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Introduction
V; subordinator with Lévy measure A and drift 0, i.e.
0
Ee = exp {—t/ (1 - e"\") A(dv)}
0
where fooj min{1, x}A(dx) < oo
Assume A(0+)
up to time t:

0o, then there is an infinite number of jumps
1 2
g ) > Ag ) >
the ordered jumps of Vs up to time t
V(k)

Vi — ZA(’) trimmed subordinator
j=1
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Introduction
V; subordinator with Lévy measure A and drift 0, i.e.
0
Ee = exp {—t/ (1 - e"\") A(dv)}
0
where fooj min{1, x}A(dx) < oo
Assume A(0+)
up to time t:

0o, then there is an infinite number of jumps
1 2
A > AP >
the ordered jumps of Vs up to time t

vk

Vi — ZA(’) trimmed subordinator
j=1
V(O)
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Results
:
Ratio of the consecutive jumps

Theorem (K—Mason)
t

Ak Agk) converges in distribution as t | 0 to Yy iff one of
the following holds:

(i) A is regularly varying at 0 with parameter —a € [—1,0), in
which case Yy has beta(ka, 1) distribution, i.e.

Gi(x) = P{ Yk < x} = xk,

x € [0,1];
(i) A is slowly varying at 0, in which case Yy = 0 a.s.

Trimmed Lévy processes

University of Szeged



Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
I 00@0000 00000 00000 000000
Results
:
Poisson—Dirichlet laws

If S is a driftless a-stable subordinator, a € (0, 1), with jumps
J > JB 5 Then (J/Sy, D)8y, .. ) has
Poisson—Dirichlet law with parameter « (PD,,).
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Results

Poisson—Dirichlet laws

If S is a driftless a-stable subordinator, a € (0, 1), with jumps
J > JB 5 Then (J/Sy, D)8y, .. ) has
Poisson—Dirichlet law with parameter « (PD,,).

PD laws: Poisson—Kingman partitions; fragmentation; sized
biased reordering; ... Pitman, Yor;

Bertoin: Random fragmentation and coagulation processes.
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Results

Poisson—Dirichlet laws

If S is a driftless a-stable subordinator, a € (0, 1), with jumps
JV > @ > Then (U8, P)/s,.. ) has
Poisson—Dirichlet law with parameter « (PD,,).

PD laws: Poisson—Kingman partitions; fragmentation; sized
biased reordering; ... Pitman, Yor;

Bertoin: Random fragmentation and coagulation processes.
The ratio of the (k + 1)t and k' element of a vector which has
PD, law has beta(ka, 1) distribution.
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Results
Generalized Poisson—Dirichlet laws
S; driftless a-stable subordinator « € (0,1), r > 1:
S8l g8 s ) has PD distribution. (Ipsen,
Maller (2017+))
= - = = 9ac
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Generalized Poisson—Dirichlet laws
S; driftless a-stable subordinator o € (0,1), r > 1:
J g0 yirv2) sn - ) has PDY distribution. (Ipsen,
Maller (2017+)) Point process approach:
BO =3 bpa.  Reli) =10,
i=1
=} = = E E DA
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Generalized Poisson—Dirichlet laws
S; driftless a-stable subordinator o € (0,1), r > 1:
S8l g8 s ) has PDY) distribution. (Ipsen,
Maller (2017+)) Point process approach:

B — Z(erW R, (i) = J1(r+i)/J1(r)'
i=1

Theorem (Ipsen, Maller (2017+))

1 1 -
Eexp {—/ fd]B(’)} = (1 +/ (1- e‘“”)ax‘““dx)
0 0

Palm distribution, explicit formula for joint distribution of the size
biased reordering, ...
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: :

Convergence of point processes
S; driftless a-stable subordinator (jumps up to time 1)

B — Z‘Sﬁr(i% R, (i) = J1(r+i)/J1(r).
i=1
Vi is a subordinator with Lévy measure A,

]D)(’ r+n) _ Z Say,  Qr(i) = A(’)/A(r+n)
i=r+1

5 iy = 9aex
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Results

:

Convergence of point processes
S; driftless a-stable subordinator (jumps up to time 1)

