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On constructions and boundaries for some type of 2-increasing functions

Introduction

Binary 2-increasing aggregation operator

(Durante et al., 2007)

Definition

A function A: [0,1]?> — [0,1] is called a binary aggregation operator if
o A(0,0) =0, A(1,1) = 1;
° A(x,y) < A(X,y’), whenever x < x’, y < y'.
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Introduction

Binary 2-increasing aggregation operator

(Durante et al., 2007)

Definition
A function A: [0,1]?> — [0,1] is called a binary aggregation operator if
@ A(0,0)=0, A(1,1) =1,

° A(x,y) < A(X,y’), whenever x < x’, y < y'.

Definition

| A

A function A: R? — R is called 2-increasing (supermodular) if, for all
[x1,x2] X [y1, 2] € R? with x; < x, and y; < y»,

Va([xi, %] x [y1,y2]) := Alxa, y1) + Aly1, y2) — Alxa, y2) — Alxe, y1) > 0.
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Introduction

Binary 2-increasing aggregation operator

(Durante et al., 2007)

Consider a 2-increasing binary aggregation operator A.

@ Then, for every f,g: [0,1] — [0, 1] with £(0) = g(0) = 0 and
(1) = g(1) = 1, the function Af,: [0,1]*> — [0, 1], given by

Arg(x,y) = Af(x), &(y))

is a 2-increasing binary aggregation operator.
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Introduction

Binary 2-increasing aggregation operator

(Durante et al., 2007)

Consider a 2-increasing binary aggregation operator A.

@ Then, for every f,g: [0,1] — [0, 1] with £(0) = g(0) = 0 and
(1) = g(1) = 1, the function Af,: [0,1]*> — [0, 1], given by

Arg(x,y) = Af(x), &(y))

is a 2-increasing binary aggregation operator.

@ Then, for given f: [0,1] — [0,1] with f(0) =0 and f(1) =1, the
function f o A: [0,1]2 — [0, 1], given by

foAlx,y) = f(Alx,y))

is a 2-increasing binary aggregation operator if and only if f is
convex and increasing. E

S.Saminger, On constructions and boundaries of some type of 2-increasing functions, June, 7, 2007



On constructions and boundaries for some type of 2-increasing functions

Introduction

(Quasi-)copulas with given subdiagonal section

(Quesada-Molina et al., 2007)

W-ordinal sums Symmetric copulas with
given sub-diagonal section
1 1

S (o) Sv(zo)
1—x 1—xo
Sa(@o)
Sp(o)

0 0

0 o 1 0 7o 1
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Introduction

Copulas with given horizontal and/or vertical sections

(Durante et al., 2007; Klement et al., 2007)

Copulas with given ....

horizontal section horizontal and vertical section
1 1
LY(I
}L[, hb
b b
0 0
0 1 0 a 1
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Introduction

Copulas constructed on an orthogonal grid

(De Baets et al., 2007)

Copulas based on some foreground and background copula

1

ct cr
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Introduction

Copulas constructed on an orthogonal grid

(De Baets et al., 2007)

Theorem

Consider

@ two copulas C? and C¥,
@ a rectangle [a1, a2] x [by, b2] C [0,1]?, and

@ a positive constant . 0
Then A: [0,1]> — [0, 1], defined, for all x,y € [0,1], by

Colx,y) +p (CF(222, £2) - Co(2=2, 128)),
Alx,y) = if (x,y) € [a1, as] % [b1, bo],
Ct(x,y), otherwise,

is a copula whenever (x,y) — CP(x,y) — NC'&’(QX2 = gz:lgl) is increasing
and 2-increasing on [a1, az] X [b1, ba]. E
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Problem statement

Problem statement

Rectangular patchwork

Consider

@ a rectangle R = [ay, a2] x [b1, bo] C [0,1]?
with a; < a», b1 < by;

b

@ a binary function A: [0, 1]* — [0, 1] which is
also 2-increasing;

@ a binary function B: R — [0, 1]. ¢ m
Then the function ACJgB: [0,1]2 — [0, 1] defined by

B(x,y), if (x,y) €R,

AORB(x,y) =
RB(x.y) {A(x,y)7 otherwise,

is called rectangular patchwork of A and B on [0, 1]°.

az 1
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Problem statement

Problem statement

Problem statement

Consider
@ a rectangle R = [a1, as] x [by, bo] C [0,1]? '
with a1 < ap, by < bo; &
@ a binary function A: [0, 1]? — [0, 1] which is ° I
also 2-increasing; ) .

