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By definition, a Fibonacci sequence consists of numbers equal to the sum of the preceding two. Symbolically,
this means that any term
Fn=F_1+F_2.

This definition can be expanded to define any term as the sum of the preceding three.

It is the purpose of this paper to examine this new sequence that we will call the TRIBONACC! SEQUENCE
(the name obviously resulting from “tri"" meaning three (3)). Therefore, let us define this new sequence as 7
and consisting of terms:

Tl: TZ! Tjr T41 T51 "ty an )
where we will define
Ty=1 Ty=1 T3=2
and any following term as
Tw = Tuag +*Tu2+ Ty 3.

For any further study of this sequence, it will be useful to know the generating function of these numbers. To
find this generating function, let the terms of the sequence be the coefficients of an infinite polynomial 7(x/
giving

1

T(x) = T1+Tox+ T3x2+ T4X3 + o TnX”‘ .

By multiplying this infinite polynomial first by —x, then by —x? and finally by —x3, and then collecting like
terms and substituting in appropriate values of 74, 75, T3, -, we get the following:

Tix) = T, +T,x+T,x* +T,x* + T x* + .

—xT(x) = =T, x-T,x* =T, x> -T,x* -
-x2T(x) = =T, x* =T, x* = Tyx* =
—X3T(X} = ~ T1X3—7-2X3--~

Tlx) = xTlx) = x*T(x)=x*T(x) = T, = 1
Tx)N1—x—x*=x3) =1

Tix) = !

T—-x—-x*-x*

Therefore, we have found the generating function of the Tribenacci sequence as 7(x/ and can be verified by
simple long division.

This Tribonacci sequence can be further examined in a convolution array. The first column of this array will
be defined as the coefficients of 7(x). The second and subsequent columns can be found in two (2) ways:

(1) The first method is by convolution® (thus giving the title of the array). By convolving the first column
with itself, the second column will result; by convolving the first with the second, we will get the third; the first
and third to get the fourth and so on. It will also be noticed that the even-numbered columns are actually

*Convolution: a folding upon itself.
It will be recalled that a mathematical convolution is as follows:
Given: Sequence 1asS,, S,, S,, 8,4, S5, Sg,
Sequence 2 as P,, P,, P,, P,, P,, P, -
To find the sixth term of the resulting sequence:
(S )(Pg )+ (S )(Ps)+ (S5 )(Py) + (S4 J(Ps) + (Ss)(Py) + (Se )(Py )
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squares. That is to say, to get the second column the first is convolved with itself; to get the fourth, the second
is convolved with itself; the third with itself to arrive at the sixth and so on.
(2) The second method for deriving the same array clearly shows why the convolution array can also be
called a power array. Recall that the first column is the Tribonacci sequence and is generated by the function
1

7—X—'X2—X3

To derive the second column, then, the first column generating function is squared. The third column is Tj(xl,
the fourth column is 7'4()() and so forth, Therefore we can represent the array as:

I
Power of T(x)

1 2 3 4 5 6 7 8

Powers
of 1

And our specific array as:
. 1 2 3

1 1 1

1 2 3 4 5 6 7 8

2 5 9 14 20 21 35 44 54
41 12 25 44 70 | 104 | 147 | 200 | 264
7

3

10 1

011

26 63 | 1256 | 220
56 | 153 | 336 | 646

1

DD TP Ww N - O

H
4

This specific array can be found and verified in either of the two ways described above.

A third more simple method of deriving this same array is by the use of a recursion pattern or template. To
find this template pattern, one must recall the power array (method 2 of getting the convolution array). We
then realize that:

Tix) = S

7~x—x2—x3

2
2= | ——L
< 7—~X—X2—X3>

. ‘ 3
P i)

generates the first column

generates the second column and

T—x—x“—x
generates the third column or, we can rewrite this as:
T™x) = ( _ 1 )”
T—x—x2-x?
which itself can be rewritten as
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" 7 7 | n-1
T(x) = 3
T—x—-x2_x3 T—x—-x?—x

T"(x) = ( S E—

I—X—XZ—X3

2

By multiplying both sides of this equation by (7 — x — xZ — x> ) we will get:

(a) T™x) = xT"(x)+x°T ") +x7 T (x) + T *x)
or by collecting all the 7, (x) terms, we get:

(b) T™1x) = T™x) = xT™x) — x2T™x) - x> T™x).
In words, this means that the n™" column is equal to x times itselfplusxz times itself plus x> times itsel f plus
the previous column. For a specific example, let us examine 7 (x/.
Therefore:
T'x) = T*x) = 1+4x+ 14x? +44x° + 125x% + ..

