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SUMMARY

This is a survey of problems and recent
developments in some selected areas of nonparametric
reliability theory. The paper is divided into three
parts: Models for Life Distributions, Tests of

Hypotheses, and Estimation Procedures.




SOME RECENT DEVELOPMENTS IN RELIABILITY THEORY
by

Richard E. Barlow

1l. MODELS FOR LIFE DISTRIBUTIONS

Reliability theory is largely concerned with questions about coherent
structures, i.e., structures which can be represented as combinations of various
series and parallel networks (allowing the possibility of component replication).
Various attempts have been made to delimit the class of life distributions of
interest for such structures. Extreme value theory provides an answer, in part, to
the question: Given a coherent structure with a finite number of components and
some procedure to increase the number of components without bounds, what are the
possible limiting distributions for the structure lifetime for given component
lifetime distributions? A series structure has a lifetime corresponding to the
minimum of its component lifetimes and the limiting procedure adds one component at
a time to the structure. The only possible relevant limiting distributions for
this case are the Weibull and double exponential distributions [12]. If we add
k-out -of-n structures to the structures of interest, we obtain the normal and

lognormal distributions and distributions of the form

G, (¥ =0 for x <0
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[8), [27]. Results for more general models have been obtained by Harris [14].
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There is a vast literature concerned with the estimation of parameters for
distributions in these classes. For a recent comprehensive survey of results for
the Weibull distribution, see Mann [18].

We might call the preceding approach '"the limiting distribution approach." A
more recent approach to delimit the class of life distributions of interest has
been to start w‘th the exponential distribution and to ask the question: What is
the smallest family of life distributions containing the exponential distribution
which is closed under the formation of coherent structures and limits in
distribution? This question was recently answered by Birnbaum, Esary and
Marshall [5]. The class of distributions in question is precisely the class with

t
increasing failure rate on the average (IFRA distributions), i.e., J r(x)dx/t is

nondecreasing in t > 0 where r(t) is the failure rate function. OResearch on
estimation procedures for IFRA distributions ond tests of hypotheses ccrncerning
such distributions is still underway (3], [9], [10].

A great deal of attention has been focused on models for life distributions
based on properties of the failure rate function, For example, we could consider
the class of distributions having failure rate r(t) for which «r(t)/y(t) 1is
increasing (or convex increasing) for specified ¢(t) > 0 . If ¢(t) 1is constant,
we have the class of IFR (for increasing failure rate) distributions. The case of
more general ¢(t) has been investigated by Saunders [26] in connection with
models for fatigue failure.

Some multivariate models have been proposed to describe the joint lifetimes of
components in a coherent structure. The multivariate exponential distribution
studied by Marshall and Olkin [19], [20] generalizes the univariate exponential

distribution in a natural way. Harris [15] has proposed a class of multivariate

distributions with IFR marginals which satisfy additional reasonable restrictions.
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Esary, Proschan and Walkup {11} study a new concept of positive dependency
describing the joint lifetimes of components in a coherent structure. They say

that random variables T.,T., ..., T are associated if
1'°2 n
Cov[£(D),g(D] >0

for all nondecreasing functions f and g where T = (Tl,Tz, tae o Tn) . Random
variables jointly distributed according to the multivariate exponential
distribution, for example, are associated. This concept is partly motivated by the
idea that working components tend to reinforce the contribution of each other to
system performance. Stated in another way, a failed component may, if anything,
stress the remaining working components so as to cause them to perform poorly.
Also, components subject to a common environment tend to be associated. They
obtain lower bounds on system reliability in terms of component marginal reli-
abilities when components have associated lifetimes. Lehmann [17] considers

related ideas of positive dependency for the bivariate case and examines tests of

independence versus positive dependency.
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2. TESTS OF HYPOTHESES

