UNCLASSIFIED

432336

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other date are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatscever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data 18 not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.







CRITERIA FOR THE DESIGN AND USE OF
AUTOMATED MISSILE GROUND EQUIPMENT
TO IMPROVE MISSILE READINESS

o Joseph R. Bronm,
System Operations Depertment
The RAND Corporation

R-2269 7

K April 20, 1961 J

To be presented to The Third Joint Western Regional Meeting of the
Operatioms Research Scciety of America and the Institute of Mansagement

Sciences, Seattle, Washington.

Reproduced by

The RAND Corporaotion e Santa Monicao e California

The views expressed in this paper are not necessarily those of the Corporation




P-2269

CRITERIA FOR THE DESIGN AND USE OF AUTOMATED ISSILE
GROUND EQUIPMENT TO IMPROVE MISSILE READINESS.

Ever since World War II, the military services bave been taking delivery
on ever increasingly complex weapon systems. Part of the complexity arose
because of vhat the weapon systems were supposed to do. For example,
carrying men over {nter-continental renges at supersonic speeds is not a
simple design problem. Another part arose becsuse these systems vere
supposed to do things tﬁat had never been done before. I'm thinking here
of the inter-continental ballistic missile. Designers vere pushed to the
14mit of their knowledge in developing these systems. Newness. Complexity.
In hardware design those two words are synonyms for trouble.

Take the inter-continental ballistic missile, the ICRM. VWhen they
attempted to launch early ICEM's they discovered some troublesome things.
1'11 mention but two. First, missile parts failed even when doing nothing
more than standing. Now it's expensive and embarrassing to launch migsiles
with defective parts. One obvious solution 1s to check the missile before
you attempt to launch it. But that leads to the second trouble. The pre-
paratory checkout procedures required quantities of sl;il.led megpovwer and
tock lots of time. To the Air Force, this situation was not accepteble.

The Air Force doesn't bave great quantities of skilled manpower and, for &
quick-reacting retaliatory weapeon, doesn’'t have lots of time.

So it was only natural for people to wonder if the potions of automation
could be applied to missile checkout. They were attracted by the ideas the
mathematicians bad used in developing high speed computers to sclve probleme
in aritimetic. As & result, a vhole new concept was born that of esutomatic

checkout equipment. And I'm pot sure but wbat Pandora's box flipped its lid




over that one.

Certainly, you are all aware tbat even one ICEM ie & complex thing. 8o
when you study many missiles - even of one type - existing within a bvasing
anrd support system, you are faced with a very large, camplex problem which
ie beyond the grasp of the humen mind. Here's where the attributes of
Operations Research can ve profitably used. By breaking down & large complex
problem into parts or steps while still retaining a connective ;nechanism, by
offering tools or methods for an organized, systematic attack upon these
parts, an operations analyst offers aids to the solution of tbe overall
problem.

Today, I'm going to tell you about ope of these aids. I will address

\l one part of an overall ICEM weapon system problem, thnft o‘f”?l?;jiciive criteria
for the design and use of automatic checkout equipment ,;_(ilec&ll tbat the
purpose of tbe equipment is to test the miesile during its ground life - an
operation which I call readiness testing. It follovs that vhat I have to
say must be imbedded in the weapon sysﬁm context before overall solutions
are obtained.

Wbat is the problem for the smalyst in this area of automatic checkout
equipuent applications? well, let's start by meking some general observa-
tions. You are familiar with the conventional nmumerical descriptions of
military weapons. Altitudes, speeds, ranges of airecrafts; CEP's, component
relisbilities and propulsive thrust of missiles are examples. Part of the
problem is that often these numerical descriptions don't lend themselvae
readily to comparative purposes. For exsmple, one of the most difficult
problems for the military enalyst is to compere aircraft and miesiles. The

trouble is thet men in aircraft can do things that missiles can't do. Axd

1t's most difficult to establish & value for the presemnce of the men.
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What we require from the amalyst then, is e means of combining or transforming
the conventicnal numerical descriptions into useful criteria which can be
used for comparative purposes. Ancther part of the problem is that the
conventionsl descriptions cut across scientific or engineering disciplines.
80 when a system designer has to make system decisions, bhe frequently falls
back on intuitive reasoning, Judgmeat, and experience. I don't mean to

