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0. Ixitroduction and Summary

There has doubtless always been interest -i assessing
“readiness” of military units to carry out particular tasks.
Time frames have consisted of immediate instants or extended

intervals , methods have ranged from personal judgments to
sophisticated calculations , actual assessments have varied
from merely “yes or no” to indexes and complicated probabil-
ity statements , and so on , but the primary question has always
been

(a) Can the unit do the job?

And given the assessment , the question for logistics has been

(b) How does “readiness” depend on resources?

For example , in Part I of [21] each of the four senior service U

representatives referred to these questions in addressing
major issues and problems in logistics.

In the present paper we provide a brief survey of several
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approaches to answers for (a) or (b). We have found that we

can , without disadvan tage , restrict our attention to unclassi-
fied research reports that feature naval logis tics environ-
ments and appear in the open li terature , or are available
from the Defense Logistics Studies Information Exchange

(DLSIE). We start in Section 1 with a concise general review
of the contribution and status of about 30 references; we

divide these references into three convenient classifications :

(1) Data Analysis
(2) Theoretical Models
(3) Readiness Indexes

In Section 2 we presen t a more detailed discussion of four
impor tant cases which are reviewed in Section 1. Our general

conclusions are the following.

First, by f~r the most promisin g approach to obtainin g
prac tical answers to questions (a) and (b) appears to be

represented by the methodology study [20] conducted for the

Navy Readiness Analysis System; it could be extended by inc l u-

sion of further cluster analysis technique s [281 and pattern

recogni tion procedures. In specific cases , the generation of
special data--as typified by [4}--or the straightforward use
of exis ting authoritative data--as in [9]--seems worthwhile .

Second , theoretical model s, such as represented by [11],
[16], and others noted below , should be continued to be
studied in connection with particular problems in which

readiness can be involved. They are not to be regarded as
immedia te sources of operational answers to questions (a) or

(b), but their study should produce results that will be help-
ful in devising practical procedures.

Third , we have found no evidence to indicate that hier-
archical models involving the calculation of a readiness index

- 2 -
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of a sys tem based on the read~.ness indexes of its components
(as in [3] and [10]) are promising for answering questions
(a) or (b). In the f i r s t place , requiremen ts for da ta (espe-
cially functional representations) are overwhelming. In the

second , it is doubtful that the hierarchies could be used as

hoped for , even if data were available.

1. General Review

There are a number of ways in which we can classify
different approaches that have been taken to readiness. For

example , some efforts fall under the heading operational
readiness where attention is mainly focused on operations
that the military un i t  is required to perform . Such efforts
often seek results somewhat like sufficient conditions in
mathematics: given certain evidence , say from training exer-
cises , a result might be a prediction that the unit will be

able to accomplish a particular operation . Other efforts fall
under the heading material readiness where attention is mainly

focused on physical objects. Here results are often sought
that are somewhat like necessary condition s in mathematics:

given certain evidence , say from inspec tions , a resul t mig ht
be a prediction that the unit definitely cannot accomplish a
par t icular operation . Other terms appear in the literature - -

for example , combat readiness , indus trial  readiness , and so
on- -but instead of classifying approaches in this way we use
(1), (2), and (3) displayed in the preceding section .

1.1 Data Analysis

All approaches to readiness that we conside r involve
some kind of analysis of data but here under classification
(1) we collect those that depend almost entirely thereon .
Here the data evidently have logical connections with what
is needed to carry out particular military tasks. The issues

- 3 -
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tha t dis t ingu ish  d i f fe ren t app roaches are m a i n l y  two:

How per t inen t are the da ta?
How defensible are the analyses?

Let us proceed to specific examples.

Earl y efforts on military worth- -synonymously military
essentiality- -at the Logistics Research Project illustrate

the f i r s t approach where special methods produce special
applicable data. These efforts were mainly direc ted at the
ships allowance list problem , which is the problem of deter-

mining the list of quantities of “repair  par ts” carried on
board a ship in direc t support of the installed “equipmen ts. ”
Readiness entered explicitly through coverage of question (a)
by questionnaires for the determination ~f specific conse-
quences on the ship ’s mission fol lowing nced for the par t
when no spare was available. In the most serious case for I

,

question (b), the task--say the patrol of a submarine--would
have to be terminated. The scheme for submarines given in
[5] is modified in [4] for the Polaris weapons system and [6]
applies the method to naval aviation . Particularly the

Polaris scheme , of military essentiality classes, has had
long use by the Navy both as a source of descriptors- -hig hest
wor th , hi gh worth , and so on--and for providing “readiness
data” inputs for procedures and models connected with inven-
tory problems .

