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Data Structures and Algorithms


Algorithm Design

1. Consider the following problem.

A ship is to be loaded with containers, and every container is the same size, but may have a different weight from other containers. There are n containers and we write wi for the weight of the ith container. The capacity, or maximum weight, that the ship can safely bear is c. 

a) Initially we wish to load the ship with the maximum number of containers.

i) Formulate the problem as an optimisation problem with a constraint and  an optimisation    function.

ii) A ship with capacity 120 tons is to be loaded with containers weighing 80, 35, 20, 30, 45, 60 and 25 tons. Give both the optimal solution, and a feasible but non-optimal solution.

iii) Formulate a good greedy algorithm to solve this problem.

iv) Given a Container class with integer weight and id functions, implement your algorithm as a carefully-commented Java function that takes an array of containers and an integer capacity and returns an optimal solution. You may also assume useful functions, e.g. a sort, but should note your assumptions.

b) A new management accountant calculates the profit (pi) for each container as follows.

	Container Id
	1
	2
	3
	4
	5
	6
	7

	Weight
	80
	35
	20
	30
	45
	60
	25

	Profit(p)
	1000
	700
	250
	400
	900
	1100
	300


He proposes that instead of maximising the number of containers shipped the company should maximise the profit in each shipment.

i) What should the optimisation function be for this new problem?

ii) Formulate a plausible greedy algorithm for this problem.





iii) Show the results of your algorithm loading the 120-ton ship with the example data, giving total  weight and profit.

iv) Prove that your algorithm is not optimal.

2. Trace the backtracking algorithm from the lecture notes searching the following maze. Show the live and dead nodes, at the following points:

a) immediately before the first backtrack;

b) immediately before the second backtrack;

c) when the algorithm terminates, giving the path.

0   0   0   0

0   1   0   1

0   1   1   1

0   0   0   0

3. Trace the branch and bound algorithm from the lecture notes searching the maze in question 1 showing  

a) all paths of length 2 (i.e. visiting two nodes),

b) all paths of length 4, and

c) the path to the exit found by the algorithm

4. a) Formulate a greedy solution to the change-making problem in the notes, under the additional constraint that the cashier only has a limited number of 50p, 20p, 10p, 5p, 2p and 1p coins. 

b) Show how your algorithm works giving change for 123p using one 50p, five 20p, zero 10p, three 5p, six 2p and eight 1p coins.

c)    i) Does your algorithm always use the fewest number of coins? 


      ii) Prove your answer.

d) i) Will your algorithm produce exact change if it is possible to do so?

      ii) Prove your answer.

5. In the counterfeit coins example, suppose the information “counterfeit coins are lighter than genuine ones” is changed to “counterfeit coins and genuine coins do not have the same weight”

a) Give an algorithm to either output a message “No counterfeit coin”, or identify which of three coins: A, B and C is counterfeit, using an eqWeight(X,Y) function that returns true if sets of coins X and Y have the same weight.

b) Construct a divide and conquer algorithm that divides a set S set of coins into three equal subsets, and uses part (a) to solve small (i.e. 3-coin) sets. You may assume the existence of useful functions, e.g. divide3(S) that splits a set of  coins S into 3 equal-sized subsets. You should note any other assumptions you make.

6. Complete Weiss exercise 10.2 (a) and (b)
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