imply that such design practice 15 all bad. But I do claim that the analyst's
objective aids to this decision process will not only help but, stating it
more forcefully, these side ure needed. Problems of these kinds are too large
and the solutions result in teo much expense to rely solely on subjective
guides. All right, wve have made some general ovservations of the analyst's
problem. Now let's apply them to the readiness testing problem at bhand. We
bave noted that we must be system orlented. Therefore we know something about
the type of missile and its operational and support enviromment. But we must
also recognize that these missiles are made up of various subsystems such as
guidance packages and propulsion systems. Because +he subsystems are quite
different in design and do noticeably different things, we should expect a
requirement to tailor the design and use of autamatic checkout equipment to
the particular characteristics of each subsystem. The analyst's Job is to
develop an objective means which will tell us hov to choose betyeen various
designs and uses for each subsystem. Since we check a missile to fina
feilures that are ypresent, we are principally concerned with fatllure rates,

a conventional mumerical description springing from reliability data. After
all, reliability data are patural modes of expressing ground operating prob-
abvilities. Once we know the best test method for each subsystem, we can
establish a readiness testing .progro.m for the entire missile by simply com-

bining the individual methods.
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I'11 show ycu the criterion used in this study.

CHART 1

The statement is rather brief so suppose I talk around it for a bit. We
are interested in findiné failed parts im an ICBM. One might think that to have
a rapid means of testing is enough. We'll test the missile often by testing the
individual subsystems and repalr when necessary. But this intuitive reasoning
can be wrong. For example, in &a extreme, one may test the missile too often
and find himself wearing it out unnecessarily. In a less extreme, one my choose
testing methods which actually reduce missile readiness from what it could be.
Therefore, it seems more reasonable to require that the readiness testing do the
best to maintain a launch ready missile over a long period of time. Stating it
differsntly, we want maximm missile readiness at some future time. Now, as s00n
as ve say future time, we have to back off from certainty and admit probabilities
of the missile being launch ready. Note that the criterion has an operational
nature; inherent are the use of the missile and its test equipment. Actually,
the statement applies to testing or checkout in general. It could apply to maausl
means. It's only when you consider military requirements for rapid test or for
remote control of the test operation that you are forced to add the word auto-
matic to the two words checkout equipment. One final talking point, the title
of this paper suggests that we want to improve missile readiness. I can rephrase
that by saying that we want to maximize this criterion.

To accomplish our goel of maximum missile readiness, we must develop an
objective means which will

1. Relate the goal to the factors or parameters vhich determine it and yet

2, Allov us to examine the individual subsystems called missile functions.
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Only then do we have a sound basis for determining the criteria for the
design and use of ACE to achieve our goel of maximum future miselle readi-—
ness.

To start, we need to establish what the controlling perameters are.

I don't have time to discuss them all so I'll give you a few samples.
CHART 2

For my example, I have chosen & test envircnment vherein the missile
18 checked periodically. Certainly there are others. On the one hand I
could talk about constant tests of the missile; on the other I could talk
about no missile tests. We have introduced the notion of time. Therefore
time is opne of the controlling parameters. Among others, time for the
periocdic inspection, time between periodic inspections, time for maintenance
delays, and for repelir actions must all be included.

A second notion we have introduced is the missile being launch ready.
Therefore we must consider the states of the missile. There are four.
The first is launch ready or operative., The second is melfunction exists
but we don't know it. The third is mamlfunction exists and we do know it.
And the fourth is in—mamintenance.

I'1]l show you & few other controlling perameters which are not quite

80 obvious.

CHART 3
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The failure rates of the missile functions. The chance that the function
survives the periodic inspection. The likelihood that the tester detects a
missile malfunction. And finally, the chance that the tester makes & mis-
take by calling & good function bad. 0f course, these input parameters do
not affect the mlssile readiness probability in equal ways. Consequently
the required accuracy in estimating their numerical values varies. For
example, consider the first - failure rates. We'll see liter on that fail-
ure rates can vary from cne-tenth to ome-ten thousandth. The corresponding
ready probability changes from one-tenth to nine-tenths. But one would not
expect an estimating error to be & factor of ten thousand. Let's say that
the error in estimating a fallure rate ie a factor of two. Ve estimated a
failure rate for some missile function to be 1o-u and later we learn that it
is really 2 times 10‘1‘. Such an error would change & ready probabllity by
less than ten per cent. On the otber hand, 1f good tester design practice
is used, then a mistake in estimating what the tester error is has a trivial
effect upon the missile readiness probability. Well, there's a long list of
controlling parameters. But for now, let's say that we have the 1list.