BO =3 bp.  Reli) =10,

Vi is a subordinator with Lévy measure A,

]D)(I' r+n) Z 60((,) Qr(l) — Agl)/Agr-i-n)
i=r+1

Theorem (Ipsen, Maller, Resnick (2017+))
IfA € RV_,, then

(r r+n) _) 26’? (i) Rr(l) . (r+/)/J(r+n
i=1

| in the space of point measures with the vague topology.
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Theorem (Ipsen, Maller, Resnick (2017+))

+1 +
Agr ) Agr n)

Whenever A is regularly varying with parameter —a. € (—1,0),
A fr) b

D
’ A§r+n_1) — (Yr,.
where Y;,

CE) Yr+n—1 )
distribution.

, Yrin_1 are independent, Ys has beta(ka, 1)
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Theorem (Ipsen, Maller, Resnick (2017+))

Agk“) / Al(,k) converges in distribution as t | 0 to Yy iff one of
the following holds:

(i) A is regularly varying at 0 with parameter —a. € [-1,0), in
which case Yy, € (0,1);

(i) A is slowly varying at 0, in which case Yy, =0 a.s.

D¢

:
Trimmed Lévy processes

University of Szeged




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
[e]e]e} @000 000000000 00000000
0000000 00000 00000 000000

:

Results
:
Outline

Process — jump ratios
Results

=} = = = 1PN G4
:

Trimmed Lévy processes University of Szeged
00




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0e00 000000000 00000000
0000000 00000 00000 000000

:
Results

:

Trimmed process / jumps

Theorem (K—Mason 2014)

Vt(k) /Af,k“) converges in distribution to Wy as t | 0 iff one of
the following holds:

(i) A is regularly varying at 0 with parameter —a, o € (0,1), in
which case Wy € (1,00);
(i) A is slowly varying at 0, in which case Wy =1 a.s.;
(iii) condition B
xN\(x)
o uN(du)
holds, in which case W), = ~ a.s.

=0 asx]0

Qe
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Results
:

» Buchmann, Fan and Maller (2016): (ii) and (iii) for Lévy
processes without a normal components.
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:

Results
:

» Buchmann, Fan and Maller (2016): (ii) and (iii) for Lévy
processes without a normal components.
» Ipsen, Maller (2017+): more general limit theorems for

Lévy processes in the domain of attraction of a stable law.
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Results
:
[ID counterpart

limit of order statistics:

» Arov, Bobrov (1960) sufficiency

» Smid, Stam (1975), Bingham, Teugels (1979) necessity
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Results
:
[ID counterpart

limit of order statistics:

» Arov, Bobrov (1960) sufficiency

» Smid, Stam (1975), Bingham, Teugels (1979) necessity
sum / max:

» k =0 (no trimming): Darling (1952) sufficiency part, and
Breiman (1965) necessity part
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Results
:
[ID counterpart

limit of order statistics:

» Arov, Bobrov (1960) sufficiency

» Smid, Stam (1975), Bingham, Teugels (1979) necessity
sum / max:

» k =0 (no trimming): Darling (1952) sufficiency part, and
Breiman (1965) necessity part
» Teugels (1982): sufficiency part with general k

Trimmed Lévy processes

[m]

=

University of Szeged



Jump — jump ratios

Process — jump ratios St. Petersburg game Trimmed limits
[e]e]e} 0000 000000000 00000000
0000000 @0000 00000 000000
I
Proof — main idea
:
Outline

Process — jump ratios

Proof — main idea

=} = = = 1PN G4
:

Trimmed Lévy processes University of Szeged
00




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
0000000 0®000 00000 000000

: :
Proof — main idea

:

The representation

w1, wz, ... iid exponential(1) random variables, and

rn=(.<.)1+...+(.0n- PUt

p(s) = sup{y : A(y) > s} = A" (s).

E DA
:
Trimmed Lévy processes

University of Szeged
e ———




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
0000000 0®000 00000 000000

: :
Proof — main idea

:

The representation

w1, wz, ... iid exponential(1) random variables, and

rn=(.<.)1+...+(.0n- PUt

p(s) = sup{y : A(y) > s} = A" (s).

