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Graph Theory

G = (V,E)



Walk(Weg)

● The sequence v1, v2, v3…,vn is a walk iff there are edges between vi and vi+1 for all i ∈ {1,...,n-1}
● Length of the walk?



Closed Walk(Zyklus)

● Walk that ends at the point where it started



Path(Pfad)

● walk whose vertices are all distinct
● length?



Cycle(Kreis)

● a path is a cycle if the first and last node is the same
● 1 → 3 → 4 → 1
● If we repeat vertices, then it’s called a circuit, not a cycle.
● Acyclic graph: no cycle in the graph



Connectivity

graph is connected if there is a path between any two nodes



Disconnected

Iff there exists two nodes, which do not have a path between



Connected Component (Zusammenhangskomponente ZHK)

● connected parts of a graph are called its components
● following graph contains three components: {1, 2, 3}, {4, 5, 6, 7} and {8}



Tree(Baum)

● tree is a connected graph that consists of n nodes and n − 1 edges
○ Alternative definition: connected acyclic graph

● unique path between any two nodes of a tree



Directed Graph



Weighted Graph

● Each edge is assigned a weight



Neighbors and Degrees

● Two nodes are neighbors or adjacent if there is an edge between them
● Degree of a node is the number of its neighbors
● sum of degrees in a graph is always 2m, where m is the number of edges

○ because each edge increases the degree of exactly two nodes by one. For this reason, the sum of degrees is always 
even.

● N(v): Neighborhood of v.
● deg(v) = |N(v)|



Simplicity

● A graph is simple if no edge starts and ends at the same node, and there are no multiple edges 
between two node

● Multigraphs may contain several parallel edges between the same pair of nodes—allowing this 
to happen would make our graph a multigraph (Multigraph)



Graph Representation

● Matrix Representation
● Adjacency List Representation



Eulerian Walk(Eulerweg)

A walk that goes through each edge exactly once



Eulerian Circuit(Eulerkreis)

an Eulerian path that starts and ends at the same node



Existence of Eulerian Walk and Circuit

● Degree of each node is even, then eulerian path and circuit
● Degree of exactly two nodes is odd & degree of all the other nodes is even, then eulerian walk



Hamiltonian Path(Hamiltonpfad)

Path that visits all vertices exactly once



Hamiltonian Circuit (Hamiltonkreis)

Cycle that visits all vertices
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Extra Tasks



DP Task-1





O(n^3) solution expected!

DP Task-2

Source

https://cses.fi/problemset/task/1093


dp[i][x] = number of ways to make sum x using subsets of the numbers 1..i

Source

https://cses.fi/problemset/task/1093


dp[i][x] = number of ways to make sum x using subsets of the numbers 1..i

dp[i][x] = dp[i-1][x] + dp[i-1][x-i]

Source

https://cses.fi/problemset/task/1093


dp[i][x] = number of ways to make sum x using subsets of the numbers 1..i

dp[i][x] = dp[i-1][x] + dp[i-1][x-i]
The answer is stored at dp[7][14]/2 OR dp[6][14] for n=7

Since you aren't having 'n' in your first set, you'll never have a first set that 
consists of a combination involving 'n' i.e. all the times a combination requires 
'n' you are simply not counting it... thus you end up counting things only once.
Source

https://cses.fi/problemset/task/1093


Peer Grading

Exercise 7.5


