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ABSTRACT. We will study the periods of Tribonacci sequences
associated to elliptic curves. This work is motivated by a paper of
Coleman et al. who did it for classical Fibonacci sequences. We are
convinced that similar results modulo a deeper work are accessible.
Our aim is to explore the Tribonacci case.

1. Introduction and preliminaries

Several works which make links between elliptic curves and linear
recurrence sequences were done, essentially with Fibonacci sequences
and their generalizations, for example, the work of Ribenboim [13] which
provides the points with integral coordinates in certain elliptic curves. An
other link is to determine perfect powers in elliptic divisibility sequences,
as mentioned in the paper of Reynolds [12], where he presents the use
of Fibonacci numbers in elliptic divisibility sequences. Bugeaud et al.
[8] showed, by modular techniques inspired from the proof of Fermat’s
last theorem, that the only perfect powers in the Fibonacci sequence are
1,8 and 144. Also, there was studies of periods of generalized Fibonacci
sequences, for example, the work of Brent |7].

The purpose of this work is to make a link between enumerative
combinatorics and number theory through elliptic curves. More specifically,
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the study of periods of linear recurrence sequences over elliptic curves.
There is a first work which was done by Coleman et al. [9] who studied
periods of classical Fibonacci sequences on elliptic curves and it appears
that this work can be viewed in a more general framework. We know that
the Fibonacci sequence can be recovered as the sum of the main rays of
Pascal’s triangle, that is, we can consider that each element F), i of the
Fibonacci sequence (F},), is the sum of the binomial coefficients (n;k) In
this context there are two ways to generalize the work of Coleman et al. [9)].
Knowing that the Fibonacci sequence is a linear recurrence sequence of
order 2, we are interested to see whether we could understand and reproduce
this work for linear recurrence sequences of order s. However, determining
properties related to the divisibility of primes for linear sequences of order
s is not an easy thing. So, for showing that it can be generalized and have
a first step towards a broader program, we will do the work at first for
Tribonacci sequences, that is, the linear recurrence sequence of order 3,
see for instance [2|. Still in relation to Pascal’s triangle, each element of
the linear recurrence sequence of order 3 is the sum of the main rays of
a generalized Pascal’s triangle, named the bi’?nomial coefficients (for the
appellation see [3]) and denoted by (2)2, for a complete overview see [1,4].
We can recovered this Pascal’s triangle through the generating function
(1+ 2+ 2%)" and therefore, the elements of the Tribonacci sequence (T},),
are given by T40 = > ;. (";k)2 and satisfy Ty = T7 = 0,75 = 1 and
the linear recurrence relation T,,41 = T, + T,—1 + 1T;,—2. It is known
that (7, mod m) is finite and simply periodic for any modulus m > 1,
see [14,16]|. That is, the first three terms which are repeated in (T,
mod m),, are 0,0, 1. We denote by k(m) the least positive integer satisfying
Trm) = Tim)+1 =0 mod m and Ty ()42 =1 mod m. It is easy to see
that if 7 is a positive integer satisfying T, = T;4+1 = 0 mod m and
Tri2 =1 mod m, then k(m)|r. We will define Tribonacci sequences on
an elliptic curve, then make the link between periods of classical Tribonacci
sequences modulo m and periods of Tribonacci sequences on an elliptic
curve, which will allow us to apply the known results in the classical case
to the case of elliptic curves. Let ¢(x) = 2® — 22 — 2 — 1 be the Tribonacci
polynomial and let I = {3,5,23,31,...} be the set of all primes p for
which ¢(x) is irreducible over F,,, Q = {7,13,17,19,...} be the set of all
primes p for which #(x) splits over F, into the product of a linear factor
and an irreducible quadratic factor and L = {2,11,47,53,...} be the
set of all primes p for which ¢(z) completely splits over F,, into linear
factors, see [11] for more details about the sets I, Q) and L. Then we have
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the following theorem that contains some of the fundamental properties
known about the periods of the Tribonacci sequence modulo m.

Theorem 1. Let p # 2,11 be a prime. Then
() Ifpe L, then k(p)|(p— 1)
(b) If p € Q, then k(p)|(p* — 1).
(c) Ifp eI, then k(p)|(p* +p+1).
(d) If m has prime factorization [ p;*, then k(m) = lem(k(p;')).
(e) If n|m, then k(n)|k(m).

