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Comment

Richard E. Barlow and Zohel S. Khalil

Rukhin and Hsieh should be thanked for preparing
this survey because it must have involved considerable
time and effort to dig out and interpret such a large
volume of research work. However, this survey article
could be by no means a complete review of Soviet
work in reliability theory. An excellent short survey
of Soviet work in asymptotic methods in reliability
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theory appeared in Advances in Applied Probability by
Gertsbakh (1984). Rukhin and Hsieh have expanded
their survey to include additional topics in reliability
theory. It would have been helpful had they also
mentioned the related excellent work of Brown (1987),
Brown and Ge (1984) and Keilson (1979, 1986) in this
country, because their work is very close and overlaps
in many respects the work of the Gnedenko school of
reliability at Moscow University.

One of us (Khalil) was a Ph.D. thesis student of
Gnedenko at the beginning of the era of the Moscow
school of reliability theory. He studied at Moscow
University from 1963-1969 and has kept in contact
with Gnedenko. Hence, we will first give a short
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historic review of people and places that prompted the
prolific outpouring of contributions to reliability the-
ory by the Moscow school and then contrast the Soviet
and U. S. reliability research efforts.

In 1964-1965, Gnedenko established the first re-
search seminar on reliability in the Soviet Union. This
seminar took place on a regular weekly basis in the
statistics laboratory of Moscow State University of
Lomonosov. It encouraged many engineers, probabil-
ists and statisticians to start working on different
aspects of reliability theory. Many of these were people
working on queuing theory and operations research.
Gnedenko himself and many of his colleagues and
students were constant speakers in this seminar.
Among these were Belyayev, Chepurin, Kovolyuk Ko-
valenko, Kozlov, Kashtanov, Kalashnikov, Solovyev,
Schnepps, Tomko, Ushakov and many others. This
seminar produced many fundamental papers over a
period of more than 10 years. These papers were
published in local journals as well as in the proceedings
of annual summar schools of probability and statistics.
These schools were held in several cities of the Soviet
Union such as Vilnius, Tashkent, Kiev and cities of
the East-block countries, Sophia, Varna, Warsaw and
others.

The first book by Barlow and Proschan, Mathemat-
ical Theory of Reliability (1965), perhaps the first
mathematically rigorous book in reliability theory,
was translated and published in the Soviet Union in
1969. However, Gnedenko, Belyayev and Solovyev
also published their book Mathematical Methods in
the Theory of Reliability in 1965 and the English
translation appeared in 1969. This book was per-
haps more of a general statistics text than a book
on reliability theory per se. The 1965 Barlow and
Proschan book had a great impact on Soviet con-
tributions in reliability theory. (The second book by
Barlow and Proschan (1975) mentioned by Rukhin
and Hsieh was not published in Russian translation
until 1984.)

The Gnedenko school of reliability has produced
many scholars working on different aspects of the
theory. Within the Soviet Union many of these are
established scholars in many research institutes of
Moscow, in the universities of the Ukraine, the uni-
versities of the Baltic states, in Central Asia and
Soviet Georgia. Outside the Soviet Union many of
these scholars work in the research institutes and
universities of Bulgaria, East Germany, Egypt, Algeria
and many other places. The authors in these countries
have numerous results in reliability theory published
locally and internationally. Among these are Mah-
moud, Senoussi-Bereksi, Fahim, Barakat and many
others.

Gnedenko’s (1964a, 1964b) papers on standby
redundancy have led to many contributions by his

students over the late sixties and all of the seventies.
Specifically, papers were published on various standby
systems where Laplace-Stieltjes transforms of systems
lifetime distributions were derived and important limit
theorems were established. Also, relatively recent pa-
pers on random sums of independent random variables
and their limiting behavior known as “transfer type
theorems” have wide applicability in reliability theory
because a large number of reliability problems are
described by probability models involving summation
of a random number of random variables.

The references to Soviet and non-Soviet authors is
very limited both in Parts I and II. Many East and
West European authors have contributed as well as
Japanese, Egyptian and Indian authors. In the early
1960s, the series “Selected Translations in Probability
and Mathematical Statistics” appeared. This series,
published jointly by the Institute of Mathematical
Statistics and the American Mathematical Society,
contained several translated papers by Soviet re-
searchers and guest researchers to the Soviet Union.
Many of these papers are original contributions to
reliability theory.

As Rukhin and Hsieh have noted, Soviet research
in statistical inference is limited at best. Of the Soviet
school, Belyayev seems to be one of those most inter-
ested in the Bayesian approach in statistical inference.
However, on the whole, the Gnedenko school has not
been enthusiastic about the Bayesian approach.