Our pext step is to find a means of relating our goal to the long list
of controlling parameters. You saw earlier that events in missile ground
1ife are repetitive or cyclic. If we take advantage of this feature and
accept exponential failure laws, then there is a branch of mathematics
concerning Markov Chains which 1s appropriate. The mathematicsl model,
based on compound Markov Chains, describes the movement of tbe missile through
the four states and relates missile readiness to the 1ist of hardware and
operational parameters. In addition, the model applies vhether we want to

consider the missile as one piece or want to consider some individual missile
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function such as a guidance package. For those of you vho are mathema ti-
cally inclined, I have included a few of the underlying equations at the
end of the written text, pP-2269.

At this poiut we have an operational criterion, the parameters whiph
determine the goal, and en objective means of relating the two. Row let's
see what happens when we put the three together to produce some usefvol
results. I have two applications to show you. The first is general or
generic and the second is specific.

For the generic application, we assumed characteristic ranges of ‘
numerical velues for each of the parameters. Then a high speed camputer
determined the future probability of being ready. From the great bulk of

data, I have abstracted one set to show you.

CHART &

This set of test comparison curves is illustrative. The curves apply
to one numerical set of input parameters. Change the set and you change
the curves. What do we see? The curves relates ready probability to fail-

ure rates. Failure rates are given in failures per hour.
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Underneath I have indicated a few corresponding mean-time-between-fail-
ures. This failure rate can apply to the entire missile or to scme function
such as the guidance package depending on the level of 2etail wanted. 'Equip-
ment is less reliable as you go out the horizontal exis. At the origin is
plotted reliable equipment and the resulting high ready probebility. Out at
the end are less reliable equipements with low readiness. The brown curve
18 a leave alone testing method wanere the entire miesile functiorp 1s re-
placed every six months. The green curve is & 30-day periodic check..
Thirty days could be dictated by overell weapon system consideratious. The
orange curve is ccntinuous monitoring of the equipment. To emphasize the
41)1lustretive intent of the chart, I'll repeat that the leave alone curve
bas & built in sassumption of complete function replacement every six montbs.
As the replacement period goes up in time, the ready probabllity goes down.
Make the replacement period high enocugh and eventually the leave alone curve
w11l drop beneath both the check periodic and contimuocus monitor curves.

Not only would the chart look different but the conclusions ycu would draw
would be different, too.

If you'll temporarily accept my set of input parameters s belng realis-
tic, we note that from the origin to slightly better than lO-5 leave alone
is the best testing method. Best in the sense that 1t affords the highest
ready probability. For a short while beyond, & 30-day check is bvest. Fram

then on, contimious monitor 1s best. Now what if you don't like my set of

input parameters which I bave been clever enough not to show? Well;, RAND
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will soon have a data volume available for general use. It containe tables
relating ready probabilities to the input parameters. 8o, select your own
set, go into the data volume and plot your own test comparison curves.
That alternative is reslly the purpose of the generic application; to give
people the ability to plot their own curves as determined by their own set
of input parameters.

That's all I have to say on the genmeric application. Before going on
t0 the specific example, I want to use these curves to illustrate the poten-
tial barm in relying solely on intuitive choices for testing. Suppose some
missile function has a .”1.0-h fallure rete. This rate corresponds to an
expected mean-time-between-failure of about LOO days. Well, 4OC days mean-
time-betveen-failure is over twice our replacement period of eix months or .
180 days. Let's leave it alone. That testing choice would result in almost
a 15% reduction in rexliness from what it could be with a 30-day check.

I'1l go back now to my discussion of the applications. For the speci-
f1c application we designed a missiie; not in a disciplined engineering
sense but in & component failure sense. The exemplary missile does not
exist. It represents an advanced, storable propellant, inter-continental
ballistic missile. The missile hes two stages and & re-entry vei:\icle.
Guidsnce is by an irertial syctem _ We divided the missile into 8 major

subassemblies-Chart 5 shows tvo.