Proof. See [11] for (a)-(c) and [14,16] for (d). For (e) Suppose that n|m
and let o = k(n), 7 = k(m). Then o is the least positive integer satisfying

T, = Ty11 = 0 mod n,T,1o = 1 modn and 7 is the least positive
integer satisfying T = T>4+1 = 0 and 712 =1 mod m. By hypothesis,
we have n|m from which we deduce that 7> = Tr41 =0 mod n, T, =1
mod n and therefore o|7. O

For instance, the Tribonacci sequence modulo 3 is given by 0, 0, 1, 1, 2
1,1,1,0,2,0,2,1,0,0, 1, ..., which implies that k(3) = 13|(32—|—3—|—1) =
and so (c) is satisfied. The Tribonacci sequence modulo 6 is 0, 0, 1, 1 2,
4,1,1,0,2,3,5,4,0,3,1,4,2,1,1,4,0,5,3,2,4,3,3,4,4,5, 1,4, 4,3
5,0,2,1,3,0,4, 1,5 4,4,1,3,2,0,5,1,0,0, ..., and thus k(6) = 52.
Modulo 2 the sequence is 0, 0, 1, 1, 0, 0, 1, ..., and thus k(2) = 4. Hence,
part (d) is also satisfied since lem(k(2),k(3)) = lem(4, 13) = 52 = k(6).
We see also that (e) is satisfied because 2, 3|6 and k(2), k(3)|k(6).

2. The (a, b, c)-Tribonacci sequence

The (a,b,c)-Tribonacci sequence is a sequence (Gy), defined by a
triple of initial conditions values Gg = a, G1 = b, G2 = ¢, and a recurrence
relation Gp41 = G, +Gp—1+Gp_2, where a, b, ¢ are integers. The (4, 4, 2)-
Tribonacci sequence modulo 6 is 4, 4, 2, 4, 4, 4,0, 2,0, 2,4, 0,0, 4, 4, 2,

.. We see that the three initial conditions are repeated and hence, the
(4,4, 2)-Tribonacci sequence modulo 6 is simply periodic. The following
proposition tells us that the (a,b, c)-Tribonacci sequence modulo m is
simply periodic and we can express it in terms of the Tribonacci sequence.

Proposition 1. Let a, b, ¢ and m be integers with m > 1.
(a) The (a,b,c)-Tribonacci sequence satisfies

Gn=aTl,_1+b(Ty_1+T, 2)+cT, forn=0, (1)
with T_1 =1 and T_9 = —1.
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(b) The (a,b, c)-Tribonacci sequence modulo m is simply periodic.

Proof. (a) This follows from a straightforward induction.

(b) The same proof as for the Tribonacci sequence (7},) holds, see
[14,16] for the case of the (0,0, 1)-sequence. We can also check it directly
from (1) and the simply periodicity of the Tribonacci sequence (73,). [

We denote by k(a, b, c;m) the period of (G, mod m),. That is, the
least positive integer k satisfying T, = Ty mod m, Tx11 = T7 mod m
and Ti4o = T5 mod m. We can see in the previous examples that
k(4,4,2;6) = 13|52 = k(6). The following proposition tells us, among
other, that we have k(a, b, c;m)|k(m).

Proposition 2. Let (G,,) be the (a,b, c)-Tribonacci sequence where a, b,
c and m are any integers with m > 1.
(a) If G, = Gy mod m, Gpy1 = G1 mod m and Gy = Gy mod m,
then k(a, b, c;m)|n.
(b) E(a,b,c;m)|k(m).
(¢) k(0,0,¢;m) = k(c,0,0;m) and k(0,0,c;m)|k(m).
(d) If ged(c,m) =1, then k(0,0,¢c;m) = k(m).
(e) k(a,b,c;m)|lem(k(a,0,0;m),k(0,b,0;m), k(0,0,c;m)).