Considerable attention has been focused on the problem of testing the validity

of the IFRA and IFR models [1], [3], [24]). The problem usually posea is that of

testing
Ho : F exponential
versus @y
”1 : F IFRA (or 1FR).
-ix . -1
If G(x) =1-c¢e for x >0 and A >0, then G F(x)/x 1is

nondecreasing in x > 0 if and only if F is IFRA. This observation suggests
that -e consider the following partial ordering on the space of life uistributions;

namely, F1 < F2 if FglFl(x)/x is nondecreasing in x > 0 . Note that
*

F, < F, < G suggests that a test for (1) should have greater power at Fl than at

1w 24

F. no matter what significance level we choose for our test. Marshall, Walkup and

2
Wets [22] have characterized the class of differentiable test statistics which

produce tests having mounotone power with respect to < ordering. These are just
%

the tests based on functions h(xl,xz, 500H xn) having the properties:

(a) h is houmogeneous;

ah(xl, Nt xn)
(b) Xy ™ >0 for j=20,1, ..., n-2
i=0 n-1

and all O SR SKy S eee SX The test associated with h would reject

exponentiality if h(xl’XZ’ —— Xn) > c where c¢ 1is some suitable critical

number and 0 < X, < X, < ... < X =~ are order statistics from F . For example,
n
h(Koy oeey X)) =1 (X, = D2/ (%2
1 n i i
_ n
where X = E Xi/n is such a function.
1
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Let n(u) equal the number of items exposed to risk at time u and

X
T(Xi) = fi n(u)du . Tests based on
0
n-1
B(Xys eoes X ) = 121 A T(X)/T(X ) (2)

for Ai'l 0 are unbiased and have monotone power with respect to < ordering.
*

These tests reject exponentiality in favor of IFRA for large values of

h(X . Xn) . This statistic has a natural analogue for the case of

l’xzi
incomplete data [2]). The corresponding test remains unbiased but we can no longer
prove that it has monotonre power with respect to < ordering.

*
Tests based on (2) have been extensively studied by Bickel and Doksum [3].

They call such tests studentized linear spacings tests and consider the following

"pencils" of alternative densities to the exponential:

£ () = (14 001 - ¢™)] expl-lx + 8(x + ¥ - D)

féz)(x) = (1 + 6x) expl-(x + %6x%)) (Linear Failure Rate)
£ 0« 1+ 0x° expt-x19)) (Weibull)

£ 0 = e/ + o) (Garma)

For each density x > 0 , 6 > 0 , and the null hypothesis is obtained for 6 = 0 .
The asymptotically best studentized linear spacings test against fél) corresponds
to weights oy = 1 (1 =1,2, ..., n-1) . This statistic is also called the total
time on test statiscic. The asymptotic Pitman efficiency of this test compared to
the asymptotically most powerful test for this reduced problem is only %. ‘'owever,
there is a great deal of evidence supporting the 'robustness" of this test. The
asymptotically best studentized linear spacings test for féB) -~the Weibull

dengity--seems to be a robust competitor to the total time on test statistic. They

also consider the corresponding asymptotically best linear rank tests which are

Adiese




asymptotically equivalent to the best linear spacings tests. However, the Monte
Carlo power of the asymptotically best linear spacings tests is much superior for
small sample sizes.

The Monte Carlo power of the total time on test statistic is computed in [1]
against the likelihood ratio test for truncated exponentiality versus IFR
‘distributions. Again, the total time on test statistic seems to be decidedly
superior.

In (28], van Soest studied an omnibus Cramer-Von Mises-Smirnov type of

statistic. The statistic is

i N
Cn = n f {Fn(x) - F(x)} dF(x)
0

= 1/12n + E {%(xjf - Zi;:—l}z
j=1

whee Fn is the empirical distribution and % is the maximum likelihood estimate

of F under Ho . The null hypothesis is rejected for large values of Cn . He

computes the Monte Carlo power of this test and compares it with a two sided test

based on the total time on test statistic. The power curves below compare this

test with the one sided test based on the total time on test statistic (2).

