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Abstract

In this paper, by conditioning the covariance structure of matrix variate
normal distribution the construction of a generalized matrix t-type family is
considered, thus providing a new perspective of this family. In this regard, a
generalized multivariate gamma distribution including zonal polynomials is
introduced. Some important statistical characteristics are given. An attempt is
made to reconsider Bayes analysis of the column covariance matrix of the
underlying population model.
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Introduction

In 1964, Lukacs and Laha defined the matrix/multi variate gamma (MG)
distribution.

In multivariate statistical analysis, the MG distribution has been the
subject of considerable interest, study, and applications for many years, since
this distribution can be considered as the sample variance-covariance matrix
when sampling from a weighted multivariate normal distribution. It also
includes the well-known Wishart distribution as a special one. A systematic
treatment of the Wishart and MG distributions can be found in Gupta and
Nagar (2000). There is not much account of the MG distribution in the
literature and neglected. Das and Dey (2007) considered some Bayesian issues
of the MG distribution. Iranmanesh et al. (2010) considered this distribution in
Bayesian analysis as a conjugate prior for the covariance matrix of a
multivariate normal distribution. Iranmanesh et al. (2013) derived the inverted
MG distribution and proposed many statistical characteristics along its usage in
Bayesian context. Recently Nagar et al. (2013) defined an extended matrix
variate gamma distribution by extending the multivariate gamma function due
to Ingham and Siegel. In this paper, by making use of an integral relation
containing zonal polynomials, we give a generalization to the result of Das and
Dey (2007), which contains the latter as a special case.

In the following we provide the reader with the definition of the
generalized multivariate gamma distribution.

Definition 1.1. A random matrix Y of order p is said to have a generalized
multivariate gamma (GMG) distribution with parameters o, 3, x, 2, U
denoted by Y ~ GMG («, B, x,Z,U),, if its density is given by

f(¥)=— det(z) ™
p*HC DT, (o, k)

etr(—%2‘1Y)det(Y)“‘(p*l)/ZCK(YU), Y>0 (1)

where ¢ > (p—z_l)—kp,ﬂ>0,2>0, U-0, C() is the zonal polynomial,

k= (k,,...,k,) isa partition that k, >...>k, and (), for a complex number is
the generalized hypergeometric coefficent is defined

m i-1
@11 (-3 @
where (a), is a Pochhammer coefficent given by (a), =a(a+1)...(a+k-1) and
[,(a,x)is the generalized multivariate gamma function of weight x, and

[ (a,x)=T,(a)(a),. (seeMuirhead, 2005).
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The normalizing constant in Definition 1.1 obtained from the following
o P
Ietr(—XZ)(detX) 2 C.(XY)dX =(a), T, (a)(detZ)*C_(YZ™) (3)
X>0
The density in (1) is a generalization of the matrix variate gamma distribution
introduced by Das and Dey (2007). In the following result, the inverse GMG is
defined.

Lemma 1.1. Let X ~GMG, (e, B8,x,%,U). Then Y =X "has inverse GMG

(IGMG) distribution denoted by Y ~ IGMG ,(a, B,x,Z,U) with the following
density function
det(z)™

HY)=—ax
BT (a,x),C,(UZ)
Proof. The proof follows from the fact that the jacobian of transformation is
given by J(X —Y) =det(Y) ",
For the case « =(0)since C_=1 and (@), =1, the distribution (4) reduces to

the inverted matrix gamma distribution proposed by Iranmanesh et al. (2013).
Alongside, we use the following definition.

p+l

etr[—%zlYljdet(Y)aZCK(Y1U), Y>0 (4)

Definition 1.2. The random matrix X(nx p)is said to have a matrix variate
normal distribution with mean M (nx p)and covariance matrix Q® X where
>(px p)>0 and
Q(nxn)>0, if vec(X)~N,(vec(M),Q®Z).We shall use the notation
X ~N, ,(M,Q®Z). The probability density function (p.d.f) of X is given by
(Gupta and Nagar, 2000)

f(X) = (27) ™ det(Q) " det(z) ™"

XeXpI:_%tr(Ql(X_M)Z1(X_M)':|, XERnXp, MG RnXp,

where ®is the Kronecker product and vec is the vectorizing operation for
matrix notation.

If X~N,,(M,Q®ZX), then the characteristic function of X is
¢x (Z) = E[exp(tr(iZ' X))]
= exp[tr(iZ'M —%Z'QZZ)} , ZeR™P,
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Properties of GMG and IGMG Families

In this section, various properties of the GMG and IGMG distributions are
derived.