Proof. (a) It follows from the definition of periodicity and Proposition
1(b).
(b) Relation (1) implies that
Grim) = aTk(m)—1 + 0(Th(m)—1 + Thim)—2) + Ti(m)
Grimy+1 = @Ti(m) + (Ti(m) + Tim)—1) + Trm)+1,
Grm)+2 = ATimy+1 + 0(Tkm)+1 + Thim)) + Thm)+2;
which imply that

Grm) = aT-1+b(T-1 +T_2) +cTy mod m,
Grm)+1 = aTo +b(To +T-1) + It mod m,
Gk(m)+2 =al} + b(Tl + Tg) + 15 mod m,

so we obtain Gy, = Go, Grm)+1 = G1, Gim)+2 = G2 mod m, and the
result follows from (a).

(c) The part one follows from the fact that the (c,0,0)-Tribonacci
sequence begins by ¢, 0, 0, ¢ giving the same sequence as the (0,0, ¢)-
Tribonacci sequence except for the staring point. Part two is a special
case of (b).
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(d) Relation (1) implies that the general term of the (0, 0, ¢)-Tribonacci
sequence is Gy, = ¢T),. If ged(e,m) = 1, then c¢ is invertible modulo m and
so ¢T; = ¢I; mod m if and only if T; = T; mod m. Thus, (0,0, ¢;m) =

(e) Let ¢ = k(a,0,0;m), 7 = k(0,b,0;m) and 0 = k(0,0,c;m). Re-
lation (1) implies, by considering general terms of the (a,0,0), (0,b,0)
and (0,0, ¢)-sequences, that aT,_1 = a, aT, = 0, aT,4+1 = 0 mod m,
b(Tr—q1 4+ Tr—2) =0, 6(Ty + Tr—1) = b, b(Tr41 + T>) = 0 mod m and
Ty =0,cTy11 =0, Ty = ¢ mod m. Let p = lem(o, 7, 6). Since o|p, 7|p
and 0|p, then aT,—1 = a,aT, =0,aT,41 =0 mod m, b(T,—1+71,—2) =0,
b(T, +T,-1) = b, b(Tp11 +T,) =0 mod m and ¢TI, = 0, T4 =0,
cTp2 = ¢ mod m. These facts and relation (1) give G, = a, Gp41 = b
and G2 = ¢ mod m. Hence k(a, b, c;m)|p. O

Let us now consider a binary relation ~ on the set (Z/mZ)? defined
by (a,b,c) ~ (g,r,t) if and only if, in the (a,b, c)-Tribonacci sequence,
there is an index ¢ such that G; = ¢ mod m, G;41 = r mod m and
Git2 =t mod m. Since three successive terms completely determine the
sequence modulo m, this is an equivalence on (Z/mZ)3. Table 1 gives all
the equivalence classes modulo 6.

A Tribonacci sequence of period d modulo m is of the form x1, xo, 3,

cey Tdy Tyl = T1, Ty = To, . ... Hence, the distinct triples which are
composed from three consecutive terms in this sequence are (x1,x2,x3),
(x9,x3,24), ..., (xg,21,22). Thus, we have d triples and we deduce that

the size of the equivalence class containing (a,b,c) is d = k(a, b, c;m).
Given a fixed modulus m, we define c4(m) as the number of distinct
equivalence classes of size d. Thus, in Table 1 we see that ¢1(6) = 2,
c2(6) = 1, c4(6) = 1, c13(6) = 4, c26(6) = 2, ¢52(6) = 2, and all other
¢q(6) = 0 for all other d.

The following Theorem counts the elements of (Z/mZ)? corresponding
to the partition of that set into equivalence classes.

Theorem 2. Let m > 1 and cq(m) be defined as above, then
m3 = Z cqg(m)d.
dlk(m)

Proof. The same proof as in the Fibonacci case holds, see [9], or see [10].
L

We have seen in Table 1 that modulo 6, there are classes that have
different sizes. However, except for the (0,0, 0)-classes which always has
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Divisor d

Cd(lo)

TABLE 2. Lengths and number of equivalence classes modulo 5.
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length 1, we may have every class has length k(m), as exhibited in Table
2 by the case when m = 5, with k(m) = 31.

The small equivalence classes are described by the following proposi-
tion.