It is our impression that reliability theory research
in the Soviet Union is more organized than is the case
in the U. S. Also, the gap between university investi-
gators and reliability engineers may be wider in the
U. S. than in the Soviet Union. Information flow in
reliability research, vis-a-vis U. S. and Soviet work,
seems to be largely one way—toward the Soviet Union.
This may be in part because of secrecy in the Soviet
Union as well as the language, which may be more of
a barrier for U. S. researchers than for the Soviets.
On the other hand, there are many instances where
similar research discoveries seem to have taken place

" almost at the same time without either party being

aware of the other. The reference to the paper by
Zhegalov (1986) (actually published in the Soviet
Union in 1985) may be a case in point. His result that
k out of n system reliability when components have
different reliabilities may be computed in O(n?) run-
ning time was published in the JEEE Transactions on
Reliability in 1984 (pages 322-323). (However, in this
case, the result was no doubt long known to complexity
theorists in this country.) In terms of the review by
Rukhin and Hsieh, it would seem that they may be
behind in computational complexity research relative
to network reliability (cf. the August 1986 network
reliability survey issue of the IEEE Transactions on
Reliability).
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Comment

Nozer D. Singpurwalla

This paper provides valuable service to those inter-
ested in reliability theory and its applications. The
material in this paper, together with a cursory reading
of some of its references leads me to conclude that:

1. Any serious student of reliability (and also
biometry) cannot afford to overlook the Soviet Journal
of Computer and System Sciences or its predecessor
Engineering Cybernetics.

2. Soviet researchers appear to be more knowledg-
able about the developments in reliability in the West
than their Western counterparts, particularly those in
the United States, and that this is true even when it

* pertains to the work of such distinguished scholars as
Gnedenko, Belyayev, Solovyev, Ushakov, Kordonskiy
and Kartashov. The above is particularly disturbing—
I too am guilty of it—because English language trans-
lations of Engineering Cybernetics and the Soviet
Journal of Computer and System Sciences have been
available for quite some time.

3. The unclassified Soviet research in reliability
attempts to address technically difficult problems with
a tendency to emphasize mathematical detail, many
times at the cost of relevance and sometimes at the
cost of elegance.

4. Unlike what is currently happening in Great
Britain, Western Europe and the United States, the
conspicuous and noteworthy absence of a Bayesian

. perspective on reliability has left the Soviet research-
ers working in a frame of reference that is reminiscent
of an era prevalent in the midseventies and before.

Thus for example, it should be the theory of extreme

values for exchangeable random variables that should
be used for system reliability modeling rather
than Gnedenko’s development for independent and
identically distributed (iid) random variables. With
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Belyayev’s venture into an investigation of the
behavior of posterior densities of parameters in relia-
bility models, a welcome thaw in the above state of
affairs appears to be looming on the horizon. However,
given Belyayev’s orientation, this work emphasizes
the mathematics of weak convergence of stochastic
processes and in so doing loses some of its pragmatic
appeal.

5. That there seems to be a dearth of Soviet litera-
ture addressing the important topics of component
dependencies in multicomponent systems, the reliabil-
ity of multistate systems and measures of importance
of coherent systems. The latter appear to be widely
used in the nuclear reactor industry (cf. Barlow,
Fussell and Singpurwalla, 1975), and the former two
are a challenge to all researchers in reliability. Given
the Soviet engineer’s affinity for Zadeh’s (1965, 1973)
possibility theory and fuzzy logic, it is surprising that
the above concepts have not been explored by them
for application in multistate reliability theory.

Rukhin and Hsieh’s claim that the Soviet literature
on reliability emphasizes probability modeling over
inference has truth to it; however, this is also the case
in the West, wherein the number of papers in the
former overwhelms those in the latter. To appreciate
this point, one has simply to scan journals such as the
IEEE Transactions in Reliability, the Journal of Ap-
plied Probability, Operations Research, Stochastic
Processes and Their Applications and the Naval Re-
search Logistics Quarterly. The fortunate situation in
the West is that journals that are predominantly
statistical in orientation, such as the Journal of the
American Statistical Association, The Annals of Statis-
tics, the Journal of the Royal Statistical Society,
Biometrika and The American Statistician, recognizing
the importance of the role of statistical inference
in reliability problems, have been receptive and sup-
portive of papers in reliability. It is my hope that
Statistical Science will also continue to uphold this
fine tradition. A possible reason for the above sense



