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1. Preliminaries

Let the spectrum of a matrix in C™*", denoted by o (A), be the set of all eigenvalues of
A. Recall that a matrix A € C"*" is said to be positive stable when

B(A) =min{A(z) /z€0(A)} >0 (1.1)

For a positive stable matrix A € C™", the ¢g-gamma matrix function is defined by [10,
Eq.(3.13)]

T, (A) = / tA B dt (1.2)
0

and the reciprocal g-gamma matrix function is defined as [10, Eq.(3.20)]

I (A)=[A],[A+1],...... [A+ (-1, 07 (A+nl), n>1 (1.3)

q q
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If A and B are positive stable matrices in C"*" then the ¢-beta matrix function is defined
as [10, Eq.(4.5)]

By (A, B) = [ (tg:0)s (ta%q) t7 dyt (1.4)

S —

Furthermore, if A,B and A + B are positive stable matrices in C"*"such that AB = BA
then the beta matrix function is defined as [10, Eq.(4.6)]

B, (A, B) =T, (A) Ty(B) I',;' (A+ B) (1.5)

2. Introduction
A generalized structure of the Mittag-Leffler matrix function is given by [11, Eq.(2.9)]:

(A2)"

n!

E;‘IB;ICM Az;8,T) Z Y(anI + B) [(C)W} o (2.1)

n=0
where A, B, C' are positive stable matrices in C?*?, a, ), z € C with R(a) > 0,
d,p>0, re{-1,0} UNand s € {0} UN.

Interestingly, the proposed function ((2.13) below) also enables us to define and include
the g-analogues of

(i) Bessel-Maitland matrix function [11] :

o0

Jﬁf’(z) = Z(—l) DYl +nul + 1) _7:

n=0

(ii) Dotsenko matrix function [11] :

oRi(al,bl;cl,wl;v;z)

i T(al +nI)T~Y(al) T(0I + n%[)l“*l(b]) T(cI) T} (el + n 1) .

(ili) Saxena and Nishimoto’s matrix function [11]:

Errl(ogl, Bi)ig; 2]

o n

= (YD) gl M (oynd + BT~ (agnI + Bg)n
n=0

where 2,7, ;, 5; € C,R(o1 + az) > R(K) — 1, R(K) > 0, and

(iv) the Elliptic matrix function [11] :
T iy, ir g2
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The following definitions and formulas will be used in this work.

For A € C™" and ¢ # 1, ¢® = e*1°87 then the ¢-shifted factorial matrix function is
defined by [10]

R if n=0
VW)“‘{ (I — AT — Ag)..(I — Ag™1) if neN. (2.2)
For any n,
(A5 9)n = (43 9) (A" 0)
where .
(A1) = [T = Ad"), gl < 1.
k=0
(A =JJI—AdH", Al <1, Jel <L
k=0
A ¢-binomial coefficient is (cf. [2, Ex.(1.2), p.20] with r = 1):
n (¢":d")n
= ;7 % 0. 2.3
{ m } (@3¢ )n-m (@754 )m (23)
A g-gamma function is defined as [10, Eq.(3.18)]:
To(A) = (¢:0) (6% 0)0 s (1 — @), (2.4)

q—n¢ U(qA)a n:071727"'

For A € C"™*" the g-analogue of Legendre’s duplication formula is of the form [10,
Eq.(3.23)]

I, (24) T, (%) T (AT, (A . [) L+ gt

(2.5)
where ¢ " ¢ o (¢**), ¢ ¢ o (¢*), ¢ ¢o ("), n=1,2,--
In view of [3, Eq.(6)], we can propose the the following theorem for matrix function.

Theorem 2.1. If f(z) = > V,2" is an entire function then the order o(f) of f is given
n=0
by

o(f) = lim supnlogn log(|Vall) ™. (2.6
n—oo
and the type of the function o is given by [3]

eoo = lim sup (n ||Vn||9/n> : (2.7)
n—oo
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For every positive €, the asymptotic estimate [3, Eq.(8)]
[f(2)] <exp((o+e€)[2]%), |z[ =710 >0 (2.8)
holds with o, 0 as in (2.6), (2.7) for |z| > ro(€), ro(€) sufficiently large.

