Linear Block Coding using MATLAB



Example: Generator Matrix for
(7,4) Hamming Code

* Note: We have permuted the order of the information
and parity check bits from table 1n to correspond with
the convention used 1n Proakis for the Generator
Matrix - this 1s still the same code.

11 01 0 0 0
0110 1 0 0
G= |
1110 0 1 0
1010 0 0 1.
* Example . _rop1011]=p1011]- Chk this with matlab

If G=[l, | P]: then c=[1011100]
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Parity Check Matrices

* For each Generator Matrix G, 1t 1s possible to find a

corresponding parity check matrix H

H = [In—k ‘?]
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For a systematic representation:
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Parity Check Matrix for (7,4) Hamming Code

1 0 o1 011
H=(0 1 01 1 1 0
0 0 10 1 1 1



Communications Toolbox E
Parameters for Linear Block Codes

This subsection describes the items that you might need in arder to process [n k] cyclic, Hamming, and genenc linear block codes. The table
helow lists the tems and the coding techniques for which they are most relevant,

Parameters Used in Block Coding Technigues

Parameter Elock Coding
Technique

Generator Matrix Generic lingar hlock

Panty-Check Matrx Genenc linear hlock

(Generator Polynomial Cyclic

Decoding Table (zeneric linear hlock,
Hamming

Generator Matriz

The process of encoding & message inta an [n k] linear block code is determined by a k-by-n generator matnx G. Specifically, the 1-by-k
message vector vis encoded into the 1-by-n codeword vector v, If G has the farm [l P] ar [P ], where P iz some k-by-(n-k) matnx and b is the
k-by-k identity matrix, then 5 is said to be in standard form. (Some authors, e.g., Clark and Cain [2], use the first standard form, while others,
e.g., Lin and Costello [3], use the second.) Mast functions in this toolbox assume that a generator matnx is in standard farm when you use it as
an input argument.

Some examples of generator matrices are in the next section, Party-Check Matrix




Parity-Check Matrix

Decoding an [n k] linear block code requires an (n-k)-by-n parity-check matrix H. It satisfies GHY =0 (mod 2), where HY denotes the matrix
transpose of H, 5 is the code's generatar matrix, and this zero matrix is k-by-(nek). 1 G = [k P] then H= [Pt . Mast functions in this toolboy
assume that a panty-check matnx is in standard form when you use it as an input argument.

The tahle below summarizes the standard farms of the generator and parity-check matrices far an [n,k] binary linear block code.

Type of Matrix | Standard Form | Dimensions

Generator [kPlor [P ] kehyen

Party-check [P D] ar [l (nek-hyen
P ]

I i the identity matrix of size k and the ' symbol indicates matrix transpose. (For binany codes, the minus signs in the panty-check famm listed
ahove are irelevant; that is, -1=1 in the hinary field.)



Examples. Inthe command below, parmat is a panty-check matrx and genwar is a generator matrix far a Hamming code in which
[hk] = [23-1, n-3] =[7 4]. Motice that genmat has the standard farm [P ]

[parmat ,genmat] = hamngen(d)
parmat =
1 O 1 O 1 1
0 1 0 1 1 1
0 1 0 1 1 1
gemmat =
1 1 0 1 0 0 0
o 1 1 O 1 0 o
1 1 1 O O 1 o
1 0 1 0 0 0 1

The next example finds parity-check and generator matrices for a [7,3] cyclic code. The eyelpoly function is mentioned below in Generator
Faolynamial.

genpoly = cyoclpoly(7,3):

[parmat , genmmat] = cyclgen(?,genpoly)
parmat =
1 ] ] ] 1 1 o
o 1 O O O 1 1
L U 1 I 1 1 1
o ] O 1 1 0 1
genmat =
1 1 0 o
O 1
1 O 0 1



Decoding Tahle

A decoding table tells a decoder how to carrect errors that might have corrupted the code during transmission. Hamming codes can correct any
single-symbol error in any codeword. Other codes can correct, or partially carrect, errors that corrupt maoare than ane symbol in a given codeward.

This toolbox represents a decoding tahle as a matrix with n columns and 2+ (n-k) rows. Each row gives a correction vector for one received
codewoard vectar. A Hamming decoding tahle has n+1 rows. The syndrtable function generates a decoding table for a given parity-check matrix.

Example: Using a Decoding Table. The script below shows how to use a Hamming decoding table to correct an error in a received message.
The haraagen function produces the party-check matrix, while the syndrahle function produces the decoding table. The transpose of the
parity-check matrix is multiplied on the left by the received codeward, yielding the syndrome. The decoding table helps determine the correction
vector. The carrected codeword is the sum (modulo 2 of the correction wector and the received codeword.

*,

2 Use a [V,4] Hamming code.

m = 3; n= 2"mm—1; k = n-m:

parmat = hammgenim) @ % Produce parity—-check matrix.

trt = syndtable (parmat); % Produce decoding tabhle.

recd = [1 00 1 1 1 1] % Zuppose this is the receiwved wector.
svndrome = rem(recd * parmat'  2);

syndrome_de = bhiZde (syndrome,'left-msbh'): % Convert to decimal.
disp(['3vndrome = ', numZstr (Syndrome_de) . ...

' fdecimal) . 'nunmZstr (syndrome) ' (bhinarvl '])

)

corrvect = trt(l+syndromes _de, ) % Correction vector

% MNow compute the corrected codeword.
correctedoode = rem(corrvect+recd, 2]

The output is below.

recd =

1 o o 1 1 1 1
Svndrome = 3 [(decimal), 0O 1 1 (binarwv)
Corrvect =

o o o o 1 o o
correctedoode =

1 o o 1 o 1 1




3 Use a [7,4] Hamming code.
m=3; n=2aw1; k= n-m;

parmat = hammwgen(m); 3 Produce parity-check matrix.

trt = syndtable (parwat) ;| 3 Produce decoding table,

recd = [1 00111 1] 5 Suppose thiz 1z the recelved vector.
syndrome = rem(recd ¥ parmat', 2);

syndrowe de = bidde(syndrome, 'left-msh'); % Convert to decimal,
disp(['dyndrome = ', numzstr (syndrome del, ...

' fdecimal), ',numdstr{syndrome),' (binaryg)'])
corrvect = Lrtl+syndrome de,:) 3 Correctlon vector
3 Now cowpute the corrected codeword.
correctedoode = rem{corrvect+recd, )



