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Abstract

In this work, we give a unification and generalization of Laguerre
and Hermite polynomials for which the orthogonal property is replaced
by the d-orthogonality. We state some properties of these new polyno-
mials.
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1 Introduction

Let P be the vector space of polynomials with coefficients in the field of com-
plex numbers C. A polynomial sequence { P, }n>0 in P is called a polynomial
set if and only if deg P, = n for all integer n.

The literature on unification and generalization of both Laguerre and
Hermite polynomials contains several references but, as far as we know,
only the following generalization {®,}, -, introduced in [3] has a property
related to an orthogonality notion. -

B 1) (@) = (—1)"nlak LR @) > 0k = 0, m

which is orthogonal on the star {7" exp (fﬁﬂ) ;> 0k €{0,... ,m}} for

the weight function w(x) = |z|*M+D+m exp ((—z)m+1).
(i) If @ = 7%, we obtain the Endl polynomial set [17], if moreover

m = 1, we obtain the Hermite polynomial set.



(ii) If m = 1, we obtain the generalized Hermite polynomial set of Szego-
Chihara.

(iii) If m = 0, we obtain the Laguerre polynomial set.
In this work, we provide a second unification and generalization of both
Laguerre and Hermite polynomials having the property of d-orthogonality,
d—orthogonal polynomials are multiple orthogonal polynomials near the di-
agonal along the step-line [1]. That may be defined as follows in [22] [24].

Let P’ be the algebraic dual of P. We denote by (u, f) the action of
the linear functional u € P’ on the polynomial f € P. Let d be a positive
integer and let {P,},>0 be a polynomial set in P. {P,},>0 is called a
d-orthogonal polynomial set with respect to the d-dimensional functional
vector I' = {(T, ', ..., [q_1) if it satisfies the following conditions:

Tk, PnPr) =0, m>nd+k,n>0,
(1.1)
(T PaPrgyr) #0, n >0,

for each integer k € {0,1,...,d — 1}.
Maroni [22] showed that the conditions (1.1) are equivalent to the fact that
the polynomials P,,, n > 0, satisfy a (d+1)-order recurrence relation of type:

d
xPn(l') = ﬁnJranJrl(l') + Z ak,n—d—l—kpn—d-‘rk(x))
k=0
where 8, 1100,n—a # 0
For the particular case d = 1, we meet the well known notion of orthogonality
[15].

Notice by the way, that there are in the literature some d—orthogonal
polynomial sets that generalize the Laguerre polynomial set in ([6], [9], [10],
[11], [25]) and others that generalize Hermite polynomial set in ([5], [6],[7],
[16], [20], [26]).

To introduce our new polynomial set and to summarize the content of
the paper, we recall the following notions.

A d-orthogonal polynomial sequence {P,},>0 is called to be Hahn-classical
if the polynomial set derivative { P}, }n>0 is also d—orthogonal.

Let m be a non negative integer. A polynomial set {P,}, is called m-
symmetric if P,(wz) = w"P,(z) for all n, where w = emiT s (m 4+ 1)-root
of 1. For the particular case m = 1, we meet the well known notion of
symmetric polynomial set [15].

Let {P,}n>0 be a m-symmetric polynomial set, then there exist (m + 1)
polynomial sets {Pﬁ}nzo; k=0,1,...,m, such that



P(m+1)n+k(93) = o* Pﬁ(ﬂfmﬂ); n > 0.

The polynomial sets {P,’f}nzo; k€ {0,1,...,m}; are called the components
of the m— symmetric polynomial set {P,, }n>0.
For any polynomial set { P, },,>0, the sequence of linear functionals {.Z, },,>0
defined by: (%, Py) = 0pnm is called the dual sequence of the polynomial
set {Pn}nzo.

The generalized hypergeometric functions ,F,(z) with p numerator and
g denominator parameters are defined by (see [21], for instance)

(ap) | ._ = [ap]mﬁ
qu< (b)) ,z> = Z bl i’ (1.2)

m=0
P
where (a,) designates the set {ai,...,a,}, [ap]m = H(ai)m and (a), =
i=1
F(S(Z ;n) the Pochhammer symbol and z being a complex variable.

