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2 X 2 = 5
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(a+bi)(c+di) �����
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T(n) = The amount of 
time grade school 

addition uses to add 
two n-bit numbers

We saw that T(n) was linear.
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T(n) = The amount of 
time grade school 

multiplication uses to 
add two n-bit numbers

We saw that T(n) was quadratic.

-
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Is there a clever algorithm to 
multiply two numbers in linear 

time?



Open Problem! 



Is there a faster way to 
multiply two numbers than the 

way you learned in grade 
school?
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Intuition: Let’s say that each time 
an algorithm has to multiply a digit 
from one number with a digit from 
the other number, we call that a 
“kiss”. It seems as if any correct 
algorithm must kiss at least n2

times.
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� � $� 2=!G 3� If |X|=|Y|=1,
Then Return XY

Else …. 
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All that work for nothing!
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In retrospect, it is obvious 
that the kissing number for 
Divide and Conquer MULT 
is n2, since the leaves are 

in correspondence with the 
kisses. 
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= 1n

= 3/2n

= 9/4n

= (3/2)in
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= 1n

= 3/2n

= 9/4n

= (3/2)in

3n 2nlog 32 −

= (3 / 2) nlog n2
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Strange! The Gauss optimization 
seems to only be worth a 25% 

speedup. It simply replaces every 4 
multiplications with 3. Where did the 

power come from?

We applied the Gauss 
optimization 

RECURSIVELY!  



So what is the kissing number of 
Karatsuba’s algorithm?

Not even clear that we 
kiss once. 
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That is the Egyptian 
method sated in 

recursive language. 
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