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Annoranus. Ormedaercs, aro Marymn Caiiro Beest 060611eHEBIE JPOOHBIE OIIEPATOPHI,
BKJIIOYAIOIIUE TUIIEPreoMeTpruYecKy o dyHKIuno [aycca, nMeromue 4eTbipe YacTHBIX CJIy-
Jasi: IpobHble omepaTopbl Pumana — JIuysusist, Beitns, 9paen — Kobepa njis jeBoit u
npaBoit yacteit. Mpuayna lapr u Jlara Yangamanum ycTaHOBHIN (-aHAJIOTH JPOOHBIX WH-
TerpasibHbIX ornepaTopoB Caiiro. Vcnonb3yst 9Tu pe3ysibTarThl, UCCIAEAYIOTCs 0000IeHMsT
WHTErpasibHBIX ornepaTopoB Caiiro, a Takke X g-aHajoru. Kpome Toro, mosy<eHbl HEKO-
TOpbIe HOBBbIE PE3YJIbTATBI, CBA3AHHBIE C OOODIIEHHBIMU WHTEIPAJIBHBIMU OIEPATOPAMU
Caiiro u ux q-pacuIMpeHUsIMHA.

KuroueBblie ciioBa: MHTErPAJIbHBIE OITEPATOPHI, 0OOOIIIEHHBIE THIIEPTEOMETPUIECKIE Psi-
Ibl, g-raMMa pyHKIuH, g-6eta OYHKINA U HHTETPAJIBI, (-UCINCIEHNE U CMEKHbIE T€MbI

Baaromapaoctu: Kymmunkymap K. Hayaxapu BbipazkaeT riryboKyio 0J1aroJapHOCTb
IIpaBurennscrBy WMuauu, MunucrepcTBy Hayku u TexHojoruii, /lemapramenty Hayku u
rexuosioruit (DST) 3a npemuto INSPIRE Fellowship (DST/INSPIRE Fellowship/2022/
IF-y220147). Kpome Toro, aBTopbl HCKpeHHE GJIaroapsiT PeJakTopa U PEleH3eHTOB 3a
WX COJZIEPIKATENILHBIE ¥ BCECTOPOHHUE OT3BIBBI O HAIIEH CTAThe.
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curera. Cepus Maremaruka. 2025. T. 51. C. 66-81.
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1. Introduction

The study of extending the concept of integer ordered derivatives and
integrals to the concept of fractional order derivatives and integrals is called
fractional calculus. Fractional calculus has important applications in the
field of Physics and Engineering [10]. One important area of interest within
this field is the investigation and derivation of fractional operators, in-
cluding but not limited to the Riemann—Liouville, Weyl, Erdély-Kober left
and right sided fractional operators, Caputo, Marchaud, and other novel
operators. These operators are useful to reformulate classical models in
fractional models, leading to improved outcomes in applications [4;11;13].

In 1978, Megumi Saigo [16] derived two (left and right sided) fractional
integral operators involving the classical hypergeometric function with four
distinct special cases. Since then, many mathematicians have furnished to
the theory and applications in the area of fractional calculus. Rao et al. [15]
derived fractional operators involving the Wright-type generalized hyper-
geometric function and established some new results related to fractional
operators involving the generalized hypergeometric function [17]. Addi-
tionally, the emergence of g-calculus has further enriched the intersection
of mathematics and physics, fostering connections with quantum theory,
statistical mechanics, number theory, and combinatorics [5;6].

The concept of fractional g-calculus, an extension of ordinary fractional
calculus to include g-extensions, has found widespread utility in various
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domains. Beginning with Al-Salam’s work on the g-analogue of Cauchy’s
formula, researchers such as Agarwal, Isogawa, Rajkovic, Saxena, and Ya-
dav have made significant contributions to understanding fractional q-
derivatives and g-integral operators [2]. Notably, Garg and Chanchlani
extended Saigo’s fractional operators to introduce their g-analogues [7],
involving the infinite series closely related to g-hypergeometric series [8].
In light of this backdrop, our study delves into the realm of extended
Saigo fractional operators, involving generalized hypergeometric function,
defined by Virchenko et al. [17] and their g-versions, involving the infinite
series closely related to generalized g-hypergeometric function [3], build-
ing upon the foundation laid by previous researchers. By exploring these
operators, we aim to contribute to the evolution of fractional calculus.