Doksum [10] has recently investigated the two sample problem for IFRA
distributions. Let xl’XZ’ 0 O Xn and Yl’YZ’ elelomy Yn be two independent random
samples from populations with continuous IFRA distributions F(:) and F(-/4) ,
respectively, and let Sys cees Sy denote the ranks of the Y's in the combined
sample. For testing Ho : 4 <1 versus Hl :4>1, it is shown that the error

probabilities of each monotone rank test ¢ are bounded b, the error probabilities

for exponential alternatives, i.e., if G(t) = 1 - exp(-t) , t > 0 , then

P[reject Ro | FC-) , F(-/8)] < P[reject Ho | G(+) , G(-/b)]
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for A <1, and

Placcept Ho I F(+) , F(+/a)] < Placcept Ho | G(+) , G(+/10))

for A > 1.
The Savage test which rejects for small values of
N

n
S z J (s,) where J (k) = Z
N o ot 2 j=h+1l-k

(N = m+n)

e f

is locally minimax for IFRA scale alternatives within the class of rank tests. For
the two sample problem with indifference region, i.e., Ho : A <1 versus

> 1, the Lehmann test which rejects for small valces of

rf [ (A1 -1) ]
L, = log|j - ———— s!
L] ) j

Ho A > A

1 1

where s' 1s the number of Y's greater than or equal to the (N+1-j)th order

i

statistic in the combined sample, is minimax at A = Al within the class of rank

tests for IFRA scale alternatives.
In an earlier paper [9], Doksum considers the asymptotic efficiency of the

best test for exponential models relative to the Savage, SN y test. For the

exponential distribution, the uniformly most powerful level a test of

N
Ho : A =1 against Hl t.A > 1 rejects when

-1 § -1 E
T=m" X,/n Y >F (a)
1=1 i il i 2m, 2n

where F (a) 1is obtained from the tables of the F distribution with 2m and

2m, 2n

2n degrees of freedom. Doksum considers the modified test ¢ so as to have an

asymptotic level a test when the distribution is IFRA and not exponential. The




test ¢ rejects

where

and

r____.__________

HO for large values of

o2
(o)

The efficiency of the Savage

shape parameter,
from 1 to =

sampling.

b , of the

(or from 1

15 8 §
N*(T - 1)/(o/u)

]
zZ
1
[
—
—r—-13
<
e N
+
~3
<
[N
e
[}
~~
©= >
~—
(387

test with respect to ¢ goes from ! to = as the
Weibull distribution, G(t) =1 = exp[—th] , gO€s

to 0) . He also treats the case of censored
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3. ESTIMATION PROCEDURES

The failure rate function is perhaps the most useful characterization of a
life distribution. Parametric and nonparametric methods for estimating the failure
rate are discussed in detail by Grenander [13]. He also characterizes the maximum
likelihood estimate (MLE) of the failure rate function under the IFR assumption,
The MLE can be éasily computed even for very incomplete data (withdrawals may be
allowed for example). If a total of n items are cxposed to risk, failures are

observed at times

— 2 (k < n)

and n(u) is the number of items exposed to risk at time u , then the MLE

estimate for the failure rate, r(t) , can be expressed as a step function, where

0 0t < Zq
= Z Z 4
o ) 5 S ) 1 S22
and
t - 5

r (Z2.,) = Max Min
n i

S_ii t_-"_i+l tjl j+]
2 I n(u)du

Marshall and Proschan [21] proved that ;n(t) is strongly consistent in the
complete sample case. Since the life distribution is determined by the failure
rate, we can also determine the MLE for the life distribution under the IFR
assumption. Monte Carlo investigations, however, indicate that it is badlv biased
in the tails. For samples of size 100 or so, the empirical distribution appears

to be a better estimate of the life distribution in the tails.
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Rao [25] has characterized the limiting distribution of rn(t) assuming r(t)

increasing and r'(t) > 0 . He shows that

-1/3
' 2 -
%4 n1/3{5—%%%%7££l} {rn(t) - r(t)} + H(x)

where H(x) is a distribution whose density is determined implicitly as a solution
to the heat equation. This result enables us to make asymptotic efficiency
comparisons with other nonparametric estimators of the failure rate.

