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Abstract—New families of unimodular sequences of length p = 3 f41 with zero autocorrelation
are described, p being a prime. The construction is based on employing Gauss periods. It is
shown that in this case elements of the sequences are algebraic numbers defined by irreducible
polynomials over Z of degree 12 (for the first family) and 6 (for the second family). In turn,
these polynomials are factorized in some extension of the field Q into polynomials of degree,
respectively, 4 and 2, which are written explicitly. For p = 13, using the exhaustive search
method, full classification of unimodular sequences with zero autocorrelation is given.

1. INTRODUCTION

Let « = (xg,x1,...,2,—1) be a nonzero complex-valued sequence of length n.

Definition 1. A sequence is called delta-correlated (has zero autocorrelation) if it is orthogonal
to all of its cyclic shifts:

n—1
Re(k) = > @ity moap =0 k=1,2,...,n—1 (1)
=0

Here, z* means complex conjugation.
Let ¢ be a primitive nth root of unity, i.e., (" =1, " # 1,0 < i < n.
Definition 2. The unitary matrix
1
vn
is called the matrix of a (direct) nth-order discrete Fourier transform.

Definition 3. The vector

W = [giﬂ}, i, j=0,1,...,n—1,

y=(Y0,Y1,-- Yn-1) = W
is called the Fourier image of vector x.
The inverse Fourier transform is defined by the matrix

1 g
H L —ij s _
W _\/ﬁ[g } i,j=01,...,n— L.
Theorem 1 [1]. A sequence x is delta-correlated if and only if all components of its Fourier
mage are of the same magnitude:

n—1
> il
P=2="___ j=0,1,...,n—1

|y -

Theorem 1 yields a classification of the whole class of delta-correlated sequences and a method
of constructing them: one takes a vector y with components of the same magnitude and applies
the inverse Fourier transform.
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256 GABIDULIN, SHORIN

Definition 4. A sequence © = (g, Z1,...,%n—1) is called phase-modulated, or unimodular,
if all elements of the sequence equal 1 in magnitude, i.e., lie on the unit circle.

Let @ be a unimodular delta-correlated sequence. Then the following transformations of & give
new unimodular delta-correlated sequences «’ = (zq, 2, ..., 2,_;) (see [1]):

' =ax, l|a|=1;

' = {2}, :c;:::c(iJrl)modn, i=0,1,...,n—1;

' ={x}, .= T(diymodn, =0,1,...,n—1, ged(d,n)=1;
' ={a}, =2z, i=0,1,....,n—1;

' = {2}, zl=x% i=0/1,....n—1, s=0,1,...,n—1;
' =zW.

These transformations generate a group, and we can introduce the equivalence relation with
respect to this group.

Delta-correlated sequences x and x' are equivalent, x ~ x', if and only if one of them can be
obtained from the other by a series of these transformations.

Thus, all unimodular delta-correlated sequences are split into equivalence classes.
Below, we only consider the case where n = p, p being a prime.

For the case of unimodular delta-correlated sequences of prime length, it is known that there
are finitely many equivalence classes (see [1,2]).

The problem arises to describe all equivalence classes and propose methods for constructing
unimodular delta-correlated sequences.

For p =2, 3, and 5, there is exactly one equivalence class.

For any prime p > 7, methods are known to construct two equivalence classes for p =1 (mod 4)
and one equivalence class for p =3 (mod 4) (see Section 5).

As far as we know, there is no information on any other equivalence classes in the literature.

In the present paper, we propose a method for constructing equivalence classes based on using
Gauss periods. In details, we consider the case where the length of the sequence is p = 3f + 1.

For the particular case p = 13, using exhaustive search, we obtain full classification, i.e., all
equivalence classes are found.

2. REDUCTION TO A SYSTEM OF ALGEBRAIC EQUATIONS

In the sequel, as a representative of a class, we consider a sequence with 1 in the first position
(g = 1); in any class, such representatives exist.

To determine equivalence classes, we have to find all unimodular solutions of system (1) with
xo = 1 and then select nonequivalent solutions.

Note that, for unimodular sequences, we have

therefore, system (1) can be rewritten as the system of equations

p—1 2
> ————=0, k=12,...,p—1 (2)
i=0 L(i+k) mod p
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p—1
If we multiply each equation in (2) by the product [] x;, we get the system of algebraic equations
i=0

p—1 Jj=p—1
R E 11 zj | =0, k=1,2,...,p— 1 (3)
i=0 =0

j#(i+k) mod p

The polynomial ideal defined by this system is a union of irreducible components. For prime p,
the dimension of each component is zero [2]. In other words, there are finitely many equivalence
classes.