For any complex square matrix A and |q| < 1 the g-analogues of the exponential
matrix functions are defined as [10, Eq.(3.11)]

00 An B
eq(A) = 2 Gon =((1-9A 9, (2.9)
and [10, Eq.(3.10)]
qu v ; — (~(1 = Q)4; g)m, (2.10)

Let A € C™" be a positive stable matrix then the ¢g-beta matrix function is defined as

10, Eq.(4.5)]

1
By(A, B) = /0 (tg:9)o (tq”;0) t71dyt, (2.11)

The g-derivative of a function f(z) is defined by [2, Ex.1.12, p.22]
D, f(A) = [f(4) — f(AQ][A(L - q)] . (2.12)

In view of two g¢-analogues of generalized Mittag-Leffler function [3, 4], we define ¢-
generalized Mittag-Leffler matrix functions in the form:

Definition 1. Let A, B, C be positive stable matrices in C"*" | «, 6§, u € C with R(«) >
0, ,u>0, re{—-1,0} UN, s € NU{0} then

EAEC (Ozsrlg) = S (=1 @D Dy (60T + A))f
n=0
-1 -r (/\z)n
x [Dglanl + B)]™ [Ig(pnl + C)] o (2.13)

where p = a? + ru? — s6? + 1 with R(p) > 0

Definition 2. Let A, B, C' be positive stable matrices in C"™" | «, 0, u € C with R(«) >
0, §,u >0, r€ {-1,0}UN, s € NU{0} and (a® + rp®+ 1)I = s6°I then

62}%?“1(/\%57“9) = [Fq(5n1+ A)J? [Fq(anf—}- B)]_l
e (A2)"
X[[y(punl + C)] @ (2.14)

Alternatively in view of the definition of ¢-Gamma function (2.4) these g-forms can
also be put in the form:

o0

BG5S aass,rlg) = Y (=1t g DIz (gen B )

n=0

X[ @)ool (@7 q) 0] ™
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and
2[B5] u[(/\z s ’I“|q Z anI+B } [(qunI+C;q)oo]r
n=0
n _s (A2)"
X [(q" ) oo] (. (2.16)

We shall refer to these functions as g-gmim.

The objective of constructing this function is to

(i) include certain existing generalizations of Mittag-Leffler matrix function [3, 11, 4, 7,
8,9, 5, 6],

(ii) also include the matrix functions such as Bessel Maitland function, Dotsenko function,
Bessel function, generalized Bessel Maitland function, Lommel function etc. especially
by means of parameters 7,7, A (Table-1 below)

(ili) obtain inverse inequality relations and some other inequalities by means of the inte-
ger s

The g-analogues of the above stated Shukla and Prajapati’s function (2.1) and those
functions listed above from (i) through (iv) are all yielded by the g-gmlm (2.13) or (2.14).

They are tabulated below together with the indicated substitutions.

Table-1
g-Function of | r |s| « B A|éd|C | p |Particular
case of
Mittag-Leffler | 0 |1| « 1 L)1) - - (2.13)
Wiman 01| « B L)1) - - (2.13)
Prabhakar 01| « B v 1| - | - (2.13)
Shuklaand |0 (1| « B vIiaql-| - (2.13)
Prajapati

Bessel-Maitland | 0 |0 p |(v+1)1| - | -] - | - (2.13)
Dotsenko 11 w/y cl a |1 |bl|w/v (2.14)
Nsisﬁ(i(ergg%o 111 o By vl | K| By | as (2.13)
Elliptic 101 1 I ST 1|51 1 (2.14)

The explicit forms of the functions mentioned in this table are as stated below.

e ¢-Mittag-Leffler function:

[e.9]

21
E.; /\z|q Z n nn 1)/2} (qanl—l—l;q)oo (/\Z)n

n=0

e ¢-Analogue of Wiman’s function:

o

B (elg) = 3 [(—1" 2] (g (e

n=0
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e ¢-Analogue of Prabhakar’s generalized ML-function:

00 2

a“l
E;LXIB )\z\q Z n nn 1)/2] (qomI—i-B;q)oo
n=0
-1 (A"
x [(¢"; ¢)oo
[ ) (¢ @)n
e ¢-ML-function of Shukla and Prajapati (¢ is replaced by §):
o (02— §241)1
Efifn()\z\Q) — Z [(=1)" g"=D/2] (P, ).
n=0
n -1 (A=)
X( A+06 I§Q)oo ( )
(¢ @)n
e ¢-Bessel-Maitland function:
(2411
0 n n(nfl)/2 pnl+vI+1.
T T(— Z ] (g 1 Q) oo o
— (¢: @)n
e ¢-Dotsenko function:
= W @n -1
oRi(al, bl el wivizig) = Y (6™ q)ee [(¢"F5™50)00]
n=0
-1 zn
x [(¢"*5q —.
{ )= (4 ¢)n
e ¢-Form of the particular case m = 2 of the function due to Saxena and Nishimoto
° 3 (@2 +ad-K2Z41)I
Eirkl(eyl, By zlq) = Z [(‘Un g 1)/2]
n=0
X(qalnIJrBl; q>oo (qaanJrBz; q>oo
AL
% q'yI+Kn; 7o )
L )= (¢ @)n

e ¢-Elliptic function:

