


PROCEEDINGS OF A 
SYMPOSIUM IN APPLIED MATHEMATICS 

OF THE AMERICAN MATHEMATICAL SOCIETY 

Held in New York City 
April 30–May 2, 1963 

COSPONSORED BY 

THE SOCIETY FOR INDUSTRIAL AND APPLIED MATHEMATICS 

Richard Bellman 
EDITOR 

http://dx.doi.org/10.1090/psapm/016



PROCEEDINGS OF 
SYMPOSIA IN APPLIED MATHEMATICS 

VOLUME XVI 

STOCHASTIC PROCESSES 
IN 

MATHEMATICAL PHYSICS 
AND 

ENGINEERING 

AMERICAN MATHEMATICAL SOCIETY 
190 HOPE STREET, PROVIDENCE, RHODE ISLAND 

1964 



Prepared by the American Mathematical Society 
under Grant No. AF-AFOSR-66-63 with the 
United States Air Force Office of Scientific 
Research and Contract No. DA-31-124-ARO(D)-81 
with the U.S. Army Research Office (Durham). 

International Standard Serial Number 0160-7634 
International Standard Book Number 0-8218-1316-1 

library of Congress Catalog Number 64-18128 

Copyright © 1964 by the American Mathematical Society 

Printed in the United States of America 
All rights reserved except those granted to the 

United States Government. Otherwise, this 

book, or parts thereof, may not be reproduced 
in any form without permission of the publishers. 



CONTENTS 

INTRODUCTION vii 

Stochastic Green's functions 1 
By G. ADOMIAN 

On the theory of random equations . . . . . . . . 40 
By A. T. BHARUCHA-REID 

Reynolds operators . . . . . . . . . . 70 
By G. C. ROTA 

On propagation in random media of discrete scatterers . . . . 8 4 
By VICTOR TWERSKY 

Wave propagation in a general random continuous medium . . . 1 1 7 
By W. C. HOFFMAN 

Stochastic equations and wave propagation in random media . . . 1 4 5 
By J. B. KELLER 

Stochastic transformations and functional equations . . . . 171 
By RICHARD BELLMAN 

The application of stochastic approximation to the optimization of random 
circuits 178 

By K. B. GRAY 

Random walks on lattices . . . . . . . . . 1 9 3 
By E. W. MONTROLL 

On statistical spectral analysis 221 
By EMANUEL PARZEN 

Stability in single detection problems . . . . . . . 247 
By W. L. ROOT 

The construction of a class of stationary Markoff processes . . . 264 
By EUGENE WONG 

Probability bounds via dynamic programming . . . . . . 277 
By DAVID BLACKWELL 



vi CONTENTS 

Markovian sequential decision processes . . . . . . . 281 
By CYRUS DERMAN 

Application of truncated hierarchy techniques . . . . . . 290 

By J. M. RICHARDSON 

AUTHOR INDEX 303 

SUBJECT INDEX 307 



INTRODUCTION 

In the study of the classification and recognition of mathematical processes, 
dichotomies can be introduced in several different fashions. Two of the most 
useful have been "deterministic vs. stochastic" and "descriptive vs. variational." 
In recent years, we have seen greater and greater emphasis laid upon stochastic 
and decision processes, and even a blending of the two in the form of modern 
control theory. 

The gradual shift of interest from the classical deterministic descriptive process 
has been largely a consequence of the continuing challenges to the mathematician 
to explain phenomena, produce numbers, and guide research in such fields as 
physics, engineering, economics, biology, medicine and operations research. 
Combinations of complexity and uncertainty have forced a more frequent use of 
probabilistic concepts. 

In this volume, the emphasis is upon stochastic processes, divided a bit unevenly 
between descriptive and decision aspects. In dealing with random effects, we 
can use deterministic or stochastic equations, just as in dealing with deterministic 
effects we can employ stochastic or deterministic equations or in treating descriptive 
processes, we can use either descriptive or variational equations. The choice of 
a particular analytic formulation is a tribute to the existing analytic techniques and 
the computational resources available, as well as a reflection of the underlying 
physical process and the prevalent scientific philosophy. 