Unimodular solutions (|z;| = 1, Vi) of this system form a unimodular delta-correlated sequence.

Generally, all components of a solution of system (3) can be found by methods of exclusion
theory [3-5]. In one of its possible versions, the Grobner basis of the polynomial ideal generated
by system (3) is used.

Then, for this system, the last polynomial in the Grobner basis (with respect to the lexicographic
order) is a polynomial in one variable, the previous polynomial is (or polynomials are) in two
variables, etc.

In this case, solving system (3) reduces to finding the roots of a one-variable polynomial with
integer coeflicients; hence, all roots are algebraic numbers.

When we find a unimodular root (if it exists), we pass to the previous equation and substitute
the value found. Thus, we obtain an equation with algebraic coefficients. If it has a unimodular
root, we again pass to the previous step, etc. If we find a unimodular root at each step, the sequence
obtained is precisely a unimodular delta-correlated sequence.

Remark. All x;,1=1,...,p— 1, are algebraic numbers.

In the general case, eliminating variables is very difficult. For instance, for p = 13, at the last
step we obtain a polynomial of degree of the order of 227 Sometimes, the problem is greatly
simplified if one considers sequences of a special form. We suggest sequences composed of several
groups of equal numbers. The set of indices [0,1,2,...,p — 1] is divided into disjoint subsets, one
of them consisting solely of zero. Coordinates with indices from the same subset are assumed to
be equal. As such subsets, we suggest to use Gauss cyclotomic classes.

3. GAUSS CYCLOTOMIC CLASSES AND GAUSS PERIODS

Let a prime p be represented as p — 1 = ef and let g be a primitive element modulo p.

The set of indices [0,1,2,...,p — 1] is divided into the Gauss cyclotomic classes as follows: the
zero cyclotomic class

0= {0}

and cyclotomic classes
G, = {ge+i,g2€+i,...,gef+i :gi}, i1=0,1,...,e—1.

Define the algebraic numbers 79,71, .. .,7.—1, called the Gauss f-periods [3,6]:
f ek+1 .
m=y_ ¢=> ¢, i=01,...,e—1L (4)
seG; k=1
Let us state some necessary properties of the Gauss periods:
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1. The sequence (g, M1, ...,Me—1) has the same periodic autocorrelation coefficients:
j:Oan(]Jrs)mode _f, s=1,2,...,p— 1.

2. If f is even, the product 157 (s4j) mod es s = 0,1,...,e—1,j=0,1,...,e—1, can be represented
in the form

NsM(s+j) mod e = Cj + Qo,j7s + a1,iNs+1 + ...+ Ae—1,j"(s+e—1) mod e> (6)

where ¢; = 0 and ag; + a1 j + ... 4+ ae—1,; = f for all j except for j = 0. In the latter case, co = f
and apotaio+ ... +G-10= f—1

4. SEQUENCES BASED ON GAUSS PERIODS

As new variables, we take e numbers zg, z1, . . . , ze—1 of magnitude 1. We will construct sequences
x = (zg,21,...,Tn—1) as follows: define their coordinates to be
o — 1,

(7)

rj=2z5, jE€Gs, s=0,1,...,e—1

In this case, we obtain only e different equations in system (2) in e unknowns zs. Different
equations are, for instance, those in rows 1,g,¢? mod p,...,g° ! mod p of system (2). Any other
equation coincides with one of them.

It is not too difficult to write the resulting system for any particular p, but the general form
strongly depends on the structure of Gauss cyclotomic classes. We will obtain another system in
an explicit form, which will be equivalent to (2).

Let us find the Fourier image of a sequence & from (7):

1 22 1
yO:% CCS:ﬁ(l—f—fZO"‘fZl-’-...—f—fZe,l),
s=0

1

1 P! i . . .
=—> z (Y =— |1+ I 2+ i T Tl ze1 |
Yy 7 szz:osc ¢ N ( (Sg;OC ) 20 (Sg(;C ) 21 (Seéf ) z 1)

where j =1,2,...,p— 1.
Taking definition (4) into account, one easily sees that

Yo, Ygy --+5 Yge=1 mod p

are different Fourier components, and the coefficients of unknowns z, are the Gauss periods (4):

VP Yo =1 4+ fzo+fz1r +fo+... + fze,
VP Yg =1 +mnozo+mz1+neze+ ...+ Ne—12e—1,
VPYg modp =1 +mzo+mnez1+mn3z2+... +Moze-1,

VP Yge—1 mod p = L+ Ne—120 + Moz1 + 22+ ...+ Ne—22e—1.