Vt 2 Z(p (Tl) .
i=1

[m] = =

E DA
:
Trimmed Lévy processes

University of Szeged
e ———




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
0000000 0®000 00000 000000

:
Proof — main idea

:

The representation

w1, wz, ... iid exponential(1) random variables, and

M =wi+...+wp Put

p(s) = sup{y : A(y) > s} = A" (s).

Vt 2 Z(p (Tl) .
i=1

(a8, 88),.) B (o(r1/0),0(T2/1). )

£ DA
|
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Proof — main idea

:

The representation

w1, wz, ... iid exponential(1) random variables, and

n:w1+...+(.(.)n. PUt

p(s) = suply : A(y) > s} = A" (s).

Vt 2 th (Tl) .
i=1

(A0, 29, ) 2 (o(Ti/1), o(T2/1), )

Buchmann, Fan, Maller (2016), LePage, Woodroofe, Zinn
(1981), Rosinski (2001)
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p(s) = sup{y : A(y) > s} = A" (s).
ViZY e (%) (A 8P ) B e/, e(Ta/0),
i=1
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Proof — main idea
:

p(s) = sup{y : A(y) > s} = A" (s).
iz ¢ (%) (A 8P ) B e/, e(Ta/0),
i=1

v D 2icki1#(Ti/1)
AFD (Mg /1)
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=} = = E 1PN G4
:

Trimmed Lévy processes University of Szeged
00




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
0000000 00000 00000 000000

:

Proof — main idea
:
Given 'k 1 =8, (Tkao, Tkas,
point process on (s, ), thus

.) is @ homogeneous Poisson
S eSih=> ¢

(s S — s)
T+

t
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Proof — main idea
:
Given 'k 1 =8, (Tkao, Tkas,
point process on (s, ), thus

.) is @ homogeneous Poisson
S eSih=> ¢

(s S — s)
T+

t
S
LP\1 T

i=1

IS}
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Proof — main idea
:
Given k1 = S, (Tkq2, Mk+3,
point process on (s, ), thus

) is @ homogeneous Poisson
oo

S wS= 90(3 5
i—kt2

$,5-5 )
i=k+2 t

t
S
LP\1 T
i=1

s/t(s/t)

IS}

™

where ps(x) =

I
4

o(s + x).
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V(K
—A CE))
Ee ™

B 25/
— Ee P(Sk1/1)
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Proof — main idea
: :
V(K
—A CE))
Ee ™

_)\E?ik+1 #(Sj/1)
— Ee P(Sk1/1)
o ok 2 o
— %e—s [e—)\Ee—m pyact <Ps/t(3i/t)] ds
0 .
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Proof — main idea
: :
V(o) -
Ay Sk 81/
m — #(Sk41/1)
Ee ™ ~ =Ee ot
00 Sk
~Jo w®
0 !

s |:e—>\Ee__¢(;\/[) > ‘Ps/t(si/t)] ds
oo ok
_ S

o0 A
_s —Wgo(x)
A k!e exp —t/s/t [1 —e v }dx
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Proof — main idea
:
V(K
t

B W S k1 #(Si/D)
Ee m§k+1) _ Eei (1D
B o) sk

-—e
o K

—S [e—AEefﬁ > ‘Ps/r(si/t)] ds
00 ok
S

o
Fe‘sexp —t/ [1 e‘ﬁ“’m} dx »ds
0 : s/t
tk—|—1
Tk ©

_\ex)

] ax) fau

/Oooukexp{—t(qu/uoo [1 o

Then use the Tauberian theorem 3-times.

Trimmed Lévy processes

DA
:
University of Szeged




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 @00000000 00000000
0000000 00000 00000 000000

:

Introduction
:
Outline

St. Petersburg game
Introduction

=} = = = 1PN G4
:

Trimmed Lévy processes University of Szeged
00




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
| 0000000 00000 00000 000000
Introduction
St. Petersburg paradox
Nicolaus Bernoulli (1713): Paul’s gain X, then

P{X:2k}:%, k=1,2,.
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Introduction
St. Petersburg paradox
Nicolaus Bernoulli (1713): Paul’s gain X, then

1
P{X =2k = ox k=12
What is the fair price?
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Introduction
St. Petersburg paradox
Nicolaus Bernoulli (1713): Paul’s gain X, then

P{X =2} = ]

?a k = 1’27
What is the fair price?
Paradox:

E(X) = > k_4 2k§1E =2k 1=00
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Introduction
St. Petersburg paradox
Nicolaus Bernoulli (1713): Paul’s gain X, then

P{X =2k} = % k

What is the fair price?
Paradox:

—1,2,...

