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Abstract

This paper proposes a generalization of double exponential family of Sarmanov type
continuous multivariate symmetric probability distribution with reference to a new form of Sam-
Solai’s multivariate generalized double exponential family of distribution of kind-2 from
univariate case. Further, we have found it’s Marginal, multivariate conditional distributions,
generating functions in a closed series expression form and also discussed its special cases. The
location, scale and shape parameters have played a significance role and it has determined the
family of some existing known and familiar bivariate, mixtures of bivariate distributions,
generalized and multivariate distributions as subclass of the proposed multivariate generalized
double exponential family of distributions of kind-2.
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1. Introduction

The generalization of generalized probability distributions and their
application is versatile in all fields especially in finance, insurance and risk
management etc. For the 5 past decades, statisticians gave more concentration to the
generalization of exponential distribution and later they extended their investigation to
the double exponential distribution in which the univariate generalization of generalized
double exponential distribution diverted the path of distribution theory to new way. The
authors Bain and Engelhard (1973) estimated confidence interval using maximum
likelihood estimators and scale parameter for the double exponential distribution. On
the other hand Kappenman (1977) developed the tolerance intervals for the double
exponential distribution. Similarly, Mir et al., (1981) estimated quantiles based on two
order statistics for exponential and double exponential distribution. In a different
manner, Ulrich and Chen (1987) discussed a bivariate double exponential distribution
and its generalization. Later, Govindarajulu (2001) characterized double exponential
distribution using the expected values of the spacing associated with certain extreme
order statistics and the relation between the differences of two product moments of
certain extreme order statistics induced by random samples of arbitrary sizes. Based on
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the past reviews, many authors studied the univariate, bi-variate double exponential
distribution and they applied in many areas. In this paper, the authors made an attempt
to bring out a family of double exponential distribution in a generalized multivariate
form which leads to explore more sub-class of Bivariate, mixtures of Bivariate,
generalized and multivariate double exponential distributions. The structure of the
proposed distribution and its special cases are discussed in the subsequent sections.

2. Sam-Solai’s Multivariate Generalized Double exponential family of
Distributions of Kind-2

Definition 2.1: Let X ,X ,X .., X are the random variables following continuous
univariate Generalized double exponential family of distributions (or) Generalized
Double Gamma distribution having the location (g,),scale(4,0,)and shape

parameters («,, ) with mean ( ) and variance O-iz(r((ai +2)/ B)/ (1 A T(ey | ﬁ:)) for all i

(i=1 to p). Then the Multivariate Sam-Solai’s generalized double exponential family of
distributions of kind-2 and its density is defined as
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where 1= ], —00 < x, < +00, —00 < pt; S+00574,,7, >1 and real,

>0, 3,>0,—1<p, <+1 and p, is the correlation co-efficient between i" and

j" random variables.
Definition 2.2: From (1) and if z; = (x; — )/ 0;.then using multi-dimensional

Jacobian of transformation, the Sam-Solai’s multivariate Generalized standard double
exponential family of distribution of kind-2 and its density is defined as
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where i = j, —00 <z <+400,7,7, >1 andreal, \,,, 5, >0, —1<p < +1

Theorem 2.3: The cumulative distribution function of the Sam-solai’s Multivariate
Generalized double exponential family of distributions of kind-2 can also be
represented in terms of its standardized form and it is given as
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where ; . jor— <z, < +00 5 y,,y,>1 and real, Ana, B, >0, —1<p, < +1
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Proof: Let the Multivariate Cumulative distribution function is given as
F(z,,2y,25...,2,) =
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are the lower Incomplete Gamma Integrals.

Theorem 2.4: The Probability density function of the Sam-solai’s Multivariate
Generalized conditional double exponential family of distributions of kind-2 of X, on
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where i=j, —00 < x, < +00 > =00 <y <4005y, 21 and  real,

ALoLa,B, >0, —1< py < +1
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Proof: Let the Multivariate Conditional distribution of x on X,, X,,...X ) is given as
f(‘xla'xz’x3 "'a-xp)
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where = j, —oco<x <+oo, —oco<p <+00,7,7,>1 and real, X.,o.0,.6,>0,
—1<p, <+1

Theorem 2.5: Mean and Variance of the Sam-solai’s Multivariate Generalized
conditional double exponential family of distributions of kind-2 are
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Proof: The Conditional expectation and Conditional variance of a multivariate
distribution are given as

EX |X,,X,...,X)= lef(xl /%, %, ..., x, )dX,
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E(X,|X,,X,..,X)=
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Theorem 2.6: If there are p=g+k random variables, such that ¢ random variables
X, X, X,..X, has a conditional dependence on the k

variables x LX X X, ,2then the density function of the Sam-solai’s Multivariate

q+22 g3ttt

Generalized conditional double exponential family of distributions of kind-2 is
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where i=j, —oo0 <x, <400, —00 < pt; <+00,7;,7; > 1 and  real,
N>005,0,>0, —1<p <+1