Parzen {[23)] and Weiss and Wolfowitz [30] investigate window estimators of the

density f(t) , i.e.,
fn(t) = N/2nen

where N 1is the number of observations out of a sample of size n in
(. - €, t + en) . If e = n ¢ and we assume only that f£'(t) exists, then
Weiss and Wolfowitz show that o = 1/3 provides an asymptotically efficient

estimate in a certain sense. A natural nonparametric estimate of the hazard rate

is then

Watson and Leadbetter [29] show that

;([[1 5 F(c)][znsn/f(c)ﬁ[;nm - r(t)]] > o (x)

where ¢(x) 1is the N(0,1) distribution. Following Hodges and Lehmann [4], we
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define the asymptotic efficiency of ;n(t) relative to rn(t) as
9 2/3
[r'gtgr gtz] U2
o (1),r (1)) = R -2 (3)
I
2 1 - F(v)
where o, satisfies
inf d[¢(x),H(x/0)] = d[<b(x),H(x/oo)]
o
and
d[$(x),H(x)] = sup |¢(x) - H(x)| «
In this computation, we have let €= n_l/3 for the window estimator. 1t seems

clear from (3) that the MLE estimator will do best when r'(t) -~ O and the window
estimator will be better when r'(t) 1is very large, or in othe: words, when the
failure rate is increasing very rapidly.

Since ;n(t) is not necessarily increasing, a more acceptable competitor to

rn(t) under the IFR assumption would be

w -
- Zs t-n(tj)
= * dEsT
rn(ti) ng Mir.\ e
s<i w>i
which is nondecreasing in t, . (0 < by Sty S oo St < ... are midpoints of

intervals over which the window estimator is constant.,) The results of Brunk [7]
show that ;n(t) will inherit the consistency property of ;n(t) and will improve

on ;n(t) in a least squares sense.
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Similar nonparametric MLE estimates for U-shaped failure rate ‘unctions have
been considered by Bray, Crawford and Proschan [6]. There is a very useful
general smoothing technique behind all of these estimates. Brunk [7! has observed

that rn(zi) is the "isotonic regression" on the index i of the sequence

. Zi41
rn(Zi) =1/ I n(u)du
Z

i
with respect to a suitable measure, namely,

z1+1
u{i} = I n(u)du
Z

i

in this case. The isotonic regression rn(zi) has a useful least squares

property; namely,

n=1 - . 2
) [rn(zi) ; r(zi)] uii}
i=1

1

o=l ¢ o a 2 n- & 2
P [r @,) - rn(Zi)] w1} + J [rn(Zi) - r(Zi)] ui1}

i=1 i=1
holds for every increasing function r(Zi) .
To illustrate another use of the isotonic regression, consider the following
estimation problem. Suppose that items are inspected at random times and that
failure is observed only through inspection. Our failure data, on each item which

fails, consists of intervals (ti’t ) where it is only known that the item

i+l

survived to time ti and failed sometime in the interval (ti't1+1

Meier and Tukey [16] study the MLE estimate of the failure rate under these

) . Harris,

conditions. The approach is nonparametric in that it is assumed only that the



o =

14

failure rate is constant (but unknown) over specified time intervals. The fact
that the authors seek rates rather than probabilities for intervals produces
certain differences in their treatment of observations extending over parts of
intervals as compared to the "actuarial" treatment. The isotonic regression
technique can be applied to the Harris, Meier, Tukey estimate, for example, if we
assume that the failure rate first decreases and then increases.

Let ;i denote the Harris-Meier-Tukey MLE of the failure rate in interval

i . Let (0,1) denote the first interval; (1,2) the second interval, etc.

