbigren, 2 B. e Tesk- Gropren

Ansatz - Finde <enke v
Stze v oon letete Stetle
-Bntferne v ound @ke  rekurgy

Auigoloe
(c) The following graph has a topological sorting. If so, give a topological sorting; if not, prove why no
topological sorting can exist.

cG CF HIDAR
() peasiol
We compute one ¢ topoLog\caQ ovRr 0s Pd\nw\f\s:
1) ,?—a %ec 2)? d 3) c Y 5)
?§E§K§ A 655 ? E/zi PSS
G—>H—>L G—>H—L GZH—»T_ G—H—L G—>H—L
&opokoa\cox\ order: lcopolos\cu\ order: hopo\os'\cul order: Eopoba\cu\ order: &opolos\cod order:
B AR CAR DCAB
o) ) 2) 9) 40)
7F /E—?F /E_ e
GéH G G
topol.os\cod order: 'copol.oa'\cc\\ order: 'copolos\cod order: &opo\oe'\coxl order: @0\%’\(&\ order:
IDCAB HIDCAB F HIDCABR GF HIDCAB EGFHIDCAR

B topo@)sische Sorh@rung & 7 gncheter Ay



DES

DFS( X) %
visited|[x] true;
1 0; 1 degree[x]; i++) {
(!visited[edges[x]1[i]]) %

ldee-Laufe- <o Garge. erem Pfad. enttong 0 (
du an eanem Knoen ankommst, den  du schon
en host, dann Que zurick lois . du. weitere.

X A\oﬁu;ejSUPG" fFindest

DFS(edges[x][i]);

: A:quaba{ Zeidne DFR-Raum stortend ba A und nummeriere.
mit  Pre- und Pogtnummem
Y T
¢ N A
2iC v
V4 \, Ay 4S
SED 3416
A
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tree eolges - Konten i DFS-Baum
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loack ed9e3 e= (D v — 323\1&)\3
forward s’ e= WV ._uv_. ' — Fzwe unteradnieliche Pfode won u noch v

U

Qo= EQEFS e={u\) e

m ungeridl\ketﬁn Gropren: louck. iR~ forword edop

keine oo di53 - e

topo@ogisdne Sortiemng = umaetehrtﬁr Postorder.  (wennes keine. ok edges Sibt)

Anuendungsioeispiele:

 Erreidnarketsprobeme [Zusammeniiongskomponenten . — U yon U exveidoart
 Zyrlen prufen = DFSWD vsiedCuwd = tlue
mpoeoggye Sorherung



-~ Prufungsaufyioe HSB
d) Depth-first search: Consider the following directed graph:

i) Draw the depth-first tree resulting from a depth-first search starting from vertex 1.
Process the neighbors of a vertex in increasing order.

"\
S *+
ii) Write out two edges ey, e2 such that the directed graph above has a topological ordering
after removing e; and ey (the vertex set does not change).

Remark: There could be multiple valid solutions. In this case, you only need to write
down one of them.

Kanten uwxdiéen, die. i zuei ZUKQEY\ sd = (4D und (%6)
Adfabe (Bonus HSR3)
Exercise 9.4  Number of paths in DAGs (1 point).

Let G = (V, E) be a directed graph without directed cycles' (i.e., a directed acyclic graph or short
DAG). Assume that V' = {vy,...,v,} (for n = |V| € N). Further assume that v, is a source and v, is

a sink. The goal of this exercise is to find the number of paths from v to v,,.
(a) Prove that there exists a topological sorting of G that has v as first and v, as last vertex.

Using part (a), we assume from now on that the sorting vy, va, ..., v, of the vertices is a topological
sorting. We can achieve this by renaming the vertices. Part (a) tells us then that we do not need to
rename vy and v,,.

Anrchme: fur alle (demwtcten ViV~ PRICIE. P V=V, Vi, -, Vie =i gitt. i0<i <. <it.

