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Abstract

The method of maximum likelihood leads to an ill-posed optimiza-
tion problem in the case of relaxing the exclusion restriction when
using the instrumental variables method for estimating causal effects.
Estimation is reformulated using simple constraints into an optimiza-
tion problem having a strongly consistent global solution.

1 Introduction

Estimation of mixed distribution models is a frequent and usually not easy
task in evaluating causal effects under mild assumption. For example this
is the case of evaluating causal effects for compliers without assuming the
exclusion restriction, or in quantifying indirect causal effects in principal
~ stratification models when the monotonicity assumption is relaxed. Indeed
the estimation of mixed distributions models implies analytical and compu-
tational difficulties principally due to the fact that mixed models are weakly
identified, in the sense that corresponding likelihood functions usualiy have
more than one maximum points.

This paper proposes a way for evaluating the local average treatment ef-
fect, that is the causal effect for compliers using the randomized experiment
with non-compliance theoretical framework, when the exclusion restriction
is fully relaxed. Indeed the assumption of exclusion restriction can be often
unrealistic in practice. However testing the violation of the assumption is
not straightforward, since the assumption is directly related to the identifia-
bility of the instrumental variables model. Given this identifiability problem,
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previous studies demonstrated the possibility of testing the assumption using
weakly identified models in the Bayesian framework (Hirano et al., 2000; Im-
“bens and Rubin, 1997). Without the exclusion restriction, the instrumental
variables models are considered as weakly identified, since they show proper
posterior distributions, but they do not have unique maximum likelihood es-
timates. In these models relaxation of the exclusion restriction assumption
relies on auxiliary information such as from proper priors.
The current study explores a new option, where we does not introduce ex-

' tra informations apart assuming a normal distribution for the outcome. We
show that relaxing the exclusion restriction introduce in the likelihood two
mixtures of distributions producing a likelihood having more than one max-
imum points. For analysis purposes we propose a maximization constrained
_to a parametric sub-space having a strongly consistent global solution.

2 Some problems in maximizing the likeli-
hood when the exclusion restriction is fully
relaxed

Assume the simplest experimental setting where there is only one outcome
measure (Y;), the treatment assignment {Z;) is binary (1 =treatment, 0 ==control)
and the treatment received {D;)} has only two levels (1 =received, 0 =not re-
ceived). Angrist et al. (1996) defined four behavior types based on treatment
receipt status of individuals given treatment assignment status. Let D;(1)
denote the potential treatment receipt status for individual ¢ when assigned
to the treatment condition, and D;(0) denote the potential treatment receipt
status for individual ¢ when assigned to the control condition. Compliers
are subjects who do what they are assigned to do [D;(1) = 1 and D;(0} == 0].
Never-takers are subjects who do not receive the treatment condition [D;(1) = 0
and. 1;(0) = 0]. Defiers are subjects who do the opposite of what they are
assigned to do [D;{1) =0 and D;(0) = 1]. Always-takers are subjects who
always receive the treatment no matter which condition they are assigned
to [D;(1) =1 and D;(0) = 1]. This classification in groups will be called
compliance status in the rest of the paper. It is worth to remember that
the template of a randomized experiment with imperfect compliance can be
adopted for the identification and estimation of treatment causal effects also
in non-experimental situations. Angrist et al. (1996) show under which set



of assumptions, a regression analysis supported by the use of instrumental
variables identifies causal treatment effects in observational studies. The
template is that of a randomized experimnent with imperfect compliance in
the sense that the particular instrumental variable adopted should have the
role of a random assignment for which the treatment does not necessarily
comply. . _ -
Imposing the exclusion restriction is a necessary condition for identifying
causal effects using Instrumental Variable Estimator. This assumniption states
that the assignment to treatment has no direct effect on the outcome. The
current study employs a maximum likelihood estimation approach, which is
known to be often more efficient than the traditional Instrumental Variables
approach in the estimation of Complier Average Causal Effect (Imbens and
Rubin, 1997; Little and Yau, 1998). The likelihood function for a randomized
experiment with non-compliance without the exclusion restriction, using the
classical parameterization, and under this set of assumptions: -

Assumption 1 S.U.T.V.A. (Stable Unit Treatment Value Assumpt@'on)‘ by
which for any unit the potential quantities are unrelated to the other
units treéatments (Angrist et al., 1996),

Assumption 2 ” Random assignment to treatment” by which the probabii—
ity to be assigned to the treatment is the same for every unit (Angrist
et al., 1996}, '

Assumption 3 "Monotonicity” imposing the absence of defiers (Angrist et
al., 1996), '

Assumption 4 normal distribution for the outcome,

can be written:

L (9) = H (1_W)'QG'N (yt'lru'clzo’ o_aD) X H W'Wn‘N (yiltu‘nh o_nl)
iE(Dizl,Zt'WO} ‘ : 1€(D;=0,2;=1)

x H [ [wa -N (yil#'alio'al) "%.wc -N (yi|lucl= Ucl)]
ie(Dy=1,7;=1)

X H (1 """" "T) : [wn N (yilfv"n(h an{}) twe- N (yilﬂd)1gcb)] ) (1)
1€(D;=0,2;=0) :
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where w; is the mixing probability, that is the probability of being in
the ¢ group, £ = a,n,c; p,, is the mean of ¥; for the units in the ¢ group
and assigned to z; oy, is the standard error for the units in the ¢ group and
assigned to z, and 7 is the probability of assignment to treatment Z; = 1.

The maximization of (1) faces analytical and computational difficulties
due to the two mixture of normal distributions involved. Indeed the mixtures.
of normal distributions presents some analytical characteristics causing ........
In order to clarify the issue, let consider the density for a mixture of two
normal distributions with unequal variances:

0) = Zwi : N(y;ﬂi,ai): '
i=1

N:0= {(w1,w2,y1,u2,01,02 RS |sz = 1 w; >0,0;,>0 \/z}
. i=1

.on 2 ’ .
= 11> o N (35,0 )
j' 1=l . .

The first problem associated with maximum hkehhood estimation arises
from the unboundedness of (2) on 2 (Day, 1969). A global maximum-
likelihood estimate always fails to exist. Tn addition the unboundedness of
(2) causes failures of optimization algorithms of both the EM (Redner and
Walker, 1984) and quasi-Newton (Fowlkes, 1979) types.

In spite of the unboundedness of (2), statistical theory (Kiefer, 1978)
guarantees that a particular local maximizer of (2) is strongly consistent and
asymptotically efficient. Several maximizers can exigt for a given sample,
and the other major maximum-likelihood difficulty is in determining when
the correct one has been found. Day (1969) noted that spurious maximiz-
ers, corresponding to parameter points having a component standard devi-
ation, o2 or o2, very small, are generated by any small number of sample
points grouped sufficiently close together. The spurious maximizers, like the
unboundedness of (2), can create difficulties when using the EM or quasi-
Newton algorithms.



