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THE GEOMETRY OF SOME FIBONACCI IDENTITIES IN THE HOSOYA
TRIANGLE

RIGOBERTO FLOREZ, ROBINSON A. HIGUITA, AND ANTARA MUKHERJEE

ABSTRACT. In this paper we explore some Fibonacci identities that are interpreted geometrically
in the Hosoya triangle. Specifically we explore a generalization of the Cassini and Catalan identities
from a geometric point of view. We also extend some properties present in the Pascal triangle to
the Hosoya triangle.

1. INTRODUCTION

In 1976 Hosoya [5] introduced his triangle, then called the Fibonacci triangle. It is a triangular
array where the entries are products of Fibonacci numbers. Later Koshy [7] changed the name
of this triangle from the Fibonacci triangle to the Hosoya triangle. Since then several geometric
properties of the Hosoya triangle have already been discovered and published. See for example
articles by Flérez et al., Hosoya, and Koshy, [2,3,5,7].

Some properties of Fibonacci numbers that were known algebraically, now have a geometric
interpretation. The classical proofs of most well-known identities that we study here are based on
mathematical induction, however in this paper, we provide geometrical proofs of those identities
using the properties of the Hosoya triangle (with some inductive steps in certain cases), therefore
making the proofs more visual. The tools here can be extended to prove other classic identities.
In addition, we extend some properties that are well-known in the Pascal triangle to the Hosoya
triangle (see the book by Green and Hamburg [4]). The hockey stick property is one of the well-
known properties that we successfully extend to the Hosoya triangle. The T-stick property in Pascal
triangle gives rise to a triangular property here. This is due to the definition of the Hosoya triangle.

The Hosoya triangle is a great tool to represent Fibonacci identities geometrically. In this paper
we also study some other geometric properties that the Hosoya triangle has. For example we give
a geometric proof of the Cassini, Catalan, and Johnson identities.

We have found that if a rectangle is given in a Hosoya triangle, then the differences of two of its
corners is equal to the difference of the remaining corners. This fundamental property allows us to
have geometrical proofs of several identities.

The symmetry present in the Hosoya triangle helps us explore several patterns, and many iden-
tities. The rectangle property gives rise to other geometrical configurations and therefore, more
identities associated with those configurations.

2. THE HOSOYA TRIANGLE AND ITS COORDINATE SYSTEM

The construction presented in this section can be found in articles by Flérez et al. and Hosoya
[2,5]. A similar construction is also present in a book by Koshy [7]. The Hosoya sequence
{H(r,k)}, k>0 is defined using the double recursion

H(r,k)=H(r—1,k)+ H(r—2,k) and H(r,k)=H(r—1,k—1)+H(r —2,k—2)

with initial conditions H(0,0) = 0; H(1,0) =0; H(1,1)=0; H(2,1) =1, where r > 1 and
0 < k <r—1. This sequence gives rise to the Hosoya triangle, where the entry in position k (taken
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H(0,0)
H(1,0) H(1,1)
H(2,0) H(2,1) H(2,2)
H(3,0) H(3,1) H(3,2) H(3,3)
H(4,0) H(4,1) H(4,2) H(4,3) H(4,4)
H(5,0) H(5,1) H(5,2) H(5,3) H(5,4) H(5,5)

H(6,0) H(6,1) H(6,2) H(6,3) H(6,4) H(6,5) H(6,6)

TABLE 1. Hosoya triangle H.

from left to right) of the rth row is equal to H(r, k) (see Tables 1 and 7, and Sloane [8] at A058071).
For simplicity in this paper we use ‘H to denote the Hosoya triangle.

Proposition 1 ( [5,7]). H(r,k) = FF_.

Proposition 1 gives rise to another coordinate system (see also Flérez et al., [2,3]). If P is a
point in H, then it is clear that there are two unique positive integers r and k such that P =
H(r,k) with & < r. From H(r,k) = FpF,_j it is easy to see that an nth diagonal in H is the
collection of all Fibonacci numbers multiplied by F),(z). For example, from Table 1 we can see
that the diagonal H(3,0), H(4,1), H(5,2), H(6,3), H(7,4), H(8,5),... is equal to the diagonal
0,2,2,4,6,10,16,26,42,... in Table 7 which results from multiplying the Fibonacci sequences by
3 =2.

