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University of Haifa

ABSTRACT

Most maintenance studies deal with the problem of long-term maintenance-costs

optimization, given the cost of the available maintenance actions: repair or

replacemcnt. The focus in this paper is on the improvement in performance, with

respect to certain performance criteria of interest, that results from a

maintenance action. The comparison of the random quantities involved is done

by means of suitable probabilistic ordering notions. Different modelling situations

are considered, and for each of them conditions are obtained on the life

distributions of the present item and the new (or repaired) one that ensure

performance improvement with regard to the different performance criteria.

Apart from providing a decision tool for maintenance application, the work also

contributes to clarifying relationships between (probabilistic) ordering notions

and aging properties within the maintenance context.
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INTRODUCI'ION

Maintenance studies in the literature (Barlow and Proschan (1965)) usually

derive optimal maintenance policies, based on the costs of the available

maintenance actions, with regard to a long-term cost objective function. In this

paper, maintenance actions are investigated with respect to the performance

improvement they bring about in the future evolution of the failure process. More

specifically, we consider several performance criteria of interest, and examine

their improvement by maintenance actions like replacement, failure or

preventive, and repair or overhaut (to different extents). Generally, the focus is

on performance improvement in the foreseeable future rather than the long-term

one; the latter may be of less relevance in our era, of high quality items on one

hand and rapid technological changes on the other hand.

The underlying failure modelling stipulated here is age- (or usage-) based, as

is the case with most maintenance and reliability studies (avoiding a causal failure

model because of the extent of (often unrealistic) assumptions involved, data

needed and associated expenses). Correspondingly, the focal probability tool is

that of the life-distribution (a term we keep because of its wide use, even though

it is a clear misnomer when repairs are involved, as is the case with most heavy

and expensive machinery, in which case it is indeed the time-to-first (or next)

failure that we deal with) or, even preferably the hazard (or failure-rate)

function (see Berg (1995) for an elaborate examination of these issues).

~
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Since the future evolution of the failure process is random under any

maintenance action, or without it, the comparison must be by probabilistic tools,

i.e., by means of (probabilistic) ordering notions. There is a host of such

ordering notions, and the choice of an appropriate one, for a given situation, is

yet another issue to be addressed.

THE MATHEMATICAL SETTING

Performance improvement must be, by definition, with respect to a given

performance criterion. The most natural and common one is the time to next

failure, and accordingly we denote by V and W, the time-to-failure without and

with a certain maintenance action, respectively. To demonsVate this performance

improvement we need to verify that

W1VON (1)

where ON is the ( probabilistic) ordering-notion used for comparison.

In the reliability context, on intuitive grounds, suitable ordering-notions are

the following:

(i) MO - means ordering, defined as

WyV if E(W) ~ E(V),
MO

where E(.) is the expectation operator. This is the most common and basic

comparison tool. It has an obvious drawback because of its limited focus, but it

also has a clear advantage: it is a complete ordering in the space of distributions,

and hence all random variables can be unequivocally compared.

(ii) SO - stochastic ordering, defined as

W1V if G(x) ~ F(x), Vx
Mn

whcrc G(-) is thc survival function (i.e., I minus the c.d.f. of W) and H(.) - the

same for V. ~lie relevance of SO to reliability is clear: it compares the no-failure

(or, survival) probability for any given time period. I[ is stronger than MO, i.e..
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it implies it, but it is not a complete ordering ( i.e., not all pairs of random

variables possess a SO relationship).

(iii) HRO - hazard-rate ordering, defined as

W Y V if ra(x) ~ r!~(x), bx
lIRO

where r~{-) and ry~(-) are the hazard ( failure-rate) functions of W and V,

respectively, i.e. r~(-) -- ddXZ)~G(x).

The HRO intrinsic relevance to reliability contezts stems from the focal role in

reliability theory of the hazard function it is based upon (see again Berg (1995)).

The HRO is stronger than SO, and like SO it is also not a complete ordering.

The validity of relationship (1), given a specific ON, depends on the state of

the present item and the maintenance action planned. As far as the former is

concerned, the only possible information we can have about the present item,

within an age-based modelling context, is its age (say) d. We shall thus assume

throughoutthat

V-X(d), d~0

where X(d) is the life of the item when it is of age d(or, indeed, its "remaining"

life at age d) and thus X-X(0) is the life of a new item.

We categorize maintenance actions through the following three situations.