Proposition 3. Let m > 1 be an integer.
(a) c1(m) =1 1if m is odd and c;(m) = 2 if m is even.
(b) co(m) =0 if m is odd and co(m) =1 if m is even.
(c) e3(m) =0.
(d) c4(m) =0 ifm = 1,3 mod 4, ¢4(m) =1 if m = 2 mod 4 and
ca(m) =3 ifm=0 mod 4.

m
m

Proof. (a) A sequence of period 1 is of the form a, a, a, a, ... modulo m.
Thus, a +a+a =a mod m, so 2a =0 mod m. If m is odd, we get that
a =0 mod m and the sequence is in fact 0, 0, 0,.... Hence, ¢1(m) = 1.
If m is even, we get that @ = 0 mod %. In this case, we have the two
sequences 0, 0, 0,... and %, %, %, .... Hence, c¢1(m) = 2.

(b) A sequence of period 2 is of the form a, b, a, b, a, ... mod m.
Thus, a +b+a=b mod m and b+ a + b = a mod m, which gives us
2a = 2b =0 mod m. If m is odd, we get that a = b =0 mod m. This
yields the sequence 0, 0, O, ..., which is in fact a sequence of period 1.

Hence, ca(m) = 0. If m is even, we get that a = b = 0 mod §. This

yields a sequence of period 2, which is (up to order) 0, %, 0, %, ..., and
two sequences of period 1, which are 0, 0, 0, ... and %, &, 5, .... Hence
cao(m) = 1.

(¢) A sequence of period 3 is of the form a, b, ¢, a, b, ¢, ... mod m.

Thus we have a+b+c=a mod m,b+c+a =0 mod m and c+a+b=c
mod m, which gives us 2a = 2b = 2¢ = 0 mod m. If m is odd, we get
that a = b=c¢ =0 mod m. This yields the sequence 0, 0, 0, ..., which
is in fact a sequence of period 1. Hence, c3(m) = 0. If m is even, we get
that a =b=c=0 mod 7. This yields a sequence of period 2 which is
(up to order) 0, F, 0, %, ..., two sequences of period 1 which are 0, 0, 0,
cand 7, 5, 5, ..., the other cases give the same sequence of order 4
which is (up to order) F, %, 0, 0, 3, &, .... Hence, c3(m) = 0.
(d) A sequence of period 4 may be written as a, b, ¢, a+b+c, a+2b+2c,
2a + 3b+ 4c, 4a + 6b + Tc, ... mod m. Thus we have a + 2b+ 2¢c = a
mod m, 2a 4+ 3b+ 4¢ = b mod m and 4a + 6b + Tc = ¢ mod m, which
implies 2b 4+ 2¢ = 2a +2¢ = 2a+2b =0 mod m. If m is odd, we get that
b+c=a+c=a+b=0 mod m, which implies that 2a = 2b=2¢c =0
mod m and hence a = b = ¢ =0 mod m. Thus, we have a sequence of
period 1 which is 0, 0, 0, ... and ¢4(m) = 0. If m is even, we get that
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b+c=a+c=a+b=0 mod %, which implies that 2a =2b=2c=0
mod %, here too, we distinguish two cases. If % is odd, then we have

a=b=c=0 mod % and we obtain a class of size 4 which is (0,0, %), two

classes of size 1 which are (0,0,0), (%, %, %) and one class of size 2 which is

(0,%,0). Hence c4(m) = 1. If % is even, then a =b=c=0 mod 7 and

AR
we obtain 2 classes of size 1 which are (0,0,0,), (%, %, %), one class of size

2 which is (0, %, 0), three classes of size 4 which are (0,0, %), ("¢, %, 5,
(m 3m 3m) and six classes of size 8 which are (0,0, ), (0,0, 377”), (0,7,0),
(0,2, 3m) (0,2, 22), (0, 22,0). Hence, cq(m) = 3. O

Now we consider, in a general manner, an (x1, x2, x3)-Tribonacci se-
quence of period d modulo m, then we have x1+xo+x3 = 14, To+x3+T4 =

rs,...,Tq—1 + x4+ 1 = x2. Thus, we obtain
1 1 1 -1 0 o --- 0 0 O T1 0
0 1 1 1 -1 0 --- 0 0 O To 0
0 0 1 1 1 -1 --- 0 0 0 T3 0
: : ) : =1: mod m.
-1 0 0 0 0 o --- 1 11 Tq_o 0
1 -1 0 0 0 o --- 0 1 1 Tq—1 0
1 1 -1 0 0 o --- 0 0 1 T4 0

