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Asymptotic Behavior of Convolution
of Dependent Random Variables with
Heavy-Tailed Distributions '
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Abstract : In this paper, we study the asymptotic behavior of the tail of X7 4+ Xo
in a dependent framework; where X; and X5 are two positive heavy-tailed ran-
dom variables with continuous joint and common marginal distribution functions
F(z,y) and F(z), respectively; and for some classes of heavy-tailed distribu-
tions, we obtain some bounds and convolution properties. Furthermore, we prove
P(|X71 — Xao| > x) ~ a.P(]X| > ) as * — oo, where a is a constant and X7, Xo
are dependent random variables.
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1 Introduction

The asymptotic tail behavior of sums of heavy-tailed random variables has
been studied by many authors, Chistyakov [2], Kliippelberg [8] and Embrechts et
al. [4, 5] were presented a perfect discussion in this context when the random
variables are independent. In recent years, Cai and Tang [1] and Wang [9] gen-
eralized these results to multivariate cases in the deferent classes of heavy-tailed
distributions. Moreover, they have started a complete research, in this topic, when
the random variables are dependent. On the other hand, heavy-tailed distribu-
tions have been the focus of study of many researchers in many sciences such as
Insurance and Finance in recent years. Some classes of heavy-tailed distributions
have been introduced in the literatures; here we deal with long-tailed distribution
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functions and study asymptotic tail behavior of sums of random variables when
the distribution functions belong to this class. A distribution function F belongs
to long-tailed distributions (F € L) if lim F'(x — u)/F(z) = 1 as 2 — oo. In this
paper, we extend these results to the case that the random variables satisfy in the
new definition of dependency, which will be presented below. For this propose we
consider the following condition is valid for the distribution functions, which can
be assumed as another class of heavy-tailed distribution functions.

/00 F(u)du < oo. (1.1)
0

Throughout this paper all distribution functions defined on [0, 00) and f(x) ~ g(x)
means that lim f(z)/g(x) = 1 as  — oco. We denoted the tail of distribution
of F by F(x) = 1 — F(x), convolution of distributions F and G by F*G and
F+G = 1—FxG, and denoted n'™ convolution of F by F(" and F" (z) = 1— F(™),
All limit conditions are for x — oo unless stated otherwise.

In following we present a new definition of dependence which is assumed in this

paper.

Definition 1.1. The random variables X1 and Xo are said Weakly Negatively
Dependent (WND) if there exist a C > 1 such that, f(x1,22) < C.f1(x1).f2(x2)
where f(x1,x2), f1(x1) and fa(xa) are joint density and marginal densities of X1
and Xso, respectively.

The class of WND random variables is well defined and a large class of these
random variables can be found. Some examples of this class will present in follow-
ing.

Definition 1.2. The distribution functions F and G are said to be maz-sum-
equivalent, written F ~y; G if

FxG(z)~F(z)+G(z) as x— oo. (1.2)
2 Examples

The following examples are evidence of WND random variables:

i) Suppose that X; and X5 have half-normal distribution, then

s ( ) 2 1
Tr1,x = ETP | —
X1,X2\ L1, L2 T2 P 2(1 2)

1 1
fx.(x;) = \/jexp{——xf};i =1,2.
T 2

{x% + x% — 2pxr1me} |21, 2 > 0,
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If -1 < p <0, then X7 and X5 are NQD r.v.’s (Ebrahimi and Ghosh [3]). More-
over,
thXz (Ilax2> 1 —P2 P 1

2 2
= exp x] +x5) + 12| < —/——.
X1 (@) [ Xa (22) 1—p2 2(1—p2)( 1+ ) 1—p2 172 1-p2

Then f(z1,22) < C.f1(x1).f2(x2), where C' = 1/4/1 — p? > 1. So, X; and X, are
WND.

ii) Let X and Y be two random variables with joint FGM (Farlie-Gumbel-Morgenstern)
distribution, we have

fxy(@y) = fx(@)fy(y) [1+a(l = 2Fx (2))(1 = 2Fy (y))] -

On the other hand, it’s obvious that

1+ (1l =2Fx(2))(1 = 2Fy (y))| < 1+ |al,

and

Ixy(zy) <A+ la)fx(@)fy(y).

