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Table C.2. Irreducible Polynomials of Degree S# over GF(2).
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Fig. 1 Irreducible polynomial
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CMOS addition and multiplication

Addition:
s of G c,-quAqﬁ?llj
B [ID_A
] ko _"”: b-5 Voo
A -01—1 ]— X I:lo—c
C,-_I |—A L H S

Fig. 2 CMOS adder

CMOS addition includes carrier generator and sum
generator. The carrier generator that 1S not necessary.
The full addition reduces to half addition. This structure
only needed 28 transistors.

Multiplication

A multiplication includes some full ADDs. and

half ADDs. It 1s needed much times of time than single

ADDs. to obtain the output state.



HA FA FA HA
Y
X3 X, X1 X Y2 Z1
FA FA FA HA
Xy X; X, X, v, Yz
FA FA FA HA
27 * ZG ' 25 ' 24 * 23

Fig. 3 Multiplier
A comparing of propagation time
tadd=taB o Cottciocottcins=teins= 1 N Sec

finule = [(M- | )+(N-2)]toarry+ (N' 1 )tsum+tand



ADD:

Two input binary adder
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Multi-input binary adder

(c)emeis €+ (b)4F » F1% (¢)heritical path #e
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Set

command

Fig. 2.04 A flip-flop.

% Set command % 1 F¥>input T4+ # i& » ; § Set command
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Shifting a register or adding
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Example: Two element over Galois field
Assume

a=(1101),5=(101 1), over GFQ2"),
satisfied a '+ a +1=0

than a+5=0110)

where without carriers

ADD
2g a, a, aj
g +b0 @y +bl [ 2] +b2 a3 +b3
bu bl bZ b3

Fig. 4 Galoss filed adder

Register A
(accumulator)

Register B



Multiplication:
Example: scale multiplication

Assume B (a)=botb: @ +b> a *+bs &’ over GF(2",

satisfied a ‘+ a +1=0

than @ B=boa+bia’+ha’+b:a’

= b3-|-(bo-|—b3) a+bia 2-I-bz a ’

_._pboA—&-—'bl—*—bz—b—bg‘—bl

Fig. 5 Galois filed multiplier with scale and element

where register plus once can obtain a S, if we want to
obtain &’ B, such that need three times of plus, it is
wasting times. They are another structure of multiplication

which propagation times less than previous.

Y
o>
{=3
{
&
[
N
Y
5
Y

Fig.6 Another Galois filed multiplier
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where a’ B=boa +bia'+ba’+bsa’
= bi+(bi+bs) @ +(ba4bs) & “+(bo+bs)

Example: multiplication two elements over Galois field
Assume 3,7 over GF(2), satisfied a "+ a +1=0
where B (a)=botbia+ba’+bsa’
v (a)=CH+Cia+Coa’+Csa”’
than 8 v =(((C:B)a+C.B)a+CiB)a+Co 5

Register A \

A
o
»~
A
o>
-

Register B

Register C

—1 Cp > € > 2 > €3

Y

Fig. 7 Galois filed multiplier with two elements
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Example: computing r(a ), over GF(2%)
r(a)=rtna+na 2-I-' T d a

=(-(((n4) A +1r3) A +112) A ++++) A 1o

r(X)
Input

Fig.8 Computing r( & ) circuit

Another circuit

r{X) é} -
Input

Y

Fig.9 Another circuit (r( & "))
Example: computing by remainder polynomial

assume dividing rx) by a“+a’+a+a+1=0
then remainder b(x)=botbix+b:x"+bsx’
so that r( @ )=b(a ")

=bot+bs & +b2 & “+(bi+br+bs)
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! A
r(X)
—»{4)—» b »{ + b »{ + b >{ + b >
Input 0 ! 2 3

> r(a?)

