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Abstract
In this paper we propose the Modified Karatsuba-Ofman algorithm for polynomial multiplication to polynomials of
arbitrary degree. Leone proposed optimal stop condition for iteration of Karatsuba-Ofman algorithm(KO). In this paper, we
propose a Non-Redundant Karatsuba-Ofman algorithm (NRKOA) with removing redundancy operations, and design a
parallel hardware architecture based on the proposed algorithm. Comparing with existing related Karatsuba architectures
with the same time complexity, the proposed architecture reduces the area complexity. Furthermore, the space complexity
of the proposed multiplier is reduced by 43% in the best case.
Keywords . Polynomial Multiplication, Karatsuba-Ofman Algorithm,
Non-Redundant Karatsuba-Ofman Algorithm, Hardware Architecture
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$AND= n?,
#XOR= (n—1)2%,
$TOT= 2n%—2n+1,

Tror=Ta+ [ log sn1 T x.
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Algorithm 1. 7}glsrul Gl F

KOA(c(x),a(x), b(x), n)

INPUT : a(x), b(x)e GF(2"),n=2*

OUTPUT : ¢(x) = a(x) - b(x)

1. If #<4 then Mul(c(x),a(x),b(x),n) .
Return(c(x)).

Set c(x)=0.

for i from 0 to n/2-1 do
ADD .y, = ait @uz+ i ADD 4, = it by,

KOA (c(x), a(x)2 ™, b(x)227 1, n/2).
KOA(u(x) ADDG(I), ADDb(x),n/Z).
KOA(c(x)22, alx) 5, b(x) 5", #/2).

)32 2 = u()+ 2) T+ () %A
. Return{c(x)).
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TOT =(24%/4™+ 6n/2"—1)3"— (8n—2),

T TOT=(2 s m+ [log 2%] )Tx+ TA.
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NRKOA(c(x), a(x), b(x), n)

INPUT : g(x), b(x)=GF(2™),n=2*
OUTPUT : ¢(x) = alx) - b(x)

1. If 54<7 then Mul(c(x),a(x),b(x),n) .
Return(c(x)).
Set ¢(x)=0.

Set m;= { logz(n—l)J ,

. for 1 from 0 to s, —1 do

w N

"
my=n—2"

I

ADD a(x);zai+ dzm.+1, ADD b(x);=bi+ b2" 1

for 1 from 0 to my—1 do
ADD 4, =a;, ADD ., =b;
NRHKOA (c(x), a(x)¢ " %, 6(x)§ ",
Hx), ADD(a(x)), b(x),2 ™", ms).
NRKOA (c(x)%=%, a(x) ’g;}, b(x)" WL m,).
2 =(Kx) 3

+ () B dx

7.

8 c(x)%m Iy (n)y

©

Return(c(x)).
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NRHKOA(c(x), a{x), by (x), az (%), by (x), my, mj)
INPUT :© aq,(x), b, (), as (%), by (x), my, my.
OUTPUT : ¢(x) = a(x) * b, (x), d(x) = ay(x) + by (%)
LI m,=4 then

4bitMul( (%), a (), b 1(x), m 5, 1)-

AbitMul( d(x), a 3(x), b5 (x), m 5, 0),

Return{c(x),d(x)).
2. else

3. Set f=min(m,p, my), g= max (my;— (myy),0)
4. forifrom 0to (sm,/2)—1 do
ADD s \p = a1t @1 (mim+is
ADD y o ;= b 1T by (w4
5 forifrom fto (m,;/2)—1 do

ADD a4(x) i= ADD a4(x) i’

ADD 4,5 = ADD sy,

6. NRHKOA(c(x),a,(x) ™21 b (x) M1,
A2, a5 P by T )2,

7. NRHKOA(u(x), ADD , oy, ADD 4 (.
(%), ADD 4,9, ADD b0, m 1/ 2, 1)-

8 if g=0 then

KOA(L®) 12, a () ", 61(0) " o m 1/2)
0 ()= o) T
10. else
NRHKOA(c(x)M‘_2 a (%) m,/z b0, m1/2

)T Ay (D) e b (x)  , m ]2, 8)-
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13. Return(c(x),d(x)).
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Abitmul( (%), a(x), b(x), d(x), &, flag)
INPUT : a(x), b(x)= GF(2*),d(x), k, flag

OUTPUT : (%) = a(x) - b(x), d(x)
1L If flgg=1 then

) =alx) 51 b(x) 5 "+ (a(0) 5 b))
- b(x) 4 Bk,

+a(x) 3,
2. dx=alx) -
3 o) St =d» %
4 Else c(x)=a(x) 57 b(x) 4+ (a(x) 571 - b(2)%
+a(n) % b0 5 Hx*
5. olx) Gt =dx) %
6. Return{c(x),d(x)).
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Fig. 1. Architecture of proposed 4-bit multiplier.
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#NRKOA(n) = #NRKOA(my) + #NRHKOA(m, , my) + 6},

= #NRKOA(m) + 2 - $NRHKOA(m\ /2, /1),
+ _#KOA(m;[2) + 8, + 8>

#KOA(n) =4#KOA(my) +2 - #KOA(m)) + 6,

= #KOA(my)+ 4 - #KOA(m1/2)
+ 24KO0A(m,[2) +6, .95,
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Table 1. Comparing the complexity of parallel multiplier 2]
over GF(2") between SB, KOA, and NRKOA.
Multiplication Method} n=113 n=131 n=163 3]
SB #Gate 25,313 34,061 53813
Delay TTx+Ta 8Tx+Ta 8Tx+Ta
$Gate 11,648 25078 27,735
KOA
Delay | 17Tx+Ta | 20Tx+*Ta | 20Tx+Ta (4]
#Gate 11,138 15,939 21,791
NRKOA
Delay 17Tx+Ta 20Tx+Ta 20Tx+Ta
Reduce 4.38% 36.45% 21.58%
Multiplication Method] n=113 n=131 =163
B #Gate 74113 159,613 650,941 (5]
Delay 8Tx+Ta OTx+Ta 10Tx+Ta
#Gate 33,381 78028 237,848
KOA 6]
Delay | 20Tx*Ta | 23Tx+Ta 2%6Tx+Ta
#Gate 27,803 58,828 159,090
NRKOA
Delay 20Tx+Ta 23Tx+Ta 26Tx+Ta
L Reduce 16.72% 32.3% 33.12%
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