In this paper we consider the following polynomial set {Qy, }n>0 defined
by its generating function

tm+1

G(z,t) = e oF; ; —at (1.3)
al—l—l,...,ar—kl

= Z Qn(ma Ty (Oér); x)tn7
n=0

where a1, ..., a;, are real numbers such that a; ¢ N.
The Laguerre and Hermite Polynomials may be expressed by the poly-
nomials @, indeed,
x

H, (5) = (-)"nlQa(1,0,— —ia),

and

L (@) = (a4 1)aQu(0, 1, 3 )
since (see [18] for instance, pages 242-243),



— +oo (@)
L
a-+1 n=0

and

H
e et = ¢ R 2at | = Z Hulz) t".

- n=0

The main results in this paper are the following:

Theorem 1.1

Let a1, ..., q; be real numbers such that —a; € N, then the polynomial set
{Qn}n>0 is m—symmetric Hahn-classical d—orthogonal with d = (r+1)(m+
1) — 1 and satisfies the following (d + 1)-order recurrence relation

r+1

an(w) = 70(’”7 m, (ar))QnJrl (:L‘) +27j(na m, (O‘T))Qn-‘rl—j(m-i-l)(x)a (1'4)
j=1

where vo(n,m, (ay)) = —n H(n—i—aj) #0 and vr41(n,m, () = (1) (m+
1)+, -

Theorem 1.2
The polynomials {Qn}n>0 satisfy the following d—orthogonality identity

+o0
Ps(x)z"Qp(z)dx = 0, p>nd+s, n>0, (1.5)
0

where the vy, functions are given explicitly as Meijer G—functions, d =
r+1)(m+1)—1and0<s<d-1.

The outline of the paper is as follows. Section 2 deals with the proof
of Theorems 1.1 and 1.2. We derive the dual sequence of the sequence
(Qn)n>0, from which, we deduce a d-dimensional vector of functionals for
which the d-orthogonality holds. In Section 3, we give the components of
the m—symmetric polynomial set (Qn)n>0. In the last Section, we discuss
some questions arising in the d—orthogonal polynomial theory, where the
polynomial set (Q,)n>0 may be useful. From all the obtained results in this
paper, we derive for (m,r) = (0, 1) (respectively, (m,r) = (1,0)) well known
results for Laguerre (respectively, Hermite) polynomials.



2 The d—orthogonality of the sequence {Q,},>0-

In this section we prove our main results, Theorem 1.1 and Theorem 1.2.
Proof of Theorem 1.1

The polynomial set {Qp }n>0 is m-symmetric since G(wz, t) = G(z,wt).
We have also 0,Go(x,t) = 6,Go(x,t), where 6, = x% and 6; = t%. Then
the generating function G(z,t) satisfies the following identity

2G(x,t) = X,G(x,1), (2.6)

T
with X; = ™ Dy H(@t + a;j) et
j=1
Iterating the identity (6;+b) (t”e*tmﬂ) = ((n+b)t" — (m + 1)"tm+h) et

we obtain

r+1
X (") =3 qk(n,m, (aq))tn =R, (2.7)
k=0
with

70(n7m7 (O&,«)) =N H(n+aj) 7£ 0 and "Yr—i-l(na m, (Ckr)) = - <_<m + 1))T+1 .
j=1

Replace (2.7) in (2.6) and compare the coefficients of ¢", we deduce that
the polynomial set (@), satisfies a (d+ 1)-order recurrence relation of type
(1.4) with d +1 = (m + 1)(r + 1). From which the d-orthogonality of the
polynomial set {Qy, }n>0 follows.

The Hahn-classical property of {Qy, }n>0 results from the following lemma.

Lemma 2.1
The polynomial set {Qn}n>0 satisfies the following forward identity:
-1
H;:l(aj +1)

This lemma may be deduced by the following identity

DQ, (m,r, (a,);.) = Qn-1 (m,r, (o +1);.)

0 B —t gmt1

i3 A VTIEEY oL’y ;—at
ey + 1) P
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In order to prove Theorem 1.2, we need the following two lemmas re-

lated to the dual sequence of the polynomial set {Q,}n>0 and its integral
representation.

