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PREFACE
OPERATIONS

During the 12 months ending June 30, 1983, Mathematics and
Statistics Research (MSR) logged 35,497 hours of effort in research and
service to the components of Union Carbide Corporation Nuclear Division:
(UCC-ND) and other local U. S. Department of Energy (DOE) contractors.
0f the effort expended, 41% was on projects managed by MSR, 35% was for
consulting and collaboration with the Oak Ridge National Laboratory

: (ORNL) divisions, 21% was for the UCC-ND production and technical sup-
' port staff, and 3% was for all other activities. This distribution of
2 effort is shown in the figure below.

ORNL-DWG 83-2907 FED

PRODUCTION :
AND TECHNICAL

Distribution of Mathematic¢s and Statistics Research Effort

ix



The research projects managed by MSR during this period included
five projects funded by the DOE Office of Basic Energy Sciences, two
funded by the DOE Office of Health and Environmental Research, one by
the Nuclear Regulatory Commission, and one by the National Geodetic
Survey. The figure below shows the distribution of hours charged to
these projects. The progress made in these projects is described in the

appropriate chapters of this report.
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Research in the Applied Analysis Category for the DOE Office of
Basic Energy Sciences has been reorganized during this report period to
reflect current MSR research directions. Research in the Materials
Science Project has been discontinued, and a new project entitled
Applied Analysis has been formed. This new project includes our re-
search on moving boundary problems and a new initiative on problems in
stochastic analysis. Thus, the former Moving Boundary Problems Project
has also been dissolved, being subsumed by the new project.

0f the total time logged by the department staff, 56% was devoted to
assisting scientists and engineers in other units of UCC-ND. The dis-
tribution of this effort is shown in the bar chart below.
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PERSONNEL

Several personnel changes took place during the past 12 months.
D. A. Gardiner transferred to the Y-12 Plant accepting a position as
Senior Staff Consultant. P. K. Stuber returned to Tennessee Techno-
logical University to continue her studies tbward an undergraduate
degree. C. K. Bayne, S.-J. Chang, M. H. Hsie, and C. B. Yount trans-
ferred to Technical Applications of Computer Sciences, Engineering
Technology Division, Information Systems of Computer Sciences, and
Central Staff of Computer Sciences, respectively. V. E. Kane accepted
an employment offer from the Ford Motor Company.'

New employees are G. A. Geist and M. L. Stephens in the Mathe-
matics Section, D. L. Poole in the Secretarial Support Section, and
D. C. Schlotzhauer in Statistics Section B.

Several changes also occurred in the management of MSR.
R. C. Ward accepted the position of Head of Mathematics and Statistics
Research; D. G. Gosslee agreed to reassume some management duties and '
accepted the position of Acting Head of Statistics Section A; and
A. D. Solomon accepted the position of Head of the Mathematics Section.

The current organization chart is shown on the followiny pdye.
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SUMMARY

This report is the twenty-sixth in the series of progress reports
of Mathematics and Statistics Research of the Computer Sciences organi-
zation, Union Carbide Corporation-Nuclear Division.

Part A records research progress in analysis of large data sets,
applied analysis, biometrics research, computational statistics,
materials science applications, numerical linear algebra, and risk
analysis. '

Collaboration and consulting with others throughout the 0Oak Ridge
Department of Energy complex are recorded in Part B. Included are
sections on biological sciences, energy, engineering, environmental
sciences, health and safety, and safegquards.

Part C summarizes the various educational activities in which the
staff was engaged. Part D lists the presentations of research results,
and Part E records the staff's other professional activities during the
report period.

XV
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PART A. MATHEMATICAL AND STATISTICAL RESEARCH

1. ANALYSIS OF LARGE DATA SETS

C. K. Bayne! T. J. Mitchell
J. J. Beauchamp C. A. Serbin
N. R. Draper2 H. Tsao®

L. J. Gray. T. Wright

V. E. Kane?3

G. P. McCabe"

COMPARISON OF DISCRIMINATION MODELS

" Work has continued on comparing the pérformance of Fisher's linear
and quadratic discriminant functions with the logistic linear and
quadratic discriminant functions for classifying observations from
three types of bivariate distributions.® The simulation study results
provided the following generalizations: (1) Lhe optimal maximum
likelihood procedure is preferable for the data types considered, but
requires distributional modeling; (2) the standard linear discriminant
function (LDF) is least sensitive to small sample sizes; (3) the
quadratic discriminant function's (QDF) distributional robustness
depends upon the type of nonnormality present and its performance was
found to be sensitive to sample size; and (4) the logistic procedures
(LLF and QLF) perform poorly for small misclassification probabilities
(pT.S 0.15) and small sample sizes (n < 25) even though, theoretiéa]]y,
they are distributionally robust for the exponential fami]y when the
discrimination model is correct. A theoretical cxplanation for the

(—



poor performance of the LLF for small values of Py in the bivariate-
normal-equal-covariance case was derived from an examination of some

7 The theoretical

logistic regression diagnostics given by Pregibon.
explanation demonstrated that only a few "outlier" observations that
can occur between two separated populations can have an appreciable
influence on the estimated parameters of the LLF. Figure 1 shows a
comparison of the performance of the LDF to other discriminant func-
tions using the mean square error (MSE) and bias ratios. This figure
demonstrates the importance of selecting the appropriate function for
the discrimination piroblem.

The a]gorithm8 developed to calculate the misclassificdlion proba-
bilities for the second-order diseriminant functions used to classify
observations from bivariate normal populations has been updated to make
use of currently available subroutines. The computer program has been
extensively tested to ensure that the program adheres to a portable
subset of ANSI FORTRAN 66.

DATA-BASED TRANSFORMATIONS

In the traditional approach to classification using discriminant
analysis, a Lransformation is selected without regard for the trans-
formation's effect on misclassification probabilities. Research has
started on the application of the power transformation to bivariate
observations from two populations and the examination of estimated mis-
classification probabilities when consideration 1s restricled Lu a
linear discriminant function. A computer algorithm has been written to
obtain the marginal as well as joint maximum likelihood estimates of
the power transformation parameters for a given data set. Modifica-
tions to the algorithm have also been made to allow for “jaCkkniTe”s'
1ike estimates of the transformation parameters and misclassification
probabilities to be obtained as well as resubstitution estimates of the
misclassification probabilities. In addition, estimates of the mis-
classification probabilities for the untransformed data are obtained

for comparative purposes. The difference between the estimated

<
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Fig. 1. MSE and bias ratio vs Pr for bivariate normal dat':é *\/N'ith equal

covariance matrices (n = 100).



misclassification probabilities from the transformed and untransformed
data can form the basis for an evaluation of the effect of the trans-
formation. A simulation study has been done to examine the effect of
the transformation when the correct transformation to achieve normé]ity
is known. ‘- Preliminary results from the simulation study indicate for
values of the transformation parameter in the (0,1]-interval that the
major effect of the transformation is found for values near 0 where the
difference between the transformed and untransformed misclassification
probabilities can be more than 50% when consideration is restricted to
d linear discriminant function,

BAYESIAN RCGRESSION IN THE PRESENCE OF MULTICOLLINEARITY

Large data sets based on observation of physical or economic pro-

cesses rather than on designed experiments frequently exhibit “multi-
.collinearity"; i.e., the observed values of some of the variables can
be very nearly approximated by linear combinations of the values of
other variables. If several of the "explanatory" variables happen to
be multicollinear, this causes great difficulty in regression analyses
of such data sets. In essence, there'is not enough information in the
data to determine with adequate precision the individugl effects of
these variables on Lhe "respunse" variahle.

The. Bayesian way of dealing with this problem is to bring in
additional "information" by means of a prior distribution on the vector
of regression coefficients, B. Usually a multinormal distribution is
chosen because theoretical results in the form of formulas for the
relevant posterior distributions are readily available. The main
practical problem in this case 1s the choice of the prior mean and
covqriance matrix. We have shown that this chbice can be made easily
if one is willing to specify a priori that the true résponse values of
interest are normally distributed, independentiy and identically. The
responses'"of interest" may include future values and hypothetical

- cases as well as data already observed. Imposing the model assumptions
on this prior distribution then generates the appropriate prior on B;



the mean and covariance matrix (up to a multiplicative constant) of
this distribution are completely specified. The subsequent analysis
yields a special kind of "ridge estimator", which in certain special
cases can be shown equivalent to the “shrinkage estimator" and the
Hoerl-Kennard ridge estimator. Both of these estimators are popular
alternatives to the least-squares estimator when multicollinearity is -
present. The advantage of the present approach is that it can be used
much more generally in settings where neither of these estimators is
appropriate.

OPTIMIZATION OF RETENTION PROBABILITY
WITH PPS SAMPLING FROM UPDATED FRAMES

A classical problem in sampling from a finite stratified popula-
tion is the estimation of a population total, Y, where it is important
that the random choice of a unit from the stratum be made with proba-
bility proportional to the measure of size (PPS) of that unit. When
sampling frames, such as that which supports Form EIA-782B (formerly
called Form EIA-9A), are updated, the measures of size associated with
the population units frequently will change due to net growtﬁ, births,
deaths, and mergers. Since these measures of size can be used in esﬁi-
mation, efficiency requirements dictate that significant relative
changes in size should be followed by an updated sample. Because of
the high cost of obtaining accurate auxiliary information on new re-
spondents and of familiarizing them with reporting procedures, it is
often desirable to retain as many respondents as possible from the
original sample (based on the outdated measures of size) for the new
sample (based on the updated measures of size). Keyfitz® and Cohen!®
have considered this problem when one unit is to be selected from each
stratum,

We have demonstrated that a linear programming approach solves not
only the problem of maximizing the probability of retention, but also
that the linear programming approach can be used to solve other related
prohlems, including the problem of minimizing the probability of
retention. We have shown that Keyfitz's solution is only one of the



possibly infinite solutions offered by the linear programming
approach. We also have shown how the technique of linear programming
can be used with PPS sampling when one selects two units from each

stratum without replacement.
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2. APPLIED ANALYSIS

V. Alexiades C. A. Serbin
L. J. Gra¥ A. D. Solomon
T. Kaplan D. G. Wilson

R. Mills?
MOVING BOUNDARY PROBLEMS

Our major attention has continued to be focused on binary alloy
solidification, Significant questions of both mathematical and practi-
cal importance revolve around the existence and behavior of "mushy"
regions in the neighborhood of the solid/liquid boundary. We have
attempted to confront these problems by introducing a number of alter-
native models of material activity in such a region. We believe that
we have succeeded in developing a theoretically consistent mathematical
model of binary alloy solidifications which includes the possibility of
mushy regions but does not require their existence. Additional effort
was expended in a systematic investigation of existing numerical
methods for solving moving boundary problems. A great variety of such
methods exist, ranging from schemes for explicitly tracking a moving
front to weak solution approaches. A survey paper“ is in preparation
which will present a comparison and evaluation of numerous different
methods. Other results of our work during the past year include: the
extension of the enthalpy method to the case of a region consisting of
a number of regions with different thermophysical properties; continued
expansion of our bibliographic files on moving boundary problems; and
some success in implementing adaptive learning techniques for boundary
value problems involving the heat equation.

