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1 Small Model

Consider a model of demand where various agents, t, make choices over products, j,

that are sold by various brands, f . Let there be four inside goods and one outside good.

Let there be three nests {N0, N1, N2}, such that we have the following nesting structure:

{(0), (1, 2), (3, 4)}. Let djt be the unconditional share of the good, let djt|n be the nest-

conditional share of the good, where n = N(j) is implied for each good j, and let dn be

the nest share. Let demand be calculated as Djt = djt · LSt, where LSt is a scaling factor

that translates shares to demand-quantities. Let Vjt be the utility value of a good, where:

Vjt =

Yjtβ
1 +Xjβ

2 + Ztβ
3 +XjZtβ

4 + Fjβ
5, j > 0

Wtλ
1 + Ztλ

2 +WtZtλ
3, j = 0,

(1)

where Y is agent-product characteristics,X are product characteristics, F is a brand FE,

Z are ‘inside’ agent characteristics, and W are ‘outside’ agent characteristics.

The above along with the nested-logit assumptions yields the following unconditional

product share:

d1t =

(
eV1t/ρ1

) (
eV1t/ρ1 + eV2t/ρ1

)ρ1−1
(eV0t) + (eV1t/ρ1 + eV2t/ρ1)

ρ1 + (eV3t/ρ2 + eV3t/ρ2)
ρ2 (2)
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2 Gradient

We wish to minimize the squared loss function:

m(β, λ, ρ) =
1

2 ·Nb

∑
b∈Nb

(
ln (Db(β, λ, ρ))− ln

(
DData
b

))2
. (3)

Let θ = (β, λ, ρ) with K elements, then the gradient is a vector g = ∇θm, such that:

gk =
∂m(θ)

∂θk
=

1

Nb

∑
j

(
∂ ln(Dj(θ)

∂θk

)
=

1

Nb

∑
j

(
∂ ln(

∑
t∈Sj LStdjt(θ))

∂θk

)

=
1

Nb

∑
j

∑
t∈Sj

{(
Djt

Dj

)(
∂djt/∂θ

k

djt

)} . (4)

3 Partial Derivatives wrt the Parameters

Here, we display the derivatives of d1t necessary for the gradient.

∂d1t
∂βk

=
d1t
ρ1

[
∂V1t
∂βk

+ (ρ1 − 1)

(∑
j∈N1

∂Vjt
∂βk

djt|N1

)
− ρ1

(∑
n

∑
j∈n

∂Vjt
∂βk

djt

)]
(5)

=
d1t
ρ1

[
Γ1,βk

1t + Γ2,βk

N1,t
+ Γ3,βk

t

]
(6)

∂d1t
∂λk

=
∂V0t
∂λk

d0td1t (7)

= d1t

[
Γ1,λk

t

]
(8)

∂d1t
∂ρ1

= −d1t
ρ21

[
V1t + (ρ1(1− dN1,t)− 1)

(∑
j∈N1

Vjtdjt|N1

)
− (ρ21(1− dN1,t)) · ΛN1,t

]
(9)

= −d1t
ρ21

[
Γ1,ρ1
1t + Γ2,ρ1

N1,t

]
(10)

∂d1t
∂ρ2

=
d1t
ρ22

[
ρ2

(∑
j∈N2

Vjtdjt

)
− ρ22(dN2,t) · ΛN2,t

]
(11)

=
d1t
ρ22

[
Γ1,ρ2
N2,t

]
, (12)

where Λn,t = ln
(∑

j∈n e
Vjt/ρn

)
, and the {Γ} terms are implicitly defined.
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