We call the d x d matrix above, the circulant Tribonacci matrix, and we
denote it by W,;. The standard circulant matrix is the following n x n
matrix

o010 0 --- 0

001 0 0

00 0 1 0
Ty, =

o000 0 -1

100 0 --- 0

We denote by w,, = det(W,,) the determinant of the Tribonacci circulant
matrix. Since the matrix 7, has n distinct eigenvalues which are the n'*
roots of unity and W,, = I, + 7, + 72 — 3, where I, is the identity matrix,
we deduce that the eigenvalues of W, are 1 4 273/ 4 ghimi/n _ ¢bimj/n
for 0 < 7 <n-1, and so w, = H;:&(l + eZimi/n 4 dimj/n _ e6i”j/”).
The next theorem gives us a relation between w,, and the period of the
Tribonacci sequence modulo m.

Theorem 3. Let a,b and ¢ be integers with (a,b,c) #Z (0,0,0) mod m,
where m > 1 is an integer. If I = k(a, b, c;m), then ged(wy, m) # 1.
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Proof. Assume that ged(w;, m) = 1, then W} is invertible modulo m. Thus,
the system W; X =0 mod m has only X =0 mod m as solution. But
if we let (G,,) denotes the (a, b, ¢)-Tribonacci sequence modulo m, then
X = (Gy,...,G)) is a non trivial solution of W; X = 0 mod m, which
gives the desired contradiction. O

Table 3 gives some values of the sequence (w,). For instance, if we
consider w3 = 2862 = 2-32-53, then Theorem 5 tells us that if a sequence
has period length 13 modulo m, then 2,3 or 53|m. As an example, it is
easy to see that k(2,2,4;6) = 13 and we have ged(wi3,6) = 6. Thus, the
prime factors of w,, give a finite list of primes, if none of them divides m,
then n can not be a period of a Tribonacci sequence modulo m.

n W, n Wy,
4 16 = 2% 20 195536 = 2% . 112 - 101

5 22=2.11 21 361286 = 2 - 43 - 4201

6 28=2%2.7 22 665372 = 22 . 397 - 419

7 86 =243 23 1219462 = 2 - 47 - 12973

] 128 = 27 24 2248064 = 27 - 7-13-193

9 218 = 2- 109 25 4134922 = 2- 11 - 187951

10 484 =22 . 112 26 7595748 = 2% .33 .53 . 1327

11 794 = 2. 397 27 13985354 = 2 - 109 - 64153

12 1456 =2%.7.13 28 25718128 = 21.29 - 43 - 1289
13 2862 =2-3%-53 29 47283806 = 2 - 23641903

14 4988 = 2%.29 .43 30 | 87007228 =22.7-112-61 -421
15 0262 = 2-11-421 31 160006750 = 2 - 53 - 640027

16 17408 = 270 - 17 32 204264832 = 213 . 17 2113

17 31282 = 2 - 15641 33 541334114 = 2 - 397 - 681781
18 [ 57988 =22-.7-19-109 | 34 | 995580932 = 22 - 15641 - 15913
19 107314 = 2 - 53657 35 | 1831116386 = 2 - 11 - 43 - 1935641

TABLE 3. The w, numbers and their prime factorizations.

3. Tribonacci sequences on elliptic curves

Let E : y?> = 23 + ax + b be a non-singular elliptic curve over the finite
field F,, = Z/pZ where p is a prime such that p > 2. Let «, 8,7 be the
roots of the cubic which are distinct since F is non-singular, these roots
may be in an extension of [F,. We recall that the points of order 2 in
are (a,0),(5,0) and (,0). The identity element is the point at infinity
denoted by O. We set E(F,) = {(z,y) € Fy xFp : y? = 23 +ax + b} U{O}.
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See [15] for more details about the addition of points on such an elliptic
curve. In what follows, p will denote an odd prime, h = ord (E(Fp)) and
hr = ord(R), for any point R € E(FF,).

