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(Behavioral Model and Duality Theory)
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max
x1,x2

u(x1, x2)

s.t. p1x1 + p2x2 = I

xH
j (p1, p2, ū)

u = V (p1, p2, I) I = M(p1, p2, ū)

− ∂V

∂pj
/
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∂M

∂pj
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u = V (p1, p2, I)

I = M(p1, p2, ū)
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S(V, θ) =max
P

∑

j∈J

{
PjVj −

1

θ
Pj (lnPj − 1)

}

s.t.
∑

j∈J
Pj = 1
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Miyagi (1986)@# �%&(1986)A
Logit Model � Entropy Model�"2��;�(,*6��=�����=��$�
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Pj =
exp(θVj)∑

j′∈J exp(θVj′)
, ∀j ∈ J S(V, θ) =

1

θ
ln

⎧
⎨

⎩
∑

j′∈J
exp(θVj′)

⎫
⎬

⎭
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X̃j = N
exp[θ(aj − pj)]∑J

j′=1 exp[θ(aj′ − pj′)]
, ∀j ∈ J

U∗ = max
X

⎛

⎝X0 +
J∑

j=1

ajXj −
1

θ

J∑

j=1

Xj ln
Xj

N

⎞

⎠

s.t.

J∑

j=1

Xj = N

Y =
J∑

j=1

pjXj + p0X0
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Anderson, de Palma, & Thisse (1988)BVerboven (1996)D
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[Logit Representative Consumer Behavior]

Entropy term → Variety-seeking behaviour
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@Shannon Entropy"0*�/=+A
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U∗ =
Y

p0
+Nθ ln

⎛

⎝
J∑

j=1

exp

(
aj − pj/p0

θ

)⎞

⎠
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Logit, Entropy & Random Utility

• Miyagi, ADT, Verboven���$),�
• GZT�M?1L_@�Shannon Entropy6�I:

��f1LB924b�B]X�	�<���
`W_@�Logit6f^?1L_@�logsum6�
��������O	���g
• QHKY��A3>�D����8ac/[# "
*,�5V&!(f=L-U5V&!(Pd�.�FL

• Eh'+�%1LKY�R1L≡N:1LeNJ1L��
7
��$),����� [:;2� " �0����]

•C�f'+�%1LKY (McFadeen 1974) ��
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���������Logit Example
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Additive random utility 
model (ARUM) with 
Gumbel error term

Choice Probability (Demand)
� Logit model

Surplus (Indirect utility)
� Logsum

uj = δj + ϵj , ∀J

McFadden (1978)McFadden (1974)
Small & Rosen (1981)

Williams (1977)
Daly & Zachary (1978) Ben-Akiva (1973)

q : ��(���)����

dd : �
�
����

0, 1,..., J: ��� (0: 	��)

G(δ) ≡ E
(
max
j∈J

uj

)
= ln

⎛

⎝
∑

j∈J
eδj

⎞

⎠



�������	�General

• Additive Random Utility Model (ARUM)

• �����' (ARUM)2

• �� (Surplus) -#3%�$��'3,"�'2

• %�$��'�1/����+!(&�*��2
[Williams (1977) 3 Daly & Zachary (1978) Theorem ]
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uj = δj + ϵj , ∀J

��WDZ Theorem��00����

����������..		��������ARUM��  

))��11

G(δ) ≡ E
(
max
j∈J

uj

)

qj(δ) =
∂G(δ)

∂δj



ARUM-Logit Model�Entropy Model
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ARUM-Gumbel

Choice probability as
Multinomial Logit

Surplus as Logsum

Shannon Entropy

Representative Consumer

Shannon Entropy�
Logsum����
(Convex conjugates)

uj = δj + ϵj , ∀J

−G•(q) = −
∑

j∈J
qj ln qj

G(δ) ≡ E
(
max
j∈J

uj

)
= ln

⎛

⎝
∑

j∈J
eδj

⎞

⎠

qj(δ) =
∂G(δ)

∂δj
=

eδj
∑

j′∈J eδj′

G•(q) = max
δ

{
q⊤δ −G(δ)

}

Entropy 
Demands

max
q∈∆

⎧
⎨

⎩
∑

j∈J
δjqj +G•(q)

⎫
⎬

⎭

where ∆ = {q ∈ RJ+1
+ :

∑J
j=0 qj = 1}



GEM�ARUM
• GEM:"����������
83�����7�� 0-%!

