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DVA NOVE NAJLEPSIE KODY [27,10,9]

TWO NEW BEST [27,10,9] CODES

V tomto prispevku sii zverejnené dva nové linedrne bindrne
blokové kody [27,10,9], ktoré dosahujii hornii hranicu pre kodovii
vzdialenost najlepsich kodov [1]. Nové kody sa vyznacuju rozdielnymi
vahovymi spektrami v porovhani s doteraz zverejnenymi kodmi
[27,10,9] skonstruovanymi Piretom [2], Farkasom a Julingom [5].

Kliicové slovi: Blokovy kéd, Hammingova vzdialenost, vihové
spektrum, generujiica matica.

1. Uvod

Otazka existencie dobrych samoopravnych kodov patri
k najdolezitejsim otazkam Tedrie komunikdcie. Oznaéme n dizku
kodového slova, k pocet informaénych symbolov v kodovom slove
a d minimalnu Hammingovu vzdialenost medzi dvoma kodovymi
slovami v kode - kédovii vzdialenost. Uvedené zakladné hodnoty sa
Standardne zapisuju vo forme [n, k, d]. Ak maju dva kody rovnaké
hodnoty n a k, tak za lepsi kod sa povazuje ten, ktory ma vacsiu
hodnotu d. Je to preto, Ze takyto kod dokaze pri tej istej nadby-
toénosti a dizke kodového slova ochranif lepsie prenasanu alebo
uchovavanu informaciu. Dolna a horna hranica pre kédovu vzdia-
lenost ako v zavislosti od # a k - d(n,k), sa da najst pre niektoré
hodnoty v [1].

Interaktivny pristup k dolnym a hornym hraniciam d(n,k) pre
binarne a nebinarne kody je mozny prostrednictvom: Attp.//www.
win.tue.nl/win/math/dw/voorlicod.html

V nasledujucej Casti uvedieme generujuce matice a vahové
spektra znameho Piretovho kédu a dvoch novych [27,10,9] kodov,
ktoré¢ dosahuji hormi hranicu pre d(nk) v [1]. V zavere su
uvedené niektoré poznamky.

2. Nové kody

P. Piret v [2] skonStruoval prvy [27,10,9] kod. Nam sa podarilo
najst iné [27,10,9] kody. Nasa metoda hladania bola zaloZena na
jednej modifikacii znameho postupu z [3], ktora je opisana v [4].
Pre vyhladavanie bol vyuzity superpocita¢ Fujitsu VP 2600/20.

Na dokaz, Ze kody, ktoré sa vyznaCuju totoZnymi paramet-
rami n, k, d nie su zhodné je potrebné urcif ich vahové spektra.
Vahové spektrum je mozné opisat ako mnoZinu kon§tant a,, ktoré
udavaju pocet slov s Hammingovou vahou i. Hammingova vaha
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This paper presents two new [27,10,9] binary linear block codes
which reach the upper bound in [1] for best known codes. They have
different spectra as the known [27,10,9] codes constructed by Piret [2],
Farkas and Juling [5].
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1. Introduction

The question concerning the existence of good error control
codes belongs to the most important in Communication theory.
Let us denote n the codeword length, k£ the number of information
symbols and d the Hamming-distance of a code. If two codes have
the same value n and identical value k the code with greater value
d is classified as better, because this code has greater error control
capability by the same redundancy.

The lower and upper bounds on d(n,k), the maximum poss-
ible Hamming-distance of some linear binary block codes can be
found in table in [1].

An interactive interface to the lower and upper bounds on
d(n,k) of some linear binary, ternary and quadruple block codes,
can be found on: Attp;//www.win.tue.nl/win/math/dw/voorlicod.html

In the following section we present generator matrices and
weight spectra of the known and two new [27,10,9] codes, which
reach the upper bound for d(nk) in [1]. In conclusion we give
some remarks.

2. New Codes

Piret [2] has constructed the first [27,10,9] Code [2]. We
found other [27,10,9] codes. Our searching method was based on
one variation of the known algorithm [3], described in [4]. The
search was realized on the super computer Fujitsu VP 2600/20.

To show that codes with the same parameters n, k, d aren’t
equivalent, it is necessary to find their weight spectra.