Lemma 2.2
The dual sequence {2, }n of the polynomial set {Qn}n>0 is given by:

[57]
n (=)™ (1 + i)y
<.>2ﬂj,$ > _ Z ( ) Hzfl( )

k! jn—k(m+1)-
k=0 )
Proof
From (1.3), we have
_ L
oF ) Z Qn(x)t",
14+aq,..., 14+ a, n=0
then
e D DI S
= AL x)t
n=0 n! ngl(aj + 1)n n=0 n! n=0 !

o mn }
. z : §+:1 (_1)an—k(m+l)(x) n
N k! ’
n=0 k=0

which leads to the inversion formula:

szl v qyntk 77
n n!l(=1)" ™ o (1 + a)n
=y kj, 2 Que(man) ()-

k=0

It results that the dual sequence of the sequence {Qy }n>0 is given by:

T (14 e
<%’mn> _ Z n( 1) l_l{[:l(l + Oéz)n 5j7n—k(m+1)-
k=0
U
To derive an integral representation of the dual sequence, we need the Mei-
jer G-functions. So we recall the definition and some properties of these

functions.



The Meijer G-function

m.n ALy ee ey ap
o (=)
is defined via the Mellin-Barnes integral (the reciprocal formula of Mellin
transform) by:

ma(fat,a =) o T —a;+s) |
Gy “1p 2% ds.
IRRRRRYZ H] mi1 1 b+5)Hy n+1F(J*S)
This definition holds under the following assumptions: m € {0,...,q} and
n € {0,...,p} and ar — b; € N. It should be noted that for j > n, the

product H a; are assumed to be equal to 1. It follows then
i=j

)dw_ 0 T, Dby + ) [Ty T(1— a; — 5)
bl,.-.,b ?:m—i—l ( _bJ_S)H§:n+1F(a]+S)

oo
s—1 m,n
/0 A €N (nx

Properties 2.3
m,n ay,. - '7ap—17b1 _ ~m—1n
Cpa <Z bi,. . ..bg )‘Gplvql(z b, . ., by
SSGmn AL, - 50p \ _ ~m,n
Gy, ( by,. ..,b )‘Gm (Z

['(a1)...I(ap) (a1,. . ,ap); 1, l—ay,...,1—a
T M (bl,...,bs; ) =G o 12, 1 Zq

at,. - .7CLp—1 > . m,p.q Z 1 (28)

(2.9)

a1+s...,ap+s
bi+s,...,bg+s

For more details we refer the reader to ([23], pages 45-47).

Lemma 2.4

Let s =k+p(m+1), n=k+pm+1),d=(r+1)(m+1)—1, with
ke{0,...,m} andp’ =p—p', then the dual sequence { %, }n associated to
the sequence {Qn}n>0 is given by

(L, ") = / Ys(m,r,ap; t)t"dt, s <mn, (2.11)
0
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where

tm+1
5 9

Ys(m,r, ap;t) = Ct_(s"'l)Gil;i’(l)
A(m+1,s+1), [A(m+1, ap+s+1)]

(m +1)s!(=1)" %" T (; + 1),

r i+1 j 1+5
[T [Ty D(bs) | (s

the array of m + 1 parameters

C= , &= (m+ 1) and A(m 4+ 1,))

A A+1 A+ m
m4+1

gy

m+1 m+1

Proof '
(=)™l [T, (1 + ci)n

J!

P
From the inversion formula: z" = Z Qn—j(m+1)s

=0
e F(Oé +1+ n)
- + n: 7
we deduce that (Z;,2") = (—1)""? o H W

i=1
On the other hand, we have

MNa;+14+n) L(p'(m+1)+a;+1+5)T(as+1+5)

T(a+1) T(a; +1+s) T(a; +1)
D" + 57
it ltst]
(1)

j=0

" stldg
P UCASIILS § RS )
- P! r(etiddy
T j=0 m+1

I'(n+1)

A S
L(p" +1) ?

and

(Zs,2") = Cs

m+1 p(d+1) mo [T n  a;+1+s+7 n o s+1+4j
ey et >

r
1 111 o )| T + o]

o 1
o (d+1),0 [ ¢ "1
= CS/ Gl,(dJrl) 3 Tt
0 A(m+1,s+1), [A(m+1, ap+s+1)]

(=)™ s iy (@i +1)s

i1 i 147
[T [T D) (i)
+1

formula (2.11) results by the change of variable t = ™",

,and € = (m 4 1)%*L. The

where C =




O
Proof of Theorem 1.2
Maroni [22] proved that if a polynomial set is d-orthogonal, it is d-orthogonal
with respect to a d-dimensional functional vector defined by the d first linear
functionals of the corresponding dual sequence.
The sequence {Qy, }n>0 is d—orthogonal with respect to the d—dimensional
functional I' = (%, ..., %;_1)t, then