2. Methodology

We obtain the boundary conditions for the newly defined integral oper-
ators and derive some interesting results using below mentioned definitions
Definition 1. For 3 € C, the g-shifted factorial is given by [6; 8]

1,0=0
), =1 o 0 1). 2.1
(57Q)Z H (1_3qm)7€€N ’ ( <‘Q’< ) ( )

m=0

Definition 2. The g-extension of the power function is defined as [7]

(a—b),, =a™(b/a;q),,. (2.2)
Definition 3. For 0 < |q| < 1, the g-integral is given as [6;8]

b a
/f(é)

/b £ G) dgs — / £G) dgs, (2.3)
a 0

where /f (1—g¢q ;%f( ) (2.4)

0
and, /f ) dgz = (1—q) Z f (qk) q~. (2.5)
0 k=—o00
Definition 4. The ¢-gamma function is defined as [6; 8]

L) = LD (11 (R >0,0< gl <1).  (26)

(6% 9) o0
In terms of g-shifted factorial, the g-gamma function is given as [8]
(Q§Q) —1
I, (o) = —">—. 2.7
q ( ) (1 _ q)Oé—l ( )
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A NOTE ON EXTENDED SAIGO OPERATORS AND THEIR -ANALOGUES 69

Definition 5. The g-expression of beta function is given as [6;8]

(e 9]

B (@5 9) 0 1ony
= (¢"7259)

where Re(z1),Re(z2) > 0 and its integral expression is given as [8]

1

(zq;q
(21,22) /le ! quQ’qoo dqx. (2.9)
0

The g-beta function is described in terms of g-gamma function as [8]

Lq (21) g (22)
Ly(21+22)
Definition 6 (Refer [2]). If v € R is fized, a subset A of C is called

v-geometric if vz € A whenever z € A. In addition, if a subset A is
v-geometric then it contains all geometric sequences {2y}, ,z € A.

Proposition 1 (Refer [2]). Let k € C and let f be a function defined on
a y-geometric (with v = é) set A. We say that f € Sy, if there exists
v € C,R(v) > R (k) such that |f (xg™" ") = O (¢"") asn — oo,z € A.
Which means, if f € Sy . then for each x > 0 there exists a constant C' > 0,
C' depends on x and k such that |f (xg="")| < Cq™.

,Bq (21,22) = (210)

n=0"

3. Main Results

3.1. EXTENDED SAIGO INTEGRAL OPERATORS INVOLVING GENERALIZED
HYPERGEOMETRIC FUNCTION

We define integral operators involving the generalized hypergeometric
function as

yZRl )‘,u"i‘n:uvv 1_£
TEAE (y) = u+nr / — ( ?J)) E(t)dt, (3.1)

0

are oy L 2R (A ptmp(1- )
and, \.7#77 g(y) - F(,U,) / (t — y)liut’u‘kn t f(t) dt, (32)
y

where p,n, A € R with A < 0, u > 0and 1 < 0 such that u+n > 0, A > n—i.
oR1 (a,b;¢;7;3) is the generalized Gauss hypergeometric function [17]. For
a,b,ce C,R(a),R(b),RN(c)>0;7 >0 and [3] < 1, we have

o T ¢
oR1(a,b;¢;753) = II:EECJ)) ;) (“%{(Fc(f’r;)f) %a (3€C). (3.3)
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Remark 1. Special cases
1) Taking n = —p in (3.1) and (3.2), we get left sided Riemann-Liouville
and Weyl fractional integral operators [4;11;13], respectively.
2) Taking n = 0 in (3.1) and (3.2), we get left and right sided Erdély-
Kober fractional integral operators [4;11;13], respectively.
3) When 7 = 1, (3.1) and (3.2) reduce to left and right sided fractional
integral operators [16], respectively.
3.2. SOME RESULTS ON EXTENDED SAIGO INTEGRAL OPERATORS

