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Exercise I: Fundamentals (10 minutes - 12 points)

Consider an undirected graph G = (V, E') with nonnegative weights w(i,j) = 0 on its edges ij € E. Let s be a node in
G. Assume you have computed the shortest paths from s, and minimum spanning tree of the graph. Suppose now the
weight of every edge in G is increased by 1: w'(i,j) = w(i,j) + 1 forevery ij € E:

1. Would the minimum spanning tree change? Give an example where it changes or prove that it cannot change.
2. Would the shortest paths change? Give an example where at least one changes or prove that they cannot
change.

Exercise II: Nearest Conference Room (15 minutes - 15 points)
Consider the following undirected, weighted graph, with 7 vertices and 14 edges. The vertices represent the

conference rooms in the faculty. An arc ij indicates that there exist a direct path between rooms i and j, while the
weights represent length of this path, where the unit is 100 m.

1. Step through Dijkstra's algorithm to calculate the single-source shortest paths from the room A to all the other
rooms. Show your steps in a table.
2. Give the obtained shortest paths tree, of root A, showing the distances from A to every other room, in meters.

Exercise I1I: Beirut Rescue (40 minutes - 20 points)

The latest protests in Beirut downtown did not go smoothly and some participants had to be taken to medical
emergency treatment at Rafic Hariri University Hospital. In total 150 injured had to get a transfusion of one bag of
blood. The hospital had 155 bags in stock. The distribution of blood groups in the supply and amongst the injured in
need on blood is shown in the table below (the last part is written as demand).

Blood bype A B |0 |AB
Bags in stock | 44 | 31 | 42 | 3%
Demand 37 | 33| 40| 40

~  Type A patients can only receive blood of type A or type 0.
- Type B patients can receive only type B or type 0.

- Type O patients can receive only type 0.

- Type AB palients can receive any of the four bypes.

1. Represent the blood distribution problem as a flow network N. Draw N showing the vertices, arcs and their

capacities.
2. Say what flow value you are looking for and how to interpret it as a proper assignment of blood bags.
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3. Solve the problem applying the adequate algorithm, in order to satisfy the maximum number of blood transfer

demands.
4. Provide the optimal assignment of blood bags, that is found via your flow algorithm above.

Exercise IV: MEA Crisis (40 minutes - 23 points)

Middle East Airlines (MEA) connects Beirut BEY and 7 cities each in a region: North America (New York JFK), South
America (Sao Paulo SAO), Europe (Paris CDG), Africa (Abidjan ABJ), Middle East (Istanbul IST), The Gulf (Dubai DXB),
and Australia (Sydney SYD).

Network

EUROPE \ . “ t

MIDDLE EAST

BEIRUT

SOUTH AMERICA AUSTRALIA

The fares, in hundreds of dollars, for direct flights between the corresponding airports are given in the following
table, note that the matrix is symmetric:

BEY | IFK | SAQ | CDG | ARD | IST | DXB | SYD
BEY 20 22 12 9 3 4 30
IFK 18 13 16 17 23 4-0
SAQ 17 12 R1 R0 R3
Che 16 7 2 34
ABJ lo ¥ R0
IsT 3 30
DXB ¥
SYD

1. Consider the flights graph, where the vertices represent the 8 airports and the edges represent the direct
flights, weight ed with the costs. Is it a complete graph? Why?

2. MEA is facing financial problems due to the economic crisis touching Lebanon. The company decides to
remove some direct flights from its network, while keeping it connected with the minimum number of edges
and minimum total cost. Apply a suitable algorithm which indicates the flights to be kept. What is the type of
the obtained network?

3. Suppose now, there is a constraint to the MEA decision, by which it wants to keep the direct flight between
Beirut and Paris due to political reasons. What approach would you take in order to satisfy the request, while
keeping minimum possible flights and costs? Explain. You are not to apply your approach, just explain.
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