Chapter 8

The p-Deformed classes of Riordan’s Inverse
pairs

8.1 Introduction

The objective of this chapter is to obtain the p-deformed versions of the
inverse series relations due to John Riordan |55|. It appears from the literature
that Riordan’s work incorporates inverse series of general form of the series most
of which are finite series. He also classifies them into several classes namely,
the simplest inverse series relations, Gould classes, Simpler Chebyshev inverse
relations, Chebyshev classes of inverse relations, Simpler Legendre inverse relations
and the Legendre-Chebyshev classes of inverse relations |55, p.49-69].

Here we provide p-deformation to these classes by means of the GIPs obtained in
chapters 2 and 4.

We reconsider the inversion theorems of Chapter 2 and Chapter 4 with the ob-
jective of obtaining the deformation of the suitable inverse pairs belonging to the
aforementioned classes.

In section - 8.2, the general inverse pair of the main theorem of chapter 2 will
be transformed in to several alternative forms to deform several inverse pairs of
Riordan’s classes.

In section - 8.3, some of the p-deformed Riordan’s inverse pairs are extended from
the alternative forms of Theorem - 4.2.1 of chapter 4.

We first re-state the Theorem - 2.2.1 and Theorem - 2.2.2 of chapter 2 as

Theorem 8.1.1. For o, r, v € C and p > 0,

N k
u(n) = ZFp(p—l—@—nZ—brk—kp)k;! v(n + bk) (8.1.1)
- k=0
N ()R —nr = br a—nr
v(n) = Z (=) bk/;:)Fp( + k) u(n + bk), (8.1.2)

B
Il
o

where b is (i) a negative integer —m in Theorem - 2.2.1 and, (ii) is a positive

integer in Theorem - 2.2.2. In case (i), N = |n/m] whereas in case (ii), N = oc.

The following is Theorem - 4.2.1 of chapter 4.
198
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Theorem 8.1.2. For A€ C, a« € C, n € NU{0}, m,r € N and p > 0,

Ln/m]

mk 1
Fi) = kZ:O (=1) p(a+mkX+p—np)(n— mk)!G(k) (8.1.3)
=
Gn) - z%p4y4a+kA‘”Z$}fg;mnk_kmpmm, (8.1.4)
and G(n/m) =0,n # mr. (8.1.5)

8.2 p-Deformed classes of Riordan’s inverse pairs

Here, we shall obtain several inverse pairs in the forms of deformed Riordan’s
inverse series relations. For this, we now derive several pairs of inverse series
relations in this section with the help (8.1.1) and (8.1.2) of the general inversion
pair as it represents both the Theorem - 8.1.1. We begin with replacing v(a) by
I'y(p+a—ar)v(a) in (8.1.1) and (8.1.2) to get

DY s e la+ b (3:2.1)
N =0
v(a) = Z (=)o —ar = brily(a — ar + kp) u(a +bk). (8.2.2)

Lp(p+a—ar)k!

e
Il

0
Next, introducing the factor (o —ar + kp) in (8.2.2) and making use of (1.3.3), we
get

YT, (p+ o — ar — brk)
Iy(p+a—ar —brk — kp)k!

v(a + bk) (8.2.3)

(=)o — ar — brk)l'y(p + o — ar + kp)
(a—ar +kp)Tp(p+ a —ar)k!

M= 1M

u(a+ bk). (8.2.4)

e
i

0

We put v =1 in (8.2.3) and (8.2.4) to get

x Inverse pair 8.2.a

N
T,(p+a—ar —brk)
ule) = kZ:; Iy(p+a—ar—brk — kp)k! vla+bk)
=
N _1\k . . .
v(a) = Z( (o —ar —brk)l'y(p + o — ar + kp) u(a + bk).

