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Motivation
fvatt Random walk

Compound Possion measure

Convolution equivalence

Random walks

Let

{Xi}iew iid. with density f:RY - R.
We define

Sn=2_Xi,  Sa~f"= /}Rd F(x = y)F" D" (y)dy.
i=1
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Motivation

Random walk
Compound Possion measure

Convolution equivalence

Compound Possion measure

Let NV be a variable with Poisson distribution,
independent from {X;};cn which is i.i.d..

We define
N

Y=> X.

i=1
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Motivation

Random walk
Compound Possion measure

Convolution equivalence

Measure of such variable is,

Py(dx) = e *dg(dx) 4+ e Z de

n=1
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Motivation

Random walk
Compound Possion measure

Convolution equivalence

Measure of such variable is,

)\nfn*( )

Pa(dx) = e Mo(dx) + e Z dx.

n=1

The absolute continuous part of that measure we denote by p.
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Motivation

Random walk
Compound Possion measure

Convolution equivalence

Similarly, we define Compound Poisson Measure,

N(t)

Y(t)=> X
i=1
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Random walk
Compound Possion measure

Convolution equivalence

Typical trajectory
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Application

» Theory of Lévy processes [8, Sato];
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Motivation
fvatt Random walk

Compound Possion measure

Convolution equivalence

Application
» Theory of Lévy processes [8, Sato];
» Queueing theory and analysis of risk [3, Embrechts,
Klippelberg, Mikosch];
» hydrology [4, Revfeim];
» Schrodinger semigroup theory [7, Kaleta, Lérinczi];

» Convolution equivalence theory [6, Kaleta, Sztonyk] [5,
Kaleta, Ponikowski].
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Random walk
Compound Possion measure

Convolution equivalence

Convolution equivalence class

f2*(x) < Cf(x)

o
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Motivation

Random walk
Compound Possion measure

Convolution equivalence

Convolution equivalence class

£2*(x) < Cf(x) f(x) < C" 1 (x)

o
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Convolution equivalence

Outside of the convolution equivalence class

What if lim 20 — 507

Ix]—o0 F¥)
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Motivation
Random walk

Compound Possion measure

Convolution equivalence

Outside of the convolution equivalence class

What if lim 20 — 507

Ix]—o0 F¥)

» What is the asymptotic behaviour of ??

» what behaviour has py?
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Motivation
fvatt Random walk

Compound Possion measure

Convolution equivalence

Example

Let's consider function f(x) = e~™*I|x|~7 where m > 0,
v € [0, d).
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Motivation
fvatt Random walk

Compound Possion measure

Convolution equivalence

Example

Let's consider function f(x) = e~™*I|x|~7 where m > 0,
v € [0, d).

> If ye€ (%,d) then sup fi*)(:)() < 00.
Ix|>1
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Motivation
fvatt Random walk

Compound Possion measure
Convolution equivalence

Example

Let's consider function f(x) = e~™*I|x|~7 where m > 0,

v € 10,d).
d f‘2* x
If ~e (%,d) then ‘;<,<|u>p1 f()(()) < 00.
d+1 . 2 (x) _
> If ye [O afl } then |XI||LnOO f()(()) = 00.
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General assumptions
General results functions h,

Theorem
Corollaries

General framework

Let f: RY — (0, 00) and
1. f e LY(RY);

Mitosz Baraniewicz Convolutions of radial, exponential densities



General assumptions
General results functions h,

Theorem
Corollaries

General framework

Let f: RY — (0, 00) and
1. f e LY(RY);

2. f is isotropic, decreasing;

Mitosz Baraniewicz Convolutions of radial, exponential densities



General assumptions
General results functions h,

Theorem
Corollaries

General framework

Let f: RY — (0, 00) and
1. f e LY(RY);
2. f is isotropic, decreasing;

3. there exists a constant C; > 1, such f(x) < Cif(y) for
1< x| < Iyl < x| + 1
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General assumptions
General results functions h,

Theorem
Corollaries

General framework

Let f: RY — (0, 00) and
1. f e LY(RY);
2. f is isotropic, decreasing;
3. there exists a constant C; > 1, such f(x) < Cif(y) for
1< X <yl < |x]+1;
4. there exists a constant C; > 1, such f(x) < Gf(2x) for
x| < 1.
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General assumptions
General results functions h,

Theorem
Corollaries

Functions h,

Let's define

f(x) ’
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General assumptions
General results functions h,

Theorem
Corollaries

Functions h,

Let’s define
h]_ = ]].]Rd,

b Fx = y)f(y)dy
B f(x) ’

ha(x) : x € RY,

and by induction

I F(x = ¥)f(y)hn(y)dy
f(x) ’

hnt1(x) == xeRY n>2.
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General assumptions
General results functions h,

Theorem
Corollaries

Theorem
Forne N and |x| > 1,

n

)= (3 ’I’ Chi(x) | F(x).

i=1

The constant C is different in both estimates.
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General assumptions
General results functions h,

Theorem
Corollaries

Corollary

(a) If there exists a constant C > 0, such hx(x) < C, for every
x € RY, then

f™(x) = nC" f(x) |x|>1, neN.
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General assumptions
General results functions h,

Theorem
Corollaries

Corollary

(a) If there exists a constant C > 0, such hx(x) < C, for every
x € RY, then

f™(x) = nC" f(x) |x|>1, neN.

