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Graph

* Vertices are joined by edges

— Directed graph: each edge has direction
— (Undirected) graph: each edge has no direction

Example: Railmap Example: Order of classes
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Graph: Notation

Graph: G = (V, E)

— V: Vertex set, E: Edge set

Vertices: u, v, ... €V

Edges: e ={u, v} € E (undirected)
a=(u,Vv) € E (directed)

~—~—
Vertices/edges can —
have weight Shinjuku/ - liebukuro
_ W(U), W(e)
\
— Distance, price, time, etc. /
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Graph: Basic terms (1/2)

« Path: Vertices joined by edges
— Simple path: never visits the same vertex twice

W ?O
» cycle, closed path: path from v to v

« connected graph: Any pair of vertices is
joined by a path
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Graph: Basic terms (2/2)

* forest: acyclic graph (no cycle)
 free: connected acyclic graph

AN

« planar graph: It can be drawn on a plane
without crossing of edges

« complete graph: graph s. t. all pairs are
joined

— Complete graph K; is
a minimal non-planar graph
10
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Complexity of graph algorithms

 n vertices and m edges; m& O(n?)
— undirected graph: m = n(n-1)/2
— directed graph: m = n(n-1)

* On a plane graph, m € O(n)

« Computational complexity of a graph
algorithm is given by an expression of n,m
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Representation of a graph

» Adjacency matrix (0 1 1 0)
v |0 0 0
10 1 0 1
\0 0 0 0/
* Adjacency list 1
4
o e 2%0
2 \\ 3
3 N 4
\2 4
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Vertices  List of neighbors 14
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* (U,v) € E= M[u,Vv] =1
* (Uu,v) € E=M[u,v]=0

1 (0 1 1 0)
T
\0 0 0 0/
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Representation of a graph:
Matrix representation (adj. matrix)

* (U,v) € E= M[u,Vv] =1
* (Uu,v) € E=M[u,v]=0
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Representation of a graph:
List representation (adj. list)

* (u,v) E E® v eE T(U)
— T(u) is the list of neighbors of u

* Example:
1 1 T 2 » 3
4 2| 4
5 O 3 [ 4
\ ‘ 4
2 >
3 4

Vertices  List of neighbors



E3E4T5 vs [BIE) Xk

« XE=

— 3E1T S O(n?)

— ) Xk ©(m log n)

« BRIEFVIITHMSEERE: (U, v) €E E?
— [®#EATH: ©(1)
— B Xk O(n)

Q. F57DEH (e.g., AR A D:E M- HIER) (&2
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Ad). Matrix vs Adj. List

 Memory
— Adj. matrix: ©(n?)
— Adj. list: ©(m log n)
* Time for check if (u,v) € E?
— Adj. matrix: ©(1)
— Adj. list: ©(n)

Q. Update of graph?
(e.g., add/remove of vertex/edge)
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