(o —ar+kp)Tp(p+a—ar)k!

e
Il
o
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Replace u(a) by u(a)/(a— ar) and v(a) by v(a)/(a — ar), this pair takes the form
of

x Inverse pair 8.2.b

N
B (a —ar)l'y(a — ar — brk)
ua) = Z (o —ar —brk — kp)T'py(a — ar — brk — kp)k!

k=0

v(a + bk)

k,F (a —ar + kp)
Iy(a—ar)k!

=3
2
I
Mz

u(a + bk).

e

=0

On replacing o and r by a4 p and —r respectively in this inverse pair, we get

x Inverse pair 8.2.c

N
(a+p+ar)ly(p+ o+ ar+brk)
_ bk
wa) kz:% (a+p+ar+brk —kp)L'py(p+ o+ ar + brk — kp)k! vla+bk)
=
N
r (p—ira—l—ar—irkp)
)k
pum— bk .
v(a) kz:% Iy(p+ a+ar)k! w(a +bk)
On the other hand, by applying the binomial identity
n Lpp—a) I'y(a + np) al'y(p + o+ np)
(—1) = = , (8.2.5)
Dp—a—nmpnl  Daml  (atnp)l,(p+anl
the inverse pair - 8.2.a holds the form as given below.
x Inverse pair 8.2.d
al Ly(—a+ar + brk + kp)
= —1)F-=2 bk
u(a) kz:%( ) Ly(—a+ar + brk)k! vla+ bk)
=
N
(a —ar — brk)l'y(—a + ar)
= bk).
vla) ; (a —ar + kp)Tp(—a + ar — kp)k! ula + bk)
Likewise, using the formula (8.2.5) in inverse pair - 8.2.b, we obtain
—ar)l'y(p — a+ ar + brk + kp)
— -1 k (O{ G’T) P bk
wa) (=1) (a —ar —brk — kp)T'py(p — a + ar + brk)k! vla+ bk)

Ip(p—a+ar)
Lp(p — a+ar — kp)k!

M= 1D

u(a + bk).

i

0
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Now replace a by —« here to get

x Inverse pair 8.2.e

N
Y (a+ar)l'y(p+ o+ ar+brk + kp)
ula) = g( )(a+ar+brk:—|—k:p)Fp(p+a+ar+brk3)k!v(a+bk)
=
al Lp(p+a+ar)
v(a) = Z \P u(a + bk).

Ly(p+ a+ar —kp)k!

e
I
o

Now, on substituting br = —p and a = n in the GIP (8.1.1) and (8.1.2), it takes

the form:
N ’}/k
u(n) = v(n -+ bk
(n) kz:;kll“p(a—mdrp) ( )
=
N (=R — kep)Ty (o — ki
k=0 ’

Here replacing u(n) by u(n)/I',(a—nr+p) and putting br = —p, this pair reduces
to the

x Inverse pair 8.2.f

1 (=*
o v(n+bk) < v(n)= Z o

0 k=0

u(n + bk).

WE

u(n) =

e
Il

The inverse pairs 8.2.a to 8.2.f with a = n, u(n) = A,, v(n) = B, and the
appropriate value of b will be used for extending classes of Riordan’s inverse pairs.

They are tabulated in Table 8.1 to Table 8.6.

TABLE 8.1: The simplest inverse relations

An =341 Busok: Bn=3 (_kil')k Aok
Inv. pair No. b A, B,

8.2.f —1 ap/n! bn/n!
8.2.f 1 an,n! b,n!
8.2.f -1 an(a—n)! by(a —n)!
8.2.f -1 | ap/(a+n)! b,/ (a+n)!
8.2.f 1 an(co+n)! by (a4 n)!
8.2.f —1 | ap/nl(n—1)! | b,/nl(n—1)!
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TABLE 8.2: The p-deformed Gould classes of inverse relations