Let A, B and C be three points of E(F,). We define the (A4, B,C)-
Tribonacci sequence, denoted by (Hy)n, by Hy = A,H; = B,Hy = C
and the linear recurrence relation H,+1 = H,, + H,—1 + H,,—s. First, we
establish some basic properties of (H,,).

Proposition 4. Let A, B and C be three points of E(F),).
(a) The (A, B,C)-Tribonacci sequence (H,) is given by

Hn = [Tn—l]A + [Tn—2 + Tn—l]B + [Tn]c (2>

(b) The (0,0, C)-Tribonacci sequence is Hy, = [T,,]C.
(¢) The (O, B,O)-Tribonacci sequence is Hy, = [Ty,—o + T),—1] B.
(d) The (A, B,C)-Tribonacci sequence (H,) is simply periodic.

Proof. (a) This follows from a straightforward induction. (b) and (c) are
special cases of (a) with A = B = O for (b) and A = C = O for (c). The
proof of (d) follows from an argument similar to the proof of Proposition
1(b) since the group E(F),) is finite. O

We denote by K (A, B,C; E) the period of the (A, B, C)-Tribonacci
sequence. That is, the least positive integer k satisfying Hy = A, Hy11 = B
and Hyy9 =C.

Lemma 1. If P is a point of E and m,n are integers, then [m|P = [n]P
if and only if m =n mod hp.

Proof. See [9]. O

Lemma 1 allows us to make the connection between the periods of
elliptic curves and periods of ordinary Tribonacci sequences. We will see
that the period of the (O, O, C') sequence depends only on h¢ so that any
points C with the same order will generate Tribonacci sequences with
exactly the same length. Once this connection is made, we cane generalize
properties of Tribonacci numbers to the (O, O, C)-Tribonacci sequences
on elliptic curves.

Theorem 4. Let A, B and C be points of E(F,). Then:
(a) K(O,0,C;FE)=K(C,0,0;E) = k(hc). If h¢ is odd, then we have
K(0,C,0;E) = k(hc).
(b) K(0,C,0; B)[k(hc).
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(¢) K(A,B,C;E) | lem(K (A, 0,0; E), K (O, B,0; E), K (0,0, C; E)).

Proof. (a) The equality K(0,0,C; E) = K(C,0,O; E) is obvious since
the two sequences are the same. Proposition 4(b) tells us that the (O, O, C)-
sequence is H, = [T,]C. Let ¢ = K(O,0,C;E), then [0]C = H, =
[Tc]ca [O]C = Hepq = [Tc+1]c and [1]0 = Hepo = [Tc+2]0' By Lemma
1, this happens if and only if T, = 0,7.11 = 0 and T,y9 = 1 modulo
he. Since ¢ is the smallest such integer, ¢ = k(h¢). Suppose now that
he is odd and let ¢ = K(O, C, O; E). Proposition 4(c) tells us that the
(O, C,O)-sequence is H,, = [T),—2 + T,,—1]C. Hence, we have the following
equivalent systems where the second equivalence comes from Lemma 1.

HOZHC [0] :[02+Tc I]C
Hy=H., < {[1|C=[T._1+T.C
Hy = Heyo 0]C = [Te + Te+a]C

Teeo+T.—1 =0 mod (he)
— Tee1+T.=1 mod (he)
Te4+Ter1 =0 mod (he)
2Tc+1 =0 mod (he)
= (Te-1+Tc=1 mod (he)
LTC +Tey1 =0 mod (he)
Ter1 =0 mod (he)

< (T..1 =1 mod (he)
LTC =0 mod (he)

Ter1 =0 mod (he)

< (Tey2=1 mod (he)
)

T.=0 mod (hc
Since c is the smallest integer verifying the last system, then ¢ = k(h¢).
(b) If he is arbitrary, then the fourth equivalence above becomes an
implication since
Tev1 =0 mod (he) = 2T.41 =0 mod (he).
Hence, the last system implies the first system, so K (O, C,O; E)|k(h¢).
(c¢) The proof is analogue to that of Proposition 2(e). O

Since we have k(h¢) = K(O,O,C; E), Some properties of the stan-
dard Tribonacci sequence may be translated to analogous properties for
(0,0, C)-Tribonacci sequences on an elliptic curve.
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Theorem 5. Let A, B and C be three points of E(F)).
(a) If he € L\ {2,11}, then K(O,0,C; E)|(hc — 1).
(b) If he € Q, then K(O,0,C; E)|(h2 —1).