We have developed a new formulation of the mathematical modeT for
binary alloy solidification. This model i3 based on a noncquilibrium
thermodynamic analysis of the physical process. Its salient feature is
the appearance of a new variable the "liquid fraction" of material.
This variable takes values in the closed interval [0,1] with 0 corre-
sponding to the solid phase, 1 corresponding to the liquid phase, and



intermediate values corresponding to a mushy region. The liquid
fraction is-defined by the classical Lever rule involving the tempera-
ture, concentration and phase diagram relations. The liquid fraction
appears explicitly in the conservation relation for energy. The mathe-
matical problem consists of a pair of coupled nonlinear parabolic
partial differential equations, which are to hold in a distributional
sense in the entire alloy region, together with appropriate initial and
boundary conditions. Analysis of this model is proceeding on two
fronts., We are investigating the usual theoretical questions of exis-
tence, uniqueness, and continuous dependence of solutions for the
mathematical problem; and we are implementing the madel in a camputer
algorithm to gain some numerical experience with it.

We have initiated a study of nuherica] methods for moving boundary
problems. The object of this study is to identify which methods are
suitable for which kinds of problems. A few of the approaches being
evaluated are: the variable mesh methods of Douglas and Gallie, front
fixing techniques arising from Landau's method, schemes basad on the
method of lines, weak solution approaches, and the use of the penalty
parameter for the problem corresponding to the freezing index. Compu-
tational implications of variational inequality formulations are also
being examined. This study will include finite difference and finite
element techniques in two and three dimensions. Preliminary results
indicate that front tfacking methods are best for giving precise loca-
tion of the moving boundary, but weak solution methods are easier to
implement. '

STOCHASTIC ANALYSIS

‘The development of efforts to apply and extend the coherent-
potential approximation (CPA) for random substitutional alloys has
followed two somewhat independent lines since the idea was first put
forward in 1967 by Soven and Taylor. On the one hand there have been
the more formal efforts looking for effective cluster type approxima-
tions,> and finding a testing ground in simple models such as single



band systems. On the other hand there have been many efforts to work
with realistic models. For electronic properties, this started with
Soven's use of a CPA-type approximation for muffin-tin potentials; this
lead to various ways of calculating physical properties of real systems
using an on-the-energy-shell multiple-scattering approach, but these
methods did not.go beyond single-site approximations.

We have deve]oped6 systematic multiple-scattering versions of the
recent approximations due to Mills and Ratanavararaksa’ (MR) and
Kaplan, Leath, Gray, and Diehl® (KLGD) which incorporate two important
effects not included in the CPA. These effects are cluster scattering
and environmental disorder. Therefore, these approximations take us
beyond the single-site averaging of the CPA and allow the muffin-tin
potentials in the alloy to depend on the occupation of the surrounding
sites. We have proved that cluster scattering is included in such a
way as to preserve the necessary analytic properties of the approxima-
tion. These multiple-scattering versions of MR and KLGD permit calcu-
lations using on-the-energy-shell t-matrices in the spirit of the
multiple scattering form of the CPA.
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3. BIOMETRICS RESEARCH

S. F. Ebey1 M. D. Morris
E. L. Frome R. L. Schmoyer
T. J. Mitchell

NONPARAMETRIC BIOASSAY

Our research is continuing in dose-response curve estimation based
on the assumption that the estimated curve is sigmoid. A sigmoid
dose-response curve is nondecreasing and is convex at low doses but
becomes concave at high doses. Suppose NlseessNy "trials" are made
at doses X1senesXy Let (pl,...,pk) = p' denote the probabilities of

A
]

"death" at doses xj,...,x,, respectively, and let (51,...,5k) =p
denote the observed proportion of deaths. Let (51,...,5k) = éf denote
the estimate of (pl,...,pk), constrained by the assumption of sigmoi-
dicity. Finally, let D be the kxk diagonal matrix with i-th diagonal
element ni(pi(l-pi))'l. Based on the fact that (pI,...,p;) is
asymptotically a D-weighted linear projection onto a hyperplane that
contains (pl,...,pk),'we have that asymptotically

(-p)'D(p-p) < (B-p)'D(F-p) -

The above 1nequa11ty; and its analog for similarly constrained
estimators, is useful for establishing asymptotic confidence intervals
and hypothesis tests, since the right-hand side of the inequality is |
asymptotically a chi-square random variable. The asymptotic tests
appear to be much more powerful than previously derived tests which do
not depend on asymptotic theory, but are based on rather severe
approximations. The details of the above derivation have been

summarized in a manuscript.2
A COMPUTER PROGRAM FOR THE ANALYSIS OF DISEASE PREVALENCE DATA

Work has been completed on the description and extended documen-
tation of a computer program for the statistical analysis of necropsy
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data arising from survival experiments (with perhaps some serial
sacrifice) on populations of laboratory animals. Such experiments are
common, for example, in the testing of potential risk factors, e.g.,
exposdre to chemicals or radiation, for possible carcinogenic effects.

The methodology, which is based primarily on the use of log-linear
models to express and test the assumptions of the investigator, has
been previously described.®’" The computer program and its use in
estimating the model parameters and in testing hypotheses are described
in a report.5

Many biological investigations involve repeated observations often
made on the same experimental unit. This frequently produces measure-
ments which are statistically correlated. We have examined the
precision of the unweighted sample mean under a model in which each
measurement has the same population mean and variance, and the correla-
tion between any two measurements is a positive constant raised to a
power which is the absolute difference between measurement times. This
model is the first order autoregressive model often used in time series
analysis. _

Our work is concerned with the design of such experiments when the
sample mean is to be used as an estimator of the unknown common popula-
tion mean. We first examined designs which consist of a number of
equally spaced observations placed throughout a tixed time interval.
The primary conclusion of this work is that there is an optimal finite
sample size; if this sample size is exceeded, the standard error of the
estimator actually increases.

We are now considering the question of what spacing of observa-
tions is optimal., Given a time interval, a sample size, and a degree
of correlation, we have characterized the optimal design in the sense
of minimizing the standard error of the sample mean. In many applica-
tions, the degree of correlation is unknown. However, our results
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offer practical guidelines to aid in designing studies even when only a
rough approximation of the correlation is available.

RELATIVE RISK ESTIMATION USING POISSON REGRESSION MODELS

Summarizing relative risk estimates across strata of a covariate
is commonly doné in comparative epidemiologic studies of incidence or
mortality. A method for summarizing relative risk using previously
developed Poisson rate ana1y5156 has been described and illustrated
with examples of cancer incidence and mortality data.’ Under certain
conditions Poisson regression yields summary estimators that agreed
closely with results obtained by conventional Mantel-Haenszel and rate
standardization methods. An advantage of Poisson regression is its
utility in modeling disease frequency, as demonstrated with examples of
nonlinear models predicted by the multi-stage theory of carcinogenesis.

MAXIMUM LIKELIHOOD ESTIMATION FOR CYTOGENETIC DOSE RESPONSE CURVES

In vitro dose-response curves are used to describe the relation
between the yield of dicentric chromosome aberrations and radiation
dosé for human lymphocytes. The dicentric yields follow the Poisson
distribution, and the expected yield depends on both the magnitude and
the temporal distribution of the dose for low LET radiation. A general
dose-response moadel that describes this relation has been obtained by
Kellerer and Rossi using the theory of dual radiation action. The
yield of elementary lesions is given by K[Yd+g(t,T)d2], where t is the
time and d is dose. The coefficient of the d% term is determined by
the recovery function and the temporal model of irradiation. Two
speciaT cases of practical interest are split-dose and continuous
exposure experiments, and the resulting models are intrinsically non-
linear in the parameters. A general purpose maximum likelihood esti-
mation procedure has been developed and illustrated with numerical

8

examples from both experimental designs. Poisson regression analysis

was used for estimation, hypothesis testing, and regression
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diagnostics. Results from the estimation procedure have been discussed
in the context of exposure assessment procedures for both acute and
chronic human radiation exposure.
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4. COMPUTATIONAL STATISTICS

K. 0. Bowman M. D. Morris
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E. L. Frome R. L. Schmoyer
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T. J. Mitchell R. C. Ward

COMPROMISE DESIGNS FOR ESTIMATION AND DETECTION OF LACK OF FIT

Current computer algorithms for designing experiments are based on
the assumption that the expectation (n) of the response variable (y) is
related to p design variables x through the linear model:

n = g1fi(x) (1)

where B; is a kj-vector of unknown coefficients and f1(§) is a
ky-vector of known functions of x. The design criterion is usually a
function of the kyx k, variance-covariance matrix of the least squares
estimator él. Such criteria focus on precise estimation of g,, given
that the model assumption (1) holds. Unfortunately, designs that are
optimal with respect to these criteria are often virtually incapable of

assessing the adequacy of the proposed model. Similarly, algorithms
that focus only on the ability to detect lack of fit may not produce
designs that are good for estimating B1.

During the past year, we have continued research into the
construction of "“compromise designs," which are good with respect to
both kinds of criteria (precise estimation and detection of lack of
fit) without being optimal with respect to either. In order to take
better advantage of existing algorithms for constructing "D-optimal"
designs, we have changed the "precise estimation" criterion from the
average variance of %ifl(i) as reported previously® to the determinant

~ A

n
of M= ) f(x.)f'(xi), where x., i=1,2,...,n, are the n design points.
=1 - -

The "lack of fit" criterion remains Cz’ the average of the noncen-
trality parameter for testing the lack-of-fit of the model (1).