Proof: Let the multivariate conditional law for ¢ random variables X,, X,, X;,... X .
on the k variables X, X ., X .,,...X ., isgivenas
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Remarks: The result of (7) can be deduced to the bivariate case and it is given as
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3. Constants of Sam-Solai’s Multivariate Generalized Double exponential
family of Distributions of kind-2
Theorem 3.1: The Marginal Co-variance between the generalized double exponential
variables X; and X, is given as
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COV(X,X,)=np D((a,+2y, )/ B )0 ((a,+27,)/8,)
VU T AN TR (A TR (0, /B T (ay /By )

®)

Proof: Let the product moment of the Sam-Solai’s Multivariate Generalized double
exponential family of distributions of kind-2 is given as in terms of co-variance as
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Py =

Theorem 3.2: The Moment generating function of the Sam-solai’s Multivariate
Generalized double exponential family of distributions of kind-2 is
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Proof: Let the moment generating function of a Multivariate distribution is given as
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From (10a), it is observed that
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and I is the Gamma function respectively.

Theorem 3.3: The Cumulant of Sam-solai’s Multivariate Generalized double
exponential family of distributions of kind-2 is
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X|,X2,X3, X,

Proof: 1t is found from (C (tl’t2’t3,...tp) =log (Mx] R (tl,tz,tl'_'tp ))

Theorem 3.4: The Characteristic function of Sam-solai’s Multivariate Generalized
double exponential family of distributions of kind-2 is
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Proof: Let the characteristic function of a multivariate distribution is given as
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Thus, by Integration
¢x],x24..xp (tlatz . tp) =
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4. Some Special cases
Result 4.1: If p = O,where ij=1,2,...p then there is no correlation between the

random variables and the Sam-Solai’s multivariate Generalized double exponential
density function is reduced to product of uni-variate Generalized double exponential
distribution.

Result 4.:2 From (1) and if p=2, then the density of Sam-solai’s Multivariate
Generalized double exponential family of distributions of kind-2 reduces to

(2] (22 )

a,-1

13)

1

4

P
X = H

a1

X2 #y

o2

|

BB (1A ()" |x = w | | x, — m
40102F(a1/ﬁ|)l"(a2/ﬂ2)| o | | o

1 2

PRETE
2 p
| e

where —oo <x,x, <400 5 —00 <y, fy, <40057,,7, >1 and real,
U]vazsAlvszalvazsﬁpﬁz > 0 971 S ,0‘] S +1
This is called Sam-Solai’s Bi-variate generalized double exponential family of

distributions of kind-2.
Result 4.3: From (10),if z =(x,—p,)/0, and z, =(x,—pu,)/0o, , then using two-

dimensional Jacobian of transformation, the Sam-solai’s Bi-variate Generalized
standard double exponential family of distributions of kind-2 and its density is given as

BAMINI AN s 5
A(0y/ By /3,) 17

f(z,2,)= (1 —|—g221271 ‘12227’2—1 )

(14)
where —0c0<z,,z, <400, 7,7, >landreal, 0,,0,,\,\,q,,0,,08,,5, >0,
—1<p <+1

This is called Sam-Solai’s Bi-variate generalized double exponential family of
distributions of kind-2.
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Result 4.4: shown below some Bivariate distributions as special cases of Sam-solai’s
Bivariate generalized standard double exponential family of distributions of kind-2
from (14) for different settings of scale and shape parameters given

e Standard Laplace distribution, With Scale parameters (1,1) and Shape parameters

(7127, LLLD), (1 + plzzlzw]1222721)[‘1‘_e(zl+zz)J

where —00 < z,,z, <400 ,7,,7, >landreal ,—1<pg, <41

e Standard normal distribution, With Scale parameters (2,2) and Shape parameters
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e Standard Double Rayleigh distribution, With Scale parameters (2,2) and Shape parameters
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e Double chi-square distribution, With Scale parameters (2,2) and Shape parameters
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a1 a2

parameters (Y, ,7Y,,3,3,2,2), (1 + plzzlzw.—lzzzw:ﬂ)

7, 2

¢ Double Nagakami distribution, With Scale parameters (), / m, , Q,/ m,) and Shape parameters

(’Yl >V 2m1 > 2m2 7252)I

m,_ 2 m 2
2my —1 ’[Q Il +g, 12| ]
| 270 2

(m, 1 Q)" (m, Q)™
I'(m,)I(m,)

