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Exercise 2.1: Data Structures

In this exercise set, you will see

· Different types of graphs
· Principles of stacks and queues
· Random networks and scale-free networks


Exercise 1: Graphs

a. Among the graphs given below, which ones are related?

[image: graph]

b. What do these graphs have in common?

c. Sketch a directed, acyclic and planar graph that involves 4 edges. 

d. What is the definition of a tree (from the viewpoint of a graph)?


Exercise 2: Stacks and Queues

a. In the following examples, specify if the statement is related to the principle of stacks (LIFO) or queues (FIFO)

· A queue of people waiting to use a cash machine
· People taking an elevator
· A list of documents sent to a printer

b. The following numbers are to be organized in ascending order (the smallest number is to be placed at the start) using only three stacks: 3, 5, 2, 7

Find the minimum number of operations - “push” and “pop”- required to sort the numbers from stack A to stack C. 
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Exercise 3: Random Graphs and Scale-Free Graphs

Below are two networks and their corresponding “number of nodes - number of links” graphs.

	A highway network
	An airway network (major airports)

	[image: ]
	Number of nodes

[image: ]

	Number of nodes
Number of links
characteristic node

	Number of links






a. Please describe (qualitatively) changes to the “number of nodes - number of links” graphs if we add secondary routes to the highway network and secondary routes to the airway network of major airports. What happens to the characteristic node on the highway-network graph?
 
b. Are these networks the same? What are the differences?

c. What can you say about the characteristic scale of each network? Is it correct to talk about a characteristic scale for the two networks? 

d. Which network will be the most robust in case of a random attack (or a breakdown) and a targeted attack?

e. Give other examples of scale-free networks.

f. Is a civil engineering structure that is represented by elements (links) and connections (nodes) a scale-free network? What are the consequences in terms of its robustness?
Exercise 4: Connectivity

The figure below shoes the floor plan of a house. Indicate the connectivity of the rooms by designing a data structure. As an example, whether or not the bedroom and toilet are connected should be clearly defined by the diagram. Mark the difference between a connection involving a wall and a connection involing a wall with a door. Doors are indicated below by dotted lines.Bed 2
Bed 1
Toilet
Kitchen
Living
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