The papers by Adomian, Bharucha-Reid, Hoffman, Keller, Richardson, and 
Twersky deal with various and overlapping aspects of the general theory of 
stochastic equations, principally ordinary and partial differential equations. Much 
of this work is motivated by particular equations arising in wave propagation and 
scattering theory, as the papers by Hoffman, Keller, and Twersky indicate. The 
objective of obtaining specific analytic results leads to the development of pertur
bation techniques and the consideration of questions of closure, as, for example, 
in Richardson's paper. 

The paper by Bellman deals with stochastic iteration, a topic which arises from 
the consideration of stochastic differential equations in very much the same way 
as classical iteration theory arises from deterministic differential equations. A 
particularly important type of stochastic iteration arises in the theory of stochastic 
approximation. This approach is used by Gray to study a design problem arising 
from circuits with random components. In their papers, Blackwell and Derman 
use dynamic programming, the first to obtain estimates in probability theory 
by identification with a stochastic decision process, and the second to treat an 
interesting class of sequential decision processes of Markovian type. 

Classical estimation and identification problems arising from stochastic processes 
are treated by Parzen and Root using new and powerful approaches. 
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vii i INTRODUCTION 

Finally, the papers by Montroll, Rota, and Wong consider deterministic equa
tions associated respectively with random walk, turbulence, and diffusion theory. 

Looking over the papers in this volume, we see many new, fascinating, and 
difficult classes of problems, ideal areas for the young analyst to test his talents, 
develop his techniques, and plant his flag. 

RICHARD BELLMAN 

Santa Monica, California 
1964 
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Hamiltonians, random, 61 
Hammerstein equation, random, 65 
Hamming, 239 
hanning, 239 
harmonic time dependence, 118 
heat equation for an infinite rod, random 

solutions of, 58 
Hermite polynomials, 268 
heuristic equation for coherent field, 93 
hidden periodicities, 221, 223 
hierarchy, 290 

averaged, 294 
equations, 160, 163, 164 

method of, 163 
truncated, 290 
unaveraged, 293 

Hilbert-Schmidt theory, 130 
homomorphisms, 74 
Huyghen's principle, 137 
hypergeometric series, Gauss, 270 
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identity, averaging, 70 
incoherent 

field, 166 
flux, 166 
intensity, 84, 92, 166 

indefinite integral, mean square, 120 
independence, assumption of local, 149 
index, refractive, 117, 125, 130, 131 

effective, 158 
inference problems, nonsingular statistical, 

249 
initial value problem, 135 
integral 

equation(s), 128 
for intensity, 100 
formulation, 117, 124 
Fredholm, 134 
nonlinear, 65 
nonsingular, 129 
random, 61, 128 

associated with Markov process, 61 
solutions of classical, 62 
systems of, 64 

2-body, 96 
of a random function, 118 
stochastic, 122 

integration in functional spaces, 125, 142 
integro-differential equation, 139 
intensity, 84 

coherent, 84 
and flux, 166 

compact representations for, 96 
exact series for, 93 
incoherent, 84, 92, 166 

transport theory of, 165 
integral equations for, 100 

invariant 
function, 123 
imbedding, 125, 141 
measure, 73 
set, 123 

inverse of the random operator, 42 
irreducible, 284 
iterated kernel, 129 
iteration(s) 

method of, 148 
procedures for random operator equations, 50 
second approximation to perturba

tion solution, 127 
stochastic, 172 

iterative solution, 133 
Ito 

equation, 62 

Ito 
equation {continued) 

in the study of elliptic differential equation, 
62 

random integral equation, 61 

Jackson-de la Vallee Poussin kernel, 238 
Jacobi polynomials, 269 
joint 

characteristic function, 9 
moment, 8, 9 
nth. distribution function, 22 
probability 

density h^x, y; £,17), 140 
distributions, 3 

jump function, spectral, 226 

Karhunen-Loeve expansion, 38, 251 
Keller formulation of the radiation problem, 

124 
kernel 

iterated, 129 
Jackson-de la Vallee Poussin, 238 
not symmetric, 130 
Parzen, 239 
random, 64 
stochastic, 35 
Tukey-Hamming, 239 