The Navy produces various kinds of status reports (for
example , Force Status and Identity Reports , Ready Material
Condi tion da ta , and so on), many of which include readiness
grades or “C-ratings ” such as

C-i Fully ready

C - 2  Sub stan tia l ly  ready
C-3 Marginally ready
C-4 Not ready

- 4 -  
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• Grades are assigned by the individuals responsible for the
mi l i tary tasks , or in some cases for the “equi pmen ts ,” in

• question . Answers to question (a) are directly given in this

fashion and , in cases where “resourc es” determine C-ratings ,
responses are also made to question (b). Re ference [9]
describes a method of analyzing and using such data for a
fleet of destroyers , as follows . For one ship there are C-
ratings for eleven subresources covering personnel , supply,

equipment , and (average) training. A single C-rating is
deduced for each ship using a “weakest link approach” and
then average C-ratings are obtained for groups of ships.
Measures are also obtained for individual subresources in
ways that are responsive to question (b); specifically, the L
difficulty of improving readiness (by improving particular
subresources) is addressed and the major  problem areas are
iden ti f i e d .  In summary , we can say tha t in [9] the data are
by design pertinent and the analyses are intentionally unso-

phis tica ted .

The U. S. Navy Board of Inspection and Survey has lon g
been a source of da ta on the ma terial  cond it ion of ships and
their readiness. Reference [27] describes ori gins of a uni-
form analytical inspection methodology that was in use for a
long period and [28] repor ts resul ts from clus ter analyses  on
such data. Reference [23] is a source of considerable infor-
mation on different approaches to readiness based on physical
condition . It also furnishes a substantial list of references.
Data on repairs , modifications , and overhauls to ships simi-
larly offer promise of helpful conclusions on the physical
condition of ships; for example , [13] is an early study of
effects of personnel , material supply , availability, obsoles-

cence , and deterioration on readiness.

It is our opinion that by far the most substantial “data

analysis” approach to readiness is given in the methodology

- 5 -
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• study [20] for the Navy Readines s Ana ly s i s  Sy s t e m . I t

reports on work during the second half of the l960s when
the Navy was committed under high priority to the develop-
ment of such a system for , among other things , determining
how changes in resources and environments can be expected to
affect the performance and capabilities of Navy units , forces ,
and activities. In the words of its abstract , reference [20]

Describes a method developed for systematically
examining the relationshi ps among personnel ,
training, equipment , and supply resource vari-
ables and destroyer performance measures.
Equations for evaluating performance readiness
of Atlantic Fleet destroyers at the end of
refresher training are presented , and recommen-
da tions are made for im p roving performance
measurement and resource data collection .

7

A broad range of statis tical  procedures are applied in [20],

and in Section 2 we provide a shor t  d i scuss ion  of the method-

ology.  I t is impor tan t to commen t tha t , in con tras t wi th the
approaches reported in Section 1.3, the methodology in [20]
does no t try to express the readines s of a shi p by one index
number , bu t ins tead provides a vec tor of readiness score
fac tors which are uncorrela ted . Each score fac tor provides
additional information and is thus an important factor of
readiness .  We believe tha t anyone who is in teres ted in pur-
suing readiness analysis should study [20 ] .

1.2 Theoretical Models

In every approach to readiness that we have found there

• is a mode l of some kind , and somewhere there is theory , but

here we collect ef for ts desi gned to provide models and ana-
lytical solutions to specific problems that may be related to

the evaluation of readiness. We do not include theoretical

- 6 -
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• models on inven tory , maintenance , replacemen t , r e l i a b i l i ty ,
and so on, even though such matters affect important aspects

• of readiness evaluation . We include only models directly
motivated by the problem of assessing readiness.

One of us has surveyed in [31] the problem of measuring
and making statistical inference on operational readiness.
The papers that are surveyed-- [ll], [22], and [30]--consider
the model of a two-state Markov chain , “up” and “down” and
the problems are to estimate the probability of readiness in
particular ways . Another example is [29] which works with a
time series of readiness grades for an individua l ship as a
continuous time Markov chain having stationary transition
probabilities , and then deals with groups of ships.

Several papers on readiness and related areas were pre-
pared at New York University during 1972-75. References [1],
[14], [16], and [18] are concerned with measurement of readi-
ness by a production function or utility function, similar to
those used in economics . These functions constitute readiness
data but they must describe leve l of performance (output) in
terms of available resources (inputs) and , as such , valid ones

are difficul t to obtain , certainly as compared ~ith any data
that we have considered above . Reference [12] presen ts two
techniques for measuring readiness. Effects of transportation
are studied in [15] while [17] and [19] consider replacement
problems .

