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Abstract: Mixed logit is a highly flexible model that can approximate any random utility model. In this paper, two kinds of
mixed multinomial logit models were considered. The main aim was to introduce a locally D-optimal criterion to obtain an optimal
combination of the levels of attributes for producing alternatives and an optimal combination of alternatives in choice sets. Thus, a

design including choice sets as the support points was designed.
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1 Introduction

Like probit logit models, the mixed logit model has been
known for many years; but, it has just become fully
applicable since the advent of simulation. The first
application of mixed logit was apparently in automobile
demand models created jointly by [4] and [6]. In these
studies, the explanatory variables did not vary over
decision makers, and the observed dependent variable was
market shares rather than individual customer’s choices.
As a result, the computationally intensive integration that
is inherent in the mixed logit was needed to be performed
only once for the market as a whole rather than for each
decision maker in a sample. Early applications on
customer-level data, such as [15] and [1], included only
one or two dimensions of integration, which could be
calculated by quadrature. Improvements in computer
speed and in the understanding of simulation methods
have allowed the full power of mixed logit to be utilized.

Among the studies to evidence this power are those
conducted by [2] and [5] on cross-sectional data, and [7],
[12] and [3] on panel data.

Mixed logit models can be derived under a variety of
different behavioral specifications and each derivation
provides a particular interpretation. The mixed logit
model is defined on the basis of the functional form for its
choice probabilities. Any behavioral specification,
derived choice probability take this particular form, is
called a mixed logit model. Mixed logit probabilities are

the integrals of standard logit probabilities over a density
of parameters. In this paper, the information matrix was
required to be known which was calculated by the choice
probabilities related to both random and fix attributes.
Then, it a design based on choice sets was introduced in
order to obtain the best choice of the alternatives
produced by combining the levels of the attributes.

Therefore, this paper is composed of three sections.
First of all, model specifications are described. The
optimal criterion is introduced in the second section. At
last, conclusion is presented.

2 Model Specifications

Considering the random utility of the standard MNL
model [9], if heterogeneity is taken into account in the
parameter across consumers, then the following utility
function can be defined:

1,2,...,N, the number of Individuals;

1,2,...,J, the number of Alternatives;
1,2,...,S, the number of Choice sets.

Uijs =t (ajs) B; + €ijs: { j

(D
where,
fi(ajs) = (8 (aj).fh(ap), ... Lk (a)),
fi(ajs) = (firr (@), fia(ajs)s- - farg (ajs))”
characterize the levels of attribute &k and
Cy, = [f,»k(ajs)]];j’:::’f denotes the choice set with J
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alternatives. Thus, it is assumed that the parameter vector
B, = (BL.BL,....BL)T is different from all individuals
and has multlvarlate normal distribution with mean
w; = (uh,uk, ... ul)T and variance X;, where there are
K attributes, each with .Z;k = 1,...,K levels. Since B, is
said to be different from all individuals, then fB; is a
random variable. Each individual selects a part of levels
of attributes, not all of their levels. Thus, the following
can be considered:

Bik = (Bi1, B2, ~-~vﬁikLk)Ta

where L, < %3k =1,...,K. Considering the effects-type
coding, the following can be given:

Zx Ly
Y Bixe=0, Y Bie #0.
=1 =1

Now, it is supposed that By, and By

Ve £ (£=1,2,...,L;) are not correlate; thus:
2 /.
oo, L=1,
Cov(ﬁikbﬁikﬂ) = {Olké 0+ Va
Also:
S, k=K;
Cov(ﬁik’ﬁik’) = {0; k 7& K.
where Xy = diag ( 02,02, ... Gz%ch) . Thus,
5= @ Za

In this kind of situation, the following case should be
concentrated on:

Bix ~ Ni, (Mie: Zix) and B; ~ Np(;, %), (2)
where p = Zszl L. Now, with respect to (2):
Bi=u;+Voi, 3)

where V = @,’f:le; Vi = diag(vi1,via, .-, vkry,) 1S a
diagonal matrix with pair wise with independent standard
normal elements on the diagonal and

o= (Gﬁ,GiTz, . ~7GiTI()T;O-ik = (GikI»Gik27-~aGikLk)T~

According to the above description, the obtained
model is called the mixed or heterogeneous logit model
[5]. Since B, is random variable, then it can be written as
follows:

exp (£ (a;)B;)
Z]/ lexp(f ( js)ﬁi))

piajs|B;) = 4)

where p;(ajs|B;) = P(Yij; = 1|B;) is the conditional
probability in which individual i selects alternative a; in
the choice set s and (with respect to (1));

v — & L if Uijs = maxa, cc, Uiy
s 0, otherwise. ’

