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What about for pmf: pon 2 x % is
choice independent if p = pxpy
functions? (if p>0) plx=py and p|y=px

A preliminary study of notions of independence
for choice functions

very general | o ) —
desirability model C( )

lower previsions, sets
of desirable gambles
are its special cases
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Types of independence

epistemic irrelevance (from X to Y) | learning which x € 2" obtains does not change my beliefs about Y
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Types of independence

epistemic irrelevance (from X to Y) ‘ learning which x € 2" obtains does not change my beliefs about Y

representational irrelevance (from
XtoY)

the joint model has a representation such that all of its elements
satisfy epistemic irrelevance (from X to Y)

IPMU2026 A preliminary study of notions of independence



Types of independence

epistemic irrelevance (from X to Y) | learning which x € 2" obtains does not change my beliefs about Y

representational irrelevance (from | the joint model has a representation such that all of its elements
XtoY) satisfy epistemic irrelevance (from X to Y)
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Types of independence

epistemic independence learning which x € 2" obtains does not change my beliefs about Y
and learning which y € % obtains does not change my beliefs
about X
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Choice functions

£

{ ,@} Should | take an umbrella today ?
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Choice functions

f (F95) =1 £, (88)=—10

Choosing between f . and f 1% depends on my beliefs about
the weather that day.

IPMU2026 A preliminary study of notions of independence



IPMU2026

Choice functions

= ,f‘f} Consider a gamble of taking a raincoat:

fr((9)==1 f,(&®)=3
Form a gamble set F = {fm'" fX' , fﬂ‘\ }.
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Choice functions

= ,f‘f} Consider a gamble of taking a raincoat:

fa(®)=-1 fg (68) =3,
Form a gamble set F = {fm:, fo , fﬂ‘\ }.
| believe it is likely to rain today. My choice is
C(F) = {r;k\f:’ft\ }EF
since I reject R(F) = F\ C(F) = {f)( }.
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Choice functions

= ,*ﬁ@%} Consider a gamble of taking a raincoat:

g (%)=—-1 1g(@)=3

Form a gamble set F = {fm“’ f)( , ff\ }.
| believe it is likely to rain today. My choice is
C(F) = {f,‘ni’f,“'\ }EF

since I reject R(F) = F\ C(F) = {fX }.
If 0 is rejected for FU {0}, we have

K={Fe 2:0e R(FU{0})},
called a set of desirable gamble sets.
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Choice functions

K

set of desirable gamble sets| | collection of sets of desirable gambles

2

{

non-binary
assessment

representation

coherent:
satisfies

rationality axioms
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Choice functions

K F— 2
set of desirable gamble sets| | collection of sets of desirable gambles

non-binary \‘ D
assessment representation every Dc 9
is coherent

coherent: every De 9 -

satisfies is a binary there is a largest
representation %

rationality axioms assessment
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Epistemic independence

Kx is epistemically irrelevant to Ky if learning that any event X, possibility spaces
Ex obtains does not change my assessment in Ky. ExC2  non-emply event on 2°
EyCw non-empty event on %

Kx set of des. gamble sets on 2~

Ky set of des. gamble sets on %
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Epistemic independence

Kx is epistemically irrelevant to Ky if learning that any event X, possibility spaces
Ex obtains does not change my assessment in Ky . ExC 2  non-empty event on 2

Kx and Ky are epistemically independent if they are Ey.ci3A8 S nonemplyfevent on 2

epistemically irrelevant to each other: Kx set of des. gamble sets on 2°

Ky set of des. gamble sets on %
Margy(KJ EX) - Margy(K), Marg marginalisation

Margx (K] Ey) = Margx (K). | conditioning
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Epistemic independence

K is epistemically irrelevant to Ky if learning that any event X, possibility spaces
Ex obtains does not change my assessment in Ky . ExC 2  non-empty event on 2"
Kx and Ky are epistemically independent if they are Ey.ci3A8 S nonemplyfevent on 2
epistemically irrelevant to each other: Kx set of des. gamble sets on 2°
Ky set of des. gamble sets on %
Margy(KJ EX) - Margy(K), Marg marginalisation
Margx (K] Ey) = Margx (K). | conditioning
® epistemic product
K =Ky ® KJ
X Y
epistemically epistemic
independent product marginals product
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Representational independence

K is representationally independent if every D in its 2, possibility spaces
representation 9 satisfies epistemic independence. K
set of des. gamble sets on 2" x %
9 representation of K
Kx, Ky

sets of des. gamble sets on 27, #

Dry> DKy
largest representations of Ky, Ky
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Representational independence

