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Professor Moshe Shaked passed away on October 28, 2014. Throughout his career, Moshe
Shaked made numerous significant contributions to stochastic orders and distribution the-
ory, and served the probability and statistics community as an associate editor for several
journals/book series, and as a member of the scientific/organizing committees for academic
conferences in mathematics, statistics and engineering. In particular, he served on the edi-
torial board of this journal since its founding in 1999; he worked tirelessly and helped it
become a major journal in applied probability. The journal is publishing this special issue
in his memory, with contributions from his colleagues, friends and former students. A
biographical sketch of Moshe Shaked and a short description of his major research achieve-
ments, discussed in Li and Li (2013) and Li and Shanthikumar (2015), are highlighted here,
and an outline of the articles that make up the present issue is also presented.
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1 Moshe Shaked (1945-2014)

Moshe Shaked was born on February 21, 1945 in Jerusalem, Israel, to a Polish immigrant
family. He attended the Hebrew University of Jerusalem and received B.A. cum laude in
1967 and M.A. in 1971, and then he pursued his graduate studies in statistics at the Uni-
versity of Rochester from 1971 to 1975. He received a Ph.D. degree in statistics under the
supervision of Professor Albert W. Marshall in 1975 with his Ph.D. dissertation entitled
“On Concepts of Positive Dependence”. Moshe Shaked served as an assistant professor at
the University of New Mexico from 1975 to 1978, and at Indiana University from 1978 to
1981, while taking a visiting position at the University of British Columbia from 1978 to
1979. In 1981, Moshe Shaked became an associate professor of mathematics at the Univer-
sity of Arizona, then, in 1986, a full professor at the same institution, where he remained
until his retirement in the summer of 2013. Moshe Shaked lived in Tucson, Arizona, with
his wife Edith; their extended family includes two daughters, Shanna (son-in-law, Jasper)
and Lila, son Tal (daughter-in-law, Carrie), and two grandchildren, Zinnia and Zia.

Moshe Shaked published over 180 papers and 3 books, and his principal research con-
tributions lie in stochastic orders, stochastic dependence, multivariate distributions, and
stochastic processes. Beginning with his Ph.D. thesis, he and early collaborators introduced
and studied positive and negative dependence concepts and their applications to multi-
variate shock models. Their results shed new light on constructions of multivariate life
distributions with aging properties. In the 1980s, Moshe Shaked and his collaborators sys-
tematically studied, via the stochastic-process approach, multivariate aging and multivariate
hazards, that extend the univariate case and include well-known, classic multivariate life
distributions, such as the Marshall-Olkin distribution, as special cases.
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Many distributions can be viewed as the distributions of hitting times of stochastic pro-
cesses, and distributional features such as stochastic dependence and multivariate aging
often emerge from the underlying stochastic processes that satisfy certain structural prop-
erties. One property is stochastic monotonicity and can be defined with respect to various
stochastic orders; for example, a discrete-time, homogenous Markov chain {Xn, n ≥ 0}
with state space R is said to be stochastically monotone if

E[φ(Xn|Xn−1 = x)] ≤ E[φ(Xn|Xn−1 = x′)], whenever x ≤ x′, (1.1)

for all non-decreasing functions φ : R → R, provided that the expectations exist. A stochas-
tic order used in stochastically monotone systems can be the strong one, such as (1.1),
focusing on the comparisons of system survival probabilities over various time instants
sequentially. Some stochastic systems can only be compared using weak orders. One exam-
ple of weak stochastic orders is the increasing and convex order that uses the set of all
increasing and convex functions φ(·) in integral representation (1.1). Many stochastic sys-
tems used in reliability and queueing modeling are indeed stochastically monotone, and
aging and dependence properties arise in a very natural way from stochastic monotonic-
ity. From the late 1980s to early 1990s, Moshe Shaked focused on this fundamental feature
of stochastic processes in the context of reliability modeling, and he and his collaborators
obtained aging and dependence properties of hitting times of stochastic processes under var-
ious stochastic monotonicity assumptions. Their proofs made sophisticated use of coupling
techniques and the methods used in the research can be used to deriving similar results on
stochastic systems with general partially ordered Polish state spaces. At around the same
time, Moshe Shaked and his collaborators introduced in a series of papers stochastic convex-
ity, and in particular, they developed a theory of stochastic convexity for Markov processes.
The pioneering studies of Moshe Shaked and his collaborators on aging first passage times
had enormous impact in reliability theory and queueing modeling.

The studies on stochastic orders have a long history, and an early study on stochas-
tic orders of type (1.1) involving convex functions can be traced back to the work of the
Serbian mathematician Jovan Karamata in 1932 (Karamata 1932). The systematic studies
on stochastic orders and their applications to various areas have been intensified since the
1960s, most notably by researchers with interests in reliability theory and queueing mod-
eling, and more recently by researchers working in financial risk management. Known as
the dilation order, the stochastic comparison with respect to all continuous convex functions
φ(·) is closely related to the notion of majorization. The theory of stochastic inequalities
based on majorization has applications in many fields in mathematics, statistics and engi-
neering (Marshall et al. 2011). In the 1990s, Moshe Shaked and his collaborators developed
a theory of stochastic majorization and stochastic rearrangements, and made far-reaching
contributions of stochastic orders in optimal allocations.