But in the MMNL models,

P(Y;jy=1]6,);0; = (u! ,o1)"

the unconditional probability that alternative a; is selected
by individual i (4) so that:

Pi(ajs|0;) =

Pi(ajs|0;) =
= [ pitaplBs(Bi16:)aB, )
= [ pilal@+Vo)g(vi)...6(Vi)aV

exp (£ (a) (vi + Vei))

%P ):,f/:] exp (flT (ajys)(ui+ Vei))

where ¢(.) is the normal standard density function. There
is not an analytical method for calculating integral (5). In
these kinds of situations, Quadrature (Gauss-Hrmite
quadrature) technique can be used; but, it must be noted
that if the dimension of integration is greater than two,
Quadrature technique can not compute the integrals in
sufficient speed and precision for maximum likelihood
estimation. Thus, simulation techniques are usually
applied for estimating Mixed Logit models. According to
the previous description, the integrals in the choice
probabilities are approximated using a Mote-Carlo
technique; then, the resulting simulated log-likelihood
function is maximized. For a given 0;, a vector of values
for B; is drawn from g(3,|6;) for individual. the values of
this draw can then be used to calculate p;(ajs|B;). This
process is repeated R times, meaning that:

g, g%

ﬁz('r) :.UH—V(r)O'i yVi=1,2,...,

¢(V1)...0(Vk)dV7)

Ni.i.d va(‘ui7 O-i);

N, r=1.2,....R

where integration over g(f3,;/0;) is approximated by
averaging the R draws. If it is supposed that

exp (i (a) B )
£_rexp (t] ()"

pilajs| By = ®)

is the realization of the choice probability related to the
choosing alternative a; by individual i for the r h draw of
B;. then this can be written;

Pi(ajs|0:) =

f (anls”). ©

where &, (aj|6;) is the simulated choice probability of
individual i choosing alternative a; given 6;. In this
situation, the Simulated Log-Likelihood function can be
defined as follows;

N J
F(0:) =Y Y YisIn (Pi(ajsl6))).  (10)

i=1j=1
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The estimated parameter vector 6 is the vector that
maximizes the Simulated Log-Likelihood.

Additionally, it is supposed that there are two kinds of
attributes. One part has fixed parameters which include
K, attributes, each with %;k = 1,...,K; levels. Another
group has random parameters which consist K attributes,
each with Lk =K1+ 1,....K (L < %, K1 + K, = K)
levels. Therefore, the utility function is introduced as
follow,

Uijs = £ (ajs) B +h! (ajs)b; + €. (11)

where = (81,83, -
coding z‘f [ Bie = 0) is fixed for all individuals; but
b; = (b}, b, ..., bj,)" (according to effects-type coding
):E: 1 Dire = 0) is not the same for all the individuals and is

a random variable, for example, with the multivariate
normal distribution;

,ﬁ,Tq)T (according to effects-type

b; Nsz(ﬂbivai) Vi= 1,2,...,N

where p; = ZkKLI(iﬂk —1) and pp = ZkK:KIHLk are the
dimension of the fixed and random parameters,
respectively.

Similar to (8) and (9), this can be written:

exp (£ (ajs)B +h (ajs)b:)
25/:1 exXp (f;r(aj’s)ﬂ +hiT(aj’S)bi)
If n; is assumed to be the parameter vector of the

distribution function of b;, meaning that g(b;|n;); thus,
two type parameters, § and 1);, will be present so that:

pilajs|b;) =

PilajsIn;) = /wz Pi(ajs|V) ¢(V1)...9(Vk)dV,
where
Pi(aj‘vaV) _ exp (t7 (ajs) B+h! ( (ajs) (M, +VO ()

Tl exp( fTa/ )B+h] (a .>(u,,,+vc<b),->>‘
Similar to (8) and (9), a vector of values for b; is
drawn from g(b;|n;) for individual. The values of this
draw can then be used for calculating p;(ajs|b;). This
process repeated R times and integration over g(b;|n;) is
approximated by averaging the R draws. If it is supposed

that p;(a js|b§r>) is the realization of the choice probability
of individual i for selecting alternative a; for the " draw
”b”, then the following can be given:

=

(a/sllf n;) Z

ajs|b

where  P;(aj|B,n;) is the simulated choice
probability of individual i choosing alternative a; given
n;. Thus, the Simulated Log-Likelihood function is
defined as follows;

b5(B,mi) = ZZYl/S

i=1j=

PilajslB.my)). (12

The estimated parameter vectors ﬁ and 1] are the vectors
that maximize the Simulated Log-Likelihood function.