2my—1 |

|Zl

where —00 < z,z, <400 ,7,,7, >landreal, m;,m, >1/2,Q,,Q,>0 -1<pg, <+1

(l + plzzlzvl 71222% - )

2
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e Double chi distribution, With Scale parameters (2,2) and Shape parameters

(’Yl s Yo O Oy ,2,2),

(1 + Plzzlhlilzzzwrl )[

1 2
a,—1 —5(\21‘7‘*‘22‘2)

1/2 01/21/2r12/2 o

( ) ( ) |Zl|] 1|Z2
I'(a, /1 2)I' (e, /2)

where —00 < z,z, <+00 ,7,,7, > landreal, oy, >0,-1< g, <+1

e Double Erlang-k distribution, With Scale parameters 1/ klocl, 1/ kZOcz) and Shape

parameters (7Y, ,Y,,0y,Q,, 1,1),

(& Qv

(1 +g221271—1222“/2—1) (lclal) ! (kloq) 2 ‘Zl‘al—l ‘ZZ‘CYZ—] ef(klal‘zl‘+k2a2‘zz‘)
4L (o))

where —00 < z,,z, <400 ,7,,7, >landreal, oy,0,,k,k, >0,—-1<pg, <+1

e Double-Weibull distribution, With Scale parameters (kla1 ,kzaz) and Shape parameters

uz’

(715’}/270{17&27&150{2)1

o
z) !

ky

21
kl

aya, (17 k"Y1 k,") [ e e"

(1+ p12212«,171222~,271) 4

where —00 < z,,z, <400 ,7,,7, >landreal, o, .,k ,k, >0,-1<pg, <+1

Result 4.5: shown below some selected Bi-variate mixture of distribution as special

cases of Sam-solai’s Bi-variate generalized standard double exponential family of

distributions of kind-2 from (14) for different settings of scale and shape parameters

given

e Laplace-normal distribution, With Scale parameters (1, 2) and shape parameters

1 2

Lk gteeP]

227

where —o0 <z,z, <+00 ,7,,7, >landreal, —1<pg, <41

%> 7. 11 1,2) (1 + /01221271712227271)

e Laplace-Double Gamma distribution, With Scale parameters (1, v 2) and shape
parameters (,, v,, 1, %1, 1),
vzaz/ﬁz |
2T (a,)
where —o0 <z,z, <+00,7,,7, >landreal, v,,a, >0,-1<g, <+1

|”2 -1 e*(‘zl [+v222])

(1 + plzzlzh“ilzzhrl)

e Laplace-Double Rayleigh distribution, With Scale parameters (1, 2) and shape
parameters (7, Y,, 1,2, 1,2),

1
[t 3teaF’)

1
(1 poz 27 S =l
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where —c0 <z,,z, <+00 ,7,,7, >1landreal, —1<pg, <+1
e Laplace-Double chi-square distribution, With Scale parameters (1, 2) and shape
parameters (7Y, 7,, 1, ny/2,,1, 1),

-~ . (1/2)712/2
SR vl

where —o0 <z,z, <+00,7,,7, >landreal, n,>0,-1<pg, <+1

1
(m/2)—1 *[\ZIHQ\@\}

e Laplace-Double Maxwell Boltzmann distribution, With Scale parameters
(1,20'22) and shape parameters (7y,, 7v,, 1,3, 1, 2),
1

20, NP

where —o0 <z,z, <+00,7,,7, >landreal, 0,>0,-1<pg, <+1

2 )

02

1
‘Zl‘+5

(1 otz )| — |2
2°1 2

0,

e Laplace-Double Nagakami distribution, With Scale parameters (L€3/m3)) and shape
parameters (7Y, V,, 1, 2m,,, 1, 2),

(m, /Q,)" |Z
2
2T (m)

M, P
2my—1 ei[‘leQJZH ]

(1 + P122127171222%71 )

where —o0 <z,z, <400 ,7,,7, >1landreal, m, >1/2,0,>0,-1<p, <+1
e Laplace-Double chi distribution, With Scale parameters (1, 2) and shape parameters
(’71 > 72, 15 Q, 15 2))

(1 / 2)(12/2 |
—— |2
20 (a, /2)"?

where —o0 <z,z, <+00,7,,7, >landreal, o, >0,-1<pg, <+1

1
a1 [lbealeaP)

<1 + p122127171222%71>

e Laplace- Double Erlang-k distribution, With Scale parameters (L1//05)) and shape

parameters (7Y,, V,, 1, 0z, 1, 1),

(kya,)™ E
4T (ay)

where —o0 <z,z, <+00 ,7,,7, >1andreal, k,,a,>0,-1<pg, <+1

a,—1 e—(‘zl‘+k2a2‘22‘)