Suppose the MLE looks as follows:

-,
——

71 j * ., __]L_
2

0 1 3 4 5 6

~

To obtain an estimate, say o , which decreas2s and then increases and which

is closest to p in a least squares sense, proceed as follows:

(1) Choose in turn, io =0,1,2, ..., n for possible change
points of the failure rate.

(2) Suppose io = 0 . Then




ot

and

v
) o,
= Min Max e el S

Pi,0 ST

v>i u<i

(3) If 0 < io < n , then

v oL
x
(3a) 0 = Max Min —1H—— for 1 < i < i =1
i,1 q . vV +1-u = — "0
o 1O-l:y3} u<i
and
v
Iy
(3b) p. = Min Max = for i < i < n .
+ 1 -u o — =

v>i 1 <u<i
£ S

(4) For each choice io , compute

(5) Take as your estimate that o4 4 corresponding to the change

point which minimizes the sum of squares.

~

It can be shown that the estimate Oi so obtained is closest to the

. *To

Harris-Meier-Tukey estimale ch in the sense that it minimizes the sum of squarcd

errors relative to all competing estimates which first decrease and then increasc.




(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

9]

(10]

(11]

[12]

(13]

[14]

16

REFERENCES

Barlow, R. E., "Likelihood Ratio Tests for Restricted Families of Probability
Distributions,'" Annals of Mathematical Statistics, Vol. 39, pp. 547-560,
(1968).

Barlow, R. E. and F. Proschan, "A Note on Tests for Monotone Failure Rate
Based on Incomplete Data," ORC 68-7, Operations Research Center,
University of California, Berkeley, (1968).

Bickel, P. J. and K. Doksum, "Tests for Monotone Failure Rate Based on
Normalized Spacings," ORC 67-37, Opcrations Research Center, University
of California, Berkeley, (1967).

Bickel, P. J. and J. L. Hodges, "The Asymptotic Theory of Galton's Test and
a Related Simple Estimate of Location," Annals of Mathematical
Statistics, Vol. 38, pp. 73-89, (1967).

Birnbaum, A. W., J. E. Esary and A. W. Marshall, "A Stochastic
Characterization of Wear-Out for Components and Systems,' Annals of
Mathematical Statistics, Vol. 37, pp. 816-825, (1966).

Bray, T. A., G. B. Crawford snd F. Proschan, "Maximum Likelihood Estimation
of a U-Shaped Failure Rate Function," Boeing Scientific Research
l.aboratories Document D1-82-0660, (1967).

Brunk, H. D., "Conditional Expectation Given a Lattice and Applications,"
Annals of Mathematical Statistics, Vol. 36, pp. 1339-1350, (1965).

Chibisov, D. M., "On Limit Distributions for Order Statistics," Theory of
Probability Applications, Vol. 9, pp. 142-148, (1964).

Doksum, K., "Asymptotically Optimal Statistics in Some Models with
Increasing Failure Rate Averages," Annals of Mathematical Statistics,
Vol. 38, pp. 1731-1739, (1967).

Doksum, K., "Minimax Results for IFRA Scale Alternatives,'" ORC 67-31,
Operations Research Center, University of California, Berkeley, (1967).

Esary, J. D., F. Proschan and D. W. Walkup, "Association of Random Variables
with Applications," Annals of Mathematical Statistics, Vol. 38,
pp. 1466-1474.,

Gnedenko, B. V., "Sur la Distribution Limite du Terme Maximum d'une Serie
Aleatoire," Annals of Mathematical Statistics, Vol. 44, pp. 423-454,
(1943).

Grenander, Ulf, "On the Theory of Mortality Measurement, Part II," Skand,
Aktuarietidskr, Vol. 39, pp. 125-153, (1956).

Harris, R., "Contributions to the Theory of Lxtreme Values," ORC 68-9,
Operations Rescarch Center, University of California, Berkeley, (1968).



(15)

(16]

(17}

(18]

[19]

(20)

[21)

[22]

(23]

(24]

[25]

(26]

(27]

(28]

(29]

Harris, R., "A Multivariate Definition for Increasing Hazard Rate
Distribution Functions and Some Related Multivariate Dependence
Relations," CRC 68-15, Operations Research Center, University of
California, Berkeley, (1968).