Some alternative methods were proposed in the literature to obtain a
maximum likelihood estimation of an univariate normal mixture distribution
model. For example a general approach, that is a sequence of unrestricted
maximizations and a subsequent analysis of the local maximum points in-
order to detect the spurious maximum points (McLachlan e Peel, 2000).
This method is straightforward, even if a sufficiently exhaustive detection -
of maximum points could be time consuming. Alternatively, other methods
were proposed but at the cost of introducing extra informations respect to
the general approach. For example, Furman (1994) proposed a likelihood
maximization restricted to appropriate parameter subspaces identified by
exploiting a priori informations about the mixing probabilities and the vari-
ance components order. For what concern the (2) this approach suggests a

maximization restricted to the parameter subspace satisfying: |

w; > €, 0;2C01, i=1,2;e>0;c>0.

- Another method concerns the introduction of a penalized term in the
(2) (Ridolfi and Idier, 2002): LF (@) ox L(0) p(o1, 02), in order to obtain
- a bounded likelihood. The authors show that if the term p(oy, 02) is the
product of two inverse Gamma distributions then the L¥ (8) is bounded. -
The analysis of (1) is harder respect to (2) because of the label switch-
ing problem, that occurs when some of the labels of the mixture compo-
nents-permute. It is well known (McLachlan and Peel, 2000) that in a finite
mixture of distributions in the same class, f(x;8) = 37, w; fi(x; 6,), the
parameter vector 8 is not identified. Because of f(x;#) is invariant un-
der the ¢! permutations of the component label in 8, then only a class of
distributions f(x;8) is identified. The presence of two component densi-
ties N (y|01) and N (y|0,), with 8; = (u;,03) ¢ = 1,2, in (2) implies that
fly;8) = f(y; 8") if the component labels 1 and 2 are interchanged in 6.
This means that only the set of parameter vectors invariant respect to the
order of labelling the components is identified: Consequently the likelihood
functions for mixtures having all the g components in the same class are
invariant respect to the g! permutations in the labels. Despite the label
switching is not a relevant problem in the maximum likelihood estimation
- of a same class components mixture model for cluster analysis purposes, the
estimation of a randomized experiment with imperfect compliance without
exclusion restriction can suffer from this inconvenience. An alternative choice
of the parameter vector, more natural in this mixture based approach, can
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be now introduced. The sub-vector wy = (wWa,wn,w,) can be indeed sub-
stituted with wy, = (Wap, Wa1, Wno, Wat, Weo, We1 ), Where wy, is probability of
being in the v(t,2) group of the units in the compliance status ¢ and as-
signed to z. The proposed decomposition is possible if taking into account
that wy, = weI(z = 1) 7 +wy I(z = 0} {1 — ), and it produces a likelihood
- function equivalent to the (1): '

L (9) = H . Wap - N(’yz']#ao}%o) X H Wny - N(yz"uni’o'nl)
t€(Dy=1,2;=0) i€ (Dy=0,Z;=1) '

X H {wﬂl N (yi|1ua1= Ual) + wey - N (yz'lfi‘c}_aowcl)]
iE(Di:‘-l,Z,;ml) .

X H [Wn{J -N (yt'ljun(}: gnO) + wep ¢ N (yz":uc[): GCO)] 1. (3)
'iEE(D?;mo,Zi""——“U) .

Q . {9 = (wtm ,u'tz:o'tz)@le EZwm_m ]., Wiy > 0', G'f,z,> oOviv Z}.
e

The parameter 7, that in a mixtures based analysis of (1) can be con-
- sidered as a bisturbance, has been eliminated by .this new definition for 6.
Moreover, the new parameterization allows a direct introduction of the six
counterfactual groups, v(t,z), in which the population can be subdivided.
Like every maximum likelihood analysis of a finite mixtures model for clus-
ter analysis purposes, the wrong labelling of the components for at least
one mixture in the (3) does not imply difficulties in the identification of the
model. But this is not the our case; the causal effects from a counterfactual
point of view are defined by the three differences Ay == (1 — pyg), where
t = a,n,c, and consequently their identification implies a right labelling of

all the components. For example, let consider an hypotetical local maximum -

point for the likelihood function, 8, for which the component labels of the
mixture formed by assigned always-takers and assigned compliers permute.
"The corresponding mixture density function is: -

F(Y Wat, Wet,y Maxs fers Tars Ocr) = War N (Ulthars 0a1) Fwer N (Yl 0c1) . (4)

In the (4) the causal effects of the assignment to treatment for always-
. takers and compliers are not identified because of the permutation of labels
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components in 6. Indeed, the causal effect for compliers A, in 8 is wrongly
identified by (. — pep) instead of (g, — pq), and the causal effect for
always-takers A, is wrongly identified by (o1 — o) Instead of (g — iy

3 A restricted maximization procedure

In the recent literature some methods for relaxing the exclusion restriction
were proposed on the bases of exploiting extra informations respect to the
assumptions 1-4 presented in the previous Section. For example, Hirano et
al. {2000) worked in a Bayesian context and they adopted a relatively diffuse
but proper prior distribution, and more recently Jo (2002) studied alterna-
tive model specifications allowing the identification of causal effects in the
presence of observed pre-treatment informations. Moreover, the general ap:
proach for analyzing a mixture model is not feasible in a maximum likelihood
analysis of the (1) because of the label switching problem. An alternative
approach can be proposed if considering that the estimation of the mixing
proportions (we, wn, We) can be a straightforward task even out of a maxi-
mum likelihood context and without introducing extra assumptions respect
to the 1-4 of the previous Section. The estimated mixing proportions can be -
exploited in a maximum likelihood estimation of 8, by constraining the analy-
sis to appropriate parametric subspaces. Then, in this Section a constrained
maximization facilitating the identification of the consistent maxirmum point
is proposed. We show also how the EM algorithm can help in making easier
the detection. ‘ .

Under the parameterization (1), the three probabilities sub-vector w; =
(Wa, W, We) can be estimated respectively by (Imbens and Rubin, 1997):

¢ the proportion of treated units in the group of not ass1gned units: qba =

#(D =1, Z = 0)/#(Z = 0);

e the proportion of untreated units in the group of assigned units: ¢, =

#(D=0,Z=1)/#(Z=1)
¢ the difference: ;bc =1, ~ .

In the (3)3 the estimated vector of Wiz, ‘;btz = (gbaﬂ? &al ) &nf}: q}‘nla %cm ‘;bcl)
can be obtained by a transformation of ¢, = (@,, ¢,,, ¢.):



¢n0 = ¢n - ¢n11 ¢nl =

, D=0,Z2=0) -, . D=1,Z=1
¢c0= #( N )'"Qéne: ¢c1=#( N )““‘%za'

where N is the sample size. Given this set of informations a constrained
maximization of (3} to & non-spherical neighborhood of ¢,, can be proposed.