Since all y and z are of magnitude 1 by the condition and since z* = 1/z, after passing to
squared magnitudes on either sides of the equations, using relation (5), and making algebraic
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transformations, for an even f we get

¢_§(zs+i>+ S f(;—;Jri—T:)er(f—l)—Oa

0<s<m<e—1
ot 1 Z z
o= (2t )+ T menen (24 2) - (-1 =0, (8)
s=0 Zs 0<s<m<e—1 Zm Zs

k=0,1,...,e—1.

In fact, the equation ¥ = 0 can be omitted since it is a linear combination of the others.

Similarly, we can obtain a system for odd f.

System (8) can further be simplified if we replace the products 7s4k7m+x using relations (6).

After eliminating variables, a solution is obtained in the form of a product of irreducible poly-
nomials over Q(ny). Of these polynomials, we may discard those without roots of magnitude 1.

5. KNOWN SEQUENCES

All sequences of prime length known to the authors can be described using Gauss periods.

5.1. Case e =2

In this case, two equivalence classes are known if p = 1 (mod 4) and one equivalence class if

p =3 (mod 4) (see, e.g., [1,7]).
In terms of the Gauss periods, the set Gy precisely consists of quadratic residues modulo p
and (G consists of quadratic nonresidues.

5.1.1. Case p =1 (mod 4). In this case, we have
e=2, f=m@-1)/2 even,

1€Go

m=>Y ¢ =(=yp-1)/2

i€G1

System (8) has the following form:

¢:<z0+zio>+<z1+1> < +Z—(1)>+6f =0,
9002770<Zo+%>+?71<21+ >+77077 <—0 0)‘ -1)=0,

21

1 1 20
er=m|z0+—)+m(z+—)+nm +—= )= (f-1)=0.
20 4l Z1 20

Eliminating the variable z; leads to the following relations:
1. z1 = zp. In this case, z( is a root of the irreducible polynomial over Z

| ™R

g(x) = 2% 4+ (2f — )z + 1.
This polynomial has no unimodular roots and should be discarded.
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1
2. z1 = —. In this case, zy is a root of the irreducible polynomial over Z
20
g(x) = §x4+x3+(f—1)x2+x+§ 9)
In turn, in the extended field Q(7)), this polynomial is factorized into the product of polynomials
of degree two:

9(x) = (nox® — z +no)(ma® — x + m).

The roots of the first factor are of the form

2o = cos Ay +1 sin Ay, 21 = cos A; —1isin Ay, (10)
where )
cos Ay =1/(2n9) = :
o) = =
They generate a delta-correlated sequence x = (zo, ..., zp—1) from the first equivalence class:
zp, 1€ Go,
To = 17 T, = .
z1, 1€ G,

Similarly, the roots of the second equation are of the form

2o = cos Ao + 1 sin Ao, 21 = cos Ag — 1 sin As, (11)
where )
cos Ag =1/(2m) = _\/ﬁ-i- T
They generate a delta-correlated sequence @ = (zo, ..., xp—1) from the second equivalence class.

5.1.2. Case p = 3 (mod 4). In this case, we have

e=2, f=m-1)/2 odd,
=y ¢=(1+iyp)/2

1€Gy

m= Y, ¢ =(-1-iyp)/2.

i€Gq

System (8) has the form

¢=(ZoJr%)+<Z1+Zil>+f<z—?+ﬂ>+e(f—1):0,

20
1 1 20 z1
wo =mnozo +Mm— +mz1+n— +77(2)— +77%— —(f—-1)=0,
20 z1 Z1 20

1 1 20 21
Y1 =mz20+m— +nat+m—+n—+n——(f—1)=0.
20 Al Z1 20

Elimination of the variable z; implies that zy is a root of the polynomial

gla) = o - 1) (P + Bt T ) o),
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where (x) stands for a polynomial with no unimodular roots. One may take zp = 1. Then z; is a
root of the polynomial

1 -1 1
h(:c):p+ :c2—|—p x—l—p+ )

4 2 4
that is,
-1
z1=cosA+isinA or 2z =cosA —isinA, cosA:—p—.
p+1
The only equivalence class is formed by the delta-correlated sequence & = (zo,...,zp—1) with

ZO:17 'LEGO,
ro=1, x;= o ]
z1=cosA+isinA, i€Gy.

