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Exercise Sheet 8

Bonus Feedback

. 8.1: If it says translate the conditions, translate the conditions ! "

AQP\ p AQP_\ p AQP\ Ve
. 85:
d d ~ N N

for all v 4 hamittontan There 1S a hamdtont
. s%arhvg with v Pﬁh 74 o cgcclm =her

EX&mp(a . Petersen Q\rop\n.

 length of a path = #edges

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



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|)

Algorithm 5 BFS(s)

I Q {5} Q is a FIFO queue
2: enter(s| < 0; T « 1

3: while () # g do

4; u <— dequeue(Q)

5: leavelu| + T; T+ T+1

6: for (u,v) € E, enter|v] nicht zugewiesen do
7: enqueue(Q, v)

8: enterjv| <71, T < T +1




Graph Searchs

BFS - with pre and post order + distances
Runtime : O (|V| + |E|)

Algorithm 5 BFS(s)

l: @ ¢ 15} | Q is a FIFO queue
2: enter[s| + 0; T « 1 distance[s]=0;

3: while () # g do

4; u <— dequeue(Q)

5: leavelu| + T; T+ T+1

6: for (u,v) € E, enter|v] nicht zugewiesen do

T enqueue(Q), v)

8: enterlv| < T; T «+ T + 1 distance|v] <- distance[u] +1;




Algorithm 14 Breadth-first search

Graph Searchs

while -Q.1sEmprTyY () do

BFS - with pre and post order + distances R
forz swt ;} zglc:h 'ué l::re adjacentin GG do
o Q.rUsH (w)
Runtime : O (|V| + |E|) D DU {w}

Algorithm 5 BFS(s)

l: @ ¢ 15} . Q is a FIFO queue
2: enter[s| «- 0; 7T « 1 distance[s]=0;

3: while () # g do

4; u <— dequeue(Q)

5: leavelu| + T; T+ T+1

6: for (u,v) € E, enter|v] nicht zugewiesen do

T enqueue(Q), v)

8: enter|v| «— T T < T + 1 distancelv] <- distance[u] +1;




Graph Searchs

BFS - Example

enter|] :

Algorithm 5 BFS(s)

1: Q) + {9}
2: enter|s| < 0;
distance[s] =0 ;
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distance[] : |
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3: while Q # @ do

4.

~—~

@

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € F, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

BFS - Example

I
>

U

enter|] :

Algorithm 5 BFS(s)

k: Q <« {9}
2: enter|s| < 0;
distance[s] =0 ;
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T 1
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X

distance[] : | o
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3: while () # g do

4.

S~

@

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

distance|v] <- distance[u] +1;
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Graph Searchs

BFS - Example

I
>

U

enter|] :

Algorithm 5 BFS(s)

k: Q — {9}
2: enter|s| < 0;
distance[s] =0 ;
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T 1
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distance[] : | o
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3: while () # g do

4.

S~

@

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

distance|v] <- distance[u] +1;
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BFS - Example

Q:B

I
>

U

Algorithm 5 BFS(s)

Graph Searchs

enter|] :

1: Q) + {9}
2: enter(s| « 0; T « 1
distance[s] =0 ;
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distance[] : |-
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3: while Q # @ do
4. u + dequeue(Q)
leavelu] <~ T; T« T+1

6: for (u,v) € E, enter|v] nicht zugewiesen do
T enqueue(Q, v)
8: enterlv| T, T+ T+1

distance|v] <- distance[u] +1;
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Q:B-C

enter|] :

U

Graph Searchs

BFS - Example

Algorithm 5 BFS(s)

w O

1: Q) + {9}
2: enter|s| < 0
distance[s] =0 ;

)
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distancel] : g1
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3: while ) # @ do

4.
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@

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterjv| <« T; T+ T+1

distance|v] <- distance[u] +1;
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BFS - Example

Q:B-C-F

I
>

U

Algorithm 5 BFS(s)

Graph Searchs

3: while ) # 9 do

enter|] :

4: u < dequeue(Q)
. 5: leavelu| +T; T+ T+1
L: Q — {8} 6: for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| + 0; T « 1 T enqueue(Q, v)
. 8: enterjv| <« T; T+ T+1
distancels] =0 ; distance[v] <- distance[u] +1;
2/ O/ 3/
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=
O

o

distance[] : | o




Graph Searchs

BFS - Example

Q:B-C-F

enter|] :

m 3. while Q # @ do

4: u < dequeue(Q)

1: ) {9}
2: enter(s| < 0
distance[s] =0 ;

leavelu| +T; T+ T+1
6: for (u,v) € E, enter[v] nicht zugewiesen do
: G - | 7: enqueue(Q, v)
8: enterlv| T, T+ T+1

distance|v] <- distance[u] +1;
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/
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distancel] : [g] 1] :




Graph Searchs

BFS - Example

enter|] :

Algorithm 5 BFS(s)

k: Q — {9}
2: enter|s| < 0;
distance[s] =0 ;

T 1
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diStanCe[]Z Ol 111 1

4

3: while () # g do

4.

