ACU STRATHFIELD CAMPUS
MATH215 APPLICATIONS OF MATHEMATICS
SECOND SEMESTER 2006

EXTRA CODES QUESTIONS - SOLUTIONS
1.  (See Lecture Notes Page 32). The numbers below represent old ACU student numbers. Find the corresponding parity check digit, i.e. the letter that is meant to go in the last place.
(a)
9410032
(b)
9600193
(c)
9911003
Answer

First note that we are leaving out I, O and Z, and remember the following table:
	A
	B
	C
	D
	E
	F
	G
	H
	J
	K
	L
	M
	N
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22


Then use your calculator to find out what the number is congruent to modulo 23: divide by 23, subtract the whole number part to leave the remainder, then multiply by 23 to get the answer.
(a)

[image: image1.wmf]941003219(mod23)
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; hence the last letter should be V.

(b)

[image: image2.wmf]960019316(mod23)
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; hence the last letter should be S.

(c)

[image: image3.wmf]99110034(mod23)
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; hence the last letter should be E.
2.  Find the (Hamming) distance between the following pairs of codewords.
(a)
12101966 and 16051938
(b)
CHARLOTTE and CATHERINE

(c)
1100101100 and 1110011001
(d)
DOG and CAT
Answer

(a)
These differ in 5 places (positions 2, 3, 4, 7 and 8); so the distance between them is 5.

(b)
These differ in 7 places (all positions except 1 and 9); so the distance between them is 7.
(c)
These differ in 5 places (positions 3, 5, 6, 8 and 10); so the distance between them is 5.
(d)
These differ in all 3 places; so the distance between them is 3.
3.  Determine the parameters of the following codes.
(a) 10111, 11110, 01010, 00000, 11100
(b) CATHY, CHRIS, CLAIR, CONNY, CRAIG

(c) 97014054, 97014156, 97014400, 97014124

Answer

(a)
(5, 5, 1) : 5 vectors, all length 5, minimum distance 1 (between 11110 and 11100).

(b)
(5, 5, 2) : 5 vectors, all length 5, minimum distance 2 (between CLAIR and CRAIG).

(c)
(8, 4, 2) : 4 vectors, all length 8, minimum distance 2 (between 97014054 and 97014124).

4.  Write down all the vectors in the Reed-Muller code 
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.
Answer

This is a binary (16, 32, 8)-code. Remember, from a vector in 
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 you get a vector in 
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 by either appending the same vector, or its complement – I will leave it to you to do the working! 
You should get the following as the vectors in 
[image: image7.wmf]4
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:
0000000000000000,
0000000011111111,
0000111100001111,
0000111111110000,

0011001100110011,
0011001111001100,
0011110000111100,
0011110011000011,
0101010101010101,
0101010110101010,
0101101001011010,
0101101010100101,

0110011001100110,
0110011010011001,
0110100101101001,
0110100110010110,

1010101010101010,
1010101001010101,
1010010110100101,
1010010101011010,
1001100110011001,
1001100101100110,
1001011010010110,
1001011001101001,

1111111111111111,
1111111100000000,
1111000011110000,
1111000000001111,

1100110011001100,
1100110000110011,
1100001111000011,
1100001100111100.

5.  (a)
Write down all the vectors in the Hamming (7, 16, 3)-code.

(b)
Show that 1010011 is not a codeword in this code, and find the place where the error has occurred.

(c)
Show that 0010100 is not a codeword in this code, and find the place where the error has occurred.