5.2. Casee=(p—1)/2, f=2

In this case, two equivalence classes are known if p = 1 (mod 4) and one equivalence class if
p =3 (mod 4) (see, e.g., [7,8]).
If p=1 (mod 4), then a representative of the first class is the sequence

xi:CZQ? i20717°°°7p_17
and that of the second class is
= i=0,1,...,p—1,

where s is a quadratic nonresidue modulo p.
If p=3 (mod 4), then a representative of the only known equivalence class is the sequence

zi=C", i=0,1,...,p—1.

6. METHOD FOR CONSTRUCTING SEQUENCES FOR e = 3

In this section, we describe a new infinite family of unimodular sequences with zero autocorre-
lation.

Let a prime p have the form p = 3f + 1; i.e., f is even. Let g be a primitive root modulo p.
In this case, the Gauss cyclotomic classes are defined as

0= {0},
Go=1(¢%¢%¢°....g% =1) (mod p),
Gi = (¢, ¢, L T = g) (mod p),
Gy = (g%F2, g2, %2, g3 2 — ) (mod p).

The corresponding Gauss f-periods

=y ¢, m= >y ¢, m=>

i€Go i€G1 i€Ga
are real numbers. Moreover, the number
§=TloT"n2
is integer.
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262 GABIDULIN, SHORIN
Let us choose the elements of a desired unimodular delta-correlated sequence as follows:
zo =1,
r; = 29, 1€ Gy,
T =z, 1€ G, (12)
xp =29, 1€ Gy,

|20 = |21] = |22 = 1.

Then system (8) reduces to the following system of algebraic equations in three unknowns:
Z z z z 2 Z
s () (3 2) s 2)
21 20 29 21 20 <2
1 1 1
+lzo+— )+ |21 +— )+ |22+ — +€(f—1)=0,
20 Z1 Z2

20 1 21 22 Z2 20
$o = "o <— + —> + M2 <— + —> + M2m0 (— + —>
21 ) 21 20 22

1 1 1
+— ) +mla+—)+mlnt+t—)-(f-1)=0,
20 21 Z9

2 z 21 29 ) 20
Y1 ="mmn2 (— + —> =+ m270 (— + —> + Mo ( + —)
Al z9 Z1

20 22

1 1 1
Zo+—>+772 <21+—>+770 <22+—> —(f—-1)=0,
z1 29

2 z z z Z

—+ —1> + nomt <—1 + —2> + M2 (-2 + —0>

21 20 z2 21 20 z2

1 1 1
+mlzo+—)+m(la+t—)+mlet+t—)-(f-1)=0,
20 21 Z9

Elimination theory yields, for each p, two irreducible polynomials over Z of degree, respectively,
12 and 6. Their roots generate the delta-correlated sequence. These polynomials are found explicitly
but their coefficients are expressed through p and f in a too complicated way and are not presented
here.

In turn, further factorization of these polynomials into polynomials of degrees 4 and 2 in the
extended field Q(ny) is possible. Let us present the decompositions.

Polynomials of degree 12 have the following three factors of degree 4:

szt — (25— (f+ 1) (mo+m)) 2" + ((2f — 1) (no +13) — 38)2* — (25 — (f + 1) (o +m3)) 2 + 5,
szt = (2s— (F+1)(m+n0)2" + (2f = 1) (m +n7) —3s)2> — (2s — (f + 1) (m +n7))z + 5,
szt = (2s = (f+ D) (m+m))2" + ((2f = D)(n2 +m3) —38)2> — (25 = (f + 1) (12 +m3)) 2 + 5.

Each of the polynomials has two conjugate unimodular roots, which are used in the sequel to
construct sequences, and two nonunimodular roots, which we do not need.

Polynomials of degree 6 have the following three factors of degree 2:
A2 — (B = (f = 1)(no +13))2 + A,
A2 — (B = (f = 1)(m +17))z + 4,
A2 = (B = (f = D)(m+13))z + A,
where the integer coefficients A and B are defined by the relations
3 _ 3 _
A== pogliTs
p p
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NEW SEQUENCES WITH ZERO AUTOCORRELATION 263

Each of the polynomials has two conjugate unimodular roots, which are used in the sequel to
construct sequences.

The first equivalence class is constructed with the help of the roots of polynomials of degree 4.
The second equivalence class is constructed using the roots of polynomials of degree 2. The con-
struction process does not depend on a class.