CHART 5
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Across the top are the three testing methods: continuous monitor,
check periodic, and leave alone. Beneath that are foilure rates and resdy
probabilities. The failure rates are vased on analyses of present day
ICEM's. The mearing of the 10'6 symbol is that the failure rate is so
small that it loses significance in this work. As a point of reference
this number (computer .00173) corresponds to 30 days mean-time~-between-
failure. The ready probebilities were read from a set of working curves
similar to those on the previous chart.

Consider the amplifier channel entry - .9L0, .964, 1.0 - the leave
alone testing mode is best. The differences are due malnly to the assumed
test inaccuracles and test caused failures. It's true there is a distinc-
tion in renking but the numerical differences are small especially in light
of the uncertainties snd ipaccuracies surrounding present-day input dat..
Therefore, the important point is not thet leave alone is best, but
rather that all three testing methods produce similar results. This simi-
larity permits 'the system desiguner to choose between the three on different
grounds than ready probabilities - cost. Certainly it must be cheaper to
leave the amplifier alone than to develop, purchase, and operate automatic
checkout equipment.

The situation in the inertial guidance package is quite different. By
assumption, the package is running et all times to meet & military launch
requirement. Operating failure rates are higher than would be the case 1if
the unit were in the standing state of leave alone.

The steble platform ready probability for continuous monitor is over
)twice the value for leave alone. A faator of two is meaningful. It elso
points to a second consideration. Here ve have units which are running.

In this (L.A.) case ve don't check them; here (C.M,’C.P.) ve do. Suppose
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a group of eng:l.neersvis designing a2 missile. They plan to turn one function
on, say, to check a second function, but do not plan to check the first
function itself. BSuch planning has occurred. This difference illustrates
the penalties involved in such design practices. If you're going to run
something, you better check it.

In our specific application all 8 major subsystems came out best vhen
left slone with the exception of the inertial guidance package. There
continuous monitor is a good cholice. Suppose we wanted to specify &
complete testing program for the entire missile. Such & program would
follow the ocutline I just gave. Even with this best program, the ready
probability for the entire missile as determined by the products of the
best ready probebilities for the {ndividual functions is & surprisingly
low 0.25 caused prirncipally by this set of ready probebilities. This low
pumber indicates that it might be better for our exemplary missile to
develop a guldance package that can be brought from rest to launch ready in
o short time rather than to develop contlpucus monitor checking equipment.
If we cap do this redesign, the ipertial guidance packege could be kept in
the standing state. The failure rates would be lower, resulting in higher
ready probabilitles for the fpertial guidance package and & higher ready
probebility for the entire missile.

In summary, I have described a means of relating missile readiness to
operational and hardware parsmeters. The results of this study are useful
to an automatic checkout equipment desigrer in choosing the proper design
apd uses for such equipment. I belleve the method is most useful in the
preliminary design stage where design choices must be mde. It can be argued
that the values of the input paremeters are most rough at that early stage

of design. TFor example, failure rates based on reliability deta sre imput
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parameters. The fallure rate of a computer under deeign is not easy to come
vy. But this argument doesn't negate a requirement for objective means to
establish design criteria. As a design sdvences, input perameters improve

in accurascy and the output of the model is correspondingly improved in

value.
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APPERDIX 1

The purpose of this section is to give the reader an introduction to
the mathematics underlying this paper. The autbor is indebted to Mr. 5. I.
Firstman for permission to reproduce here part of his paper, Ref 1. A

complete description of the model will be found in Ref. 2.

Problem Statement

A missile and ground-operating equipment necessary for launch are
assumed to be composed of N statistically independent parts or functions.
It is further assumed that the state--good or no good--of each of these

functions can be determined in terms of function performance necessary to

_insure proper system performance. Because it forces limits for a decision

of good or bad to be made in &n & priori sense, this assumption neglects
the chance that while @ function perameter may have drifted beyond an &
priori set limit, other system changes may have occurred to compensate for
this drift. This undesirable feature can be elleviated by aggreggting mis-
sile parts into larger test units.

It follows from the assumption of statistical independence* that the

ready probebility, P, for the entire weepon is given by

! X
13k
P = 1,?,: (Py4y) ()

*Thle assumption of statistical independence does not hold strictly for
all test methods. For example, using the contimuous monitor method a common
test item may monitor several functions. If these functions are not grouped,
then the PiJk estimate for each will reflect the test equipment’'s failure

probability, and hence, P given by Eq. 1 will be a conservative estimate.