3. GEOMETRIC PROPERTIES IN THE HOSOYA TRIANGLE

A parallel configuration of points in the Hosoya triangle is called a ladder configuration, for
simplicity we are going to refer to this as a ladder. A rung is the set of points on a line intersecting
both parallel configurations of the ladder. See Figures 1(a), 2, 6, and 12. The length of rung is the
difference of its end points. The absolute length of a rung is the absolute value of its length.

In this section we use the ladder configuration to explore geometric and algebraic properties
in the Hosoya triangle. The properties here in this paper can be easily extended to the Hosoya
polynomial triangle (see Flérez et al. [1]).

We first prove a lemma that will be helpful in proving several results in this paper.

If L is a horizontal ladder in H where its rungs have exactly two points, then a rung sum is a
Fibonacci number and it is the same for every rung.

Lemma 2. In H, for every k,j >0 and j+i+ 1 < k it holds that
FiFyj+ Fj1Fe—jy1 = Fiyibg—j—i + Fiyit1Fg—j—iv1 = Fa,
or equivalently, H(k,j) + H(k+2,j+1)=H(k,j+i)+ Hk+2,j+i+1) = Fryq.

Proof. First, we take two consecutive rungs of L forming a square (see Figure 1(a)). Observe that
each diagonal (slash and backslash) of this square has three points —two corner points and one
inner point— Those two diagonals intersect in the inner point p. From the recursive definition of
the entries of H and the point p, it is easy to see that the difference of the two corner points of the
backslash diagonal of the square is equal to the difference of the corner points of the slash diagonal
of the square. This implies that sum of the points in any two consecutive rungs have the same
value. Using an inductive argument we can extend the result for any two arbitrary rungs. Since
this is true for any rung of L, it is true for the first rung on the left where one of the two points is
zero and the other is the Fibonacci number Fq = H(k + 2,1). O

An alternate (technical) proof can be found using the recursive definition of the Hosoya triangle
and first proving that H(r, k) + H(r +2,k+ 1) =H(r,k+ 1)+ H(r + 2,k + 2).
All horizontal rung in a vertical ladder in H have the same length except by the order of their
measure (see Figures 1(b) and 2). This result is formally stated as Proposition 3.
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F1GURE 1. Rectangle property and the rung sum of a ladder.

Proposition 3 (Rectangle Property). In H it holds that
FiFy j = FipiFp i = (=) (FjFaprj — Firipr Forrj—i) = (1) FiFy g5 4,
or equivalently,
H(k,j) — H(k,j+i) = (=) (HE+2r,j+r)— Hk+2rj+i+7r)) = (=1 H(k — 24,i).
Proof. From Figure 2 and Lemma 2 we can observe that
lag — bo| = |ag — b1| = |ag —bo| = -+ = |a; — by

From Figure 2 we can see that, in particular, if we take ag = 0, then by = H (k — 27,1). ]

FIGURE 2. Every rung in any vertical ladder in H have the same length.

The following result provides several identities in the Hosoya triangle. In particular it shows that
the alternating sum of the points in a horizontal rung of a vertical ladder and the sum of the points
in the vertical rungs of horizontal ladder is a constant provided that the rung has even number of
points in each case. We also see that the absolute length of each rung in a horizontal ladder is the
same if there are odd number of points in the rungs. Finally, if the ladders are oblique (see Figure
6), then the absolute length of each rung is the absolute length of the first rung multiplied by a
Fibonacci number and the sum of the points in the oblique rungs equals the sum of the points in
the second rung multiplied by a Fibonacci number.

We may also use Proposition 1 to give an algebraic reinterpretation of the results mentioned
above in terms of Fibonacci numbers.