E(X) = > k_4 2k§1R =2k 1=00

but P{X > 40} = 275 = 0.03125

Trimmed Lévy processes

‘there ought not be a sane man who would not happily sell his
chance for forty ducats’ — Nicolaus Bernoulli

[m]

=

University of Szeged



Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 00®@000000 00000000
0000000 00000 00000 000000

:

Introduction
:

n
X1, Xz, iid St.Petersburg rv's, S, = » _ X,

i=1
Sh—c¢n p ?
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Introduction
:

n
X1, Xz, iid St.Petersburg rv's, S, = » _ X,

i=1

Sn=0n 2,
an

Doeblin—Gnedenko criterion:

P{X <x} =

)

for x < 2,
1 —o-llogx] — {1 _ w, forx > 2,
2{log2 X} g not slowly varying ({-} fractional part)

Trimmed Lévy processes

DA

:
University of Szeged




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 00000000
0000000 00000 00000 000000

:

Introduction
:

n
X1, Xz, iid St.Petersburg rv's, S, = » _ X,

Sh—¢h D

i=1
7
an
Doeblin—-Gnedenko criterion:

P{X <x} =

)

for x < 2,
1 _ o—llogy x] _ q _ 2100
X

I
I

forx > 2,
2{log> ¥} js not slowly varying ({-} fractional part) = there is no

Trimmed Lévy processes

limit theorem for S-% for any choice of ap, ¢;.

[m]
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Introduction
:
There is on subsequences!

Theorem (Martin-L6f (1985))

Son
2[7

D
—-n— W, asn— .

W semistable rv. Moreover, convergence holds on
subsequences ny = |v2X|, v € (1/2,1].

= & - = = 9aex
:
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Introduction

There is on subsequences!

Theorem (Martin-L6f (1985))

W semistable rv. Moreover, convergence holds on
subsequences ny = |v2X|, v € (1/2,1].

Csorgd & Dodunekova (1991): convergence only on these
subsequences

Lévy (1935): definition of semistable laws, convergence on
subsequences

[m] = = =

Q>

:
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Introduction
:
Merging

Theorem (Cs6rgd (2002))

sup
XeR

where

P {% —log, n < x} -Gy, (x)

— 0,

asn — oo,

. n
= Sfiogy -

=} = = E E DA
:
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Introduction
:
The limit

Characteristic function of W, v € (1/2,1],

00 .
i, - i 4 X
E (e ) = exp (1ta+/0 (e T X2) dRW(x)) ,
with right-hand-side Lévy function

R,(x) = i

2{logo(vx)}
 2llogy(v)] T
(semistable laws, Lévy)

x , x>0.
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Introduction
:
The maximum
Forj € Z and v € [1/2, 1] introduce the notation

Pjy = 6_72_j (1 - 9_72_j) »  Yn

_n
" oflog, N

=} = = E E DA
:
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Introduction
:
The maximum
Forj € Z and v € [1/2, 1] introduce the notation

Pj~ = 6_72_j (1 - 6_72_j> y  In

_n
~ 2llog, nl
Lemma
sup |P {x;; — pflog "W} — pjnn| = O ).
JEZL
In particular for any j € Z, as n — oo

P {X;," = 2llog; ”Hf} ~ g2 (1 — e‘”"zﬂ') .