+oo
Ps(x)z"Qp(z)dx = 0, p>nd+s, n>0and s € {0,...,d—1}.
0
O
The particular case (m,r) = (0,1) corresponds to the dual sequence of
Laguerre polynomials. That is, for k < n,

n (=DF [ 20 I
(L™ = )/ 29 (1 R,
0 (k+1), (a+1)

For k = 0, we obtain the well known weight function for which the Laguerre
polynomials are orthogonal by the use of the identities (2.8), (2.9) and (2.10).
In fact, we have

1 _
1 a0 4 (2.8) 1 1,0
L+ "\ g e+ 1) g
(2.9) t Lo [, B
D(a+1) %! 0
(2.10) o il ) - tvet
T+ ’ T(a+1)

For the particular case (m,r) = (1,0) and k < n, we have:

2(—1)"F2k! o0
() = BB [T (o gty
reEEOrk+1) Jo



and

_ 1
(L, 22 1) = 2(-1)"F @2k + 1)1 [ e f2n—2k—1 g
2k+15 F(2k+3)f‘(k + 1) 1,2 '
2 0 A(2,2k 4 2)
For k = 0, the first one is reduced to
1
2=1)" [ 20 [ p -
L, 22"y = / Gyl & 21t
< 0 > ﬁ 0 1,2 | 2 1
2
On other hand, we have
1 =1 —
2G2,0 2 (2.8) ﬁ 2 aLo [ 2
t 1,2 4 1 4 0,1 4 1
L3 3
2
w g (s )0 ( - )=t

That leads to the weight function for which the orthogonality of Hermite
polynomials holds.
U

3 Components

Next, we derive the components of the polynomial set {@Qp}n>0.

Proposition 3.1
The components of the m-symmetric polynomial set {Qn (m,r, (o);.)},>0
are given by the following identity

Qn(nH—l)—y‘—k (ma T, (ar)a LE) :Clkun (07 m(T+2)7 [am,m(’r‘-i-l)]; CQxWH_l) 9 (312)

where k € {07 s 7m}) [am,m(r-i-l)] = [A*(m + 17 k+ 1)a (A(m + 17 (ar + k))];
_ 1 _ =y
€= k! szl (o + )i and Cy = (m + 1)(r+1)(m+1) '
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To derive this result, we recall firstly the identity 2, Problem 7, page 213 in
[23]

ai, ... ,0p m (a) (a) xk
F, x| = ZM* (3.13)
Pt q 3 ‘
o1, ... , Qg k=0 (al)k"--(aq)k k!
(A(m +1, (ap + k)
(m+1)p (m+1)q+m ;2]

A*m+1,k+1), (Am+1, (g +k)))

CE’m—H

where z = (m £ 1) pra(miD)’ A(m + 1, \) the array of m + 1 param-

eters

A A+1 A+m
m+1" m+1""""m+1’
A*(m+ 1,k + 1) is the array of only m parameters

k+1 k+2 k+m+1
m+1 m+1""""7 m+1

, ke{0,...,m}

1
where we omit the term Lj——l’ A(m+1, (ag + k)) is the array of (m+ 1)q
m

parameters A(m+1,a; + k), j € {1,...,q}.
Now, from the generating function (1.3) and the identity (3.13), we deduce
the desired result.

Remark 3.2
The identity (3.12) may also be deduced from a general result obtained in

/2].

Remark 3.3

The identity (3.12) means that all the components are of Ben Cheikh-Douak
type [6]. So all the components are Hahn-classical ((m + 1)(r + 1) — 1)-
orthogonal.

Remark 3.4
The identity (3.12) , for (m,r) = (1,0), leads to (see, for instance, [18] p.
253)

_1
Hoy(z) = (=1)"nI2*" Ly, 2 (2?)
1
Hopyi1(z) = (—1)"n12*" Mz L2 (27).
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4 Concluding Remarks

In this section, we survey some questions arising in the d—orthogonal poly-
nomial theory and related to the polynomial set introduced in this paper.

