
CSE101: Design and Analysis of Algorithms
Instructor: Ragesh Jaiswal

1. Discuss problems in Homework 5, and Quiz 5.

2. Let S and T be sorted arrays each containing n elements. Give a divide and conquer
algorithm to find the nth smallest element out of the 2n elements in S and T . Discuss
correctness and running time.

3. Matrix Chain Multiplication Problem: You are given a sequence of n matrices M1, ...,Mn

of size (m1 ×m2), (m2 ×m3), ..., (mn ×mn+1). Determine in what order these matrices
should be multiplied (using näıve method) so as to reduce the total number of multipli-
cation operations.

(Note that the total number of multiplication operations involved in multiplying two ma-
trices of size p× q and q × r using the näıve method is pqr.)

Let us consider an example to understand the problem better. Consider 4 matrices
M1,M2,M3,M4 of size (50 × 20), (20 × 1), (1 × 10), (10 × 100) respectively.

The number of multiplication operations for different ways of multiplying these matrices
are given below. The total cost of multiplying in different ways is different. We want to
figure out a way of multiplying that uses the least number of operations.

• M1 × ((M2 ×M3) ×M4)

– 20 · 10 + 20 · 10 · 100 + 50 · 20 · 100 = 120, 200

• (M1 × (M2 ×M3)) ×M4

– 20 · 10 + 50 · 20 · 10 + 50 · 10 · 100 = 60, 200

• (M1 ×M2) × (M3 ×M4)

– 50 · 20 + 10 · 100 + 50 · 100 = 7000

For solving the problem using dynamic programming, we first need to define the sub-
problems. Let us define subproblems for computing the minimum number of operations
required for matrix chain multiplication and then later we will figure out a way to output
the “bracketing” that minimizes the total number of operations.

For any i < j, let C(i, j) denote the minimum cost of multiplying matrices Mi ·Mi+1 ·
... ·Mj .

Question 1: What is the value of C(i, i) for any i?

Question 2: Give a recursive formulation for C(i, j) for any i < j.

(Try writing C(i, j) in terms of C(i′, j′) where j′ − i′ < j − i.)

We will now try to compute the value of C(i, j) for all i < j. The minimum number of
operations will be given by C(1, n).
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Question 3: In what order should we compute the C(i, j)′s?

Question 4: Write an algorithm that returns the minimum number of operations required.

Question 5: What is the running time of your algorithm?

Question 6: How do we find the “bracketing” that minimizes the number of operations?
Give an algorithm that outputs the bracketing.
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