K(Vzlq) = 2¢1( 11. 2l 2 )

7

We first show the convergence of series in (2.13) and (2.14); this is followed by Mellin-
Barnes integral representation, ¢-difference equation and eigen function property.

3. Main Results
In this section, we prove the following results.
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3.1 Convergence

Theorem 3.1. Let A, B, C be positive stable matrices in CP*P | «, 6§, u € C with R(«) >
0, R(a?) +ru?—s6>+1>0, §,u>0, re€ {-1,0}UN, s e NU{0} and 0 < q < 1.
Then E:I’%’IC:M()\Z; s,7|q) is an entire function of order zero.

Proof. Put
Vo = (=1 g2 (6n] + A))° Ty Hand + B)[L, ™ (und + C))
1
X 3.1
(45 @)n (31)
to get

E;‘IB;M Az;s,7|q) = ZV (Az)"

Then in view of (2.4) and applying norm, we get after some simplification,

VIVall ~ [[(=1)rh gD

X(l _ q)S(I*A)*T(I*C)*(I*B)/n (1 _ q)(fséJrr,qua)I

% (I _ q5n1+A+h1) [ (I _ qanI+B+mI)]
00 ‘ 1" 1
X I — punl+C+j1
jljo (= )_ (4 @)n

Now by applying limn — oo, we get
1 o
7 = Jim YVal ~0

when |q| < 1, R(a?) +rp? — s6? +1 > 0. Thus, the function (2.13) is an entire function.

Its order may be determined by using Theorem 2.1.

In fact, by choosing f(z) = E;‘I’%gﬂ]()\z; s,r|q) and u, = V,, Theorem 2.1 gets particu-

larized to

B _ n logn
o(Bai,s1, w1 (A2 8,7lq)) = lim sup ;==
( I,5I,ul( | )) n—00 10g(||Vn||_1)

where

log (Vo 71) = 10g<

I'y(anI + B) [Ty(pnl 4+ C)]" Ty(n + 1)

)

1
+log |Ty(n +1)] — 5n(n — 1) [R(a? + rp® — 56% + 1)||I]|] log g
—slog ||T'y(onI + A)]. (3.2)

Xq—n(n—l)(a2+7~u2_s62+1)1/2 [Fq(5nI+A)]_S

= log ||[I'y(anl + B)|| + rlog ||T'y(unl + C)||
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From the definition (2.4) of g-gamma function, one finds

an -1 —anl—
log|ITy(ant + B)| = 1log (4 a)so[(a"*F5 )] (1 = g)! 2|

an -1 —anl—
= logH(q;q)oo [(*"FEq)e] ™ (1 —g)f o BH

= log|(¢;@)se| + I — al — Bl[log|(1 — q)]

_log”(qanIJrB,Q)ooH : (33)

in which

log H(qanHB; q)ooH = log (H H] _ qanI+B+kH)
k=0
= 10g ( lim H H] _ qanI+B+kH>
m—0oQ Pl
= ] _ anl+B+k
= Jim 3 log 7 =g

_ Zlog HI - qoml—l-B—i-kH .
k=0

Here it may be noted that [1, p.207]

log HI . qanI+B+k” <1-— ||qanI+B|| |q|k

which leads us to

. loo ||T — genI+B+k|| < || onI+B < ko lg* 7]
> gl —q I <l 213 el = S
k=0 k=0 q
This implies that
anl+B.
o 08 @ 0l
n—o0 n logn
Consequently from (3.3), it follows that
lim log ||y (anI + B)]| _0
n—c0 n logn '

This last limit and the trivial limit

when used in (3.2), yields

1 _1
A
n—soo  nlogn

Thus,
A,B,C . _
Q(Eod,él,u[()‘zﬂ S, 7’|Q)) = 0.
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Theorem 3.2. The function 62}%?: #I()\z;s,ﬂq) represents the series which converges
absolutely for |z| < |(1—¢)*~~#=V| and |q| < 1.