<

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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




BFS - Example

Q:C-F

Algorithm 5 BFS(s)

Graph Searchs

k: Q <« {9}
2: enter|s| < 0;
distance[s] =0 ;

3: while () # g do

4.

u < dequeue(Q)

enter|] :

5: leavelu| +T; T+ T+1
6: for (u,v) € E, enter|v] nicht zugewiesen do
A i, | T enqueue(Q, v)
8: enterlv| T, T+ T+1
distance|v] <- distance[u] +1;
2 0/ 3/

@ .

o

distance[] : | o




BFS - Example

Q:C-F

Algorithm 5 BFS(s)

Graph Searchs

k: Q <« {9}
2: enter|s| < 0;
distance[s] =0 ;

3: while () # g do

4.

u < dequeue(Q)

enter|] :

5: leavelu| +T; T+ T+1
6: for (u,v) € E, enter|v] nicht zugewiesen do
A i, | T enqueue(Q, v)
8: enterlv| T, T+ T+1
distance|v] <- distance[u] +1;
2 0/ 3/

@ .

o

distance[] : | o




Q:C-F-E

enter|] :

Algorithm 5 BFS(s)

Graph Searchs o<
BFS - Example

2: enter(s| + 0; T « 1
distance[s] =0 ;

3 ®

@
CIDIEIFIGH
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3: while () # g do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

@4

2|3 6|4
BIC D EF|G|H

distancel] : g1+ 9|




Graph Searchs

BFS - Example

Q:C-F-E

enter|] :

Algorithm 5 BFS(s)

1: Q) {9}
2: enter(s| <+ 0; T «1
distance[s] =0 ;

2

L ®

N
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3: while Q # @ do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter[v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

@4

distancel] : g1+ 9 | 1




Graph Searchs

BFS - Example

Q:C-F-E

enter|] :

Algorithm 5 BFS(s)

1: Q) {9}
2: enter(s| <+ 0; T «1
distance[s] =0 ;

2

L ®

N
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3: while Q # @ do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter[v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

@4

distancel] : g1+ 9 | 1




Q:F-E

enter|] :

Graph Searchs

BFS - Example

Algorithm 5 BFS(s)

w | O

1: Q) + {9}
2: enter(s| <+ 0; T « 1
distance[s] =0 ;

2

L, ®
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>

3: while () # g do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

@4

distancel] : g1+ 9 | 1




Q:F-E

enter|] :

Graph Searchs

BFS - Example

Algorithm 5 BFS(s)

w | O

1: Q) + {9}
2: enter(s| <+ 0; T « 1
distance[s] =0 ;

2

L, ®
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>

3: while () # g do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

@4

distancel] : g1+ 9 | 1




Q:F-E-D

U

Graph Searchs

BFS - Example

Algorithm 5 BFS(s)

enter|] :

w | O

k: Q — {9}
2: enter|s| < 0;
distance[s] =0

T 1

3: while () # g do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

distancel]: [o[1 111221




m 3. while Q # @ do

4: u < dequeue(Q)

: leav s & T'+1
Gra ph Sea rChS L: Q A {S} T | 6: f‘:)??[jf]zlf)_e (g : (31)1‘(,:3—1'[’0] nicht zugewiesen do
. enterle - 7: enqueue(Q, v
BFS = Exa m ple > (}.nt(ll [S] <_ O’ <_ 8: entler['v] «—T, T+ T+1
distance[s] =0 ; distance[v] <- distance[u] +1;
Q:F-E-D 2/ O/ 3/

enter[]:ozszz4 \l l

distancel]: o1 1112121




m 3. while Q # @ do

4: u < dequeue(Q)

: leav s & T'+1
Gra ph Sea rChS L: Q A {S} T | 6: f‘:)??[jf]zlf)_e (g : (31)1‘(,:3—1'[’0] nicht zugewiesen do
. enterle - 7: enqueue(Q, v
BFS = Exa m ple > (}.nt(ll [S] <_ O’ <_ 8: entler['v] «—T, T+ T+1
distance[s] =0 ; distance[v] <- distance[u] +1;
Q:F-E-D 2/ O/ 3/

enter[]:ozszz4 \l l

distancel]: o1 1112121




Q :