When this independence assumption fails, the effects on P could be significant,
but the decision process to be described will be largely unaffected. This

is because each Pijk is compared to each alternative Pijk estimate on an
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where

=P (function 1 1s operative, i.e., in ready condition
1f tested using method j and equipment in locetion k),
and

P
13k

1, if readiness-testing method J and equipment in
location k is used for function 1

X =
135\ o, othervise

To separate those functions that are constrained by safety or physical

reagsons from those for which design freedom still exists, let the constrained

test be indicated by ic' Then

X x
=TT (o) Y T (p, ) B (2)
1mt 13k 14t 13k
[+4 c
3k 3,k

The design problem can now be stated as:
Within the constraints imposed by safety and physical reasons, aand
within the system readiness testing concept, determine that set of
% 3¢ =] so that P given by Eq. (2) is waximm and
Y x,., =1, for each i.
ik ’
s b

Derivation of P " Terns

1J

Under the assumption that a missile function is either good or not-
good at any time, the portion of the life span of a function that 1s epent

in the silo can be divided into five states:

individual besie and in this context each estimate is, in essence, separate
of the other estimates (except, of course, tbat all terms are based on this
same system concept) because at that time, just it 1s being examined with
all other factors being held constant.
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Operative, there are no failures (malfunctions) in the
function.

Z. Inoperative--unknown; 2 Aisabling failure has occurred in
the function so that it is inoperstive but the failure is
undiscovered.

3. Incperative--awvaiting maintenance; a disabling failure has
occurred in the function, it has been discovered, and the
missile is down awaiting maintenance.

L. Being maintained; the inoperative function is being re-
paired or replaced vhile the missile is down.

5. Undergoing Periodic Inspection or Preventive Maintenance;
the missile 1s down while the function (or all functions)
are being inspected or replaced.

Under these assumptions and definitions, it is pecessary that &ll functicmns

on a missile be in state 1, i.e., operative, in order for the missile %o be

ready to go.
Looking now at each function separately, it is seen that its 1ife is

a series of states with defined paths of possible transitions from state to
stete. If the missile is rejuvepated by preventive maintenance every
several years {perhaps this period is determined by the shelf life of
storable propellants or composition seals) then it appears that wear-out
failures can be safely neglected in an examination of readiness testing,
except that proper attention must be given to the constraints imposed on
the allowable types of tests for some functicms.® Yor example, mechanical
~—SWear—out phenomena should be considered when determiiing the preven-

tive maintenance concept--especially for functioms that are operated
contimiously.




parts vith definite vear-out characteristics probably should not be conti-
nuously exercised. TFor the readiness-test concept, the comcern should be
centered about the randomly occurring feilures. And, for this analysis,
one should also take account of the fa_ilures that are caused by the readl-
pess testing; the different methods of testing impose different stresses on
the missile function.

One further assumption {s needed before the analysis can continue;
that of expopentially distributed failures. The Jjustification for this
assumption and the conditions under which it is reasonable have been dis-
cussed in numerous reports (Refs. 3 for example) and vill not be discussed
here. This appears to be & reasonably good essumption for many pvhysical
functions, other than electronic, and there 1is much experimental evidence
to juatify its (cautious) use.

pecausge of the preceding assumptions on the statistics of the fallure
distribution, it is seen that the probability of a function failing ine
given period is dependent only on the length of the period and the opera-
tional stresses, and 1s thereby independent of the number of periods of
previous use. A1l otber state-to-state transitions depend orly on the
existing state and the state to which the movement is to be made. There-
fore, the progress of & particular function through its operational life-

time can nov be viewed ss 8 Markov Process which will be described.

Check Periodically
The process of checking periodically is the most tractable of the two

ective readiness-testing methods and will be treated as an exeaxple; the

monitor continucusly and leave-alone methods are discussed in Ref. 2. The

length of tims between periodic inspections that gives the best system




performance 1s assumed to be given by the system concept; this time between

periodic inspections will de called T. Each missile function that uses the
check periodic method is inspected every T days, and because of the nature
of the system, defects that have occurred in the function cen be detected
only at the time of the periodic inspection.