To compose a unimodular delta-correlated sequence, we have to take as zg, 21, and 29 in (12) one
unimodular root of each of the three polynomials. Some triples of such roots do not form required
sequences. For instance, if a triple (2, 21, z2) is suitable, then the triples (z1, 22, 20) and (z2, 20, 21)
are also suitable but (zg,21,25) and (2o, 22,21) are not. It is possible to give a deterministic
algorithm for the choice (z or z*) and order of roots but, for the case e = 3, it is simpler to choose

one sequence from the eight: as zg, we may take any root; then there are two variants to choose

from, either (2o, sz), zé*)) or (zp, zé*), sz)); and then four variants: which of the conjugate roots to

take as z1 and zs.

7. CASE p = 13

In this case, all equivalence classes of unimodular delta-correlated sequences of length 13 are
found. Both the above-described and numerical methods are used. The following results are
obtained.

7.1. Case e = 2

Previously known sequences of the form
T = {17 20521520520y R15 %15 215”1y R0y 205 215 ZO}7

belong to two equivalence classes, both consisting of 338 solutions. The solutions are defined by
the roots of the polynomial (see (9))

g(x) =3z + 23 + 522 + 2 + 3.
The sequence that defines the first class (see (10)) is

20 = exp(i4.931261595868),
21 = exp(i1.351923711311).

The sequence that defines the second class (see (11)) is
2o = exp(14.318485428757),
21 = exp(i 1.964699878422).

7.2. Case e =3

There are two equivalence classes, consisting of 1014 solutions of the form
T = {17 20y R15R1y 22y R0 225 22, R0 225 215 R, ZO}.
The solutions are defined by the roots of the polynomials

g31(2) = 212 + 142" — 12210 — 3827 4+ 2% — 2527 — 5125 — 252° + 2? — 3823 — 1222 + 14w + 1,
g3.2(x) = 252°% + 452° + 632 + 5927 + 6327 + 452 + 25.
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The sequence that defines the first class is

zp = exp(14.961837311319),
z1 = exp(i3.829123080261),
zo = exp(10.887313301823).

The sequence that defines the second class is

29 = exp(i2.520358681774),
2 = exp(i4.209262236495),
2y = exp(i1.164371390059).

7.3. Case e =4

€T = {17 20y R15 R0y B2y R13R15 23y R3y R0y 225 23 22}-
The solutions are defined by the roots of the polynomial

ga1(z) = 18392672 4 143195042%7 + 1342486442 + 15507752724
— 1190920748z — 527598840223 — 8760573556x*% + 392633188024
+ 58467147254z1° + 1675259561162 + 3393955977622 + 5811866427642
+ 6639053353403 + 1026847512558z + 191040146350423* — 9353338112723
— 2228273627848x% — 134169304889223! + 2704339266210 — 3520114694036
— 2499519303004z + 93997366149622" + 2445009600764x2¢ + 1502961402072
4 1781778818664x2* + 15029614020722% + 2445009600764 + 9399736614962
— 24995193030042%° — 35201146940362:'% + 2704339266212'8 — 134169304889217
— 2228273627848x1% — 935333811272 + 1910401463504z + 1026847512558z
+ 6639053353402 4 5811866427642 4 3393955977622 + 1675259561162
+ 58467147254x% + 39263318807 — 87605735562° — 527598840225
— 1190920748z + 1550775272 + 13424864422 + 143195042 + 1839267.

The sequence that defines the first class is

10.828308747773),

2p = exp )
12.309890279894),
)
)

z1 = exp
14.511268307248),
16.191224200386).

29 = exp

—~ A~~~

23 = exp

The sequence that defines the second class is

20 = exp(i5.227849017149),
21 = exp(i2.854075020893
2o = exp(i 1.198259222271
(

z3 = exp(i6.026082413871).

9

)
);
)
)
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7.4. Case e =6

In this case, there are:

1. Two previously known classes, both consisting of 78 solutions. The solutions are defined by
the roots of the polynomial

goi(x) =22+ 42042 +2¥ 2T b+t P+ + L
Representatives of the equivalence classes are
z={C"}, =x={C""}
2. A class consisting of 1014 solutions. The solutions are defined by the roots of the polynomial
g62(x) = ' + 2™ — 12210 — 1229 + 142% + 27 + 2% + 2% + 142* — 122% — 1222 + 2 + 1.