It is desirable to choose designs with large Cg and IMI, We
regard a design as inadmissible if there exists another design with

15
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criterion values C¥ and |M|* such that C* > C, and |M|* 2_|M| with
strict inequality for at least one criterion. It can be shown that any

design that maximizes the mixed criterion
C(a) = (1-a) log |M| +aC, (2)

for some o is admissible. We are currently modifying the algorithm
DETMAX, which was designed to produce D-optimal designs, to construct
designs that are optimal with respect to C(a). Some preliminary
results have been obtained for a test case in which it is desired to
select a fraction of a 2k factorial design far precisely estimating the
main effects while providing a good test for the presence of
interactions.

Development of an alternative algorithm, based on the branch-and-
bound approach of Welch, 1s also under way. This will be applied to
the mixed criterion (2) and also to the problem of generating all
admissible designs for a given design problem,

COMPROMISE DESIGNS FOR FACTORIAL EXPERIMENTS

Morris and Mitchell® discussed a design optimality critarion,
tr(E), for selecting experimental plans which provide relatively
powerful tests for lack of fit in the proposed model. In the same
report, a strategy for constructing “compromise" designs was
described. This involves augmenting tr(L)-optimal designs with
experimental runs which maximize the determinant of the information
matrix for the assumed model (the object of D-optimality). These
designs are intended to provide good properties for both estimation of
parameters in the assumed model and detection of lack of fit.

We have recently constructed compromise designs for two-level
factorial experiments, where the first order model is assumed. Designs
which are tr(L)-optimal for detecting lack of fit due to two-factor
interactions were augmented using the computer program DETMAX , ©
Designs were constructed for k = 3 through 9, and n = k + 2 through

2k + 1, where k is the number of factors and n is the number of
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experimental runs, These designs will be cataloged in an ORNL
technical report to be published later this year.

MINIMUM SIZE OF SEARCH DESIGNS

Srivastava’ defined search linear models and designs, a special
case of which is described as follows:

ot Ey) = A8, V(y) = 1

where y is an n-element vector of observations, A is a matrix of known
2

~

constants determined by an experimental design, o is the known or
unknown variance of each observation, and B is a p-element vector of
unknown parameters, We know that at most k elements of B8 are nonzero,
but do not know which elements these are. The required ;earch design
must allow for simultaneous estimation of any k .elements of 8.
Srivastava showed that a necessary and sufficient condition for this
estimation property is that every 2k columns from A be Tinearly
independent.

We have shown that when all elements of A are +1 or -1 (as
with two-level factorial experiments), the number of runs in the
experimental design (rows of A) must be at least 2k + logp(p/(2k-1))-1.
This bound is larger and, hence, more informative than Srivastava's

bound of 2k when p is large relative to k..
A GRAPHICAL INTERPRETATION OF STEIN'S PHENOMENON

Computer graphics is a dramatically burgeoning new information
medium. Two- and three-dimensional graphical displays of physical and
mathematical phenomena now provide insights that were previously not

8 computer graphics are

readily obtained. 1In the present application,
used to interpret a phenomenon, first pointed out by Stein,’ that the
usual minimum variance unbiased (MVU) estimators of three or more
multivariate normal means are dominated in terms of mean squared esti-
mators by certain biased “shrinking" estimators, This shortcomning of

MVU estimators, along with the fact that it occurs in three or more,
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but not one or two, dimensions is perplexing. The theoretical argu-
ments supporting it do not provide much intuitive insight into why it
occurs.

After a simple reduction to a canonical problem, the way that
shrinking estimators operate has been revealed in three-dimensional
plots. Their effect has been shown to be detrimental along exactly one
coordinate direction, but positive in the other coordinate directions.
Further, these inferences did not depend on the dimension. Thus, it
was demonstrated that as the dimension increases from one, the overall
benefit of shrinking increases; and as the dimension changes from two
to three, it becomes positive.

MAXIMUM LIKELIHOOD ESTIMATOR OF GAMMA DISTRIBUTION

A new comnputer algorithm for the fast evaluation of the maximum
likelihood estimators of the two-parameter gamma density was developed

d.19 The method also lends itself well to the assessment

and documente
of the higher moments of the estimators of the shape and scale

parameters and their distributions,
COMPUTATION OF THE POLYGAMMA FUNCTILIONS

The psi (digamma) and polygamma functions are often used in
conjunction with problems relating to the gamma probability den-
sity. 19!l preyiously available programs ‘2213 for computing these
functions are inadequate in some situations. We have developed and

documented a more general program for this purpose.
COMPUTERIZED FAA DI BRUNO'S FORMULA
Let z = G(y) and y = f(x) be two functions such that all

derivatives of G(y) and f(x) up to order n exist. The usual formula

for the nth derivative is given by Faa di Bruno as
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d"z _ n! -~ d"g P1 P2 Pn
—5 =1 m Ok Ik, vt Ky
dx p1!p2!...ph! dy
S
where 9g = l— d f(:) s
sl dx

and the summation is over all partitions of n such that

PL* P2+ oo *pp=m,
piky + poko + oo # phkh =n.

We now have a new notational approach which enables the formula to be
computed avoiding the usual combinatorial summation.

The algorithm can be used in the derivation of explicit formulas
for the cumulants of a probability distribution in terms of its moments
and vice versa. It is also useful in the application of Taylor expan-
sion methods to the approximation of the distributions of sample sta-
tistics, particularly for the Gamma and Weibull distributions.

AN ALGORITHM FOR LINEAR DEPENDENCY ANALYSIS

A FORTRAN code has been developed for performing Linear Dependency
Analysist" (LDA) on multivariate data. LDA provides a procedure for
assessing the number of dependencies in the data and for computing com-
peting dependency structures. Many of the disadvantages of using the
classical approaches, such as principal component analysis and factor
analysts, to study dependencies are eliminated in the LDA approach.
Initial testing has indicated that LDA can provide data analysts with a
powerful tool in assessing multivariate dependencies,

The portable code uses only stable orthogonal transformations
throughout the algorithmls and relies heavily on the knowh‘structure of
the covariance matrix of variables containing linear dependencies.
Competing dependencies are assessed by examining all possible subsets
of predictor and estimated variables and eliminating computation, when

possible, via a sequential deletion process.
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It should be emphasized that the LDA procedure is not generally
intended to be a sing]e-pass analysis. The code has different input
and output options allowing the user to select those that are appro-
priate for a particular stage of analysis or state of prior knowledge.
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5. MATERIALS SCIENCE APPLICATIONS
S.-J. Chang? S. M. Ohr?
INCLINED PILEUP OF SCREW DISLOCATIONS AT THE CRACK TIP

1. Without a Dislocation Free Zone. Inclined pileup of disloca-
tions has been observed frequently in a transmission electron micro-

" scope. > %

[ts effect on the fracture of metal has been the object of
our study, The phenomenon of inclined pileup is modeled by a contin-
uous distribution of screw dislocations in the pileup region, By con-
sidering the force balance at each dislocation due to the applied
force, the friction force, and the forces due to other dislocations,

a singular integral equation can be established for the distribution
function of the screw dislocations. This integral equation has been
solved by the Wiener-Hopf technique applied to the Mellin transform of
the equation, and an analytical expression for the distribution func-
tion is thereby obtained. From this solution we have derived a simple
form for the condition of finite stress at the end of the pileup zone,
sometimes referred to as the BCS or Dugdale condition, and for the
total number of dislocations under the restriction of this condition.
Numerical results from these two expressions imply that the energy
required to generate an inclined pileup of screw dislocations does not
vary significantly for ¢ in the range - /3 < ¢ < m, where ¢ is the
angle of incliination from the plane of the crack. This result is
consistent with observations.

2. With a Dislocation Free Zone. The inclined pileup of disloca-
tions at the crack tip as observed in the transmission electron micro-
scope frequently shows a dislocation free zone (DFZ) located between
the crack tip and the region of the pileup. Linear pileup of screw
dislocations for this case is modeled by an integral equation similar
to that for the problem without a dislocation free zone. The integral
equation has been solved by the extended Wiener-Hopf technique, a
generalization of the Wiener-Hopf technique. The stress distributions
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within the DFZ and in the region outside the plastic zone are obtained
in analytical forms. From this solution we derive expressions for the
condition of finite stress at the end of the plastic zone, referred to
as the DFZ condition, and for the total number of dislocations. Both
of these results are generalizations of the BCS case in that they
reduce to the corresponding result for the BCS case as the length of
the dislocation free zone goes to zero. Numerical results indicate
that the true stress intensity factor is approximdtely a function of
the length of the DFZ and is not sensitive to the magnitude of the
angle of inclination. The plastic zone size does not. vary
significantly for ¢ in the range - /3 < ¢ < n/3.
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6. NUMERICAL LINEAR ALGEBRA
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SPARSE LEAST SQUARES PROBLEMS

Development continued on algorithms for solving sparse least
squares problems, Building on previously developed capabilities, 3
recent emphasis has been on increased generality in updating schemes
and on condition number estimation. In addition to solving least
squares problems by QR factorization, new algorithms have been devel-
oped for solving underdetermined linear systems by LQ] factorization.
This approach has been generalized to cope with underdetermined systems
which are rank deficient, inconsistent, or require updating. A general
survey of methods for sparse least squares problems was prepared for

presentation at the 1982 Sparse Matrix Symposium, °
THE FORCE METHOD FOR STRUCTURAL ANALYSIS

Historically there are two principal methods of matrix structural
analysis, the displacement (or stiffness) method and the force (or
flexibility) method. In recent times the force method has been used
relatively little because the displacement method has Been deemed
easier to implement on digital computers, especially for large sparse
systems. The force method has theoretical advantages, however, for
multiple redesign problems or nonlinear elastic analysis because it
allows the solution of modified problems without restarting the compu-
tation from the beginning. An implementation of the force method has
been developed which is numerically stable and preserves sparsity.6
Although it is motivated by earlier elimination schemes, in our
approach each of the two main phases of the force method is carried out
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using orthogonal factorization techniques recently developed for linear
least squares problems.

