Digraphs

Name: Unique ID:

Problem 1. Let G be the weighted digraph given by
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(a) Use a matrix-vector product to calculate the weighted net flow through all of the nodes of G. Do the
calculation on a computer, but show the matrix and the vector being multiplied.

(b) Let v be the cycle vector corresponding to the cycle (ag,as,as,as). Calculate Av where A is the
incidence matrix of G. Do the calculation on a computer, but show the matrix and the vector being
multiplied. Note. The weight vector in this part of the problem is completely different than the weight
vector in part (a). Here, v is a cycle vector, so every entry should either equal 0, 1, or —1.



Problem 2. Let G be the weighted digraph given by

Note that the two weights w; and ws are unknown.

(a) Suppose that the weighted net flows through the nodes are given by the vector b = [18 —10 —S]T.

Find the missing weights w; and ws.

(b) Is it possible that the weighted net flows through the nodes could instead be given by b = [2 2 —1] T?
Explain why or why not.



Problem 3. Let A be the incidence matrix of the digraph G given by

Let b1, P2, and P3 be the paths p1 = (a1;a2)7 P2 = (a57a17a2)a and P3s = (a3aa1aa5aa4)~

(a) The path p; starts at the node and ends at the node

(b) Calculate Ap, where p; is the path vector of p;. Explain what the coordinates of Ap; tell uas about
the path p;.

(¢) The path po starts at the node and ends at the node

(d) Calculate Ap, where p, is the path vector of ps. Explain what the coordinates of Ap, tell uas about
the path ps.

(e) The path ps starts at the node and ends at the node

(f) Calculate Ap; where ps is the path vector of ps. Explain what the coordinates of Aps tell uas about
the path ps.



Problem 4. Let G1, G2, and G3 be the three connected components of the digraph G given by
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For each connected component G, let xg, be the vector in R® with a 1 in the jth position if the node v, is
in G and a 0 in the jth position if v; is not in Gy. For instance, xg, =[1 1 0 0 0 O]T because G
consists of the nodes v; and vs.

Calculate each of the three matrix-vector products ATxq,, ATxqg,, and ATyxg, where A is the incidence
matrix of G.



