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Quiz



Exercise Sheet 8

• 8.1 : If it says translate the conditions, translate the conditions ! 👏 

• 8.5 : 👏 👏 👏 

•   

• length of a path = #edges  

• n vertices in a path means that the path has a length of n -1 

Bonus Feedback



Peergrading and rest

• Exercise Sheet 9 peergrading  

• 9.4 this week  

• Emails will be sent 

• New groups for sheet 10 !  

• Sheet 7 grades coming up shortly



Graph Searchs
BFS



Graph Searchs
BFS - with pre and post order

Runtime : O (|V| + |E|) 

Q is a FIFO queue



Graph Searchs
BFS - with pre and post order + distances

Runtime : O (|V| + |E|) 

Q is a FIFO queue
distance[s] = 0 ; 

distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - with pre and post order + distances

Runtime : O (|V| + |E|) 

Q is a FIFO queue
distance[s] = 0 ; 

distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q :  A 

enter[] : 
A B C D E F G H

0

leave[] : 
A B C D E F G H

0 / 

distance[] : 
A B C D E F G H

0

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q :  

enter[] : 
A B C D E F G H

0

leave[] : 
A B C D E F G H

1

0 / 1

u = A 

distance[] : 
A B C D E F G H

0

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q :  

enter[] : 
A B C D E F G H

0

leave[] : 
A B C D E F G H

1

0 / 1

u = A 

distance[] : 
A B C D E F G H

0

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : B  

enter[] : 
A B C D E F G H

0 2

leave[] : 
A B C D E F G H

1

0 / 1

u = A 

2 / 

distance[] : 
A B C D E F G H

0 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : B - C  

enter[] : 
A B C D E F G H

0 2 3

leave[] : 
A B C D E F G H

1

0 / 1

u = A 

2 / 3 / 

distance[] : 
A B C D E F G H

0 1 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : B - C - F 

enter[] : 
A B C D E F G H

0 2 3 4

leave[] : 
A B C D E F G H

1

0 / 1

u = A 

2 / 3 / 

4 / 

distance[] : 
A B C D E F G H

0 1 1 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : B - C - F 

enter[] : 
A B C D E F G H

0 2 3 4

leave[] : 
A B C D E F G H

1

0 / 12 / 3 / 

4 / 

distance[] : 
A B C D E F G H

0 1 1 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : B - C - F 

enter[] : 

leave[] : 
A B C D E F G H

1

0 / 12 / 3 / 

4 / 

FIFO

A B C D E F G H

0 2 3 4

distance[] : 
A B C D E F G H

0 1 1 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : C - F 

enter[] : 

leave[] : 
A B C D E F G H

1 5

0 / 1

u = B 

2 / 5 3 / 

4 / 

A B C D E F G H

0 2 3 4

distance[] : 
A B C D E F G H

0 1 1 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : C - F 

enter[] : 

leave[] : 
A B C D E F G H

1 5

0 / 1

u = B 

2 / 5 3 / 

4 / 

A B C D E F G H

0 2 3 4

distance[] : 
A B C D E F G H

0 1 1 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : C - F - E

enter[] : 
A B C D E F G H

0 2 3 6 4

leave[] : 
A B C D E F G H

1 5

0 / 1

u = B 

2 / 5 3 / 

4 / 

6 / 

distance[] : 
A B C D E F G H

0 1 1 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Graph Searchs
BFS - Example