SPARSE MATRIX SOFTWARE CATALOG

In order to provide a central clearinghouse of information on
research in sparse matrix computations, a sparse matrix software
cataloy was prepared for distribution at the Sparse Matrix Symposium
held on October 24-27, 1982, in Fairfield Glade, Tennessee. Most major
areas of sparse matrix computations are represented in the catalog,
including operations on sparse matrices, systems of linear equations,
least squares, eigenvalues, optimization, ordinary and partial differ-
ential equations, and selected applications. For each software pack-
age, the catalog contains information on the problem domain to which
the software is applicable, method of solution, language and port-
ability details, references to dbcumentation, and a contact for further
information or acquiring the software. The collecting, collating, and
reporting of this information were accomplished by means of a form
which was circulated among researchers in this field.

COMPUTATIONAL METHODS FOR SINGULAR IRREDUCIBLE M-MATRICES

Markov queuing networks give rise to very large, sparse, irreduc-
ible, sinyular (zero column sums) M-matrices A. The stationary proba-
bility distribution vector is the solution to a homogeneous system of
linear equations Ax=0. Certain economic, betroleum reservoir, compart-
mental, and discrete Neumann problems give rise to related systems.

The splitting A = M - N with the matrix M having symmetric zero struc-
ture has been shown to be a regular splitting.7 A sparse LU factoriza-
tion of a symmetric permutation of M can be obtained using a standard
symmetric ordering such as minimum degree, and pivoting for stability
is unnecessary. Splitting strategies including those that have the
larger elements of A in M have been compared. Sensitivity of the solu-
tion vector x is being studied, and updating methods for these systems
are being investigated.
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7. RISK ANALYSIS
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MAN AND MACHINE: PROBABILISTIC LEARNING MODELS

Parvin and Grammas* developed a learning model which has man and
machine as input factors in a learning process. They presented a
mathematical model in which they assumed the probabi]ity that a machine
operator makes an error changes from trial to trial. In particular,
the probability that the person makes an error at the nth trial was
assumed to be 1/(n+l). They studied the random variable S, the number
of errors made in a fixed number of trials, and gave an expression for
the mean value of S. These results were extended to learning models
.with arbitrary choice of probabilities from trial to trial. At this
level of generality, expressions were obtained for the mean and
variance of S and some distributional properties of S were also
derived. The probability distribution of S was shown to satisfy a
recursive relation which led to interesting connections with results
found in combinatorial theory.

Consider a sequence of independent Bernoulli trials
x,
failure. 1In the context of the learning model Pn denotes the proba-

: né1,2,...}, where Xn=1 denotes a success and Xn=0 denotes a

bility that no error is made on the nth execution of the task, and

p, = P[X =1] = 1-q. = 1-P[X =0] . (1)

Let Sn denote the number of "successes" (i.e., the number of error-free
executions of the task) in the first n trials. It is well known that
the mean and variance. of Sn are given by

E(S,)) = Py + p2 +euet p s (2)
and Var(Sn) = p1dy *...tpa. - (3)

In general, it is not possible to give an expression for the
probability density function for 5 , denoted by P[Sn=k] faor
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k =0, 1, 2...,n. However, the following recursive relation can easily

be verified:

P[Sn+1=k] =, PIS,=k] + pp.q P[S,=k-1]- (4)
Let
P[S. =k P[S =k
R(n,k) = (5= = [Sp7k] (5)
P[S,=0] d19;...q,
and the "odds ratio"
By = Pn/a, (6)
The recursivée relation (4) becomes
R(n+1,k) = R(n,k) + Pl R(n,k-1) (7)
with the boundary conditions
R(n,0) =1
R(n,n) = B1B2...8 . ' (8)

Using the odds ratios, ohe can construct a table of values of
R(n,k) based on (7). More interestingly, given a sequence of odds
ratios {%1} and the recursion (7), one can construct a general learning
model by taking

n

P[Sn=kj = R(n,k) / jfl (1+Bj)’ (9)

The special case P = i/(i+1) and q; = 1/(i+1) gives the model con-
sidered by Parvin and Grammas.® For this case B, = n and (7) becomes

R(n+1,k) = R(n,k) + (n+1) R(n,k-1) (10)
which 1s the recursion satisfied by Stirling Numbers of the First Kind.

Further details may be found in a forthcoming paper.5

PROPAGATION OF UNCERTAINTIES

In the context of propagation of uncertainties in a system,
X15X25000,X  are considered to be the input variables characterizing
the components of a system. The output variable y = f(xl,xz,...,xn)
may be defined by a computer algorithm as opposed to an analytical
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expression. The problem of the propagation of uncertainties is the
'prob]em of finding the uncertainty in the output variable for given
uncertainties in the input variables.

The methodology for performing an uncertainty analysis in compli-
cated systems is still under development. Many of the methods in use
today are based on computer codes and have been used successfully in
radiation pathway problems, probabilistic risk assessment, nuclear
safety, and related areas. Important contributions have been made in
the following topics: (1) screening of variables by using methods such
as adjoint techniques; (2) finding approximating functions for the out-
put by using the techniques of response surface methodology; (3) find-
ing the distributional properties of this approximating function either
exactly or by using Monte Carlo or Latin hypercube sampling methods;
and (4) aggregating these aspects in applications. Pitfalls in the
above procedures have been identified and discussed in review

papers.s’?
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PART B. STATISTICAL AND MATHEMATICAL COLLABORATION

8. BIOLOGICAL SCIENCES

L. M. Adams® S. J. Kennell
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K. B. Jacobson! J. B. Storer!
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DIESEL FUEL AEROSOLS

Results from "Phase II", an incomplete block experiment to assess
the effect of diesel fuel aerosol "smoke" screens on rats; have been
analyzed. Factors, dose (0, 8, or 12 mg-hr/liter), time of exposure (2
or 6 hours), and frequency (1 time/week for 9 weeks or 3 times per week
for 3 weeks) were, for logistical reasons, necessarily confounded into
three blocks of four runs each. The design of the experiment admitted
unbiased estimation of main and second-order effects., Significant and
important changes with dose were seen in body weights and in the amount
and types of pulmonary free cells.

The Phase II experiment served as a pilot study for Phase III, a
25-week experiment run with 27 exposures at doses 0, .25, .75, and 1.5
mg-hr/liter. The 27 exposures were given during the first 14 weeks,
with the remaining time used to assess recovery. Endpoints included

body weights, food consumption, pulmonary free cells, tissue weights,
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pulmonary functions, startle reflex, and a battery of clinical chem-
istry tests. Each of the four dose groups, including the dose-0
controls, were loaded into aerosol chambers to receive the treatments.
To assess the effect of loading, an unloaded control group was also
included for many endpoints.

The data from Phase III are now being analyzed. Since Phase III
represents exposures both more chronic and at lower doses than those in
Phase II, observed effects are likely to be more subtle. Nevertheless,
the treatment appears to have a clear effect on several endpoints,
especially budy weights.

BINDING OF MONOCLONAL ANTIBODY TO TUMOR CELLS

Monoclonal antibodies are used for immunoassays and radioimaging of
primary and metastatic tumors. These functions require efficient bind-
ing of antibody to cell surface antigen. To assay for direct binding .
of radiolabeled antibody to viable cells, antibody diluted in growth
medium was incubated with tumor cells. In.each experiment a series of
successive incubations was performed and the amount of antibody bound
in each incuhation was recorded. If the (unknown) fraction o of anti-
body bound is the same for each incubation, then 1t can be shuwn that

Y = 2n [Ab bound] = X #n (1-8) + 2n [no6/(1-6)]

where X is the incubation number and n is the (unknown) total active
antibody. This model was fitted to the data as a linear regression of.
Y vs X; estimates of n and & were then derived frum the estimates of
the slope and intercept of the regression 11ne.

RELATIVE BIOLOGICAL EFFICIENCY (RBL) OF FISSION NEUTRONS
AT LOW DOSES FOR LIFE SHORTENING IN MICE

We have analyzed recently published data on the effects of low
doses of fission neutrons on the mean survival times of mice. The
analysis for single dose.exposures was confined to doses of 20 rad or
less, while for fractionated exposures only total doses of 80 rad or
less were considered., We used the well known power function model,
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life shortening = BDA where D is the radiation dose, to fit the single
exposure data. Under the assumption that the life shortening effects
from each of a series of exposures are additive, the expected life
shortening for fractionated exposures is then BDAnl'A, where n is the
number of fractions. By comparing the observed life shortening for the
fractionated exposures with that predicted using the values of g and

A estimated from the single exposures, we were able to show that at low
doses per fraction, either 1) the effects are not additive or

2) x> 0.9. Analysis of the data for gamma rays showed that an
exponent of 1.0 gave an acceptable fit., Taken together, these findings
indicate that the RBE for neutrons cannot change more rapidly with
neutron dose than about RBEN = k/DNO'}, where k depends on strain and
sex. This Sogflicts with the more widely accepted relationship,

RBEN = k/DN .

CELL TRANSPLANTATION BIOASSAY

In a cell transplantation assay experiment, conducted in the Biol-
ogy Division of ORNL, cells are injected into host mice at two sites
per mouse., The number of sites giving rise to colonies after injection
of irradiated cells relative to that after injection of nonirradiated
control cells is a measure of the viability of the irradiated cells.

Aé reported previous]ys, a statistical proceduré was developed to esti-
mate the Dgg, i.e., the cell dose which gives rise to colonies at 50%
of the sites, for irradiated cells relative to the Dg, for unirradiated
control cells.

These estimates of Dso have now been used to express the relation-
ship between cell viability and radiation dose by fitting the model

D500 =y L1 - exp(-x/x) "
Dso(X)
where X is the radiation dose, and N and X, are parameters to be

estimated by the fitting procedure.
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Two experiments were analyzed: (1) injection 24 hours after expo-
sure, and (2) immediate injection. In each experiment the doses were
0, 100, 300, 600, 900 and 1200 rads. Fitting was done by weighted
nonlinear least squares using the SAS procedure NLIN. A chi-square
statistic based on the residual sum of squares was used to test the fit
of the model. The fit was good for experiment (2) but not for experi-
ment (1).. For experiment (2), an approximate 95% confidence region for
the parameters N and Xg was also obtained.