Ap =Y ank Bi; By =>(=1)"" b, Ay

Inv.
pair No. | b r e n by 1
I'p(p+a+lk—kp) (a+lk—kp)
8.2.a -1 |p—l « Ty (ot Tk —np) (n— ! (a-+in—Fkp)
% 'y (p+a+in—kp)
I'p(p+a+in—np)(n—k)!
(p+a+in—np) T'p (p+a+in—kp)
8.2.c 1| 1l-p Q (p+a—np+ik) Fp(p-z&)-a—l—ln—np)(n—k)!
Iy (p+a+lk—kp)
T, (p+a+lk—np)(n—k)!
Ty (p+a+Iin—np) (a+In—np)
8.2.e 1 | I-p @ Fp(pia—f—ln—k:p)(k‘—n)! (a—i—lk—nz)
'y (p+a+lk—np)
T, (p+a+lk—kp)(k—n)!
(p+a+lk—kp) T'p (p+a+kl—np)
8.2.d 1 l—p | —a—p m Fp(piOHrklfkp)(kfn)!
s« — Lp(ptatin-—np)
T, (p+otin—kp)(k—n)!
TABLE 8.3: The p-deformed simpler Chebyshev inverse relation
Ap =3 ank Boyok; Bn = bnk Anyok
Inv.
pair b r Q Uk b i
No.
Ip(p+n) E__ ()
8.2.¢ -2 1 0 m (—1) (n—2k+kp)
T'p(p+n—2k+kp)
I'p(p+n—2k)k!
k Tp(ptn—2k+kp) (p+n—2k)
8.2.d | =2 | 1 | —p | (=14 o5 (o
_Lplptn)
Tp(p+n—kp)k!
'y (p+n+2k) k (n+2k)
82a | 2 | =1 | 0 T (-t 2h—kp) KL (="
Lp(pt+n+kp)
Tp(ptn)k!
(p+n) k Cp(p+n+kp)
8.2.c 2 -1 0 W?ﬁm (-1) _lzz‘p(p+n)k!
_Ty(pint2k)
Tp(p+n+2k—kp)k!
Ly (ptn—Fk) k_(n—k)
82a | —1 | =1 | 0 (N T (—D* o
Lp(pt+n+kp)
T'p(p+n)k!
(p+n) k I'p(ptn+kp)
8.2.c —1 1 0 (PH-;—T’@ (1) lgp(p—l—n)k!
Ip(ptn—k)
Tp(p+n—k—kp)k!
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TABLE 8.4: p-Deformed Chebyshev classes of inverse relations

A, = Zan,k Bn+ck§ B, = Z(_

1)kbn,k AnJrck

Inv.

pair No. r « Qn k bn.k

8.2.e 1 0 % (n+’££i(,§’$?§§ii?§k>kz
8.2 L p| et L
8.2.a 10 R )
8.2.c L]0 | gty | e

TABLE 8.5: The p-deformed simpler Legendre inverse relations

Inv.
pair | b | r «Q A, = B, =
No.
Ty (p+a+2k+np—kp) (=1)* " (p+a+2k)
82d| -1} 2 -a-p T (prat 2t Rl D 2 (praTan—np+hp)
I'p(p+a+2n)
X ry (p+oc+p2n—np+kp)(n—k)! Ak
T'p(p+a+2n) (=1)kt7 (a+2n)
8.2.e|—1] 2 « ZI‘p(p+a+p2nfnp+kp)(nfk)!Bk Z (a4-2k+np—kp)
Iy (p+a+2k+np—kp)
Iz‘)p(p+a+2k (n—k)! Ak’
'y (p+a+2n+kp—np) (=1)F*" (pda+2n)
82c| 12| a 2 Foratention! B 2 (oot ptnm)
I'p(p+a+2k)
X T, (prat2k—kp+np) (F—n)! A
T'p(p+a+2k) (—=1)Ft7 (a+2k)
8.2.a| 1 -2 « ZFp(p-i-a—i-p% kp+np)(k—n)! Bk Z (a+2n-+kp—np)
I‘p(p+a+2n+kpfnp)A
T'p(p+a+2n)(k—n)!
T'p(pt+a+2n) (—1)*(a42n)
8.2.e | =2 2 « Z Fp(pﬁra+2nfkp)k!B”—2k Z (a+2n—4k+kp)
T, (p+at2n—4ak+kp)
Iep(l?+a+2n74k)k! An ok
(pta+2n—4k) (—1)*Ty (p+a+t2n—4ak+kp)
82d|—-2| 2 |—a—p > (prat2n—Fkp) > Fp(;+a+2n 4k)k!
I'p(p+a+2n)
X T (ot 2n—kp)il Dn—2k X Aok
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TABLE 8.6: p-Deformed Legendre-Chebyshev classes of inverse relations

