
Introduction to Programming
Semester-I 2015-2016

Problem set - 1

1. Roman numerals use the letters I, V,X, L, C,D,M to represent the values 1, 5, 10, 50, 100, 500, 1000

respectively. Any other number is represented by a sequence of letters that fulfil the following

conditions.

• The letters have to occur in decreasing order of their values (i.e., the numbers they represent).

Thus, V can occur after C or X, but it must occur before I.

• However, no letter can appear more than three times in a row. So there are exactly 6 exceptions

to the above rule: IV , IX ,XL,XC ,CD ,CM (representing 4, 9, 40, 90, 400, and 900 respectively).

• The sequence must be of the shortest possible length (subject to the above condition). Thus, 12

will be written as XII rather than VVII . However, 8 will be written as VIII rather than IIX .

• The value of the letters in the sequence must add up to the number to be represented. However,

in the 6 exceptions given above, where a letter is placed before one of greater value, the smaller

value is subtracted from the larger, e.g., CD = 400.

Example:

26 94 555 1998

XXVI XCIV DLV MCMXCVIII

(a) Write a program which accepts a number, between 1 and 3999 (inclusive), and outputs its

representation in Roman numerals.

(b) Write a program which takes as input a string of uppercase letters, and prints its decimal value

if it is a valid roman numeral, and 0 otherwise.

1



2. You are given a chess-like board with raised edges that has m rows and n columns . Some of the

squares in the board contain a hole. A ball is placed on one of the squares and pushed in one of

4 directions: north-east, north-west, south-east, or south-west. The ball continues moving until it

reaches the edge of the board, at which time, it bounces back in accordance with the laws of Physics.

Assume that the board is frictionless, and all collisions are perfectly elastic.

Hole

Ball Hole

Write a program that takes as input the board size, a list of hole positions (as (x, y) coordinates),

the initial position and direction of movement of the ball, and determines whether the ball will fall

into one of the holes, or whether it will bounce around the board forever.

Remarks: For this assignment, it is enough to trace the movement of the ball one square at a

time, until it either falls through a hole, or starts retracing its steps. This can become prohibitively

time-consuming for a large board. The program would complete more quickly if the movement

of the ball was traced from edge to edge. See http://cs.stackexchange.com/questions/49070/

given-a-moving-ball-in-a-grid-which-squares-does-the-ball-reach for an O(1) (constant

time) algorithm for this problem.
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