3ituation 1: 71ie maintenance action is a rieplacement by a new item of the same

type. In this case

W-X

and we thus necd to verify the validity of the relationship

X Y X(d), d) 0
ON

given the survival function F(-) of X. The survival function of X(d) is determined

by F(.) and is given by

P(X(d) ) x) - Fd(x) - F(x}d) x~ 0F(d) '
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Situation 2: The maintenance action is a repair (or overhaul if it is planned),

whose effect is rejuvenation of the item; that is, making it equivalent, in terms of

its "remaining" life, to an item of age d ~ d. Note that a replacement by a used

item of the same type gives a mathematically equivalent situation - so both types

of maintenance actions are covered here. In this case

W- X(d) where 0 ~ d ~ d,

and we need to verify the validity of the relationship

X(d) r X(d) 0 c d ~ d.
ON

Situation 3: Replacemen[ by a different type of item (whether new or used). In

this case we need to verify the validity of the relationship

WrX(d) , d ~ 0
ON

given the survival functions G(-) and F(-) of W and X, respectively.

In all situations we shall be looking for conditions that validate the respective

relationships for all possible relevant age, which means that these conditions are

sufficient no matter what the ages are. Furthermore we shall want the conditions,

whenever possible, to be also necessary, implying that they cannot be relaxed

without violating the relationship for at leas[ some ages.

THE MATHEMATICAL ANALYSIS

We are looking for conditions for the validity of the relationship in each

situation and for each ordering notion. This boils down here to nine exercises

which we now consider successively.

(1) Si tuation I, ON - MO

We want

X 1X(d) `dd)0
MO

The required condition here, which is sufficient and necessary. is that F(-)

possesses the NBUE (new better than used in expectation) aging property (see
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Barlow and Proschan ( 1975) for this and later aging properties). That simply

follows from the definition of NBUE.

(2) Situation 1, ON - SO

F(-) needs to possess only the NBU (new better than used) aging property.

Once more this follows from the definition of NBU.

( 3) Situation I, ON - HRO

F(.) needs to possess only the IFR ( increasing failure rate) agíng property.

Proof.

We first observe that if r(-) is the hazard function of F(.) then the hazsrd

function of X(d) is given by

rd(x)-r(d}x) dd~O,Vx)0

Next, it is easy to see that

r(x) ~ r(dtx), V d) 0, d x~ 0 iff r(x) ? x,

where t stands for increasing, but not necessarily strict increasing.

(4) Situation 2 , ON - MO

We want

x(d) ~ x(d) v(á, d): o ~á ~d.
MO

(2)

(3)

Here the required condition, which is sufficient and necessary, is that F(.)

possesses the DMRL (decreasing mean remaining life) aging property. This

follows from the definition of DMRL, since (3) is equivalent to E(X(d)) 1 d.

(5) Situation 2, ON - SO

Only the IFR aging-property is required.

Prooj.

The proof follows from the well-known equivalence relationship ( Barlow and

Proschan (1975)):

r(x) ? x iff X(d) ~d, (4)

where óN stands for random variables decreasing, with respect to ON, e.g., here
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X(d) is decreasing SO with respect to d.

X(d) ~ X(d) for any d ~ d).
so

(6) Situation 2, ON - HRO

The required condition is that F(.) possesses the IFR aging property.

Proof.

The proof follows from (2) and

r(dtx) td, V x~ 0 iff r(x) tx.

The above conditions are conveniently summarized in Table 1.

(S)

Table 1: Summary of conditions tor sitnations - categories 1 and 2:

replacing it~n fs of the same type as the neplaced one

ON Type MO SO HRO

Replacing
item

New NBUE NBU IFR

Younger DMRL IFR IFR

Remark: all conditions are sufficient and nece.ssary.

(7) Situation 3, ON - MO

We want

W~X(d), Vd~O.
MO

Two sufficient conditions for (6) to hold are:

(i) W y X and X 1X(d), `á d~ 0
MO MO

(6)

or
(ii) W r W(d) and W(d) ~X(d), V d~ 0

MO MO
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or, equivalently

(i) W~ X and X possesses the NBUE aging property
MO

or
( ii) W Y X and W possesses the NBUE aging property,

ACMO

where ACMO ( age-consistent means-ordering) is defined as

E(W(d)) ~ E(X(d)), d d~ 0,

(that is, in general, ACON extends an ordering relationship ON to the remaining

life from any given age). A characteriTation of ACMOis ~ZG(u)dul~iF(u)dutx,

which, however, is not a convenient one. As a matter of fact W~ X is not
so

sufficient for ACMO, but HRO (being ACSO) is.