Theorem 1. If yu,n, A € R with A < 0,0 > 0,1 < 0 such that u+mn > 0
and & be a function with € € L2[0,c| then T"¢ € L21]0,c] and

/ € @®2dt| s, (3.4)
0

where

> (—2m—1)"2
T TENT ()
Proof. Consider,

2
(|fzm )= ?M/y o (e s (028) ol 0y <
0 0

-

(_)‘71)7(_)‘71) ,U'+777 )
(4‘1’3[ (1, 7) 1,7) (1,

(n+n,7) ;1]>2'

1)

(/’L) (yit)lf‘u
! 2i (—A)kf(u+n+7k)‘2
I'(p+mn) o T (u+ k) k!
e [ () (00 -
0 c
I R R G N R
_‘T(TJH?) kZO Wt (1 + k) k" B(L,2(p+k)—1)

(t — C)—2(u+k

< 2
/%ﬂﬂ (2(u+n+k),1;2(u+k);cct> dt
0

S|t 2§: (AL (et + k) | 1
T+ = T (4 7k) k| (2(p+k)—1)
— (2(p+ n +k)) / (stkm)
dt
ZO 2@ (T h) € @) |(c - 1)
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Which implies

R (i + 7k) k!

],
2 o0

U (p+n+ k) [? 1
S(' Tt ,2( G ot ) K| @R )
240+ k) (Do kemge )|
DI e /\s RICEIE dt))
< ‘ (*)‘)kr(ﬂ+77+7'k:)2 1

I'(p+mn)

( CIPESEY
> Cﬁ”jfk ol L / (e~ g t) ( / s<t>2dt)
Jmrm 0

=0
<' <' (AL (et +7k) [
T'(u+n) 2(p+ k)T (u+ 7k) k!

C

mQE( (h+n+k),12(+k); >) (/f dt)

Using the Gauss summation theorem [14]; o F} (s,b;t;1) = %, and

further simplifications, the above expression reduces to

(/ ¢ (t)'th> 'r ] <(r <—A>c>12_(2—n2n -

oo

ZF(*A+’“)F(*A+k)1“(u+n+7k)r(u+n+7k)£ 5
=0 T(u+7k)T (n+7k)T (14 k) %!

Which completes the proof. ]

=

IN

Theorem 2. If u,n, A € R with A < 0, > 0,7 < 0 such that p+n >
0,A>n—1|w| <4 and & € L2[0,00), then

ey, < ( 7 §<t>2dt) P (35)
0

w2(p—n)—1

‘F(Wrn) ‘ (F(*/\)F(*)\)

6‘1/4 |: (7A7 1) ) (7A71) ) (1U‘+7777—) ) (/1+an) ) (2/172) ) (2 (/U‘ 777) + 172) .w2:|)é
(/177)7(#77)7(171)7(4/1*277+174) ' '

where G =
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Proof. Let us begin with

(17 2™ g],)?
[e’e] oo ’
/ / YRR, (—A,/x s (1 %))5(1") dt| dy
w )
00 2
- Z (=) T (u+77+7k) / ‘ “+’“‘1( dydt
—~ T (u+mT (1 + k) k! |tu+n+’f|
‘ i u+n+7k)
T(utn) & ,u—i-Tk:)k:' (2 (u+k)—1)
/ €@ ¢ — w0t
> M+U+Tk)'
<
_< I'(p+mn) g: M+T@M

o0 2
2|4~ (k) -5 |
tT2 Nt —w 2| dt
o oL e
w
- 1
2 )
2 T (u+n+ k)|
< t)|“dt
<( [rw ('P kZ Ll
0
oo 2
/ En(e — ) =5 gy
Q2(u+k)—1) k - 1)
w
Using the integral representation of beta function and further simplifica-
tions leads us to (3.5). O

Theorem 3. For p,n, A\ € R with A < 0, > 0,7 < 0 such that p+n >
0,)\>77—%,§R(0)>—1 and y > o > 0, we have

y i i (=Nl (w+n+7k)
U(p+n) & T(p+7k) k!

