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A few new constant weight codes 

by 

A.E. Brouwer 

ABSTRACT 

We describe a method for searching for constant weight codes and show 

its usefulness by constructing fourteen codes which are better than the known 

codes with the same parameters. 
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Let G be a permutation group of degree n acting on a set X, say 

{0,1, ... ,n-1}. A code C is called G-invariant if whenever (c0 ,c1 , ..• ,cn-l) 

EC and g E G, then also (cg(O) ,cg(l) , .•• ,cg(n-l)) EC. 

deal 

zz; -invariant codes are known as cyclic codes and have received a good 
n 

of attention. Recently R.E. Kibler found some good G -invariant codes 
n 

for G = {x I+ ax+ b(rood n) 0 ~ a,b ~ n-1, (a,n) = 1} acting on the ring 
n 

of residues rood n. This gave roe the idea for this note. 

Let us first translate the problem: An (n,d,w)-code is a binary code 

with word length n, minimum distanced and constant weight w. A(n,d,w) is 

the maximum cardinality of such a code. (Note that dis even.) Now any 

(n,d,w)-code can be considered as a collection of w-subsets of an n-set 

such that no two w-subsets have a (w - ~d + 1) -set in common. Searching for 

(n,d,w)-codes is thus seen to be the same as looking for good approxima­

tions to t- (v,k, 1) designs, where v = n, k = w and t = w- ~d + 1. For 

certain values of the parameters this is done roost conveniently by a modi­

fication of Kramer & Mesner's method: Referring to their paper [3] we can 

copy all of their machinery and replace their equation 

- T Ax = >-.[ 1 1 .•. 1] , o>, p.26s> by Ax~ [11 ••• 1l. 
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Now all that remains to do is thinking of a nice group and waiting for the 

computer output (the process is rather efficient - I did the research for 

this note sitting behind my terminal for one evening; surely many more codes 

may be found in the same way). 

Some examples: 

- Let X = JF 13 u { 00 } and G = GA 13 = { x 1-+ ax + b I a, b E JF 13 , a ,/ 0} 

acting on X in the obvious way. 

We find a G-invariant (14,4,5)-code of size 169, showing that 

A(14,4,5) ~ 169. 

(Note that Kibler showed that the best cyclic code with these parameters 

has size 154.) 

- Let X = JF 7 x {0, 1} and G = GA7 acting on X in the obvious way. 

We find a very nice G-invariant (14,4,7)-code, showing that 

A(14,4,7) ~ 316. (Kibler found A(14,4,7) ~ 254.) 
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Fixing one coordinate produces a (13,4,6)-code of size 158. 

(Note that Kibler showed that the best cyclic code with these parameters 

has size 156.) There are 13 ways of shortening this last code; one produces 

a code of 66, six produce a code of size 73 and six produce a code of size 

74. Hence A(12,4,5) c 74. (Shen Lin found A(12,4,5) c 73.) 

- Let X = :IF 9 x { 0, 1} and G = GA9 acting on X in the obvious way. 

We find A(18,4,5) c 504. 

- Let X = PG(1,6) x {0,1}, two copies of the projective line over JF7 , and 

G the group PGL(2,7) of order 6•7•8 = 336 acting on both lines simul­

taneously. We find A(16,4,8) c 1122, so that A(15,4,7) c 561. (But see 

below.) 

- Let X = PG(1,8) x {0,1} and G = PGL(2,8) of order 7•8•9 = 504 acting 

in the obvious way. We find A(18,4,6) c 1260 and hence A(17,4,6):::: 840. 

- Let X = F 16 and G = {xi+ ax+b I a,b E JF 16 , a 5 = 1} of order 80. 

We find A(16,4,6) c 592 and shortening yields A(15,4,5) c 222. 

* 2i * - Let X = F 16 and G = {xr+ ax l a E JF 16 , i = 0,1,2,3} of order 60. 

We find A(15,4,6) c 370. 

- Let X = PG(l,7) x {0,1} and G = PSL(2,7) of order 336/2 = 168. This gives 

even better results than PGL(2,7) above. We find A(16,4,8) c 1164, so 

that A(15,4,7) c 582. This (16,1164,4,8) code can be shortened in several 

inequivalent ways. If I'm not mistaken the best results obtainable in 

this way are A(14,4,6) c 275, A(14,4,7) c 314 (but above we found 

A(14,4,7) c 316), A(13,4,5) c 118, A(13,4,6) c 158, A(12,4,4) c 48 (but 

A(12,4,4) = 51 is well known), A(12,4,5) c 75. Thus, even after shortening 

it four times, this code produces improvements on the known bounds! 
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