(c) Describe a bottom-up dynamic programming algorithm that, given a graph G with the property
that vy,..., v, is a topological sorting, returns the number of v;-v,, paths in G in O(|V| + |E|)
time. You can assume that the graph is provided to you as a pair (n, Adj) of the integer n = |V/|
and the adjacency lists Adj. Your algorithm can access Adj[u], which is a list of vertices to which
u has a direct edge, in constant time. Formally, Adj[u] := {v € V | (u,v) € E}.

In your solution, address the following aspects:
1. Dimensions of the DP table: What are the dimensions of the D P table?
2. Subproblems: What is the meaning of each entry?

3. Recursion: How can an entry of the table be computed from previous entries? Justify why your
recurrence relation is correct. Specify the base cases of the recursion, i.e., the cases that do not
depend on others.

4. Calculation order: In which order can entries be computed so that values needed for each entry
have been determined in previous steps?

5. Extracting the solution: How can the solution be extracted once the table has been filled?
6. Running time: What is the running time of your solution?

Hint: Define the entry of the DP table as D P[i] = number of paths in G from v; to v,,.
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Meine Losung (geht bestimmt auch effizienter),
Aufgabe 4 benotigt BFS (ndchste Woche)

java.util.Arrays;
java.util.Arraylist;
java.util.lLinkedList;
java.util.Queue;

Main §
main(String[] args) %

tests In.readInt();
¢ t 0; t tests; t++) §
) In.readInt();
In.readInt();
In.readInt();

[1[] edgeArray [m][2];
(int i = ©; i < m; i++) §
edgeArray[1][0] .TreadInt();
edgeArray[i][1] .TreadInt();
%

Graph G Graph(n, m, edgeArray);
G.initialize();

( i=0;1<q; 1++) 1
type In.readInt();
(type 1)

Out.println(G.hasCycle());
I; (type 2) 1

Out.println(G.hasCycleWithoutNodeZero());
(type 3)

X In.readInt();
y In.readInt();
Out.println(G.isSameSet(x, y));

£ (type 4) 3

X In.readInt();
y In.readInt();
Out.println(G.getShortestPath(x, y));




Graph {
n;

m;

[]1 degree;
[1[] edges;

[] visited;
cycle_without_zero;
component;

[1 components;
[1 d;
Graph( n, m, [1[] edgeArray){
n n;
m - m;
degree [n];
edges [n1L1;
visited [n];
( i=0; i<m i++) §

degree[edgeArray[i][0]] ++;
degree[edgeArray[i][1]]++;

%

( i 0; i n; i++) §
edges[i] [degree[i]];
degree[i] 0;

3
( i=0;1i<m i++) §

edges[edgeArray[i] [0]][degree[edgeArray[i][0]]++] edgeArray[i][1];
edges[edgeArray[i][1]] [degree[edgeArTay[i][1]]++] edgeArray[i] [0];

initialize() {

cycle_without_zero 0;

components [n];
component 0;
( i=1; i<n; i++)}
(components[i] 0)4

component++;
components[i] component;
DFS_without 0(3i);

5

Queue<Integer> q LinkedList<Integer>();
g.add(0);
d [n];

(!q.isEmpty())§
u = q.poll();
( i - 0; i<edges[u].length; i++){
(d[edges[u] [1]] 0)
d[edges[u] [1]]- d[u]+1;
g.add(edges[u][i]);




rasCycleWithoutNodeZero

(m -degreel[0] n-component-1)
O
0;

§
isSameSet ( X, y) 1
(components|[x] components([y]) 1;
0;
§
getShortestPath( X, y)
d[x]+d[y];
§

DFS without O( X) 3
( 1 0; 1 degree([x]; 1++) ¢
(edges[x][1] 0)3
(components[edges[x][1]] 0) 3
components[edges[x] [1]] component;
DFS_without_0O(edges[x][1i]);
§ ]
cycle _without_zero 1;

§