- o+pt+k
y O;),g ﬁ(yya;u+k,a+1>. (3.6)

THM My — o) =
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Proof. By taking £ (y) = (y — «)? in (3.1), we get

T2 (y - a)
Y
—y”"/( — LR <)\ T <13)>(ta)”dt
F(H) Yy 24] s 5 KT, y
0
~ y
B y e Z I'(p+n+7k) ( >k/ PR )7 dt
I'(p+mn) = u+7k: ) k! )
Y
—pu-n X (_ k
_ ) Z( )\)kr(ﬂﬁLnjL'Tk) (l) /(t),LLJrkl(yta)adt
Clp+n) & Tlp+7k)k! v/

Taking t = (y — «)u and further simplification leads us to

yH i(A)kf(u+n+7k‘)(y—a)"+”+kﬁ< y -u+/<:a+1>
D(p+n) = T(p+7k)k! yk y—a’ ’ ’

where 5 (z;a,b) is 1ncomplete beta function and is given by [12]

z
B(z;a,b) = [us™! bldu O
0

Theorem 4. For p,n, A € R with A < 0, > 0,7 < 0 such that p+n >
0,A>n—1; R(0) <0 such that n > R (c) and y > a, we have
i u+n+7k)I

M+Tk)k' ’

(72 (y = a)) = - /Hn 3 (37)

where, I = (y;;l)aﬁ (u+Fk,n—o)2Fy

/—\

—o,u+kip+n+k—o; (y a>>
Proof. Let us consider,

TEM (Y~ a)”

= %ﬂ) 7(75 — ) TR (-% [ 705 5 T (1 - %)) (t—a)’dt

[e. 9]

I'(p+mn) ,;) I (p ii/j /; ) / p T 0
- Yy
i I'(p+n+71k)
I'(pn+n) u + 7k) k!

k=0



74 K. K. CHAUDHARY, S. B. RAO

oo
The integral, I = [ (t — y) TRl men—k (¢ — 0)?dt, in above term can be
y

[oe)
rewritten as I = f (*Ty)“*'k 1

t7171(t — a)?dt. Now, taking t = - and

Y
by further simplification, we have the proof. O

Theorem 5. For u,n, A € R with A < 0, > 0,7 < 0 such that p+n >
0,A>n— %,3‘%(0) > —1;7>0,and,z > 0, we have

[ow [mrcw] i [¢@ [gmro@]ar @y
0 0
Proof. Consider the left hand side of (3.8),
[ 6@ [z @) ds
0

%/x(x — 0" Ry <A,u+n;u; 7 <1 - é)) ¢ (t) dtd
0

o

1 (¢
T /;wn/("’“t) 2Rl< TR (1—)>£()dtdx
0 0
:Wo/g(t)t/ s 2Rl</\,ﬂ+n 1 (1—))¢( ) dzdt
Which is equal to right side of (3.8). ]

3.3. EXTENDED SAIGO Q-INTEGRAL OPERATORS

In this section, we define g-analogues of (3.1) and (3.2) as below;

et [ (), 35 el s
W (5 - 1) eyt (3.9)
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—p(pt+l) o0

2 Z W @54)
an Y \77',(1 g(y) Fq (H) (t )H 1 —

(g% q Tm(q, Dm
)

(_qu(’;)

t 1
— <§ - 1> m,g (tg' ™) dgt, (3.10)

where p,n, A € R with A < 0,u > O0and 1 < 0 such that u+n > 0, A >
n—47>0and 0 < g < 1.

Remark 2. Special cases

1) Letting ¢ — 1 in (3.9) and (3.10), we get (3.1) and (3.2), respectively.

2) Clearly, g-Riemann-Liouville and q-Weyl operators [2] are special cases
of (3.9) and (3.10), respectively, when n = —pu.

3) Taking 7 = 1 in (3.9) and (3.10), we get left and right sided Saigo
fractional integral operators [16], respectively.