Theorem 4. In the Hosoya triangle H these hold,
3



(1) If r,k >0, 5 >0 and 0 < 2n — 1 < k for some n, then

2n—1 2n—1
S D HE G+ =D (1) H(k+2r,j+t+7)|.
t=0 t=0
FEquivalently, ‘ ?261(_1)tFj+tFk—j—t‘ = ‘ tQZo_l(_l)iF}-l-r-i-tFk—i-r—j—t‘-
(2) If m,k >0, 7 >0 and 0 < 2n —1 < k for some n, then
2n—1 2n—1
S Hk+2tj+t)=> H(k+2tj+m+t).
=0 t=0

Equivalently, E?ZO_I Fijt4Fppi—j = E?g&l FipmttFrett—j—m-
(8) If i a positive odd number, then
H(k+2i,j+1) — H(k,j) = H(k + 2i,j +n+14) — H(k,j +n) = H(k + 2i,1),

Equivalently, det | 77" I =det | Jtntt Titn =det | . :
quivalently, de [Fk—j Firies ] e [ Fijn Frriojon o Fiyi

(4) If .k, and j are positive integers with r > j, then
H(r+k,j)—H(r,j)=Fj(H(r+k—j+1,1)—H(r—j+1,1)).

. F; F._;
Equivalently, det [ F§*+k—j FZ J } =F; (Fryn—j — Frj).

(5) If i, 7, and k are positive integers, then
m m
S H(k+i,j+i)=Fe; Y H(G+i+1,1).
i=0 i=0

Proof. We prove part (1) for two consecutive rungs. The general case follows easily using an
inductive argument, so we omit it. From Figure 3 and Lemma 2 we have

co+dy=c1—di=co—dy=--=cop_1—dop_1.

This implies that | 3270 (—1)'ei| = | 75" (—1)id;.

FiGURE 3. The alternating sum of the points in a rung is the same.
4



Proof of part (2). From Figure 4 and Lemma 2 we have
co+cr=dyg—dy; cg—c3=dy—d3; ... Cgi2—Co1=doi_2—do1.
This leads to the conclusion.

Ci—a, ! d;=a,
¢ d,
%) d,
C; d,
)
e 6 06 0 o
e o o
OO
" e 6 06 0 O
= — i e © ¢ 0 & o o
Cyi.=b; d, b, "G e s e o & ®

FI1GURE 4. Rungs with even number of points have the same sum.

Proof of part (3). Using Figure 5 we define x as the sum of all points between ¢ and dy, including
both of them, and let y be the sum of all points between ¢; and dy, including both of them. Note
that z; and z9 in Figure 5 represent sets with an even number of points. Now we have ag + =,
a1 + vy, bp + =, and by + y are sums of an even number of points. Therefore, by part (2) we have

ap+zxr=a1+y and bg+z=0by +y.

From this it is easy to see that by — ag = by — ay. If in particular we take ag = H(k,0), we have
by = H(k + 2i, ).

N

Cy

2]

FIGURE 5. Rungs with odd number of points have the same length.

Proof of parts (4) and (5). Using the coordinate system described in Section 2 and Figure 6 we
can see that the points in the first right-up of the ladder are of the form F}F; where F}, is fixed and
the points in the second right-up are of the form Fj,;F; where Fj; is fixed. Therefore, the points
in the r-th rungs are FyF,., Fy 1 Fy, FyioF,,..., Fyq,;F.. To prove part (4) we first note that the
length of any rung is given by Fi4;F,. — FiF, = F,.(Fy1; — F;) where Fj,;; — Fj, is the length of
the first rung. The proof of part (5) follows by adding the points of a rung. Thus,

FyFy + Fy1 Fr + FoFro 4 - + Fry B = Fr (Fi + Fry1 + Frgo - 4 Figy) -

Note that (Fj, + Fj41 + Fiq2- - + Fi4;) is the sum of points of the second rung. O
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FIGURE 6. The sum of the points of the rungs are proportionally related.

In the next part we give a geometric interpretation in the Hosoya triangle of the Cassini, Catalan,
and Johnson identities (see [6]).

