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Example 1

binary sequence of
period 7 with ideal
autocorrelation

(7,3,1)-cyclic
difference set

1.2 4 <:> 100101 1
10 1 3
2 6 0 2
414 5 0

5 5 6 @ 1110100
3.0 2 3
5 5 0 1
6 4 6 0
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ldeal Autocorrelation

» Definition

Binary sequence {5, }of period2” —1 has
ideal autocorrelation

iIf it satisfies following property :

2" =2

D (=) = —1 for 1<1<2"-2
i=0
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(v,k,\)-Cyclic Difference Sets

Given a positive integer v, let U denote
the set of nonnegative integers smaller
than V. Let D be a subset of U One calls
D as a (v.k,A)-cyclic difference set if D
contains k elements of U, and for any

d eU,d =0, there are exactly A pairs
of (d,,d,), d,,d, € D such that

d=d,—d,modv

97 M23} 332 B2 o) & P2 page 4/16 SEEREREELEIRERIEE R



Example 2

(15,7,3)-cyclic difference set

O 5 7 10 11 13 14

005710111314®

10510120&34

114911140@3

13@7 9 12 13 OA

141\ 6 8 11 12 14 O
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binary sequence of period 15
with ideal autocorrelation

011110101100 100

QA NI A} ARY, S22, A



Definition of 7l-sequences

Let a be a generator of the multiplicative
group of non zero elements of GF(2") .
Then {7r(a’)li=0,1.2,--2" -2} gives a
binary sequence of period 2" -1, called

an M-sequence, where

2 n—1
Tr(a)=a +0° +0° +---+a°’
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Properties of 77-sequences

» Balance property

» Constant-on-the-coset property
A Span-n property

» ldeal autocorrelation

» Cycle and Add property
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Main Conjecture

If a balanced binary sequence of period

2" —1 has the span-n property and the
Ideal autocorrelation, then it is an m-
sequence.
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Equivalence of two sequences

Let {2 and 15 be two binary sequences

of period 2" —1. Then {a,{ and {5} are

said to be equivalent if there exist d

with gcd(d.2”" —1)=1and T with 0<t <2" -2
such that b, =a,,. fori=0,1,2,--- 2" =2,
where the subscript is taken mod 2" -1.
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Example of equivalence

Let O be the primitive element of GF(2°)
which satisfies o’ +o +1=0.

d=6,T =
1001011 = 1110100
—
@ d=61=0 @
Tr(o') > Tr(o®)
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The results up to 1996

having span-n
n m G L H M Total
properpty

3 1 0 0 0 0 1 1 -
4 1 0 0 0 0 1 1 -
5 1 0 1 0 0 2 1 -
6 1 1 0 0 0 2 1 =

Baumert &
7 1 0 1 1 3 6 1

Fredricksen (°67)

8 1 1 0 0 2 4 1 Cheng (’82)
9 1 1 0 0 2 4 1 Dreier (°92)
10 1 5 0 0 3 ormore || 9 or more 1 or more -

+ Conjecture is still open!!!
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(511,255,127) CDS

» Roland Dreier ('92)

4 inequivalent examples
1 of Singer type and 3 of non-Singer type

» New results ('97)
S Inequivalent examples
1 of Singer type and 4 of non-Singer type
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Results in detail (use a « GF(2°)witha’ +a*+1= 0)

m - sequence : Tr(o>>")

10000000010001000121200100011101010110112000111000100102010001101100112111001

1110001011011100101001000001001100111010001111101111000001111111110000111
1011100001011001101101111010000111001100001001000101011101011110010010111
00111000000111011101001111010100101000000101010101111101011010000011011160
1101101011000001011101111100011110011010011010111000110100010111111101001
01100010100110001100000001100110010101100100111111011010010010011011111160
0101101010000101000100111011001011110110000110101010011100100001100010000

GMW sequence : Tr(a'”)+ Tr(a®") + Tr(a®")

1000000101010110001001100111100100001100001010000010101011000010010100011
1110001010111001101010100001100100010011010010101001101001101100100001010
1011110100011101100111111101011010011100110110010100001111000010000101110
0011110001001011101110011010111110010000111100010110100100000000010001101
1101111011110010000100111011011010000011101110111111001101101100110000111
0110001111101111100011000110000000011111011000101011000010101110110101001
0101111110100100001101011100111110001111100100111101100110101110100100100

I 1 rtT 1T 111
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Results ( continued )

M, : Tr(o™)+ Tr(a®) + Tr(a'>")

10000100011000010011110000010112100001010111100000001001100111010010001020°1
1001001101011110001000101010010000010110000111011011101011001010010000011
10010010000111110011011111111101000111010101110011011100011001000001011160
0111000010100101111001011011011100110001010010110011100001100010101001010
1001001101011100000100101111101100001010001110111111101111110111010100111
0100110011001101010000110110010111000010111100100110100000101110111111101
0010101000010100100111010110011111111000001100111101111000101111000110100

M, : Tr(a® )+ Tr(a’")+ Tr(a™ )+ Tr(a>" )+ Tr(o ") + Tr(o *"") + Tr(a ")

1000010001110000001011100001000100001100101011000001001001010010010000011
1110001110110001111000100010110000111010010011001001101011001000101001010
1010100101011111100011100000011011101100010111010100110111110001010011111
0011100001000001111000011010011110111001011000010010100100010010011001001
1101110011010110011100101011101011000000111110010001010101111101111011011
0110000011001101111001000110000101001111011101100010010001101011111111011
0100101011000100001101010100011111101100010100111101110101101111110111111
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Results ( continued )

Newly Found

M;: Tr(a")+Tr(o"" )+ Tr(a”"" )+ Tr(a ") + Tr(a®")

+ Tr(a ') + Tra ")) + Tr(a 7)) + Tr(a ')

1001011000101101010111011010011001210001011110110100110000111100100101101°0

1011001101010100111110111010011100000000011111011010111010111011011001001
1000111000011111001001100010000110101010100010101001110101101111000000010
0000001001010111010011010001101101011011000111111001010001110010011010011
1101000011111101000001101111111101001001001110010000100000000011110110001
0001000100100011001100111000010101101110011110010111110010101000000011100
0000010101011000011101100110111000110001111001110101001011011110011101111

This sequence does not have the span-n property.
—— Therefore, the conjecture is still alive !!
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Some Analysis for (1023,511,255) CDS

# of cosets = 107 Size of Coset 1 2 5 10
# of cosets 1 1 6 99

# of cosets to be 1 0 6 48
included

Total # of binary sequences = 210% (- length 1023)
1023)

511

Total # of balanced examples =(
Above table shows that # of examples to check is (48j ~48x 10"

All these are partitioned into 197 subsets each of which may
take about 74 years(= 2 x 10’ sec) in PentiumPro.

197 x 74 years = 14578 years of CPU time -
It is equivalent to the computing power of checking 75 = 10"
examples per sec.
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