Kiefer-Wolfowitz (KW) procedure, 181 
KolmogorofTs fundamental theorem, 120 
Kolmogorov, 70 74 
Kronecker product, 174, 175 

lag window generator, 233 
Laguerre polynomials, 269 
Lanczos' a factors, 241 
Langevin 

equation, 57, 58 
for simple Brownian motion, 58 

type stochastic differential equation, 272 
lattices, random walks on, 1 
least mean square error, 296 
Lebesgue 

random measure, 63 
stochastic integrals, 120 

Levy distance, 257 
likelihood ratio, 260 
linear 

functional, 296 
perturbation theory of stochastic 

equations, 147 
properties, 18 
stability of systems, 56 
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linear {continued) 
stochastic differential equation, 290 
stochastic operators, 290 

localization principle, 141 
locally stationary processes, 122 

M-sequence, 277 
majorants, stochastic, for the Neumann 

series . . .,134 
many scatterers, 89 
mapping(s), 22, 38 

stochastic, 13 
Markoff process, 264 

stationary, 273 
Markov 

chain, 57, 284 
process, 137 
stationary process, 140 
wide-sense process, 137 

Markovian 
hypothesis, 138 
ray tracing, 137 

martingales, 73 
mathematical 

analysis for random functions, 118 
properties, 24 

matrices, random, 47, 171, 174 
matrix, stochastic, 14 
maximum-likelihood 

estimator, 256, 259 
test, 251 

mean 
free path for scattering, 140 
square, 296 

convergence, 118 
and the covariance function, 119 
of random functions, 118 
of a sequence, 118 

convergent Neumann series, 130 
derivative, 120 

n.a.s.c. for the existence of of 
order /?, 119 

deviation of optical path length . . .,136 
Fredholm integral equations, 120 
indefinite integral, 120 
least error, 296 
n.a.s.c. for existence of the partial 

derivative of order /?, 119 
power, 127 
properties, 119 

of a random function, 119 
rules for differentiation, 120 
Volterra integral equation, 120 

mean {continued) 
value theorem, 151 
wave, 150 

measure(s) 
invariant, 73 
-preserving transformations, 73 
statistical, 1, 14, 17, 20, 21, 23, 24, 27, 28 

medium, random, 145 
method 

involving a functional equation . . .,163 
of hierarchy equations, 163 
of iterations or successive substitutions, 148 

metric transitivity, 123 
metrically transitive, 123 
Mikusinski operator, random, 61 
mixed spectrum, 226 
mixing, 73 
moments, 7 

of order k of JC(CO), 48 
of the solution of a given random equation, 

47 
Monte Carlo, 180 
motion, Brownian, 272 
multiple 

scattered 
amplitude, 89 
rays, 140 

phase coherence of, 140 
wave, 89 

scattering, 125, 127 
diffusion 

equations for, 138 
function, 140 

of a plane wave . . .,134 
transport equations for, 138 

multivariate 
characteristic functions, 8 
density function, 9 
distribution, 120 

n.a.s.c, 119 
H-dimensional characteristic function, 10 
«th 

joint distribution function, 22 
order correlation Rni 10 

Navier-Stokes equations, 49, 72 
Neumann series 

mean square convergent, 130 
solution, 130, 134 

Newton-Cotes scheme, stochastic approach to, 
50,51 

Newton-Kantorovitch iteration procedure, 
stochastic analogue of, 51 
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noise 
-in-noise, 248 
theory, 221 
white, 222 

process, 54 
nonlinear integral equations, 65 
non-self-adjoint 

problem, 142 
spectral representations for equations, 

142 
nonstationary, 123 

process, 4, 12, 22 
nonstochastic operator, sure, 147 
Norton profile, 141 

ft, space of all real functions, 120 
one-dimensional 

form of the spatial Riccati equation, 133 
problem, 134 

operator(s) 
averaging, 70 
equation(s) 

deterministic, 43 
random, 43 

approximate solutions of, 50 
Fredholm, 64 
random, 42 

inverse of, 42 
Reynolds, 70 
stochastic, 12, 13, 14, 27, 147 
sure 

nonstochastic, 147 
stochastic perturbations of, 147 

transition, 155 
optical path length, 135 
optimization, statistical, 27 
order(s) 

/ith correlation Rm 10 
of scattering, 90 

ordinary 
continuity, 119 
of interest in engineering, 57 
of interest in mathematical physics, 57 
random differential equations, 55 

Orlicz space, 62, 142 
Ornstein-Uhlenbeck process, 272, 273 
orthogonal polynomials, 272 

<*Fc>-consistent 
form, 99 
integral equation, 109 

pair correlation function, 156 
parameter of smallness, 291 

parametrix methods, 142 
partial differential equations 

random, 58 
integrals of, 118 
with constant coeficients, 61 

using semigroup theory, 61 
Parzen kernel, 239 
path length, optical, 135 
Pearson equation, 264, 265, 267, 268, 269, 271 
penetration distance, variance proportional to, 