Proof. Take
Un = [Dg(y +n)]° [Ty(B+an)] ™" [Ly(A+ )] [Dg(n +1)] (3.4)

then

elﬁ/\uzsﬂq ZUz

Now in view of (2.4), we get

n ||UnH ~ H(l_q)(sé—%(a)—ru)l—ln

whence
1
- . n a+rpu—sd+1
= Jim UL~ (1 =g
Thus, the series in (2.14) converges absolutely if [z| < R = (1 — ¢)%~®@)-ru—1, O

3.2 Contour integral

Theorem 3.3. Let A, B, C be positive stable matrices in CP*P | «, 6, u € C with R(«) >
0, R(a?)+ru?—s6>+1>0, §,u >0, r € {—1,0}UN, s € NU{0} and0 < g < 1. Then
the function Efl’%]cjul()\z; s,7|q) is expressible as the Mellin - Barnes q-integral given by

1
B aOisrla) = 5 [ (<) SCS0R T () [Ty (4 - o1S))
T
L

x[Ty(B — alS)] [[,(C = uIS)| " (=2)° 8. (3.5)

where |argz| < w. The contour L of integration begins from —ioco and proceeds towards
+i00, and is indented to keep the poles of integrand at S = —nl to the left; and the poles
at S = (A+nl)/d to the right of the path for all n € NU{0}.

Proof. The integral on the right hand side of (3.5) may be evaluated as the sum of the

residues at the poles S =0, —1,—2,.... In fact, in view of the definition of residue,
1
I= o [(=1)7 g PSCFNRT(S) [Dy(A = SIS))* (—2)7°
)
L

<[0y(B — al9)] [[y(C — uIS)] " d,S

= Z ghes [ 1)725 g P SUR T (S) (—2) 3 [Dy(B — alS)]™
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X[0y(C — uIS)] " [Ly(A = SIS)]*

_ lim (S +n)

Jim TE T 1) oSS0 0 (A - SIS)) ()
0

n—

x[Lo(B = alS)| ™" [[o(C — uIS)| " [Ty(1 = S)) 7

[e.9]

= (=1 g D2 Dy (A + 8In))* [Dy(B + aln)] ™ [Ty(C + pln)]™

n=0

Z’Vl

X—
Fy(n+1)
A,B,C .
= Ea[ﬁsl,ul()‘za&rm-
O

Theorem 3.4. Let A, B, C be positive stable matrices in C™" | a, 0, p € C with R(«) >
0, o,u>0, 7€ {-1,0}UN, s e NU{0} and (o® +ru®>+ 1)I = s6*I, 0 < g < 1. Then
the function efﬁg?’ M()\z; s,7|q) is expressible as the Mellin - Barnes q-integral given by

o s (_y -S
R e
X [Cy(B — aIS)] ™" [[,(C — uIS)]"d,S, (3.6)

where |argz| < m; the contour L of integration begins from —ioo and proceeds towards
+100, and is indented to keep the poles of integrand at S = —nl to the left; and the poles
at S = (A+nl)/d to the right of the path, for all n € NU {0}.

3.3 Difference equation

With the aid of the following operators, the difference equations of both g-analogues will
be derived. Put

Agf(A) = f(A) = f(Ag™h), O©f(A) = f(A)— f(Aqg), (3.7)

D, f(A) = (1—q) Def(A):=(1-q) [f(4)— f(AQ)](A— Ag)™"
= [f(A) = f(Ag)l(A), (3.8)

{ﬁ ﬁ[@I + C—uql—(B-i-vI)/a . }{ ﬁﬁ —u I (B+vI) /a]m}
— q)SL%B,C;m) (3.9)

and

a—1a—1 a—1 a—1 -1
{H H[@]+ c—uq(B—l—UI)/a _ I]m}{H H[C—uq—(B—I—UI)/a]m}

u=0 v=0

W), (3.10)
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In these notations, the ¢-difference equation satisfied by (2.13) is derived in the following
theorem.

Theorem 3.5. Let a, 1,0 € N, then Efj%,cj#[()\z; s,7|q) satisfies the equation
,Comsr a,B,o;1 A,B,C
[(I)% i) q)gz,m : @] EaI,BM, MI()\Z§577"‘Q)

[ = WA BB e, 1la) = 0 (3.11)

]71

th

in which ¢ is 8 root of unity, n is p'™ root of unity, o is o' root of unity.