It will prove useful to break the T days down into ng spaller tipe
pericds of ty hours each and the time required for the missile periodic
inspection @ so that & periodic intervel appe&rs as

| | | 19}

|
| ... =l
—'E 1!1 21:1 Bti n, t’i T

To further simplify the aralysis, the quantity of time ti is defined
to be the average length of time required to repair or rerlace the ith
function. This includes all time required to travel to the missile, unbut—
ton the silo, remove and repair or replace, etc.

Projecting the function's operations into the future, it appears as &

series of intervals of length T, that is finally ended at the time of launch.

: Iaunch
o0k .
T

!
T

% t
T T T

The movements of & missile function through this pattern must of necessity
demonstrate periodic properties. The chance of a transition from one state
to apother will depend on whether the potential movements ovewr during a
periodic imspection, or between inspections. It will de corvenient, there-
fore, to define three transition matrices: A defined over p{, B defined

over 9, and C defined over T.




For the staltez numbered:

1. Operative
2. Inoperative--unknown
3. Inoperative--awaiting maintenance
4, Being maintained
(NOTE: The state of being inspected is handled differently;
a transition matrix will be defined for it.)
_A = matrix of single-step transition probebilities in time ty, for

the interval between periodic inspections.
A= {a } ; & matrix of terms a
rs ; rs
vhere

., = P (transition from state r to state & in one intervel
of length ti)
Similerly, for the periodic inspection
B = metrix of single-step transition probebilities in time 9, for the

periodic inspection.

-

vhere

brs = P (tramsition from state r to state s during the

pericdic inspection).
The process to be described moves through ny steps of length t; des-
eribed by A, and one step of length @ descrived by B, for each large step,

or period, in 1is life. A matrix is needed vo describe transitions over




the entire period T.

C = matrix of single-step transition probabilities in time T = niti + Q.

Ir

s = P (transition from state r to state s in one interval of
length T),
‘and Af it is observed that each tern Ces is a term compounded from &, and

c
r

brs terms; that is (changing notation slightly for the sake of clarity), 1f
arv -prv(ti)’ the probability of moving from state r to state v in time ti
and b = pvs(°)’ the probability of moving from state v to state s in time

O, then

g = prs(niti +09)
- % P (nty) p ()

By induction, it can be shown that

n

' )
At < P (gt )? ’

and
Be o, ()
80
C= {C }
rs
is given by




The next step in finding the long-run yrobability of being in state 1

(w)

18 to define the m-step absolute probability vector X .

(m) (m) (m)

x = (xi )y %,

(m) , xh(m) )

y X

3
where

(m)
% = P (function being in state k after m periodic intervals)

(m+1) (m)
b4 2 X [o]

-

This vector has the property that if the process is allowed to continue
sufficiently long that the effects of the initial distribution of states
have been dissipated, then for scme lerge m, & steady state, or fixed,

probability vector is given by
x = xC ' (1)")

Thet 15, the long-run distribdution of states following & periodic inspection
should be unaffected by an additional pericd and pericdic imspection.
Solving for the vector x (for this problem, this involves the
solution of 5 similtaneous linear equations; one for each Xy and one that
expresses the sum of the xk's equals unity) gives the probability of the
function being in each state following a periocdic inspection that is con-
venlently long removed from the time of {nitial installation. In particular,
this could be the inspection that precedes the begloning of hostilities.
Hostilities can begin at any randomly chosen time (with respect to the

readiness testing schedule) and, therefore, a measure 1is needed for the




probability of each function being operative at auny randomly chosen future

time. If the vector describing the state probabilities in the time follow-
ing a (steady state) periodic inspection is given by x, as hefore, then for

r times periods of length ti later
(r) r
x = XA

(15)

where
(r) (r) () (r) (v
X = (xi , X , X , X )
Neglecting ©, for © <ti and in turn t1<< T, and therefore only & small
error will result, the probability of the function being operative at time
of launch is
E [xl(r)] = P“k-_-%- zé-l xl("), for each J and k. (16)
The reason for this form of the expectation of xl(r) over the ni time
jpterval is becsuse the launch attempt could occur et any time with equal
likelibhood.

The necessary matrices must now be developed using terms describing
the missile function's physical characteristics, the test equipment's cap:-
vilities apnd error propensities, and the system operation and maintenance
concepts. This is an involved and somewhat lengthy process, but not airei-
cult. Because it is not essential to an understanding of the essence of

tbe problem and solution, it will not be presented in this peper; it is

contained in Ref. 2.
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