Therefore, the random variables X and Y are WND with C' =1+ |a| > 1. More-
over, we know if —1 < a <0, then X and Y are NQD ([3]).

In particular if Fi(x) = 1 — (a/a + )%, 2 > 0;i = 1,2 ( X ~ Pareto(a, 3) where
a > 0 and  is positive integer), then F; € C' C D[ L. For these examples it is
easy to see that the condition (1.1) holds.

3 Main results

In this section, we obtain some convolution properties of WND random vari-
ables.

Lemma 3.1. Let X1 and X5 be two WND random wvariables with distribution
functions F;, i =1,2 , then

1) For every x1,x2 € R we have,

FXl,X2 (xlva) < O'FX1 (Il)FX2 (IQ)

ii) For all positive value of ,

P(X1+ Xy, >12)<C. /000 Fi(x —u)dFy(u).
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iii) If hi(.) and ha(.) are monotone measurable functions then hy(X1) and ha(X2)
are WND.

Lemma 3.2. Let {a,} and {b,} be two sequences of positive real numbers, then

Lemma 3.3. Let X1 and X5 be two WND random wvariables with distribution
functions F' and G, respectively, then

i)IfFeDand Ge D, then H=FxGeD.
i) IfFeL and Ge L, then H=F G € L.

Proof. 1) For arbitrary random variables X and Y, see Cai and Tang [1].

ii) For any = > 0, we have

H(r) = PX+Y >u2)
= PX+4+Y>uX>2)+PX+Y >xY >1)
+PX+Y > X<zY<z)—PX>xY >x)
= PX>2)+PY >z)+PX+Y >z X<V <x)
— P(X>mzY >a).

It follows that for every u > 0

g Himw
- H(z)
H(x —u)

PX>2)+PY >a)+ PX+Y > X<z;Y <z)—PX>xY >1)

Therefore, Lemma 3.2 implies that

ﬁ(_x—u)

'S T

S max {dl,dg} N

where,

PX>z—u)+PX+Y>r—wX<zx—uY <z—u)
PX>z2)+PX+Y>wu X <zY <uz) ’

dy =



Asymptotic behavior of convolution of dependent random variables ... 221

PY>z—u)—PX>z—wY >z —u)

d =
? PY >xz)— P(X > ;Y > 1)

Moreover,

d <P(X>:c—u) P(X—I—Y>x—u;X<:c—u;Y<:1:—u)7?(:17—u)+1
'=TP(X > ) P(X > ) " Flx)

Now the property of WND yields

PX+Y>z—uX<z—wY <z—u)

I =
! P(X > x)
C
< m I(m—u—Y<X<m—u)I(Y<;E—u)fl(I)fQ(I)dzdy
C
_ Plr—u—t< X —u)dG(t
P(X>5U)/Y<m—u (r—u < X <x—u)dG(t)
® Iy co—w|Fx —u—1t) — F(z —
_ c./ veolFle—u = 7 Flezu) 0
0 F(x)
therefore, by F' € L and Fatou’s Lemma we get,
° .1 z—u)[F(z—u—t)—F(z—u
lim sup I S/ lim sup (¥ <z —u)[ I H=F( )dG(t) =0,
and so, -
Fx —
limsupd; < hmsupM +1I; <1.

On the other hand,

PY>z—u)—PX>z—wY >z—u)
PY >z)—P(X >z;Y >x)
- PY >z —u)
- PY >z)—-PX>xnY >z
[P(Y>x)—P(X>a:;Y>x)]_1
P(Y >z —u)
B P(Y > x) PY >zY >2)]"
g |

dy =

(Y >z —u) PY >z —u)
= [L-I)".

Where I = P(Y > 2)/P(Y > 2 —u) and Is = P(X > 2;Y > 2)/P(Y > 2 — u).
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Since G € L, hence Is — 1 and I3 — 0 as © — o0, so limsupds < 1 as x — oo,
this completes the proof. O

The following Lemma was proved by Wang and Tang [9] for ND random vari-
ables. We proved it for WND random variables.