Fig. 10 Computing r ( &) using remainder polynomial
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Divider:
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g (x) — 6. (x)
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= : ’ X
I4+x+xX +x +x I+x+X +x +x

rAr-x+r-X 441X

I+x+X +X +X
v+ r) e 4 A A4r)) xHr 4 e )y X+ A ) r X
+x’9 '((9 (]3 14))_‘_( 10 14 (13 14)) (]I 14 (13 ]4)) (IZ 14 (13 14)) + 7/1'3 +I/l'4 +I/l'4'x)
I+x+X +x +x
| -
E TIio Iy T2 I3 T4 E
i) bo -{+ b, ~{ + by -+ by E
:lnpul |
i X x2 x> x* |

b r(a’]




BCH:

Encode:

n=2"-1

n-k<=mt

dmin>=2t+1

g(x)=LCM{ D (x),..., D2ri1(x)}

encoder

gt

€

DA%

D AT

message m(x) ~

_..’.’
parity-check d gits codeword

Figure 5.8 Encoding of the (40,32) code

Decode:
A i BCH j#rg pF » 2V PP Jp £F A

(syndrome) > Si=r( a ')
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r(a)
=r +r-a+r,-a’ +-+r-a”

= atr)-atr) at)atr,

r(X)
! S
Input B
Bk AP s L A GF(2D Y > 338 2t Bk
= %“}é BB R R P E i S

FlpEE Y - 23k

d %% BCH #generator polynomial =
g(x)=LCM (§,(x)--- ¢, (x))

code sequence #A 4
c(x) =q(x)-g(x)

x| ¢ sequence:
r(x) = q(x)-g(x)+b(x)

F) b i LA

r(a’') =>b(a’)

ST S i e =

J
R

Figure 6.10  Circuit

for computiny

g r{a?) and riz%) in GF(24).
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Computation of error-location numbers and error

correction

1}

B3k error location polynomial %
cx)=l+0 -x+0,-x+-+0 -x

He gi¥vd Stz

7

Register B

Moo ()G N 3 B

] o i=b0+b16}£-|-b2062+b30é3
Reglstef C a'=cHcia+ca’tca’

CKi:(((C3B)CK+CZB)CK+C16)CK+COB

a =c-a' +c-a’+c-a+tc,
GdEmBclock’ o ¥a' 5 a2 s EBAY > o B
iai*am’ﬁ-&ai*aﬁx’#ﬂ%‘f?’ ZBP o iidEm R
clock {4 » o ¥a® % 2> ¥F B A

BHLBREYEEAY thhd kT @R o (a):

Register A

e

- by - by - b4 - by Register B

Y
5
Q

Register O

Figure 6.5 Circuit for multiplying two elements of GF(24).




Chien’s searching circuit

ij@—o’lﬂ'gv?\: » )/é, ﬂ%%/z‘k ?g ’ ?{%

P2 BT E B R dpdedck o ek 5 00 Bla' ;

error-location polynomial 73— 2

cla)=l+o -a+o,-(a¢') +-+0o (')

TR T o t=20BCH TUF RS BREF

T A S L

i A

-

15-bit buffer register r(X)

Output

.

hgeed

Multiplies by &
(initially load with a,)

()=
(%

Multiplies by o
(initially load with a;)

Figure 6.12 Chien’s searching circuit for the double-error-correcting (15, 7)
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Reed-Solomon codes:

Block length: n=q-1

Number of parity-check bits: n-k=2t

Minimum distance: dmin=2t+1
Encoder:

generator polynomial of t-error-correcting
gx)=(x+a)x+a’)--(x+a™)
& 4 systematic RS code [ 7HF
mx)=m, +mx+mx +---+m_x"
x"m(x) = q(x)g(x) + b(x)
SRR S a‘%-ﬁﬂis?]t’iéﬁi“" > @?J% BUE A S G 7
ﬁﬁ»%Q,Qwé@%W’gaﬁﬁﬁﬁﬁ’ﬁi

parity-check codes °

X alx) 7 Qutput

Message

Figure 6.13 Encoding circuit for a nonbinary cyclic code.
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+ & Syndrome:

-l

=r(a')

W r(xX)V & T AN S

[ball) cha

r(x)=c(x)(x+a')+b,
00 T (X)% 1 (xta') ¥ r(x)= 24 » P> &

i F 83 BeniE ﬁ{éﬁ&’ Y iﬁ:{alﬁ?syndrome

o

(a)

[ X N J
\ Y A
Multiply by of
r > +
Y
’;/;\ -
- Y
Binary m-ruplcw -
L ]
L ]
- _.'G“> -

(b)

Figure 6,14 Syndrome computation circuits for Reed-Solomon codes: (a) over
GF(2m); (b) in binary form.
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