(c) If he €1, then K(O,0,C; E)|(hE + he +1).
(d) Ifhe has prime factorization [ pi*, then K (O, O, C; E)=lem(k(p;')).

() If halhe, then K(O,0, A; E)|K(0,0,C; E).

(f)

Proof. (a)—(e) use the result of Theorem 4(a) in Theorem 1. For (f), we

know that ha|h, hplh and hc|h, we deduce from (e) and Theorem 4(a)

and (b) that

f) K(A,B,C;E) | k(h).

lem(K(4,0,0; ), K(O, B,0; ), K(0,0,C; E))|k(h).
The result follows from Theorem 4(c). O

Now we define, as for the ordinary Tribonacci sequences, an equiva-
lence relation on Tribonacci sequences defined on elliptic curves. We say
that (A’, B',C") is equivalent to (A, B,C) if, in the (A, B, C)-Tribonacci
sequence, there is an index ¢ such that H; = A’, H; 11 = B and H; 5 = C".
As for the ordinary case, the size of an equivalence class containing
(A,B,C) is K(A,B,C;E). We define Cyq(E) to be the number of dis-
tinct equivalence classes of size d.

We will see in the following theorem that we may not always have the
same results as for the ordinary Tribonacci sequence modulo m.

Theorem 6. Let A, B and C be three points of E(F,) and w. be the
determinants of the Tribonacci circulant matrices as before.

1 if the cubic has no root in I,

(a) C1(E) = <2 if the cubic has one root in [,
4 if the cubic has three roots in IF),.
0 if the cubic has no root in I,
(b) Co(E) =1 if the cubic has one root in Fy,
6 if the cubic has three roots in ).

(c) Ifc=K(A,B,C; E), then gcd(we, h) # 1.

Proof. (a) and (b) follow from arguments analogous to those from the
proof of Proposition 3. Indeed, if the cubic has no root in F, and hence,
no point of order 2 in E(F,), then we have one sequence of period 1 which
is (O, 0,0) and no sequence of period 2. If there is one point P of order
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2 in E(F),), then we have two sequences of period 1 which are (O, O, O),
(P, P, P) and one sequence of period 2 which is (O, P, O). If there are
three points P;, with i = 1,2, 3, of order two in E(F,), then we have four
sequences of period 1 which are (O, O, O), (P;, P;, P;) with ¢ = 1,2, 3, and
six sequences of period 2 which are (O, P;, O), (P;, Pj, P;) with 4,5 =1,2,3
and 7 < j. (¢) The same proof as in the Fibonacci case holds. See [9]. [

The next theorem is analogous to Theorem 2.

Theorem 7. Let E be an elliptic curve over F), with p > 2 and Cy(E) be
defined as before, then
W= Cy(E)d.
)

d|k(h

Proof. 1t follows from the fact that equivalence classes form a partition of
E(F,)? and that, by Theorem 5(f), all classes have a size that divides k(h).
O]

Example 1. On the elliptic curve E : y?> = 22 + = + 1 considered on
F5 we have E(F5) = {O, P;,1 < ¢ < 8}, where P, = (0,1), P» = (4,2),
Py =1(2,1), P, =(3,4), Ps = (3,1), Ps = (2,4), Pr = (7,3), Ps = (0,4).
The point P; has order 9 and generates this group. We have P; = [j|P
with 1 < j < 8. Hence, E(F5) ~ Z/97Z. Therefore, work on E(F5) returns
to work on the ordinary Tribonacci sequence modulo 9. This group has

no point of order 2, hence C1(E) =1 = ¢1(9), Co(E) = 0 = ¢2(9).

Example 2. On the elliptic curve E : y? = 23 + x considered on F3, the
cubic has one root z = 0 in F3 and so, one point of order 2 in E(F3) which
is (0,0). The other non trivial points are (2, 1), (2,2) which are of order 4.
Hence, E(F3) ~ Z/4Z. Therefore, work on E(F3) returns to work on the
ordinary Tribonacci sequence modulo 4 and we have C1(E) =2 = ¢1(4),
C2(E) =1 = co(4). Table 4 illustrates Theorem 7 for this elliptic curve.
We have ord(E(F3)) =4 and k(4) = 8.