LEVELS OF SIGNIFICANCE OF TESTS ON SMALL PROPORTIONS

The research on statistical tests for potential mutagens6

was
continued by investigating levels of significance for several methods
to test the difference between proportions. In the context of sample
size estimation and the power of tests, the discrepancy between nominal
and actual levels of significance is important and especially important
when the proportions are small. For Np < 1 the tests are generally
conservative with large differences in degree among the tests. For
example, for Np = 0.46, N > 50 and a nominal level of 0.05, the actual
level of signiticance for the angular transformation test is 0.05 while
for Fisher's exact test it is approximately 0.0001. Levels of signifi-
cance using the Freeman-Tukey transformation and the chi-test were also
investigated. A preliminary investigation on sample size estimation
and the power of these tests was also completed. ‘

Computer programs have been written in FORTRAN for the PDP-10 to
calculate the level of significance, the power and the required sample
size for each of the methods of testing proportions. These programs,
which are well documented, produce tables as specified by input
parameters, ‘

TOXICITY OF METAL IONS
Multivariable analyses of the toxicity of metal ions are under way

to identify those properties of metal ions which are correlated with
toxicity. The new statistical methods of regression diagnostics are



35

being used to develop models which correlate well with LD50s in mice - i
and LC50s in Drosophﬂa.7 Eleven, of over 30, properties have been
studied resulting in the selection of four properties which jointly
increase the correlation coefficient markedly as compared with the
largest correlation between toxicity and any single property. The
regression diagnostic methods of analyzing multi-collinearity are
important in variable selection. Their use increases the likelihood of
excluding variables which may improve the model only because of an
outlier or other nonrepeatable peculiarity of the data. In this
manner, several properties will be selected from the entire set. In
addition, diagnostics will be applied to the regression for each
response on these few variables to investigate the influence of each of

the metal ions.
CIRCADIAN RHYTHM IN MITOTIC CELL FREQUENCIES

In order to plan experiments that will yield objective data on the
effect of radiation on the cell-cycle properties of spermatogonial stem
cells, the possibility that spermatogonial stem cells may have a
circadian rhythm must be considered. A recent experiment determined
the mitotic index throughout the 24-hour period.8 Statistical tests of
significance indicated that the diurnal variation was random, so that
future experiments can be planned under the assumption that the mitotic
index is unaffected by time of day.

The statistical analyses tested and accounted for variation among
animals and stages of cell growth. Chi-square tests, nonparametric
tests and tests based on circular distributions all indicated that the
variation in mitotic index among different times of day was not
significant and could be considered to be random.
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9. ENERGY
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SOFTWARE FOR COMPUTER-AIDED CONTROL SYSTEM DESIGN

The objective of this project is to specify the requirements for a
computer software package for computer-aided control system design
(CACSD). The package is to have the capability to solve control and
estimation problems in the design, modeling, and analysis of dynamic
systems. The package is to organize existing results into a unified
body of software which will furnish a standardized set of tools and
services and allow long-term maintenance and growth. Although it is
primarily intended to provide the electric utility industry with the
conceptual tools needed for the planning, engineering, and operation of
the electric energy systems of the future, it will be equally appli-
cable to many other areas. The issues addressed in the current study
include selecting the programming language to be used and the
algorithms to be included, assessing the impact of potential
applications and future hardware, establishing coding standards, and
determining needed support of graphics and software tools.

DEVELOPMENT OF THE ENERGY INFORMATION ADMINISTRATION (EIA) SAMPLING
FRAME OF DISTILLATE AND RESIDUAL FUEL OIL DEALERS (EIA-764)

The EIA-402 Fuel 0il1 Identification Survey was conducted in the
fall of 1979 for the purpose of identifying all marketers of either
No. 2 Distillate Fuel or No..6 Residual Fuel., This EIA-402 sampling
frame had no method of updating auxiliary information or of adding new
companies. ‘

EIA was developing a consolidated Petroleum Product Sales Report
Survey that would require a currepnt 11st of No. 2 distillate fuel oil

AY
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marketers. Therefore, it was necessary to replace the EIA-402 sampling
frame with a more current listing that could be used to select samples
for the Petroleum Product Sales Report as well as other surveys for
which the EIA-402 served as the sampling frame. A major project was
undertaken to update and reconstruct the EIA-402. The new form is
called the EIA-764 Sampling Frame of Distillate and Residual Fuel 0il
Dealers.. The project involved a huge mailout to over 56,000 companies
from Dun's Marketing List; SIC Codes 5171, 5172, and 5173; various
state and industry lists; yellow pages; and 11 EIA frames (including
the EIA-402) in an effort to update information and to identify new
potential respondents. Follow-Up systems proygramninyg, ddld processinyg,
and file cleanup procedures were necessary.

After a clean file was produced, an evaluation of the coverage of
the target population by the EIA-764 was attempted. Suggestions were
made to assist in the coverage evaluation. A repor-‘t6 was produced
which gives a review of the statistical literature on frames. A short
paper7 was also produced which gives some simple properties of a simple
random sample which are not well known.

SAMPLING PLAN FOR FORM ELA-64A SYSTEM ASSESSMENT

A sampling plan was developed to assess the EIA-64A survey (Annual
Report of the Origin of Natural Gas Liquids Production) which provides
the basis for the DOE annual estimation of U.S. proved reserves of
natural gas liquids and dry natural gas. The EIA-64A system assessment
was conducted to 1) assess the validity, meaningfulness, and accuracy
of the data submitted on Form EIA-64A; 2) review and assess the EIA-64A
frame and frame maintenance procedures; 3) identify specific issues and
problems with the EIA-64A system and assess their significance;

4) recommend potential system modifications, as appropriate; and
5) recommend caveats for alerting users to limitations of the data
produced by the system, as appropriate.
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PLATING AND ELLCTROCHLMICAL MACHINING

The development10 ot a computer code to simulate a two-dimenslungal
electrochemical machining (ECM) process is nearing completion. This
code uses the NAG subroutine DO3EAF to solve for the current densities
on the tool and workpiece surfaces. A simple iteration process is then
used to solve for the polarization on each electrode. After cutting,
smoothing routines are then used to produce the new workpiece surface.

Calculations for a rectangular shaped insulated tool are now being
performed. The results will be compared to experiments run on the Y-12
Chemform machine.

LATENT-HEAT THERMAL ENERGY STORAGE

During the reporting period, collaboration with the Latent Heat
Thermal Energy Storage efforts centered upon the further development of
a computer simulation of passive solar heating of a building with
contained phase change material (PCM). The purpose of the simulation
program is to serve as a tool for addressing the question of what bene-
fits, if any, are to be derived from the incorporation of a PCM in a
passive solar building structure. Such questions include a) where is
the PCM to be placed, b) what is the "optimal" melting temperature of
the PCM, and c) what are the critical factors and dimensionless
parameters determining the behavior of the overall system. In its
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present state of development, the code is a flexible tool containing
the following elements: a) beam and diffuse radiation from the sun,
with time varying incidence, azimuth and altitude angles; b) PCM
contained in either layers attached to the interior wall surfaces or
placed in an interior "curtain" wall; c) walls consisting of variable
numbers of layers of materials through which heat passes by pure
conduction; d) convective heat transfer between the room air and the
exterior wall surfaces; e) cross radiation between interior wall
surfaces; and f) a "comfort" temperature consisting of a weighted
average of room air temperature and interior surface temperatures.
Results obtained thus far can be summarized as follows:

A) There is a sizable difference between simulation results obtained
when wall sections are represented by lumped “resistance" circuits
and when heat is transferred via pure conduction which is modeled
using finite differences.

B) The chief effects of PCM inclusion are felt in moderating the high
temperatures ordinarily experienced in passive solar structures.

C) There is sizable sensitivity to the choice of such components as
the absorptivity of the exterior surfaces.

D) For our model and the cases run thus far, a PCM melt temperature of

about '70°F would appear to be "optimal" in some sense.

In parallel with the further development of the computer simula-
tion, we have performed some numerical experiments aimed at developing
an “intelligence" and "learning" capability for the reduction ot
computing time. We hope to be able to report more extensively on these
attempts in the report of next year's progress.

ROTOR FORCED RESPONSE, NATURAL FREQUENCIES, BALANCING

"CYLINDER", a rotor dynamics program, was introduced in a previous
annual report.11 Several options have been added in such a way as not
to require modification of established data sets. Users who have
knowledge and need of the new options may specify logical variables in
the input; the default mode of operation is as before. The new options

include deflection plotting, noninteger or nonincremental speeds,
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flexibility of imperfection input, and a variable grid discretization.
The latter allows CYLINDER to more easily specify rotors of different
sizes for stacked cases. In addition modifications are being made to
CYLINDER which provide for more robust convergence to natural

frequencies. N

From CYLINDER the programs SIMCYL and INCYL have evolved.'? SIMCYL
has been used to simulate rotor imperfections and from these to provide
test deflections for INCYL to attempt to calculate the contrived given
1mperféctions. Recently SIMCYL has been separated from INCYL so as to
use laboratory deflection data from which sharp localized imperfections
are expected. As INCYL has evolved from an experimental, frequently
modified program to a production program, run procedures have become
more streamlined. This allows better interfacing between laboratory
deflection data and processing of output imperfections on the Separa-
tion Systems Division's PDP-11.

As reported in the previous annual report,13 software has been
developed for rotor dynamics problems based on modified quadratic
eigenvalue problems.  This work and associated stability problems have
been documented in a Separation Systems Division report. Recently
equations have been derived and programs written for several new
qeometries.

DEVELOPMENT OF "INTELLIGENT" ROBOTIC DEVICES

The aim of this collaborative effort is to aid in the establishment
of a national center for research into intelligent robotic devices.
The approach used has been to establish an "hierarchical" structure for
robotic thinking and strategy formulation. The highest level, or
"organizational" Tlevel, is devoted to the highest level of thought,
while the Towest, or "machine" level, is devoted to mechanical manipu-
lation of joints. The immediate application of the results of research
will be to the robotic devices involved in the fuel recycle program-of
ORNL. Our effort has been aimed at the development and understanding
of the "real world" model and its interaction with strategy
development.
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CONFIDENCE LIMITS FOR THE EXPECTATION OF A POISSON VARIATE

The technical report "Confidence Intervals for the Expectation of a
Poisson Variate" (ORNL/CSD-115), which presents confidence limits on a
Poisson variate and the smallest alternate mean which can be detected
with specified probability, has been published. Existing studies in
the literature consider the problem of testing whether the counts from
a uranium source are zero. This condition is too stringent in most
cases allowing only a small amount of uranium to be present before
setting off the alarm. The new procedure will permit experiments to
assume the presence of a uranium source and assume (or define) the
levels of counts of the uranium source. Many problems exist in finding
confidence limits of a Poisson variable, and results from this report
should be applicahle in numerous other studies,

REFERENCES

y.12 Development Division.