Graph Searchs

BFS - Example

E-D

enter|] :

Algorithm 5 BFS(s)

k: Q <« {9}
2: enter|s| < 0;
distance[s] =0 ;

T 1

|
=

3: while () # g do
4:

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

distancel]: o1 1112121




Q :

Graph Searchs

BFS - Example

E-D

enter|] :

Algorithm 5 BFS(s)

k: Q <« {9}
2: enter|s| < 0;
distance[s] =0 ;

T 1

|
=

3: while () # g do
4:

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

distancel]: o1 1112121




BFS - Example

Q:E-D-G

-
|
=

Graph Searchs

Algorithm 5 BFS(s)

AlB|C G

enterl] : 0l2/3|8/6!|4/10
AlBICIDIE|IF|G
11517

k: Q — {9}
2: enter|s| < 0;
distance[s] =0 ;

T 1

3: while () # g do

o OF & On e

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

distancel] : [ogl1][1]212/1]2




BFS - Example

Graph Searchs

Algorithm 5 BFS(s)

Q:E-D-G
AlB|C G
enter[]. 01213/ 8|6 10
AlBICIDIE G
11517

1: Q) {9}
2: enter|s| < 0;
distance[s] =0 ;

T 1

2

o
.

distancel] : [g/1][1]212/1]2

3: while Q # @ do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter[v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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




BFS - Example

Graph Searchs

Algorithm 5 BFS(s)

Q:E-D-G
AlB|C G
enter[]. 01213/ 8|6 10
AlBICIDIE G
11517

1: Q) {9}
2: enter|s| « 0;
distance[s] =0 ;

T 1

2

o
.

distancel] : [g/1][1]212/1]2

3: while Q # @ do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter[v] nicht zugewiesen do
enqueue(Q, v)
enterjv| <« T; T+ T+1

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




BFS - Example

Q:D-G

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

E G
6 10
E G
11

1: Q) + {9}
2: enter(s| <+ 0; T «1
distance[s] =0 ;

2

@
\

distancel] : [g/1][1]212/1]2

3: while () # g do

4.

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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




BFS - Example

Q:D-G

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

C E G
3 6 10
C E G
7/ 11

k: Q <« {9}
2: enter|s| < 0;
distance[s] =0 ;

T 1

3:
4
5
6:
g
3

while () # @ do

u < dequeue(Q)

leavelu| +T; T+ T+1

for (u,v) € E, enter|v] nicht zugewiesen do
enqueue(Q, v)
enterlv| T, T+ T+1

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

distancel] : [g/1][1]212/1]2

8/
®
/
AlB|C F |G| H




BFS - Example

Q:D-G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
. U — dGQUGUe(Q)

E G| H
6 10112
E G| H
11

for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| + 0; T « 1

3
4:
5: leavelu| +T; T+ T+1
L: Q — {9} " | .
T enqueue(Q, v)
3
distance[s] = 0O

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/0 @ ©-

10/

Ce-e@-

distancel] : [ol1]112]2/112]3




BFS - Example

Q:D-G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
u < dequeue(Q)

E G| H
6 10112
E G| H
11

for (u,v) € E, enter[v] nicht zugewiesen do
2: enter(s| <+ 0; T «1

3
4:
5: leavelu| +T; T+ T+1
g enqueue(Q), v)
3
distance[s] =0

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/@ @ ©-

10/

@@

distancel] : [ol1]112]2/112]3




BFS - Example

Q:D-G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
u < dequeue(Q)

E G| H
6 10112
E G| H
11

for (u,v) € E, enter[v] nicht zugewiesen do
2: enter(s| <+ 0; T «1

3
4:
5: leavelu| +T; T+ T+1
g enqueue(Q), v)
3
distance[s] =0

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/@ @ ©-

10/

@@

distancel]: [ol111]212]1/2]3




BFS - Example

Q:G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
| u < dequeue(Q)

E G| H
6 10112
E G| H
11

for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| <+ 0; T « 1

3
4:
5: leavelu| +T; T+ T+1
L: Q < {9} " | .
T enqueue(Q, v)
3
distance[s] = 0O

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/@ @ @

10/

@@

distancel] : [ol1]112]2/112]3




BFS - Example

Q:G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
| u < dequeue(Q)

E G| H
6 10112
E G| H
11

for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| <+ 0; T « 1

3
4:
5: leavelu| +T; T+ T+1
L: Q < {9} " | .
T enqueue(Q, v)
3
distance[s] = 0O

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/@ ® @

10/

@@

distancel] : [ol1]112]2/112]3




BFS - Example

Q:G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
u < dequeue(Q)