Lemma 3.4. Let X and Y be two WND random variables with distribution func-
tions F and G, respectively. Then,

PX+Y>z)>P(X>z)+PY >z2) as x— .
Proof. For any positive x we have
PX+Y>z) = PX>z)+PY >x)
+ PX+Y >y X<V <z)—P(X >V >x)
PX>z)+PY >z)—P(X>z;Y >x)
P(X>z)+PY >z)—CP(X >z)PY > x).

(AVARAYS

The second inequality is valid by Lemma 3.1(i), then

P(X+Y > x)
P(X>z)+P(Y >x)

> 14 o0(1).

This completes the proof. O

Theorem 3.5. Let X1 and X5 be two WND random variables with common dis-
tribution function F € L, if F satisfies in condition (1.1), then

—=(2) —(2)
F F
2 < liminf — 7) < limsup — () < 2C.

Proof. For all x > 2v > 0, we have

—=(2) v T—v
i < s 2 Fe-war s [ Fe - wir) + FeFe -

= K1+ Ks+ Ks.
Now, it is easy to see that, if F € L , then lim, .o lim; .. K1 = 2C and

lim, o, K3 = 0. Moreover, we derive lim, o lim, .- K1 = 0, by the following
argument. For any > 2v, we have

[ e war = [ Fware-w < [ FadRe - =

Now let,

I= /000 F(u)du = i /n(nﬂ)h F(u)du.

n=0 h



Asymptotic behavior of convolution of dependent random variables ... 223
we have,

hiﬁ( hZFnh—i—h ZFnh (3.2)

n=0

Since F'(nh + h+v) < F(u) < F(nh +v) for all u € [nh +v,nh + h + v], so we
can write

No—1
Z Fln+1h+v]{F(z - (n+1)h—v) — F(z —nh—v)}
n=0
No—1 .(n+1)h+v B B
= Z/ F[(n+1)h+v|dF(z — u)
n=0 Y nht+v
No—1 .(n+1)h+v B B
< > / F(u)dF(z —u) =1,
n—0 v mnhtv
No—1 (n+1)h+v B B
< / F [nhy, + v]dF(x — u)
n=0 Y nhtv
No—1
= Z Fnh+v]{F(x—(n+1)h—v) - F(z —nh—v)},
n=0

where, Ny = [z/h]. Then we get

Fnh—l—v

IN

HMZ :M\

{F(z—(n+1)h— V) — F(:z:—nh—v)}

o st oot ono)

When z tend to infinity, for all value of n and v,

{F(x—(n+1)h;z()i)—F(x—nh—v)}

tends to zero. Therefore for sufficient large x and for any € > 0, we have,

N() 1 o0
K2<F()§52Fnh+v ZF(nh)<£.M.
n=0 n=0

The final inequality valids by (3.2). This completes the proof. O
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Corollary 3.6. Let F be a distribution function that belongs to L and satisfies
in condition (1.1), then F belongs to class of Subexponential distribution functions

and

. T F(x —u) u) =
mh—I>noo ; 77(30) dF(u) = 1.

Theorem 3.7. Let X1 and X5 be two WND random variables with cog%mon_distri-
bution function F' € L which satisfies in (1.1). If the condition m < F(x)/G(x) <
M holds for some m, M € (0,00), then

—(2) ~(2)
2 < liminf — ;C) < lim sup G_ (z) <2.C.

as x tends to co. Where G®) is the convolution of two WND random variables
with common distribution function G.

Proof. Let Y7 and Ys be two WND random variables with common distribution
function G, so there exist a C' > 1 such that g(y1,y2) < C.g(y1)g(y2). Like the
analogue of Theorem 3.5, for x > 2v we can write,

—(2)
G (x) 1
— = = PY1+Yo>aeYi<rx—v)+ PV1+Yo >z, Yo<ax—
G(;[;) G(;[;)[ (1 2 X 1 X ’U) (1 2 €T, X9 xr U)
+ PV +Ye>a, Y1 >a—0,Ys >z —0)
C

el { /0 Bl — u)dG(u) + /U " G — w)dG ) + Cla — U)E(I)}

= hLh+L+1Is.