Harris, T. E., P. Meier and J. W. Tukey, "Timing of the Dis*ribution of
Events Between Observations,' Human Biology, Vol. 22, pp. 249-270,
(1950).

Lehmann, E. L., "Some Concepts of Dependence," Annals of Mathematical
Statistics, Vol. 37, pp. 1137-1153.

Mann, N., "Point and Interval Estimation Procedures for the Two-Parameter
Weibull and Extreme-Value Distributions,”" Tlechnometrics, Vol. 10,
pp. 231-256, (1968).

Marshall, A. W. and I. Olkin, "A Multivariate Exponential Distribution,"
Journal of the American Statistical Association, Vol. 62, pp. 30-44,
(1967).

Marshall, A. W. and I. Olkin, "A Generalized Bivariate Exponential
Distribution," Journal of Applied Probability, Vol. 4, pp. 291-3C2,
(1907).

Marshall, A. W. and F. Proschan, "Maximum Likelihood Estimation for
Distributions with Monotone Failure Rate," Annals of Mathematical
Statistics, Vol. 36, pp. 69~77, (1965).

Marshall, A. W., D. W. Walkup and R. J. B. Wets, "Order-Preserving Functions;
Applications to Majorization and Order Statistics," Pacific Jourrnal of
Mathematics, Vol. 23, pp. 569-584, (1967).

Parzen, E., "On Estimation of a Probability Density and Mode," Annals of
Mathematical Statistics, Vol. 33, p. 1065, (1962).

Pyke, R., "Spacings," Journal of the Royal Statistical Society, Series B,
Vol. 27, pp. 395-449, (1965).

Rao, B, L. S. Prakasa, "Asymptotical Distributions in Some Nonregular
Statistical Problems,'" Technical Report No. 9, Department of Statistics
and Probability, Michigan State University, (9 April 1966).

Saunders, S., ""On the Determination of a Safe Life for Classes of
Distributions Classified bv Failure Rate," Technometrics, Vol. 10,
pp. 361-377, (1968).

Smirnov, N. V., "Limit Distributions for the Terms of a Variational Series,"
American Mathematical Society Transacticss, Series 1, No. 67, (1952),

van Soest, J., "Some Goodness of Fit Tests for Exponential Distributions,'
Technological University, Delft, Netherlands, mimeographed.

Watson, G. S. and M. R, Leadbetter, 'Hazard Analysis II," Sankhya, Vol. 26,
pp. 101-116, (1964).

e s e e e S

- S el S Tk = e tbs A 2



[30]

18

Weiss, L. and J. Wolfowitz, "Estimation of a Densi‘y Function at a Point,"

Z. Wahrscheinlichkeitstheorie verw. Geb., Vol. 7, pp. 327-2335, (1967).




.

Unclassified
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classtfication of title. bodv of abstiact and indexing annotlation muat be entered when the oversl! teport 18 classified)

T2a RFPORT SECLIRITY C ( ASSIF (C ATION

ORIGINATING ACTIVITY (Corporate avthor)
1 I3 .
Unclassified

University of California, Berkeley 3n onoos

I

3 REPORY TITLE

SOME RECENT DEVELOPMENTS IN RELIABILITY THEORY

4 DESCRIPTIVE NOTES Tvbw of report and inclusive detes)
Research Report

S AUTHOR(S) (Last name. tirst name. initial)

BARLOW, Richard E.

