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1 Bellman-Ford Algorithm

The Bellman-Ford algorithm solves the single
source shortest paths problem in the case in
which edge weights may be negative. It can
work with directed graphs (and also undi-
rected graphs; not discussed in this exercise).
The algorithm initializes the distances to all
the vertices u by u.d = +00. The only excep-
tion is the source vertexr) which gets distance
s.d = 0 (the distance to itself is 0).

After this initialization in a graph with n ver-
tices it will perform n — 1 identical iterations.
In every iteration it considers all the edges in
some order, and “relaxes” all the edges. See
(Goodrich2011, p.640), where the edge relax-
ation procedure is described.

After that the Bellman-Ford algorithm per-
forms one last iteration: If there are still re-
laxations that reduce distances even after n
steps, this means that there is a negative loop
in the original graph (and the shortest paths
are not possible to compute as the distances
can be reduced infinitely).

2 Problem

Consider the graph in Figure EI
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Figure 1:

(A) Find the following number:
X =(a+b+c)mod 5.

As a remainder it can take any value 0, 1, 2, 3, 4.
Depending on its value, select your source
vertex from this table:

X |0]1]123|4
source | A| B|C | D|FE

Redraw the graph and mark your source ver-
tex by a double-circle (or shade it, or draw
a short incoming arrow or apply some other
highlighting).

(B) Create a table showing all the changes
to all the distances to A, B, C, D, E as the re-
laxations are performed. In a single iteration
the same distance can be relaxed (improved)
multiple times. In this case the table cell
shows how the distance is changed in multi-
ple steps (e.g. oo — 17 — 11). The table
should display all n iterations (where n =5
is the number of vertices). The last iteration
is not supposed to change/relax any distance
(otherwise we have a negative loop).

Note. Please make sure to release the edges
in the alphabetical /lexicographical order: Re-
gardless of which is your source, in every it-
eration the edges are relaxed in this order:

AB,AE,BD,BE,CB, DA, DC, EC, ED.

This would make your solution easier to ver-
ify.

(C) Summarize the result: For each of the
5 vertices tell what is its minimum distance
from the source. Also tell what is the short-
est path how to get there. For example, if
your source is F then you could claim that
the shortest path £ ~» B is of length —5 and
it consists of two edges (F,C), (C, B).
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