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Table 12.2. Self-orlhogo.fa] Cosies.?
ny = 2
R=1/2
d n Sets of integers that specify code
3 41 (O,
5 14 | (0,2,5,6)
-t 7 36 1 (0,2,7,13,16,17
9 72 t ¢0,7, 10, 16, 18, 30, 31, 35)
11 112 | (0,2, 14, 21, 29, 32, 45, 49, 54, 55)
13 172 | (0,2, 6, 24, 29, 40, 43, 55, 68, 75, 76, 85)
15 256 | (0, 5,28, 38, 41, 49, 50, 68, 75, 92, 107, 121, 123, 127)
17 360 | (0,8, 19, 40, 58, 67, 78, 83, 109, 132, 133, 162, 1G5, 169, 177,179)
19 434 | (0, 2,10, 22, 53, 56, 82, 83, 89, 98, 130, 148, 153, 167, 188,192,
205, 216)
21 568 | (0,24, 30, 43, 55,71, 75, 89, 104, 125, 127, 162, 167, 189, 206,
215,272, 275, 262, 283)
n, =3
R=1/3 | R=2/3
d n Sets of integers that specify code
5 3 91 (D
0,2)
ﬁ g 5 42 1 (0,8,9,12)
; 0,6,11,13)
) 13 7 123 | (0, 2,6, 24,29,40)
. (0, 3, 15, 28, 35, 36)
i 17 2 231 § (0,1,27,30,61,73,81,83)
. (0, 18, 23, 37, 58, 62, 75,86)
i 21 11 3¢3 1 (0,1,6,25, 32,72, 100, 108, 120, 130)
(0,23, 39, 57,60, 74, 101, 103, 112, 116)
n, = 4
R=1/4 | R=3/4
d d n Sets of integers that specify code
ki 3 16 | 0, D
0,2
0,3
13 5 80 | (0,3,15,19)
0,8,17,18)
0,6,11,13)
19 7 272 | (0,5, 15, 34, 35,42)

(0, 31, 33, 44,47, 56)
0,17,21,43,49,67)

o e g = AP T e . e e i et e ey gy e T
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Table 12.2 Self-orthogonal Codes.® (Continued)

Ry = 4 (continued)

"R=1/4 | R=3/4

Sets of integers that specify code

520 | (0,9, 33,37, 33,97, 122, 129)
(0, 11, 13, 23, 62, 76, 79, 123)

(0, 19, 35,50, 71, 77, 117, 125)

R=1/5 | R=4/5

Sets of integers that specify code

©, )

0,2)

0,3)

(0, 4)

(0, 1, 26, 28)

(0, 3, 13,24)
0,7,19, 23}
(0,8,17,22)
(0,22,41,57,72,93)
(0, 14, 17, 61,87, 95)
(0, 39,19, 51, 62,89
0,9,33,37,38,97)

©
w
.

17 5 145

499

%This table is taken from the more complete version given in Robinson and Bernstein.?
For a discus:ion of the codes tabulated here, sec Sec. 12.2.2,

Tcble 12.3 lists orthogonalizable codes of efficiency1/2arnd 1/3
for various valnes of minimum distauce. It is taken from Table II
of Ref, [2]* where codes of efficiency 1/5 and 1/19 are also listed.
TFor a discussion of these codes see Sec. 12,2.3.

Along with the usual parameters of d and n, the basic parity-
check matrix h of each code is given. To save space it is given
in the following form. Each row of the (np~-1)-row matrix is given
on a set of integers corresronding to the blocks in which a nonzero
term appears in that row. The ng—1 scts are distinguished by an
exponent correspending to the row number. Thus the matrix

000 000, 00O 100
100 100 100 000

110
101

* By permission of J. L. .‘.iassey,9

r—— ———.

d r s

3 4,1

51 121 0,3

7! 24§ (0,6

91 44 (0,1
11| 72| 6,18
13 | 104 | (0, 26
d n Set
3 3| ww
5] 9]0, nl
71 15| ¢, !
91 240,1,7
11| 33}¢0,1,9;
0,1,2,
13 | 54 | (04,5,
(0,1, 14

is represente
ways 1 and is

The inforn
codes, that is,
check suras (f
table, Each =
parity-check r
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tion rules for
(21,4%), Its pari
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TABLEI
IMPROVEMENTS ON AND ADDITIONS 10 TanLE or DirFFenexcE TRIANGLES®
Number of Maximum ) )

r J Elements FElement First Rows of Triangles
3 5 30 36 (3, 10, 11, 12)(15, 14, 2, 1)(7, 1§, 1, 8)
4 5 40 50 (14, 20, 13, 3)(30, 3, 6, 4)(18, 7, 19, 2)(§, 9, 22, 1)
5 2 5 5 (1)(2)(3)(4)(5) '

3 15 15 (1, 7)(6, 5)(10, 4)(3, 9)(2, 13) :

4 30 32 (1, 14, 16)(%, S, 135(7, 2, 18)(5, €, 17)(10, 19, 3)

5 50 63 (1. 21, 6, 33)(5, Y, 10, 30)(11, 4, 31, 17)(2, 23, 20, 12).S, 26, 3, 13)

6 75 104 (38, 2, 22,9, 30)(10, 4, 7, 67, 15)(8, 41, 17, 1, 35)(3, 23, 20, 12, 41,{46, S, 25, 3, 13)
6 2 6 6 (1)((2)3)(4)(3)(6) .