@ a binary function B: R — [0, 1] such that
B(aj,y) = A(aj, y) for all y € [by, bo] and voo- @
B(x, b;) = A(x, b;) for all x € [a1, as].
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Problem statement

Problem statement

Problem statement

Consider
@ a rectangle R = [a1, as] x [by, bo] C [0,1]? '
with a1 < ap, by < bo; &
@ a binary function A: [0, 1]? — [0, 1] which is ° I
also 2-increasing; ) .

@ a binary function B: R — [0, 1] such that
B(aj,y) = A(aj, y) for all y € [by, bo] and voo- @
B(x, b;) = A(x, b;) for all x € [a1, as].

For ALIRrB to be 2-increasing:
@ What are the possible choices for B?
@ What are the largest and smallest possible B's?

@ How can such B be represented? E

S.Saminger, On constructions and boundaries of some type of 2-increasing functions, June, 7, 2007




On constructions and boundaries for some type of 2-increasing functions
Problem statement

Set of margins

Set of margins

Definition

Consider arbitrary a;, as, by, by € [0, 1] with a; < a and by < by.
A set M = {hp,, hp,, Va,, Va, } of four increasing functions
hy,: [a1,a2] — [0,1], va,: [b1, 2] — [0,1], i = 1,2, is called a
set of margins if the following conditions are fulfilled:
(M1) hp,(a1) = va,(b1), hi,(a2) = vay(b1),
hp,(a1) = Vay (b2), hi,(a2) = vay(b2).

i, by

Vay

hb‘
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Problem statement
Set of margins

Set of margins

Consider arbitrary a;, as, by, by € [0, 1] with a; < a and by < by.
A set M = {hp,, hp,, Va,, Va, } of four increasing functions
hy,: [a1,a2] — [0,1], va,: [b1, 2] — [0,1], i = 1,2, is called a
set of margins if the following conditions are fulfilled:
(M1) hp,(a1) = va,(b1), hi,(a2) = vay(b1),
hp,(a1) = Vay (b2), hi,(a2) = vay(b2).

(M2) For all x1,x2 € [a1,a2] and all y1,y» € [b1, bo] hn, b
with x; < x3, y1 < ya:

he, (x2) + ho, (x1) = hb,(x1) + he, (X2); B
Vaz(y2) + val(yl) > Vaz()/l) + Va1(.y2)'

v
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Problem statement
Set of margins

Set of margins

Properties of margins
Consider

@ arbitraray a1, ap, by, by € [0,1] such that a; < a, and b; < by and

@ a set of margins M = {hp,, hp,, Va,, Va, }-

Then for all x, x" € [a1, a2] and for all y, y" € [b1, bo] '

with x’ > x and y’ > y: |:| '
’ . ; by
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Problem statement
Set of margins

Set of margins

Properties of margins

Consider

@ arbitraray a1, ap, by, by € [0,1] such that a; < a, and b; < by and

@ a set of margins M = {hp,, hp,, Va,, Va, }-

Then for all x, x" € [a1, a2] and for all y, y" € [b1, bo]
with x’ > x and y’ > y:

h, (x) > hp,(x) + hp,(a1) — hp,(a1)

= hp, (x) + va, (b2) — Vi, (b1) > hp, (X);
Var (¥) = Vay (¥) + Va, (b1) — va, (b1)

— Vo (y) + i (32) — iy (31) = v (). E
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Problem statement
Set of margins

Set of margins

Problemstatement revisited

Consider

@ arbitraray aj, ap, b1, by € [0,1] such that a; < ap and by < by
and

@ a set of margins M = {hp,, hp,, Va, Va, }-
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Problem statement
Set of margins

Set of margins

Problemstatement revisited

Consider

@ arbitraray aj, ap, b1, by € [0,1] such that a; < ap and by < by
and
@ a set of margins M = {hp,, hp,, Va, Va, }-
We will denote by M5 the set of all increasing 2-increasing
functions A: [a1, az] X [b1, bo] — [0, 1] coinciding in its set of
margins with M.
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Problem statement
Set of margins

Set of margins

Problemstatement revisited

Consider

@ arbitraray aj, ap, b1, by € [0,1] such that a; < ap and by < by
and

@ a set of margins M = {hp,, hp,, Va, Va, }-
We will denote by M5 the set of all increasing 2-increasing
functions A: [a1, az] X [b1, bo] — [0, 1] coinciding in its set of
margins with M.

o Is My =07

e What are its bounds?