~ ML
This procedure would identify the local maximum 6 satisfying the con-
strains: :

|§E'a,1‘_ Q%LE S Cals |a’n0 - Q%LI < Cnts

!&)cl - c?)ffL| < Ca, oo — GJ%H < Cop- (5)

A difficulty in running the proposed restricted procedure emerges if con-
sidering that the constrains co, Cngy Ce1y 80 Cep have to be calibrated taking
into account the values qbal, qﬁne, qbcl, and qﬁco The relative weight for a
certain value of the generic constraint c;, is clearly proportional -to the cor-
responding value of ¢,,. A more direct control about the two mixtures in
the (1) or in the (3) could be achieved by imposing some constraints on the
conditional mixing probabilities: wyg, = P(C; = ¢|D; = d,Z; = z). This
requires reformulating the (3) in order to make the likelihood as a function

of the probabilities Wyldz; the task is not difficult if taking into account the
relationship:

Wiz = Wz Wijoz T W1z Wi 2,

where wy, is the proba,bzhty to take the treatment d, if assigned to z. The
result is:

L(g) = IT  wiw N (wltg, 7a0) * [T wor N(wilting, om)
. iG(Dy==1, 2;=0) ie(Dy=0,Z1=1)



x I wn [{")aili'N'(yillu'aivgai)+w€|11'N(yi|“c1?o-Cl)]
ie(Dy=1,2:=1)

X I  woo {Wnlf}{} « N (Yil ttno» no) + wejoo + N (%ch,aco)] . (6)
ie(D;=0,2;,=0) . ‘

“The three likelihood functions (1), (3) and (6) are equivalent for maximum
likelihood purposes. Again, the estimated vector g?ﬁﬂdz of the conditional
probabilities wyq,, are easily obtainable out of a maximum likelihood context
given the conditions:

Z ‘;%t]dz = 1, %111 = Walp = Wajdl = Wafl0 = Wejol = Wellp = 0. (7)
4 - . o

The results are:

¢a1 S -
‘;bal + ¢c1

‘%t} g | ‘ ¢c0

qnécl ¢>
bup + bep o = Pno + beg

Qballi — T
q‘bal + ¢c1

) (?5411 ) ¢nloo -

&auo = 1, 5%501 = 1.
The new formulation (6) for the likelihood allows a restriction of the -

a,nalyms to a spherical neighborhood of (bt dr = (9’5&111: ¢c|11? gbnl{;e, ¢’c;00) This
procedure would identify the local maximum point g¥* satisfying:

- |¢5a!11 M(‘Dﬁr}lﬂ < c?"d)ci cEEl] < 6

|Brjoo — @0l < ¢ |aoo — "f‘{“‘i Seo (8)

Respect to the previous set of constraints (5) is now possible to perform
a maximization restricted to a spherical neighborhood, then bypassing the
~problem related to the relative weights of the constraints. The probabilities
comparing in (8) are indeed expressed conditionally on the mixture belong-
ness and for this reason the value of %111 does not matter in the choice of c.



The proposed restrict procedure is then equivalent to a likelihood maximiza-
tion over the set: -

. lg — | 28 _ — . .
Qf : {6 = (wtidz:wdzaﬂtzadtz)eR |wnl11 = W) = Walgr ™ Wal10 = Welpl = Welio = 0;

|bura, — wipa=| < ¢ z%;dz = 3N wyy = 1wy > 0, way > 0,04,>0 VIV Z} .
- ? q =z S _

It is worth to note that under the conditions (7) imposing the four con-
straints (8) are equivalent, for maximum likelihood purposes, to impose only
two constraints, that is a single constraint for any mixtures; for example:

|€Aﬁc11 wczz| < C Wcoo Wc€30| <ec

Erom a computa,tmnal point of view, the EM algorlthm can be efﬁc;ently
adopted in this context. This is attractive in making maximum likelihood
inference in our context because if the compliance status C; was known for
all units, the likelihood would not involve mixtures. Then the compliance
status of the units in one of the two mixtures can be considered as a missing -
information whose imputation produce the so-called augmented likelihood.
Moreover, in our context the augmented log-likelihood function is linear in the
missing informations, so the EM algorithm corresponds to fill-in missing data
and then upddating parameter estimates. The imputation of the unobserved
compliance status is handled by the E-step; it requires the calculation of the
conditional expectation of C; given the observed data and the current fit
for 8. The compliance status C; can be represented by a three components
indicator t = ¢ (complier), n (never-taker), a (always taker); and at the k-
iteration condltzonal probabilities of unit 7 being type ¢ given that the unit
is in the (D; = d, Z; = z) group are obtainable by*

k1 k—1) (k-1
’J‘”(k) (@("’—1)) _ ngdz ) N(yzm( ) gz ))
T meln? N FRE)
2 K2 2

where wgcdzl), ﬂgf 1), and 3,

lated during the (k — 1) iteration. -

 The subsequent M-step maximizes the augmented log-likelihood by up-
dating the estimated parameter vector; in particular the updated conditional
probability &{f}, results:

k1 . ,
551 are the estimates of Wildzs My Otz calou-
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. %) k1)
N ZiG{Di=d, Zi=z) 'Tz{'t@lz(g

)
Yl =TT D, = d, Zi=2)

In order to satisfy the spherical constraints imposed in the (8), the results
from the M-step can be easily checked. This means to introduce another step

immediately after the M-step, for testing if at the k iteration: !":‘L‘tl de ™ Wyay| <
~ (k)

c. Eventually the values &, for which Wy, d)z > qﬁt 4z + ¢ have to be posed

w,ﬁﬁ,z e ¢>t|dz + ¢, and the values for which wﬁ’;)z < gﬁt — ¢ have to be posed
k

wglagz = ¢t1dz c.

4 Conclusions

The paper concerns the problem of relaxing the exclusion restriction un- -
der the assumptions usually adopted for the identification and estimation of
causal effects with instrumental variables. The main difficulties in this task
is due to the presence of mixtures of distributions implying weakly 1dent1ﬁed
models.

The imposition of simple constraints of the form (8) yields a maximum-
likelihood problem which is well posed 0pt1mzzat10naily The constrained for-
mulation is statistically well posed in that the global solutions are strongly
consistent (Kiefer, 1978). Problems associated with singularities do not exist,
and those associated with spurious maximizers should be at least lessened.
Moreover, for computational purposes and exploiting the particular incom-
plete structure of the likelihood a constrained EM algorithm can be easily
developed. - :

5 References

Angrist J.D., G.W. Imbens, D R. Rubin (1996); Identification of causai
effects using instrumental variables; J.A.S. 4., 91, 444-455.

Day N.E. (1969); Estimating the components of a mixture of normal dis-
tributions; Biometrika, 56, 463-474.

11



Fowlkes E.B. (1979); Some methods for studying the mixture of two nor-
mal (lognormal) distributions; J.A4.5.4., 74, 561-575.

Furman W.D. {1994); A constrained EM algorithm for univariate normal
‘mixtures; Computational Statistics and Data Analysis; 17, 473-492.

Hirano K., G.W. Imbens, D.R. Rubin, X. Zhou (2000); Assessing the
effect of an influenza vaccine in an encouragement design; Biostatistics,
1, 69-88.

Imbens G.W., D.R. Rubin (1997); Estimating outcome distributions for
compliers in instrumental variable models; Review of economic studies.