(8} Situation 8 ON - SO

Repeating the steps above, we obtain the syjftcient conditions

( i) W Y X and X possesses the NBU aging property
so

or
( ii) W Y X and W possesses the NBU aging property .

HRO

To verify the first part of the latter condition use the characterization of HRO

( Ross (1983) ) , which stntes that

W ~ X iff W(d) ~ X(d) d d
fIRO SO

(or, using the general notation above, ACSO - HRO).

(9) Situation 3, ON - HRO

Repeating the above steps we finally obtain here (using again some arguments

used earlier) the sufficient condition

W ~ X and { X or W possesses the IFR aging propertyE .
HRO

To verify the above we use the following two observations:

(i) HRO itself is age-consistent, i.e., using the general notation above,
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ACHRO - HRO. That property follows immediately from ( 2) and the equivalence

relationship:

h(xtd) ~ r(xtd) d x,d iff h(x) ~ r(x) d x

(ii) Relationship (4) is also valid when SO is replaced by HRO, i.e., HRO is

equivalent, in this context, to (the usually weaker) SO. This result follows from

(2) and (S).

These conditions are summari2ed in Table 2.

Table 2: Snmmnry of conditions for situations - category 3: replacing item is of

different type than the replaced one

MO SO HRO

{ W Y X} and { X NBUE}
MO
or

{ W 1 X) and { W NBUE}
ncMo

{ W rX} and { X NBU}
30

or

{W1X}and{WNBU}
nrto

Remark: All conditions are sufficient.

INTERMEZZO

{WyX}
HRO

and
{ X or W IFR}

Besides the main purpose of the paper, namely the verification of

performance improvement following a maintenance action, the above results also

serve another end. We see how aging properties, introduced separately over time,

intercelate in a clear manner within our general framework of different situations

(or models) and ordering notions. This byproduct of ow study contributes to the

broader goal of scientific endeavor, namely, the creation of order in ideas and

results.
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OTHER PERF'ORMANCE CRIT~RIA

The performance improvements considered above, relate to the time-to-

( next) failure criterion. Ano[her possible performance criterion is a monetary

one, and deals with the utility improvement due to the maintenance action

considered. This is important since often the monetary element is ignored in

maintenance studies with only direct maintenance costs being considered.

The utility dimension can be introduced in different ways. Here we opt to

relate it to the "life" (i.e. time-to-failure) of the item, which will enable us to

u[ilize results derived earlier. Define

U(x) - the utility gained from a life of length x.

We adopt a maximum-expected-utility approach ( still the dominant one, despite

the controversy, in modem economics theory, and the only permissible one when

utility is constructed in Bayesian axiomatic contexts). We want to verify the

validity of the relationship: E(U(W)) ~ E(U(W(d)), or using the notation here:

U(W) 1U(X(d)) . (7)
MO

Sticking to our approach of looking for universal conditions, we search for

conditions that wilt validate ( 7) for all functions U(.) of interest ( which is also

useful in view of the enormous difficulties in actually constructing a utility

function in any given particular circumstance). In reliability contexts, it seems

that the only restriction we can impose on U(.) is that it is increasing (concavity,

for instance, with its risk-aversion interpretation in finance, is not really relevant

here) and thus we would like (7) to hold for all increasing U(.). However, that is

equivalent ( e.g., Ross ( 1983)) to:

W 1 X(d),
so

so that all the results obtained earlier for SO, with regard to each of the situations

considered, are automatically valid here.

Yet another performance criterion of interest, which still focuses on the
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immediate future, is the anticipated qua(ity of operations; one possible measure is

the number of minor operation interruptions in a coming time period (assuming

no replacement or major repair in that period). Such minor failures are fixed by

what is technically called minimal repairs (e.g., Barlow and Proschan (1965));

following such a repair the item resumes operation, but is not improved (in the

above terminology this corresponds to the borderline special case of d- d).

This (mínor) failure process is an NHPP (nonhomogeneous Poisson process),

whose intensity function equals the hazard function of the underlying "life"

distribution. This is well known, and easily verifiable due to the independent-

increment-property in the failure process of an item, induced by minimal repairs.