Now, GG € L implies that, lim, . lim, .., I = C' and lim,_,, I3 = 0. Moreover,

B TV G — u) ) — T G(r —u) "
IQ—/O 7@(3:) dG( )_Il+\/z<7v 7@(17) dG(u). (3.3)

On the other hand,

I Gg(i;)%(;(u) < ur %daw -xr #;—%G(u)
M Tr—v
) [P(U <Y<z-v) —/U F(z —u)dG(u)| .

By integrating by part, we have
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T G(r—u) T OF(x—u)
/I_U 7@(17) dG(u) < M. /I_U 7?@) dF(u)
M

* mF(x)

[G(v)F(z —v) — Gz —v)F(v)] . (3.4)

In Theorem 3.5, we have seen that the condition (1.1) implies that

x F _
lim lim MdF(u) =0,
v—oox—00 [ F(.I)
therefore, (3.4) implies that,
x 6 _
lim lim (_x(i)u)dG(u) —0. (3.5)
v—00 T —00 [ T

Substituting (3.5) in (3.3) we get, lim, oo lim, oo I1 = C. So 6(2)($)/6($) <2C
and by Lemma 3.2, we have 6(2)($)/6(£L‘) > 2C. This completes the proof. O

Corollary 3.8. The Theorem 3.7 is valid if the condition m < F(z)/G(x) < M
substituted by
limigx) =a;a>0 as x— oo.
x

The following Theorem is an extension of proposition 1 of the Embrechts and
Goldi [4] for WND random variables.

Theorem 3.9. Let X and Y be two WND random variables with distribution
functions F and G, respectively. If F,G € L, F'(x) = o(G(z) and G satisfies in
condition (1.1) then H(z) ~ G(x) and

+(2) +(2)
H H
2 < liminf — I < limsup — () < 2C.
z—oo  H(x) z—oo  H(x)

Proof. For all x > 0, we have

g((j = azx)[P(X>x)+P(Y>:c)+P(X+Y>x;X<x;Y<x)
—P(X >zY > )]
< @(1:c) [PX>2)+PY >2)+ PX+Y > X <zY <2).
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By assumption, lim, o [1 = lim, o F(2)/G(z) = 0, and

PX4+Y >xnX <nY <a)
G()

C. / F @ux ()dG(u)
u) F(x)G(x)
G(2)

I, =

IN

C/ Fg dG(u) — C. =I5+ 1.

It is obvious that, limIy = 0 as = — 00. FBr I3 we know for given £ > 0 there
exist v = v(e) such that for all t > v, F(t)/G(t) < ¢, so we have

o= o[ e
B F(:z: w) T F(x—u) "
- c /0 7@( o +o. [ Semtaa
G(x —u) Gz —v) - G(x)
< O.E./O e?5 ——2dG(u) + C. )

Since G belongs to L and satisfies in condition (1.1), Corollary 3.6 implies that
lim I3 = 0 as z — oo, therefore H(x)/G(z) < 1. On the other hand, it is obvious
that H(z)/G(x) < 1 holds for any nonnegative random variable, hence H(z) ~
G(x).

The second part of Theorem follows from Theorem 3.5. O

Theorem 3.10. Let X and Y be two WND random wvariables with distribution
function Fand G, respectively, and suppose F,G € L and F satisfy in condition
(1.1), then if sup, G(x)/F(z) = K < 0o , we have H(x) ~ G(x) and

< lim sup i ) <2C.
xr—00 X

_(2) ZZ?)
2 < liminf —

P (@)

Proof. By assumption of sup, G(z)/F(z) = K < oo and Lemma 3.1, for every
v > 0, we get

H(z) = PX+Y >z X<v)+PX+Y>xv<X<z)+ P(X >z)
< C/ G(x —u)dF (u) +C/ G(z — u)dF(u) + F(x)

IN

C.G(x —u)+ XCK/ F dF(u) + F(z)

