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Integer Multiplication Revisited

x * y= 2698 * 4263 = ?

• The problem is to multiply two n-digit numbers

• The primitive operations are the addition or 
multiplication of two single-digit numbers.

• The iterative grade-school algorithm requires Θ(n2) 
operations to multiply two n-digit numbers.



Integer Multiplication Revisited

• The RecIntMult Algorithm:

x · y = 10n · (a · c) + 10n/2 · (a · d + b · c) + b · d

• To describe this formally is by a recurrence:

– Let T(n) denote the maximum number of operations used by this 

recursive algorithm to multiply two n-digit numbers

– A recurrence expresses a running time bound T(n) in terms of the 

number of operations performed by recursive calls. The 

recurrence for the RecIntMult algorithm is



Integer Multiplication Revisited

• Karatsuba’s recursive algorithm for integer multiplication uses a trick.

x *y = 10n *(a * c) + 10n/2 *(a * d + b * c) + b * d

– Instead of recursively computing a*d or b*c, we recursively compute the 

product of a + b and c + d. 

– Compute a + b and c + d using grade-school addition, and recursively 

compute (a + b) * (c + d)



Formal Statement

Step 1
Step 2



Examples:

• MergeSort:

– a?

– b?

– d?

2

2

1

O(n log n)



Examples:

• Binary search
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– d?
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Examples:

• RecIntMult

– a?

– b?

– d?
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Examples:

• Karatsuba’s recursive algorithm 

– a?

– b?

– d?
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Examples:

• T(n) = 3T(n/2) + n2

• T(n) = 7T(n/3) + n2

• T(n) = 9T(n/3) + n2

• T(n) = 7T(n/4) + n
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