Consequently, the comparison needed in this case, for a future time-interval of

length t, is

NK.(t) t Nz(é)
ON

(8)

where Ny(t) denotes the number of minimal repairs in [O,t], when Y is the life

random variable. By the above statement ( in the preceding paragraph) we have

Nw(t) - Poisson (H(t) - jlh(u)du),
0

at~d

NXId)(t) ~ Poisson (Rd(t) - ~`rd(u)du - ~d cr(u)du - R(dtt) - R(d)).
0 d

We now use the fact (Ross (1983)) that the Poisson family is increasing

hazard-rate ordered with respect to its parameter, i.e., if X(a) ~ Poisson (a)

lhen Xa t~K~ a, and therefore also Xa ó a and Xa Mo a (that is, in this context,

HRO, SO and MO are equivalent). Hence (8) holds for either MO, SO or HRO if

and only if

H(t) ~ R(ttd) - R(d), t~ 0, d~ 0

or, equivalently, using the relationships: F(x) - e-RlZ) and G(x) - e-~t~I),

G(t) ~ F~(t), t) 0, d~ 0, (9)
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Once more, if we want the comparison (8) to be universal and hold for

all t~ 0, ( 9) is equivalent to

W 1 X(d).
so

Thus, again, for any situation considered, the required performance

improvement for either one of the three ordering notions (MO, SO, and HRO)

coincides with the SO-based comparisons, done earlier for the time-to-failure

performance criterion.

CONCLUSIONS AND FUTURE RESEARCH

We have considered in this work comparison of maintenance actions for

age-based failure-modelling situations. We have obtained conditions which

justify replacement of an item by a new one for different performance criteria

that are applied to the current situation, i.e. the improvement induced by the

replacing itcm in comparison to the replaced onc. Moreover, for each

performance criterion separate analysis is done with regard to various random

comparison tools of interest, namely different ordering-notions of particular

relevance relevant to the maintenance context.

The pattern of analysis in this paper can be extended in a natural way to

further comparison problems of interest, e.g., for yet other performance criteria

and ordering notions. Moreover, the same ideas can be applied to other

failure-modelling approaches, e.g., those based on stage-wise degradation of the

item. In this sense this work sets the ground for a broad study of performance

comparisons for maintained items, with respect to different performance criteria

of interest, a range of possible situations, and various ordering notions of

relevance.



12

References

Barlow, R.E. and Proschan F. (1965), Mathematical 7heory of Reliability, Wiley,

New York.

Barlow, R.E. and Proschan F. (1975), Statistical 7heory of Reliability and Lije

Testing: Probability Models. Holt, Reinhart, and Winston, New York.

Berg, M. (1995), Age-dependent failure modelling: A hazard-function approach.

CentER (Center for Economic Research) Discussion Paper No 9569, Tilburg

University, Tilburg, Netherlands.

Ross, S. 1983. Stochastic Processes, Wiley, New York.



No. Author(s)

9583 T. Berglund and R. Kabir

9584 F. Janssen, T. de Kok and
F. van der Duyn Schouten

9585 E. Canton

9586 E. Ley, M. Steel

9587 S. Eijffinger, J. de Haan

9588 1. Suijs, P. Borm,
A. De Waegenaere, S. Tijs

9589 1. Ziliak and T. Kniesner

9590 M. van de Ven

9591 C. Fernandez, M. Steei

9592 K. Wkrneryd

9593 R. Alessie, A. Lusardi,
A. Kapteyn

9594 R. Joosten and D. Talman

9595 E. Calvo, 1. Lasaga
and A. v.d. Nouweland

9596 R. Douven and 1. Plasman

9597 H. Uhlig

9598 M. Lettau and T. Van Zandt

9599 H. Blcemen

95100 J. Blanc and L. Lenzini

Title

What Explains the Difference Between the Fu[ures' Price
and its "Fair" Value? Evidence from the European Options
Exchange

Approximations for the Delivery Splitting Model

Labour Supply Shocks and Neoelassical Theory

A Model of Managetnent Teams

The Political Economy of Central Bank Independence

Cooperative games with stochastic payoffs

Estimating Life-Cycle Labor Tax Effects

Public pensions in a Representative Democracy

Reference Priors in Non-Normal Loca[ion Problems

Demystitifying Rational Expectations Theory through an
Economic-Psychological Model

Saving and Wealth Holdings of the Elderly

A Globally Convergent Price Adjustmen[ Process for
Exchange Economies

Probabilistic graphs in cooperative games:
a model inspired by voting situations

Convergence and International Policy Coordination in the
EU: a Dynamic Games Approach

A Toolkit Analyzing Nonlinear Dynamic Stochastic Models
Easily

Robustness of Adap[ive Expectations as an Equilibrium
Selection Device

The Relation between Wealth and Labour Market
Transitions: an Empirical Study for the Netherlands

Analysis of Commmunication Systems with Timed Token
Protocols using the Power-Series Algorithm

