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This report presents a summary of our research under the project entitled
PLife testing and reliability with applications in engineering systems.¥ Dir-
ections of our major advances include: an extension of the classical stress-
strength reliability analyses so as to include informations on the covariates;
efficiency studies of the modified least squares estimators in accelerated life

tests; inferences to compare two exponential distributicns with jointly censored

samples; study of moment properties of the hazard-rate functions and \\\\\
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( .evaluation of the exact Fisher information in censored data; study of the ]

~" properties of Box-Cox transformations in light of Kullback-lLiebler information, ’
and providing guidance for the choice of a transformation of 1ife data towards
improved model fitting and inferences.
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Problems studied and important results

1. Accelerated life tests.

Experimental programs designed to ascertain the 1ife expectancy of
structures are often expediously performed by testing the structure at stress
conditions that are more severe than normal operating conditions. Our work
(1) focuses on a class of models which assumes a parametric family of life
distributions and a linear relation of the logarithm of the scale parameter
on the stress variables. The asymptotic normality of the modified least
squares estimators (MLSE) and the maximum Vikelihood estimators (MLE) are
established under easily verifiable conditions. Expressions for the
asymptotic efficiency of the MLSE are derived, and numerical comparisons
are investigated for the Weibull, exponential, and gamma families. The
work (2) extends these results to the situations where the failure time
data are type Il censored on the right. The loss of efficiency of the MLSE
is investigated in relation to the severity of censoring and the nature of
spread of the design points.

2. Statistical analyses with censored life test data.

In most life testing experiments, one is confronted with situations
where observations are terminated before all experimental units have failed.
Savings in the cost of experimentation as well as the expediency of making
early decisions are compelling reasons for observing incomplete samples.
Parametric inferences with censored data confront many situations where the
minimal sufficient statistics are not complete, and the standard theories of
optimal estimation and hypothesis testing do not apply. Even with negative
exponential failure times, this situation arises in two-sample comparative
experiments where the data are censored at a specified total number of
failures in. the combined sample.

The problem of testing the equality of two exponential distributions
is investigated in (3) under combined type II censoring. This work includes
the exact distributions and moment properties of the failure counts and the
total times on test, asymptotic distributions under local alternatives, and
the development of an invariant test that maximizes the Pitman efficiency.

The work (4) deals with an evaluation of the exact Fisher information
for censored data, and it improves over earlier results which were based on
large sample approximations. The concept of hazard rate function is extended,
some fundamental moment relations are established, and interesting applica-
tions are studied for the normal and gamma distributions.

3. Stress-strenqth models in reliability.

Some progress is reported in (5) concerning the formulation of
statistical models that incorporate covariates into the stress-strength
reliability framework. For instance, in the context of firing of rockets,
the operating pressure (stress) may depend on the ambient temperature (t),




and consequently, can be viewed as a random variable whose mean is a

function of t. Identifiable concomitants of strength may also be
incorporated as covariates. Thus, we are led naturally to inferences

on the survival probability conditional on the specified value(s) of the
covariate(s). Specific emphases of our research include Bayesian analysis
with some parametric models, especially, normal and exponential, simultaneous
confidence statements on the reliability for a range of values of the
covariate, nonparametric estimation techniques, and methods of setting the
target value of the covariate so as to ensure high reliability.

4, Selecting transformations with life distributions.

Transformations have greatly expanded the domain of application of
many important statistical techniques. Our work (6) concerning the large
sample behavior of the Box-Cox transformations, has substantially clarified
the role of key assumptions. Moreover, it relates the choice of a trans-
formation to one that minimizes the Kullback-Liebler information number between
the transformed variable and a normal.

These ideas can be extended to treat the selection of a transformation
that will improve the fit of data to gamma, Weibull or other typical life
distributions. Some preliminary work in this direction (7) describes how
the selection of an extreme value distribition, from among all three types,
reduces to the problem of choosing a transformation to the negative exponen-
tial distribution.

Oftentimes failure data are available only in grouped form. Yet, for
descriptive or predictive purposes, it may be desirable to transform to
either a nearly normal or exponential distribution. In (8) we introduce
procedures for selecting good transformations for grouped or censored data.
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