Cassini identity 2
3
3 5
5 8
. 0 8 13
Catalan 1dent1ty 6 13 21
24 26 21 34
55 39 42 34 55
89 55 65 63 68 55 89
144 89 104 106 102 110 89 144
233 144 178 -- 168 170 165 178 144 233

377 233 288 267 273 272 275 267 288 233 377
610 377 466 432 @ 442 440 445 432 466 377 610
987 610 754 699 720 714 715 712 720 699 754 610 987
1597 987 1220 1131 1165 5 @ 1155 1157 1152 1165 1131 1220 987 1597
2584 1597 1974 1830 1885 1864 1872 1869 1870 1870 1869 1872 1864 1885 1830 1974 1597 2584

FIGURE 7. Geometry of the Cassini and Catalan identities.

The length of a rung in a vertical ladder in H gives rise to the Cassini identity, if one of the
uprights is located in a central vertical line of H and the rung has exactly two points (see Figure
7). Thus,

H(2k, k) — H(2k,k — 1) = (—1)F 1,
The same type of ladder as above also gives rise to the Catalan identity. Thus,
H(2k, k) — H(2k, k — j) = (=1)* T H(2].j).
The length of a rung in a vertical ladder in H gives rise to the d’Ocagne identity if one of them

is located on the top of the ladder, and the coordinates of the end points of the second rung are
H(k+j+1,j) and H(k + j + 1,k). Thus,

Hk+j+1,k)—Hk+j+1,j) =1 Hk—j+1,k—j).

The length of a rung in a vertical ladder in H gives rise to the Johnson identity. Thus, if k+j = r+1i
and ¢ < j, then for every [ <7 it holds that

Hk+4,5) —Hr+i4) = (-D'HE+7—2,j—-1)—Hr+i—2l,i-1)
= (-)'H(k+j—2i,7—1i).
As a corollary of Theorem 4 part 3 we have that if the points a; and b; in the Hosoya triangle
are as in Figure 8 (e), then (a; + aj41) — (bj + bj41) is a constant. This property is analogous to a

property in Pascal’s triangle that yields the Catalan numbers (see [9]).
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Proposition 5. Let a,b, j be positive integers with j < min{a,b}. If A(Fu—j, Fatj), B(Fp—j, Fpij)
and C(Fy, Fy) are points in the Cartesian plane, then
(1) the line passing through A and B is parallel to the line passing through (0,0) and C. Thus,
Fo  Foj— Fayj
F, Fj—Fyj’
(2) The triangle with base F,y; — F,_; and height F}, has same area as the triangle with base
Fyyj — Fy_j and height F,.

The proof of Proposition 5 is easy using Proposition 3, therefore we omit it.

The configuration depicted in Figure 8 part (a) is called a zigzag. The configuration depicted in
Figure 8 part (b) is called a left zigzag. The configuration depicted in Figure 8 part (c) is called a
right zigzag. The configuration depicted in Figure 8 part (d) is called a long zigzag. There should
be a finite number of points in any zigzag configuration.

The configuration depicted in Figure 11 part (a) is called a braid. The configuration depicted in
Figure 11 part (b) is called a left braid. The configuration depicted in Figure 11 part (c) is called
a right braid. There should be a finite number of points in any braid configuration.

(b) (c) (d
FIGURE 8. Zigzag configurations.

Corollary 6. The sum of alternating points of a long zigzag configuration in H starting from its
second point is equal to the difference of the last point and the first point of the zigzag configuration.
Moreover, any column of points forming a rectangle with the column of alternating points has the
same sum (see Figure 9(a) and Figure 8 part (d)). More precisely, if a,b,c, and d are positive
integers such that a + ¢ = b+ d, then for every positive integer k it holds that

2%k—1 2%k—1 . .
F2 - F? if a + b is odd
=0 =0 ne+kd'ne+k—1 nel'ne—1 1 Q 15 even,

where ne = |(a +b)/2].