F(@) + Ca)] { ek [ ?;)d”“)} dacailt

IN
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where, z V y = max{z,y}. So

lim limsup =

Since G € L and F satisfies in the condition (1.1), hence Theorem 3.5 implies (3.6).
So, by Lemma 3.4 we obtain F' ~p; G . On the other hand, for all 0 < v < x, we
have

H(x) TV G — u) T Gr—u)
| < <c [/0 T W +/$ T )| +0

—vU

F
TV G —u) " o1 "
< K.C./O ) dF(u)+ C. - F(x)dF( )+ C. (3.7)

So, 1 < limsup H(z)/F(x) < oo as x — 0.
Now F,G € L and Lemma 3.3 imply that H = F « G € L. Moreover, (3.7) and
condition (1.1) for F and Theorem 3.7 yield,

+(2)

H
lim sup _( ;7) < 2C.
T—00 T

This completes the proof. O

Let X; and X5 be i.i.d. random variables with distribution function F. Feller
[6] has proved some symmetrization inequalities; in particular, he showed that
the tail of F and the distribution function Fs of the corresponding symmetrized
random variable X; — X5 are of comparable order by using symmetrization inequal-
ities. Moreover, Geluk [7] has studied symmetrization inequality for i.i.d random
variables with the long-tailed distribution functions and proved that,

P(|X; — Xa| > 2) ~a.P(|X|>2z) as z— oo, (3.8)

where, a is some constant. In the following, we prove that (3.8) holds for WND
random variables when F' € L and satisfies in condition (1.1).

Theorem 3.11. Let X7 and X5 be two WND random wvariables with common
distribution function F' € L which satisfies in condition (1.1), then

.. P(|X1—X2| >$) . P(|X1—X2| >$)
2<1 f <1 < 2C.
SR T P(X[> ) e T P(X[>a)
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Proof. Tt is easy to see that the distribution function of X; — X5 is symmetric
around zero, so we may assume that the support of F(x) is [0,00). Then

P(Xl - X5 > JJ) < ‘/OOO /OI_IQ C.le (,Tl)fxz (l‘g)dl‘ldl'g
= C./OOOP(Xl >z — u)dF(u)
= C. /Ooof(x—u)dF(u),

and so,

. P(X71—Xo>x) ) /OOP(X>:c—u)
1 <1 . ———~dF(u) = C. .
voo P(Xy >1) Jm ¢ y P(X>a) (w)y=C (3.9)

Let Y = — X5, Lemma 3.1(iii) implies that Y and X; are WND, and we have

PX;—Xo>z) = PX14+Y>z2)>PXy>a2)+PY >z
— C.P(X1>xz)P(Y > 2)
> P(X;>z)—-CP(X1>x)PY > ).
Hence,
P(X) - X5 > )
P(X > x)
By (3.9) and (3.10) we obtain

>140(1) as x— . (3.10)

, P(X1— X3 > 1)
1<1 <C. 3.11
S T PX s S (3.11)
Moreover we have P(| X1 — Xa| > z) = 2P(X; — X2 > z) and P(|X| > z) ~
P(X > x) as x — oo. So, (3.10) and (3.11) complete the proof. O

Remark 3.12. Under the assumptions of Theorem b, it is easy to see that the
relation (3.8) holds witha € [2,2C], C > 1. Also, if F(x1,x2) belongs to FGM
distributions, then a € [2,2 4 2|al], =1 < a < 0. For example, if F;(z) = 1 —
1/z,2>1,i=1,2, then

= (- 3) - oon (G ) oo

So, using some calculations, we obtain easily a = 2.

Conclusion : We generalized Theorem 3 in Geluk [7] via Theorem 3.11 in this
paper. We concentrate on WND random variables and achieved the class of dis-
tributions that in i.i.d. case implies the class of Geluk [7]. Also, we obtained
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closure and factorization properties for class of distribution that satisfy in condi-
tion (1.1). Our achievement in independent case implies some of Embrechts et al.
[4, 5] results.

Acknowledgement : The authors wish to thank Professor Qihe Tang, who made
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