Remark 4.1

In d-orthogonality theory, there are two interesting characterization prob-
lems which deal respectively with generalized hypergeometric polynomaials and
Brenke type polynomials. Such problems were solved completely for d = 1
[18] [14] and partially for d > 1 [10] [8] [4]. A further particular case re-
lated to these two problems consists to find all d-Orthogonal polynomial sets
having generating functions of the type

(CU) -
G(x,t) = F, s gl oFy s xt

(dv) (bq)

or, equivalently, a generalized hypergeometric representation of the type

A(m+1a_71)7A(m+1)_n_(bQ))v(Cu)
n m—+1
" (1) (g1 +u b O

(dv)

In a forthcoming work [13], we show that the only solution for this problem
arises for (¢, u,v) = (r,0,0) where d+1 = (m+1)(r+1). That is to say the
polynomial set studied in this paper is the only solution of this characteri-
zation problem. The particular case m = 0 corresponds to the polynomials
studied by the second author and Douak [6] and appearing in a problem of
singular values of products of random matrices [19].

Remark 4.2

Askey-scheme [18] is a convenient graphical way to see the hierarchy of
hypergeometric orthogonal polynomials. The families on top have four pa-
rameters. When you go down one level then you lose one parameter. In the
bottom level (Hermite polynomials), no parameters are left. The arrows de-
note limit transitions. In order to construct similar table to Askey-scheme in
the context of d-orthogonality, Ben Cheikh, Lamiri and Ouni [8], introduced,
via characterization theorems, many d-orthogonal polynomial sequences gen-
eralizing the polynomial sets arising in the Askey-scheme. They obtained,
for instance for d > 3:

d-Wilson and d-Racah polynomial sets with d + 3 parameters,

12



d-continuous dual Hahn, d-dual Hahn and d-Hahn polynomial sets with d+2
parameters,

d-Laguerre-Meixner, d-Jacobi, d-Meixner and d-Krawtchouk polynomial sets
with d + 1 parameters,

d-Laguerre, d-Bessel-Jacobi and d-Charlier-Meixner with d parameters,
d-Bessel-Jacobi and d-Charlier-Meizner with r parameters, 2 <r <d —1,
Humbert, d-Charlier I, d-Charlier 11, d-Charlier 111 and d-Bessel polynomial
sets with one parameter,

and d-Hermite (Gould-Hopper) polynomial set with 0 parameter.

It’s then of interest to look for generalized hypergeometric d-orthogonal poly-
nomial sequences (d > 3) with q parameters, 1 < g < d—1. Some polynomial
sets satisfying such conditions may be derived from the results obtained in
this paper. In fact, if d+1 is not a prime integer, say d+1 = (m+1)(r+1),
(m,7r) # (0,0), the polynomial set Q,(m,r, (ar),.),~q s d-orthogonal with
r parameters and, by symmetry, the polynomial set Qn(r,m, (cum), ), >0 5
d-orthogonal with m parameters. That may be done for all couple (m,r)
satisfying the above conditions.

Remark 4.3

There are also two open questions related to two properties for Hahn-classical
d-orthogonal polynomial sets:

Question 1: Are all the components of a m-symmetric Hahn-classical d-
orthogonal polynomial set Hahn-classical?

Question 2: Do all Hahn-classical d-orthogonal polynomials satisfy (d + 1)-
order differential equations?

All the known Hahn-classical d-orthogonal polynomial sets as well as this
new one introduced in this paper satisfy these two properties. That suggests
us to conjecture that these two open questions have affirmative answers.

This project was supported by King Saud University, Deanship of Scientific
Research, College of Science Research Center.

References

[1] A.L. Aptekarev, Multiple orthogonal polynomials, J. Comput. Appl.
Math. 99 (1998) 423-447.

[2] Y. Ben Cheikh, Decomposition of the Boas-Buck polynomials with
respect to the cyclic group of order n, Ann. Univ. Mariae Curie-
Sklodowska Sect. A 52 (1998), no. 2, 15-27.

13



[3]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Y. Ben Cheikh, On some (n—1)-symmetric linear functionals, J. Com-
put. Appl. Math. 133 (2001), 207-218.

Y. Ben Cheikh and N. Ben Romdhane, d-symmetric d-orthogonal poly-
nomials of Brenke type , J. Math. Anal. Appl. 416 (2014), 735-747.