2Separation Systems Division.
3Engineering Physics Division.
L’Uniw‘ersi‘cy of Tennessee at Knoxville.
6Mi]]saps College, Jackson, Mississippif
“Instruments and Controls Division.
8Engineem‘ng Division.

9Co-op Student, Tennessee Technological University.



44

10Mathematics and Statistics Research Department Progress Report,
Period Ending June 30, 1982, ORNL/CSD-105 (August-1982).

g, E. Funderlic, "Mode Shape Analysis and Centrifuge Rotor Response

to Balance Weights," Mathematics and Statistics Research Depart-
ment Progress Report, Period Ending June 30, 1980, ORNL/CSD-61,
p. 29 (September 1980).

12p. E. Funderlic, "Centrifuge Forced Response, Mode Shapes, Balanc-

ing," Mathematics and Statistics Research Department Progress
Report, Period Ending June 30, 1981, ORNL/CSD-82, p. 29 (September
1931).

3Mathematics and Statistics Research Department Progress Report,
Period Ending June 30, 1982, ORNL/CSD-105, p. 54 (August 1982).




11. ENVIRONMENTAL SCIENCES

L. W. Barnthouse? J. J. Elser! M. D. Morris
J. J. Beauchamp P. J. Franco! A. Rosen!

J. E. Breck! J. M, Giddin?s1 R. L. Schmoyer
R. M. Cushman? B. L. Kimmel M. H. Wolfe
S. F. Ebey2 R. Merchant!

EFFECTS OF COAL-DERIVED OIL ON A FRESHWATER ECOSYSTEM

Single species bioassays are useful for indicating relative
toxicities of chemical contaminants but are too simple to estimate
ecosystem-level responses to environmental exposure. Microcosms,
however, mimic general properties of whole ecosystems and provide a
model for evaluation of toxicant effects in a natural context. In this
study, 16 freshwater pond microcosms (76-%) were established in the
laboratory in order to determine the effects of chronic coal-oil
releases on an intact aquatic ecosystem. Experimental factors were
(1) rate of oil application with seven levels plus a control, and
(2) frequency of oil application with two levels, daily and weekly.
Each microcosm was randomly associated with a combination of the two
factors.

Responses examined included water chemistry (e.g., water pH and
conductivity), ecosystem metabolism, and community structure. The data
used in the analysis consisted of eight weekly observations on the
water pH and conductivity responses from each microcosm. Weekly pre-
treatment values were also available from each microcosm. Because of
the lack of replication, except for the control microcosm, the pre-
treatment mean for each microcosm was subtracted from its observed
Eesponses during the treatment period to eliminate the microcosm
differences that might exist. These adjusted responses became the
input for the subsequent analysis. Associated with each experimental
unit, or microcosm, was an observation vector of the weekly response
values for the treatment period.
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The presence of a significant effect associated with frequency of
0il application was examined by using multivariate regression analysis
on the difference between the corresponding observations from daily and
weekly dosed microcosms with the same rate of oil application. The
multivariate regression analysis indicated that frequency of applica-
tion had no significant effect. Therefore, this factor was ignored in
the subsequent analysis and microcosms within a treatment group were
¢onsidered as }eplicates.

With the gain of replication, it was possible to test for signifi-
cant dose effects by applying the growth curve concepts developed by

Grizzle and Allen."

In this final analysis a quadratic function of
time was used to describe the responses for each treatment group. The
resulting estimated parameters for the response curves were then used
to test for significant dose effects. The same estimated parameters
were used as input to a canonical analysis to graphically display the
similarities and differences of the treatment groups. This analysis ~
has been useful in determining those responses that can be signifi-
cantly affected by chronic coal-oil releases, and it will provide
information for comparisons with analogous experiments in outdoor

ponds.
INFLUENCE OF STEMFLOW ON THE DISTRIBUTION OF SOIL SULFATE

Stemflow influence on soil sulfate and pH distribution near the
base of two tree species (red maple and scariet oak) was studied at two
watersheds located in the Cumberland Plateau region of Tennessee. The
soil profile around the base of each sampled tree was sampled at four
specified distances from the base along four transects (upslope, down-
slope, and two transects perpendicular to the upsliope-downsiope
transects). Trees from three different size classes for each species
were sampled to evaluate the effect of tree size on the responses of
soil sulfate and pH.

The experimental factors to be evaluated were (1) site at two
levels, (2) tree species at two levels, (3) tree size at three levels
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within species, (4) transect within tree at four levels, and (5) dis-
tance along transect at four levels. A total of 12 trees was sampled,
one for each combination of factors (1)-(3). All of the information
about factors (1)-(3) could be evaluated through an analysis of 12
means, one from each tree, because of the balance with respect to the
remaining factors {4) and (5). An evaluation of factors (4) and (5)
was accomplished by a pooling of the analysis of the observations for
each individual tree.

In order to have some degrees of freedom left for testing the ef-
fects of transects within trees as well as distances within transects,
a simplyfying assumption was made, This assumption considered the two
transects perpendicular to the upslope-downslope transects as repli-
cates and was reasonable since the primary movement of sulfate would be
determined by the upslope-downslope gradient rather than the perpendic-
ular gradient. This simplification also made it possible to test for
significant transect and distance effects. Although the lack of
replication made it difficult to associate any site differences with
any particular factor such as sulfate input, which differed between the
two sites, the results of this analysis will be helpful in designing
future studies.

EFFECT OF PETROLEUM AND SYNTHETIC OILS ON
REPRODUCTION OF THE MILKWEED BUG

A laboratory study has been conducted to demonstrate the effects,
if any, of two coal-derived synthetic oils and petroleum on reproduc-
tion of the large milkweed bug. A deleterious effect could have an
impact at the population level. The experiment involved exposing
replicate pairs of adult male and female bugs to predetermined doses of
the substances of interest and recording for a three-week period the
number of eggs laid each day. The observations from each replication
were averaged to produce an estimate of the number of eggs laid per day
over the three-week period.

An examination of the replicate fecundity observations far each
substance as a function of dose revealed the presence of heterogeneity
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of variance. Independent observations at each dose were used to esti-
mate the variance of the response at each dose. Using the reciprocal
of these variances made it possible to apply the more appropriate
weighted regression analysis rather than unweighted regression anal-
ysis. A second-order polynomial function of dose was needed to
describe the fecundity relations for each of the synthetic oils.
However, the fecundity values from the petroleum did not change
significantly (P > 0.10) over the experimental dose range, In addi-
tion, the behavior of the dose-fecundity functions was found to be
different for the two oils. The results from the analysis of the
experimental data will be helpful in estimating the response of other
hemipterans to exposure to a synthetic oil from an accidental spill.

ANALYSIS OF PHOSPHORUS DEFICIENCY PATTERNS

Many factors are known to control phytoplankton growth in aquatic
ecosystems, inc]uding témperature, light availability, grazing by
zooplankton and fish, and availability of chemical elements required
for cell growth., In freshwater, phosphorus is the nutrient most often
limiting algal growth. One way of assessing phosphorus deficiency in a
phytoplankton community is to determine the alkaline phosphatase activ-
ity (APA). Alkaline phophatase is an enzyme produced by phytoplankton
when external phosphorus concentrations fall very low. Therefore, if
two samples contain the same amount of algal biomass, then the
phosphorus limitation of the sample containing higher APA levels can be
said to be more severe.

A study was conducted to obtain alkaline phasphatase values from
various areas and depths of three TVA rescrvoirs. The APA data are
usually summarized in terms of a specific APA level, which is the alka-
line phosphatase activity normalized to the size of the phytoplankton
community producing it. This normalization is accomplished by dividing
the phosphatase activity of a sample by the corresponding chlorophyll A
concentration., Independent estimates of the phosphatase activity and
chlorophyll A concentrations were available and confidence limits on
the specific APA were derived.
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An application of Fieller's theorem made it possible to derive an
expression for the variance of the specific APA as a function of the
variances associated with the phosphatase and chlorophyll A concen-
trations. In addition, Satterthwaite's approximation was used to
approximate the degrees of freedom of the variance of the specific APA
necessary to calculate appropriate confidence limits. The results of
this analysis were helpful in evaluating the seasonal pattern of
phosphorus deficiency over the growing season and in assessing the
spatial distribution of phosphorus deficiency in the three reservoirs,

EFFECTS OF A COAL LIQUID ON EMERGENCE OF POND INSECTS

Emergence of aquatic insects has been used for a variety of
research purposes and as an index of the effects of certain toxicants.
In the present study the effect of a synthetic coal-derived liquid fuel
on the emergence of pond insects was investigated. Twelve ponds, which
were of similar construction and similar stock, were randomly allocated
to one of six 0il doses, two ponds per dose wiﬁh one dose being a
control. Floating emergence traps were placed in each pond, and the
number of trapped insects in each trap were recorded weekly for a '
period of eight weeks. Pretreatment observations were also available
on each pond to test for any initial pond differences. The observed
number of trapped insects for each trap-date combination were classi-
fied according to taxon.

The main goal of the data analysis was to test for a significant
dose effect on the emergence patterns. The usual univariate analysis
of variance techniques with dose and time as factors were not appro-
priate. This was because of the lack of independence among the
observations on a particular pond which was the basic experimental
unit. To compensate for this difficulty, the multivariate technique of
profile ana]ysis5 with its associated multiple comparison procedures
was used to test for significant pretreatment differences and for
significant dose effects for each of the taxa. No significant pre-
treatment differences were found among the ponds. Significant
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(P < 0.05) dose effects were observed for total number of insects as
well as for various constituent taxa.

PREDATOR-PREY MODEL

In many aquatic studies it is important to have a realistic model
to describe the amount or weight of prey fish consumed by a predator'
fish.- The understanding of this phenomenon can be quite usetul in
developing a model for an aquatic ecosystem. In the proposed model to
describe the distribution of the weight of prey fish consumed by a
predator fish, the number of fish consumed was assumed to be a
truncated Poisson random variable and the weight of each consumed fish
was assumed to be a normal or lognormal random variable. The random
variable associated with the\weight of consumed fish is known as a
compound Poisson random variable. With the previously stated assump-
fions, expressions for the mean and variance of the compound Poisson N
random variable were derived in closed form for the two cases:
(1) when the weight of consumed fish was normally distributed, and »
(2) when the weight of consumed fish was lognormally distributed. It
is expected that the adequacy of the assumptions will be tested and the
derived expressions will be used with subsequent experimental data.

