
OA 4202, Homework 2

Nedialko B. Dimitrov

Due Mon Oct. 11 at the beginning of class

1. Drawing on your past personal experiences, give an example application for finding shortest
paths.

2. Run Dijkstra’s algorithm on the graph in Figure 1 with start node 0. Specifically,

(a) List the order in which nodes are popped off the priority queue.

(b) For each node u, list the sequence of values given to d̃(s, u).

(c) Draw the final search tree of the algorithm.

3. Give a small example of a graph with one negative length edge where there are no negative
length cycles but Dijkstra’s algorithm doesn’t work. Give a short explanation about why the
algorithm fails to work in your example.

4. (AMO)

Give a small example showing that the claim is false.

5. (AMO)

(c) For a given number p, describe a method that counts the number of ways that p can be
changed.
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6. (AMO)

7. (AMO)
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8. (AMO)

9. You are in a foreign country where terrorists occasionally attack road convoys. You know
the country’s transportation network as a graph where roads (edges) connect cities (nodes).
For every road, based on historical data, you know the probability that terrorists will attack
a convoy traversing the road. For example, if there is a road between city i and city j, you
know the probability an attack will occur on the road, pij . Attacks on each of the roads occur
independently of one another.

You have to move a convoy from city A to city B, using the country’s road network. Describe
how to find the safest, most reliable path connecting city A and city B. (Hint: Define the
“reliability” of a path as the probability that a convoy using the path will not be attacked).

10. (This is a bonus problem. It is not part of the required homework because it is not central to
the class material. However, it is a good puzzle problem, and if you do the problem correctly,
you’ll receive +7% extra on this homework assignment.) In class, we mentioned that a heap
data structure gives us the following operations and run times:
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name description run time
find min Look at the element with the

minimum key value
O(1)

delete min Delete the element with the
minimum key value

O(log n)

insert Insert an element with a given
key value

O(log n)

decrease key Decrease the key value of a
specified element

O(log n)

Describe how those operations allow us to also do “increase key” in O(log n) time.
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Figure 1: An example graph.
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