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Adjacency Matrices

● Given a graph, G = (V, E), Adjacency Matrix,   , is defined by 

● Main uses of adjacency matrix power,      :
○ Counting the number of k-length walks from i to j
○ Shortest paths

■ if k is the first integer where      is nonnegative, then k is the length of the 
shortest path

○ DAG (directed acyclic graph) detection 
■ if there exists some k where      is the zero matrix (i.e. A is nilpotent), then G is 

a DAG
■ simple explanation: if you’re counting k-length walks and you reach a sink 

vertex, the walk ends



Power of Adjacency Matrices (ex.)



Power of Adjacency Matrices (ex. DAG)



Transition Matrices

● Used for probabilistic methods (e.g. Markov chains/MCMC/random walks)
● Transition matrix defined as

●        is the probability of lying in state j after beginning in i and taking k steps



CXXGraph

● Basic information:
○ Open-source
○ Header-Only C++ library for graph representation and algorithms
○ Graph type supports four matrices: degree, laplacian, transition, and adjacency
○ Power functionality focuses on transition and adjacency matrices

● Specifications:
○ Build: CMake 3.9
○ Unit-Test: Google Test



Power Algorithm (fast exponentiation)

Input:     , a real matrix with values between         , and a nonnegative integer, 
Output:        , the result of     x    , repeated     times

1. Initialize     to the      identity matrix,      to 
2. If    is 0, return 
3. If    is odd, A =  A * B
4. Then, set B = B * B
5. Right-shift     by 1
6. Repeat steps 2 - 5

The actual implementation requires some massaging to get the adjacency and transition 
matrices into a uniform form (which I will show).



Example of Repeated Squaring



Fast Exponentiation



Matrix Multiplication



Adjacency Matrix Implementation



Adjacency Matrix Implementation



Transition Matrix Implementation



Transition Matrix Implementation



Test Examples



Example of Adjacency Matrix
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