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Graph theory: 
basic concepts
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Subgraph
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Spanning subgraph
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Spanning subgraph
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Induced subgraph
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Induced subgraph
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Neighbor
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Neighbor
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Degree
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Degree
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Balanced graphs
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Balanced graphs
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Graph theory: 
connectivity
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Reachability
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Reachability
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Strongly connected
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Strongly connected

10

1

2

1

3

1

2

1

2



Root
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Root
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Spanning tree
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Spanning tree
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Spanning tree
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Spanning tree
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Spanning tree
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Strong component
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Strong component
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Strong component
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Strong component
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Closed strong component
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Fact
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Fact
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2-reachability
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2-reachability
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k-reachability
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k-reachability
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2-root set
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k-root set
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Spanning 2-tree

33

2

1

3

2

1

3



Spanning 2-tree
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Spanning 2-tree
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Spanning 2-tree
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Spanning 2-tree
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Spanning k-tree
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Spanning k-tree
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Spanning k-tree
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Spanning k-tree
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Spanning k-tree
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Graph theory: 
matrices



Weighted graph
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Weighted graph
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Weighted degree
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Weighted degree
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Balanced weighted graph
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Balanced weighted graph
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Adjacency matrix
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Degree matrix
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Adjacency & degree matrix



Laplacian matrix

21

2

1

3



Laplacian matrix
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Eigenvalue & eigenvector
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Rank
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Rank vs. spanning tree
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Rank vs. spanning 2-tree
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Rank vs. spanning 2-tree
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Rank vs. spanning k-tree
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Rank vs. spanning k-tree
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Rank vs. spanning k-tree
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Nonnegative matrix
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Positive matrix
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Irreducible matrix
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Irreducible matrix
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Primitive matrix
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Primitive matrix
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Types of Laplacian matrix
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Types of Laplacian matrix
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Types of Laplacian matrix
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Types of Laplacian matrix
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