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x2x1
Product Profile

⎛

⎝
0
1
0

⎞

⎠ = x2
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U1 = β · x1 + ϵ1 =
∑d

i=1
βix

1
i + ϵ1

U2 = β · x2 + ϵ2 =
∑d

i=1
βix

2
i + ϵ2

• ������
���������������������������#

P
(
x1 ≽ x2 | β

)
=

eβ·x
1

eβ·x1 + eβ·x2

• 
����� �������!����
�������# x1 ≽ x2 ⇔ U1“≥”U2

�������������������������������������� * $�)+
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Update
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Posterior
Distribution

MCMC

�����
� ����� ��	�
���

���������� ��� ��

��
�� ������� �������

�
���
�
�� ���	����
	 ���
	��

�
���
 � �

�� �� � � �

����

����

����

����

����

����

Posterior
Distribution

Bayesian
Update
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Geometric
Update

Posterior
Polyhedron
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Posterior
Polyhedron

Geometric
Update

Polyhedron

Containing β
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U1 = β · x1 + ϵ1 =
∑d

i=1
βix

1
i + ϵ1

U2 = β · x2 + ϵ2 =
∑d

i=1
βix

2
i + ϵ2

β1

β2• 
����� �������!����
�������
– ��������
���������������������������
��

���������
��)���������������

β · (
x 1
−
x 2 )

≥
0

x1 ≽ x2 ⇔ U1 ≥ U2
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β1

β2

β

Geometric prior for β x1 ≽ x2 1st geometric

posterior for β
x3 ≽ x4 2nd geometric

posterior for β
x5 ≽ x6 3rd geometric

posterior for β

β ·
(
x1 − x2

)
≥ 0

β ·
(
x3 − x4

)
≥ 0

β · (
x 5

−
x 6 )

≥
0

??

=

x1 ≼/≽ x2≽
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β1

β2

β0

Good estimator for β? Center of ellipsoid β0

β

Good Question? 1. Choice balance

� �

2. Postchoice symmetry
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β1

β2

ββ ·
(
x1 − x2

)
≥ 0

β ·
(
x3 − x4

)
≥ 0

β · (
x 5

−
x 6 )

≥
0

min
∑

i
log

(
β ·

(
x2i−1 − x2i

))

Idea from Nonlinear Programming (NLP):
Approximate ellipsoid through analytic center.
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β
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β
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β ∼ N(µ,Σ) (β − µ)′ · Σ−1 · (β − µ) ≤ r

90% confidence/credibility
ellipsoid

Prior distribution
of β
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x1 ≽ x2

Question/AnswerLikelihood Function

P
(
x1 ≽ x2 | β

)
=

eβ·x
1

eβ·x1 + eβ·x2

���������	����������
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Prior distribution Answer likelihood Posterior distribution

Prior ellipsoid Question/Answer Posterior ellipsoid
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β0

β
{
∥∥∥∥

β

∥β∥2
− β0

∥β0∥2

∥∥∥∥
2

β
β

� �
β̂i
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"������#���������������������6��%����������

,* $�,0
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β ∼ N(µ,Σ)

β
approx.∼ N

(
µ2,Σ2

)
x1 ≼ x2

p = 2

x1 ≽ x2

β
approx.∼ N

(
µ1,Σ1

)

���������	����������
�����	����������� "" ��"#

f
(
x1, x2

)
:= Eβ,x1 ≼/≽ x2

(
det(Σi)

1/p
)
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µ

�

�

(β − µ)′ · Σ−1 · (β − µ) ≤ r

µ ·
(
x1 − x2

)

(
x1 − x2

)′ ·Σ ·
(
x1 − x2

)
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distance: d := µ ·
(
x1 − x2

)

variance: v :=
(
x1 − x2

)′ ·Σ ·
(
x1 − x2

)

f(d, v)
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f(d, v)
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