Proof. We prove that the sum of alternating points of a long zigzag configuration in H starting
from its second point is equal to the difference of the last point with the first point of the long
zigzag. The last part of this corollary follows from Theorem 4 part (2).
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Suppose p1, P2, P3, - - - » P2, Pn—1, Pn are the points of the long zigzag ordered from top to bottom
where p; is the first point on the top and p,, is the last point in the bottom (see Figure 9(a)). We
want to show that po+ps+ps+- -+ pn_1 = pn — p1. From definition of H on page 1 we know that
H(r,k)=H(r—1,k)+ H(r —2,k) and H(r,k) = H(r — 1,k — 1) + H(r — 2,k — 2). This implies
that

ps = p1+ D2, (1)
ps = p3+ D4, (2)
pr = DPs+ D, (3)
Pn = Pn-2+DPn-1- (4)

Substituting Equation (1) into ps + ps + pg + - - - + pr—1 We obtain
P2+pst+pst -+ Pp1=-—P1+pP3+tpstpet -t Poi.

Substituting Equation (2) into the right side of this equality, we obtain

P2+pst+pst -+ Pp1=-—P1+Ps+pet -t Pn1.
Substituting Equation (3) into the right side side of this equality, we obtain

P2+pst+pst -+ Pp1=-—pP1+prtps+cc+Ppo1.
We systematically keep making these substitutions to obtain

P2+ ps+pst -+ Pp-1=—P1+ Pn

This completes the proof of the corollary. O

.
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F1GURE 9. Zigzag Configurations.

Theorem 7 (Zigzag property). If a zigzag configuration with 6k + 5 points holds in H, then the
sum of all points in its left zigzag is equal to the sum of all points in its right zigzag (see Figure 8
and Figure 9(b)).

Proof. From Figure 9(b) and definition of H on page 1 it is easy to see that p; + ps = ps+ ps = ps.
Since the zigzag configuration has 6k + 5 points, there are remaining 6k points distributed in three
vertical equal sets (see Figure 9(b) for the labeling of points). So, every set has an even number of
points. This and Theorem 4 part 2 imply that ¢ +q1+ -+ ¢, =t1 +t1+ -+ +t,. This completes

the proof. 0
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As a corollary of Theorem 7 we can see that the Hockey Stick property seen in Figure 10(a) and
originally found in the Pascal triangle (see [9]), also holds in H. Thus, the sum of all points in the
shaft of a hockey stick is equal to the point on the blade of the hockey stick. The blade of the
hockey stick is going to the left or to the right depending on the numbers of points that are on the
shaft. If we consider the hockey stick configuration on one side of the Hosoya triangle (#), then (by
the symmetry of H) when the same configuration is represented on the other side of H, the blade
of the hockey stick changes direction (from left to right or from right to left). We use sq, 9, -+ ,s;
to represent the points on the shaft of the hockey stick. We use by, and br to represent the point
on the blade of the hockey stick. We use by, to indicate that it is on the left side of the hockey stick
and bpr indicates that it is on right side of the hockey stick. (See Figure 10(a).)

Corollary 8 (Hockey Stick property). Let s1,S2,-- ,s; be the points on the shaft of the hockey
stick where s1 is a point on one of the edges of H. If by is the point on the blade of the hockey stick,
with t € {L, R} (see Figure 10(a)), then

(1) s1+ s2+ -+ son = b, if the hockey stick is on the left side of H,

(2) s1+ s2+ -+ Son = bR, if the hockey stick is on the right side of H,

(3) s1+ s2+ -+ Sont1 = br, if the hockey stick is on the left side of H,

(4) s1+ s2+ -+ Sont1 = br, if the hockey stick is on the right side of H,

(5) s1+s2+---+ s =br =bgr for every i, if the hockey stick is in the center of H.

Left side s, Rightside
S

F1GURrE 10. Hockey Stick and Braid configurations.

Proposition 9 (Braid property). If the braid configuration holds in H, then the sum of all points
in the left braid is equal to the sum of all points in the right braid (see Figure 11 and Figure 10(b))

Proof. In the Figure 10(b) we observe that the left braid configuration is formed by all left corner
points of the squares of even side length and all corner points in backslash diagonal in the squares
of odd length (see for example S, S3, Sy, and S5 in Figure 10(b)). The right braid configuration is
formed, similarly, by all right corner points of the squares of even side length and all points in the
slash diagonal in the squares of odd side length.