@ How can it be represented?
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Representation

For every 2-increasing binary aggregation operator
A: [0,1]? — [0, 1] with margins hg', h7, v§', and v,
there exists a copula C such that, for all x, y € [0, 1],

Alx,y) = C(h{'(x), v{'())-
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On constructions and boundaries for some type of 2-increasing functions

Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Representation

For every 2-increasing binary aggregation operator
A: [0,1]? — [0, 1] with margins hg', h7, v§', and v,
there exists a copula C such that, for all x, y € [0, 1],

Alx,y) = C(h{'(x), v{'())-

C is uniquely determined on Ranj, x Ran,,.
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Arithmetic mean

Consider the arithmetic mean A(x,y) = % Then its upper
boundaries hf', v{* are continuous and given by

o hlx) = M) = () = 31+ x).

A(x,y) = W(h(x), h(y)) = max(h(x) + h(y) - 1,0),
but also A(x,y) = C(h(x), h(y)) with C being the copula

0, if (u,v) €[0,1/2]?,
Clu,v) = min(u,v—%), if (u,v) €[0,1/2] x]1/2,1],
) min(v,u— 1), if (u,v) €]1/2,1] x [0,1/2],
utv—1, if (u,v) e[1/2,1]%. E
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On constructions and boundaries for some type of 2-increasing functions
Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Construction

For every set of margins {hy, vy, hy, v; } and every copula C, the
function A.: [0,1]?> — [0, 1],

Ac(x,y) = C(h1(x), vi(y))

is a 2-increasing binary aggregation operator, whenever
h;(1) = vy(1) =1 and h;(0) =0 or v;(0) = 0.
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Construction

For every set of margins {hy, vy, hy, v; } and every copula C, the
function A.: [0,1]?> — [0, 1],

Ac(x,y) = C(h1(x), vi(y))

is a 2-increasing binary aggregation operator, whenever
h;(1) = vy(1) =1 and h;(0) =0 or v;(0) = 0.
However,

AC € {fagu h17 V1}2

with

f:]0,1] —[0,1], £(x):= C(hy(x),v1(0));
g [0,1] = [0,1], gly) = C(hy(0), u(y)). E
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Representation

For every 2-increasing binary aggregation operator
A:[0,1]2 — [0, 1] with margins MA = {hg', h{', v§', vi'1,
with

M= Va([0,1]%) > 0,

there exists a copula C such that

A(x,y):)\AC(hA(x) hA(X)—hA(0) V() v (y)fle(o)>

A v )\A

ho () + v§\(y)-

for all x,y € [0, 1].
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Construction

Consider a 2-increasing binary aggregation operator
A: [0,1]% — [0,1] with marglns MA = {hg, b, v§', v},
such that A := V([0,1]?) >

Then, for every copula C, the function A€ : [0,1]?> — [0, 1],

AC(X7y) = )\AC (hf‘(x)—hé(X)—hf‘(O) le(y) vg (y) (0)>

/\A 9 AA

+ hg(x) + v6'(v)

is a 2-increasing binary aggregation operator.
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Construction

Consider a 2-increasing binary aggregation operator
A: [0,1]% — [0,1] with marglns MA = {hg, b, v§', v},
such that A := V([0,1]?) >

Then, for every copula C, the function A€ : [0,1]?> — [0, 1],

AC(X7y) = )\AC (hf‘(x)—hé(X)—hf‘(O) le(y) vg (y) (0)>

/\A 9 AA

+ hg(x) + v6'(v)

is a 2-increasing binary aggregation operator.

