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ECE 241 – Advanced Programming I
Fall 2021

Mike Zink

Lecture 19
Matrix Multiplication
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• Matrix operations are essential in science and engineering
• Traditional way of matrix multiplication is complex
• Divide and conquer approach to make matrix multiplication more 

efficient
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Introduction
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• Multiplication of two matrices of size N, N x N
E.g.: A x B = C

• 𝐶!! 𝐶!"
𝐶"! 𝐶""

= 𝐴!! 𝐴!"
𝐴"! 𝐴""

𝐵!! 𝐵!"
𝐵"! 𝐵""

• 𝐶!! = 𝐴!!𝐵!! +𝐴!"𝐵!"
• 𝐶!" = 𝐴!!𝐵!" +𝐴!"𝐵""
• 𝐶"! = 𝐴"!𝐵!! +𝐴""𝐵"!
• 𝐶"" = 𝐴"!𝐵!" +𝐴""𝐵""
• Can be accomplished in 8 multiplications 2#$%!& = 2'
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Traditional Matrix Multiplication
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• Can be accomplished in 8 multiplications 2#$%!& = 2'

• Time analysis: 

𝐶(,* ='
+,!

-

𝑎(,+𝑏+,*

Thus 𝑇 𝑁 = ∑(,!- ∑*,!- ∑+,!- 𝑐 = 𝑐𝑁' = 𝑂 𝑁'
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Traditional Matrix Multiplication
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Traditional Matrix Multiplication
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• Divide matrices into sub-matrices
• Use blocks to apply multiplication
• Recursively multiply sub-matrices
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Divide and Conquer

A ´ B =             R

A0 A1
A2 A3

B0 B1

B2 B3

A0´B0+A1´B2 A0´B1+A1´B3

A2´B0+A3´B2 A2´B1+A3´B3
´ =
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• Terminate recursion with simple base case

Divide and Conquer Termination

´ =a0 b0 a0 ´ b0

A ´ B =             R
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• 𝐶!! 𝐶!"
𝐶"! 𝐶""

= 𝐴!! 𝐴!"
𝐴"! 𝐴""

𝐵!! 𝐵!"
𝐵"! 𝐵""

𝑃! = 𝐴!! +𝐴"" 𝐵!! +𝐵""
𝑃" = 𝐴!! +𝐴"" 𝐵!! +𝐵""
𝑃' = 𝐴!! +𝐴"" 𝐵!! +𝐵""
𝑃. = 𝐴!! +𝐴"" 𝐵!! +𝐵""
𝑃/ = 𝐴!! +𝐴"" 𝐵!! +𝐵""
𝑃0 = 𝐴!! +𝐴"" 𝐵!! +𝐵""
𝑃1 = 𝐴!! +𝐴"" 𝐵!! +𝐵""
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Strassen’s Matrix Multiplication

𝐶!! = 𝑃! +𝑃. −𝑃/ +𝑃1
𝐶!" = 𝑃' +𝑃/
𝐶"! = 𝑃" +𝑃.
𝐶"" = 𝑃! +𝑃' −𝑃" +𝑃0

7



11/18/21

5

8

Strassen Implementation -- Split
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Strassen Implementation
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• 𝑇 1 = 1 (assuming 𝑁 = 2+)

• 𝑇 𝑁 = 7𝑇 -
"

• 𝑇 𝑁 = 7+𝑇 -
""

= 7+

• 𝑇 𝑁 = 7#$%- = 𝑁#$%1 = 𝑁".&!
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Time Complexity
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Next Steps
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• Next lecture on Tuesday 11/23
• Discussion on 11/18 and 11/23
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