From Proposition 3 it is easy to deduce that in a square configuration in H with even side
length, it holds that sum of two vertical corner points is equal to the sum of the remaining corner
points. If the square configuration has odd side length, then it holds that the sum of two corner
points in a diagonal of the square is equal to the sum of the remaining corner points in the other
diagonal. Using this property and Figure 10(b) we can see that the sum of left corner points of
the innermost square Ss is equal to the sum of its right corner points. We now observe that the
square S3 has odd side length. Therefore, the sum of the corner points in the slash diagonal equals
the corner points in the backslash diagonal. The square Sy satisfies the property that the sum of
the vertical left corner points equals the right corner points. The square Sy satisfies the property

9



that the sum of the corner points in the slash diagonal equals the remaining corner points in the
backslash diagonal. We can continue this process inductively as long as it is required by the braid
configuration embedded in H. From this, the Figure 10(b), and the observation given in the first
paragraph it is easy to obtain the conclusion of the proposition. ]

(a) (b) ()
FIGURE 11. Braid configurations.

For any square S in Figure 10(b) it holds that the sum of the corner points in one diagonal of S
is the additive inverse of the sum of the corner points in the remaining diagonal of S. Therefore,
using all squares in Figure 10(b) it holds that

l l l l
> Hn—km—k)+Y (-)'Hn+km+k)=> H(n—km)+> (~) H(n+k m).
k=0 k=1 k=0 k=1

If in Figure 10(b) we eliminate the common point ~the point that is the intersection of left braid
and right braid— we obtain
!

l
Fn—m Z(Fm—k + (_1)ka+k) = Fm Z(Fn—m—k + (_1)an—m+k)'
k=1

This with 7 = n — m implies

k=1 Fn k=1 Fr
So,
P+ (D [F+Fo+1 if 1 is odd
k; Fp, O\ B5Fy o Fy 14 (DY i =20

4. PROPERTIES OF THE PASCAL TRIANGLE IN THE HOSOYA TRIANGLE

In this section we extend a few properties from the Pascal triangle to the Hosoya triangle. These
properties of the Pascal triangle may be found in [4].

If we construct an oblique (backslash) ladder with horizontal rungs of length two (see Figurel2),
then the ladder gives rise to generalized Fibonacci numbers. Thus, adding the two points of each
rung of the ladder gives rise to a sequence of second order which is a generalized Fibonacci sequence.
Recall that the generalized Fibonacci sequence is given by G,, = G,_1 + G,,_2 with G; = a and
Gy = b. Here we note that a and b are the points in the first rung of the oblique ladder, (see
Figurel2). In particular, a and b are consecutive Fibonacci numbers with a > b. Some of the
ladders give rise to certain sequences found in Sloane [8]. In particular, with a = 1 and b = 1 we
obtain the Fibonacci number sequence A000045. If @ = 2 and b = 1, we obtain the Lucas number

sequence A000032. With a = 3, b = 2, we obtain sequence A013655 which is a sequence where each
10
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FIGURE 12. Generalized Fibonacci.

term is obtained by adding a Fibonacci and a Lucas number. The sequence A206610 is obtained
with ¢ = 13 and b = 8.

If we consider two consecutive rungs of an oblique ladder —that has horizontal rungs— we obtain
a rhombus property (see Figure 13(b)). This property is an extension of a similar property found
in Pascal’s triangle (see [4]).

Let us take two consecutive rungs of the ladder, for example the (2n — 1)-th and (2n)-th rungs.
Then, differences of a cross multiplication is always a constant. In reality, the cross multiplication
is the determinant of the numbers present in the rungs of the oblique ladder (see Figure 13(b)). In
particular, here the determinant is the product of consecutive Fibonacci numbers.

Algebraically, using the definition of coordinates (see Section 2) for each point in the rungs of
the oblique ladder, we obtain that for n,r > 0

H(n,r) H(n,r+1)

_ (_1\n—r+1
Hn+1,7) Hn+1,r+1) =(=1) Fr By

An additional configuration that yields a geometry and an identity we can explore is a triangle
configuration as seen in Figure 13(a).

