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The multinomial probit model

U︷ ︸︸ ︷U1
...

UJ

 =

X︷ ︸︸ ︷X11 . . . X1P
...

. . .
...

XJ1 . . . XJP



β︷ ︸︸ ︷β1
...
βP

 +

ε︷ ︸︸ ︷ε1
...
εJ


y = arg max U

ε = L η︸︷︷︸
∼NJ (0,I)

∼ NJ(0, LL′ = Σ)

β = b + O η︸︷︷︸
∼NP(0,I)

∼ NP(b,OO′ = Ω)
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Level normalization

∆JU = ∆JXβ + ∆Jε, ∆J =
(
IJ−1 −1

)
∈ R(J−1)×J

y =

{
i, Ui = max ∆JU > 0, i = 1, . . . , J − 1
J, ∆JU < 0

∆Jε ∼ NJ−1(0,∆JLL′∆′J)

Scale normalization

(∆JL)11 = 1
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Number of parameters to estimate

alternatives covariates #b #O #∆JL total

J P P P · (P + 1)/2 (J − 1) · J/2− 1

2 2 2 3 0 5

10 10 10 55 44 109

Log-likelihood

log L(y) =
∑
n,t,j

1(ynt = j)

Pr(ynt=j)︷ ︸︸ ︷
ΦJ−1(−∆jXntb | 0; ∆j (Xnt ΩX ′nt + Σ)∆′j ))
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1 The multinomial probit model

2 Initialization
Unit
Scaling
Subsample
Alternating optimization
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Approach: Unit

Idea: Choose initial parameters s.t. b = 0, Ω = I and Σ = I

Question: Better than random initialization?
Simulation setting:

• N = 50, T = 10
• random covariates: 1, 2, 3
• alternatives: 3, 5, 7
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Approach: Scaling

Idea: Different ranges of covariate values may hinder optimization
(e.g. 112 minutes travel time, EUR 5 travel cost)

Question: Does standardization improve optimization time?
Simulation setting:

• T = 10, alternatives: 3
• N: 100, 250, 500, 1000
• random covariates: 2, 4, 6
• scale difference: U[1, 10]
• use same random initial guesses, but mind the scales
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Approach: Subsample
Idea: Estimate the model on a subsample based on

• random subsampling (rs)
• k-means (km)
• model-based clustering (mc)

Simulation setting:
• T = 10, alternatives: 3, random covariates: 3
• N: 100, 250, 500, 1000
• subsample proportion: 0.1, 0.25, 0.5
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Approach: Alternating optimization
Idea: Alternating estimation of parameter groups

• b separately (ao_b)
• b and variances separately (ao_b_var)
• b, variances and covariances separately (ao_full)

Simulation setting:
• N = 50, T = 10
• random covariates: 1, 2, 3
• alternatives: 3, 5, 7
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Thank you!

Please let me know:

To what extent is initialization an issue for your models?

How do you initialize?
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