Jo B. (2002); Statistical power in randomized intervetion studies with non-
compliance; Psychological methods; 15.

Kiefer M. (1978); Discrete Parameter Variation: Efficient Estimation of a
Switching Regression Model; Econometrica, 46, 427-439.

Little R.J.A., L.H.Y. Yau (1998); Statistical techniques for analyzing data.
from prevention trials: treatment of no-shows using Rubin’s causal
model; Psychological methods, 8, 147-159.

McLachlan G.J., D. Peel (2000); Finite mixture models; John Wiley and
Sons, Inc. : :

Redner R.A., H.F. Walker (1984); Mixture densities, maximum likeli-
hood, and the EM algorithm; STAM Rev., 26, 195-239.

Ridolfi A., J. Idier (2002); Penalized maximum likelihood estimation for
" normal mixture distributions; EPFL, School of Computer and Infor-
mation Sciences, Tec. Report 200285.

12



Elenco dei report pubblicati

Anho: 1987

[On. 1 Aberio Cambini - Laura Martein, Seme Optimality Conditions in Vector Optimization

[n 2 Aberio Cambini - Laura Martein - S.Schalbel, On Maximizing a Sum of Ratios

[In. 3 Givlianc Gasparotto, On the Chamnes-Cooper Transformation in linear Fractional Programming.
[Cn. 4 Aberto Cambini, Non-linear separation Theorems, Duality and Optimality

[Cn. s Giovanni Boletto, Indicizzazione parziaie: aspettt metodologici e riflesst economic

n. 6 Aerto Cambini - Claudio Sodini, On Parametric Linear Fractional Programming

On. 7 Aberto Bonaguidi, Alcunt aspettl meno not delle migrazioni in talia

[In.8 Laura Martein - 8. Schaible, On Solving & Linear Program with one Guadratic Constraint

Anno: 1988

[In.g  Ester Lan, Alcune osservazioni sull'equazione funzicnale B(x,y,z2)=G{@(x,y,1},1,2}

Cin. 10 F. Bartiaux, Une ¢tude par ménage des migrations des personnes Agées: comparalson des résulttats pour Mitalie et les Elats-Unis

[In. 11 Glovanni Bolelto, Metodi ¢i scomposizione det tasso di Inflazione

[In 12 Claudio Sedini, A New Algorithm for the Strictly Convex Quadratic Programming Problem

[Jn. 13 lLaura Martein, On Generating the Set of all Efficient Points of a Bicriteria Fractional Problem

[CIn. 14 Laura Martsin, Applicazioni della programmazione frazicnaria nel campo economico-finanziario

[3n. 15 Laura Martein, On the Bicriteria Maximization Problem

[dn. 16 Paoclo Manca, Ln prototipo di sistema esperio per la consutenza finanziaria rivolta ai piccoli risparmiatori

[On, 17 Paclo Manca, Operazioni Finanziarie di Soper e Operazioni ¢ puro Investimento seconds Teichroew-Roblchek-Montalbano

[In. 18 Paclo Carraresi - Claudio Sodini, A k - Shortest Path Approach to the Mirdmum Cost Matching Problem,

[On. 19 Odo Barsotti - Marco Bottai, Sistemi gravitazionali e fasi di transazione della crescita Demografica

[In. 20 Giovanni Boletto, Metodi di scomposizione delfinflazione aggregata : recenti sviluppi.

[Jn. 21 Marc Termote - Abenio Bonaguidi, Mulliregional Stable Populatioin as a Teol for Short-term Demographic Analysis

[In. 22 Marco Bottai, Storie familiari e storie migratorie: un'indagine in ltafia

[Jn. 23 Maria Francesca Romane - Marco Marchi, Problemi connessi con la disomogeneiti dei gruppt sottoposti a sorveglianza statistico-
. epidemiciogica.

[In. 24 Franca Orsi, Un approcio logico ai problemi di scelta finanziania.

Anno: 1989

[In. 25 Vincenzo Bruno, Attrazione ed entropia,
[In 26 Giorgio Giorgi - S. Mititely, invexity in nonsmooth Programming.
[On. 28 Aberio Cambini - Laura Marlein, Equivalence in linear fractional programsing,

Anno: 1990

[CIn. 27 Vincenzo Bruno, Lineamenti econometrici dell'evoluzione del reddite nazionale in relazione ad aliri fenomeni economigi

[n. 28 Cdo Barsotti - Marco Bottal - Marco Costa, Centralita e potenziale demografico per Fanalist dei comportamenti demogsafici: il caso della
Toscana

[dn. 30 Anna Marchi, A sequential methed for a bicriteria problem arising in porticlio selestiontheory.
[n. 31 Marco Bottai, Mobilita locale e pianificazions teritoriale.

[In. 32 Anna Marchi, Sotving a quadratic fractional program by means of a complementarity approach
[On. 33 Anna Marchi, Sulla relazione tra un problema bicriteria e un problema frazionario.

Anno: 1991

[dn. 34 Enrico Gori, Variabili latent & "seli-selection” nella valutazione dei processi formativi.

On. 35 Piero Mantredi - £. Salinelit, About an interactive model for sexual Populations.

[dn. 36 Giorgio Giorgi, Alcuni aspetti matematici del modelio di sraffa a preduzione sempiice

[In. 37 Aiberlo Cambini - §.Schaibl - Claudio Sedini, Parametric linear fractional programming for an unbounded feasible Region.

[In 38 1Emke - Poulopotlos - V.Gozélves Pérez - Odo Barsotli - Laura Lecchind, intermational migration to northern Mediterranean countries the
cases of Greece, Spain and laly.

CIn 32 Givliane Gasparotto, A LP code implementation

Eln, 40 Riccardo Cambini, Un problema di programmazione quadratica nella costituzione di capitale,

[n 41 Giberlo Ghilardi, Stime ed errori campionari nellindagine ISTAT sulle forze di lavero.

EIn. 42 Vingenzo Bruno, Alcuni valor medi, varabilith paretiana ed entropia.

Eln. 43 Giovanni Boletto, Gli effetti del trascinamento del prezzl sulte misure delfinflazione: aspetti metodoogict

EIn, 44 P, Paolicchi, Gii abbandoni nelluniversita: modelli interpretativi.

Eln 45 Maria Francesca Romano, Da un archivio amministrative a un archivio statistico: una proposta metodoiogica per i dati degli studenti
universitari,

[ln 46 Maria Francesca Romano, Criteri di scelta delle variabili nei modelli MDS: un'applicazione sulla popolazione studentesca di Pisa,

[In. 47 Odo Barsoti - Laura Lecchini, Les parcours migratoires en fonction de la nationaiité. Le cas de Flialie.

[In. 48 Vincenzo Bruno, Ingicatori statistici ed evoluzione demografica, economica e sociale delle province foscane.

EIn. 48 Alperio Cambint - {aura Martein, Tangent cones in optimization,

[In. 50 Alberio Cambini - Laura Martein, Optimality conditions in vector and scalar optimizatior: a unified approach.

