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Biogeme

Recent release
@ Version 3.2.11.
o Released April 19, 2023.

@ pip install biogeme

Important features
@ Sampling of alternatives.
@ Segmentation.

o Catalogs.
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Sampling of alternatives

Context
@ Maximum likelihood estimation.
Very large choice set C, of size J,,.
Difficult or impossible to handle.
Idea: sample ]n < J, alternatives for each individual n.
Sample: D, C C,,.
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Outline

@ Conditional Maximum likelihood
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Conditional Maximum likelihood

Estimation of the parameters

Log likelihood maximization

N
meaxZIn Pr(in|Cn; 0).

n=1

Consistent and efficient estimator.

Conditional log likelihood maximization

N

In Pr(i,|D :0).
mgax; n Pr(in|Dn,Ch; 0)

Consistent estimator.
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Conditional log likelihood

Derivation
Pr(i,D|C; 0) = Pr(D]i) Pr(i|C; 0).
Bayes' theorem:

Pr(D|i) Pr(i|C;0)
ZjeD Pr(Dlj) Pr(jIC; 0)

Pr(i|D,C; 0) =

Logit
Vi uVi
C;0) = € v = .
ZjEC eMVj Y
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Conditional log likelihood

Logit

Pr(D|i) Pr(i|C; 0)

ZjeD Pr(Dlj) Pr(jiIC; 0)

_ Pr(Dli) exp(uVi)y
7/21'61) Pr(D})) eXP(MVj)
exp(uVi + In(Pr(D|i)))

>jep exp(nV; +In(Pr(Dlj)))’

Pr(i|D,C; 0) =

Simple specification

Logit on D + correction.
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Conditional log likelihood

MEV models
exp(uV; +1In Gi(Vi, ..., V)))
Zjec exp(uVj) +1In Gj(Va, ..., V)

Pr(i|C; §) =

Exact same derivation
exp(uVi + In Gi(V4, ..., V) + In(Pr(D]i)))
Yjep exp(pV; +InGi(Va, ..., Vy) +In(Pr(Dj))

But...
Gi(Vi,..., V))

involves all alternatives. Must be approximated.
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Nested logit model

MEV term

In G; = InZexp ) +Inp+ (pm— 1)V

Jj€Cm

Approximation

[Guevara and Ben-Akiva, 2013]

D exp(umVi)~ Y wiexp(pmV))

JGCm ECmﬂD
where
1
Wi = ———.
 Pr(D])) )
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Outline

© Sampling
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Sampling

Sampling protocol

Procedure
e Partition the choice set into K segments of size Rx: J =), Rx.

@ Decide the number ry of alternatives to select in each segment.

e Sizeof D: ), r.

o Alternative i is in segment k(i).

e Randomly draw ry(;y — 1 alternatives among the non chosen ones in
segment k(i), and add i: Dyj.

e Randomly draw ry alternatives in each segment k, k # k(i): D.

@ The sample is composed of the chosen alternative and all draws:
D = U,Dy.
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Sampling

Sampling protocol

Correction term

K
. Ry — 1 R
e = (=) I )

k=2
K
_ Ry I < Rk >
k(i) 21 \ Tk
1
= PrD
pr(ry D)
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Sampling

Sampling protocol

Logit

exp(11V; + In(Pr(D|i)))
Yjen exp(uV; + In(Pr(Dl))))
(Vi + In(PHDY) + In Ry(jy — Inri(iy)
 Yjep exp(nVj + In(BKD)) + In Ry(jy — In i)
exp(u Vi +In Rigiy — In rie(iy)
Y jep exp(1Vj +In Re(jy — Inri(j))

Pr(i|D,C;0) =

v
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Sampling

Sampling protocol

MEV terms

Z exp(u Z w; exp(pmVj)

Jj€Cm jeCmnD

_prlp) Z Pr(i) exp(pm V)

JjeCmND

_ 0 :
= 5rD) > = - exp(iim V)

JjECmND k(7)

T

1

= exp(pmVi — In Ry + Inreciy),
Pr(D)jeCZ,,,ﬂD (1mVj k() k()

where
1

w; = .
j .
Pr(Dlj)
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Sampling

In practice

Correction term

For each i, we need
In Rk(i) — In rk(,-).
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