140 
periodicities, hidden, 221, 223 
periodogram, 222 
permittivity, 126, 127 
perturbation 

expansion, 125 
theory, 117, 124, 125, 128,291 

of linear stochastic equations, 147 
phase, 130 

coherence of multiply scattered rays, 140 
fluctuations, 133 

photon flux, 138 
point spectrum Po(T(a))) of T((o), 46 
Poisson 

compound process, 140 
problems for Laplace's equation . . .,58 

polarization factors, 127 
polynomials 

Hermite, 268 
Jacobi, 269 
Laguerre, 269 
orthogonal, 272 

positive definite function, extrapolation of, 250 
potential, random, 60 
power spectrum, 14 
Poynting's theorem, differential form of, 138 
primitive of X(co, £) in mean square, 120 
Principle of Contraction Mappings, 44 
probabilistic functional analysis, 41 
probabilities, error, 253 
probability 

distribution, 1, 3 
conditional, 8 
second function, 3 
joint, 3 

measure space, 41 
that a ray is scattered n times in a distance 

R, 140 
transitional, 264 

processes) 
autoregressive, 54 
branching, 172 
Gaussian, 58 
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process(es) {continued) 
Markoff, 264 
nonstationary, 4, 12, 22 
Ornstein-Uhlenbeck, 272, 273 
stationary Markoff, 273 
white noise, 54 
Wiener, 61 
with orthogonal increments, 121 

programming, dynamic, 171, 175, 277 
propagation, 84 

effective constant, 151 
vector, 127 
applications to wave in continuous 

media, 149 
pursuit problems, 282 

quasilinearization, 171 

radiation 
ascending hierarchy of problems, 125 
condition, 129 
problem, 128 

for an unbounded random medium, 124 
formulation by Keller, 124 

transport theory of, 169 
random 

adjoint, 42 
algebraic equations, 51 

of degree /z, 51 
application of geometric optics to 

continuous media, 136 
continuum, 117 
contraction operator, 44, 64 
determinants, 53 
difference equation, 53, 54 
differential equations, 55 

their role in physics, 55 
their role in engineering, 55 
their role in technology, 55 
with piecewise constant coefficients, 56 

Dirichlet problem, 58 
endomorphism of #*, 42 
equation(s), 1 

associated with a stochastic pendulum, 58 
expected solutions of, 47 
general question of, 142 
moments of solution of given, 47 

expected value of boundary condi
tion, 60 

field, 10 
field point theorems, 45 
Fredholm integral equations 53, 64, 65 

random {continued) 
function(s), 2, 5 

analysis of, 118 
analytic, 133 
derivative of, 118 
integral of, 118 
mathematical analysis for, 118 
mean square convergence of, 118 
mean square properties of, 119 
regular, 118, 135 
second order, 130 

functional of refractive index process, 
118 

Hamiltonians, 61 
Hammerstein equation, 65 
integral equation(s), 61, 128 

associated with Markov process, 61 
Ito, 61 
systems of, 64 

integrals of partial differential equations, 118 
kernel, 64 
Lebesgue measure, 63 
matrices, 47, 171, 174 

sequence of ®fc, 57 
media, 1, 84 
medium, 145 

geometric optics of, 135 
geometrical optics of, 136 
ray propagation in, 136 
radiation problem for unbounded, 124 

Mikusinski operator, 61 
operator, 42 

inverse of, 42 
equations, 43 

approximate solutions of, 50 
iteration procedures for, 50 

operators 
semigroups of, 61 
spectral properties of concrete, 47 

ordinary differential equations, 55 
of interest in mathematical physics, 57 
of interest in engineering, 57 

partial differential equations, 58 
with constant coefficients, 61 

potential, 60 
process, 6, 12 

Gaussian, 130 
stationary, 291 

residual 
for permittivity, 126, 127 
for the dielectric constant, 126, 127 

resolvent operator, 47 
sampling, 27 



SUBJECT INDEX 315 

random 
sampling {continued) 

operator, 14 
series, 6 
set, 63 
solution(s), 43 

of some classical integral equations, 62 
of the heat equation for an infinite rod, 58 