Anno: 1992

MIn. 51 Giberto Ghilardi, Elementi di une schema di campionamento areale per alcune rilevazioni ulliciali in Hatia.
In. 52 Paoclo Manca, nvestiment] e finanziamenti generatizzatl,
[Cn. 53 Laura Lecchini - Odo Barsotti, Le 1dle des immigrés extra- communautaires dans le marche du travail




Elenco dei report pubblicati

Bn.
Eln.
En
Fln.
Eln.
Hn
dn.
Eln
n
[n.
Cn.
On.
On.

54 Riceardo Cambini, Alcune condiziond ¢ ottimalita refative ad un insieme stellate.

55 Gitberto Ghifardi, Uno schema di campionamento areale per le ritevazionninsulle famiglie in italia,

56 Ricgardo Cambini, Studic di una classe di probiemi non lineari: un metodo sequenziale.

57 Riceardo Cambini, Una nota sulle possibili estensiont a funzioni vettoriali di significative classi di funziont concavo-generalizzate.
58 Alberto Bonaguidi - Valerio Terra Abrami, Metropoiitan aging transition and metropolitan redistribution of the elderly in taly.

59 Qdo Barsolti - Laura Lecchini, A comparison of male and female migration strategies: the cases of African and Fifipino Migrants to Haly.
60 Gilberto Ghilardi, Un modelio logH per fo studic del fenomeno delie nuove imprese.

61 8. Schaible, Generalized monotonicity.

62 Vincenzo Bruno, Dell'elasticita in economia e dellincertezza statistica.

63 Laura Martein, Alcune classi di funzioni concave generalizzate nel'cltimizzazione vettoriale

84 Anna Marchi, On the relationships between bicriteria problems and non-finear programming problems.

656 Giovanni Boletto, Considerazioni metodolegiche sul concetto di elasticitd prefissata.

66 Laura Martein, Soluzicne efficienti @ condizioni ¢i ottimalita nelfoti-mizzazione vettoriale.

Anno: 1993

in.
Ein.
Lin,
Cin.
[In.
[Cin.
[In
In.

67 Maria Francesca Romano, Le rilevazion! ufficialt ISTAT defla popolazione universitasia: problem! e definizieni altemative.
68 Marco Bottal - Odo Barsotti, La ricerca "Spazie Utilizzato" Oblettivi e primi risultati.

69 Marco Bottal - F.Bartiaux, Composizione famillare @ mobilith delle persone anziane. Una analisi regicnale.

70 Anna Marchi - Claudio Sodini, An algorithm for a non-differentiable non -linear fractional programming problem,

71 Claudio Sedini - S.Schaible, An finite aigorithm for generalized linear multiplicative programming.

72  Alberto Cambini - Laura Mariein, An approach to optimality conditions in vector and scalar optimization.

73 Alberto Cambini - Laura Mariein, Generallzed concavity and optimality conditions in vector and scalar optimization,

74 Riccardo Cambini, Alcune nucve classi di funzioni concavo-generalizzate.

Anno: 1994

n.
[In.
Cln.
On.
Eln.
CIn

Cn.
On.
CIn.
CIn.
n.
{In.

75 Alberto Cambini - Anna Marchi - Laura Martein, On nonlinear scalarization in vector optimization.

76 Maria Francesca Romano -~ Giovanna Nencioni, Analisi defle carriere degli studenti immatricolati dal 1980 al 1982.
77 Gilberte Ghilardi, Indici statistici della congiuntura.

78 Riccardo Cambini, Condizioni di efficienza locale nella ottimizzazione vettoriale.

79 Odo Barsotti - Marco Bottai, Funzioni di utilizzazione dello spazio.

80 Vingenzo Bruno, Alcuni aspetti dinamici detla popciazione dei comuni della Toscana, distinti per ampiezza demogsafica e per classi di urbanita
e di ruralita,

81 Giovanni Boletto, 1 numeri Indici del potere d'acquisto della monsta.

82 Alberto Cambini - Laura Marlein - Riccardo Cambini, Some optimality conditions in multicbjective programming.
83 S. Schalble, Fractional programming with sume of ratios.

84 Stefan Tigan - |.M.Stancu-Minasian, The minimun-risk appreach for continuous tme linear-fractional programming.
85 Vasiie Preda - LM.Stancu-Minasian, On duality for muitiobjective mathematical programming of n-set,

86 Vasile Preda - |.M.Stancu-Minasian - Anton Balatorescu, Optimality and duality in nenlinear programming involving semiiccaily preinvex and
related functions.

Anno: 1995

{in.
{n.
{In.
On.
n.
{In.
n.
n.
On.
e
{n.

87 Elena Melis, Una nota storica sulla programmazicne lineare: un problema di Kantorovich rivisto alfa luce del problema degli zeni.
88 Vincenzo Bruno, Mobliity territoriale dell'ltalia e di tre Regioni tipiche: Lombardig, Tescana, Sicilia.

89 Anwnio Cortese, Bibliografia sulla presenza straniera in italia

90 Riccardo Cambini, Funzioni scalasi affint generalizzate.

91 Piero Manfredi - Fabio Tarini, Modeili epidemiologici: teoria e simulazione, {1}

92 Marco Bottal - Maria Caputo - Laura Lecchini, The "OLIVAR" survey.Methodology and quality.

93 Laura Lecchini - Donatella Marsigiia - Marco Botlal, Qld people and sccial network.

94 Gilberto Ghilardi, Uno studic empirico sul confronto tra alcuni indici statistici delia congiuntura,

95 Vincenzo Bruno, I traffico nel porti itatiani negh anni recenti.

896  Alberto Cambini - Anna Marchi - Laura Martein - S. Schaible, An analysis of the falk-palocsay algorithm.
g7 Alberto Cambini - Laura Carosi, Sulla esistenza di elementi massimali.

Anno: 1996

{n.
On.
{In.
n.
{In.
{n.
On.
On.
{n.
e
{in.
Cn.
In.
[in.

98 Riccardo Cambini - $. Komlosi, Generalized concavity and generalized monotonicity concepis for vector vaiued,

99 Riccardo Cambini, Secend order optimality conditions in the image space,

100 Vincenzo Bruno, La staglonadita delle correnti di navigazione marittima.

101 Eugene Maurice Cleur, A comparison of altermnative discrete approximations of the Cox -l ngersoll - ross model.

102 Gilberto Ghilardi, Sul calcolo de! rapporto di concentrazione det Gini.

103 Aloerto Cambini - Laura Martein - Riccardo Cambini, A new approach t¢ second order optimaiity conditions in vector optimization,
104 Fausto Gozzi, Alcune osservazioni sufiimmunizzazione semideterministica,

105 Emilio Barucei - Fausto Gozzl, innovation and capital accumulation in a vintage capital mode! an infinite dimensional controt approach.
108 Alberto Cambini ~ Laura Martein - £.M.Stancu-Minasian., A survey of bicriteria fractional problems.