K is representationally independent if every D in its 2, possibility spaces
representation 2 satisfies epistemic independence. K
set of des. gamble sets on 2" x %
. D :.DX ® Dy D= D2tk 9 representation of K
epistemic product of strong product of Ke. K
> > > 5 X, Ry
Dx € Pk, Dy € Zx, Dx € Pk, Dy € Zx, sets of des. gamble sets on 2, ¥
Dry> DKy
largest representations of Ky, Ky
® epistemic product
X strong product
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Representational independence

K is representationally independent if every D in its 2, possibility spaces
representation & satisfies epistemic independence. K
set of des. gamble sets on 2" x %
D= Dx® Dy D = Dx X Dy 9 representation of K
epistemic product of strong product of Ke. K
> > > X Y
Dx € Pk, Dy € Zx, Dx € k., Dy € Pk, sets of des. gamble sets on 2, ¥
. . . . DKy DKy
For both, we find their representationally independent natural largest representations of Ky, Ky
extensions: Kx @ Ky and Kx @ Ky. 9 epistemic product
X strong product
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Representational independence

K is representationally independent if every D in its 2, possibility spaces
representation & satisfies epistemic independence. K
set of des. gamble sets on 2" x %
D= Dx® Dy D = Dx X Dy 9 representation of K
epistemic product of strong product of Ke. K
> > > X Y
Dx € Pk, Dy € Zx, Dx € k., Dy € Pk, sets of des. gamble sets on 2, ¥
. . . . DKy DKy
For both, we find their representationally independent natural largest representations of Ky, Ky
extensions: Kx @ Ky and Kx @ Ky. 9 epistemic product
X strong product

We also show Kx @ Ky C Kx @Ky C Kx @ Ky.
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S-independence

choose partition 2,9 possibility spaces
P of & XY uncertain variables

P partition of 2~

observe which Ecz event on 2
event E occurs Ie(X) indicator gamble

for each E,
choose fg on %

construct
Yeew Le(X)E(Y)
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S-independence

choose partition Y possibility spaces
If X is S-irrelevantto Y, it is uqrqasonable fo P of & XY uncertain variables
pay to observe X to make decision about Y : »
. P partition of 2~
rejectY ec » 1e(X)fe(Y) —¢e from the gamble e
i € t G
set {fz: E€ PYU{YecrIe(X)fe(Y)—¢€}. observe which event on
event E occurs Ie(X) indicator gamble

for each E,
choose fg on %

construct
Yeew Le(X)E(Y)
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S-independence

. ' . choose partition X, Y pOSSlblIlty spaces
If X is S-irrelevantto Y, it is uqrqasonable to P of & X, Y ITEETER vErEEs
pay to observe X to make decision about Y : »

. P partition of 2~
rejectY ec » 1e(X)fe(Y) —¢e from the gamble e
. 9

set {fe : E € P} U{Eee s Ie(X)fe(Y) — ). observe which 5 event on 4.

event E occurs Ie(X) indicator gamble

for each E,
choose fg on %

K is S-irrelevant from X to Y if
{Xgeo\ie l6lfe—fgl +te: E€ P} €K,

for all partitions &2 of Z°, all € > 0 and all
’ truct
e L) construc
Leer IE(X)fE(Y)
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S-independence

¢ K is S-independent if and only if Kp is S-independent for all mixing K 2 = lexicographic Ds

De 2. mixing and Archimedean K
2 = linear previsions
¢ S-independent natural extension Kx ® Ky for mixing and
Archimedean K.

¢ For mixing K, representational independence implies
S-independence.

¢ For mixing and Archimedean K, representational
independence and S-independence coincide.
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Conclusions

Kix Ko x K3 x

How to combine the local models for
the children into a joint model?
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Conclusions

K Let < be an independent product of choice, then
Kjx = op_1 Ky x

is the joint model, provided that < is associative.

Kix Ko x K3 x

How to combine the local models for
the children into a joint model?
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Conclusions

K Let < be an independent product of choice, then
Kjx = op_1 Ky x

is the joint model, provided that < is associative.

@ @ @ What is the resulting representation of the joint
Kix Ko x K3 x

model?

How to combine the local models for
the children into a joint model?
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Conclusions

K Let < be an independent product of choice, then
Kjx = op_1 Ky x

is the joint model, provided that < is associative.

@ @ @ What is the resulting representation of the joint
Kix Ko x K3 x

model?

How to combine the local models for Depending on ¢, does K have the same properties

the children into ajOint model? as its independent margina/S?
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