Theorem 2.1. Let Y ~GMG(«, B,x,Z,U). Then the laplace transformation
of Y is

y 1)L
CUWI+EhY)

T) = | +Xp1)™ 5
oy (T) c.U) (I, +ZA7) (%)
where Tisa px p matrix.
Proof. Let C= det() , by definition we have

BT, (a,x)C, (UT)

oy (T) = E[exp(-tr(TY))],
= j etr(=TY)f (Y)dY,

Y>0

L

=C j etr(—TY)etr[—iz-ldeet(Y) 2 C_(YUu)dy,

Y>0 ﬁ
p+l

=C j etr[— Y(T+%Z‘1Ddet(Y) 7TCK(YU)dY,

Y>0

according to (3)
o, (T) = CFp(a,K)det(T+%ZlJ CK[U (T+%le }

_ det(Z) T, (a,x) B

- T,(a, )7 C, (US)

_CUMTHI Y 4
C,(Uz)

det(BT+= ) “C (UB(FT+x ™),

(I, +pZT)“.

Corollary 2.1.1. LetY ~GMG («, B,x,Z,U) . Then the characteristic
function of Y is

C (UZ(ipET-1,)™)
C_(UZ)

wy (T) = det(ifET ~1,)“. (6)
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Theorem 2.2. Let Y ~GMG («, B,x,Z,U) . Then

[, (a+h, ) fPdet(z)"

E(det(Y)") = )

Proof

E(det(Y)") = [det(¥)" f(Y)dY,

a+h)-PL

1 (
=C | etr] - =27'Y |det(Y 2 C (YU)dy,
Y[Oer( 5 je() (YU)

~ det(z)
~ BPRC (US)T, (@, k)
T, (a+hx)detx)" "

- T, (a ) '

T, ( +h, €)@ det(s)“*"C_(UF),

in order to find the expectation of the trace of an GMG random variable, it is
useful to find the expectation of zonal polynomial, which is stated below.

Theorem 2.3. Let X(px p) ~GMG («, B, x,Z,U)and B(px p) be a constant
symmetric matrix. Then

E(C,(XB)) =CA* " det(X)* 3 6:°T, (&, ))C* (UZ, BE),

dex,T

where ' (a,¢) =(a),l',(a).
proof. By definition we have

E(C.(XB))= [C.(XB)f(X)dX,

=C > o j etr(—%lejdet(X) i C_(XU)C.(XB)dX,

pex,T X>0

using the fact that (Eq. (2.8) of Davis, 1979 )
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C.(XU)C.(XB)= > .0;°C;" (XU, XB)

dex,T

we obtain

E(C.(XB))=C > 6;" j etr(—%2‘1deet(X)a_p;1C;'f(XU,XB)dX,

pex,z X>0

=C Z@;’Tp(a,@det(%ﬁ’lj_ C;"(pUZ, fBY),

pex,T

the result follows from the fact that
C;"(BUZ, BBE) = 'C;" (UZ, BY).
Theorem 2.4. Let Y ~ IGMG («, B, x,%,U) . Then the Laplace transformation
of Y
IS given by

1
[, (@, )8 det(z)"C, (UE)

oy (T) = BU.Z,T;a, p,x), (7)

where

BU,Z,T;a, ﬁ,x):j det(X)a_p;lCK(XU)xBo(%Zl(T+X)jdX, 8)

X>0

and B, (.) is the Bessel function of matrix argument (see Herz(1955) is given by

B, (WZ) = detW) * | det(S)g_pTﬂetr(—SZ —5W)ds.

S>0

proof.
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Py (T) = E(etr(—TY)),
= Jetr(-TY) f(Y)dY,

Y>0
p+1

-C j etr(—TY)etr(— %Z‘lY‘leet(Y)az C. (Y 'U)dy,
~C j etr(— (TY + %Z‘lY‘l D det(Y)%pT+l C (Y 'U)dy,

Y>0

(9) since Y and U are symmetric matrices, then the eigenvalues of

J). According to (3) UY ™, YU are equal, so
1 22
C.(Y)= [etr(-XY)det(X)" 2 C.(XU)dX (10)

