	Assignment 1 & 2 (Coding Theory)


學生:陳美宇

學號:9395533

[1] 2.9.5  Find distance by parity-check matrix(a),(b)
(a).
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 (b). 
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<sol>:

(Review :

The distance of a linear code can be determined from a parity-check matrix for the code.

Theorem 2.9.1 : 


    Let H be a parity-check matrix for a linear code C. Then C has distance d iff any set of d-1 rows of H is linearly independent , and at least one set of d rows of H is linearly dependent.)
   所以要求distance ,(1.)先要找出H.  (2.)依2.9.1定理,由H求distance
1. 從G,找出H 
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    ∵                 ∴  G (G’(H’(H
先將G用rows operations化成G’: 
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Cols 1  2  3  4  5  6  7  8  9        1 4  7   2  3 5   6  8  9
(∵ leader columns are 1,4,7 ; so we permute the cols of G into the order 1, 4, to 7,2,3,5,6,8,9 form G’.)
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Rearrange the rows of H’ to get H.
∵No two rows of H sum to 000 
∴Any two rows of H are linearly independent.

∵Rows 1,2, and 3 sum to 000.
∴Rows 1,2, and 3 are linearly dependent(d-1=2 ∴d=3
 (b)
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∵No two rows of H sum to 000 
∴Any two rows of H are linearly independent.

∵Rows2,3 and 4 sum to 000.
∴Rows 2,3 and 4 are linearly dependent(d-1=2 ∴d=3
[2] 2.11.9(a)(construct SDA) 
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 <sol>: 
[image: image68.wmf]1 0

0 1

1 0

0 1

1 0

0 1

1 0

0 1

H

éù

êú

êú

êú

êú

êú

=

êú

êú

êú

êú

êú

êú

ëû

   (Review :
row operations： Interchanging two rows
Replacing a row by itself plus another row
REF：row echelon form
The zero rows of M are all at the bottom, and each leading 1 is to the right of the leading 1s in the rows above.

RREF： reduced row echelon form

Each leading column of M contains exactly one 1 )
方法:

1. 由G 找出H
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先將G用row aperations化成
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2. 用H 建出SDA 表

 SDA :
	Error pattern u ( coset leader)
	Syndrome  u.H

	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	0
	0
	1
	1

	0
	1
	0
	0
	0
	0
	1
	0
	1

	0
	0
	1
	0
	0
	0
	1
	1
	0

	0
	0
	0
	1
	0
	0
	1
	0
	0

	0
	0
	0
	0
	1
	0
	0
	1
	0

	0
	0
	0
	0
	0
	1
	0
	0
	1

	*
	*
	*
	*
	*
	*
	1
	1
	1


[3] 3.3.5(a) 01010 01010 01000 (b) 11110 00101 10110

(c) 11100 01110 00111 (decode the Hamming code)

     Use HT =
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<sol>:
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(a) w: 01010 01010 01000 
w.H=0100……..syndrome

u=00010 00000 00000…….below SDA table
∵v=w+u= 01010 01010 01000+00010 00000 00000
∴v= 01000 01010 01000

   (b).w=11110 00101 10110
     w.H=1110

     u=00000 00000 00010

   v=w+u=11110 00101 10100

   v= 11110 00101 10100

 ( c). w=11100 01110 00111
     w.H= 1010

     u=00000 00001 00000

     v=u+w=11100 01111 00111

     v=11100 01111 00111

	SDA  table
	Syndrome u.H

	Error pattern u (coset leader)
	

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1

	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1

	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1
	1

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0




 [4] 3.7.3  Decode the Golay code ( that are encoded using C23) 

       (a)  101011100000 , 10101011011 
       (b)  101010000001,11011100010

  <sol>:

    (a)
       ( Review decode algorithm :
Algorithm 3.7.1 Decode Golay code
1)Form w0 or w1, which has odd weight

2)Decode wi(I is 0 or 1) using Algorithm 3.6.1 to a codeword c in C24

3)Removing the last digit from c 
Algorithm 3.6.1 Decoding the extended Golay code:
  1)  s = wH

2) if wt(s)≦3 then u = [ s,0 ](error pattern)

3) if wt(s+bi) ≦2 for some row bi of B then u=[s+bi, ei]

4) compute the second syndrome sB

5) if wt(sB)≦3 then u=[0, sB]

6) if wt(sB+bi)≦2 for some row bi of B then u=[ei, sB+bi]

7) if u is not yet determined then request retransmission )
.Decode Golay code “w” , w= 101 011 100 000 , 101 010 110 11
Start decode extended Golay code C24( w1) (Algorithm 3.6.1):

1. C24 :  w1 = 101 011 100 000 , 101 010 110 111……..(append 1)
          ( 此題尾數要加1)
2. decode C24 (w1) :

s =w1.H = [u1,u2].H = [u1,u2].
[image: image11.wmf]ú
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 = u1.I+u2.B = u1+u2.B
s = 101 011 100 000+101 010 110 111.B
= 101 011 100 000+011 101 010 111
∴s =110 110 110 111  
             wt( s )= 9 >3 所以進行Algorithm 3.6.1 的3 step :
                if wt( s+bi) ≦ 2 fir some row bi of B , then u= [s+bi , ej]      

                                                ……………………………………………….  

               wt(s+b1)=4
               wt(s+b2)=6

               wt(s+b3)=4

               wt(s+b4)=6

               wt(s+b5)=6

               wt(s+b6)=2 

     if wt(s+b6) ≦2 , then u=[s+b6, e6]
      s+b6= 110 110 110 111+100 010 110 111= 010 100 000 000