Ay =Y ank Bi; By =3 (=1)"" b, Ay

Inv.
pair No. b r Q n ks by
_ Iy (p+a+ten) (ortcn)
3.2.e 1 ¢ o I'p(p+a+cen—np+kp)(n—k)! (atck+np—kp)
I'p(p+a+ck+np—kp)
Ty (p+a+ck)(n—k)!
Lupraten)  (atem)
8.2.e 1 c « I'p(p+a+cen—kp+np)(k—n)! (a+ck+kp—np)
¢ T'p(p+a+ck+kp—np)
I'p(a+ck)(k—n)!
_ _ Iy (p+a+ck) (a+-ck)
8.2.a 1 ¢ « 'y (p+a+ck—np+kp)(n—k)! (a+cn+np—kp)
T'p(p+a+en+np—kp)
T'p(pta+cen)(n—k)!
_ Ty (p+a-+ck) (a+ck)
8.2.a 1 ¢ o T, (ptatck—kptnp) (k—n)! (aten+kp—np)
T'p(p+a+en+kp—np)
'y (pta+cen)(k—n)!
— —a— __(ptatck) Lp(ptatcktnp—kp)
8.2.d 1 c a—Dp (p+a+cn—np+kp) Tp(pt+a+ck)(n—k)!
Ty (p+aten)
'y (p+a+cen—np+kp)(n—k)!
o (p+a+-ck) 'y (p+a+ck+kp—np)
8.2.d 1 ¢ a—p (p+a+cen+kp—np) Ty (p+a+ck)(k—n)!
% Lp(pta+tcn)
'y (p+a+cen—kp+np)(k—n)!
_ __(ptaden) Ly (ptatentnp—kp)
8.2.c 1 c « (rtatck—np+kp) T, (p+atcn)(n—k)!
% Ip(pta+tck)
'y (p+a+ck—np+kp)(n—k)!
__ladpten) Lp(ptotenthkp—np)
8.2.c 1 ¢ o (a+p+ck+np—kp) 'p(p+a+cn)(k—n)!
% I'p(pta+tck)
'y (p+a+ck—kp+np)(k—n)!

All these pairs get reduced to the Riordan’s pairs for p = 1 and « is replaced
by p; which are tabulated through Table 1.1 to Table 1.6 stated in chapter 1.

8.3 Extension of certain p-deformed Riordan’s in-

verse pairs

We now illustrate Theorem - 8.1.2 for carrying out the extension of certain

inverse series relations belonging to the p-deformed Riordan’s inverse pairs ap-

pearing in Table 8.1 to Table 8.6. All these inverse pairs are however directly

deducible from Theorem - 8.1.2, the following alternative versions of the theorem

readily yield them. They are deduced below. We put a = a in the theorem and
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get the following pair.

x Inverse pair 8.3.a

Ln/m] N 1
Fin) = ;(_1) kf‘p(a+mk)\+p—np)(n—mk)! Gk),
=
Gn) — §<_1)k(a+ kX — kp)I'p(a + mnX — kp) Fk).

— (mn — k)!

Now taking o = a + p, replacing F'(n) by (—=1)"F(n)/(a +nX —np+ p) and G(n)
by I'y(a + mnX — mnp + p)G(n)/(a + mnA — mnp) in Theorem - 8.1.2, we get

x Inverse pair 8.3.b

Ln/m]
B  yn—mk (@ +nX—np+p)ly(a+ mkX—mkp+p)
Fn) = g (=1) (@ +mkX —np + p)L'y(a+ mkX — np + p)(n — mk)! G k).

