A Study of Jeffrey’s Rule
With Imprecise Probability Models

Enrique Miranda & Arthur Van Camp

13 July 2023



Oviedo & Bristol

 dn i

Kevin Blackwell Giacomo Molinari Zhenhua Li

=

Enrique Miranda  Ignacio Montes Arthur Van Camp Jason Konek

o
pRL_CR % University of

oo L] o° -
o AL BRISTOL
-—
2884 °°° asass
epartentiol A Epistemic Utility for Imprecise Probabilit
Statistics and Operations Research - P Y P Y

-y

EPIMP



Bayes’ Rule




G
c
(@)

Q



info:

G
c
(@)

Q



G
c
(@)

Q.

info:

P(A|By) using Bayes’ Rule

Pinfo(A)



Jeffrey’s Rule

G
c
@)

Q



P(Bs)

P(Bs)

P(By)

P(Bs)

= Pinto?

~

Jeffrey’s Rule

P(B,)

P(B1)

info:

PonQ



(Bs)

QL
&
o
S
D »Q
w |||||||||||||
a 5
1S 5
- Qo
[ e i
= —~
5 5
- QA
Q
Nl
X <
R

PonQ

[agreeing on %]

P(B) forall Be #

~

Pinfo(B)

[rigidity]

ACQ

P(A|B) forall B € 4,

Pinfo(A|B)



(Bs)

oo

(Bs)

p

(Ba)

p

P(B)

)

Jeffrey’s Rule

P(B,

(B1)

p

info:

PonQ

[agreeing on %]

Pinfo(B) = P(B) forall Be #
P(A|B) forall B¢ 4,

Pinfo(A|B)

[rigidity]

ACQ



P(Bs)

(Bs)

2

(Ba)

b

P(B)

)

Jeffrey’s Rule

P(B;

(B1)

)

info:

PonQ

(B)

Y 5es P(A|B)P

[agreeing on #] = Puro(A)

P(B) forall B« #
P(A|B) forall B ¢ 2,

~

Pinto(B)

[rigidity]

ACQ

Pinto(A|B)



G
c
@)

Q




G
c
@)

Q




G
c
@)

Q

(B) = P(A|B1)0+ P(A|Bz)1+ P(A|B3)0+---+ P(A|Bg)0

=

P(A|B)

Pinfo(A)

= P(A|B)



Jeffrey’s Rule for desirability
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Find the smallest coherent D¢, such that
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Jeffrey’s Rule for desirability
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Find the smallest coherent D,,;, such that = it follows from [De Cooman & Hermans 2008]
Diio 2 D [agreeing on %]
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is the unique smallest coherent D, that satisfies
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Is there a version of Jeffrey’s Rule for non-additive measures?



Jeffrey’s Rule for non-additive measures

Is there a version of Jeffrey’s Rule for non-additive measures?
Given:

a class ¢ of lower probabilities
a lower probability P € © on
info: a lower probability P < ¢ on #
Question: Is there a smallest P, , € ¢ such that
Piio(B) = P(B) forall Be # [agreeing on %] 5
P;.«o(A|B) > P(A|B) forall Be ,ACQ [rigidity]



Jeffrey’s Rule for non-additive measures

Is there a version of Jeffrey’s Rule for non-additive measures?
Given:

a class ¢ of lower probabilities

a lower probability P € © on

info: a lower probability Pe¢on#
Question: Is there a smallest P, ;, € ¢ such that

P,.(B) > P(B) forall Be % [agreeing on ]
P..(AB) > P(AIB) forall Be 2, AC O [rigidity]

We study this question for minitive measures, linear-vacuous models, pari-mutuel
models and total variation models.

Come and see our poster for answers!
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