The code weight spectrum can be given by a set of constants
a; which represent the number of code words with the Hamming-
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kodového slova je definovana ako pocet nenulovych stradnic
v tomto kodovom slove. Kody [n,k,d] s r6znymi vahovymi spekt-
rami su rozdielne.

Piretov kéd [27,10,9] z [2] ma nasledujicu generujicu maticu
a ako vahové spektrum:
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Vahové spektrum kodu:

ag=1 ag =5 a,=99 a;=9 a,=129
a;=144 a, =126 a;s=132 a=17 a;; =172
ag=31 a=18 ay,=9

Nové kody [27,10,9] maju nasledujuce generujuce matice
a spektra:

1.

weight i. The Hamming weight of a code word from a linear binary
code is equal to the number of ones in this code word. The [n,k,d]
codes with different weight spectra are not equivalent.

The [27,10,9] Piret code [2] has the following generator
matrix and weight spectrum:

001011 10O01O0T1T171
01 010100101111
1 00011011 1T1TT1TF00O0
01 001111100101
0001 0O01T1TT1T1T1TO0O01
1 0100O0O0T1O0T1T1TTT11
1 1011111110010
101110101 11T1T1FP0
01101 11T1TO0O0T1°O0T11
1111100000000 0]
Weight spectrum of the code:
ay =1 ag =5 apy=99 a,; =90 a,=129
a3=144 ay, =126 as=132 a,=117 a;; =72
ag=31 ay=18 a,y,=9

The new [27,10,9] codes have the following generator
matrices

L.

[t oo00000000010O0OT10T11100T10T111]
o100000O0OO0OO0OO0O1001010100101T1TT11
o010000O0O0O00T1010O0O01 1011111100
oo001000O0OO0OO0OT10001 0011111001 °01

G- oo000100O0OO0OO0I1010001001 1111001
o000O0O10000100101000O0T111T1TT1T1:1
oo000O0O010O0OO0O0I100101110100O010°O01
o00O0O0OO0OO0O0T1O0OO0O1O010T17T110O0O0T1O0O0O0T1TOQO01
oo0o00000O0O101T171O010O01°O0O0O0O0110T10

0000000001111 10110000O01O0T1T1O0 0]

vahové spektrum kodu: and weight spectra:
ap =1 a=5% a,=9 a;=99 a,=128 ap =1 ag=5% a,=99 a;=99 a,=128
a3=129 a, =131 as=142 a,, =107 a,; =72 a3=129 a, =131 as5=142 a, =107 a;; =72
ag=41 a=15 ayy=4 a,=1 ay, = ag=41 ap=15 ayy=4 ay, = ay, =
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vahové spektru kodu:

ay, =124
67

ay =1
a;; =119
a;s = 36

ag =153 a,,=100
ay, =136 a; =152
a =16 a,;,=18

ay

3. Zaver

Je zname, Ze z kddov, ktoré sme nasli a zverejnili v tomto
Clanku, je mozné skonStruovat dva dalSie optimalne kody
[27,10,10] pridanim jedného paritného bitu ku kazdému kodo-
vému slovu. Doteraz bolo publikovanych devét kodov, ktoré dosa-
huju hranicu d (27,10) = 9. Otazka, ¢i existuju dalSie optimalne
kody s rovnkymi parametrami, ostava otvorena.
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N

00101 110010711 1]
0101010O01O0T1T1T1:1
1 0001 10T1T1T1T1TT1T0O0
01001111 100T1O01
00010O0O0T1TT1T1T1TTO0O01
101 0001O0T1TO0O0OT1TT11
1 1101011001001
1 1110000O01O0T1O01
001 11100O0T1O0T1TTQO0OQO0
06000O0T101O0T1TT1 111 0]
and weight spectra:
ay=1 ag =53 a,,=100 a;, =104 a,, =124

a3 =119 a,=136 a;s=152 a, =107 a;; =67
ag=36 aoy=160 ayy=8 a, =1

3. Conclusion

It is known that from the codes we found two other new
[27,10,10] codes could be constructed by adding overall parity
check to each code word. This paper shows, that minimum nine
linear binary codes exist, which reach the lower bound d (27,10)
=9. We cannot guarantee, that we found all linear binary [27,10,9]
codes and therefore the question how many such codes exist
remains open.
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