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New Linear Codes from Constacyclic Codes 
John M. Murphree (Nuh Aydin, advisor) 
Department of Mathematics, Kenyon College, Gambier, OH 

One of the main challenges of coding theory is to 
construct linear codes with the best possible parameters. 
Various algebraic and combinatorial methods along with 
computer searches are used to construct codes with 
better parameters.  Given the computational complexity 
of determining the minimum distance of a code, 
exhaustive searches are not feasible for all but small 
parameter sets.  Therefore, we chose to focus on the 
class of constacyclic codes, as we can exhaustively 
generate constacyclic codes over small finite fields of 
order up to 9 to create a database of best constacyclic 
codes. We will then use this database as a building block 
for a search algorithm for new quasi-twisted codes.  We 
used a search strategy that is comprehensive, i.e., it 
computes every constacyclic code for a given length and 
shift constant, and it avoids redundantly examining 
constacyclic codes that are equivalent to either cyclic 
codes we have already searched, or other constacyclic 
codes. Using this method, we have constructed 75 (16 
constacyclic + 59 standard constructions) new codes.  
This is a surprising amount, as constacyclic codes have 
already been extensively researched. 

Abstract 

Definition A linear code of length n and rank k is a linear 
subspace C with dimension k of the vector space Fn

q 
where Fq is the finite field with q elements.   

Definition Let a be a non-zero constant in Fq . A linear 
code C is called constacyclic if it is closed under the 
constacyclic shift, i.e. whenever (c0 , c1 , … , cn-1) ϵ C then 
(acn-1 , c0 , c1 , …, cn-2) ϵ C as well. 

Note, cyclic codes are a specific case of constacyclic code, 
the case where a=1. 

Constacyclic Codes 

One of the novelties of our search code that was 
influential in allowing us to exhaustively search 
constacyclic codes was setting parameters on the time-
consuming function used to calculate minimum distance. 
To ensure that the MinimumDistance() function did not 
take up too much time, we used the MaximumTime 
parameter to restrict the execution time of this function 
to two minutes.  After this period, the calculation is 
aborted, the generator polynomial of the code is 
displayed, and a new code calculation is begun.   
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Another addition to make our search code more efficient 
was the VerifyMinimumDistanceLowerBound() function.  
Presented A code, C, and a value, d (the current best 
stored minimum distance value) are passed to this 
function.  It is run until d is found to be a lower bound of 
the minimum distance of C, or returns false if it is not.  
This function will often save computational time, but this 
is not guaranteed.  

New Codes 

In addition to these 16 new codes, we have constructed 59 codes through the means of the 
standard constructions -- extending, shortening, and puncturing. It was surprising for us to 
find so many constacyclic codes, as they have already been frequently searched.   

Let α , β ϵ Fq such that |α| = |β|, where |α| denotes the 
order of α in the multiplicative group of non-zero 
elements of Fq . Then α has an nth root in Fq if and only if 
β does. 

We offer this proposition, which we introduced to aid our 
comprehensive search of constacyclic codes.  To 
understand its significance in our method, we first recall 
the following Lemma [1], using the polynomial xn-a 
where n is the length of the code and a is the shift 
constant: 

Lemma If Fq contains an nth root δ of a, then a 
constacyclic code of length n is equivalent to a cyclic code 
of length n. 

Furthermore, we know exactly when an element a ϵ Fq 
has an nth root in Fq: 

Lemma 2 [2] Let a=αi where α is a primitive element of Fq.  
Then the equation xn=a has a solution in Fq if and only if 
gcd(n,q-1)|i. 

Using these two lemmas and our proposition, we know 
that a constacyclic code with shift constant a and a 
constacyclic code with shift constant b will be equivalent 
if a and b have the same order.  So, we only needed to 
search the shift constants outlined in the table below. 

Proposition 

Generating Constacyclic Codes 
There is a one to one correspondence between the 
divisors of xn-a, where n is the length of a code and a is 
the shift constant, and codes of length n.  That is, for 
each possible polynomial, g(x), that is created as a 
product of irreducible factors of xn-a, there exists a 
constacyclic code generated by g(x). 

Linear Codes 

2. S. Roman, Coding and Information Theory, Graduate 
Texts in Mathematics 134 (Springer-Verlag, 1992). 

Some Applications 
Linear codes are often used in communicating electronic 
data. For example, a BCH linear code is used to encode 
information to a CD.  Similarly, barcode scanners utilize 
linear codes 
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