Moshe Shaked’s books (Shaked and Shanthikumar 1994, 2006) on stochastic orders,
coauthored with George Shanthikumar, became instant influential classics in the field after
publications. The analysis of stochastic orders and exploitation of their deeper properties
often lead to breakthroughs in deriving sharp probability inequalities, analyzing dispersion
and concentration of probability measures, establishing performance comparison of com-
plex stochastic systems, characterizing stochastic dependence, etc. The growing applica-
tions of stochastic orders in statistics, operations research, and risk analysis might not have
happened without the advocacy and persistence of Moshe Shaked and his collaborators.
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Moshe Shaked’s contribution is extremely broad. During his career, Moshe Shaked also
made seminal contributions to the following areas:

• Factorizations of multivariate random walks;
• Accelerated life tests – inference, nonparametric approach, and goodness-of-fit;
• Multivariate phase-type distributions;
• Use of antithetic variables in simulation;
• The effects of random environment of lifetimes in reliability theory;
• Study of multivariate imperfect repair and optimal maintenance policies in reliability

theory;
• Comparisons of experiments and applications;
• Scientific activity and truth acquisition in social epistemology;
• Linkages as a tool for construction of multivariate distributions;
• Inventory centralization costs and games;
• Introduction and study of failure profiles of coherent systems; etc.

Throughout his career, Moshe Shaked exemplified the highest standards of scholarship
and professionalism. He always made high demands on scientific quality as well as on
motivations and clarity, to collaborators and students alike. Moshe Shaked was invited to
speak and lecture at numerous international conferences and institutions, and he and his
wife Edith traveled together frequently. After lectures or at conference social events, Moshe
Shaked often worked on problems with collaborators or with friends, intensively and one
after another. His university retirement did not slow him down, socially and academically;
in the summer of 2014, Moshe Shaked and Edith visited Poland for the first time and he
delivered a plenary talk at a conference on ordered statistical data analysis in Poznan. Moshe
Shaked left an extraordinary legacy and will be dearly missed by many people whose lives
have been positively impacted by him.

2 In This Special Issue

This special issue in memory of Moshe Shaked is composed of 12 articles, which are listed
in the alphabetical order of first authors. The topics of these 12 articles are summarized as
follows.

1. Arlotto and Steele proved a central limit theorem and showed that the mean-optimal
policies are economically appropriate in the classic inventory model of Bulinskaya,
when the expected value does not always capture the full economic reality in decision
making.

2. Ansari and Rüschendorf studied stochastic odering for conditionally comonotonic
(respectively, antimonotonic) random variables and obtained explicit results in depen-
dence on distributional parameters for elliptical models and for the multivariate
Samuelson model.

3. Bellini, Klar and Müller introduced the expectile order and derived necessary and
sufficient conditions for the expectile order to be equivalent to the pointwise ordering
of the Omega ratios.

4. Brown and S. Li derived sharp bounds for the Kolmogorov distance between the
stationary renewal distribution of an NWUE distribution and exponential distribu-
tions under some constraints on means, and applied the bounds to studying geometric
convolutions and to analyzing first passage times.
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5. Cha and Finkelstein studied the shot noise processes driven by a generalized Polya
process and derived the survival probability and its failure rate for the corresponding
survival model.

6. Colini-Baldeschi, Scarsini and Vaccari formulated the variance allocation problem for
the sum of possibly dependent random variables as a cooperative game, and showed
that the Shapley value, served as the allocation criterion, possesses a very simple form
that can be easily computed.

7. Feng and Shanthikumar considered a general formulation of resource allocation where
each unit has one or two random parameters and the overall performance of the system
is mapped by a function on the vector of unit responses generated by all the units in the
system. They derived the conditions under which the random system performance as
a function of resource allocations has the stochastic arrangement increasing property.

8. Goldstein and Rinott revisited the well-known BKR inequality that the probability
that the events A and B occur for disjoint reasons is bounded above by the product
of the probability of A and the probability of B. They proved a BKR-type inequality
by extending the BKR operation to events occurring for disjoint reasons with high
probability thresholds.

9. Joe introduced a multivariate version of the stochastically increasing ordering of con-
ditional distributions and derived the properties of conditional distributions in some
copula-based models under different positive dependence assumptions.

10. Lefèvre, Loisel and Utev analyzed Schur-constant survival models for discrete random
variables. They proved that the associated partial sum process is a non-homogeneous
Markov chain.

11. H. Li introduced operator regular variation for copulas and showed that the copulas
with operator tail dependence, incorporated with regularly varying univariate margins,
give rise to a rich class of the non-standard multivariate regularly varying distributions.

12. Wang and Resnick extended the regular variation relation to discrete mass functions
and their associated measures using the concept that the mass function can be embed-
ded in a joint density function with continuous arguments. They then applied the
results to the preferential attachment network model, showing that the joint mass
function of in- and out-degree is embeddable and thus regularly varying.
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