107 Luciano Fanii - Piero Manfredi, Viscosits dei saiari, offerta di lavoro endogena e ciclo.

108 Plero Manfredi - Luciano Fanti, Ciclo di vita ¢i nuovi prodotti: modellistica non tineare.

108 Piero Maniredi, Crescila con ciclo, gestazione dei piani di Investimento ed effett],

110 Lucianc Fami - Pigre Mandredi, Un modefio "classico” di ciclo con crescita ed offerta di lavoro endogena.

111 Anna Marchi, On the connecttedness of the efficient frortier : sets without local maxima.




Elenco dei report pubblicati

[:}n-.
Cin,

12 Riccardo Cambini, Generalized concavity for bicriteria functions,

113 Vincenzo Bruno, Variaziond dinamiche {1871-1981-1691)dei fenomeni demografict del comuni (urbani e rurali) della Lombardia, in relazicne ad
alcune caratieristiche di mobilita territoriale.

Anno: 1997

[in.
[Cin.
Cin.

[R]:R
Cin.
Cin,
On.
On.

Cn.
[n.
Eln.
Cn.
On.

114 Piero Manfredi - Fabio Tarini - J.R. Williams - A. Carducci - B, Casini, Infectious diseases: epidemiology, mathematical moedels, and
immunization policies.

115 Eugene Maurice Cleur - Pigro Maniredi, One dimensional SDE models, low order numerical methods and simulation based estimation: a
comparison of aiternative estimators,

116 Luciano Fanti - Plero Manfredi, Point stability versus orbital stability (or instability); remarks on policy implications in classical growth cycle
model.

117 Piero Manfredi - Francesco Bitlar, transition into adulthood, marsiage, and timing of fife in a stable popolation framework.

118 Laura Carosi, Una nota sul concetto di estremo supericze di insiemi ordinat! da conl convessi,

118 Laura Lecchini - Donatelia Marsiglia, Reti social: deg# anziank: selezione e qualita deile refazioni.

120 Piero Manfredi - Luciano Fanti, Gestation lags and efficiency wage mechanisms in a goodwin type growth modsl.

121 G.Rivelling, La metodologia statistica multilevel come possibile strumento per lo studio delle interazioni tra | comportamento procreative
individuale e i contesto

122 taura Carosi, Una nota sugli instemi C-iimitati e L-lmitati.

123 Laura Carosi, Sull'estremo supesore di una funzione lineare fratia ristretta ad un insieme chiuso ¢ illimitato.
124 Piero Manfredt, A demographic framework for the evaluation of the impact of imperted infectious diseases.
125 Alessandro Valentini, Calo della fecondita ed immigrazione: scenati e considerazioni sul case italiano.

126 Alberto Cambini - Laura Martein, Second order optimality conditions.

Anno: 1998

In.

{In.
Cn.

127 Piero Manfred: and Alessandro Valentini, Populations with below replacementfertility: theoretical considerations and scenarioes from the italian
laboratory.
128 Alberto Cambini - Laura Martein - £, Moretti, Prograrmmazione frazionaria e problemi bicriteria.

129 Emilio Barued - Fausto Gozzi - Andre] Swiech, Incentive compatibility constraints and dynamic programming in continuous time.

Anno: 1999

In.
Cn.

{In.
{n.

On.
{n.
{In.
{In.
n.
{n.

Cin,
{n.

{n.
{n.
{n.

{In.
In,

{n,
n.

Cn,
In

{In.
On.
{In.
{In.
In.
in.
{In.
In.
n,
{In.

130 Alessandro Valentini, impatto delie immigrazioni sulla popolazione italiana: confronto tra scenari alternativi.

131 K. iglicka - Gdo Barsotli - Laura Lecchini, Becent developement of migrations from Poland to Europe with a special emphsis on ltaly K.Iglka -
Le Migrazioni est-cvest: le unioni miste in ltalia

132 Alessandro Valentinl, Proiezioni demografiche multiregionali & due- sessi, con iimmigrazions intermnazionall e vincoli di conslstenza.

133 Fabio Antonetli - Emifio Barueci - Marig Elvira Mancino, Backward-forward stochastic differential utitity: existence, consumption and equilibrium
analysis.

134 Emilio Barueci - Maria Elvira Mancino, Asset pricing with endogenous aspirations.

135 Eugene Maurice Cleur, Estimating a ciass of ditfusion models: an evaluation of the effects of sampled discrete chservations.

136 Luciano Fanti - Piero Maniredi, Labour supply, time delays, and demoeconomic osciilations in a solow-typegrowih model.

137 Emilio Baruect - Sergio Polidore - Vincenzo Vesps, Some results on partial differential equations and Asian options.

138 Emilio Barucct - Mada Elvira Mancine, Hedging eurepean contingent claims in a Markovian incomplete market,

139 Alessandre Valentinl, L'applicazione del modelle mulliregionale-multistato alla popolazione in ltalia mediante 'utiizzo del Lipro: procedura d
adattamento del dat! e panticolarita tecniche del programma.

140 .M. Stancu-Minasian, optimality conditions and duality in fractional programming-involving semilecally preinvex and related functions,

141 Alessandro Valentini, Proiezioni demografiche con algoritmi ¢ consistenza per la popolazione in ltafia nel periodo 1997-2142: presentazione
del risultali e confronto con metodoiogie di stima alternative.

142 Laura Carosl, Competitive equilibiia with money and restricted partecipation.
143 Laura Carosl, Monetary policy and Parelc improvability in a financial economy with restricted partecipation

144 Bruno Cheli, Misurare il benessere e lo sviluppo dai paradossi del Pil & misure di benessere sconcmico sostenibile, con uno sguarde alio
sviluppo umano

145 Bruno Chelt - Laura Lecchini - Lucio Masserinl, The old people's perception of well-being: the role of material and non materlal resources

146 Sugene Maurice Cleur, Maximum liketihood estimation of one-dimensional stochastic differential equation models from discrete data: some
computational resultas

147 Alessandro Valenting - Francesco Billar - Plerc Mantredi, Utilizzi empiricl di modelli muitistate continui con durate multipie

148 Francesco Bitlari - Pierg Manlred! - Alberlo Bonaguidi - Alessandro Valentini, Transition inte adulthoold: s macre-demographic consequences
in a multistatew stable population framework

149 Francesco Bilari - Pierc Manfred! - Alessardre Valentini, Becomning Adult and its Macro-Demographic Impact: Mullistate Stable Population
Theory ang an Application to italy

150 Alessandro Valentini, Le previsiont demografiche in presenza di immigrazioni: confronto tra modelli aitemativi & oro ulilizzo empirico ai fing
della valulazione dellequitibrio nel sistema pensionistico

151 Emilio Barucel - Reberio Monte, Diffusion processes for asset prices under bounded rationality

152 Emilio Baruce - P. Cianchi - L. Landi - A, Lombardi, Reti neurali ¢ analisi delle serie storiche: un modeilo per ia previsione del BTP future

153 Alberto Cambini - Laura Carosi - Laura Marein, On the supremum in fractional programming

154 Riccardo Cambin! - Laura Martein, First and second order characterizations of a class of pseudoconcave vector functions

165 Figro Maniredi and Luciano Fanti, Embedding population dynamics in macro-econoric models. The case of the goodwin's growth cycte

156 Laura Lecchini @ Odo Barsolti, Migrazioni dei preti dalia Polonia in italia

157 Vingenzo Bruno, Analisi dei preza, in talia dal 1975 in poi

188 Vincenzo Bruno, Analisi del commercio al minuto in liatia

159 Vincenzo Bruno, Aspetti ciclici delia liquiditd bancaria, dal 1871 in pot

160 Anna Marchi, A separation theorem in alternative theorems and vector optimization




Elenco dei report pubblicati

Anno: 2000

On.
{In.
{In.