(1 + Plzzlzmilzzhrl )

e Laplace- Double-Weibull distribution, With Scale parameters (1,k,”2)) and shape

parameters (7, Y,, 1, o, 1, ),
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02]

where —o0 <z,z, <+00,7,,7, >landreal, k,,o,, >0,—-1<p, <+1

i+

)

a, (1/ k" )| o
2

(1 + :‘1221271 22724) 4

e Normal-Double Gamma distribution, With Scale parameters (2,1/v,)) and shape
parameters (7Y, V,, 1, 0z, 2, 1),
\/‘2&2 |Z -1 *[%\21\2”2\22‘]
2
V2m(2I(ay))

where —o0 <z,z, <+00,7,,7, >landreal, v,,a, >0,-1<pg, <+1

(1 + FlzzlzWI 227271 )

e Normal-Double Rayleigh distribution, With Scale parameters (2 2) and shape

2= ‘Zl‘ sz\
parameters (7Y, , V,, 1,2,2,2), (1+ Z 21, 211
Y 2 ( A2 % ) 2\/_| 2|

where —c0 <z,,z, <400 ,7,,7, >1landreal, —1<pg, <+1
e Normal-Double chi-square distribution, With Scale parameters (2, 2) and shape
parameters (7Y,, 7V,, 1, ny/2,2, 1),

(1 / 2)}'12/2 |
— | Z
N27T(n, /2)

where —o0 <z,z, <+00,7,,7, >landreal, n,>0,-1<pg, <41

1 2
(ny/2)-1 e*;(\zl\ +\z2\)

(1 + szlhl 7122272 B )

e Normal-Double Maxwell distribution, With Scale parameters (2,20'22)) and shape

- laf* +22
2 0y

INENE
parameters (7, 7V,, 1,3, 2,2), (l—|—g -1, 2m l) —271_0_ 0__2
219>

where —o0 <z,z, <+00,7,,7, >landreal, 0,>0,-1<pg, <41
e Normal —Double Nagakami distribution, With Scale parameters (2,2, /m,)) and
shape parameters (7y,, 7,, 1,2m,, 2, 2),

T R 1PN RPN
e = =
2

where —c0 <z,,z, <400, 7,7, >landreal, m, >1/2,02, >0,-1<g, <+1
e Normal-Double chi distribution, With Scale parameters (2, 2) and shape parameters

| (1/2)2"
s Y10, 2,2) (14,3727 r(ﬂl /2)|
2

where —o0 <z,z, <+00,7,,7, >landreal, o, >0,-1<pg, <+1

1
a1 —llaf +eof)
e
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e Normal- Double Erlang-k distribution, With Scale parameters (2,1/k,c,)) and
shape parameters (7y,, Y,, 1,02, 2, 1),

(k a2) - | |(Y271 ei[%‘zl‘ﬁkz“z\zz‘]
\/_ 2I'(,)

where —o0 <z,z, <+00,7,,7, >landreal, k,,o,, >0,—-1<p, <+1

(1+H2212W1 - 22 hil)

parameters (7, , V,, 1, 0z, 2, a),

_ ‘2 22
ky

*‘Zl

¢ Normal- Double-Weibull distribution, With Scale parameters (2,k,%2)) and shape
a,(1/ k™), o
i

NG J

where —o0 <z,z, <+00,7,,7, >landreal, k,,o,, >0,—-1<p, <+1

(l"i"l%zlz71 B 22724)

e Double Gamma-Double Rayleigh distribution, With Scale parameters (1/v;,2) and
shape parameters (7, ¥, o, 2, 1, 2),

1, 2
R T a2l
a0 |Zl| |22|e
()

where —o0 <z,z, <+00,7,,7, >landreal, v,q, >0,-1<pg, <+1

(1 + szlzh/rlzzzh/2 - )

e Double Gamma-Double chisquare distribution, With Scale parameters (1/v,2) and

shape parameters (7, ¥, , o, /2, 1, 1),
wh(1/2)"? 2 |a1,1 2

4T(ey)0(n, /2) ’

where —o0 <z,z, <+00,7,,7, >landreal, v,q,,n, >0,-1<pg, <+1

1
(n/2)-1 e*["l\zl\j\zz\]

(1+H2212” -1 2%71)

e Double Gamma-Double Maxwell Boltzmann distribution, With Scale parameters
((/v,262), and shape parameters (7, ¥, .0, 3, 1, 2),

1222
2oy

w7+
[ox

(vl al |
2T (0, )oN2m

where —o0 <z,z, <+00,7,,7, >landreal, v,q,,0,>0,-1<pg, <+1

Zy

(14‘/]221271 B 22%4)

|a1 -1

0,

e Double Gamma-Double Nagakami distribution, With Scale parameters
(1/v,,9, / my)) and shape parameters (Y, , 7Y, , &, 2my, 1,2),

v, 1(7712 /Qz) 2 |Z |2m271 e [V1\21\+92\22\ ]