3.4. SOME RESULTS ON EXTENDED SAIGO Q-INTEGRAL OPERATORS

Lemma 1. The summation formulas of (3.9) and (3.10) are given as

wmde iy e (((%9) (@ 0) 1 (6 )
fraet =y XZ( <qu;q>rm<q;q>m

m=0

es n+1mzq ") k5< k+M>>’ (3.11)

1—g" X ([ (aa), (@) (@ @),
and, .ﬂf&n’)\f (y) = u+1q Z < (g*;q)... (q;q)

m=

Z ’“5 (yq W““)) . (3.12)

k 7



76 K. K. CHAUDHARY, S. B. RAO
Proof. By using (2.4) and (2.7) in (3.9), we get

- - > —-A. _
THIA _y -t (@ 0) (a7 9),, ¢APM(-1)"
T,q f(y) X X T
(q’ q)”_l q q)Tm(q q)m qg 2

m=0
y(1-a) ) @ (vda/v;a),_, (yyi] - 1> & (ve’)
=0 m
O R N A T e Ut
RRCTES ( D (@ D
(- y &2 | |
: nmm 5 qu (@*540), (¢ = 1), (vd)

q j=
Applying (2.2) in above expression, we get

° M. =
R S T

m=0
(\— n)m q]Jrl ) _ . ) m(m—1) ;
1 m(m 1) Z ] 1l {(qijﬂq)m(_q])mqi 2 1 :|§ (yq])
q q)u—l

m(m—1)
Using the identity (see [8]) (a;q),,(—a 1) ¢" 2 2 (a™'¢'™™;q), and
further simplifications leads us to

e ptn. —A.
TP () =y (- ) x Y <(q o0 Doy o

m=0
00 (qm+k+1 q)
1
qu—f—k [ <qk+1;q) 5(quJrk) .
k=0 q Q)M—l m
(a3q)

Finally, by using (¢;¢), = g ands (a50),,14 = (459),,(aq™; q)y,, we
get the right hand side of (3.11). With the help of same identity operations
n (3.10), we can prove (3.12). O

Theorem 6. For pu,n,A € R with A\ < 0,u > 0and n < 0 such that
p+n>0A>n—%7>0and0<|q <1

—-A. +n. .
I‘u”n’)‘yo _ (1 — q):u‘ i (q ; q)m(qﬂ 77’ q)Tm (q/ﬂ Q)m q()\,n+g+1)m (313)
m Y17 A= (@5 @) (G D (€750

Yo (1 — q)” ad (q’)‘;q)m(q“ﬂ;Q)Tm(ql‘%CI)mq(,\—a)m.

and, ju,ny)\ya —
i Mot ue L= (q150) 1 (€30 (775 @) g

(3.14)
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Proof. To prove (3.13), let us begin by taking & (y) = y? in (3.11), we get

—A. . .
THIAT _yT0(1 — ) x i (679),,(" )1 (0" @)
(0" 9) 71 (€5 @)y

m=0
q(/\ n+o+1)m qu(lJra u )
pare (@),

Using g-binomial identity (refer [6;8]), we get the right hand side of (3.13).
In the same manner, we can prove (3.14). O

Theorem 7. If f(x) and g(z) are functions expressible in power series
with radii of convergence Ry and Ry respectively, then for p,m, A € R with
A< 0,u>0andn <0 such that p+mn > 0;7 > 0;0 < |q| < 1, we have the
following result

o0

) _
/f ) TN g (y) dgy = ¢~ 2 /g(yq MYTEIAf (y)dgy,  (3.15)
0

0

provided the g-integrals exist.

Proof. Using (3.12) in the left hand side of (3.15), we have

/ L— )" o ((67%9), (@90 (@" D s
/f(y) T (y) dgy = % 2 <( o Lo 050) 7
0

i el (@5 @) e (@ D)1,

=0

ke q“er @™ @), k
Zq” /f q B _m) dqy | dgx.
0

On interchanging the order of integration and summations and applying
the formula (2.5), the above expression is equal to

1—qg)* (@), (@) (@5 D
D (z(( e e
q 2

=\ (050 (G D)y
Z qk q”Jr g ( r+m+k> g (qr—u)>> .