{In,
[ln.

o |, 1
n.
{In.
{dn.
On.
[in.
[in.
Cn.
Cin.
Ein.
[n.
Ein.
En.

Eln.
Cn.
En.
Odn.
EIn.
Eln,
.
.
fn.

Cn.
Eln.
En.
En.
Cn.
Ein.
.
On.

e,
Cn,

Eln.
Cn.

Ein
Cn.

161 Piero Manfredi ang Luciano Fanti, Labour suppley, population dynamicics and persistent esciliations in a Goodwin-type growth cycle model

162 Luciano Fanti and Piero Mandredi, Nec-cliassical labour market dynamics and chacs {and the Phillips curve revisited}

163 Piero Manfredt - and Luciano Fandi, Detection of Hopt bifurcations in eontinuos-time macro- economic modetds, with an application to reducible
delay-systerns.

164 Fabio Antoneili - Emilic Barucei, The Dynasmics of pareto allocations with stochastic differential utility

165 Eugene M. Cleur, Computing maximum fikelihood estimates of a class of One-Dimensional stochastic differential eguation modeis from
discrete Date”

466 .Cugene M. Cleus, Estimatng the daft-parameter in-diffusion processes-more-efficiently at discrete times:a role of indirect estimation

167 Emilio Barucsi - Vincenzo Valo#, Forecasting the forecasts of others e la Politica di inflation targeting

168 A.Cambini - L. Martein, First and second order optimality conditions in vector optimization

169 A. Marchi, Theorams of the Allernative by way of Separalion Theorems

170 Emilic Barucsi - Maria Eivira Mancing, Asset Pricing and Diversification with Pantally Exchangeable random Variables

171 Fiero Manfredi - Luciane Fanti, Long Term Effects of the Efficiency Wage Hypothesis in Goodwin-Type Economies.

172 Piero Manfredi - Lucianc Fanti, Long Term Effects of the Efficiency wage Hypothesls in Goodwin-type Economies: a reply.

173 Luciano Fanti, iInnovazione Fingnziara e Domanda di Moneta in un Modello dinamico 1S-LM con Accumulazione.

174 P.Manfredi, A.Benaccorsi, A.8ecchi, Sccial Heterogeneities in Classical New Product Diffusion Models. |: “External” and “Intemal” Models.

175 Piero Manfredi - Emesto Satinelli, Modeti per formazione di coppie e modelli di Dinamica familiarg,

176 P.Manfredi, £. Salinelli, AMelegarc, A.Secchl, Long term Interference Between Demography and Epidemiology: the case of tuberculosis

177 Piero Manfredi - Emesto Salinelli, Toward the Development of an Age Structure Teory for Family Dynamics |: General Frame.

178 Piero Manfredi - Lucianc Fanti, Poputation heterogeneities, nonlinear ostillations and chaos in some Goodwin-type demo-economic models
Paper 10 be prasented at the: Sscond workshop on "nonlinear demography’ Max Planck Institute for demographic Research Rostock,
Germany, May 31-June 2, 2

179 E. Barucci - MLE. Mancini - Roberto Reng, Volatllity Estimation via Fourier Analysis

186 Riccardo Cambini, Minimum Principle Type Optimality Conditions

181 E. Baruccl, M. Giug, R. Monte, Asset Prices under Bounded Rationality and Noise Trading

182 A, Gambini, D.T.Luc, L.Martein, Order Preserving Transformations and application.

183 Vincenzo Bruno, Variazioni dinarmiche (1971-1881-1991} del fenomeni demoegrafict del comuni urbani e ruzali della Sicilia, in relazione ad
aloune caratteristiche di mobilit territoriale.

184 F.Antonelli, E.Barucci, M.E.Mancino, Asset Pricing with a Backward-Forward Stochastic Differential Utility
185 Riccardo Cambini - Laura Carosi, Coercivity Concepts and Recession Functions in Constrained Probiems
186 John: R. Williams, Pierc Manfredi, The pre-vaccination dynamics of measies in Haly: eslimating levels of under-reporling of measles cases

187 Piern Manfredi, John R, Williams, To what extent can inler-regional migration perturbe local endemic pattesns? Estimating numbers of
measles cases in the ltalian regions

188 Laura Carosi, Johannes Jahn, Laura Marlein, On The Connections between Sernidefinite Optimization and Vector Optimization
189 Alberio Cambini, Jean-Perre Crouzeix, Laura Martein, On the Pseudoconvexity of a Quadratic Fractional Function

190 Riccardo Cambini - Claudio Sodini, A finite Algorithm for a Particular d.c. Quadratic Programming Problem.

191 Riccardo Cambini - Laura Carosi, Pseudoconvexity ot a class of Quadratic Fractional Functions,

182 Laura Carosi, A note on endogenous restricted partecipation on financial markets: an existence result.

193 Emifio Baruccl - Roberto Monte - Roberto Rend, Asset Price Anomalies under Bounded Rationafity.

194 Emilio Barucci - Roberto Rend, A Note on volatiity estimate-forecast with GARCH maodels,

185 Brunc Cheli, Sulia misura del benessere economico: | paradossi del PIL e e possibili correzion in chiave etica e sostenibile, con unec spunto
per l'analisi della povernta

196 M.Bottai, M.Bottai, N. Salvati, M.Toigo, Le proiezioni demografiche con i programma Nostradamus, {(Applicazione all'ares pisana)

187 A. Lemmi- B. Cheli - B. Mazzolli, La misura delia poverla mullidimensicnale: aspetti metcdologict e analisi della realth Hallana alla meta degl
anni '90 .

198 C.A. Bector - Riccardo Cambin, Generalized B-invex vector valued functions

189 Luciano Fanti - Piero Manfredi, The workers' resistance to wage culs is not necessarily detrimental for the economy: the case of a Gooowin's
growth model with endogenocus population.

200 Emitio Baruccl - Roberto Rend, On Measuring volatitity of diffusion processes with high frequency data
201 Piero Manifredi - Luciang Fanti, Demographic transition and balanced growth

Anno: 2001

On.
Cn
Cn.

En.
n.
Cn.
Cin.
CIn.
COn.
O
On.
[Cn.
Cin.
On.

202 E.Barucci - M. E. Mancini - £, Vannucci, Asset Pricing, Diversification and Risk Ordering with Parially Exchangeable random Variables
203 E. Barucct - R, Rend - £, Vannucci, Executive Stock Options Evaluation.