3 Optimal Criterion

In this section, the D-optimal criterion is introduced for
the Mixed MNL (MMNL) model. For this purpose, the
information matrix of the MMNL model should be
evaluated. Since it is assumed that the choices in different
choice sets are independent, the information matrix based
on (12) for each choice set, s, is as follow;

*zu,B.ny) ?*76B.n,)
B p B au,
»?7uBny) PruPBn) PsuPBny)
ouToB  omfon, — oufoo;
2zuB.ny) PruBn,) >2seupBn,)
a0Taf JoTau, 00700,

?74(B.ny)
B’ oo,

I(ﬁv ni‘CiS) =-E

where E(.) denotes the expectation of the random variable.
Now, for simplicity, the above matrix is rewritten as
follow;
DI Dis TIPS My DIP' 25

s 1S AN A AN A

1B, ni|Cis) = | AP Dy MIP Moy AP D
Qz;Pls ‘@15 lepzsl'%s Qg]}b”lo@”
(13)
along with
-@is:ffxm lS(V) st( ) ,S(V) Fls¢(V1)¢(VK)dV
Mis = Jges [Pis(V) = is(V)PL(V) [ His¢ (V1) ... (Vg)dV
Qis:fgiﬁz[ s( ) Pn(V) ,(V)} HisV¢(Vl) "d’(VK)dV
(14)
where, n; = (uf, o),
Pis(V) =(pi(ars|n), pi(azs|n,), -, pilass|n:)”
Pi(V) %dlag (Pi(als|m),17i(azs|77i)7 -, pilass|n;))
Pis =diag(Zi(ais|n;), Zi(azs|ny), ... Pilass|n;))
Fig = [f(aj)liZy 5 and His = [ha(ajo) [[75 5" are

design matrix. See appendix A.

To calculate integrals (14), there are no analytical
techniques; thus, they should be calculated by the
Monte-Carlo technique. Now, the distribution of the
matrix V and the random sample with size n from its
distribution mean that;

v VR v iid N (0,1,),
where, I,, is a pr-dimensional identically matrix; thus,
(14) can be rewritten as;

1) — Lyn [P (VD) = py (V) )pL (VW)
M = LYn [P (VM) —pig (V) )pT (VO )H,,
Q) = Lyn  [Py(V™) —p, < () pT (V)Y H, V)

2" (apny) =1

1

(m)

me1Pi (@js|n;)

exp( (ajs) ﬁ+hT (ajs)(H; +vimo ))
¥ Iexp(fTa/ )B+h7 () (V0 c,-))'
(15)

p" (ajln;) =
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Now, based on Equations (15), the following can be
presented:

%,W in) gm /,w -1 //25»1) //,( P(n) i gn)
J( Pw I jw) JW gl J< ]Pm 1 Jm
(16)
In this situation and based on the number of the levels
of the fixed and random attributes:
A, D, Lk, L +1,- .-, Lg. The total number of
alternatives can be obtained as follows;

s=11% 11 &

k=1  k=K;+1

j" ]P’("> 91 9(’) P(") 1‘///<) j( Q(">
1% (B,1;/Cy) =

In this paper, since the designs with the same number of
choice sets are considered for each individual; thus these
designs have S choice sets as support points.

Consequently, since ./ = (/ ) denotes the total

J
number of choice sets, each with J alternatives, then just a

part of them is considered where (‘? denotes the total

number of choice sets, each with J alternatives.

Similar to classical MNL models [9], a criterion can be
defined in order to obtain a locally D-optimality criterion
as follow (for individual i);

s (§18.1) = —In (det (17 (B.m1&)) ) (17)

where, I (B, n;|&) = X5, wis - 1 (B,1,|Cys) for design
&; which includes S support points as follows;

£ — Ci Cop...Cgs
! wit Wiz ... Cis

Now, based on (18) and to obtain the locally D-optimal
design, a new design can be defined in the following way
(because they are identifiable for the parameters of the
model);

} €E; Vi=1,2,...,N. (18)

N
E=Y o;-&, (19)
i=1

where (Convex combination property);

N
Mtxed €|ﬁ 77 < Z Mtxed él‘ﬁ 77) (20)

such that:
GG . GCs -
é_{wl wy ... Cs €=, 1)
where
Cy =C1y,...,Cs = Cys,

w1 = w1, w2 = ogwia...
Also, it can be written as;

s (E1B,) = —1n (det (1 (B.m[£) ) )

,Ws = O(NWNS.

where
"(B,n|E) = Zws 17 (B,n|Cy):;
n=(n1,n2,-..,nN)
and
ni:(ﬂi117~~-,.UiKLK,Gm,-..,G,-KLK)T;i:1,2,...,N