Divisord |12 4|8
Cu(E) 2111316

TABLE 4. Lengths and number of equivalence classes for y> = 2% 4+ x on Fs.

Example 3. On the elliptic curve E : y> = 23 — = considered on F3,

the cubic has three roots in F3, so we have three points of order 2 in
E(F3) ~ 7Z/27 x 7Z/2Z. In this case, we have C1(E) = 4 and Cy(F) = 6,
which does not occur on a ordinary Tribonacci sequence modulo m.
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The following theorem tells us when we get the same results as in the
ordinary case.

Theorem 8. Let E be an elliptic curve over the finite field Fy,. Then
EF,) ~Z/nZ or Z/mZ X Z/nZ

for some integern = 1, or for some integers ni,ng = 1 with ny dividing na.

Proof. See [15]. O

Corollary 1. Let A, B and C be three points of E( ») and assume that
E(F)) ~ Z/nZ x Z/nsZ for some integers ni,ny = 1 with ny dividing no.
Then K(A, B,C; E)|k(ns).

Proof. It follows from a proof analogous to the proof of Theorem 5(f) with
the fact that any point in F(F,) has order dividing ny = - O

ny’

Corollary 2. Suppose that we have E(F),) ~ Z/nZ x Z/noZ for some
integers ni,ng = 1 with nq dividing ny. Then

Y Cu(BE)d

dlk(nz2)
Proof. 1t follows from Theorem 7 and Corollary 1. L

Table 5 illustrates Corollary 2 for the elliptic curve y? = 22 + 2 on Fy.
We have E(F7) ~ Z/3Z x Z/3Z,ord(E(F7)) = 9, k(3) = 13 and k(9) = 39.

Divisord | 1|3 ] 13| 39
Cy(E) 110|560

TABLE 5. Lengths and number of equivalence classes for y? = 2% 4 2 on Fy.

Conclusion and perspectives

We exhibit the periods of Tribonacci sequences with generalized initial
conditions, modulo m, they satisfy many properties. We define Tribonacci
matrices and we show how the determinants of these matrices restricts the
period lengths. We give the concept of Tribonacci sequences on an elliptic
curve and we make the link between the period of a regular Tribonacci
sequence modulo m and the period of a Tribonacci sequence on an elliptic
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curve, which allowed us to transfer some known properties in the ordinary
case to the case of elliptic curves. Finally, we establish that Theorem 8 gives
us the two classifications of the types of groups associated to elliptic curves
over finite fields and interpret them in enumerative combinatorics. That is,
express the number of distinct classes of the same size by recurrence linear
sequences. Hence, Theorem 8 tells us when we have the same properties in
both cases, that is to say, the classical case and the case of elliptic curves,
and allow us to refine Theorem 7 when E(FF,) ~ Z/nZ x Z/nsZ.

Our first perspective is to generalize what we do to the linear recurrence
sequence (u,) of order s, see 2], defined by

Up+1 = Up + Up—1 + -+ - + Up—s,

withn > s, ug =41 =+ =wus_1 = 0 and us = 1. The elements of this
linear recurrence sequence are the sum of principal rays of a generalized
Pascal’s triangle and given by up+s = > (";k)s, where (Z)S are given
by the generating function (1 +z + - - - + 2°)", see [1,4].

Our second perspective is to generalize to the linear recurrence sequence
(Un)n, associated to different directions of the rays in Pascal’s triangle,

defined for p,n,r € N,q € Z such that 0 <p<r—1and g+ 17 >0, by

= Y

L(n—p)/(a+7)] (n gk
k=0

n—p—(q+r)k, p+rk
p+ rk) . 4 '

which satisfies the linear recurrence relation, see |5, 6]

T r T
Un — $<1>Un_1 + z? <2> Up—2+ -+ (_1)rxr <T‘> Un—r = yrvn—r—Q‘

In the first instance, we will look for » = 2, which gives us the sequence
of Morgan-Voyce, then we will see in a more general framework.
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