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PROBLEMS STUDIED.

General statement. We and our students conducted a research program in probability
and statistics concentrating on applications of non-standard stochastic models subject to
influence of large deviations, extreme values and dependence. We focussed on structural
and distributional properties that explain important relationships and consequences. We
emphasized realistic settings by often testing models with data. The applications areas
covered complex networks of various types including data networks and explored reliability
issues involving estimation, risk analysis and financial control. Our models were typically
non-Gaussian, often driven by Poisson or Levy noises, and often possessed heavy tails and/or
long range dependence; often models exhibited unusual fractal and scaling behavior.

Current budget year. During the final budget year, G. Samorodnitsky worked on the
analysis of stochastic systems, concentrating on the effects of long range dependence and
heavy tails. A surprising onclusion from the work “How Fast Can the Chord-Length Dis-
tribution Decay” with Demichel, Estrade and Kratz [4] is that in the threshold model for
the bi-phasic media the effect of memory on the size of the phases is minimal. On the other
hand, long memory has a major effect on the length of long strange segments and on the
ruin probabilities for moving average processes, as was shown in a joint work with Ghosh,
“Long strange segments, ruin probabilities and the effect of memory on moving average pro-
cesses” [5]. A similar phenomenon was shown to exist in telecommunication transmission
processes, in the work “Function-indexed empirical processes based on an infinite source
Poisson transmission stream” with Roueff and Soulier [13].

Mitra and Resnick have concentrated on accurate estimation of risk regions using a tech-
nique called hidden regular variation. The paper “Hidden Regular Variation: Detection and
Estimation” [11] shows how more accurate estimation could be conducted in higher dimen-
sional problems. This work is ongoing and currently being extended in two directions. One
direction extends to hidden domain of attraction where lower order behavior may be more
general than heavy tailed type but still influential [10]. The other direction is to develop
techniques for exploring more general regions which can influence risk calculations [1].

Lopez-Oliveros and Resnick are in the process of studying the effect of merging different
traffic streams in order to explain the following phenomena: theory [9] predicts cumulative
Internet traffic ought to look Gaussian or heavy tailed but in practice one does not observe
the heavy tailed possibility. We present empirical evidence and theoretical explanation [8].



This project will morph into a project examining the statistical properties of Internet data
segmented by application.

Zeber and Resnick have been considering foundations of the conditional extreme value
model [12] with a view to explaining relationships between different proposed definitions
[7, 6, 2, 3]. The study illuminates the connection of Markov dependence and the conditional
extreme value model and this is the subject of current intensive study.

IMPORTANT RESULTS

Our goal has been to understand and quantify the effects of heavy tails and long range
dependence on complex systems subject to risk in order to better estimate failure and ex-
ceedance probabilities. This has led to improved risk estimates using a unified theory of
heavy tails on cones that relates hidden regular variation, conditional limit laws and tradi-
tional theory. We have developed sensitive and sensible empirical tools to validate new and
classical heavy tailed models from data. We have clarified how long range dependence and
heavy tails affect frequency of rare but potentially disastrous events. We have been able to
infer the structure of a spatial heavy tailed random field using the severity and clustering of
peaks and valleys. By example we have shown that in the presence of long memory, what
was thought to be a 100 year event assuming lack of memory becomes a 10year event when
properly accounting for long memory. We have also demonstrated by example that classical
estimation methods based on the Gaussian copula and multivariate extreme value theory
result in an inaccurate estimate of the probability of simultaneous exceedance of critical
thresholds to be zero when in actual fact, our improved methods yield significant non-zero
probabilities.
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