Moreover,

Ce M2,
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Bounds (Durante et al. (2007))

Consider a set of margins M = {ho, h1, v, v1 }.
Then, for all A e M,
A, <A< A*

with

As(x,y) 1= max(ho(x) + vo(y), b (x) +vi(y) = 1);
A*(x,y) := min(hy (x) + vo(y) = h1(0), ho(x) + va(y) = ho(1))-

S.Saminger, On constructions and boundaries of some type of 2-increasing functions, June, 7, 2007



On constructions and boundaries for some type of 2-increasing functions

Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Bounds (Durante et al. (2007))

Consider a set of margins M = {ho, h1, v, v1 }.
Then, for all A e M,
A, <A< A*

with

As(x,y) 1= max(ho(x) + vo(y), b (x) +vi(y) = 1);
A*(x,y) := min(hy (x) + vo(y) = h1(0), ho(x) + va(y) = ho(1))-

Moreover, A,, A* € M.
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Special case: Binary aggregation operators

Special case: R = [0,1]% Rans = [0, 1]

Bounds

Consider a set of margins M = {ho, h1, v, v1 }.
Then, for all A€ My, A, < A< A*, with

Ax(x,y) i= max(ho(x) + vo(¥), hi(x) + vi(y) = 1);
A*(x,y) := min(hy (x) + vo(y) = h1(0), ho(x) + v1(y) = ho(1))-

The role of A
o If Ae My and \s > 0, then A, = AW, A* = AM,
o If Ae M5 and Ay =0, then A, = A= A*.

| A
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

For every a, b € R, denote by ¢, ;, the linear transformation

Pab- [a’ b] - [07 1]7 Soa,b(x) = p—a
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider a rectangle R = [a1, a2] X [b1, ba] with
ai,ap, b1, b € [0, 1] such that a; < ap, b1 < by.
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Proposition

Consider a rectangle R = [a1, a2] X [b1, ba] with
ai,ap, b1, b € [0, 1] such that a; < ap, b1 < by.

If A:[0,1]?> — [0,1] is a 2-increasing binary aggregation operator,
then A : R —0,1],

Pay,a0:,Pby,byrPcy e

Asﬂal,az,sobl,bywcl,cz (x,y) = Pei,e © A(wal,az (%), Pby,bo ()

is a 2-increasing increasing function and with range [c1, ¢2].
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On constructions and boundaries for some type of 2-increasing functions

General case: Increasing 2-increasing functions

General case: R C [0,1]?

Proposition

Consider a rectangle R = [a1, a2] X [b1, ba] with
ai, az, by, by € [0,1] such that a1 < az, by < by.

If A: R — [0,1] is an increasing 2-increasing function with
Rana = [c1, ], then A 1 1 1 2 [0,1]2 — [0, 1],

903_1 »a2 755;1 7b2 7<PC_1 »CQ

(va) = 90;1362 © A(Soa_:ag (X)7 (Pb_lfb2 (Y))

—1 —1 —1
Pay,a2:Pby by Pe1,2

is a binary 2-increasing aggregation operator.
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Representation

Consider
@ a rectangle R = [31, 82] X [bl, bg] with ay, as, by, by € [0, 1]
such that a; < ap, by < by and
@ a 2-increasing binary function A: R — [0, 1] with margins hp,,

hb2| Val 1 Va2 .
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Representation
Consider
@ a rectangle R = [a1, ap] X [b1, bo] with a1, ap, by, by € [0, 1]
such that a; < ap, by < by and
@ a 2-increasing binary function A: R — [0, 1] with margins hp,,
hpy, Vay, Vay.

Then there exists a copula C such that, for all (x,y) € R,

A%, y) = 0510 (C(0a .0 (M5 (X)), Pa.c(va(¥))))

where ¢; = A(a1, b1) and ¢, = A(ay, b).
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Representation

Consider

@ a rectangle R = [a1, ap] X [b1, bo] with a1, a2, by, by € [0, 1]
such that a; < ap, b1 < by and

@ a 2-increasing binary function A: R — [0, 1] with margins hp,,
hp,, Va,, Va, such that Ay > 0.

S.Saminger, On constructions and boundaries of some type of 2-increasing functions, June, 7, 2007



On constructions and boundaries for some type of 2-increasing functions

General case: Increasing 2-increasing functions

General case: R C [0,1]?