B A C

E F D

G H

Q : C - F - E

enter[] : 
A B C D E F G H

0 2 3 6 4

leave[] : 
A B C D E F G H

1 5

0 / 12 / 5 3 / 

4 / 

6 / 

distance[] : 
A B C D E F G H

0 1 1 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : C - F - E

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 6 4

leave[] : 
A B C D E F G H

1 5

0 / 12 / 5 3 / 

4 / 

6 / 

distance[] : 
A B C D E F G H

0 1 1 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : F - E

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 6 4

leave[] : 
A B C D E F G H

1 5 7

0 / 12 / 5 3 / 7

4 / 

6 / 

u = C 

distance[] : 
A B C D E F G H

0 1 1 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : F - E

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 6 4

leave[] : 
A B C D E F G H

1 5 7

0 / 12 / 5 3 / 7

4 / 

6 / 

u = C 

distance[] : 
A B C D E F G H

0 1 1 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : F - E - D

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4

leave[] : 
A B C D E F G H

1 5 7

0 / 12 / 5 3 / 7

4 / 

6 / 

u = C 

8 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : F - E - D

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4

leave[] : 
A B C D E F G H

1 5 7

0 / 12 / 5 3 / 7

4 / 

6 / 8 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : F - E - D

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4

leave[] : 
A B C D E F G H

1 5 7

0 / 12 / 5 3 / 7

4 / 

6 / 8 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : E - D

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4

leave[] : 
A B C D E F G H

1 5 7 9

0 / 12 / 5 3 / 7

4 / 9 

6 / 8 / 

u = F 

distance[] : 
A B C D E F G H

0 1 1 2 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : E - D

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4

leave[] : 
A B C D E F G H

1 5 7 9

0 / 12 / 5 3 / 7

4 / 9 

6 / 8 / 

u = F 

distance[] : 
A B C D E F G H

0 1 1 2 2 1

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : E - D - G

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10

leave[] : 
A B C D E F G H

1 5 7 9

0 / 12 / 5 3 / 7

4 / 9 

6 / 8 / 

u = F 

10 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : E - D - G

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10

leave[] : 
A B C D E F G H

1 5 7 9

0 / 12 / 5 3 / 7

4 / 9 

6 / 8 / 

10 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : E - D - G

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10

leave[] : 
A B C D E F G H

1 5 7 9

0 / 12 / 5 3 / 7

4 / 9 

6 / 8 / 

10 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : D - G

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10

leave[] : 
A B C D E F G H

1 5 7 11 9

0 / 12 / 5 3 / 7

4 / 9 

6 / 11 8 / 

10 / 

u = E 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : D - G

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10

leave[] : 
A B C D E F G H

1 5 7 11 9

0 / 12 / 5 3 / 7

4 / 9 

8 / 

10 / 

u = E 

6 / 11 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : D - G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 11 9

0 / 12 / 5 3 / 7

4 / 9 

8 / 

10 / 

u = E 

6 / 11 

12 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : D - G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 11 9

0 / 12 / 5 3 / 7

4 / 9 

8 / 

10 / 

6 / 11 

12 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : D - G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 11 9

0 / 12 / 5 3 / 7

4 / 9 

8 / 

10 / 

6 / 11 

12 / 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9

0 / 12 / 5 3 / 7

4 / 9 

8 / 13 

10 / 

6 / 11 

12 / 

u = D

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9

0 / 12 / 5 3 / 7

4 / 9 

8 / 13 

10 / 

6 / 11 

12 / 

u = D

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9

0 / 12 / 5 3 / 7

4 / 9 

10 / 

6 / 11 

12 / 

8 / 13 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : G - H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9

0 / 12 / 5 3 / 7

4 / 9 

10 / 

6 / 11 

12 / 

8 / 13 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9 14

0 / 12 / 5 3 / 7

4 / 9 

10 / 14 

6 / 11 

12 / 

8 / 13 

u = G

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9 14

0 / 12 / 5 3 / 7

4 / 9 

10 / 14 

6 / 11 

12 / 

8 / 13 

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q : H

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9 14

0 / 12 / 5 3 / 7

4 / 9 

10 / 14 

6 / 11 

12 / 

8 / 13 

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q :

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9 14 15

0 / 12 / 5 3 / 7

4 / 9 

10 / 14 

6 / 11 

12 /15 

8 / 13 

u = H

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q :

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9 14 15

0 / 12 / 5 3 / 7

4 / 9 

10 / 14 

6 / 11 

12 /15 

8 / 13 

u = H

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



Q :

Graph Searchs
BFS - Example

B A C

E F D

G H

enter[] : 
A B C D E F G H

0 2 3 8 6 4 10 12

leave[] : 
A B C D E F G H

1 5 7 13 11 9 14 15

0 / 12 / 5 3 / 7

4 / 9 

10 / 14 

6 / 11 

12 /15 

8 / 13 

Q = ∅

distance[] : 
A B C D E F G H

0 1 1 2 2 1 2 3

distance[s] = 0 ; distance[v] <- distance[u] + 1 ; 



BFS
Exam Question HS21



DFS, BFS
Exam Tipps

• DFS for reachability , finding components 

• BFS for distance in unweighted Graph (Shortest Path in unweighted Graph) 

• Theory 

• Usual new algorithm tipps 

• Watch out for the runtime !! O( |V| + |E| ) 

• Coding 

• Know how to implement both !! How ? … 



Let’s take a break



Code Expert - Graph Sets



Next Week …
Shortest Path algorithms (one-to-all)  … 



Questions

Nil Ozer

Feedbacks , Recommendations


