
ACOL106: Data Structures and Algorithms (CSE, IITD-AD, Semester-I-2025-26) Quiz - 4

Name:

Entry number:

There are 1 questions for a total of 10 points.

1. (Counting comparisons): Consider the following two algorithms for finding the minimum and second
minimum element in a given array/list A. Please note that the array indices start from 0 (i.e., A[0] is
the first element of the array, A[1] is the second element, and so on.)

IterativeAlg(A) DNCAlg(A)

· n = len(A) · n = len(A)

· if(A[0] < A[1]) · if (n == 2)

· min = A[0];min2 = A[1] · if (A[0] < A[1]) return(A[0], A[1])

· else · else return(A[1], A[0])
· min = A[1];min2 = A[0] · (minL,min2L) = DNCAlg(A[0 : ⌊n/2⌋])

· for i = 3 to n: · (minR,min2R) = DNCAlg(A[⌈n/2⌉ : n− 1])

· if (A[i] < min) · if (minL < minR)

· min2 = min;min = A[i] · if (min2L < minR) {min = minL;min2 = min2L}
· elseif (A[i] < min2) · else {min = minL;min2 = minR}

· min2 = A[i] · else
· return(min,min2) · if (min2R < minL) {min = minR;min2 = min2R}

· else {min = minR;min2 = minL}
· return(min,min2)

We are interested in finding the precise number of comparison operations (i.e. < operations on array
elements) performed in the worst case on arrays of size n. We will assume that n ≥ 2 is a power of 2 for
this question.
(A side note: There are scenarios where we may be interested in exact calculations because there are
cases where the array elements are more complicated than the integers we typically assume. Pairwise
comparisons of such complex objects (such as files) may dominate the program’s running time; hence,
we would like to focus on optimising this quantity, and a more precise count is crucial in such a case.)

Please answer the following questions.

(a) (2 points) Describe in your own words what the algorithm DNCAlg does.

(b) (2 points) What is the precise number of < operations performed during the execution of IterativeAlg
on an array of size n in the worst case? Give reasons.
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(c) (2 1/2 points) Let C(n) denote the number of < operations performed during the execution of
DNCAlg on an array of size n in the worst case. We can write a recurrence relation for C(n) as:

C(n) =

{
2 · C

(
n
2

)
+ d, for n > 2, n is a power of 2

a, for n = 2.

What are the constants a and d in the above recurrence? Give reasons.

(d) (2 1/2 points) The figure below shows the recursion tree for the recurrence relation given in part
(b). Since the base case is n = 2, the depth of the tree is (log n) − 1. Since we are doing precise
calculations, we also need to add the cost for processing the base case, which is a. Given this, the
number of comparisons is C(n) = (d+2d+ ...+2(logn)−2d)+ (2(logn)−1 ·a). Use the constants from
the previous part to complete the calculations and find the exact value of C(n).

(e) (1 point) Conclude which algorithm uses a smaller number of < comparisons.