28 ()T (m,)

o —1 |

2

<1+ 91221271712227271)
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where —o00<z,z, <400 ,7V,7, = landreal, m, >1/2, v,0,,Q,>0,-1<pg, <+1

e Double Gamma-Double Chi distribution, With Scale parameters ((1/v;,2) and

shape parameters (7,, Y, 0, 0o, 1,2),
vlal (1/2)(12/2 |Z

20(e) (e, /2)

where —o0 <z,z, <+00,7,,7, >landreal, v,q,,c, >0,-1<pg, <41

{nlalf
alfl| -1 VA 222
e

(1 + %212% 71222%71 )

2

e Double Gamma-Double Erlang-k distribution, With Scale parameters
(1/v,1/ kya,) ) and shape parameters (7Y,, Y, , 0, 0, 1, 1),
v](ll (kzaz )(1’2 |
1
4 () ()
where —o0 <z,z, <+00,7,,7, >landreal, v,q,,0,,k, >0,-1<pg, <+1

oq—1 | |a’271 e—(vl‘lekzaz‘zz‘)

(1 + ﬂ2212%71222wrl>

2

¢ Double Gamma-Double Weibull distribution, With Scale parameters (1/v,k,%)

) J

where —o0 <z,z, <+00,7,,7, >landreal, v,q,,0,,k, >0,—-1<g, <+1

and shape parameters (7y,, 7V,, o1, 0, 1, a3),

22
ky

[vlzl+

Qq Qp
v ayk, |
1 2

4I' (o))

o —1 | |a271

(1 + 912212%712227271)

e Double Rayleigh-Double chi-square distribution, With Scale parameters (2, 2) and
shape parameters (7y,, 7V,, 2, n/2, 2, 1),
(1/2)="> (/2 e;(zﬂm)]
4T(n, /2)
where —o0 <z,z, <+00,7,,7, >landreal, n, >0,-1<pg, <+1

(1 + H22127l 7122%2 71)

|Zl||zz

e Double Rayleigh-Double Maxwell Boltzmann distribution, With Scale parameters
(2, 2022) ) and shape parameters (7, ¥, 2, 3, 2, 2),
2
oot |
20,27

where —o0 <z,z, <+00,7,,7, >landreal, 0,>0,-1<g, <+1

2 22

a2
e

(1 + szlhl 71222%71 )

2
0,

e Double Rayleigh-Double Nagakami distribution, With Scale parameters
(2,9, /m,)) and shape parameters (7, Y, , 2, 2my, 2, 2),
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ﬂ‘lz
(m, /)™ |\ s |l 2T
|Zl||22| ¢

(14 ppz 'z, ) )
2

where —00 <z,z, <+00 ,7,,7, >landreal, m, >1/2,>0,-1<g, <+1
e Double Rayleigh-Double Chi distribution, With Scale parameters (2, 2) and shape
parameters (7Y, Y, , 2, 0, , 2, 2),

(1/2)™" el eg(\zlmzx)
2I(a, /2)
where —0c0 < z,z, <+o00 , 7,7, >landreal, a, >0,-1< g, <+1
e Double Rayleigh-Double Erlang-k distribution, With Scale parameters (2,1/k,2,)

(1_|':012212Wl : 22%71>

and shape parameters (7y,, 7V,, 2, & ,2, 1),
(s B oo B
4(oy)
where —o0 <z,z, <+00,7,,7, >landreal, k,,o,, >0,—-1<p, <+1
¢ Double Rayleigh-Double Weibull distribution, With Scale parameters (2,4,%*) and
shape parameters (7, V,, 2, 0z, 2, 02),

Z2

@
ko

1
a k an [2212+
1+ 7 2’71*12 279,—1 #|Z ||Z a,—1 e
P22, 2 4 1142

where —o0 <z,z, <+00,7,,7, >landreal, k,,o,, >0,—-1<p, <+1

e Double chi-square-Double Maxwell Boltzmann distribution, With Scale parameters

2
Z2
02

(2,2022) and shape parameters (7y,, 7,,n/2,3, 1, 2),

2

: |1+
2

(m/2)-1|Z2,

0,

(1/2)""”
|2,

I'(n, /2)o,\27

where —o0 <z,z, <+00,7,,7, >landreal, n,0,>0,-1<pg, <+1

(1 + 91221%171222%71)

e Double chi-square-Double Nagakami distribution, With Scale parameters
(2,9, /m,)) and shape parameters (7, , Y, , i, 2my, 1, 2),