Proof. In the first place, the coefficient of 2" in the series representation of EABC (Az;s,7|q)

ol, 81, ul
will be expressed in g-factorial notation with the help of the set of formulas [2 Appendix

1]:
(A;q)en = (A, Aq, ..., A" 15 d5),,
(A% ¢ = (A, Awg, . Ay ) sy = €PTE
(A; qn)uk == (Al/n; Q)Vk: (Al/nw; Q)Vk e (Al/nwn—l; Q)Vka wht=1

and

(=2}
—_

_ (qA/6.

;) (g (¥ 1g?;

aQ)n:

i

( 7 A/§ q)'ru w5 — 1

(@ ¢°)n )

Il
=)

Then following the notation used in (3.1) for the coefficient of 2", we get

n _pn(n— s —r _ 1
Vi = (=17 ¢ 2 (g% )an) (4% )n) ™ (075 @)an) ™ —
(¢ @)n
= (=1 "2 (g% )] [(qA”,q Jl® - (@ g0)al?
S T I [ e M B (e M
1
B, (B 1 Btal-I. ay 1-1
q n 4 )n
X[(@%5¢%)nl ™ (@7 q%)n] ™ -+ (g Jn]” @
5-1 6-1
_ ( 1)pn pn(n—1)/2 {H H A+z[)/5 )n]s}
7=0 =0
p—1p—1
x {H | J IO q)n]_’“}
=0 k=0
a—1 a—1 1
< T TLI" ¢ =m0 q)u] ™ b —-, (3.12)
Pt (¢ q)n
where ( is 6" root of unity, 1 is u* root of unity, o is a'* root of unity.
Now take
6—1 6—1 p—1pu—1
(¢ ¢ 7)) = An, T T ¢ 9P 9)) = B, (3.13)
j=0 =0 £=0 k=0
and
a—1 a—1
T[T I a2/ q), = Cov (1) g D72 = D, (3.14)
h=0 m=0
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then

n

ZVn 2" = ZAn D, B;*C* 2 W, say.
n=0 n=0 <Q7 Q)n

Since the series in (2.13) converges, we have

- 1
ow = A, D, B!'C ' ——0z"
nzzo (q,q)n
= > A, D, B C;l — 4
— (G d)n
= > A, D,B ¢ S
= (43 @)n—1
Next operating by <I> 5.7l o get
. - 1
oo w = Y A, D, Bt ——
o 2 (¢ On
a—1 a—1
X{ H H(@I+ O,thlf(BerI)/a o I)}
h=0 m=0
a—1 a—1 -1
{ H H —h I (B+m[)/a)} pa
h=0 m=0
= 1
= > A, D, B Gt ——
—~ (¢ @)n—1
a—1 a—1
X{ H H(I _ O_hq(nl)1+(B+mI)/a)}
h=0 m=0
a—1 a—1 1
{HHO_qBerI/a} P
h=0 m=0
- 1
= > A D, B'C ——C.Cy "
— (43 @)n—
= A, D, B;* —_—
Z (q Q>

Finally,

q)élzCn,r) q)(ochfl or W

00 p—1p—1
= > A D.CL B! ﬁ{ [TT]ier+n g —cnin — )]’"}
y4)n—1

n=1 =0 k=0

{HH -1 I (C+kI) /,u,)] } P

=0 k=0
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pn—1p—1

_ ZA D, C 1 B— (q,ql)n1{HH[_qn+n—lq1—(0+k1)/u>]r}

=0 k=0

p—1p—1 -1
> { H H[nqu(C+kI)/,u]T} P

1=0 k=0
- 1
= ZATL Dn C;,ll B;l _— Bn B;}l z
(¢ @)n
= X}ipz?lcl————
(4 @)n
Thus,
§wCmr) (I)(OcBal ol W — f:A D 511 n+1
Lk = n+1 Uny1 B, €, (3.15)
= (4 D)n
On the other hand,
§6,A,(;s A,B, .
\Ilg,i ¢ EaI,B(SIC:,uI(quaSuqu>
* §—16-1
= ZAn Dn B;l C;l {HH @I+€ q—(A—HI)/(S I)]S}
n=0 §j=0 i=0
s—16-1 -1
X{HH C qf(AJer /5)] } o
j=01=0
> 5—1 6-1
= ZAn Dn B;l C;l {H [ C] nl+( A+11)/6)] }Zn
n=0 q Jj=0 =0
1
- Z'A D, B C ! An+1 A;l 2"
(¢ Dn
= Y A DB G
n=0 (Qa Q)n
that is,
p 0 (6,A88) A,B,C . ) ontl
2 (=07 W By (2075 s, rlg) = ZAnH D1 Bl Cy e (3.16)
n=0
On comparing (3.15) and (3.16), the equation (3.11) is obtained. O