If we take the triangle configuration as in Figure 13 part (a) then a+b—c is a Fibonacci number.
Note that a and b are points constituting the top oblique side of the triangle and the points b and
¢ are points along the same vertical line at a distance two from each other. The triangle may be
oriented to the left or to the right, the orientation does not change this result. In particular, if
a=Hn+1,r—1),b=H(n,r),and c=H(n+2,7r+1) then a +b—c = Fyr_p41.

The algebraic proof of this property is easy using the definition of the coordinates of each entry
H(r, k) of the Hosoya triangle.

0 1 0 0 1 0
0 1 1 0 0 1 1 0
0o 2 1 2 0 0 2 1 2 0
0 3 2 2 3 0 0 3 2 2 3 0
0 5 3 4 3 5 0 0 5 3 4 3 5 0
0 8 5 6 6 5 8 0 0 ®06) 6 6 5 8 0
b0 13 8 10 9 10 8 13 0 0 13 ® X 9 10 8 13 0
a0 21 13 (9 15 15 16 13 21 0 0o 21 13 15 16 13 21 0
0 3@ 26 24 25 24 26 21 34 0 0 34 21 26 0§ ) 24 26 21 34 0
c 0 55 34 42 69 40 40 39 42 34 55 O 0 55 34 42 39 39 42 34 55 0
0 8 55 68 63 65 64 65 63 68 55 8 0 0 89 55 68 63 65 63 68 55 89 0
(a) (b)

FIGURE 13. Triangle and rhombus properties.

11


http://oeis.org/A206610

5. ACKNOWLEDGEMENT

The first and last authors were partially supported by The Citadel Foundation.

REFERENCES

[1] R. Flérez, R. Higuita, and A. Mukherjee, Star of David and other patterns in the Hosoya-like polynomials
triangles. Submitted, https://arxiv.org/abs/1706.04247.

[2] R. Flérez, R. Higuita, and L. Junes, GCD property of the generalized star of David in the generalized Hosoya
triangle, J. Integer Seq., 17 (2014), Article 14.3.6, 17 pp.

[3] R. Flérez and L. Junes, GCD properties in Hosoya’s triangle, Fibonacci Quart. 50 (2012), 163-174.

[4] T. Green and C. Hamberg, Pascal’s triangle, second edition, CreateSpace Independent Publishing Platform; 2

Csm edition, 2012.

H. Hosoya, Fibonacci Triangle, Fibonacci Quart. 14.3 (1976), 173-178.

R. C. Johnson, Fibonacci numbers and matrices, http://maths.dur.ac.uk/~dmaOrcj/PED/fib.pdf

T. Koshy, Fibonacci and Lucas Numbers with Applications, John Wiley, New York, 2001.

N. J. A. Sloane, The On-Line Encyclopedia of Integer Sequences, http://oeis.org/.

J. VanBilliard, Pascal’s triangle: A study in Combinations, CreateSpace Independent Publishing Platform, 2014.

2010 Mathematics Subject Classification: Primary 11B39; Secondary 11B83.
Keywords: Fibonacci numbers, Hosoya triangle, rectangle property, zigzag property, braid prop-
erty, Cassini and Catalan identities.

THE CITADEL
FE-mail address: florezri@citadel.edu

INSTITUTO DE MATEMATICAS, UNIVERSIDAD DE ANTIOQUIA, MEDELLIN, COLOMBIA,
E-mail address: robinson.higuita@udea.edu.co

DEPARTMENT OF MATHEMATICS AND COMPUTER SCIENCE, THE CITADEL, CHARLESTON, SC, U.S.A.
E-mail address: antara.mukherjee@citadel.edu

12


https://arxiv.org/abs/1706.04247.
http://maths.dur.ac.uk/~dma0rcj/PED/fib.pdf
http://oeis.org/

	1. Introduction
	2. The Hosoya triangle and its coordinate system
	3. Geometric properties in the Hosoya triangle
	4. Properties of the Pascal triangle in the Hosoya triangle
	5. Acknowledgement
	References