I'y(a+mnA —kp+ p)

Gln) = kX; I'y(a +mnA —mnp + p)(mn — k)!

F(k).

Next, in Theorem - 8.1.2, replacing o by —a —p, F(n) by (—1)"F(n) and G(n) by
G(n)/I',(a — mnA 4+ mnp + p), the we obtain

*x Inverse pair 8.3.c

Ln/m]
I'y(a+ np —mk\ + p)
F = L k
(n) % Fp(a—mk/\+mkp+p)(n—mk;)!G( )

Gn) - %(—1)’””’“ (@ — kX + Ekp +p)Tp(a — mnA + mnp + p) F(k).

— (a —mnA+ kp +p)I'y(a — mnA + kp + p)(mn — k)!

Here, if we replace F'(n) by F(n)/(a —nA+np), G(n) by G(n)/(a —mn\ + mnp)
and a by a — p, then we find

x Inverse pair 8.3.d

Ln/m]
(@ —nA+np)l,(a+np —mkX+p)
= 2; (a — mkX + np)Ly(a — mkX + mkp + p)(n — mk)!G<k)’
=
i — I'y(a —mnA+mnp+p
Gn) = Y (~1)m* 2l L)

— I'y(a —mnA + kp +p)(mn — k)!

The inverse pairs 8.3.a to 8.3.d with F(n) = A, and G(n) = B,, provide extension

to certain p-deformed Riordan’s inverse pairs which are tabulated below.
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TABLE 8.7: The p-deformed extension of Riordan’s inverse series

Ln/m]

mn
n — bn
An = Z (n(ir;fk)' Bk ; Bn - kzo(_].)mn k 7(mn’—kk)' Ak
Inv. p-deformed extension
pair A s bn of class(inverse pair
No. no.) as in Table 8.2,
8.5 and 8.6
'y (a+lmk—mkp+p) a+lkp—kp
8.3.a l Fpp(a+lmk—np+p) m p—GouId class (].),
T'p(a+lmn—kp+p)
Fpl(’a R e——— Table 8.2
a+ln—np+p 'y (a+Imn—kp+p)
8.3.b ) 1 ot mk—np T (at mn—rmnp+p) p-Gould class (2),
T'p(a+lmk—mkp+p)
pr(aJrlmkfanrp) Table 8.2
T'p(a+np+2mk—mkp+p) a+2k+p .
8.3.c|p—2 P T, (a-t2mhp) PR T e p-Simpler Legendre,
'y (a+2mn+p)
X Fp(a+§mn—mnp+kp+p) class (1), Table 8.5
at2n T (at2mn+p) :
83.d1p-2 i Fparemn—mmprhprp) | P-oimpler Legendre,
x Lp (aleig?:]; :; ;gp ) class (2), Table 8.5
p
atcn I'p(a+cmn+p)
83d|p—c Py S s—— e N — ) p-Legendre-Chebyshev,
X F”(aj;j&i%;gl;pﬂ) class (1), Table 8.6
I'p(a+cmk+p) a+ck
8.3.& P +c Fp(a+£mkfnp+mkp+p) m p—Legendre—ChebyShev,
x Iz (aﬁﬁiﬂiﬁ ) class (3), Table 8.6
83.c |p—c| Lpletemhinp—mhpip) afchtp -Legendre-Chebyshev
e p I'p(a+cmk+p) a+cmn—mnp+kp+p b o) Y )
T'p(a+cmn+p)
X Fp(a+§mnimnp+kp+p) class (5), Table 8.6
atentp T, (atcmntmnp—kp+p)
83.b|p+c Ry Sy e ——— L T, (atamnp) p-Legendre-Chebyshev,
'y (a+cmk+p)

I'p(a+cmk—np+mkp+p)

class (7), Table 8.6
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