The sequence that defines the class is

T = {17 205 R1y R4y 24 235 5y B55 235 225 245 21 5 20}7
zp = exp(i0.276669071806850),

z1 = exp(—11.220721809284420),
z9 = exp(12.283062308094460),

# = exp(—10.276669071806850)
24 = 2+ = exp(i 1.220721809284420),
5 = exp(—i2.283062308094460).

3. Nine equivalence classes consisting of 2028 solutions (polynomials are not presented). Ele-
ments of the sequences that generate the classes are as follows:

Number of
the class 20 21 29 23 24 Zs5
1 o1 0.1902604 o1 6.0532874 ¢15-3301520 o1 41247946 o1 2.7896177 ol 1.3456171
9 o1 6.2572071 o1 3:1069136 ol 4.3142758 o1 2.5337532 o1 1.6095226 ol 1.5348747
3 o 1.5145681 o1 5.6230253 o1 1.8186436 14.3012373 o1 1.3507833 o1 5:5295501
4 o1 0-7098655 o1 03563601 1 1.2761141 o1 2:4965890 ol 3.5264757 o1 5:2149488
5 o1 2:8195396 o1 4.7919876 o1 1:2202988 0157462645 o1 1.3012538 o1 5:4918629
6 £10.0360641 o1 0.5036032 o1 1.5060156 o1 2.7899674 ol 4.2286812 o1 5.5467868
7 o 1.9322243 o1 5-2951804 ol 3.3498223 o1 1.6479544 o1 4.2375937 o1 3.3816830
8 ¢10.0300385 o1 4.8160574 ol 43715523 o11.1462748 o1 3:2148048 o1 3:9654735
9 ol 3:2573498 ol 1.5620823 o1 4.1066677 o1 3:2922886 ol 1.8740567 o1 5:2812042

7.5. Case e = 12

In this case, there are seven equivalence classes, consisting of 4056 solutions of the form

x = {1, 20, 21, 24, 22, 29, 25, 211, 23, 28, 210, 27, %6 }

(polynomials are not presented). Elements of the sequences that generate the classes are as follows:
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Number of 20 21 29 23 24 Zs5
the class Z6 z7 z8 Z9 Z10 Z11

1 ¢10.3644155 ol 1.8544445 10-2119998 o1 4-9720469 o1 2-6024911 ol 4.9544333

¢10-6959709 ol 2-9987740 o1 1.0141209 o11.6192549 ol 4-6885398 ol 5.7812423

9 ei 5.2994829 6i 5.5349134 ei 4.2517683 ei 3.9078690 6i 2.9651940 ei 0.8406314

ol 5-3280634 ol 3-6895083 ol 1.2821841 ¢10-6130970 ol 5:4055142 o1 0-7926259

3 o1 5.4648352 ol 14102819 ol 1.8284688 115169011 010.8084470 013.3618472

ol 4-6674996 o1 1.3308366 ol 3.2227988 o1 5:0244945 o1 0-6539394 ol 1.6996524

4 613.1421864 6i5.8682974 ei 1.1475184 ei 3.1934900 6i0.8015527 612.5261989

ei 4.9889886 6i 0.2742489 ei 1.3089282 ei 2.6927908 6i 0.2996878 ei 5.9201145

5 o1 6.1299932 o1 4-9103682 o1 4.0871216 o1 5-9363385 01 0-2631024 ol 14894551

ei 5.3933545 6i 4.3714754 ei 3.3750358 ei 3.4959996 6i 2.1537000 ei 4.3802490

6 o1 4-0081830 o1 4-2306731 ol 11255238 ¢10-3005833 ol 5:2414217 ol 11096142

ei 1.4528517 6i 0.7048406 ei 3.4903468 ei 4.4028238 6i 0.5291664 ei 0.8061093

7 o1 4.5781731 o1 5.0348707 ol 11102887 o1 3.6339907 ol 4-6511132 o 4:3997922

1 47957505 ol 5.6982482 ol 5-8941121 ¢ 1.0270072 ol 2:0018328 ol 2.8455874

There are no other equivalence classes.

8. CONCLUSIONS

A method to construct sequences with zero autocorrelation is described, which is based on Gauss
periods. For the case p = 3f + 1, explicit formulas defining unimodular delta-correlated sequences
are found.

All equivalence classes for unimodular delta-correlated sequences of lengths p = 3,5,7,13 are
found.

In the cases where full classification of solutions is possible, all equivalence classes are found to
be based on Gauss periods.

Conjecture. Our conjecture is that this is true for any p.

As an example, classification of unimodular d-correlated sequences of length p = 13 is given.
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