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Algorithms, Data Structures and Data Abstraction WS 18/19
Wolfgang Mulzer

Due on 09. November 2018, 10:00, in the respective TA’s mailbox

Problem 1 O-Notation 10 Points

(a) Sort the following functions in increasing order. (If f(n) ∈ O(g(n)), but not
g(n) ∈ O(f(n)), then f(n) should come before g(n).) Justify your answer.

(1) n3 (2) log2 n (3) 1,8n (4) n (5) 3n (6)
√
n (7) n(log2 n)2 (8) n2

(b) Assume that a program has running time f(n), where f(n) is one of the func-
tions in (a). Assume further that in ten years computers will be 1000 times
faster than today. Determine the size of the problems that we will be able to
solve in ten years in the same time that we need today in order to solve a
problem of size n = 20. Do this for three different functions f(n) from (a).

Problem 2 Simultaneous Minimum and Maximum 10 Points

(a) Let A be an array of n pairwise comparable elements. Give a simple and
efficient algorithm to find the minimum and the maximum of A. Determine
exactly the number of comparisons that are needed in the worst case (as a
function of n).

(b) Solve the same problem using a divide and conquer approach, by dividing A
into two parts if n ≥ 2. Determine exactly the number of comparisons that
are needed in the worst case (as a function of n). You may assume that n is a
power of two.

Problem 3 Simple Data Structures in Java 10 Points

(a) Consider the following interface for a Stack in Java.

public interface Stack<E> {

void push(E element);

E pop();

E top();

int size();

boolean isEmpty();

}



Extend the interface with reasonable exceptions. Then, implement a class
ListStack<E> and a class DynamicArrayStack<E>. These two classes should
implement Stack, using a linked list and a dynamic array. Take care of ap-
propriate error handling and exceptions and test your program in different
inputs.

(b) Write a program that determines for a given string of parentheses whether it
is structured correctly. We allow parentheses of type (), [], <> and {}. Use an
appropriate data structure. For example “(A){L[P]3}” is structured correctly,
but “(A){L[P}3]” and “(A){L[P3” are not.

Hint : You can access individual characters in a Java String using the method
charAt.

(c) (voluntary, 5 extra points) Find out about unit testing and JUnit. Obtain
the JUnit-framework and implement 5 respective test cases for the two Stack
implementation in (a) and 2 test cases for your solution to (b).