3 18 19 (3, 16,)(4, 13)(1, 14)(2, T)(10, 8)(5, 6) )

4 36 40 (3, 16, 12)(20, 10, 8)(22, 4, 13)(1, 14,21)(29, 5, 6)(23, 2, 7)

5 60 76 (27, 29, 5, 6)(24, 22, 4, 13)(20, 10, 8, 33)(1, 14, 21, 37)(13, 23, 2, T)(43, 3, 16, 12)

6 00 125 (42, 45, 3, 16, 12)(49, 43, 23, 2, 7)(1, 14, 21, 37, 47)(20, 10, S, 33, 52)(33, 27, 29, 5, 6)

{62, 24, 22, 4, 13) :

7 2 7 7 (1N2)BIANEN6)T)

3 21 22 (3, 16)(4, 14)(15, 5)(7, 10)(13, 9)(11, 1)(6, 2) -

4 42 47 (3, 16, 23)(21, 13, 9)X29,4, 14)(25, 11, 1)(13, 3, 26)(2, 6, 24)(7, 10, 2%)

5 70 89 (38, 10, 7, 28)(2, 6, 24, 56)(36, 31, 9, 13)(5, 13, 27, 37)(21, 4, 14, 43)(3, 16, 33, 26)

. (11, 1, 50, 23) »
6 105 146 (2, 6, 24, 36, 54)(3, 16, 33, 26, 6S)(11, 1, 50, 23, 46)(21, 4, 14, 43, 44)(5, 13, 27, 37, 60)

(38, 38, 10, 7, 28)(41, 36, 31, 9, 13)

* Only the first row of earh triangle is given. WU3de o 'l f-q 4 le S le t ra:"" Gf tr: 57 ( % b d"/ ’Lk )
I NI <L, =, d, -9 J #a = 41“‘11 ’ %, = J'“{J‘)
- LC-'@&L (‘{O:(‘ (l‘: 02. D{‘)_ - °"24°(7//- O(J - OC.JICIJ_{

first eolumn of ecach triangle is the largest number in (he tri-
cuzle) of a set of triangles be as low as possible so that the decoder
for the code derived from the triangles will have minimwn con-
siraint length, Hence, the construction of difference triangles
is a problem that iuvolves the construction of goed self-orthog-
nul codes.

The method employed in constructing the'difference triangles
presented here was to begin with a set of “poor” triangles gen-
erated by computer and work the greatest number down by
the [ollowing inethod. Remove the trisngle containing the
greatest number and construct by hand a new triangle with a
lower greatest number with the numbers of the first triangle
and the other unused numbers. In addition, a certain amount
of borrowing frem complete triangles before they are dissolved
may Le necessary. In other words, instead of relying on numbers
wr already contained in existing triangles, numbers from existing
triangles must be borrowed with the idea that the triangles
Lorrowed from will he reconstrueted without the use of the
Eortowed numbers. It is this necessity that renders this method
vivwicidy for eonstructing very large triangles; for when working
with more than about 250 numbers at once, there are too many
pes<ilalitics to explore by hand and too many opportunities
to run up against dead ends for this method to be productive.
However, it has served well in obtaining the results presented
here.

The tables of Robinson and Bernstein can be found in their
peper tosether with hnstructions for the construection of sclf-
orthogo:t codes from difference triangles. Two of their results
are mproved: those for r = 3, J = 5, a deerease of 5 in the maxi-
i clement from 41 to 36; and for r = 4, J = 5, a decrease
from 33 (o 0. New triangles are given for r = 5, 6 and 7, and
forJ = 2to 0.

:
E. J. Krieper?
Bell Telephone Laboratories, Ine.,
olmdel, N. J. 07733

t Now a sophomore at the University of Chicago, Chicago, Il
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Further Results cn the Synchrounization of Binary Cyclic
Codes ol o,
Q.Jﬁ‘(b/rt—rb + - 0 T rh

Abstract—It is shown that certain cosct codes Jderived from
binary cyclic codes can deternnine the maguitude of a synchroniza-
tion error, as well as its direction by examining caly the syndrome
of the received n tuple. For such coset codes, therefore, the need
for a search procedure to recover synchrenisin is eliminaied. In
addition, the range of slip that can be detected arnd ccrrected fer
noisy chanacls is extended.

-

IsrropteTiON

The problem of loss of synchronization, or slip, for binary
cyclic codes has recently attracted intevest [1}-[5], {31-{10]. One
of the known techniques for obtaining codes capable of dctecting
and correcting synchronization ervor is to form a cosct code
{1]-{4] from a given (n, k) binary cyclic code by adding a fixed
polynomial to each code word Lefore transmission. In a previous
paper [4], the ability of such coset codes to delect and correct
synchronization error was examined by using the vector-matrix
representation of cyclic codes. This correspondence dorives seme
new results on the same problem by using the polyaumial repre-
sentation of cyelic codes as used in [3]. In particular, it is shown
that there exist (n, k) coset codes that ean determine both the
magnitude and direction of the slip by examining only the
syndrome of the reccived n tuple. Hence, unlike previous pro-
cedures for coset codes [3], [4], the present method does not
require any search procedure. Tn passing, it may be mentioned
that some other techniques also possess this feature [3], [6].

Iixcept for some changes in notation, the formulation of the
polynomial approach to slip will follow Tong [3]. Fig. 1 illustrates
a left slip of s digits, where A(z), B(x), and D(¢) ave any three
consceutive coset code words. If there were no slip, the receiver
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