Representation

Consider
@ a rectangle R = [a1, ap] X [b1, bo] with a1, a2, by, by € [0, 1]
such that a; < ap, b1 < by and
@ a 2-increasing binary function A: R — [0, 1] with margins hp,,
hp,, Va,, Va, such that Ay > 0.
Then there exists a copula C such that
A= (AS )

1 1 1
Pa1,ap,Pby,by>Pc1,€2 7 Payap ’@blva yPer,00

where ¢; = A(a1, b1) and ¢, = A(ay, b).
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Construc

Consider

@ a rectangle R = [a1, a2] X [b1, bo] with a1, 3z, by, by € [0, 1] such
that a; < a», by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, } such that A > 0.

Then, for any copula C,
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On constructions and boundaries for some type of 2-increasing functions

General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [a1, a2] X [b1, bo] with a1, 3z, by, by € [0, 1] such
that a; < a», by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, } such that A > 0.

Then, for any copula C, the function A¢: [ay,as] x [b1, bo] — [0, 1],
AC(x,y) = AC (4502, Y200 oy (x) + viy () = iy (21)
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On constructions and boundaries for some type of 2-increasing functions

General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [a1, a2] X [b1, bo] with a1, 3z, by, by € [0, 1] such
that a; < a», by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, } such that A > 0.

Then, for any copula C, the function A¢: [ay,as] x [b1, bo] — [0, 1],
AC(x,y) = AC (4502, Y200 oy (x) + viy () = iy (21)

with
Via(x) := hp,(x) — hp,(a1) — hp, (x) + hp, (a1);
Via(y) i= Va(¥) — Vay(b1) — vay () + va, (1)
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [a1, a2] X [b1, bo] with a1, 3z, by, by € [0, 1] such
that a; < a», by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, } such that A > 0.

Then, for any copula C, the function A¢: [ay,as] x [b1, bo] — [0, 1],
AC(x,y) = AC (4502, Y200 oy (x) + viy () = iy (21)

with
Via(x) = hi,(x) = hp,(a1) — hi, (x) + e, (a1);
V12(y) = Vaz(y) - Vaz(bl) - Val(y) + Val(bl)
is an increasing 2-increasing function on [a1, ap] X [b1, by]. E
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [a1, a2] X [b1, bo] with a1, 3z, by, by € [0, 1] such
that a; < a», by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, } such that A > 0.

Then, for any copula C, the function A¢: [ay,as] x [b1, bo] — [0, 1],
AC(x,y) = AC (4502, Y200 oy (x) + viy () = iy (21)

with
Via(x) := hp,(x) — hp,(a1) — hp, (x) + hp, (a1);
Via(y) i= Va(¥) — Vay(b1) — vay () + va, (1)

is an increasing 2-increasing function on [az, a2 X [b1, ba].
Moreover, A€ € M.
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [ay, a2] X [b1, bo] with a1, az, by, by € [0, 1] such
that a; < ap, by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, }

Then, for all A € M5,
A, <AL A*
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [ay, a2] X [b1, bo] with a1, az, by, by € [0, 1] such
that a; < ap, by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, }

Then, for all A € M5,
A, <AL A*

with

A*(X7)/) = max(hbl(x) + Va1(y) - hbl(al)? hbz(X) + Vaz(y) - hbz(az))a
A*(x, y) = min(hp, (x) + Va, (y) = he,(a1), o, (X) + vay (y) — hi (a2))-
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General case: Increasing 2-increasing functions

General case: R C [0,1]?

Consider

@ a rectangle R = [ay, a2] X [b1, bo] with a1, az, by, by € [0, 1] such
that a; < ap, by < by and

@ a set of margins M = {hp,, hp,, Va,, Va, }

Then, for all A € M5,
A, <AL A*

with

A*(X7)/) = max(hbl(x) + Va1(y) - hbl(al)? hbz(X) + Vaz(y) - hbz(az))a
A*(x, y) = min(hp, (x) + Va, (y) = he,(a1), o, (X) + vay (y) — hi (a2))-

Moreover, A,, A* € M>. E
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On constructions and boundaries for some type of 2-increasing functions

General case: Increasing 2-increasing functions

General case: R C [0,1]?

Bounds — geometric interpretation

by

by

A*(va) = maX(th(X) + Va1(y) - hbl(al)’ hbz(X) + Vaz(y) - hbz(a2));
A" (x, y) = min(he, (x) + va, (y) = i (a1), hey (x) + Ve (y) = i (22)). F
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On constructions and boundaries for some type of 2-increasing functions
General case: Increasing 2-increasing functions

General case: R C [0,1]?