With respect to (11), the number of parameters is
p = p1-+2p>, where p; denotes the number of parameters
for fix attributes and 2p, is the number of parameters for
random attributes. Thus, to obtain the optimal
combination of the levels of attributes for producing
alternatives and the optimal combination of alternatives in
choice sets, design (21) can be considered, where S can
be hold in interval [p,@] (Caratheodory ° theorem
[8]). In this case, £* is the locally D-optimal design if:

£ = al‘ggleig‘P(Mixed)(aﬁOanO)a (22)

where 3, denote the true values of parameters and £ =
U?J:I E;Vi=1,2,...,N, where;

s
Ei= {(Cis,wis)|0 <wig <1 Y wig=1, Ci = [Fis Hg] }

s=1

4 Conclusion

In marketing and business, there are many important
things like the quality on which the combination of
attributes (products or services) depends. But, there exist
an important thing, without which all these products or
services are meaningless; that is the customer. If
customers needs are satisfied, then, success will be
achieved; otherwise; not.

It is known that a customer tends to choose an
alternative (product or service) which has the highest
utility; thus, a model is required which can show this
situation. One of the most important introduced model is
the MNL model which belongs to the logit family. Of
course, this model (MNL) can be used when all
alternatives are independent; in other words, when ITA
[14] is hold; otherwise, other models of the logit family
should be used which include two-level or three-level
NMNL models [10].

In this kind of models, the focus should be on the
combination of the levels of attributes (alternatives) and
the combination of alternatives in choice sets.

To obtain the best combination, the levels of attributes
and the most suitable combination of choice sets, the
optimal design can be a nice idea.
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There are many criteria to obtain optimal design for do
this idea; but, in this paper, only the D-optimal criterion
was introduced because this criterion was not affected by
reparameterizations of the model [13].

The D-optimal criterion for the MMNL model is a
function of the determinate of information matrix,
depending on unknown parameters as the standard MNL
model [9]. But, there is a different situation from the
standard MNL model. With respect to the MMNL model
and dependence of the information matrix on unknown
parameters, a difficult task was encountered. To obtain the
information matrix, some integrals were solved which did
not have a closed form. In this situation, the Monte-Carlo
technique was used for obtaining the information matrix
and D-criterion based on a sample from a vector with
multiple standard normal distribution. Of course, in most
cases, a locally optimal design should be obtained which
acts as a linear model instead of an optimal design.
Sometimes, the D-criterion can not be obtained because
there is not any suitable software which can calculate the
determinant of the information matrix. Although, it could
be done for several examples, considering some
conditions and limitations on the parameters. For
example, in this paper, the optimal design was discussed
for the standard MNL model [9]. Also, different designs
were introduced and the one which is locally more
suitable was given.
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Appendix A:

According to (14):
osuf.my) _
P

J dIn(Z;(aj|n;
:ZYU'W

J
= Y Y. 2 (ajin)) (f,»(a.,-)%(ajmi) - /m

j=1 2py
v 3 1 T

= ) Yiffi(a)) _/9(21,2 Y Yijpila;in:) 27 (ajin;)p; (V)Fi d®(V)
j=1 =1

=Y/Fi— | Y[P'pi(V)p] (V)F; dD(V)

R22

=Y/P;! (]P’iFi = e pi(V)p! (V)F; d‘P(V)>

:Yﬁf(A%EWWMMW—AMMWWHWEWMW>

—x7E ([, () - pVIpl (V) Fra(v))

Z
Similarly;
9St(B.n) _ V) (VI (V) E, "py,
B[ @) p vl V) o) 7Y,
a7
thus;

E (ase(ﬁa 771) aSé(ﬁ?”l)) — QITP:I E (YlYlT) P;l.@i _ -@iTPFIQi
N—_——

ap” Jp

P;
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where [g2p, P;(V) dP(V) =P; and;

Y3 YuYp - YaYy Zi(ai|B;) 0 0
. Y1 Yo Yz% o YnYy ; 0 Zi(a2|B;) - 0
Y, = . . . |=EXY))= D : =P
YaYy YoYy - Y3 0 0 - Zias|By)

Similarity, the following can be given:

PRI —yrect ([ ()= (V)R] (V) i d(¥) ) = YT Lt

M
ISUB.N)  yrpt / , , T , _vip-1g.
BEP) —yre ([, (V)= miVp! (V) YV a0 (v) ) = YIE 2,
2;
Hence;
2B u; —_—
P;
P;

=P E(YY]) P2 =4 P 2
N——
P;

9SL(B,n:) ISE(B, M)
E( ouf J0;i )
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