|x|—o0

(b) If ha(x) ——— o0, then for every n € IN

1 fn*(X) |x]—00
hn(x) f(x)

1
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General assumptions
General results functions h,

Theorem
Corollaries

Corollary

(a) If there exists a constant C > 0, such hx(x) < C, for every
x € RY, then

f™(x) = nC" f(x) |x|>1, neN.

|x|—o0

(b) If ha(x) ——— o0, then for every n € IN

1 fn*(X) |x]—00
hn(x) f(x)

1

F7(x) |x|—o0

f(x) oo
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General assumptions
General results functions h,

Theorem
Corollaries

Corollary

(a) If there exists a constant C > 0, such hx(x) < C, for every
x € RY, then

f™(x) = nC" f(x) |x|>1, neN.

|x|—o0

(b) If ha(x) ——— o0, then for every n € IN

1 fn*(X) |x]—00
hn(x) f(x)

1

F7(x) |x|—o0 f(x)  |x|—oo

0 fc .
£0) — 00, £ () orm>n
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exponential densities
auxiliary functions
Main theorem

Results for exponential densities

Exponential densities

Let f(x) := e mXlg(x), m >0 and g : RY — (0, 00) be, such

1. g € [}(RY),
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Exponential densities

Let f(x) := e mXlg(x), m >0 and g : RY — (0, 00) be, such

1. g € [}(RY),

2. g is isotropic, decreasing,
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exponential densities
auxiliary functions
Main theorem

Results for exponential densities

Exponential densities

Let f(x) := e mXlg(x), m >0 and g : RY — (0, 00) be, such

1. g € [}(RY),
2. g is isotropic, decreasing,

3. there exists a constant C > 1, such g(x) < Cg(2x) for
x € R
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exponential densities
auxiliary functions
Main theorem

Results for exponential densities

Let Hy = 1| ) and define inductively:

Hp4+1 =0o0n [0,2]
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exponential densities
auxiliary functions
Main theorem

Results for exponential densities

Let Hy = 1| ) and define inductively:

Hp4+1 =0o0n [0,2] and for r > 2

r—1 d—1 d—1
Hria(r) = ——5= [ &(r=p)(r = 0)T g (00T Halp)dp.
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exponential densities
auxiliary functions
Main theorem

Results for exponential densities

Let d > 2, there exists constant M > 0 such

ha(x) < M THu(|x]), x€eRY, n>1,
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Let's come back to the example of a function
f(x) = e ™|x|

where m > 0, v € [0, 451).
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Estimates of convolutions

Let [x| > 1, n € IN. Let's denote p; = d — v and pp = 41 — .

2
Then there exist constants Dy, D, such
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Estimates of convolutions

Let [x| > 1, n € IN. Let's denote p; = d — v and pp = %51 — .

Then there exist constants Dy, D, such

M(p1)" f™(x) _1M(p2)" 1
Dn 1 < < Dn —|—O .
L T(pn) f(x )|X’(ﬂ—7)(n—1) > T(pan) |x]d+1
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Estimates of densities of compound Poisson measure

We have

n

" (y) = f(x X(%i )(nfl) n—1 r(pl)
7(6) = () (2 ) 0D prea L0
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Estimates of densities of compound Poisson measure

We have

() = X( )(n 1) yn—1 r(pi)n

Because of that we have

e Mflh Z

AT (x)

~ ¢ MIfl i A"IXI(T‘”) (”‘”D"*lr(pf)".
= F(pin)n!
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Generalized Bessel function:

o0

Ao 0i0) = 3 et

W, p>07 ,8>0, t>0
n=0 ’
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Generalized Bessel function:

o0

Ao 0i0) = 3 et

W, p>07 ,8>0, t>0
n=0 ’

It's asymptotic is described in [9, Wright].

Fact
There exist D1, D> > 0 (depended on p i 3) such, as

o(p, B; t)
£772 exp ((1+1/p) (pt)ﬁ)

D; < <Dy, t>1.
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Estimates of densities of compound Poisson measure

If [x| > 1 and A > 0, then exist p1, p2, k1 and k2 such
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Example
Estimates of convolutions
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Estimates of densities of compound Poisson measure

If [x| > 1 and A > 0, then exist p1, p2, k1 and k2 such

palx) : EES
“Alflly e=mix| x|~ %5+ > ¢(p1,0; k1A|x| 2 77)
€ te ‘X| 2
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

Estimates of densities of compound Poisson measure

If [x| > 1 and A > 0, then exist p1, p2, k1 and k2 such

palx) : EES
“Alflly e=mix| x|~ %5+ > ¢(p1,0; k1A|x| 2 77)
€ te ‘X| 2

and

2Y6) MaA } dil
Il el [ |~ S < M ¢ (p2, 0; koA |x| 2 7).
e 1e ‘X’ 5
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Example
Estimates of convolutions
Estimates of densities of compound Poisson measure

Application

d+1 .
If A|x| 2 =7 > 1, then there exist constants Ej, Ep, E3 and E4 such

= ( )
> Ejexp | Ex(A|x Pt
e~ P (B HF)AT
and
PA(x) < Ese*Mexp <E4()\]x\ )921“) .
e Al g=mix| x|~
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Thank you for your attention!
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