(1/2)"?(m, /2,)™ 2
2T(n, / 2)T(m,) “

where —o0 <z,z, <+00,7,,7, >landreal, m, >1/2,n,0,>0,-1<p, <41

2 24,1 2my—1 7[%‘21“5”!72‘22‘2]
(1+H221 "7z, ) | e i

(m12)-1 |

2
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e Double chi-square-Double Chi distribution, With Scale parameters (2, 2) and shape
parameters (7Y,, 7V, , /2, o, 1, 2),
(1/2)"2(1/2)*"? |
z
2T(n, / 2)T (e, /2)"
where —o0 <z,z, <+00,7,,7, >landreal, n,o, >0,-1<g, <+1

12)-1 1 *l(\z )
(m/2)— | |C“2* H\If1i=2

(1 + /)1221“712227271)

2

e Double chi-square-Double Erlang-k distribution, With Scale parameters (2,1/k,2,)
and shape parameters (7y,, 7V,, /2, ap, 1, 1),

(112" (o)™
4T (n, 1 2)T ()

where —o0 <z,z, <+00,7,,7, >landreal, n,0,,k, >0,-1<pg, <+1

1
ay—1 7[5‘21 [+kpaz |z ‘]
e

(m/2)-1
|Zz

(1 + pIZZIZVﬁIZzZvrl)

e Double chi-square-Double Weibull distribution, With Scale parameters (2,£,%) and

|

shape parameters (7y,, 7V,, /2, oy, 1, ap),

%2 |

2 |1 [+
2 oy

(1 / 2)n1/2
20(n, / 2)o, <27

(m/2)-1|Z2,

(1 + :012212%71222%71)

|Zl

0,

where —o0 <z,z, <+00,7,,7, >landreal, n,0,,k, >0,-1<pg, <41
e Double Maxwell Boltzmann- Double Nagakami distribution, With Scale parameters
(20'12, Q, /m,) and shape parameters (7y,, Y,, 3, 2my, 2, 2),

my 2 - li2+ﬂ‘22‘2
2’?’1*1 2,»,271 (mz /QZ) Zl 2n‘1271 2 a1 QZ
1+ p,z, Z, — |22
20N27'(m,) |0,

where —oc0 <z,z, <400 ,7,,7, >1landreal, m, >1/2,0,,Q2,>0,-1<p, <+1
e Double Maxwell Boltzmann- Double Chi distribution, With Scale parameters
(2012 ,2) and shape parameters (7Y, , Y,, 3, 02, 2, 2),

1 le 2
u - 1/2)a2/2 z o1 7 ;1 HZZ‘ ]
1+ ZZ')I lZ 27,1 ( A1 z 2 e
(L™ 2" 20\ 27T (e, /2) |0, 2

where —o0 <z,z, <+00,7,,7, >landreal, 0,0, >0,—-1<pg, <+1
e Double Maxwell Boltzmann- Double Erlang-k distribution, With Scale parameters
(20'12,1/k2a2) and shape parameters (7y,, 7V,, 3, 0, 2, 1),
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2 EEEE ey ‘z‘
_ _ (k « )0[2 z a,—1 [2 e 2]
1+ 2271 IZ 2=\t ) 4y z 2
s el

where —o0 <z,z, <+00,7,,7, >landreal, o0,0,,k, >0,-1<pg, <+1
e Double Maxwell Boltzmann- Double Weibull distribution, With Scale parameters
(20'12 ,k,*) and shape parameters (7, , Y,, 3, 02, 2, 0),

2 o
o 2 [121 e 2}
(1 _|_ pl z 2,},1712 2’?’2*1) Oéz(l / k2 ) i |Z |(1271 e 2|0y k2
241 2 2
20N2m |0,

where —o0 <z,z, <+00,7,,7, >landreal, o0,,0,,k, >0,-1<pg, <41
e Double Nagakami-Double chi distribution, With Scale parameters (€, /m;,2) and

shape parameters (7, Y, , 2my, ,, 2, 2),

(my 1 Q)" (1/2)%" 2 |zm1,1 |
D(m)l(e,/2)

where —oc0 < z,z, <+00 ,7,,7, >landreal, m >1/2,Q,0,>0,-1<p, <+1
e Double Nagakami-Double Erlang-k distribution, With Scale parameters

| |
(1+H 22”’1712 27271) |ﬂr e o) 2
241 2

2

(€, /my,1/ kya,) and shape parameters (7Y, , Y, , 2my, oy, 2, 1),

(m, /)" (kyor,)™
2(m)I (o)

where —oc0 < z,,z, <+00 ,7,,7, >1landreal ,m >1/2,Q ,a,,k, >0 —1<p, <+1

e Double Nagakami-Double Weibull distribution, With Scale parameters

%‘zl‘erkZaz‘zZ‘]