[, (a,x)det(Y)™

X>0

Substituting (9) in (10) and change the order of integration we have

a_p%l 1 4 1 a- pgl
o, (T) = C det(Y) etr(— (TY + Ez Y D(Fp PPTGE Xj> ftr(—XY) det(X)

x | etr(—XY)det(X)a_pTﬂCK(XU)dX de,

X>0

p+1

__¢C [ det(X)ap;lCK(XU)( [ det(Y)_T

Fp (O{, K) X>0 Y>0

xetr[— ((T +X)Y + %z—w—lDdY ]dX,

+1
=c" | det(X)“’pTcK (XU )Bo(lzl (T+ X)jdX,
X0 B
=C'BU,2,T;a, B,x),
where
. 1

C' =
[T, (a, <)) p** det(£)"C,. (UZ)
and B;(.)is the Bessel function of matrix argument.

Theorem 2.5. Let Y ~ IGMG(«, B,x,%,U). Then
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[ (a—h,x)

E[det(Y) ]: Fp ((l, K) det(Z)h,Bhp

proof.

E[det(Y)"]= [det(Y)'f (Y)dY,

Y>0

1 —(
=C | etr] — ==Y |det(Y
Ier[ y; je()

Y>0

p+1

2 C (YU)dy,

a-h)-

where we used the fact that

| etr(_%z—ly—ljdetm‘“‘pf C.(YU)AY = BT, (@, K)C, (UE) det(2)".

Y>0

SO

det(X) ™
AT, (@, x)C, (US)
det(x)™" ﬁ"hpr (a—h,x)
- [, (a,x)
[, (a—h,x)
T, (@ x)det(®)" B

E[det(Y)"] = BEMPHT (o~ h, )C, (UE) det(Z)* ",

Theorem 2.6. Let W ~ IGMG (a, B, x,Z,U) and A(px p) be a constant
symmetric matrix. Then

AWA'~ IGMG (o, B,k, AT ZA™, A'UA)

proof. The jacobian of transformation Y = AWA' is JW — Y) = det(A) " |
the density of Y is

10
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p+l

f (Y) = CEtI{—%Zl(AlY(A')l)lJ det(A’lY(A')*l) a-= CK ((A*lY(AI)*l)U ) det(A),(pﬂ)’

p+1 p+l b+l

=Cetr(—%2‘lAY‘1A'j det(A) 2 det((A')?) 2 det(Y) ~ 2 C (AYAU )

x det(A) "

p+1 p+l p+1

—det(A)" 2 det(A)" 2 det(Y) 2 C(AYA'U )det(a) ",

a Pt

_ Cetr(— % ZlAYlA'] det(A)” det(A')"C (AYA'U )det(Y)

P

det((A") =A™ 2 C (AYAU )

" BT, (@, %)C, (UX)

etr(—%((A')‘lZA‘l)‘lY‘l] det(Y)

because A is symmetric the eigen values of AY "A'U and Y 'A'UA are equal,

C_(AY'A'U)=C_(Y'A'UA).
Then

_p

etr(—%((A')lZAl)lYljdet(Y)_a 2 C_(Y'A'UA).

£(Y) = detk((A')’lZA’l)’“
BT, (o, x)C, (UZ)

Theorem 2.7. Let Y ~ IGMG(«, B,x,Z,U) and A(px p) be a constant
symmetric matrix and X =AY . Then the pdf of X is given by

_ det(AilZ)ia _l 15\ -1~y -1 7p7+1 @ pgl -1
f(X)_ﬁwkrp(a,’()ck(ux)etr( ,B(A %)X jdet(A) det(X) * 2 C_(X'AU),

proof. by J(X — Y)=det(A) ", we have
f.(X)=f,(A"X)I(X>Y),

P+l

—a—

- Cetr(— % Z‘lX‘lAj det(AX) i C (X 'AU)det(A) ",

B p+1

_ dEI(AilZ)ia _ l N o | 7p7+1 T -1
" (e 60T etr( ﬂ(A )X Jdet(A) det(X) * 2 C_(XAU)

11
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Theorem 2.8. Let Y, ~GMG (o, ,x,Z,U) and Y, ~GMG (a,, B, x, Z,U),
and
Y,, Y, be independent. Then the distribution of W = Y, (Y, +Y,)"is

-p+1
f (V\/) _ Cﬁp(al+az+T)+k+t

a1+a2+l+l al_Lﬂ az_L*l
det(®)” 2 Y0 det@W)” 2 det(r, ~W)” 2

gex.T

X rp (al +a,+ %—i_l , ¢)C;r(ZUW . Z(Ip -W)U)

proof. f W =Y,(Y,+Y,) " and V =Y, +Y,, Then Y, =WV and
Y, =V (I, —~W). The jacobian of transformation is

