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Draft of November 7, 2000 162 Moore
Homework Assignment 4, Solutions

Problem 1.

n=8, ¥-1=(x+1§

(n,K) 9(X)

(8,8) 1

(8,7) x+1

(8,6) (x+1)°

(8,5) (x+1)°

(8,4) (x+1)*

(8,3) (x+1)°

(8,2) (x+1)°

(8,1) (x+1)’

(8,0) (x+1)°

n=9, X-1=(x+1)(€+x+1)C+x>+1)

(n,K) 9(X)

(9,9) 1

(9,8) X+1

(9,7) X“+x+1

(9,6) (x+1)C+x+1)

(9,3) XX +1

(9,2) (x+1)(C+x+1)

(9,1) (C+x+1) (C+x+1)
(9,0 (x+1)(C+x+1) (C+x+1)
n=10, X%-1=(x+1P(x* > +x+x+1)

(n,K) 9(X)

(10,10) 1

(10,9) x+1

(10,8) (x+1)

(10,6) XXX+

(10,5) (x+1) (+HXC+x+x+1)
(10,4) (X+ L (X XX +x+1)
(10,2) XHCHC+HX+HL)
(10,1) (x+1) (X+X+x+x+1Y
(10,0) (X+ L (X X+ +1)

Problem 2.
x%-1=(x+1) (6¢+x+1) 0C+x3+1), g(X)= (x+1)(F+x+1)=1+x

h(x)= 158+, h(X) =1+ 3 + x°
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Problem 3.
g(X)=8+xHxC+x*+1, h(x)=(X>1)/g(}) =X +x+x*+1.
The three different shitegister encoders are:

(1) The nonsystematic encoder of the form in figure 8.1, “Chapter 8” handout.
(2) The systematic encoder of the form in figure 8.5, “Chapter 8” handout.
(3) The systematic encoder of the form in figure 8.7, “Chapter 8” handout.

Problem 4.
(a)
1001011001111 210001101
0100101100111 11000110
A=l1 01 1 0011111200011 01110
010110011111 000110111
0010110011111 00011011
H=[Alls5]

(b) The decoding circuit is of the form in figure 8.8, “Chapter 8" handout.

Problem 5.
(a) Cyis the dual code of the (n:k) cyclic Hamming code, so n2L.
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(Note: The proof needs the condition that I8 the dual code of a Hamming code,
without which we ca nnot complete the proof. However, the problem doesn’t
clearly state that you can use that condition, so | won’'t deduct any point for this
subproblem.)

(b) n=21, so r=nk>k except for the trivial case k=2. So an encoder of the form in
figure 8.7, “Chapter 8 is preferred because it uses fewer components than the
encoders in figure 8.5 or figure 8.1.

(c) The set of cyclic shifts of the first row of G, are: [x'g(x)]» (i=0,1,2,...,n1), each
of whichisanon -zero codeword. Since there are exactly 2 k-1 non -zero
codevords, and n=2-1, we just need to prove that no two distinct cyclic shifts of
the first row are the same. And we prove it by contradiction.

WLOG, suppose there existiand j s £i€j<n-1, [Xg(X)]n [x’g(x)]n

Then [g(x)-X'g(x)]=0=> (x"-1)|( Xg(x)-X'g(x)) = g()h(X)X(X"-1)g(x)

= h(x)| x'(x"-1). Since h(x) is primitive, h(x) is irreducible. So either h(x)|"or
h(x)| (¥"-1). However, since h(x) is primitive, and 0<j<n=2"-1, h(x) can divide
neither x nor X"'-1. So there is a contradiction.

For Cs with h(x)=x*x+1, g(x)=x""+xE+x"+x>+x>+x*+x+1. So the first row of G,
iS[111101011001000].By listing all the 15 non -zero codewords we
found that they are just the 15 cyclic shifts of the first row af G

(d) Since G is a simplex code all its non-zero codewords have weight (n+1)/2. So
the weight enumerator is:
A(z)=1+(2-1)Z"V"?2

Problem 6.

For b=1, there are n ordinary bursts of length b.

For Z<bs<n, there are +b+1 possibilities for the location of the ordinary burst. Th2 b

bits between the first 1 and last 1 in the burst pattern can be arbitrary, and thef& are 2
such strings. So the number of ordinary bursts is{1) 2.



