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Marcel Golay was born in Neuchatel, Switzerland in 

1902.  He was a successful mathematician and information 

theorist who was better known for his contribution to real-

world applications of mathematics than any theoretical work 

he may have done.  In addition to mathematics, he studied 

physics and electrical engineering, earning a Ph.D. in 

physics from the University of Chicago after he studied 

electrical engineering in Zurich, Switzerland. In 1924, he 

began working for Bell Laboratories and then joined the US 

Army Signal Labs before finally joining the Perkin-Elmer 

company in 1963, where he worked for the remainder of his 

life until his death in 1989 [5].

Throughout his career, he made multiple 

accomplishments in his various fields.  Some of which 

included co-author of the  Savitzky-Golay Smoothing Filter, 

generalization of perfect Binary Hamming Codes, inventor of 

the Golay Cell, and developing the Golay-Codes [5].

Golay’s sought the perfect code.  Perfect codes are 

considered the best codes and are of much interest to 

mathematicians.  They play an important role in coding 



theory for theoretical and practical reasons.  The 

following is a definition of a perfect code: 

Definition: A code C consisting of N codewords of length N 

containing letters from an alphabet of length q, where the 

minimum distance d=2e+1  is said to be perfect if:
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There are certain “trivial” perfect codes:

-Any code consisting of a single codeword.

-Binary repetition codes of odd length.

Any other perfect codes are considered nontrivial.  

In 1949 Marcel Golay he noticed that:
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It indicated to him that the possibility of a (23, 12) 

perfect binary code existed that could correct 3 or fewer 

errors [3, p70].  This led to the binary form of the Golay 

code.  It is one of the few examples of a nontrivial 

perfect code.  This is the only known code capable of 

correcting any combination of three or fewer random errors 

in a block of 23 elements [2, p97].  



The generator matrix for the (23, 12, 7) code is:

The binary Golay code leads us to the extended Golay 

code.  Codes can be easily extended by adding an overall 

parity check to the end of each code word:

Theorem: Let C be any (n,k) code whose minimum distance is 

odd.  We can obtain a new (n+1,k) code C’ with the new 



minimum distance d’min=dmin+1 by adding a 0 at the end of each 

code word of even weight and a 1 at the end of each code 

word of odd weight.  

Proof: Let u,v in C’.  If u=(u1,…,un) and v=(v1,…,vn) then:

wt(u+v)=wt(u)+wt(v)-2wt(u^v)

where u^v is the vector which has 1’s only where both u and 

v do.  This implies that the distance between any two 

vectors of C’ is even.  The minimum distance cannot be less 

than d (which is odd), so must be d+1.  Therefore proven. 

(Sloane, [4, p30])

This extended Golay code can be generated by the 12x24 

matrix G=[I, B} where I is the identity and B is the 

following matrix:



(Kanemasu, [2, p98]).  The extended Golay code has a 

minimum distance of 8.  Unlike the (23,12) code, the 

extended Golay code is not perfect, but simply quasi 

perfect.  

Extended binary codes serve an important purpose. 

Consider a vector v, v is of burst length f is all of its 

nonzero entries are restricted to a set of f consecutive 

positions.  Certain channels are more prone to burst 

errors, for example scratched CDs.  Expanded codes give 

some easy protection against burst errors:

Theorem: If c, an [n,k,d] code, can be used to correct 

burst errors of length e, then c’ can be used to correct 

all burst errors of length up to 1+(e-1)m (Hall,[0, p91]).

In addition to binary Golay codes there are also 

ternary Golay codes. The first is simply a perfect ternary 

linear code, known simply as a Ternary Golay-Code.  The 

parameters of this perfect code are [11, 6, 5] and it is 

generated by the following matrix:  

 



The second type of ternary code is the Extended Ternary 

Golay-Code; which is simply adding a zero-sum check digit 

to the Ternary Golay-Code to obtain parameters [12, 6, 6] 

it is generated by the following matrix:

After Golay passed on the search for perfect codes 

continued.  In 1973 by J. H. van Lint and A. Tietavainen 

developed following theorem in regards to perfect codes:

Theorem: A perfect e-error-correcting code c of length n 

over Fq satisfies one of:

(1) ∣c∣= 1, e=n;

(2) ∣c∣= qn, e=0;

(3) ∣c∣= 2, q=2, n=2e+1;



(4) ∣c∣= 36, q=3, e=2, n=11;

(5) ∣c∣= 212, q=2, e=3, n=23;

(6) ∣c∣= qn-r, e=1, n=(qr-1)/(q-1), and r>0. (Hall, [0, p95])

(1) and (2) of this theorem are trivial codes.  (3) 

Represents all repetition codes.  The Golay codes are 

represented by (4) and (5).  Finally, (6) represents the 

Hamming codes.  
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