I(Y,, Y, >W,V) =Y, +Y,.
The joint distribution of

F(Y, Y,) = (V) £ (Y,),

-2
= 1- prk etr(— 1 Z_lYl) det(Y;) 2 C.(YU)
I (a,, 6) 777C,(UZ) B

X i p+k €
1—‘p(CXZ’K‘)ﬂ ’ CT(UZ)

- 1 g etr(—iz—l(Y1 +Y2)]
[y (a, )T, (0, 5) BP0 C(UZ)C, (U) B

p+1

tr(—%ﬁ‘leJdet(Yz)arZCT (YU),

oy PL -
xdet(Y,)™ 2 det(Y,)” 2 C.(YU)C.(YV).

The joint distribution of V and W is given by

fW,V)=fWV,V(I,-W))JI(Y,,Y, >W,V =Y, +Y,),

1
L, (o, )T, (a,, ) B Plare)kC _(UX)C, (UZ)

1)

1 ! al—l(P‘*'
etr —EZ V |detWV) 2

xdet(V (I, -W))™ 2" C, (WVU)C, (V (I, ~W)U) det(V),

[y (a+a,,x) 1 1 3y
- (en+az) p+k etr| - — 2
[y (o, ©)0 (@, k) B C (UZ)C (U, (e, + ;. K) B
p+1l p+1

xdetW)™ 2 det(l, ~W)" 2 det(v)**PC (WVU)C, (V (I, ~W)U).

12
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By integrating over V. we have

FW)= [ fW,V)dv,

V>0

-t a2t
=CdetW) 2 det(l,-W) 2 jdet(\/)“ﬁaf"etr(—%z1V]CK(\NVU)

V>0

xC, (V(I, -W)U)dv,

al—p—Jrl az—p—ﬂ a1+a2+i+l—p—+l 1
—C'Y 05 detW)” 2 det(l, ~W)* 2 [ detqv)” T2 2 etr(—ﬁzle

dex, T V>0
x o™ (VUW,V (I, ~W)U)dV,

0{1+a2+i+l al,L*'l arL‘fl
det(=) ™ 2 g detW)” 2 det(l, -W)” 2

dex, T

p(ay+a P
rapt—

=Cp

-p+1

xl"p(al+a2+ ,¢jC;"(EUW,Z(Ip—W)U).

Family of Generalized Matrix t-Distributions

In this section, the main result of the paper concerning the construction of
the new family of matrix variate t-distributions is presented. This distribution
will be applied in the Bayesian context.

Definition 3.1. The random matrix T(nx p) is said to have a generalized
matrix variate t-distribution (GMT) with parameters

M eR™ ¥(pxp)>0,Q(nxn)>0,U(pxp)>0,
a>p-1/2,>0,«=(K,...k)),k >..>k  if its p.d.f is given by

n/2 -p/2 —np/2+k -1
£ ry = SELH)" det(@) 7T, (a+ 1/ 2,5) ( 2 ] c{u (T'Q‘lT . % ‘IHJ J

7™ (e, x)C,.(UY) B

—(a+n/2)

X det{ln + §Q‘1(T ~M)¥(T-M )} (11)

we shall use the notation T ~GMT, (a, B,x,M,Q,'¥,U).

13
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n+p-1

For f=2,a= and k=0 then x=(0), the GMT distribution

simplifies to the matrix T distribution with n degrees of freedom. (See Gupta
and Nagar(2000))
Further for the case x=(0), the GMT simplifies to the generalized t-

distribution defined by Iranmanesh et al. (2010).
Theorem 3.1. Let X[~ N, ,(0,Q®%) and =~ IGMG,(a, B,k,¥,U). Then,

X ~GMT, ,(a, B,x,0,Q,¥,U).
proof. Using conditional method, we find
f(X)= [o(xnE),

>0

—(a+(n+p+1)/2)

_ det(¥)“ det(@) " [det(s)
T, (@, K)@27)™? BP*C_(UW) 2,

x exp{— itr((ﬁ X' QX+ ‘Pljilﬂ C.(Z'U)dz,
g\ 2

) ﬂnp/Z (272')7np/2 det(Q)fp/z det(\P)ia Fp ((l + n/2 ) K)
- F, (@ #)C, (U¥)

x C {U (g X'O'X + \P‘lj_ }det(é X'O'X + ‘P‘lj

—(a+n/2)

