










































4519 TALD Upts

what is a tree
when is a graph connected

False counterexample s



4519 TALD Upts

what is a tree

G ViEl 1422

what is a path
when is a path considered longest

what sun leaves

Idea If P wasn't longest we could

extend P How long can we

possibly extend P Until we

reach a leaf

True A



4519 TALD Upts

what is a directed graph

what is an acyclic graph

what is in degree

what do we know about DAG
connections

degree sum formula

Idea Since they say Ang can

I find a counter example

Idea DAG Topological ordering

sink source

source has in degree 0

True Topological ordering



7520 T1 b lepts

what is a tree

counter example oh

No Because the tree definition already

implies connectedness

True



FS20 T1 b lepts

what is a Eulerian walk

True



FS20 T1 b lepts

what is an adjacency matrix

what is a path
Q 2 b c

b y a

1 0 1

1 1 0

01

1 0 1 1 1 2
n n 0 2 1 1
01 112

A



Proof by induction

Let A be the adjaiency matrix of an
undirected Graph G

We prove that Ai is the number of

walks of length k from vertex i to j

11 K 1

A A j

if hi EE

o else

thus it's easy to see that Aig is

the number of walks of length 1 from
i to j

III for some KEIN we have that

Ali is the number of walks

of length k from i to j

II has kth

Assume that At
t
is the number of

walks of length k from i to

1H



A A A and therefore we have

AY I e Ae
1 1

Now nothe that a walk of length 4 1

from i to j can be seen 21

a walk of length 4 from i to

some u e V followed by a walk

of length 1 from a to j i e

W Ci nu j7 Since the walk from

i to u is of length k we know

that All contains the number of walks
of length n from i to a 1 H

We can extend any walk from i to

u by any walk from a to j
thus the number of walks from i to

j is the number of walki from i to

a time the number of walks from u

NI
to j We_have AY E A Aaj



FS20 T1 b lepts

unweighted graph

BFS DFS

A B C D E
n

3

false



7520 T1 b lepts

what is a binary tree

what is the height of a binary tree

what is a leaf

True



45207114 Spts

what is a topological ordering

when do you have a topo ord

320
0

two sources two sinks

Falle



1520 Till Spts

what is the maximal number of edges
in a graph

nth vertex edge

21 1 I
i n

True



45207114 Spts

adjanency matrix

degree underented

consider row o what is the

degree number of 1 s in the

row Have to go through entire

row A IVI

False



4520 T1 c Spts

Eulerian walk

Too simple

It

false



45207114 Spts

Dykstra's greedy PriorityQueue I

Topological ordering

which graph has a topologital ordering

false



4521 c hpts

closed walk length

cycle length

I
false



4521T1 4 Spts

Same as

4520 T1 c Spts



4521 1114 Spts

IEL M 1 familiar

false



F521 T2 k 2pts

MST it unique

Dijkstra Tree

Proof Sketch

4Since non neg distinct weights unique MST

Kruskal takes the weights in

ascending order cheapest edge to U

is picked to connect w to the MST

Same for Dijkstra

I Prim starting from v takes

cheapest edge to a sam for
bighitra



F521 T2 k 2pts

complete graph Hamiltonian path

P Con Un U

Let a from kn what is the degree of
u deglo n n

For even a we have n t is odd

Let a from kn what is the degree of
u deglo n n We add n to

all deglu through us

For odd n we don't add us

For even a all degrees equal n



41520 T2 k hpts

agile cut vertex

seems correct

False



4520 T2 k hpts

comparing with it this must be true now

right No

lil u is in cycle o is no cut vertex

i v is no cut vertex it is in agile

it showed that u can be in a cycle
and be a cut vertex at the same time

0 0 00 If not cut butnot cyle

7false



4520 T2 k hpts

how to prove it

if an connected in 4 after deleting

e a w still connected



4520 T2 k hpts

relationship cut vertex and c t edge

17 0

7false

Algowahr



4521 T2 k hpts

shortest cycle shortest path
path vs cycle

runtime hints at DFS BFS

a

con Un Un t un

shortest path from 1 to n 1



41521 T2 k hpts

tournament

DAU

Since DAG topo sort

but unique

S un un un topo sort

visitistint by def of

tournament Ui win have edge

edge must be lui rien It luits Ui

because topo Jout

v u v on path



4520 T 9pts

seems similar to subset sum

subset sum is in OLAB

In subset sum we take or not take

elements

Sinie I K are disjoint we have to

be careful not to take a single element

more than one

Sinne I K are disjoint and A E Ri
we have that

Aj A then a ICIU K

EK



Idea show I I exist such that

Efi E Aj 3A
Idea we consider each element one

by one as in subset sum and

see what sums we can construct

with them

Idea two times subset sum but only

give each element once

DPCm B C is 1 if we can

construct B and C using the first
m elements only once



In 11 Atn A 111

intreasing order of m Order of B and C

doesn't matter

YES if PPG A1 A1 1

No else

intn Atn in Oln 01nA



4821 Th 13 pts

shortest path
negative weights

no negative agile



any pair vial

at most h other crossings

i
r u

length of path K 1





Idea we modeled the distances to correspond to

the amount of battery is needed for

traveling Somehow we have to limit

this distance Eb

Idea edge relaxation Idlu do uccu.nl
here add condition that battery b




