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Abstract. An n-colour even self-inverse composition is defined as an n-colour self-
inverse composition with even parts. In this paper, we get generating functions, explicit
formulas and recurrence formulas for n-colour even self-inverse compositions. One new
binomial identity is also obtained.
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1. Introduction

In the classical theory of partitions, compositions were first defined by MacMahon [1]
as ordered partitions. For example, there are 5 partitions and 8 compositions of 4.
The partitions are 4, 31, 22, 212, 1* and the compositions are 4, 31, 13, 22, 212, 121,
122,14,

Agarwal and Andrews [2] defined an n-colour partition as a partition in which a part
of size n can come in n different colours. They denoted different colours by subscripts:
ni, na, ..., ny. Analogous to MacMahon’s ordinary compositions Agarwal [3] defined
an n-colour composition as an n-colour ordered partition. Thus, for example, there are 21
n-colour compositions of 4, viz.,

41,42, 43, 44,
3111, 3214, 331y, 1131, 1132, 1333,
2121, 2125, 222, 252y,
21141y, 21 1y, 13241y, 13142y, 11221, 111422,
IFRERTESE
More properties of n-colour compositions were found in [4,5].

DEFINITION 1.1 [1]

A composition is said to be self-inverse when the parts of the composition read from left
to right are identical with when read from right to left.
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Analogous to the above definition of classical self-inverse compositions, Narang and
Agarwal [6] defined an n-colour self-inverse composition as follows:

DEFINITION 1.2 [6]

An n-colour composition whose parts read from left to right are identical with when read
from right to left and is called an n-colour self-inverse composition.

Thus, for example there are 8 n-colour self-inverse compositions of 4, viz.,
41,42, 43, 44,
2121, 2027, 11211y, 11215

More properties of n-colour self-inverse compositions were found in [6].
Guo in [7] defined n-colour even compositions and gave some properties.

DEFINITION 1.3 [7]

An n-colour even composition whose parts are even.
Thus, for example, there are 8 n-colour even compositions of 4, viz.,
41,42, 43, 44,
In this paper, we shall study n-colour even self-inverse compositions.

DEFINITION 1.4

An n-colour even composition whose parts read from left to right are identical with when
read from right to left and is called an n-colour even self-inverse composition.

Thus, for example, there are 6 n-colour even self-inverse compositions of 4, viz.,
41,42, 43,44, 2121, 222.

In §2 we shall give explicit formulas for n-colour even self-inverse compositions.
We shall prove recurrence formulas in §3. And in §4, we shall give generating functions
for n-colour even self-inverse compositions. In §5 we shall give one new binomial identity.

Guo [7] proved the following theorems.

Theorem 1.1 [7]. LetC(m, e, q) and C (e, q) denote the enumerative generating functions
for C(m, e, v) and C (e, v), respectively, where C (m, e, v) is the number of n-colour even
compositions of v into m parts and C (e, v) is the number of n-colour even compositions
of v. Then

2mq2m
C(m,e,q) = m, (11)
Cle.q) 2 (12)
e, q) = ———5—, .
1 —4q% +q*
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v —
C(m,e,v)=2’”<22—;1m_11)’ (13)

_ : m( 5+m—1
C(e,v)_n;lz < o 1 ) (1.4)
where v is even.
Theorem 1.2 [7]. Let e, denote the number of n-colour even compositions of 2v. Then
e1=2,eo=8 and e, =4e,_1 —ey_p forv > 2.

Remark. In this paper, we will study mainly even numbers.

2. Explicit formulas

In this section, we shall prove the following explicit formulas for n-colour even self-inverse
compositions.

Theorem 2.1. For v even, let B(e, v) denote the number of n-colour even self-inverse
compositions of v. Then

4v+2 t

4v-2 4v42—t +m—1
Q) B(e,4v+2)=(4v+2)+z Z t2m< 4 )
2m — 1

wherev =0,1,2,...;t=4k+2,k=0,1,2,...,v—1.

4v—4 zﬂ_‘r _1 v n .
o e (U (1)

— L 2m — 1 — 2m — 1

wherev=1,2,...;t=4k, k=1,2,...,v—1.

Proof.

(1) Obviously, an even number whichis4v+2 (v = 0, 1, 2, ... ) can have even self-inverse
n-colour compositions only when the number of parts is odd. There are 4v + 2 n-colour
even self-inverse compositions when the number of parts is only one. An even self-inverse
composition of 4v +2 into 2m + 1 (m > 1) parts can be read as a central part, say, # (where
t =4k+2,k=0,1,2,...,v—1)and twoidentical even n-colour compositions of‘wzﬁ
into m parts on each side of the central part. The number of even n-colour compositions
of % into m parts is C(m, e, 4”+2 t) by (1.3). Now the central part can appear in ¢
ways. Therefore, the number of n-colour even self-inverse compositions of 4v + 2 is:

—t

41)2

Ble,4v+2) = (4 +2+ Y Z tC<m c. M)

=2 m=1 2

4v+2-t

2 4v42—t
ddot g g,
(4v+2)+2 th'"( 4 )

2m — 1
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(2) For even numbers 4v (v = 1,2,...), we can have even self-inverse n-colour
compositions irrespective of the parity of parts. When the number of parts is odd, ana-

logous to the proof of (1) we see that there are Y+ Z Lo ( ~!)+4v (where

t =4k, k = 1,2,...,v — 1) n-colour even self-inverse composmons of 4v. When the
number of parts is even, we see that the two identical even n-colour compositions are
exactly even n-colour compositions of 2v, the number of whichis ), _; 2" ( vim—1 ) by
(1.4). Hence, the total number of n-colour even self-inverse Compositions of 4v is:

4vt _
B(e4v)—4v+2212m( - ) Zz <v+m 1).

t=4 m=1 2m — 1

We complete the proof.