95101 R. Beetsma and L. Bovenberg The Interaction of Fiscal and Monetary Policy in a
Monetary Union: Balancing Credibility and Flexibility

95102 P. de Bijl Aftermarke[s: 'I'he Monopoly Case



No. Author(s)

95103 F. Kumah

95104 M. Vázquez-Brage, A. van
den Nouweland. [. García-
)urado

95105 Y. Kwan and G. Chow

95106 P. Verheyen

95107 1. Miller

95108 C. van Raalte and
H. Webers

95109 W. Verkooijen,
1. Plasmans and
H. Daniels

95110 E. van der Heijden,
J. Nelissen, l. Potters
and H. Verbon

95111 A. van den Elzen and
D. Talman

Title

Unanticipated Money and the Demand for Foreign Assets -
A Rational Expectations Approach

Owen's Coalitional Value and Aircraft Landing Fees

Estimating Economic Effects of the Great Leap Forward and
[he Cultural Revolutiun in China

The missing Link in Budget Models of Nonprofit
Institutions; Two Practical Dutch Applications

Should we Offer the Unemployment Places on Labour
Market Programmes With the Intention That They Reject
Them'?

Statial Competition with Intermediated matching

Long-Run Exchange Rate Determination: A Neutral
Network Study

Transfers and Reciprocity in Overlapping-Generations
Experiments

An Algorithmic approach towards the Tracing Procedure of
Harsanyi and Selten

95112 R. Beetsma and L. Bovenberg Does Monetary Unification Lead to Excessive Debt
Accumulation?

95113 H. Keuzenkamp Keynes and the Logic of Econometric Method

95114 E. Charlier, B. Melenberg Estimation of a Censored Regtession Panel Data Model
and A. van Soest Using Conditional Moment Restrictions Efficiently

95115 N. G. Noorderhaven, Exploring Determinants of Perceived Interfirm Dependence
B. Nooteboom and H. Berger in Industrial Supplier Relations

95116 F. Kleibergen and H. Hcek Bayesian Analysis uf ARMA models using Noninformative
Priors

95117 1. Lernmen and 5. Eijffinger The Fundamental Determiniants of Financial Integration in
the European Union

95118 B. Meijboom and 1. Rongen Clus[ering, Logistics, and Spatial Economics

95119 A. de 1ong, F. de Roon An Empirical Analysis of the Hedging Effectiveness of
and C. Veld Currency Futures



No. Author(s) Title

95120 J. Miller The Effects of Labour Market Policies When There is a
Loss of Skill During Unemployment

9512I S. Eijffinger, M. Hoeberichts Optimal Conservativeness in the Rogoff (1985) Model: A
and I:. Schaling Graphical and Closcd-Porm Solution

95122 W. Ploberger and H. Bierens Asymptotic Power of the Integrated Conditional Moment
Test Against Global and Large Local Alternatives

95123 H. Bierens Nonparame[ric Cointegration Analysis

95124 H. Bierens and W. Ploberger Asymptotic Theory of Integra[ed Conditional Moment Tests

95125 E. van Damme Equilibrium Selection in Team Games

95126 1. Potters and F. van Winden Comparative Statics of a Signaling Game: An Experimental
Study

9601 U. Gneezy Probability Judgements in Multi-Stage Problems:
Experimental Evidence of Systematic Biases

9602 C. Fernández and M. Steel On Bayesian lnferen~~e un~~er Sampling fr:~ir. Sca!e "".ixtures
of Normals

9603 J. Osiewalski and M. Steel Numerical Tools for the Bayesian Analysis of Stochastic
Frontier Models

9604 J. Potters and J. Wit Bets and Bids: Favorite-Longshot Bias and Winner's Curse

9605 H. Gremmen and J. Potters Assessing the Efficacy of Gaming in Economics Educating

9606 1. Potters and F. van Winden 'fhe Performance of Professionals and Students in an
Experimantal Study of Lobbying

9607 J.Kleijnen, B. Bettonvil Validation of Simulation Models: Regression Analysis
and W. van Grcenendaal Revisited

9608 C. Fershttnan and N. Gandal The Effect of the Arab Boycott on Israel: The Automobile
Market

9609 H. Uhlig Bayesian Vector Autoregressions with Stochastic Volatility

9610 G. Hendrikse Organizational Change and Vested Interests

9611 F. lanssen, R. Heuts and On the (R,s,Q) Inventory Model when Demand is Modelled
T. de Kok as a compound Bernoulli Process