• Generalized Entropy (GE):“Generator”7, S �0��&2

�Logit�$#9 (Shannon Entropy)

• Generator�57, �'���
9

• ��
�94 j �6+1/
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• ��7,(.(-% 0)
9

16

max
q∈∆

⎧
⎨

⎩
∑

j∈J
δjqj +G•(q)

⎫
⎬

⎭

G•(q) ≡ −
∑

j∈J
qj lnS

(j)(q)

S(q) = q

H = S−1

Pj(δ) =
H(j)(eδ)

∑J
j′=0 H

(j′)(eδ)

H(j)(eδ) =
∂eG

•(δ)

∂δj

G(δ) = ln

⎛

⎝
∑

j∈J
H(j)(eδ)

⎞

⎠

�*�ARUM�6+1/
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GEM�����(1)
1. .C�ARUM�cDRN�i��GEM�f[dH���A�


�����gb�B
��Q����hj

2. GE (��	�T1�Generator)�^<��
����i
��K`�-Jd2/Z;d2�YO7X��f[��!&
(f[dH)��>4��
�����jM�i-Jd2��
YO����ARUM�=�iGEM��_�Z;d2�Y���
�f[("* (e.g. GEN) �]a��
�����j

3. eG8_�%+� #���f[("*�-Y0���
Berry, Levinsohn & Pakes (1995) Method �E<IL�
:?�VP6��
�����(H3S5\U�,[)j
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S(j)(q) = qµj

⎛

⎝
∑

j′∈gj

qj′

⎞

⎠
1−µ

01. Nested Logit 02. Generalized Nested Entropy (GEN)

S(j)(q) =

{
q0 , (j = 0)

qµ0
j

∏C
c=1 q

µc

σc(j)
, (j > 0)

ln

(
qjt
q0t

)
= β0 +Xjtβ − αpjt +

C∑

c=1

µc ln

(
qjt

qσc(j),t

)
+ ξjt

→W@F/9HL���$)'+�E<



GEM�����(2)

4. 6_wPtN#�% (e.g. Rust 1987) �O@Ki<(
• Chiong et al. (2016)

a. �47u�	� Choice-Specific�./kQ �U��
=y�}Monge-Kantorovich =y{Tsoq=y|�W��B0	}
nC1D�wPp-	�(
gGm^=y�	�Ul

b. 3����
I��� �]��
���� {8S5]|�e0
� Foegerau et al. (2013) � %!&RcFUlV�;
j2me

→ Hotz & Miller (1993) �;cE�zr����}
fE�z��$"'�O@�A[

5. Entropy=`,L?v ���kX�d��}L?ZI
�Hx�hM	�*aAK)
�wPtN#�%�
>b�+�����
��~
• :\_Y9J (Rational Inattention: RI) #�%
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G•(q(x)) δ(x)

δ(x) ≡ ū(x) + βE [V (x′)]δ(x)
ū(x)



������ (Rational Inattention)

• *�I9/Ze3��s]���zI9/Z�h��
� "�<8�z(`?H'��JGR>��Du��

• Sims (2003)���66ZZ__VV55FF (RI)��+j: 
• I9�fa����[
�Entropy�r.�l���	z
bU),�I9YE�4
���+jx#�&bU=1p�m@y

• *��6Z_�(TJ���XS�oK��Zk

• Matějka & McKay (2015):
• Mutual Shannon Entropy���I9� "�>d���	z(`?H'
��tM_oKg4�;vLogit$!%CA������iO

• Fosgerau, Melo, de Palma & Shum (2018):
• Generalized Entropy���
I9� ">d��LB�zIIAWH�c7

• Fosgerau & Jiang (2017):
• NgPq-wH1Q (NgPq:4'��
0^P2oK1Q) ��n\
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https://tcagley.wordpress.com/



= max
p(·)

{
∑

v∈V

{
p(v) · [v + λ log p0 ]− λp(v) · log p(v)

}
µ(v)

}

max
p(·)

{E(V ·A)− λ× information cost}

Rational Inattention Model

20

RI�%�('.!3�6)�8
 ��8���!#�9

7*6)����

�&(�1)����

�������
��
(-/�"����)

Information cost � Mutual Shannon Entropy
�!�	�

7*6)����

��20��20�,$�

s.t. pi(v) ≥ 0 ∀i,
N∑

i=1

pi(v) = 1

+54 (MNL)

Matějka & McKay (2015)

pi(v) =
p0i e

vi/λ

∑N
j=1 p

0
je

vj/λ
=

e(vi+log p0
i )/λ

∑N
j=1 e

(vj+log p0
j )/λ

=
eṽi/λ

∑N
j=1 e

ṽj/λ
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ARUM����^UJOW? (Unobserved Taste Heterogeneity) �TM

Unjt = αnpnjt + βnxnjt + enjt

where Var(enjt) = k2n(π
2/6)

,( (n) H�V;_���&%�"$#& �+@�O��KI (Train & Weeks 2005)

Unjt = (αn/kn)pnjt + (βn/kn)xnjt + εnjt

= λnpnjt + cnxnjt + εnjt

where Var(εnjt) = π2/6

kn
'X�1�

A) Model in Preference-Space B) Model in WTP-Space

*WTP: Willingness-to-pay

kn�+@�/G�6���������
DE`+@58�P\	�a
+@58�LQ
���):	����`
��&%"$#& �G]7
.Y
��
���C�):	������a

Unjt = λnpnjt + (λnwn)xnjt + εnjt

wn ≡ cn/λn

WTP* (B[*-R)

WTP wn �,([92�V;��&%�L
Q���`(V;��&%�C�6�)*F
+@ ln ��30���a

Model A �A�!& ��Z4=�S��`
��N�Z�
B[*-/<�Model B�
��>��
 (Scarpa et al. 2008)
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