T x) = T3(x) = 1+3x+9x2+25x% +63x* + ...
By substituting this in Eq. (b) above:
T*x) = xT ) = x2Tx) = X7 THx) = T(x)
THx) = 1+ 4x + 14x% + 447 + 125x% + .

xTHx) = - x- ax?-1axd - aaxt -
—X2T4(X) = A PSR ¥/ g )
—X3T4(X) = Y

= 1+3x+ 9xZ+25¢7 + 63xt- ..
which indeed is 77(x).
What we would like to do, however, is apply this method to a specific element in any column or row, rather
than to entire columns. Let us again refer to the equation

T™x) = xT™x) +x2Tn{x) + x> TM(x) + T =Yx)

and a specific element in the column. To translate this equation, refer to Array 1 on the previous page, and re-
member what each item in the array represents. Pictorially, then, the equation means the following (we will
consider each element in the equation separately):

T™x): the specific element in a row and column that we are interested in. We will call it X.
xT"(x):  the element in the same column but up one row. The multiplier x has the effect of shifting it
down one row. We will call this U.
x2T™x): the element in the same column but up two rows. The x 2 has the effect of shifting it down two
rows. We will call this V.
X3T”(X).' the element in the same column but up three rows, shifted down by the factor of x>, Call this W,
7" (x): the element in the same row but the previous column. Call this Z.

Therefore, by this pattern we can find any element in the array through the use of a single template. The tem-
plate (from the above equation) is:

X=U+V+W+Y

x|l |s
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This template, then, because it is so general, will help to see relationships between other convolution arrays and
numerator polynomial arrays which will be discussed now.

As we have seen, we know of a function that when expanded, will yield an infinite polynomial whose co-
efficients correspond to the Tribonacci numbers. We also know that this function, namely

7

7-—X—X2—X3

when squared and expanded will yield the coefficients of the second column of the convelution array. We have
seen that this function can also be cubed and expanded to give the entries in the third column of the array, and
so on.

Suppose we wish to find a function or series of functions that will generate the rows of this convolution array.

Let us, then, consider the first row (actually called the zerot row, since rows correspond to the powers of x
in the polynomials and the “first” row is the row of constants) of the array as coefficients of the infinite poly-
nomial R(x), giving

Rix) = 1+x+x%+x3 +....

By mutliplying R(x) by —x and adding to R(x), the following is obtained:

Rix) = 1+x+x%+x> Fxt e
—xR(x) = —x-x?ox?oxt -
(1—x)R(x) = 1
=1
Rtx) 1—x

Thus, 7/(1 — x) will generate an infinite polynomial whose coefficients correspond to the zeroth row of the
Tribonacci array. Itis also true that the function (7/(7 — x))? will generate the first row of the array. However,
(1/(7 - x))? does not generate the second row.

As a result, the row generating function must be generalized to give all the rows. Let us call, then, the numer-

ator of this function r,,(x), giving:
ralx)
(1- X)n+1
The numerators then for row 0 and row 1 are simply equal to 1. For row 2, we will find r,(x) by simple alge-
bra as follows:

R, (x) =

(1-x)?
ralx) = (2+5x +9x% + 14x7 + 20x* + - (1= x)?
ralx) = (2+5x+9x2+ 14x3 + 20x* + . )1 - 3x +3x% = X7)

= 2+5x+9x2 + 14x3 + 20x% + ...

“ralx) = 2+5x+9x%+ 14x7 + 20x* + ...
- 6x- 15x2-27x7 - axx?
6x2+15x7 + 27x* + .
e
ralx) = 2—x
and Pt = PR

(1-x)°
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In a similar manner, we can find r3 (x), r4 (x) and so on. These polynomials henceforth will be known as the
numerator paolynomials. A listing of these is as follows:

rofx) = 1
rilx) = 1
ralx) = 2- x
r3(x) = 4- 4x+ «x
rqfx) = 7— 9x+ 3x?
rsix) = 13- 22x + 12x% = 2x?
etc. |f one were to take the time and calculate this data, it would soon be realized that there is a considerable
amount of arithmetic involved. The r,,(,) numerator polynomial is obtained by expanding (7 — x)"*! and us-
ing it to multiply an infinite polynomial. It turns out, that when this is done and like terms are collected, all
but a finite number of terms result in zero. Nevertheless, it is quite a time-consuming task.