The g-difference equation satisfied by the function (2.14) is given in following theorem

whose proof follows line-to-line just dropping the factor ¢"™®1/2 that is, dropping D,, in
(3.14).
Theorem 3.6. Let o, 1,6 € N, then Y = el’}‘;’&u(z; s,7|q) satisfies the equation
PW/RS a,B,0;1 (6,7,¢58
[q)(“ ) glebet) g gl y — g, (3.17)

th

where ¢ is 0™ root of unity, n is p" root of unity, o is o™ root of unity.
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3.4 Eigen function property

Take
a—1 a—1 a—1 a—1 -1
{ H H[(Aq + C—uql—(B—l—vI)/a . ])]m}{ H H[C—uql—(B+vI)/a]m}
u=0 v=0 u=0 v=0
Qe (3.18)
and
A, = D, QUAG) guOmn) glaboh (3.19)
Here the operators Q(M G ), <I>§“k>‘w) (D( @Boil) n (3.19) are not commutative with the
operator D,.

This property does not hold for the function Egjg’%u(z; s,7|q), but for the other version:

ezy”%)\’“(z; s,7|q), it is established in

Theorem 3.7. Let a,p,6 € N and g-difference operator © be defined by (3.7) then
el”%,kﬂﬂ(z;s,r]q) is an eigen function with respect to the operator A, defined by (3.19).
That is, for any non zero c,

Ag easr ez srla) = ¢ eqing L (2:5,71a). (3.20)

(3.21)
Proof. With A,,, B,, and C, as in (3.13) and in (3.14),

e n
A,B,C . I
€al, oI, ,u(czasﬂ”k]) = ZAn B! Cnlm

= b n

Now if eéﬁg? ur(czi s, rlg) =Y. then in the notation (3.9),

o0

. 1
@(Q7B70—71) }/’c — C’VL An B’;l C’;l
hm nz% (@ Q)n
a—1 a—1
X{ H H(@[+ O_fh qIf(B+mI)/a _ I)}
h=0 m=0
a—1 a—1 -1
{H H —h I B+mI)/a)} P
h=0 m=0
0 a—1 a—1
— ch An B,;l C,;l{ H H([ . O_hq(n 1)[+(B+m[)/o¢)}
n=0 h=0 m=0
a—1 a—1 -1 n
{ H H h (B+m[ /a } ?
Pt (43 @)n

:ZC.AB cl( )ccl 2"

= A, BC! Z
HZ:O " (@ @)
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Next

(I)gﬂkcnr) (I)(OCBUI)YVC — ZCHA C—l B—l

= A, C L B!
ZC (q,Q)n

:ZCABlcl -
= (¢:9)

Further using (3.18),

QgiAC —s) (I)(#CTIT) (I)(QBUU Y.

>—‘

c
e’} 6—16—

s (¢:9)

3
<.
\ \
s

5—16-1
X { (¢ g~/

} .
7=0 =0
00 1 6—1 6—1
= Y " ABLC — {
n=0 (45 9)n j=0 =0
- n —1 —1 1 -1
= Y A B C A, A
—~ (¢ @)n
o Zn
— A, B Ct
; P (g 9)n

https://internationalpubls.com

pn—1p—1
X{ @I+n q —(CH+kD)/p I)]r}

1
X{ -1 I (C—l—k])/,u)] } pa
=0 k‘:0

,ufllufl
X{ q +77 q (C’-Hc[)/u)]r}

=
u -1
X{ [77 qu (C’Jrkl)/,u]’“} pa

1
= Y A B ¢ { H (Agl + ¢ TIq=AHDe — )=

[(I - qunl+(A+iI)/6)]s}Zn
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Finally,
Aq Y, = qu Q§2A,C;*S) (I)chﬂl;r) @552?@%” Y,
e n—1
z
= S AL B G S
nz::l (g g)n
= chﬂ A, B Ct 2"
— (¢ 9)n
A,B,C )
= ¢ eal,cSI,uI(CZJ S7T|Q)'
Il
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