Answer

(a)
See Lecture Notes Page 36. Recall: to form the Hamming (7, 16, 3)-code, start with 
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0000,0001,0010,0011,0100,0101,0110,0111,

1000,1001,1010,1011,1100,1101,1110,1111

.
Now add three parity check digits: given 
[image: image10.wmf]7654321
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, the parity check digits are 
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 chosen so that 
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 is even, 
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 chosen so that 
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 is even, and 
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 chosen so that 
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 is even. So 
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, 
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, 
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001000100011001
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, 
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, and so on. You should find that the vectors in the Hamming (7, 16, 3)-code are 0000000, 0000111, 0011001, 0011110, 0101010, 0101101, 0110011, 0110100, 1001011, 1001100, 1010010, 1010101, 1100001, 1100110, 1111000 and 1111111.
(b)
1010011 is not one of the above codewords. Calculating the above sums modulo 2:
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The binary number 100 is 4 in decimal; so the error has occurred at 
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.
(c)
0010100 is not one of the above codewords. Calculating the above sums modulo 2:
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The binary number 011 is 3 in decimal; so the error has occurred at 
[image: image28.wmf]3
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6.  Calculate the parity check digit for each of the ISBN’s below.

(a) 0 18 033292 
(b)
0 23 066345
(c)
0 21 133224
(d)
0 14 222333
Answer

See Lecture Notes Page 37. Use a similar method to Question 1 to calculate, modulo 11:
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(a)
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. But now as 
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, the required parity check digit is 9.

(b)
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. But now as 
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, the required parity check digit is 1.

(c)

[image: image34.wmf]102231415363728294110

´+´+´+´+´+´+´+´+´=

. But now as 
[image: image35.wmf]1100(mod11)

º

, the required parity check digit is 0.

(d)
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. But now as 
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, the required parity check digit is 6.

7.  Find the nearest neighbour in 
[image: image38.wmf]3
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 for each of the following vectors.

(a)
11111000
(b)
01110110
(c)
01011101
(d)
01111001

Answer

See Lecture Notes Page 36 for a list if all the vectors in 
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; compare to see which one is closest!
(a)
11110000
(b)
01100110
(c)
01010101
(d)
01101001

8.
Show that there is no (6, 8, 5)-code.

Answer

Use a Sphere-Packing Bound argument. As 
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, t = 2. If such a code did exist, then the Sphere-Packing Bound would tell us that
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But this says 
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, i.e. 
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, which is obviously false; thus there is no (6, 8, 5)-code.
9.
Determine whether or not the following codes are linear. Find a generator matrix for those which are linear.

(a)
000, 111
(b)
011, 111, 000

(c)
010, 101, 000, 111
Answer

(a)
Yes, this is linear, as shown by the following addition table; [111] is a generator matrix.
	
	+
	000
	111

	
	000
	000
	111

	
	111
	111
	000


(b)
No, this is not linear, as for example 011 + 111 = 100 is not one of these vectors.

(c)
Yes, this is linear, as shown by the addition table below; 
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 is a generator matrix.

	
	+
	000
	010
	101
	111

	
	000
	000
	010
	101
	111

	
	010
	010
	000
	111
	101

	
	101
	101
	111
	000
	010

	
	111
	111
	101
	010
	000


10.
Find the weight of each of the following vectors in 
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(a)
10011001
(b)
10010110
(c)
11000011
(d)
00111100

Answer

We just count the number of 1s; this is the weight (the number of nonzero components)!
(a)
w(10011001) = 4

(b)
w(10010110) = 4

(c)
w(11000011) = 4

(d)
w(00111100) = 4
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_1220976778.unknown

_1220976993.unknown

_1220977075.unknown

_1220977557.unknown

_1220976925.unknown

_1220976374.unknown

_1220976282.unknown

_1220976283.unknown

_1220976209.unknown

_1220975840.unknown

_1220976102.unknown

_1220975749.unknown

_1220966403.unknown

_1220966614.unknown

_1220966634.unknown

_1220966597.unknown

_1220966302.unknown

_1220966375.unknown

_1220965342.unknown

_1220964677.unknown

_1220964986.unknown

_1220965062.unknown

_1220965180.unknown

_1220964987.unknown

_1220964820.unknown

_1220964984.unknown

_1220964985.unknown

_1220964851.unknown

_1220964747.unknown

_1220906355.unknown

_1220964386.unknown

_1220964534.unknown

_1220906374.unknown

_1220905551.unknown

_1220905557.unknown

_1220190023.unknown

_1220905438.unknown

_1220190911.unknown

_1220189343.unknown