9612 G. Fiestras-Janeiro Protective Behaviour in Games
P. Borm and F. van Megen

9613 F. van Megen, G. Facchini, S[rong Nash Equilibria and the Potential Maximizer
P. Borm and S. Tijs



No. Author(s)

9614 J. Miller

9615 H. Huizinga

9616 G. Asheim and
M. Dufwenberg

9617 C. Fernández, 1. Osiewalski
and M. Stee)

9618 H. Huízinga

Title

Do Labour Market Programmes Necessarily Crowd out
Regular Employment? - A Matching Model Analysis

Unemployment Benefits and Redistributive Tazation in the
Presence of Labor Quality Externalities

Admissibility and Common Knowlegde

On the Use of Panel Data in Bayesian Stochastic Frontier
Models

Intrafirm Information Transfers and Wages

9619 B. Melenberg and B. Werker On the Pricing of Options in Incomplete Markets

9620 F. Kleibergen

9621 F. Janssen, R. Heuts
and T. de Kok

9622 F. Gruot, C. Withagen
and A. de leeuw

Reduced Rank Regression using Generalized Method of
Moments Estimators

The Value of Information in an (R,s,Q) Inventory Model

Strong Time-Consistency in the Cartel-Versus-Fringe Model

9623 R. Euwals and A. van Sces[ Desired and Actual Labour Supply of Unmarried Men and
Women in the Netherlands

9624 M. Khanman, M. Perry
and P.J. Reny

9625 C. Eaves, G. van der Laan
D. Talman and Z. Yang

9626 H. Blcemen and A. Kalwij

9627 P. Bolton

9628 C. Fershtman and Y. Weiss

9629 P.M. Kort, G. Feichtinger
R.F. Hartl and
1.L. Haunschmied

9630 C. Fershunan and
A. de Zeeuw

9631 A. Cukierman

9632 A. Cukierman

9633 F. de Roon, C. Veld
and J. Wei

An Ex-Post Envy-Free and Efficient Allocation Mechanism:
Imperfect Information Without Common Priors

Balanced Simplices on Polytopes

Female Employment and Timing of Births Decisions:
a Multiple State Transition Model

Strategic Experimentation: a Revision

Social Rewards, Externalities and Stable Preferences

Optimal Enforcement Policies (Crackdowns) on a Drug
Market

Tradeable Emission Permi[s in Oligopoly

The Economics of Central Banking

Targeting Monetary Aggregates and Inflation in Europe

A Study on the Efficiency of the Market for Dutch Long
Term Call Options



No. Author(s)

9634 B. van Aarle, L. Bovenberg
M. Raith

9635 G. van der Laan, D. Talman
and Z. Yang

9636 l. Brouwer, J. van der Put
C. Veld

9637 M. Berg,
F. van der Duyn Schouten
and 1. Jansen

9638 F.C. Drost and
C.A.J. Klaassen

9639 A.G. de Kok and
F.B.S.L.P.lanssen

Title

Money, Fiscal Deficits and Government Debt in a Monetary
Union

Existence of and Equilibrium in a Competitive Economy
with Indivisibilities and Money

Contrarian Investment Strategies in a European Context

Op[imal Service Policies to Remote Customers with
Delay-Limits

Efficient Estimation in Semiparametric GARCH Models

Demand Management in Multi-Stage Distribution Chain

9640 D.A. Freund, T.J. Kniesner How Managed Care Affects Medicaid Utilization A
A.T. LoSasso Synthetic Difference-in-Differences Zero-Inflated Count

Model

9641 M.J. Lee Instrumental Variable Estimation For Linear Panel Data
Models

9642 W. Hiirdle, E. Mammen and Testing Parametric versus Semiparametric Modelling in
M. Muller Generalized Linear Models

9643 C. Dustmann, N. Rajah and Part-Time Work, School Success and School Leaving
A. van Soest

9644 S.C.W. Eijffinger and The Trade Off Between Central Bank [ndependence and
M. Hoeberichts Conservativeness

9645 R. Sarin and P. Wakker A Single-Stage Approach to Anscombe and Aumann's
Expected Utility

9646 1.P. Ziliak and T.J. Kniesner The Importance of Sample Attrition in Life Cycle Labor
Supply Estimation

9647 P.M. Kort Optimal RBeD Investments of the Firm

9648 M.P. Berg Performance Comparisons for Maintained Items



Pr. ~..., ~---- ---- - ---- -----

u~ u~ïi~~n iNii ui~ïr~ uu i


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22