The coefficients of these polynomials can themselves be formed into an array similar to our original convolu-
tion array. Like the original convolution array, this array can also be formed in several methods. The first
method we have already examined: finding r,,(x). The other method is by also developing a template pattern.
This template can be found as follows:

We know that if we let A,,(x) (wheren =0, 1, 2, 3, 4, ---) denote the rows of the Tribonacci convolution
array, then 0

2

Ryx) = —mt)
(7 _ X}n+1
Similarly: Bosplx) = I'n+1 (Xiz
(1-x)"
(x)
Roi2(x) = I'n+2
* (1- X)n+3
(x)
Rysz(x) = —Lnt3 D0
nt (1- X)n+4

Also looking at the row polynomial in terms of the pattern discussed

Rnt3(x) = xRy13(x)+ Ru+2(x) + Ry q(x) + Ry (x)
X = (Y + U + V + W)
By simple substitution:

rnp3(%)_ _ Xrue3(x) o _tar2l) o reaglx) )
(71— X)n—:—4 (1- X}n+4 (1- X}n+3 (1- X}n+2 (71— X)n+1
By simple algebra:

rpt3(x) (1—x) = Fpt2(x) 4 It (x) . ra(x)
”_X}n+4 (7—-X}n+3 (I_X}n+2 ”_X)n+1
ry+3(x) __ruw2(x) 4 nrilX) . rafx)
(71— x)"*3 (1—x)"3 (71— x)™*2 (71— x)r*

Fa#3(X) = Fa2(06) # (1= x)rnsg () + (1= x)%r, (x)
= Fpr20¢) + 11 (X) = Xryig (X) + rylx) = 2xr,(x) + X1, (x).

From .this information and remembering the procedure for converting this equation to a template pattern, the
following template for the array of coefficients of the numerator polynomial is
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rufx) w %
Fyn-1(x) T Z
Fu-2(x} Y
rn-3(x) X

X=Y+Z+V+W-T-2U
We have already discussed a specific Tribonacci sequence and its related convolution and numerator poly-
nomial arrays. Our goal in this portion is to generalize our conclusions from the specific case. We would like to
examine and investigate the general case and see if any generalized conclusions can be reached.
Two (2) general Tribonacci sequences exist: 1, 1,p, 2+p, --or 1,p, g, 1+p +g, --. Since the second is more
general, we will use it for further investigation. The sequence, then, is as follows:

Lpg 1+p+q 1+2p+2qg, -,

where each term is defined as the sum of the previous three.

As in the specific case, a generating function can also be found for the general case. Again, let the terms of
the sequence be coefficients of an infinite polynomial, giving:

Glx) = T+px+qx’+(1+p+gh’ +(1+2p+2g)x* + ...
By multiplying by —x, —xZ and —x7 and collecting like terms, we get:

Gix) = 7+px+qx2+(7+p+q}x3+(7+2p+2q)x4+--~

—xGix) = - x -pxz— qxj- (1+p+q) Xt
—x2G(x) = - x?- px3— qx4-
—x’Gix) = - X3 - px4 .

(1—x=x2=x2)Glx) = 1+(p— tx+(g—p— 1)x?

Gix) = T+(p—Ihx+(g—p— 1?2
T—x—x2-x3 '
where G(x) defines the generalized generating function and “p” is the second term in the sequence and “g” is
the third.
Again, using the specific case as an example, we can expand the sequence into a convolutian array. The first
column is given and defined as the generalized sequence, with the generating function of

Glx) = 1t lo—Ux+(g—p— 12
T—x—-x2-x’

The subsequent columns can be found by convolution or by giving appropriate powers of the generating func-
tion (as discussed earlier in the specific case). By either method, the resulting array is shown in the table on the
following page. The columns represent the power of the generating function and the rows are the corresponding
powers of x. Therefore, we are guaranteed a way of generating this array—by either convolution or raising the
generating function to a power—two rather tedious, time-consuming methods. If we could find a template pat-
tern for this generalized convolution array, it could be used for any Tribonacci sequence.

To find this template pattern, recall that the generating function for the first column is

1+(p— I +(qg—p— 1x?