2y-1_ 271 | |2mﬁl| |ﬂrl 7[
(1+:q221 Z ) 4 o €

(Q, /my,k,*) and shape parameters ( Yi> Vq» 2my, 0, 2, 0),

2 2202
)| ) (1), ety e (2 e ]
(1“‘,%21271 1222% l) (m /)" oy (1/ k, )|Zl | |Zz| 21, 2
20(m,)
where —00<z,2z, <+00 %7, 2> 1and real , m >1/2,

Q,a,,k,>0,-1<pg, <+1

e Double chi- Double Erlang-k distribution, With Scale parameters (2,1/k,a,) and
shape parameters (7,, Y,, 0, 0, 2, 1),
Loy (1 2) " ()™

(1+H2212% 122272 1) ( ) ( 2 2) |Z1
2T(cy, / 2)[ (o)

where —o0 <z,z, <+00,7,,7, >landreal, o,,,k, >0,-1<pg, <41

1
ap—1 7[5‘21‘2 +k20‘2‘22‘}
e

o—1 |

2
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e Double chi- Double Weibull distribution, With Scale parameters (2,k,*?) and
{Yz}

where —o0 <z,z, <+00,7,,7, >landreal, o,q,,k, >0,-1<pg, <+1
e Double Erlang-k- Double Weibull distribution, With Scale parameters
(1/ ke, k,?) and shape parameters ( Yi> Va» O, O, 1, 00),
ap
E2)
]

shape parameters (7y,, Y, , 0, 02, 2, 0),

I, 2 |2
B e PR
-1 [2 1‘
e

ky

(1/2)111/2a2(1/k ay )|Z
2I'(ey 1 2)

op—1 |

(1 + plzzlz71 2227271 )

2

—{kiq|z |+

2

" | (& 1/ k" a-1|_ joa—
(H_gzzlznl 27, 1) ( 041)41?(202) )| | |Zz| e

where —o0 <z,z, <+o00 ,7,,7, >1andreal, o;,0,,k, >0,-1<g, <+1

Result 4.6: shown below some selected Multivariate distributions as special cases of
Sam-Solai’s Multivariate generalized double exponential family of distribution of kind-
2 from (1) for different settings of Location, scale and shape parameters given

e Generalized Laplace, distribution with location parameters ( (4, ) , scale parameters

(0;.1,), shape parameters (7, ,1, 51‘ s

27, — 27,-1

i

i
1 e

o,

, 8, ,
5 )H oL/ 5"

where j = j, —oo<x <4005 —c0<p <+0057,,7,>1 andreal, 0,8, >0, —1<p <+1

YR

) _
1+ZZ% =L

i=l j=I1 i

J

e Laplace, distribution with location parameters ( ;) scale parameters( o;, 1) ,

shape parameters (7y,, 1, 1),
2v;—1

»p . 27;—1 oy J 1
1+Zzpi;[xzaul] x./U"U“,/ (= )pH -
i j

i=1 j=1 i=1 U'

XM
o

1
where ;.. ;, —co<x, <400, —co<y < 400,757, >1 andreal, 5 >0, ~1<p, <+1
e Generalized normal, distribution with location parameters ( (,) scale parameters

(0,, 3,) . shape parameters (Y, , 1, [3,),

2w~71 27;-1 1
x._u. l/ﬁ 1/8)-1
D R T G ==t
i=l j

7, L oT(1/B)

i l‘q

i
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where ;. ;, —co<y <400, —00<p; <+00,7,7,>1 and real, A,0,08,>0,
—1<p <+1

e Normal, distribution with location parameters ( {4, ) scale parameters (0, , 2) , shape
parameters (7;, 1,2),

2
27;-1 27,1 Xy

= . 1 2l o
1+ZZIOU XIO-/J, xjo_ /“L] (Z_)p/21_[ —e 2

1
i=l j=1 i j i i=1 U,‘

where ;. j, —oo<x <400, —00 <, <400,7;,7, >1 and real, -1 < p, < +1
e Generalized Double Gamma, distribution with location parameters (0), scale

parameters( 1, l/Vl.) , shape parameters (7, , o, ﬁi ),

L3S g |y [
T |

i=1 j=1 i=1 Q; /ﬁ,-)

Where i=js —oo <x, <+00 ’Y,»a’Y,- 21 andrealn Vi’aiaﬂ,‘ >0’ _IS ,0” S"’l

a;—1 ef"i‘xi‘ﬁi

e Double Gamma, distribution with location parameters (0), scale parameters (1,
1/v,), shape parameters (7, o, 1),