K

(12)

where the (12) is derived from (6). Now we used the fact that

C{U (ﬁ X'Q'X + \Pl)_ } = c{u [E(X'QIX + E‘PlB ]
2 2 B
= (E] C.|U [X'le +2 ‘Plj_ :
B B
and from the following identity

det(‘l"l + gX'Q‘lXj =det(¥ ™) det(l ot quX' Q‘lXj
=det(¥™) det(ln + gglxqij,

Finally we obtain

14
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T, (a+n/2,5)(2/B)™** det() "' det(¥)"?
I (a,x)C, (UW)z"™?

-1
xc{u (X‘Q‘1X+%‘P‘1] ]det(ln +§Q‘1X‘PX'J

f(X)=

—(a+n/2)

Some Properties of the GMT Family

In this section, various properties of the GMT distribution are studied
using its p.d.f.

Theorem 4.1. If T~GMT, (a,8,x,M,Q,'¥,U) ,
thenT'~ GMT, (a, B,x,M",Q,'¥,U).
proof. By noting that
det(ln +§Q‘1(T— M)¥(T-M )'j = olet(lp +§‘P‘1(T'—M NO(T'-M )j
the result follows. (See page 137 Gupta and Nagar, 2000})

Theorem 4.2. Let T~GMT, («, B,x,M,Q,¥,U) and A(nxn)and B(px p)
be nonsingular matrices, then

ATB ~ GMT, (@, 8, x, AMB,AQA",B"¥(B')™,B'UB).

proof. Transforming W = ATB, with the Jacobian of transformation

J(T - W) =det(A) " det(B) ™", from density (11) of T follows the density of
W equals

15
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fW) = f (AWB™)JI(T ->W),
T, (a+n/2,x)(2/ B) ™ det(Q) P det(¥)"?
- T, (e, x)C, (U¥)7™"?

det(A) " det(B) ™"
x c{u [(A‘l\NB-l)'Q-l(A-l\NB-l) +%‘P‘l] }

ﬁ —(a+n/2)
x det(ln tS Q' (A"WB'-M)¥Y(AWB'-M )'J

_ I (o +n/2,x)
- T, (a,x)@27/ f)™C (UY)

det(AQA'") "2 det(BW(B ™))"

xC,_ {U [(Bl)'W'(Al)'QlAl\NBl +%l{11]_ }

—(a+n/2)
x det(ln + gglAl(vv —~ AMB)B'¥(B™)' (W — AMB)' (Al)'}

_ [ (a+n/2,k)
- T,(a, )27/ B)™*C, (UY)

det(AQA") P2 det(B1w (B))"2

X C{B'UB(W "(AT)QTATW + %B"PBlj_ }

—(a+n/2)
x det[ln + g (AQA") (W — AMB)(B'Y 'B) (W — AMB)‘} :

where W € R™P and, hence the result. O

Theorem 4.3. Let T~GMT, (a, B,x,M,Q, V), then the characteristic
function of T is given by

exp[tr(iZz'M)]det(\Y) ™

7)) =
#(2) [T, (a, )] B*C, (UY)

B(U,‘P,%Z'Qz,a,ﬂ,lc).

where B (.) is defied in (8).

16
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proof.

¢.(Z) = E[exp(tr(iz'T))], ZeR™
= E[E(exp(tr(iZ'T[Z)))],

= E[exp(tr(iZz'M — % Z'Q73))],
_ etr(iZ'M)E[(_%Z'QZZ)]

Since X~ ~ IGMG (a, B,«,'¥,U), from (7) we have

¢ (2) =

exp[tr(iZ'M)]det(¥) Idet(X)a—(p+1)/2C (XU)
[T, (a, )] BP7C (UY) "

><Bo[1 ‘P‘l(l 7'Q7 + XD (1) ¢
B 2

_ exp[tr(iz'M)]det(¥) B(U, ¥ EZ'QZ a, B, k)
[T, (e, ®)F P C.UY) " 2 R

where B,(.) is the type two Bessel function of matrix argument.

In the following section another point of view is considered concerning the
result obtained in Theorem (3.1) This result is an extension to the work of
Dickey(1967).