I—X—XZ—X3

Forany n th column, the generating function is:

Ghyx) = | Itlp—Ix+(g—p— Tk

7—)(——)(2—)(3

2\ n
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Powers of G(x/
7 2 3 4 5 6
0 7 7 7
n 2p 3p 4p 5p 6p
2 q p?+2g | 3p?+3qg | 6pi+ag | 1007 +5g | 15p% +6q
Powers ’
of 3 |prger |PTA* p’+3p+3q 147 +4p+4g
X 2pg + 8 +6pg +3 + 12pg +4
7 7
2 pr+12ps+
+12p +
4 |\2p+2q+1 2p2+6p+q2 gp2+67‘p+ 20p+6‘72+
q q 2
+4p+2pg+2 | 45 2 2 18qg+12p°q
Ip“q +6pg
+12pq +4
4p27+6'p+
5 Bp+dg+2 |29+ 10qg
+6pg +4
6 l6p+79+4
or 2 2 n-1
G'(x) =| I lp—Tx+{g—p—1)x )(7+(p—7)x+(q—p—7ix
T—x—x?-x? T—-x—x?-x?

which can be rewritten as:
Ghx) = 14 lo—Tx+(g—p— 1x° 61 1).
T—x—-x?-x°
By multiplying both sides of the equation by 7 —x — x? = x? we will get:
G N1 —x—x?=x7) = (1+(p— 1+ lg—p— 1k?)G"(x)
G"x)— xG™(x) — x26" (x)— x> 6™ x) = G x)+ (p— TG (x)+ (g —p— 1x?G" 1 (x)
G™Mx) = xG" (x) + x26™(x) + x> 6" (x) + 6" (x) + (0 — G L(x) +

+{g—p— 1x26™1(x)

Let us represent this symbolically as:
X=Y+U+V+W+p—-1)Z+g-p—1)Q.

Then, as we discussed earlier, this can be transiated pictorally to give our template for the generalized Tribonac-
ci sequence:

4
fg—p—-1)0| U
b—12 Y
w X

Naturally, in extending this discussion, we can also discuss the numerator polynomials that will generate the
rows of the 1, g, g, -- array. Again, by sheer arithmetic, we can generate the numerator polynomials:
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rolx) =1

ri(x) = p

ralx) = q+(p? - gk

r3(x) = (p+q+1)+(-2p— 29— 20 = 2)x + (p% +p +q — 2pg + 1)x*?

ralx) = (2p +2q + 7)+(2p2—-4p+q2—6‘q +2pq—3)x+(—4p2+2p—2q2+6‘q +3p2q-—4pq+3)xz

+ (,04 +2p2 +2pq - 3p%q - 29— 1)x°
etc.
Using the same method utilized in discussing the specific case, we can determine a pattern for the coefficients
of these numerator polynomials.
First let us translate the pattern for the columns to pattern for the rows. This gives us:

R,_2(x) U
Ro1lx) |V Z
R, (x) Y
Rurilx) | W) X

X=Y+Z+U+W+p-2)V

Bu_1(x) = xRyi1(x)+ By(x)+ By_1(x)+(p— 2)xRy_1(x) + Ry_2(x)
or

Rur1x)1—=x) = Rylx)+ Ry_1(x)1+(p—2k)+B,_2(x).
We still have the relation that

(x)
R,(x) = L
(1-x)"*1
By substituting:
rn+1(xiz (1- rn(x)+1 _ rpeglx) (1400 - 2)x) + p-2(x)
(1-x)" (1—x)" (1-x)" (1-x)"1

tpt1 (%) = 1)+ (1= x)ry 1 (X1 + (0= 2)x) + (1= x) %1, 2(x)
Pt (X) = ra(x) +rp_q(x) +(p = 3)xry_1(x)+(2— p)x 2rn_1 (x) + rp_2(x) — 2xr,_2(x) +x2rn_g(x).
This yields a pattern for the array of the numerator polynomials:

Fp-2(x) N -2)T | U
Fu-1(x) | M(2-p) | (p=3)V| Z
rn(x) Y
In+1(x) X

X=Y+Z+U+p=3)V+(2—-p)M-2T+N.

There are some interesting features of these numerator polynomials. First of all, this pattern does not hold
for the entire array. To use the pattern to get the (pZ + q) coefficient of the x term of the ry(x) polynomial,
some “special” terms must be added to the top of the array. Rather than discuss this at length, it will suffice to
say that if one were interested in generating this array one could generate the first three rows by the method of
equating coefficients and then utilize the pattern derived,

It can also be noted that the sum of the coefficients of each numerator polynomial sums to a power of p, the
second element of the Tribonacci sequence. Specifically, the sum of the coefficients of the r,, numerator poly-
nomial is p™. (Note that the sum of the coefficients for the numerator polynomials of the 1, 1, 2, - Tribonacci
array is always 1. This is logical since the second element of the array is 1 and 1" is always 1.)

Jokonioiook