204 Qdo Barsotti - Moreno Teolgo, Dimensioni delle rimesse e variabill esplicative: un'indagine suila collettivith marocchina immigrata nefla
Toscana Occidentale

205 Vincenzo Bruno, { Consumi voiuttuari, neifultime trentennio, in Halia

206 Michele Longo, The monopolist choice of innovation adoption: A regular-singular stochastic contre! problem

207 Michele Longo, The competitive cholce of innovation adoption: A finite-fuel singuiar stochastic contral problem,
208 Riccardo Cambinl - Laura Carosi, On the pseudoatfinity of a class of guadratic fractionat functions

209 Riccardo Cambini - Claudic Sodini, A Finite Algorithm for a Class of Non Linear Multiplicative Programs.

210 Alberto Camnbini - Dinh The Loc - Laura Martein, A method for caiculating subdifferential Convex vector functions
211 Alberto Cambini - Laura Martein, Pseudolinearity In scalar and vector oplimization.

212 Riccardo Cambinl, Necessary Optimality Conditions in Vector Optimization.

213 Riccardo Cambini - Laura Carosi, On generalized convexity of quadralic fractional functions.,

214 Riceardo Cambini - Claudio Sodini, A note on a particular guadralic programming problem,

215 Michele Longo - Vincenzo Valor, Existence end stabifity of equitibria in OLG models under adaptive expeciations.




Elenco dei report pubblicati

[Cin. 246 Luciano Fanti - Piero Maniredi, Population, unemployment and economic growth cycles: a further explanatory perspective

EJn. 217 J.R.Williams, P.Manfredi, S.8almaso,M.Cioki, Heterogeneity in regional notification patierns and its impact on aggregate national case
rotification data: the example of measies in taiy.

[n. 218 Anna Marchi, On the connectedness of the efficient frontier: sets without local efficient maxima

[Cn. 219 Laura Lecchini - Ode Barsotti, Les disparités tesritoriales au Maroc au travers d'une optique de genre.

Anno: 2002

[In. 220 Giberto Ghilardi - Nicota Orsini, Sull'uso del modelii statistici lineari nelia valutazione dei sistemi formativi,

[n. 221 Andrea Mercatanti, Un'analisl descettiva dei laureati delfUriversita di Pisa

[[n. 222 £, Barucsi - C. Impenna - R, Rend, The ltalian Overright Market: microstructure effects, the martingale hypothesis and the payment system,

[ n. 223 E. Barucei, P.Mailiavin, M.E.Mancino, R.Rend, A.Thaimaler, The Price-volatility feedback rate: an impiementable mathematical indicator of
market stability,

[In. 224 Andrea Mercatanti, Missing at random in randomized experiments with imperfect compliance

[In. 226 Andrea Mercalanii, Effetio delluso ¢ carte Bancomat e carte di Credito sulla kquidita familiare: una valstazione empirica

CIn. 226 Piarc Mandredi - Johrs R. Williams, Population decline and population waves: their impact upon epidemic patterns and morbidity rates for
childhood infectious diseases. Measles in ltaly as an exampie.

Edn. 227 Piero Mandredi - Marta Clofi degli Atti, La geografia pre-vaccinale del morbillo in Italia. . Comportamenti di contatto e sforzi necessari
all'gliminazione: predizioni dai modeilo base delie malattie prevenibili da vaccino.

FIn. 228 1M, Stancu-Minasian, Optimatity Conditions and Duatity in Fractional Pregramming Invoiving Semilocally Preinvex and Related

Edn. 229 Nicola Salvatl, Un software appiicativo per un‘analisi di dati sul marchi genetici (Genetic Markers)

En. 230 Piero Manfredi, J. R, Willlams, E. M. Cleur, 8. Salmaso, M. Ciofi, The pre-vaccination regional landscape of measies in ltaly: cortact patterns
and related amount of needed aradication affors (and the "EURO” conjecture)

EIn. 231 Andrea Mercatant],  tempt di laurea presso M'lUniversita di Pisa: un'applicazione del modelt di durata in tempo discreto

£n. 232 Andrea Mercatanti, The weak version of the exclusion restriction in causal effects estimation; a simulation study

Fin. 233 Riccardo Cambini and Laura Carosi, Duality in multiobjective optimization problems with set constraints

{In. 234 Riccardo Cambini and Claudio Sodini, Decomposition methods for nonconvex quadratic programs

{in. 235 R.Cambini and L. Carosi and 8.3chaible, Duality in fractional optimization probiems with set constraints

[in. 236 Anna Marchi, On the mix-sfficient points

Anno: 2003

Ein. 237 Emanuele Vannucci, The valvation of unit iinked policies with minimal return guarantees under symmetsic and asymmstric information
hypoteses

[3n. 238 John R Witliams - Pierc Manfredi, Ageing populations and childhood infections: the petential impact on epidemic patterns and morbidity

[in. 239 Bruno Cheti, Errata Corrige del Manuale delle impronte Ecologiche (2002) ed ajouni utili chiarimenti

[Jn. 240 Alessandra Petrucci-Nicola Salvati-Monica Pratesi, Stimatore Combinato r Correlazione Spaziate nella Stima per Piccoie Aree

3n. 241 Riccardo Cambini - Laura Carosl, Mixed Type Duality for Multiobjective Optimization Probiems with set constraints

[In. 242 O.Barsotti, L.Lecchint, F.Benassi, Foreigners from central and eastern European courdries In (taly: current and future perspectives of eu
enlargemant

[3n. 243 A. Cambini - L, Martein - 5. Schaible, Pseudoconvexity under the Charnes-Cooper transformation

Edn. 244 Eugene M. Cleur, Pierc Manfredi, and John R, William, The pre-and post-Vaccination regional dynamics of measies in italy: Insights from time
series analysis

Anno; 2004

On. 245 Emitio Barucel - Jury Fafini, Determinants of CorporateGovermnance i Haly: Path dependence or convergence?
[In. 246 R, Cambini - A. Marchi, A nole on the connectedness of the efficient frontier

[An. 247 Laura Carosi - Laura Mariein, On the pseudoconvexity and pseudciinearity of some classes of fractional functions
[In. 248 E. Barucci - R, Monte - B. Trivellato, Bayesian nash equilibrium for insider trading in continuous time

[In. 249 Eugene M. Cieur, A Time Series Analysis of the Inter-Epidemic Period for Measles In ltaly

[n. 250 Andrea Mercatanti, Causal inference methods withou? exclusion restrictions: an economic application.

[In. 281 Eugene M. Cleur, Non-Linearities in Monthly Measles data for Htaly

[In. 252 Eugene M. Cieur, A Treshold Model for Prevaccination Measles Data: Some Empirical Resuits for England and ltaly
[In. 253 Andrea Mescatanti, La gestione dei dati mancanti nel modeli di inferenza causale: il caso degh esperimenti naturalt.
EIn. 254 Andrea Mercatanti, Rifevanza delle analist di misture di distribuzion! nefle valutazioni di efficacia

Eln, 255 Andrea Mercatanti, Local estimation of mixiures in instrumental variables models




