Handout Example Section 3.5: Determining the generator matrix G given the parity check matrix H for a linear code

Example: Suppose we have a linear code C with the parity check matrix 
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We find the generator matrix G by finding its transpose 
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. This is accomplished by solving
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Here the columns of 
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represent a basis for the nullspace of H, that is, the set of linearly independent  row vectors x where 
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the columns of 
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 , which will be a basis for the nullspace of 
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, will be 7-component vector solutions, that is, vector solutions 
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The first step in finding the vector solutions for 
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 is to row reduce 
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 using row operations to reduced row-echelon form in 
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, that is, where (1) rows with all zeros are at the bottom of the matrix, (2) every non-zero row has a 1 as its leftmost element, (3) leading 1’s in higher rows are further left in the matrix than in lower rows, and (4) each leading 1 in each row has a 0 above and below it in the column containing it. Recall from linear algebra that the three row operations used to row reduce matrices are as follows:

1. Can switch two rows 
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2. Can multiply a row by a non-zero scalar, 
[image: image31.wmf]i

i

cR

R

¬

.

3. Can add a multiple of one row to another row, 
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Thus, given 
[image: image33.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

1

0

1

0

1

0

1

1

1

0

0

1

1

0

1

1

1

1

0

0

0

H

, we perform the following row operation to reduce H to reduced row echelon form:
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Reforming the matrix product 
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we obtain the system of equations
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The non-leading variables , 
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, will represent the number of basis vectors in the nullspace of H (in this case 4). To obtain these basis vectors, we first solve the equations for their leading variables, 
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 (remember that subtraction and addition are the same in mod 2 arithmetic).
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We next extract the basis vectors by the separating each free variable into a separate vector using the following process:
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Thus, 
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One can readily check to see if this correct by computing
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Thus, we can see the generator matrix is:
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Thus, since G is a 
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matrix, codewords are formed by taking row vectors in 
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The parity check matrix H verifies that c is codeword by computing
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Since a zero vector is obtained, we know c is a codeword.

_1136121021.unknown

_1136121912.unknown

_1136125511.unknown

_1136126019.unknown

_1136126186.unknown

_1136126500.unknown

_1136132413.unknown

_1136126325.unknown

_1136126063.unknown

_1136125716.unknown

_1136125878.unknown

_1136125698.unknown

_1136122508.unknown

_1136122580.unknown

_1136125252.unknown

_1136122523.unknown

_1136122379.unknown

_1136121127.unknown

_1136121807.unknown

_1136121818.unknown

_1136121582.unknown

_1136121036.unknown

_1136121085.unknown

_1136121027.unknown

_1136119998.unknown

_1136120165.unknown

_1136120512.unknown

_1136120754.unknown

_1136120497.unknown

_1136120072.unknown

_1136120116.unknown

_1136120041.unknown

_1136119707.unknown

_1136119749.unknown

_1136119945.unknown

_1136119726.unknown

_1136115826.unknown

_1136119680.unknown

_1136115405.unknown

_1136115293.unknown