stability of linear systems, 56 
Sturm-Liouville problem, 61 
transformation, 41 

T(a>) 
linear, 41 
bounded, 42 

variable(s), 1, 6, 145 
generalized, 41 

Banach space of, 50 
conditional expectation of, 48 

vibration problem, 61 
Volterra integral equations, 64 
walks on lattices, 1 
Wiener solution of the Dirichlet problem, 59 

randomly inhomogeneous 
anisotropic medium, 128 

geometric optics of, 137 
Volume, V, 126 

rare gas, 102 
ratio, likelihood, 260 
ray 

curvature, 135 
direction, 135 
paths, 125, 135 
propagation in a random medium, 136 
theory, 117 

ray-tracing, 125, 127 
realizable boundary conditions, 58 
realization, or sample function, 120 
recurrence relation, 134 
reciprocity relation, 87 
reduced wave equation, 118, 120, 135 

one-dimensional, 124 
reflection coefficients, 134 
refractive index, 117, 125, 130, 131 

effective, 158 
Markov process, 136 
spectral density functions of, 131 

regression analysis, 241. 
regular 

functions, 121 
random functions, 118, 135 

regularity, 130 
relaxation theory, F. Bloch's, 61 
representation, spectral, 118, 119, 121, 131 

representation, spectral (continued) 
for non-self-adjoint equations, 142 

residual spectrum Ra(T(co)) of T(w), 46 
resolvent 

random operator, 47 
set p(T(a>)) of a random endomorphism 

T(a>), 47 
Reynolds 

endomorphism, 70 
idendity, 70 
operator(s), 49, 50, 70 

Riccati equation(s), 133, 141 
spatial, 130 

analogue of, 117 
one-dimensional form, 133 

three-dimensional analogue of, 131 
Riemann integrals, stochastic, 120 
roots of the equation, distribution of, 52 
Rytov 

method of, 117, 128 
transformation, 124, 130 

sample 
covariance function, 223 
function, 120 
space S, 6 
spectral density function, 224 

sampling, random, 27 
operator, 14 

scattered wave, coherent, 153 
scatterers 

discrete, 84 
forward type, 102 

scattering 
amplitude, 87 

forward per unit volume, 153 
cross section, 139 

per unit solid angle . . .,140 
total, 88 

isotropic, 127 
orders of, 90 

Schauder fixed point theorem, 44 
Schrodinger equation with random potential 

function, 60 
second 

approximation to the iteration-perturbation 
solution, 127 

distribution, 8 
order 

functions, 121 
random functions, 130 
stationary processes, the spectral 

representation, 121 
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second (continued) 
probability distribution function, 3 

self-consistency, 162 
semi-group property, 172 
semigroups of random operators, 61 
sequence of random matrices Ofc, 57 
series, functional Taylor, 164 
set, random, 63 
signal 

detection, 222, 247 
measurement, 247 

simple Brownian motion, Langevin equation 
for, 58 

single-scattering, 127 
solution, 126 

random, 43 
of classical integral equations, 62 

Sommerfeld radiation condition, 124 
space(s) 

Borel, 46 
of all real functions, O, 120 
Orlicz, 62, 142 

spatial 
analogue of the Riccati equation, 117 
Riccati equation, 130 

equivalent, 124 
one-dimensional form of, 133 

spectra, 128 
spectral 

analysis, 223 
average, 227 
density, 11, 12, 125 

function, 132, 225 
sample, 224 

functions of the refractive index, 131 
Gaussian, 140 

distribution function, 224 
general form of theorem for regular 

processes, 121 
jump function, 226 
properties of some concrete random opera

tors, 47 
representation(s), 118, 119, 121, 131 

for non-self-adjoint equations, 142 
window, 227 

spectrum, 226 
mixed, 226 
of a time series, 224 

stable, 254, 256 
distributions, 272 

stability, 173, 247, 256 
condition, 254 
criteria, 56 

stability (continued) 
of a random linear system . . .,62 
of linear systems, 56 
of random linear systems, 56 

stack of Bernoulli slabs, 134 
stationarity, 5 

covariance, 225 
stationary, 9 

covariance function, 122 
Gaussian inhomogeneities, 128 
Markoff process, 273 
Markov process, 140 
processes) 

locally, 122 
not necessarily ergodic, 123 

random process, 291 
second order processes . . .,121 

statistical 
autocorrelation, 12 
circuit design, 179 
measures, 1, 14, 17, 20, 21, 23, 24, 27, 28 
nonsingular inference problems, 249 
optimization, 27 
transforms, 20 

