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KARATSUBA multiplication algorith
for polynomials

fig : deree m
2

trivial algor. requires N

scalar multiplications

KARATSUBA Divide & Conquer

8523 =!58

count tiplications
additions/subtraction

of scalar-
bookkeeping reals

↑ pushing links
-

Claim : Total cost 0(md) = log,3
~ 1 . 58
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↳2
DEF big . Ohrotation
-

an , be sequences of reals

anO(ba) an i big - Oh of ba

I if (e) (for all officiently laye a)
Hanl= (lbul)

Example-
10n2+ 100 =0(n)
C = 10

flon'+ 10 [10n

C= 10 . 001 -
V3so C =10+ E

> 10 works
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big . Omega notation
↳3

an = R (ba) if

bu= P(an)
-

"is"

D an h(bule)

(50) (forall suff. large n)

alzelbul
-

(an
= 0(bu)

lam) = 0 (bn)

#EO(ba)
,

b 0(cn)
=>

an = 0 (n)
↑ const =CD
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de
multiplying polynomials
of degree n-1
-

n = # coeffients

-
-q fig
--

-L

assumption : n=2k

M(n) : # Scalar multiplications
trivial : M(u) = 4 ·M(*)

KaratsubhiM(u3:R

T(n) total # operations : mult scalars
bookkeeping

#   3.+(2) +O(n))
T() = 1
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-EMETHOD OF p4
2
-EVERSEIEQUAS (1)

Guess g(n) s .t .

g(1) = +(i) (x)(2)

g(n) = 3g(z)+ 2n ↳
Clam(a) (g(u) (_T(n)
- - (**)

If : true for n= 1 (x)
-

inductive step
& End. Hyp : #* ) tree for > (n < 1)
↓
-

& Desiredconclusion (**) true furn
Frot
g(n) < 3g(z) +(n = 3 .T(z)+(n]T(n)
- ↑ ↑-

Eg.(3) T by Eg(1)
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452

L = logGuess g(a) = n

n= 1 g(1) = 1 =T()m
n ?2

need to check
2

g(u)2 3g(z) +Cu
?

X
n I 3 . (2) + C
z F

No,

always [I
-
Next guess
-(n)= And + Bu

g(ll = A+BIT() = 1
- -

g(ul = Andt Bu 3 .(AK+BE) +Cr
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-
Next guess
-(n)= And + Bu

g(ll = I BITC =T
4 -

g(u) = And t Bn = 3 . (ASEY+BE) +Cr
-

And + Bu = 3A(z)+ 3Bz +Cu
= -
- -

Bu 32 +C

B2B + C

- c

Choose#
need H+ B 2 I Choose

A - 2C21 #2CHA2 2C+ 1

(n)(T(u)= nen) Oln'
-
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