3. Recurrence formulas

In this section, we shall prove the following theorem.

Theorem 3.1. Let s, and r,, denote the number of n-colour even self-inverse compositions
for 4v 4 2 and 4v, respectively. Then

(1) so=2, sy =10and s, =4sy—1 —sy—2 for v>1,

2)ri=6, s, =24andr, =4r,_1 —ry—p for v>2.

Proof (Combinatorial).

(1) To prove that s, = 4s,,_1 — 5,2, we split the n-colour even self-inverse compositions
enumerated by s, + s,_> into three classes:

(A) enumerated by s, and having 21 or 2, on both extremes.

(B) enumerated by s,, and having 4, on both extremes, 4 > 2,1 <t < h —2 and n-colour
even self-inverse compositions of 4v + 2 of the form (4v +2),, 1 <t <4v — 2.

(C) enumerated by s, and having /; on both extremes, 7 > 2, h —1 <t < h, (4v +2);,
4v — 1 <11 <4v + 2 and those enumerated by s,,_».

We transform the n-colour even self-inverse compositions in class (A) by deleting 2; or
2, on both extremes. This produces two n-colour even self-inverse compositions enume-
rated by s,_1. Conversely, given any n-colour even self-inverse composition enumerated
by sy,—1 we add 21 or 2; on both extremes to produce the elements of the class (A). In this
way we establish that there are exactly 25, elements in class (A).

Next, we transform the n-colour even self-inverse compositions in class (B) by
subtracting 2 from #, that is, replacing i, by (h — 2); and subtracting 4 from 4v + 2 of
4v 4+ 2);, 1 <t < 4v — 2. This transformation also establishes the fact that there are
exactly s,_1 elements in class (B).

Finally, we transform the elements in class (C) as follows: Subtract 2, from 4; on both
extremes, thatis, replace i; by (h—2);—2),h > 2,h—1 < t < h. We will get those n-colour
even self-inverse compositions of 4(v —1)+2 whose extremes are ;, h—1 <t < hexcept
self-inverse even compositions in one part only. Also replace (4v + 2);, by (4v — 2);,—4,
4v — 1 < t; < 4v + 2. To get the remaining n-colour even compositions from s,_, we
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add 2 to both extremes, that is, replace h; by (h + 2);. For n-colour even self-inverse
compositions into one part we add 4, that is, replace (4v —6); by (dv—2);, 1 <t < 4v—6.
We see that the number of n-colour even self-inverse compositions in class (C) is also
equal to s,_1. Hence, we have s, + s,_3 = 4s,_1, Viz., 5, = 45,1 — Sy_2.

The recurrence relation (2) can be proved similarly and hence is omitted. Thus, we
complete the proof.

4. Generating functions

In this section, we will prove the following theorem by recurrence relations in §3.

Theorem 4.1.
242,
(1 Yizosd’ = gt
6
@) Sing = ke
Proof.
(1) We have

o o0
stq" =50 + 519 + stq”
v=0 v=2

o0
=2+10g + Y (4sy_1 —sv-2)q"
v=2

o0 o
=2+ 10gq +4Zsu_1q” - Zs,,_zq"
v=2 v=2

oo o
=2+ 10gq +42qu"+l — stq”+2
v=0

v=1
o0 0.¢]
=2+ 10¢q +4X:suq”+1 —4 X s0q — stq“"'z
v=0 v=0
o0 o0
=242¢+ 4Zsuq"+1 - Zs,,q‘”r2
v=0 v=0

o0
x(q*—4g+ 1)) sq" =2+2q.
v=0

Thus

v 24 2q

W= A

2

=0

<

(2) We have

o0 o0
D org" =ri+rng+ ) rng
v=1

v=3
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o0
=6q +24¢° + Y _(4ry_1 —rv-2)q"

v=3
o0 o0
=6q + 24q2 + 42:;"l,q"+1 - Z:r,,q”+2
v=2 v=1
o0 o0
=6 +24g° +4 ) rig"t' —24¢° = ryq"t?
v=1 v=1

o0
x(@*—4q+ 1)) rq" =6q.

v=I

So
o
o I—49+q

We complete the proof.

5. New binomial identity

We first give the following theorem for the generating function of e, in Theorem 1.2.

Theorem 5.1.

o0
o 1 —4g9+4

From Theorem 1.2 and proof of Theorem 4.1, this theorem can be proved similarly.
We shall get the following binomial identity:

Theorem 5.2. Forv > 1,

4v—t

4v—4 73 ot ] v v+m—1
4y + i B =2) 2" :

t=4 m=1 2m —1

Proof. By comparing generating functions for e, and r,, we have
r, =3e, for v>1.

From the definitions of r, and e,, we get this identity easily.
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