Stieltjes integrals, stochastic, 120 
stochastic 

analogue 
of the abstract Cauchy problem, 61 
of the Newton-Kantorovitch iteration 

procedure, 50 
approach to the Newton-Cotes scheme, 50, 

51 
approximation, 180 
boundary value problem, 58 

formulation of, 59 
case. . . reflection and transmission co

efficients, 141 
coefficients, 290 
differential equation(s), 27, 28 

Langevin type, 272 
differential operator, 1, 13 
equation, 145, 147 
filter, 17 
Green's function, 1, 11, 12, 14, 15, 17, 21, 

28, 38, 56 
Hamiltonian operator, 1 
integral, 122 
iteration, 172 
kernel, 35 
Lebesgue integrals, 120 
linear 

differential equation, 290 
operators, 290 
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stochastic (continued) 
majorants for the Neumann series . . ., 

134 
mappings, 13 
matrix, 14 
operator(s) 12, 13, 14, 27, 147 
perturbations of the sure operator, 147 
process associated with the random difference 

equation, 65 
processes, 2, 3, 5 

associated with random equations, 41, 65 
Riemann integrals, 120 
Stieltjes integrals, 120 

transformation, 171 
strong equivalence, 260 
Sturm-Liouville 

equation, 270, 271 
of the type, 265 

random problem, 61 
substitutions, method of successive, 148 
sure 

(nonstochastic) operator, 147 
stochastic perturbations of operator, 

147 
-signal-in-noise, 248 

systems of random integral equations, 64 

2-body integral equations, 96 
table of covariance functions and associated 

spectra, 122. 
Taylor series, functional, 164 
test functional, 252, 258 
three-dimensional analogue of the Riccati 

equation, 131 
time 

autocorrelation, 12 
estimation of delay, 258 
series 

analysis, 221 
economic, 222 

deviation, 227 
spectrum of, 224 

spectrum, 12 
total 

electromagnetic energy, 138 
scattering cross-section, 88 

per unit volume at wave number k, 140 
transformation^) 

measure-preserving, 73 
random, 41 
Rytov, 124, 130 
stochastic, 171 
theory, 24 

transforms, statistical, 20 
transition(al) 

operator, 155 
probabilities, 125 
probability, 140, 264 

transmission 
coefficients), 106, 112, 134 
line, 106, 112 

equation, 125, 134 
transmitted power, 127 
transport 

equation(s), 117, 127 
approach, 125 
for multiple scattering, 138 

phenomena, 141 
process, 135 
theory 

of incoherent intensity and flux, 165 
of radiation, 169 

truncated hierarchy, 290 
truncation 

approximations, 294 
point, 233, 237, 241 

Tukey-Hamming kernel, 239 
turbulence, 70, 128 
turbulent 

atmosphere, 127 
scatter, 117 
scattering, 139 

of electromagnetic waves, 123 

unaveraged hierarchy, 293 
unbounded, 130 

radiation problem for — random 
medium, 124 

uniformly bounded with probability 1, 129 
uniqueness theorem, 122 

V, 126, 127 
variable(s), random, 1, 6, 145 
variance, 7, 229 

of signal level fluctuations, 136 
of the wave, 165, 166 
of x((o), 48 
proportional to penetration distance, 140 

vibration problem, random, 61 
Volterra integral equations 

mean square, 120 
random, 64 

wave 
coherent, 150 

attenuation coefficient for, 152 
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wave (continued) 
equation, 118 

reduced, 118, 120, 135 
to be one-dimensional, 124 

multiple scattered, 89 
propagation 

applications to in continuous 
media, 149 

in media of discrete scatterers, 155 
scattered, coherent, 153 
variance of, 165, 166 

weak convergence of measures, 257 
weakly inhomogeneous medium, 132 
weight, 233 
white noise, 222 

process, 54 

wide-sense 
Markov process, 137 
Markovian, 137 
solution, 43 

Wiener 
integrals, 125, 140, 142 
process, 61 

Wiener-Hopf, 72 
window, 230, 232 

generator, 233 
amplitude, 236 
lag, 233 

worst-case design, 179 

X,126 
X(a>,S), 119 

BCDEFGHIJ-CM-89876543210 




