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Note:Attempt any five full Questions. Each Question carries 10 marks.

1.Q Explain the construction procedure for standard array for decoding (n, k) linear block code. (10 Marks)

2.Q In a systematic [7 4] linear code whose parity matrix ‘P’ is given by
110

_| 011
111
101

H

i. Find all possible valid code vectors.
ii. Find the probability of undetected error considering BSC if transition probability p = 1072
iii. Find the minimum distance of this code.
iv. Determine the error detection and correction capability. (3+3+2+2=10 Marks)

3.Q In a cyclic code the generator polynomial is given by gx)=1+x+ x3. Find the codeword for the
message 1011 and 1111 using ENCODER Circuit. If the received data is 1011011 find the syndrome using

DECODER circuit. Show the contents of registers in each step. (10 Marks)

4.Q Letg(x) = g0 x04 glxt+ g2 x2 o kgn—k x™¥ be non-zero code polynomial of minimum
degree cyclic code ¢C’. Show that:
a. The first tem of g(x) ;e g0 =1
b. The generator polynomial g(x) of an (n, k) cyclic code is a factor of x™ + 1.

c. The polynomial generates an (n, k) cyclic code. (10 Marks)

¢ code.

5.Q With thé help of Meggitt decoder diagram, explain the general decoder operation for (n, K) cycli
(10 Marks)

6.Q
a. Explain the decoding procedure for fire codes. (04Marks)
(06Marks)

b. Write a note on inter Jeaved convolution code.
7.Q Explain the error trapping decoder structure for bust-error-correcting codes with block diagram. Also
explain the decoding procedure. (10Marks)
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5.5 DECODING OF CYCLIC CODES

Decoding of cyclic codes consists of the same three steps as for decoding line
codes: syndrome computation, association ol the syndrome with an error %1:[“? ar
and error correction. It was shown in Section 5.4 that syndromes for ¢ clilc‘c (:Jm’
can be computed with a division circuit whose complexity is linearly r)(') )orl'o CT
to the number of parity-check digits (i.e., n — k). The error-correction s[:e lis s'::nla
adding (modulo-2) the error pattern to the received vector. This ad;iitil;l{ ;:;nl:)y
pcrformcd with a single EXCLUSIVE-OR gate if correction is carried out «scrialle
(i.e.. one digit at a time); n EXCLUSIVE-OR gates are required if C()rrc;:ti()n iz
carried out in parallel, as shown in Figure 3.8. The association of the syndrome with
an error pattern can be completely specified by a decoding table. A slraighirurward
approach to the design of a decoding circuit is via a combinational logic circuit
that implements the table-lookup procedure; however, the limit to this approach
is that the complexity of the decoding circuit tends to grow exponentially with the
code length and with the number of errors that are going to be corrected. Cyclic
codes have considerable algebraic and geometric properties. If these properties are
properly used, decoding circuits can be simplified.
The cyclic structure of a cyclic code allows us to decode a received vector
(X)) =ro+nX+ X2+t x"—1 serially. The received digits are decoded
one at a time, and each digit is decoded with the same circuitry. As soon as the

syndrome has been computed the decoding circuit checks whether the syndrome
s(X) corresponds to a correctable error pattern e(X) = e + e1 X+ -+e1X ]
with an error at the highest-order position x"1 (ie., e,_1 = 1). If s(X) does nol

1, the received polynomial (stored in a

correspond to an error pattern with ¢,—1 =
multaneously.

buffer register) and the syndrome register are cyclically shifted once si :
v rp-2X n—1_and the new contents 1n

Thus, we obtain rD(X) = ry—1 +roX + - 1 i
the syndrome register form the syndrome sD(X) of r(X). Now, the second digit
ra—2 of F(X) becomes the first digit of r(D(X). The same decodmlg circuit ;{wll lcheck
ocation X"~ .

whether s()(X) corresponds to an error pattern with an error at -
rrespond to an error pattern with an

If the syndrome s(X) of r(X) does co . . -
error at location X" ! (i.e., ey—1 = 1), the first received digit r,—1 is an €roneous
v = aking the sum

digit, and it must be corrected. The correction is carric;d out by t ' "
rn—1 ® e,_1. This correction results in a modified received polynomial, denote

by rni(X) = X2 (a1 @ en—1)X"~'. The effect of the
i otnts M then re:novcd from the syndrome s(X), by

error digit frome is

adding &le :;;er';];hf)[szlrzc;)oz xn=1 (o s(X). This sum is the syndrom.e of tl::
modified received polynomial r (X). Now, r.(}f) and ltfc syndrqme reglnslcr aial
cyclically shifted once simultancously. ‘T'his shift results in a rcc(f;ved po {‘r,lo)r(n !
'3”00 = (ry_y ®ey_1) +roX +--F r,—2X"~!. The syndrome s, (X) of :, (m)iall
the remainder resulting from dividing X[s(X) + Xx"~1] by the generator polyno
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Section 5.5

Step 1. The syndrome is formed by shifting the entire received vector into
the syffdrome register. The received vector is simultaneously stored
in the buffer register.

Step 2. The syndrome is read into the detector and is tested for the corre-
sponding error pattern.'The detector is a combinational logic circuit
that is designed in such a way that its output is 1 if and only if the
syndrome in the syndrome register corresponds o a correctable error
pattern with an error at the highest-order position X"~! Thag is. if
a 1 appears at the output of the detector, the received symbol in
the rightmost stage of the buffer register is assumed 1o be erroneous

and must be corrected; if a 0 appears at the output of the detector,
the received symbol at the rightmost stage of the buffer register is
assumed to be error-free, and no correction is necessary. Thus. the
output of the detector is the estimated err -

or value for the symbol to
come out of the buffer.

Decoding of Cyclic Codes 157

Step 3. The first received symbol is read out of the buffer. At the same time

the syndrome register is shifted once. If the first received symbol is
detected to be an erroneous symbol, it is then corrected by the output
of the detector. The output of the detector is also fed back to the
syndrome register to modify the syndrome (i.e., to remove the error
effect from the syndrome). This operation results in a new syndrome,

which corresponds to the altered received vector shifted one place to
the right.

Step 4. The new syndrome formed in step 3 is used to detect whether the

second received symbol (now at the rightmost stage of the buffer
register) is an erroneous symbol. The decoder repeats steps 2 and 3.
The second received symbol is corrected in exactly the same manner
as Lhe first received symbol was corrected.

The decoder decodes the received vector symbol by symbol in the

manner outlined until the entire received vector is read out of the
buffer register.

Step 5.

. The preceding decoder is known as amlll], which applies
In principle to any cyclic code. But whether it is practical depends .enllr‘ely on its
Crror-pattern detection circuit. In some cases the error-pattern detection circuits are
simple. Several of these cases are discussed in subsequent chapters.
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