[m] = =
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Introduction
:

Proposition (Gut & Martin-L6f (2016))
Conditionally on X;; = 21091141 j ¢ 7,

#{:j<n X=X} 2, M; ., (in the merging sense),

where M; ., ~ Poisson(2~/~) conditioned on not being zero.
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Conditional limit results
:
Outline
St. Petersburg game
Conditional limit results
=} F = E E 9ODaACe
:
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Conditional limit results

Conditioning on typical maximum

Proposition (Berkes—Gyorfi—K (2016))
Forj € Z we have

‘P {% —log, n < x| X = 2109 'ﬂ+/} — Gjy(¥)| =0,
where
= 2I\ (27 2 1
Gj,(x) = ZG/ 17<x my) - (@2 ),
=} = = E E DA
| Trimmed Lévy processes |
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Conditional limit results
:
G] Y
Gi,(x)=P(W,, <x)

pj(t) = EeWio = exp [itum + / (
0
with

e —1— itx) dLm(x)],

; {log
v -2
Ljy(x) =

2(vx)} i1
> forx <2y,
1
, for x > 2/~ 1,
=} = = E E DA
: :
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Conditional limit results

:

Corollary

Theorem (Gut & Martin-L6f (2016))
Forany~ € [1/2,1]

G, (x) = i G, (x)e 2"’ (1 —e‘72_j).

j==os

=} = E E DA
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:
Conditional limit results

:

Theorem (Gut & Martin-L6f (2016))
Forany~ € [1/2,1]

G, (x) = i G, (x)e 2"’ (1 —e—vz*’).

Jj=—00
This is equivalent to the distributional representation

D _
Wy =Wy, 1+ MY’Ya’YZY’YFY 1

i

where (W, )jcz, (M;5)jez and Y, are independent,

Y, ~ (pj~)jez, M~ ~ Poisson(y2~/) conditioned on not being 0.

=] 5
|

DA
Trimmed Lévy processes

University of Szeged



Jump — jump ratios

Process — jump ratios

St. Petersburg game Trimmed limits
000 0000 000000000 00000000
0000000 00000 0000e 000000
: :
Conditional limit results

Buchmann, Fan & Maller (2016) result

Lévy process setup: W, is a semistable Lévy process at time 1.

D _
Wy =Wy, 1+ MYW,WZYW'Y !

The value 2¥» /v corresponds to the maximum jump, My, . is
the number of the maximum jumps, and Wy_ 4, has the law of

the Lévy process conditioned on that the maximum jump is
strictly less than 2~ /.

[m] = = =
: :
Trimmed Lévy processes

University of Szeged
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Conditional limit results

Buchmann, Fan & Maller (2016) result

Lévy process setup: W, is a semistable Lévy process at time 1.

D
W’V = WY"{_1>’7 + MY’Ya’Y

The value 2¥» /v corresponds to the maximum jump, My, . is
the number of the maximum jumps, and Wy__4 , has the law of
the Lévy process conditioned on that the maximum jump is
strictly less than 2~ /.

This kind of distributional representations for general Lévy
processes were obtained by Buchmann, Fan & Maller (2016).

2%,
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Trimmed limit theorem
:
Outline

Trimmed limits

Trimmed limit theorem
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Trimmed limit theorem
: :
Notation
X, Xq, Xo, ... iid St. Petersburg rv's
Xin < Xopn < ... < Xpp ordered sample of Xi, Xo, ..., Xj.
r-trimmed sum: S, = >/} Xin.
(=] = = = A
: :
Trimmed Lévy processes University of Szeged
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(n D

Let ng = |v2¥|, for some v € (1/2,1]. Then forany r > 0
1
n_kSnk7 ankz'y

Yr,’Y

3 4 (2 llogz Tk/~) _ Uogzk/vJ)
k=r+1
with centering sequence

(f)

A1 Z o— /]

j=r+1

Trimmed Lévy processes
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Trimmed limit theorem
:
w1, W9, id Exp(1), Tk = w1 + ...+ wk
Theorem (Berkes—Gyorfi—K (2016))
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Trimmed limit theorem
Proof (sketch)
Quantile method & LePage, Woodroofe, Zinn idea.

=} = = E E DA
:

Trimmed Lévy processes University of Szeged
00




Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 000@0000
| 0000000 00000 00000 000000
Trimmed limit theorem
Proof (sketch)
Quantile method & LePage, Woodroofe, Zinn idea.