Theorem 4.4. let X~ N, (0,1, ® ), independent of

S ~GMG, (a, B,x,A™,U) define
T=(SY)X+M,

where M (nx p) is a constant matrix and S¥?(S¥?)'=S.
Then, T~GMT, (e, 8,5,M, A", Q,U).
proof. The joint density of X and S is given by
—np/2 -n/2 a
£(X,5)= (27??1 - det(Q?) detg\)
LT (e, x)C(UAT)

X exp{— tr(l AS + 1 XQlX'H,
p 2

det(S)“ "2C_(SU)
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where S >0,X e R™". Now, let T=(S¥?)'X + M. The Jacobian of
transformation is
J(X — T) =det(S)"?. Substituting for X in terms of T in the joint density of
X and S, and multiplying the resulting expression by J(X — T), we get the
jointp.d.fof Tand S as

F(T,S) = (Zﬂ)n;”:’k/ 2 det(Q)™? detg\)“
LT (e, x)C (UAT)

det(S)ag—(nJrl)/zJr p/2 CK (SU )

x exp{— tr(% (A + g SYH(T-M)QHT-M) (S”)')ﬂ '

 (27) ™ det(Q) "V det(A)”
B (a,%)C(UAT)

A+ B oM T-mY
xexp{ tr[ﬁ(AJrz(T M)Q (T M)DS},

where S >0, T e R™P.

det(s)a—(n+l)/2+ p/2 CK (SU )

Now integrating out S and by using (3) the density of T is obtained as

f(T) =

-np/2 -n/2 a
(2”) . det(Q) det(_/l\) jdet(s)a—(n+1)/2+ p/ZCK (SU )
BT (e, 6)C (UAT) &,

wexo —tr] L B PPN
exp{ tr[ﬂ(AJrz(T M)Q™(T M)Ds}ds,

18
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(7)™ det(Q) "* det(A)? BT, (a + p/2,K)
- T (o, 5)C (UA™)

x(%j C{U (%A+ (T-M)Q(T-M )'J }

ﬁ ’(a+p/2)
x det(A) P/ det{ln +EA’1(T— M)QH(T-M )} ,

det(@) " det(A) T, (a+ p/2.x) (2]
- I, (a,x)C, (UA)(7)™? ;

><C{U(%A+(T— M)Q™(T - M)']_ }

ﬂ ~(a+p/2)
xdet[ln +EA’1(T— M)QH(T-M )}

Bayes Estimation

For application purposes, in this section the Bayes estimator of X based on
the conditional property is derived. In this regard, we consider Kullback
Leibler divergence loss (KLDL) as the measurement. First we state a result due
to Das and Dey(2010).

Lemma 5.1. Suppose A is an estimator for unknown parameters matrix X,

where 7z(A| D) and 7r(2|D) are the corresponding posterior probability density
function over RPrespectively, where D indicates Data. Now the posterior
expected loss of A, when the posterior distribution is 7z(2| D), is

(S, A) = j L(Z, A)dF"*Pgz,

>0

7z(A| D)

7(AlZ)

where the loss function is Iog( J Then the Bayes rule is

57 (D) =arg max,., 7(Z|D),
which is the mode of posterior distribution of 7z(2| D).
Note that the posterior expected loss function in Lemma 5.1,

p(Z,A)= E{Iog[wﬂ,

7Z(Z|D)

can be interpreted as the Kullback Leibler divergence of the posterior
distribution evaluated under action A from the true posterior distribution of
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unknown parameters X. Therefore the posterior expected loss or Kullback
Leibler divergence is minimum, if we choose our action as posterior mode.

Lemma 5.2. Let X‘Z~ N, ,(0,Q®Z%). Further X has prior distribution as
IGMG, (o, B,x,'¥,U). Then the posterior distribution of X is
det(\P)—(aﬁrn/Z) det(z)—(a+n/2+( p+1)/2) CK (z—lU )

-1
v 2 g
2T (a+1/2,x) B p/zc{u(xgﬁuﬂqfl) }

7(ZX) =

,B a+n/2 1 1
x det(ln ) Q‘lX‘P‘lX'j etr(— > Q'XZ X 3 \P-lz-l}

Proof. By definition
f(X[2)z(2)
mX)
By applying Theorem (3.1) we obtain the underlying result.

7(Z[X) =

According to Lemma 5.2 the Bayes estimator of X under KLDL function is
given by

5= arg max 7(2|X).
Iranmanesh et al.(2010) showed that

A Y I 1
Y=[a+n/2+(p+1)/2] (EXQ X+ET}

for the especial case k=0.
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