I+ Zp: Zp: Py xS ( )’ H

i=1 j=1 i=1 P( )
where ;.. ;, —00 < x, <4005 Vi, >1 andreal, v,,a;, >0, —lgpl.j <+1

ai71 7v,~‘xl-‘

e Double Rayleigh, distribution with location parameters (0), scale parameters ( 7, ,2),
shape parameters (7, , 2,2),

29;—1 29;-1 1 x|
X

DD DV sl B ()Hl

i=1 j=1 i Jj

where ;. j, —oco<x <+00,7;,7, 21 andreal, 0, >0, —1<p, <+1
e Double chi-square, distribution with location parameters (0), scale parameters (1, 2),

shape parameters (7, , 7, /2,1),
(/21—
n;/2)—1 51X
A e ?

A 21 1/2)""?
D DPIY = j ( )’ H é(n.)/2)|x’

i=1 j=1 i=1

where ;. ;, —00<x; <+400,7;,7; >1 andreal, n, >0, —1<p, <+1
e Double Maxwell-Boltzmann, distribution with location parameters (0), scale
parameters (0, , 2) , shape parameters (7, , 3, 2),
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X:

s 27;-1 27;-1 1 r | 2
X X, 200
0 op oy -1 [ EV I TR {ERET
ij

=1 o1 o 2w oo, o,
where ;. j, —oco<x <+00,7;,7, 21 andreal, 0, >0, —1<p, <+1
e Double Nagakami, distribution with location parameters (0), scale parameters
(I,QZ. /ml. ), shape parameters (7, , 2m,, 2),

1+ Z Z Py X H F(ml-) |xi

i=1 j=1 i=1

m_p
2mi—1  Q ‘X"‘

where ;.. ;, o<y <400,7,7; 21 andreal, m; >1/2, Q, >0, —1<p <+1
e Double chi, distribution with location parameters (0), Scale parameters (1, 2) , shape
PP 2 ((1/2)%"2 B ,l‘x,‘z
o 27v:—1 i —1 i
parameters (7;, @, 2), 1—1—22/)[/)9.27’ lx/ K H (—)|xi|(l e?
-1 =1 ' g WA (e /2)
where ;. j, —oco<x <+00,7;,7, 21 andreal, o, >0, —1<p, <+1
e Double Erlang-k, distribution with location parameters (0), scale parameters

(1, l/ka ) , shape parameters (7, , o, 1),
a;—1 ki(xixi]
e

N (ka,)"
T+ > px ) ( )’ H |y,
where ;.. ;, —00 < x, <4005 Vi, >1 andreal, k,,c;, >0, —lgpl.j <+1

=1 j=1 ['(a;)

e Double-Weibull, distribution with location parameters (0), scale parameters (0, , 1),

shape parameters (7, , o, @),

(o5
i
|

g

p

24;-1 X 2y;-1 1 o;—1 _
. ;| X,
1+ZZPU[ ] p A (o 1 1 e o

i=1 j=1 j i=1 | 0;|0;

where i=j» —00<x, <+00s T >0, —1< 0y <+1
e Double error, distribution with location parameters (0), scale parameters (1, 1) ,
NG 27,-1 /2 I
— I,
shape parameters (7, , 1,2), 1+ Z z Py X, K x ( )? H( ! )
i=1 j=1 i=1
where ;. j, —so<x, <+00,7;,7, 21 andreal, —1<p, <+1

e Generalized Double exponential of kind-1, distribution with location parameters

(1, ) scale parameters (0, )\l. ) , shape parameters (1, ¢, ﬁl. ),

14303 |

i=l j=1

5
o=l 1=

e)‘i O

X, — (l)pﬁ B/ N\) |xl
o, 20 Jl.F(ozl./ﬁl.)‘ o,

1
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where ;.. ;, —co<x <+o0s —00 < ft; <+00,7,,7; >1 and
reala A[7O','5(y,'5ﬁf >Oa_1§p,j S +l

Conclusion

The multivariate generalization of generalized double exponential family of
distributions in a natural form is impossible and the authors adopted the Sarmanov
system of multivariate generalization of distributions. At first, the marginal univariate
distributions of the Sam-Solai’s Multivariate Generalized double exponential family of
distributions of kind-2 are univariate Generalized double exponential distributions.
Secondly, the co-variance and correlation co-efficient of any two generalized double
exponential variables will change based on the shape parameters of the distribution.
Similarly, based on the parameter settings of the multivariate generalized double
exponential family of distributions of kind-2, the authors further derived the
multivariate distributions for the existing univariate continuous distributions. Thus the
authors recommend that the generalization of Sarmanov type family of symmetric
multivariate distribution opens the way for logical extension of the generalization of
symmetric family of all univariate continuous probability distributions in the statistical
literature.
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