E G| H
6 10112
E G| H
11

3

4:

5: leavelu| +T; T+ T+1
L Q A {S} 6: for (u,v) € E, enter[v] nicht zugewiesen do
2: enter(s| <+ 0; 7T « 1 7
3

enqueue(Q), v)
, enterjv| <« T; T+ T+1
distance[s] =0

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

® @3/\@

6/@ ® @

10/

@@

distancel] : [ol1]112]2/112]3




BFS - Example

Q:G-H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
u < dequeue(Q)

E G| H
6 10112
E G| H
11

3

4:

5: leavelu| +T; T+ T+1
L Q A {S} 6: for (u,v) € E, enter[v] nicht zugewiesen do
2: enter(s| <+ 0; 7T « 1 7
3

enqueue(Q), v)
, enterjv| <« T; T+ T+1
distance[s] =0

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

® @3/\@

6/@ ® @

10/

@@

distancel] : [ol1]112]2/112]3




BFS - Example

Q:H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
| u < dequeue(Q)

E G| H
6 10112
E G| H
11 14

for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| <+ 0; T « 1

3
4:
5: leavelu| +T; T+ T+1
L: Q < {9} " | .
T enqueue(Q, v)
3
distance[s] = 0O

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/@ ® @

10/
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distancel] : [ol1]112]2/112]3




BFS - Example

Q:H

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
u < dequeue(Q)

E G| H
6 10112
E G| H
11 14

3

4:

5: leavelu| +T; T+ T+1
L Q A {S} 6: for (u,v) € E, enter[v] nicht zugewiesen do
2: enter(s| <+ 0; 7T « 1 7
3

enqueue(Q), v)
, enterjv| <« T; T+ T+1
distance[s] =0

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

® @3/\@

6/@ ® @

10/

RNCENOE

distancel] : [ol1]112]2/112]3




Q :

enter|] :

BFS - Example

H

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
u + dequeue(Q)

E G| H
6 10112
E G| H
11 14

leavelu| +T; T+ T+1

for (u,v) € E, enter[v] nicht zugewiesen do
enqueue(Q, v)
enterjv| <« T; T+ T+1

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

3
4:
2: enter(s| «+ 0; T «+ 1 7

distance[s] =0 i

® @/\@

6/@ ® @

10/

RNCENOE




BFS - Example

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
| u < dequeue(Q)

E G| H
6 10112
E G| H
11 14115

for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| <+ 0; T « 1

3
4:
5: leavelu| +T; T+ T+1
L: Q < {9} " | .
T enqueue(Q, v)
3
distance[s] = 0O

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;

® @3/\@

6/@ ® @

10/
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distancel] : [ol1]112]2/112]3




BFS - Example

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while Q # @ do
| u < dequeue(Q)

E G| H
6 10112
E G| H
11 14115

for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| <+ 0; T « 1

3
4:
5: leavelu| +T; T+ T+1
L: Q < {9} " | .
T enqueue(Q, v)
3
distance[s] = 0O

enterlv| T, T+ T+1
distance|v] <- distance[u] +1;
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6/@ ® @

10/
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BFS - Example

enter|] :

Graph Searchs

Algorithm 5 BFS(s)

3: while () # @ do
- u < dequeue(Q)

E G| H
6 10112
E G| H
11 14115

3

4:

5: leavelu| +T; T+ T+1
L: Q — {8} 6: for (u,v) € E, enter|v] nicht zugewiesen do
2: enter(s| <+ 0; T «1 T
3

enqueue(Q, v)
. enterlv| T, T+ T+1
distance[s] =0

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

® @3/\@

6/@ ® @

10/

NCEOE

distancel] : [ol1]112]2/112]3




BFS

Exam Question HS21

/ 4P| ¢) Finding a shortest cycle

Describe an algorithm which, given an unweighted directed graph G = (V, F) and a vertex
v € V, finds a shortest cycle containing v. If there is no such cycle, the algorithm should
report that v is not a vertex of any cycle. Faster algorithms are worth more points. To get full
points, aim for O(|V| + |E|) runtime.



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 !l O( |V| + |E| )
- Coding

« Know how to implement both !! How ? ...



Let’s take a break



Code Expert - Graph Sets

A..
-

LN \ I'don't know why it's coming, out all loud
and squeaky, ‘cause really, ’(deep voice)

I'm hine. I'm fine.




Next Week ...

Shortest Path algorithms (one-to-all) ...



Questions
Feedbacks, Recommendations

Nil Ozer