Quantile representation: (Xip, ..., Xan) 2 (Q(Uin), - .., Q(Unn)),
where F~(s) = Q(s) = inf{x : s < F(x)}

= & - = = 9aex
:
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Process — jump ratios St. Petersburg game Trimmed limits
| Trimmed limit theorem
Proof (sketch)
Quantile method & LePage, Woodroofe, Zinn idea
Quantile representation: (Xip, ..., Xnn) 2 (Q(Uin), -, Q(Unn)),
where F~1(s) = Q(s) = inf{x : s < F(x)}
2, s=0,
QS) =\ ar-1og(1-9)1 — 2leel D 5e(0,1).

= & - = = 9aex
:
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where F~1(s)
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Trimmed limit theorem
Proof (sketch)
Quantile method & LePage, Woodroofe Zmn idea.
Quantile representation: (X,

Xnn) = (Q(Utn), -
= Q(s) =inf{x: s < F(x)}
Q(s) = {2’

2[—logy(1-5)]

Q(Unn)),

s=0,
o{logy(1-9)}
1-s

€ (0,1).
(wi)ien iid Exp(1), Tn = wq +

+ wp. For nfix

(U1n7 U2n7 ceey Unn) 2 ( r1 r2

M )

rn+1 ’ r,-,+1 Y rn+1 ’
where U’s are ordered sample of niid Uniform(0, 1)
Trimmed Lévy processes

University of Szeged



Jump — jump ratios Process — jump ratios St. Petersburg game Trimmed limits
000 0000 000000000 0000e000
0000000 00000 00000 000000

:

Trimmed limit theorem
:
Q(1 —s)=V¥(s)/s

W(x) = 2109} (grows linearly from 1 to 2 in each [2/,2/17)).

=} = = E E DA
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:

Trimmed limit theorem
:
Q(1 —s)=V¥(s)/s

W(x) = 2109} (grows linearly from 1 to 2 in each [2/,2/17)).

O Xon) 2 (17

-
Uy /Tnit), ..., 2=

(i)

= & - = = 9aex
:
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:

Trimmed limit theorem
Q(1 —s)=V¥(s)/s

V(x) = 21l0% X} (grows linearly from 1 to 2 in each [2/, 2/+1)).

O Xon) 2 (17

SLLN Ty 1/n— 1 a.s.

-
Uy /Tnit), ..., 2=

(i)
n
X = 2w

o T, <%) (1+0(1)) a.s

Trimmed Lévy processes
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| Trimmed limit theorem
Proof
W(x) = 2{lbe2x} (grows linearly from 1 to 2 in each [2/, 2/*1))
Q(1 —s)=V¥(s)/s
rn—i-1 rn-|—1
(Xins -+ Xon) 2 r V(1 /Thgt), s r V(Mn/Thit)
1 n
SLLN T .1/n—1as
I_
Xin= F\U (1+0(1)) a.s
w(rj/n) =W(l;/vn)
=} = = E E DA
| Trimmed Lévy processes University of Szeged |
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Trimmed limit theorem
:
LePage, Woodroofe & Zinn (1981)
Y, Yy, Yo,...iid, >0, Y € D(a), S, partial sum,
(Sn—nbp)/an — S. Yin=Yon>...> Ynn
(=] = = = A
: :
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Jump — jump ratios
[e]e]

Process — jump ratios

St. Petersburg game Trimmed limits
o] 0000 000000000 00000800
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: :
Trimmed limit theorem
: :

LePage, Woodroofe & Zinn (1981)

Y, Yy, Yo,...iid, >0, Y € D(a), S, partial sum,
(Sn—nbp)/an — S. Yin=Yon>...> Ynn

S= i (re e —Enur e < 1)),
k=1

where w1, wo, ... are iid Exp(1), 'k = w1 + ... + wk. Moreover,

Sn— nby Y1,n Yn.n D —1/a ~—1/a
( - ,(an,...,an>)—>(s,(r1 N ))

[m] = =
;

- = DA
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:
Trimmed limit theorem

:

On the centering
Forany v € (1/2,1], nx = |2,

ke
ahy), —10gy Nk — 2 — Z £ —logyy = £(7),

where v = Y2 ex27K.