COMBINING UNCERTAINTIES IN ENVIRONMENTAL RISK ASSESSMENT

One of the goals of environmental risk assessment is to predict
the probability of an effect of a contaminant on various eadpoints such
as fish mortality. The logistic dose-response curve has been used to
describe fish mortality for a given combination of species and
chemical. The method described by Brand et al.® can be used to obtain
confidence bands for the estimated mortality curve as well as its
inverse. This makes it possible to calculate confidence limits on the
estimated mortality for a given dose or, for the inverse problem, to .
calculate confidence 1imits on a dose for a given level of mortality.
In field situations, the contaminant concentration in a body of water
cannot be predicted without error. However, it is often possible to
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associate a confidence interval, say 100(1-y)%, with the unknown mean
contaminant concentration. A method has been developed to calculate
confidence limits with a specified lower bound confidence, say 95%, of
including the true but unknown respOnsé at the true but unknown mean
contaminant concentration. This interval reflects the error associated
with the estimated contaminant concentration as well as the error
associated with the estimated dose-response curve,
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12. HEALTH AND SAFETY

G. R. Handley! M. D. Morris
C. M. Hopper J. N. Underwood?
E. Leach C. M. West!
W. E. Lever E. A. Zeighami?

CANCER INCIDENCE RATES IN RADIATION-EXPOSED POPULATIONS

Some proposed compensation plans specily Lhal an individual who
has developed cancer after being exposed to nuclear weapuns Lesls would
be compensated based on the increased incidence risk for that individ-
ual, For any specific individual, age at observation (of cancer) is
known and it is assumed that dose may be approximated. Incidence rates
have been approximated specific to age at exposure and dose, but it is
generally unknown what risk values are specific to age at observation
and dose. Hence the cost of proposed compensation plans is not known,

We have written a computer program, LIFE2, which simulates the
risk experience of a population due to a single-exposure event. Input
includes proportions of the population which are exposed at each dose
and age. Numbers of new cases and incidence rates spec¢ific to each aye
at observation and dose are calculated using life table techniques.

The program is intended for use as a tool in assessing the practicality
of proposed compensation plans.

CARDIOVASCULAR DISEASE AND MINERAL ELEMENTS IN DRINKING WATER

An ongoing study of drinking water characteristics and mortality
from coronary heart disease is based on data being collected on
deceased dairy farmers in Wisconsin. Sampling is accomplished through
death certificate searches; and data are collected from death certifi-
cate information, physician questionnaires, and laboratory analysis of
well water at the residence of each participant. '
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“Much of our involvement during the data collection phase of the
‘'study has been in data validation. In addition some associations among
variables from the water analyses have been investigated. Some
preliminary analyses of associations between cause of death and water
characteristics (particularly levels of heavy metals) have been carried
out on the incomplete data.

Data collection was completed early in 1983, and compilation of
the computer data set should be completed by June, 1983. Statistical
analysis of associations between mortality characteristics and drinking
water characteristics should be completed by early 1984.

ACCEPTANCE SAMPLING PLAN FOR RASCHIG RINGS

An acceptance sampling plan was developed for lots of
Borosilicate-glass Raschig rings to meet the specifications laid out in
Health and Safety Procedure 70-155. The plan addresses both chemical
composition and shock resistance requirements. The chemical composi-
tion requirements were evaluated by fixed sample procedures, while the
shock resistance requirements were treated by sequential procedures,

CALIBRATION OF TLD BADGES

The study of the thermoluminescent dosimeter (TLD) badges has
continued. The effort has been centered on studies related to under-
standing the fading process. Results of long-term studies contributing
to greater understanding of the process indicate that the TLD measure-

ments fade about 15% over a one-year period.
GRAPHICAL DISPLAYVOF AIR MONITORING DATA

Currently there are approximately 400 air filters located in about
70 areas in the Y-12 Plant that monitor radioactivity levels in the
air. Prior to this year, these data have been displayed in current
reparts and then stored on computer tapes.
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At this time, computer software is being designed that will allow
Health Physics personnel to graphically investigate current and prior
trends in the data using the ORNL computer facilities either in an
interactive or batch mode. In addition to individual sample plots, the
system allows for daily, monthly, and quarterly plots averaged by
areas. ‘

TOLERANCE LIMITS FOR SIMULATED K-EFFECTIVES

Simulated K-effective values for cylindrical shapes containing
specified masses of enriched urantum and water were related to the
inside diameter of the cylinder and to the mass of uranium by a func-
tional relationship. This relation was used to produce tolerance
bounds for the K-effectives. The simulated K-effectives were produced
by the KENO-IV, CSRL code for 24 combinations of mass and cylinder
diameter. .
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13. SAFEGUARDS
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PROPOSED NRC REGULATIONS AND LOSS DETECTION
CAPABILITIES IN REPROCESSING PLANTS

A program has been initiated to support.efforts by the Nuclear
Regulatory Commission (NRC) to improve existing Material Control and
Accounting (MC&A) regulations. The September 10, 1981, version of the
proposed Category I MC&A Reform Amendment which appeared in Volume 46,
No. 175 of the Federal Register was written primarily for existing

nuclear material licenses; reprocessing plants were specifically
exempted. After reviewing public comment, NRC extended the application
of the proposed rules to include reprocessing plants.

The current program is to determine whether a large reprocessing
plant can meet the requirements of the proposed Category I MC&A Reform
Amendment. The conclusions are intended to be applicable to any large
Purex reprocessing design, For the purposes of this study, the
reference reprocessing facility is the Barnwell Nuclear Fuel Plant
(BNFP) located in Barnwell, South Carolina.

Fundamentally, the problem revolves around estimating loss detec-
tion capabilities of a reprocessing plant and determininyg if these
capabiiities meet the proposed standards set by NRC. As a first step
the BNFP facility is being partitioned into four material accounting
areas (MAA) with known transfers and inventories. From information
supplied by BNFP personnel, material balances with corresponding esti-
mates of variance will be determined. The results are expected to
isolate areas which may not mecct the proposed rules. A major problem
will be the estimation of process variation and how it is to be
incorporated into the comparison with NRC rules.
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CALCULATING CONTROL LIMITS FOR INVENTORY DIFFERENCES

The DOE has required the Y-12 Plant to submit a formal action plan
for developing statistically sound control limits for inventory differ-
ences. A computer program has been written to simulate inventory
transitions. Results from these simulations have been used to investi-
gate the statistical behavior of potential inventory differences. Some
points have emerged for further study.

SHADING BY A RECTANGLE

We consider the following situation: a rectangle of sides a, b is
“flattened" onto the surface of a hemisphere of radius R which is
sitting on top of the x-y plane. The rectangle is aligned so that the
axis of length b lies on a side through the pole of the hemisphere.
Assuming that light comes in parallel to the z-axis, what is the area
of the rectangle's shadow on the x-y plane?

Under a simple assumption which defines the "flattening" process,
the area of the shadow is

aRlsin(@o + b/R) - sin@p]
where @, is the polar angle at the top of the rectangle.
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PART C. EDUCATIONAL ACTIVITIES

Mathematics and Statistics Research (MSR) is active in a number of
'educationa1 areas of both a professional and academic nature. This
year MSR personnel were responsible for the organization of a workshop
6n the Propagation of Uncertainties, a small Conference on the Quality
of Data collected by Data Collection Systems, and a symposium on sparse
matrix computations.. MSR personnel have continued to be involved with
various forms of the in-hours training program. Personnel have also
served as visiting lecturers to colleges and universities, through the
Oak Ridge Associated Universities (ORAU) program, and the visiting lec-
ture program of the Committee of Presidents of Statistical Societies
(COPSS). In addition, MSR personnel have supervised students through
the ORAU, the Southern Colleges and Universities Union (SCUU), and the
Great Lakes Colleges Association/Associated Colleges of the Midwest
(GLCA/ACM) programs. Finally, interaction with college and university
personnel is encouraged through time release programs, short- and
long-term visits, and the use of consultants.

WORKSHOPS AND CONFERENCES

A small conference on the Improvement of The Quality of Data
Collected by Data Collection Systems was held in Oak Ridge during
November 11-12, 1982. In excess of 20 invited and contributed papers
were presented and discussed. The topics included: samples vs
censuses; error profiles; exploratory data analysis; pattern recoyni-
tion; outlier detection; sampling frames; questionnaire design;

57



58

automatic data editing; and incomplete data. T. Wright served as the
chairman of the organizing committee. Major funding for the conference
came from the Office of Naval Research.

A workshop on the Propagation of Uncertainties was held during
October 7-8, 1982, in Oak Ridge. The workshop was organized into three
technical sessions in which invited participants presented papers. A
fourth session was devoted to the discussion of the papers. One of the
main purposes of the workshop was to make an assessment of the state-
of -the-art of the available methods, and to get an understanding of
their strengths and weaknesses. The workshop was sponsored by the
Nuclear Regulatory Commission, with V. R. R. Uppuluri acting as one of
the co-chairmen.

Sparse Matrix Symposium 1982, the most recent in a series of major
conferences dealing with general aspects of sparse matrix technology,
was held at Fairfield Glade, Tennessee, during October 24-27, 1982.

The symposium brought together 121 mathematical scientists and engi-
neers from industry, governhent, and academic institutions who were
concerned with problems involving the rigorous mathematical development
of algorithms and software for large-scale computations. The formal
program consisted of 8 invited talks, 48 contributed talks, and 7 con-
tributed poster presentations. In addition, 3 informal sessions were
organized and held during the symposium. A catalog containing 123
one-page descriptions of available sparse matrix software was dis-
tributed to the attendees. The symposium was sponsored by the Army
Research Office, the Office of Naval Research, and MSR. R. C. Ward
served as Symposium Chairman, R. E. Funderlic and M. I. Heath were
members of the Organizing Committee, and M. T. Heath presented one of
Lhe invited talks. '

IN-HOUSE EDUCATIONAL PROGRAMS

J. J. Beauchamp, D. G. Gosslee, T. L. Hebble, T. J. Mitchell,
M. D. Morris, R. L. Schmoyer, and C. K. Bayne of MSR and S. A. McGuire
of the Y-12 Quality Division were course instructors for SAS Statis-
tics, a course given during the winter term as part of the ORNL
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In-Hours Continuing Education Program. The course was intended to pro-
vide detailed statistical background to certain SAS procedures for
individuals already familiar with SAS. An introductory level of sta-
tistical understanding was also assumed.