         ∴ u=[s+b6, e6]= 010 100 000 000,000 001 000 000……error pattern

V1= w1+u

=101 011 100 000 , 101 010 110 111 + 010 100 000 000,000 001 000 000
         =111 111 100 , 101 011 110 111
          C24 (C23( Removing the last digit from C24) :
          V= 111 111 100 000 , 101 011 110 11……………Answer(a)
  (b)    
           w=101 010 000 001,110 111 000 10
           ∵form odd weight ∴ append 1 to w
     C24 : w1= 101 010 000 001,110 111 000 101

        S=w1.H

         =101 010 000 001+110 111 000 101.B

         =101 010 000 001+100 000 000 000

         =001 010 000 001
        Wt(s)=3  
if wt(s)≦3 then u = [ s,0 ](error pattern)
∴ u = 001 010 000 001, 000 000 000 000……error tattern
 v1 = w1+u

   = 101 010 000 001,110 111 000 101+ 001 010 000 001, 000 000 000 000

         = 100 000 000 000 110 111 000 101 

        C24 (C23( Removing the last digit from C24) :
         v= 100 000 000 000 110 111 000 10……………Answer(b)
[5] 3.8.5  Find the generator matrix G(2,3) for RM(2,3)
  <sol>:

           ( Review :

generator matrix G of RM(r, m) :
[image: image70.wmf]--
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G = 
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 EMBED Equation.3  [image: image15.wmf]
[6] 3.9.6  Decode the Reed-Muller codes (RM(1,m)) using Algorithm 3.9.4 (and example 3.9.2)  
   (a). 0101 1110   (b). 0110 0111  (c). 0001 0100  (d). 1100 1110 

   <sol>:
   (Review :
       Reed-Muller codes :
  r-th order, length 2m, 0≦r≦m, RM(r, m)
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 Algorithm 3.9.4 decoding the RM(1,m) code
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                 codeword v = presumed message m x G(1,m)  )
   (a). w= 0101 1110

      
[image: image16.wmf]w

=(-1,1,-1,1,1,1,1,-1)

      w1=
[image: image17.wmf]w

.H
[image: image18.wmf]1

3

=(0,-2,0,-2,2,0,0,2)

      w2=w1.H
[image: image19.wmf]2

3

=(0,-4,0,0,2,2,2,-2)

[image: image20.wmf]   w3=w2.H
[image: image21.wmf]3

3

=(2,-2,2,-2,-2,-6,-2,2)
The largest absolute value of wm : 6 ,在第5個位子,用binary表示101,且低位元在前
      V(5)=101

     又-6 為負質
,所以前面補0 ,  m=0101

(b),
      w= 0110 0111
      
[image: image22.wmf]w

=(-1,1,1,-1,-1,1,1,1)

      w1=
[image: image23.wmf]w

.H
[image: image24.wmf]1

3

=(0,-2,0,2,0,-2,2,0)

      w2=w1.H
[image: image25.wmf]2

3

=(0,0,0,-4,2,-2,-2,-2)


[image: image26.wmf]   w3=w2.H
[image: image27.wmf]3

3

=(2,-2,-2,-6,-2,2,2,-2)

   So the largest absolute value is 6 and its position is 3
    V(3)=110 , because -6 is negative ,append 0 to m

     m= 0110

(c). 
      w= 0001 0100

      
[image: image28.wmf]w

=(-1,-1,-1,1,-1,1,-1,-1)

      w1=
[image: image29.wmf]w

.H
[image: image30.wmf]1

3

=(-2,0,0,-2,0,-2,-2,0)

      w2=w1.H
[image: image31.wmf]2

3

=(-2,-2,-2,2,-2,-2,2,-2)


[image: image32.wmf]   w3=w2.H
[image: image33.wmf]3

3

=(-4,-4,0,0,0,0,-4,4)
     m=? (因為absolute value有4個質
相同大小,比不出來)
(d)  
w=1100 1110 


[image: image34.wmf]w

=(1,1,-1,-1,1,1,1,-1)

      w1=
[image: image35.wmf]w

.H
[image: image36.wmf]1

3

=(2,0,-2,0,2,0,0,2)

      w2=w1.H
[image: image37.wmf]2

3

=(0,0,4,0,2,2,2,-2)


[image: image38.wmf]   w3=w2.H
[image: image39.wmf]3

3

 = (2,2,6,-2,-2,-2,2,2)

   So the largest absolute value is 6, its position is 2th (∵m=3,binary:010,

    low order digital first (010)

    And 6 is positive , presumed message is (1, v(010)).

     m=1010

[7] (1) 4.3.5(a)(b) Find a generator matrix for the linear cyclic code of length n with generator polynomial g(x)
      (a). n=7 , g(x)=1+
[image: image40.wmf]3
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(2) 4.3.9(b)(c) Find a parity check matrix for a cyclic code of length n and with generator g(x) :
   (b).n=6 , 
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         G: k×n matrix  )
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(b).
 deg(g(x))=6 ,且 n=9 --> k=n－deg(g(x))=3
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(c). (Review :

H: i-th row ri is the word of length n-k 

· ri(x)=xi  mod g(x) )
g(x)=1+ x3 ,  n=6,  dg(x)=3

 ∴ H: 6×3 matrix
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(d)  
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∴H: n×k matrix ( 8×6 matrix)
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[8] (1)4.4.6 .Find the number of proper linear cyclic codes of length n, where (d) n=14 (h) n=1024

   (2)4.4.9 .Find a generator and a generating matrix for a
      Linear code of length n and dimension k where
 (a)n=12,k=5(c) n=14,k=5
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   (4.4.6-d). 
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(4.4.6 h) 
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∵k=5, deg(g(x))= n-k =12-5=7
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(4.4.9 c)
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      k=5,  deg(g(x))=14-5=9
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   G is a k×n (5×14) matrix
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