Y. Ben Cheikh and K. Douak, On the classical d-orthogonal polyno-
mials defined by certain gemerating functions, I, Bull. Belgian Math.
Soc. Simon Stevin 7 no 1 (2000), 107-124.

Y. Ben Cheikh and K. Douak, On the classical d-orthogonal polyno-
mials defined by certain generating functions, II, Bull. Belgian Math.
Soc. 8 (2001), 591-605.

Y. Ben Cheikh and M. Gaied, Dunkl-Appell d-orthogonal polynomials,
Integral Transforms Spec. Funct. 18 (2007), 581-597.

Y. Ben Cheikh, I. Lamiri and A. Ouni, On Askey-scheme and d-
orthogonality, I: A characterization theorem, J. Comput. Appl. Math.
233 (2009), 621-629.

Y. Ben Cheikh, I. Lamiri and A. Ouni, d-orthogonality of Little q-
Laguerre type polynomials, J. Comput. Appl. Math. 236 (2011), 74-84.

Y. Ben Cheikh and A. Ouni, Some generalized hypergeometric d-
orthogonal polynomial sets, J. Math. Anal. Appl. 343 (2008), 464-478.

Y. Ben Cheikh and A. Zaghouani, d-Orthogonality via generating func-
tions, J. Comput. Appl. Math. 199 (2007), 2-22.

M. Blel, On m-Symmetric d-Orthogonal Polynomials, C. R. Acad. Sci.
Paris, Ser. I 350 (2012), 19-22.

M. Blel and Y. Ben Cheikh, On some m-Symmetric generalized hy-
pergeometric d-Orthogonal Polynomials, preprint.

T.S. Chihara, Orthogonal polynomials with Brenke type generating
functions, Duke Math. J. 35 (1968), 505-518.

T.S. Chihara, An Introduction to Orthogonal Polynomials. Gordon and
Breach, New-York, London, Paris 1978.

K. Douak, The relation of the d-orthogonal polynomials to the Appell
polynomials, J. Comput. Appl. Math. 70 (1996), 279-295.

14



[17] K. Endl, Les polynéomes de Laguerre et de Hermite comme cas parti-
culiers d’une classe de polynomes orthogonauz. 1. (French) Ann. Sci.
Ecole Norm. Sup. (3) 73 (1956), 1-13.

[18] R. Koekoek., P.A. Lesky and R.F Swarttouw, Hypergeometric Or-
thogonal Polynomials and Their q-Analogues, Springer Monographs
in Mathematics, With a Foreword by Tom H. Koornwinder, 2010.

[19] A.B.J. Kuijlaars and L. Zhang Singular values of products of Gim-
bre random matrices, multiple orthogonal polynomials and hard edge
scaling limits, Comm. Math. Phys. 332 (2014) no. 2, 759-789.

[20] I. Lamiri, d-orthogonality of discrete q-Hermite type polynomials, J.
Approx. Theory 170 (2013), 116-133.

[21] Y.L. Luke, The Special Functions and Their Approximations, vol. 1,
Academic Press, New York, San Francisco, London, 1969.

[22] P. Maroni, L’orthogonalité et les récurrences de polynémes d’ordre
supérieur & deuz, Ann. Fac. Sci. Toulouse 10:1 (1989), 105-139.

[23] H.M. Srivastava and H.L. Manocha, A Treatise on Generating Func-
tions, John Wiley & Sons, New York, Toronto 1984.

[24] J. Van Iseghem, Vector orthogonal relations. Vector QD-algorithm, J.
Comput. Appl. Math. 19 (1987), 141-150.

[25] S.Varma and F. Tasdelen, On a different kind of d-orthogonal polyno-
mials that generalize the Laguerre polynomials, Mathematica Aeterna
2 (2012), 561-572.

[26] A. Zaghouani, Some basic d-orthogonal polynomial sets, Georgian
Math. J. 12 (2005), 583-593.

Mongi BLEL Youssef BEN CHEIKH
Department of Mathematics Department of Mathematics
College of Science, Faculté des Sciences,

King Saud University 5019 Monastir

Riyadh 11451, BP 2455, Tunisia

Kingdom of Saudi Arabia.

mblel@ksu.edu.sa, mongi_blel@yahoo.fr youssef.bencheikh@planet.tn

15



