
Assignment 3. Due Date: Sunday June 22, 11:50 pm.

Notes

• Use python3 only.

• Comment your code clearly.

• Max Points: 20.

• For this assignment, you need to write recursive programs.

• You are not allowed to use any looping (for/while) constructs.

1. Place value system is a beautiful way to represent numbers using a finite number of symbols. There
exist other systems such as the Roman numeral system which are not based on this idea and hence,
can be quite cumbersome. For instance, think of representing 121 using the Roman numeral system.
What about 12321? What about 1234321? And 123454321? You get the idea. Read this wikipedia
article to know more about the place value system:
http://en.wikipedia.org/wiki/Place-value_notation

Though base 10 is almost ubiquitous for representing numbers using the place value system, we can
use any base b ≥ 2 to represent numbers in a similar way. For instance, the representation inside a
computer is base 2 (i.e. a sequence of 0’s and 1’s). In the following program, we will examine how to
convert numbers from one base to another.

Write a recursive Python program which takes as input a base b1 ( 2 ≤ b1 ≤ 10), a number n (n ≥ 0)
represented in base b1, and a target base b2 (2 ≤ b2 ≤ 10). It then converts the number n to a rep-
resentation in base b2. Make sure to flag an error if n is not a valid representation in base b1. (7 points)

Note: You may want to use the following operations on strings to format the output.

(a) ’+’ operator takes two input strings and returns the concatenated string. Consider the following
piece of code in Python:

w1 = ’Hello_’

w2 = ’World’

w3 = w1 + w2

print w3

-------------------

output => Hello_World

----------------------

(b) str(<int>) is a built in function which takes an integer as argument and returns its string repre-
sentation. Consider the following piece of code in Python:
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d = 5

word = str(d)

sentence = ’The digit is ’ + word

print sentence

-------------------

output => The digit is 5

----------------------

2. A positive integer is a perfect number if the sum of its proper divisors (a is a proper divisor of b if a
divides b and a 6= b) is equal to the number itself. Given a number n:

(a) Write a recursive Python program which finds all the factors of n in turn and adds them to check
whether n is a perfect number. What is the time complexity of your program? Write the time
complexity as a comment at the end of your program. (4 points)

(b) Using the property that if i is a divisor of n, then so is (n div i), write an improved program
whose time complexity is O(

√
n). (2 points)

3. Consider the following Taylor expression for approximating the value of sin(x) around x = 0.

sin(x) = x− x3/3! + x5/5! + · · ·+ (−1)k+1 ∗ x2k−1/(2k − 1)! + · · ·

(a) Write a recursive Python program which inputs n (index) and a value v (v < 1), and returns the
nth term in the above expression at x = v. Note that x represents the first term in the series.
You are not allowed to use the in-built pow or factorial functions. (2 points).

(b) Write another recursive Python program which inputs n and a value v (v < 1), and returns the
sum of the first n terms in the above expression at x = v. Feel free to call the function(s) written
in part(a) above. (2 points).

(c) The program in part (b) when written Naively will perform O(n2) computations. How will you
change it so that the sum calculation can be done in O(n)? As before, your program should not
use any looping constructs. (3 points).

Hint: Think of passing another argument which stores the value of the last term.
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