Again, by using (2.5) and thanks to (3.11), we get the right hand side of
(3.15). O

Theorem 8. For u,n, A € R with A < 0,u > 0 and n < 0 such that
w+mn>07>00 < |q < 1;|q’\(1—q)| < 1 and &(y) is defined on
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L;10,a]; we have

a

/

0

Hig3 (y)‘ dgy < B/ 1€ (1)l dgy, (3.16)
0

¢ <<1q;)-1>} '

where B= i
q

a="(1—9)'""(g59) " (=A1), (u+n,7), (1, 1)
T (1,7) (1 + 1, 1)

Proof. Consider,

/|Iu T E ()| dgy

i(

(qﬂ n,q)Tm(q Q) q(/\777+1)m
(q ,q)Tm(q, ).

; - (qﬁ(“rm,)q) Mag (aqr-i-k-i-m) ‘) .

On series rearrangement techniques and using (2.4), we get the inequality

(q ,q)Tm(q, Do

Sal_"(l—q)“ﬂi ( 1= |¢ (ag") |i ( T54) (@ 0) i (6759,

< al—ﬂ HJFlZ <q |£ CLq | i ( - (unrnaQ)Tm(qu q)m

= (q ) (G Do,

Py (gl ) ).

which reduces to the right hand side of (3.16). O

Theorem 9. For pu,n,A € R with A\ < 0,u > 0and n < 0 such that
p+n>07>0;0<|gl <1andf €Sy, wehave
1—n—R —
TENAE (y ‘ Clg:9) (1 = @) 7MWy
7,q — uu+1) +§R(v)
¢ 2 (¢m7iq) Tq(=A)Tq(p+n)

(_)‘7 1)7(#‘*‘7777)7(/% 1) M
31&2[(”77)7@4_174_%(1})’1)'q, i—g | (3.17)

NsBectusi IpKyTCKOTO TOCY/IapCTBEHHOTO yHUBEPCUTETA.
Cepusa «Maremarukas. 2025. T. 51. C. 66-81



A NOTE ON EXTENDED SAIGO OPERATORS AND THEIR -ANALOGUES 79

Proof. Let us begin us left hand side of (3.17).

pu(pt1)

‘Jffé"’Aé (y)(zq* 2 (1-9)"

)

RS (a49),, (@ q) (@0,
' Z( (@"9) 71 (4 01

_-atyn i (q‘k;q)m(q“”;CJ)Tm(Q";q)qum
B e (@":9) 7 (€ D)y

i an (qHer; q)k ‘5 (yq—u—(k-l-m)) ‘ )

=0 (@ 9)y,

Due to the beautiful proposition 1, we can rewrite the above expression as

— o &
e ) < LSS x> <

(a49),, (@) 1 (@0, P
(@5 @) (G Do

q m=0

S g ("™ ), ‘ Cglkrm

=0 (49
col-—a'y 3 (070) (@ @) (@5 D1
> p(p+1) — (qy; Q)Tm(Q5 q)m

‘q(H%(U))m‘ (qu+m+n+§fe(v);q)oo> |

(q77+§R(v) : q) -

Which reduces to (3.17). O

4. Conclusion

The present research work aims to study properties of extension of left
and right Saigo fractional integral operators [16]; which includes bounded-
ness of these operators and other results inspired from Garg and Chanchlani
[7], also authors elegantly and successfully have established in the Theorem-
3.5 about the relationships between both the left and right type extended
Saigo integral operators. Q-analogues of these operators have been invented
in terms of new definitions and analysed, which along with other observa-
tions, adds flavour by obtaining summation formulae for these gq-analogues.
Finally relations between these g-analogues of extended Saigo operators
have been obtained along with results relating to their boundedness.

Significance of the present study lies in the fact that, in the era where
people are working on new techniques with sophisticated mathematics,
authors here tried to highlight the theoretical beauty of relatively old
definitions to the mathematical community, appealing mathematicians to
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explore such historical ideas in applications. As an aesthetical point of
view also, the present work serves the purpose of torch-bearer again about
intersection of traditional fractional calculus and g-calculus.
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