Representation
Consider
@ a rectangle R = [a1, ap] X [b1, ba] with a1, ap, by, by € [0, 1]
such that a; < ap, by < by and

@ a 2-increasing binary function A: R — [0, 1] with margins hp,,
hp,, Va,, Va, such that A4 = 0.

Then A=A, = A", ie, forall (x,y) € R,

A(x,y) = hp (x) + va, () — hpy(a1)
= hp,(x) + va,(y) — hp,(a2)
= hp,(x) + va (y) — hp,(a1)
= hp (x) + Vay (y) — hp,(22)-
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On constructions and boundaries for some type of 2-increasing functions

Examples revisited

W-ordinal sums

(] R2:[0,X0]><[1_X071]: 1
Since A4, = xo, for any copula G, ® W

Ao(x,y) = %G (5, 1201

for all (x,y) € R», is appropriate.
(] R4 = [Xo,].] X [0, 1-— Xo]:
Then Aa, =1 — xg, for any copula G,

Au(x,y) = (1= x0)G (%ﬁﬁ 1&,) )

for all (x,y) € R4, is appropriate.
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On constructions and boundaries for some type of 2-increasing functions

Examples revisited

W-ordinal sums

o R = [O,Xo] X [0,1 —Xo]:
Since Aa, = 0, therefore :
Ai(x,y) = (A)«(x,y) = (A)"(x,y), '

for all (x,y) € Ry.
(] R3 = [Xo,l] X [1 —X(),l]:
Then Mg, =1 —x — (1 — x0) = 0, therefore

As(x,y) = (As3)«(x,y) = (A3)"(x, ),
As(x,y) =x+y—1=W(xy),

for all (x,y) € Rs.
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On constructions and boundaries for some type of 2-increasing functions

Examples revisited

Copulas with given horizontal and vertical section

Assume that C(a,b) = ¢ with 0 < ¢ < min(a, b) .
such that Ag, >0, i =1,...,4.
Choose copulas G, G, G, G4.

AS(cay) = <G (B, 7).

(x.¥)

AC(x,y) = (b= )G ("<, 5% ).
(x.¥)
(x.y)

AG x,y)=14+c—a—b)G (XJrlichbs(:X)b a erlierag )b ) + hp(x) + va(y) — ¢,

AC4 x,y) = (a _ C)C4 (X*hb(x), Va(}’)*c> ;

a—c a—c

(oy). i (y) € [0.4] [0, ],

AC(xy). if (x.y) € [a.1] x [0,b].

CCY) =Y a0(xy). i (xoy) € [a,1] x [b.1],
AS(x,y), if (x,y) €[0,a] x [b,1]. E

S.Saminger, On constructions and boundaries of some type of 2-increasing functions, June, 7, 2007
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Examples revisited

Copulas constructed on an orthogonal grid

@ Choice of Cp, determines whether A > 0 or
A=0. o
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@ Choice of Cp, determines whether A > 0 or

A=0.

@ When C, =11, XA > 0 for all rectangles,
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On constructions and boundaries for some type of 2-increasing functions

Examples revisited

Copulas constructed on an orthogonal grid

@ Choice of Cp, determines whether A > 0 or
A=0. o

@ When C, =11, A > 0 for all rectangles, then
for arbitrary foreground copula C¢

xy — (x —a)(y — b1)
+(a2 — a1)(ba — br) G222, £=51),
if (x,y) € [a1, @] x [b1, bo] ,
Xy, otherwise.

C(va):
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On constructions and boundaries for some type of 2-increasing functions

Fine

Concluding remarks

@ Motivation, examples;
@ Set of margins and its properties;

@ 2-increasing functions with particular domain and range.
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Fine

Concluding remarks

@ Motivation, examples;
@ Set of margins and its properties;

@ 2-increasing functions with particular domain and range.

www.flll.jku.at/mediawiki )
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Fine

Concluding remarks

@ Motivation, examples;
@ Set of margins and its properties;

@ 2-increasing functions with particular domain and range.

www.flll.jku.at/mediawiki )

Thank you. )

S.Saminger, On constructions and boundaries of some type of 2-increasing functions, June, 7, 2007



	Introduction
	Problem statement
	Set of margins

	Special case: Binary aggregation operators
	General case: Increasing 2-increasing functions
	Examples revisited
	Fine