E DA
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: :
Trimmed limit theorem

:

On the centering
Forany v € (1/2,1], nx = |72,

0 1 X ke
agk),'y —logy Nk — 2 — ; Z 2—kk —logy v = &(7),
k=1

where v = 372, ex27K.

Steinhaus’ resolution of the St. Petersburg paradox (Csérgd &
Simons 1993)

= 9aex
Trimmed Lévy processes
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Trimmed limit theorem

On the centering

Forany v € (1/2,1], n = [v2K],

0 1 X ke
agk),’y —logy Nk — 2 — ; Z 2—: —logy v = &(7),
k=1

where v = "2, g2

Steinhaus’ resolution of the St. Petersburg paradox (Csérgd &
Simons 1993)

¢ is right-continuous, left-continuous except at dyadic rationals
greater than 1/2 and has unbounded variation (Csérgd &
Simons 1993); the Hausdorff and box-dimension of the graph of
¢is 1 (Kern & Wedrich 2014).
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Trimmed limit theorem

()

2L
151
1k
051
ol

=} = = = 1PN G4
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Properties of the r-trimmed limit
:

Trimmed limits

Properties of the r-trimmed limit
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Properties of the r-trimmed limit
: :
Tail of the trimmed limit
e’} r
—1 —|log, I —|log, k —1 k
Yoo = > 7 (2 llogz Tk/v) _ p—llog, /7J>7 Ay =713 2
k=r+1 k=1

Theorem (Berkes—Gyorfi—K (2016))

pllog (P} f
P{Yr,'y>X}Nw|:2 +(2 —1)
1
x Y 27Urhp { Yoo + Ary > X (1 - 24—{'092(”)}) } } .
£=0

=] 5
|
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Properties of the r-trimmed limit
:

P{Yo, >x} ~

|

2714 i: 27'P { Yo, > X (1 - 2f—{|092(7X)}) }
£=0

|

2tloga(vx)}

X

=} = = E E DA
:
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:
Properties of the r-trimmed limit

:

Untrimmed case

o{logy(vx)}
P{Yo, > x} ~ ——
X
]
<2t o2 P (v, > x (1 -2 teotm) |,
(=0
Exactly the tail of the Lévy measure appears
P{Yo,>x} __; 1 ¢ ¢—{log,(7x)}
W“’z +;2 P{YO,A/>X(1—2 2 )} .

= = 9aex
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Properties of the r-trimmed limit
: :

P{ YO,'Y > X}
—R,(x)

~271 21: 2-¢p { Yo > X (1 - 25-{'°92(7X)}) }
/=0

=} = = = 1PN G4
:
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Properties of the r-trimmed limit
:

P{ YO,'Y > X}
—R,(x)

~271 21: 2-¢p { Yo > X (1 - 25-{'092(%)}) }
/=0

—q 1 T
27 +2 P{Y077>0}_I|Xr1!)rgf

|
P{Yo, > x}

—R,(x)

. P{Yy~ > x}
< limsu il

x—>oop —R»y(X)

=1+P{Yy, >0}
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: :
Properties of the r-trimmed limit
: :
For any ¢ € (0,1/2) we have

X
P{Y, =1.
x—>oo,6<{lolgr;2(7x)}<1—6 { "”’>X}2{logz(w()}

=} = = = 1PN G4
:
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: :
Properties of the r-trimmed limit
: :
For any ¢ € (0,1/2) we have

lim
Xx—00,6<{log,(yx)}<1-4

X
PV > X Sliogaty = 1
In the untrimmed case (r = 0) for v = 1

P{Yo1>2"+c}~2"[1+P{Yp1>c}], asm— oo,
(Martin-Lo6f 1985).
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: :
Properties of the r-trimmed limit
: :

Watanabe & Yamamuro (2012) result
For general semistable distributions:
nli_}moo 2"P{W; > x2"} = —Ry(x) + [Ri(x—) — Ri(x)]P{W; > 0}

e P{IW S XY P{W=>x} .,

with

C.=1-(1-Q "P{W <0}, C'=Q+(Q—-1)P{W < 0},
and Q = sUpyc(1 g R(x—)/R(X).

=] 5
|
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