J. J. Beauchamp and M. D, Morris taught an Introduction to Practi-
cal Statistics course during the fall quarter as part of the ORNL
[n-Hours Continuing Education Program. This course is an introduction
Lo statistical metnods and includes material on descriptive statistics,
t-tests, linear regression, and one-way analysis of variance.

J. J. Beauchamp and R. L. Schmoyer presented an eight-week seminar
series on regression diagnostics and robust regression for members of
the ORNL Environmental Sciences Division. The topics presented
included: review of multiple linear regression and the output from the
SAS GLM and REG procedures; presentation of measures for diagnosing
1nfluentia1 data points; and introduction to robust regression.

M. T. Heath taught a course on Computer Methods for Mathematical
Computations during the winter quarter as a part of the ORNL In-Hours
Continuing Education Program. The emphasis of this course was on the
use of high-quality numerical software to solve mathematical problems
such as systems of linear or nonlinear algebraic equations, interpola-
tion, integration, differential equations, optimization, least squares,
and eigenvalue prodlems. ‘

C. A. Serbin organized and taught the Introduction to FORTRAN IV
and the Intermediate FORTRAN IV courses during the fall and spring
quarters, respectively, as a part of the Y-12 In-Hours Computing Educa-
tion Program, The intent of the courses was to explain the features of
the FORTRAN IV programming language and to emphasize good programming
practices.

V. R. R. Uppuluri and C. C. Travis of the ORNL Health and Safety
Research Department taught a course on Probabilistic Methods in Risk
Analysis during the winter quarter as part of the ORNL In-Hours Con-
tinuing Education Program. The course covered the basic tools in
probability theory, in addition to Bayes' Theorem. The applications
were directed at nuclear safety and health risks problems.

T. Wright taught a course on Statistical Methods for Quality
Improvement during the spring quarter. The course was sponsored by the



60

ORNL Quality Assurance Coordinator. The topics covered were: elemen-
tary probability and statistics, sampling, cause and effect diagrams,
histograms and Pareto Charts, control charts, and confidence interval
estimation.

SEMINAR SERIES

~ The department conducts a biweekly seminar series dealing with the
consulting and research activities of its staff. This series is aug-
mented from time to time with outside speakers. The names$ of the
speakers, their organizational affiltations, 1f not with MSR, dnd Lhe
titles of their talks are listed at the end of this section, The
series is coordinated by D. G. Wilson,

TRAVELING LECTURERS

Various department members have participated in traveling lecture
programs. K. 0. Bowman participated in the COPSSllecture program,
while V. R. R. Uppuluri, R. L. Schinoyer, and A. D. Solomon participated
in the ORAU lecture program. Typically, lecturers visit the sponsoring
universities and consult with their mathematicians and statisticians.

A lecture for the undergraduate and graduate students is always given.
Titles of these lectures are given at the end of this section.

SUPERVISION OF STUDENTS

Students regularly work with MSR staff members under the sponsor-
ship of the GLCA/ACM and SCUU Science Semester programs and the ORAU
Student Research Participation programs as URAU Graduate Fellows and as
summer employees, In addition, several students have participated in
co-op programs for which time is spent at MSR.

P. K. Stuber, d cu-op student from Tennessee Technological Univer-
sity spent June 1981 through August 1982 working with R, E. Funderlic
on computational problems in rotor dynamics for the Separation Systems
Division., Another co-op student from Tennessee Technological
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University, M. L. Stephens, continued the work of Stuber from August
1982 through the report period and will continue on through August
1983. Their work is reported in Part B of this report.

T. L. Engel, a 1983 ORAU summer research participant from Virginia
Polytechnical Institute and State University, worked with V. R. R.
Uppuluri on problems associated with Risk Analysis.

M. D. Escobar, a-summer research intern from the Department of
Statistics at Yale University, spent the summer of 19383 working on
problems in computational statistics. His work was directed by T. J.
Mitchell.,

G. Hall, a SCUU student from Millsaps College, worked with A. D.
So]omon from January through August 1983. He concentrated on the area
of artificial intelligence in communication.

A. K. Sen, a summer research intern from the Department of Physics
at Ohio State University, spent the summer of 1983 working on computa-
tional problems related to the electronic density of states in liquid
metal, His work was directed by L. J. Gray.

C. H. Shum, a GLCA/ACM student from Hope College, worked with
A. D. Solomon from October through December 1982. His work concerned
robotics and the use of artificial intelligence in strategy planning
and obstacle avoidance.

W. M. Wood, a 1982 ORAU summer research participant from Reed
College, worked with L. J. Gray and S.-J. Chang on boundary integral
equatinon methods for nondestructive tesliny problems.

UNIVERSITY TEACHING ACTIVITIES

L. J. Gray taught three courses, Linear Algebra, Advanced Linear
Algebra, and Cdmp]ex Analysis, for the University of Tennessee Depart-
ment of Mathematics during the school year. .

T. J. Mitchell taught a course, Statistics for Biologists, for the
University of Tennessee Graduate School of Biomedical Sciences during
the summer quarter. ‘

M. D. Morris taught two courses, Probability and Statistics for
Engineers, and Statistical Mcthods, for the Universilty of Tehnessee
Department of Statistics during the school year.
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A. D. Solomon taught three courses, Data Base Management Systems,
Data Structures, and Simulation and Systems Programming, for the
University of Tennessee Department of Computer Science, and one course,
Differential Equations, for the Department of Mathematics.

T. Wright taught two courses, Calculus of Several Variables and
Linear Algebra, for the Knoxville College Department of Mathematics and
Physics, and two courses, Survey Sampling and Introductory Statistics,
for the University of Tennessee Department of Statistics.

SHORT-TERM VISITING RESEARCHERS

A number of researchers visited MSR for several days to consult
with department members on mathematical and statistical problems.

Professor G. J. Davis, Department of Mathematics, Georgia State
University, visited on June 8-10, 1983, working with R. C. Ward on
problems in numerical linear algebra.

Dr. U, Gotz, Sandoz Ltd., Basel, Switzerland, visited on
November 8-12, 1982, to disfuss the design and analysis of survival/
sacrifice animal experiments with T. J. Mitchell,

Protessor A. J. Laub, Department of Electrical Engineering, IIni-
versity of Southern California, visited on June 14-17, 1Y83, workiny
with M. T. Heath and R. C. Ward on linear algebra problemns arising in
control theory.

Professor C. C. Paige, Department of Computer Science, McGill
University, visited on June 13-17, 1983, working wilh M. I. Heath and
R. C. Ward on linear algebra problems arising 1n contrul theory.

Professor D. S. Robson, Biometrics Unit, Cornell University,
visited on June 6-10, 1983, to counsult with J. J. Peauchamp, T, J.
Mitchell, and M. D. Morris on research prob]ems'in the Analysis of
Large Data Sets project.

LONG-TERM VISITING RESEARCHERS

Professor J. J. Buckley, Department of Mathematics, University of
Alabama at Birmingham, visited with V. R. R. Uppuluri during June 1983
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on a Faculty Participation Agreement with ORAU. They conducted
research in the areas of combining expert opinion and in ranking
methods.

Professor M. V. Foster, Department of Mathematics, Southwest
Missouri State University, spent ten weeks from June through August
1983 as a Faculty Research Participant of ORAU. He worked with T. J.
Mitchell on problems associated with computational statistics.

Professor J. A. George, Dean of the Faculty of Mathematics,
University of Waterloo, visited on April 11-22, 1983, working with
M. T. Heath on large, sparse systems of linear equations and least
squares ﬁroblems.

Professor J. R. Gilbert, Department of Computer Science, Cornell
University, visited on June 20-July 15, 1983, working with M. T. Heath
on problems in sparse matrix computations.

Professor S. W. Looney, Louisiana State University, spent ten
weeks from June through August 1982 as a Faculty Research Participant
of ORAU. He worked with V. R. R. Uppuluri on the problem of the propa-
gation of uncertainties.

Professor S. A. Patil, Mathematics Department, Tennessee Techno-
logical University, visited V. R. R. Uppuluri periodically from October
1982 through June 1983 on a Faculty Participation Agreement with ORAU.
Research was conducted on empirical Bayesian methods and waiting time
problems with applications to problems in nuclear safety.

Professor D. S. Scott, Department of Computer Science, University
of Texas at Austin, visited on January 3-7 and March 14-18, 1983, work-
ing with R. E. Funderlic, M. T. Heath, and R. C. Ward on problems in
numerical linear algebra.

Professor L. R. Shenton, Computing and Information Services,
University of Georgia, visited for two weeks, from August 20 to
September 2, 1982, He consulted with K. 0. Buwman on research problems
in statistical methods relating to computational statistics.

Professor B. W. Turnbull, Department of Operations Research and
Industrial Engineering, Cornell University, visited during October 4-7,
1982, and March 24-26, 1983. He worked with T, J. Mitchell on methods
for the design and analysis of survival/sacrifice animal experiments.
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LIST OF CONSULTANTS

J. A. George, University of Waterloo

G. H. Golub, Stanford University

G. P. McCabe, Purdue University

R. J. Plemmons, North Carolina State University

J. B. Robertson, University of California at Santa Barbara
D. S. Robson, Cornell University

L. R. Shenton, University of Georgia

N. S. Scott, University of Texas at Austin

R. W. Turnbull, Cornell University

MSR SEMINARS

J. J. Beauchamp, "Assessment of Fisher and Logistic Linear and Quad-
ratic Discrimination Models," July 7, 1982.

E. L. Frome, "Poisson Regression Analysis of Cytogenetic Dose-Response
Curves," July 21, 1982. |

S. W. Looney, Louisiana State University, "Graphical Techniques for
Assessing Goodness of Fit," August 4, 1982.

W. M. Wood, "Numerical Analysis of a Two-Dimensional Elastodynamic
System," August 11, 1982.

S.-J. Chang, "Inclined Pile-Up at Dislocations at the Crack Tip,"
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