TOTAL NO OF PAGES 75 NO OF REFS

18 30

6 REPORT DATE Ta

July 1968

B8 CONTRACTY OR GRAMT NO. 9a _RIGINATCR'S REPORT NUMBER(S)

Nonr-3656(18) ORC 68-19

b PROJECT NO

NR 042 238
c 95 OTHER REFORY NO(S) (Anv other numbere that may he assigned
this report)

Research Project No.: WW 041
d

10 AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11 SUPPLEMENTARY NOTES  Also supported by !'IZ SPONSORING MILITARY ACTIVITY

the Nat'l.Sci.Found. under Grant
GK-1684 and the Nat'l.Sci.Found. under MATHEMATICAL SCIENCE DIVISION

t
|
Grant GP-8695. 1

13 ABSTRACT

This is a survey of problems and recent developmen’s in some selected areas of
nonparametric reliability theory. The paper is divided into three parts:
Models for Life Distributions, Tests of Hypotheses, and Estimation Procedures.

DD VFJ?hRJMOA 1473 Unclassified

Security Classification




Unclassified
Security Classification

KEY WORDS

LINK C
T

LINK A
ROLE T

wT ROLE wY

Survey

Reliability Theory

Life Distributions
Tests tor Fxponentiality

Failure Rate Estimaticn

|
l
| 1

| ORIGINATING ACTIVITY: Enter the name and address
-1 the contructor, subcuntractor, grantee, Department of De-
tense . ctivity or other organization (corporate author) i1ssuing
the report.

2a REPORT SECURTY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
"“Restricted Data'’ 18 included Marking .z ‘o be in accord
ance with appropriate security regulations.

Zh. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
murkings have been used for Group 3 and Groap 4 as author-
ized.

4. REPORT TITLE: Enter the complete report title in all
« upital letters, Titles in all cases should be unclassified.
It a ricaningful title cannot be selected without classifica-
tiun show title classification in all capitals in parenthesis
immediately following the title,

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, €.g., tnterim, progress, summary, annuai, or final,
Girve the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter 'ast name, first name, middle initial,
If military, show rank and branch of service. The name of

the principal o 'thor 15 an absolute minimum requirement.

t. REPORT DAT:. Enter the date of the report as day,
month, year, or month, year. If more than one date appears
na the report, use date of publication,

7a. TOTAL NUMHBFR OF PAGES: The total page count
<hounld frTlow norr al pagination procedures, . e., enter the
numher of pages containing information,

7. NUMBER OF REFERENCES Enter the total number of
teferences cited in the report.

8« CONTRACT OR GRANT NUMBER: If sppropriate, enter
the applicable number of the contract or grant under which
the report was written

8h, B, & 8d. PROJECT NUMBER: Enter the appropriate
nulitury department 1dentificetion, such as project number,
subproject number, system numbers, task number, etc.

Ya ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
c1al repurt number by which the document will be identified
and controlled by the originating activity, This number must
be unuque to this report.

h OTHER REPORT NUMBER(S): If the report has beer
asstgned any other report numbers (erther by the originator
ar by the sponsor), also enter this number(s),

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
ations on further dissemination of the report, other than those

INSTRUCTIONS

imposed by security classification, using standard statements
such as:

(1) ‘*Qualified requesters nay obtain copies of this
report from DDC."’

(2) ‘Foreign announcement and dissemination of this
report by DDC is not authorized."’

(3) *‘‘U. S. Government agencies may “btain copies »f
this report directly from DDC. Other qualified DDC
users shall request through

] "

(4) *'U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall reguest through

.’!

(5) **All distribution of this report 18 controlled Qual-

ified DDC users shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Use for additional explanas-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring ‘pav
ing for) the research and development, Include address.

13. ABSTRACT:. Enter an abstract giving a brief and factua!
summary of the document indicative of the report, even though

it may also appear eisewhere in the body of the technical re-
port. If additional space 1s required, a continuation sheet shall’
be attached.

It 1s highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the 1n-
formation in the paragraph, represented as (TS). (S). (C), or (U

There 1s no limitation on the length of the abstract. How-

ever, the suggested length 1s from 150 to 225 words.

14. KEY WORDS: Key words are technically mesningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected 80 that no security classificetion 1s required. dent-
fiers, such as =quipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights 1s optional.

DD .72 1473 (BACK)

Unclassificed

Security Classification




