
Coding Theory

 (Final 2004 Fall) 

Time: 18:40-21:30 1/6/2004

Venue: EC 122 
(Open book) (請按順序作答)(成績於1/14(五)中午公佈在course page.)

(100 points in total, solve all problems) 
[1] (Cyclic linear codes) (6 points)

List all of the linear cyclic codes of length 6. (In your answer you can use 
<<g(x)>> to denote a cyclic code generated by g(x) and no need to describe

the contents of <<g(x)>>.)
[2] (Hamming bound for q-ary codes) (6 points) 

If C is a binary code of length n and distance d=2t+1 or 2t+2 then 
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   If C is a q-ary code of length n and distance d=2t+1 or 2t+2, give a suitable upper

 bound for the size of C. (Hint: first, calculate the number of words of distance at 

most t from any word v.) 

[3] (BCH codes and Reed-Solomon codes) (15 points)

(a) Briefly define the 2 error-correcting BCH code of code length 2r-1

(written as BCH(2r-1) in short). (5 points)

   (b) Briefly define the Reed-Solomon code RS(2r,
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) (notation as in text p.131) 

(5 points)

(c) Make a table to compare the code lengths, the code sizes, minimum distances of 

BCH(2r-1) and RS(2r, 5). (5 points)

[4] (Convolutional codes) (22 points)

(a) Find the state diagram, and its representation in tabular form, for the (2,1,3) convolutional code with generators g1(x)=1+x+x3 and g2(x)=1+x+x2+x3. 

(6 points)

(b)Use Algorithm 8.4.1 with window size τ=4 to decode the received words 

w= 11 00 01 01 01 until t=5 (initial clock is t=0).(8 points)

(c) Find the state diagram for the (2,2,3) convolutional code with generators g1(x)=1+x+x3 and g2(x)=1+x+x2+x3. (5 points)

(d) Use the state diagram in (c) to encode the m(x)=1+x+x2+x7 (3 points)

[5] (Preparata codes) (13 points)

(a) Prove that if [((U), ((V)] is a codeword in P(r) then  [((V), ((U)] 
is also a codeword in P(r).(5 points)

   (b) Briefly indicate how the property in (a) helps decode extended Preparata

 codes. (4 points)

(c) In decoding the extended Preparata code, if one error in wL and one in wR,
   then we have algorithm in p.223, 6. Let 
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= (1234 in GF(211), calculate
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1/3 (your solution should be expressed as (k for some k). (4 points)

[6] (Reed-Muller Codes) (12 points)

(a) Briefly define the Reed-Muller code RM(r,m). (4 points)

(b) Let m=4, so n=24. For I={0,1,3} and J={2,3}, find fI, vI, fJ, vJ. (4 points)

(c) Make a table to compare the code lengths, the code sizes, minimum distances of 

RM(2,4) and P(3). (4 points)

[7] (Construction of codes from residue rings of polynomials) (13 points)

(a) List all the elements in the quotient group (F5[x]/(x3))*/F5* (4 points) 

   (b) In (a), if 
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 is defined as p.9 of the slides and if F5 be labeled as 

{a0=0, a1=1, a2=2, a3=3, a4=4}, calculate 
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(2010). (3 points)

(c) List all the elements in the quotient group (Fr[x]/(xd))*/Fr* with r=8 

and d=2. (3 points).

(d) What is the lower bound of the size of the largest binary code of length 10

with minimum distance d=2 by Theorem 1? (your solution should be a 

positive integer.) (3 points)    
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[8] (The McEliece public-key cryptosystem) (13 points)

(a) What is the public key and private key in the McEliece public key 

cryptosystem? (3 points)

(b) If the sender Alice would like to send the plaintext m to the receiver Bob then how she should encrypt m to ciphetext c?  Who’s public key will be used in this encryption? (Alice’s public key or Bob’s public key?) (3 points)

(c) When Bob receives the ciphertext c how he should recover to the plaintext m?

 (4 points) 

(d) Briefly explain why this encryption is secure.(3 points)
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