1.3 Readiness Indexes

Under the presen t clas si f ica tion we collec t studies  tha t
depend in essen tial ways on measuremen ts , say on a scale from
zero to unity, that can be called readiness indexes. In
essence , such indexes represent values of func t ional  rela ti on-
ships of the kind described above as production function s and ,

- 7 -
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• again , val i d examples are diff icul t to find . The main id ea
here is to suppose t ha t  t h e r e  is an index  for each pa r t  of a

• large (typ ically hierarchical) complex s y s t e m  and t ha t  (b y
a g g r e g a t i o n )  the  r ead ines s  of the  sys tem is  de te rmined  as the
va lue  of a s i ng l e  inde x , or by at most a few of them.  In
o the r  words , the  present  approach involves  indexes tha t  mi gh t
per fo rm ana logous ly  to “Gross  Na t iona l  Product”  in economics ,
“ I n t e l l i g e n c e  Q u o t i e n t ”  in psycho logy  or educa t ion , and so on.

The METRI P ro jec t  was sponsored by the U.  S. Navy dur ing
the  ea r ly  l960s .  I t s  o b j e c t i v e  was to develop a sys tem of
using readiness indexes for measurin g mil itary essentiali ty
of repair  pa r t s  for  (des t royer )  al lowance l i s t s .  A sh ip  was
represen ted  as a h i e r a r ch i ca l  s t ruc ture  proceeding downward
through mi s s ions , functional subsys tems and comp onents. The
actua l h ie r a r chy  was to be cons t ruc ted  us ing f ive  bas ic  struc-
tures--series , supplemen ts , al te rna tes , common , and colla terals--
for which rules were given so that readiness indexe s for sub-
systems could be calculated from those for components , indexes

for missions from those for subsystems , and so on. In the end ,
e f f e c t s  of changes in inventory  levels for pa r t s  were to be
t r a n s m i t t e d  up the h i e r a r chy .  We review th i s  p r o j e c t  in more
de ta i l  in Section 2 ,  Repor ts  [ 7 ] ,  [8] and [ 2 4 ]  provide some
de ta i l s , and [3] presents  a f t e r t h o u g h t s .

Project MARTS was a successor to METRI . It addressed the
problem of relating the material support budget and budgetary

changes to the operational capability of the Polaris weapons
system and assessin g impac ts of changes in the log i s t i c s  sup-
port system on the operational capabili ty. It was a very
large multi-echelon effort involving many data analyses ,
numerous theore tical models , several simulations , and grea t
complexi ty. We include it here because an attemp t was made to

provid e a single readiness index to measure the per formance  of
a complex mili tary sys te~n . Changes “down below ,” say in repair

- 8 -

k _ _  _ _ _ _  _  _ _  _  -~~~~~~—

.

-~~~~~~~ ~~ ~~IT1L~~~~~ ~~~~~~~~~~~~~~~~



r~~—-—- -

~~~~~~~~~~~~~~~~~~~~
-

~~
--

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T-364

parts support , were to be transmitted “to the top” where they
were to be read off as changes in the readiness index, Details

are to be found in [10] and the methodology is discussed in

Section 2.

• The MAXCAP mode l of [25] and [26] is intended for use in
preparing ships allowance l ists. I t fi ts well in to approach
(3) because it in effect involves a maximization of ships

capability (readiness index) subject to a stipulated budget.

I t again uses a hierarchical  model. But it should be no ted
that it was an internal Navy effort that was far smaller than
the contract efforts in METRI and MARTS.

A motivating factor common to all of these efforts is

the need to measure the effec ts of budge tary changes on the
readiness of large-scale complex systems . The studies men-

ti oned above attemp ted to index readiness as a func tion of
fac tors tha t are influenced by budge tary cons train ts. How-
ever , the readiness indexes proposed do no t attain the
desired objective . They are usually very insensitive to

changes tha t occur at the lower echelon s and , fur thermore ,
they ar e generally improper indexes of readiness.

2. Methodology

rn this section we discuss four studies , two from Sec-
tion 1.1 and two from 1.3.

2.1 Two Examples of Da ta Analysis

Le t us again consider [9] where every ship is represen ted
as a collection of eleven subresources (propulsion , naviga-
tion , communication , weapon systems , personnel , and so on).
Each subresource is given a grade by the commanding officer:
C-i , C-2 , C-3 , or C-4 , as previously described. The question

- 9 -
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• in [9] is how to analyze the vectors of eleven grades obtained
periodically from each ship to obtain a pattern of readiness

• for the individua l ships and for the entire fleet. A method-

ology for such an analysis is proposed based on conversion
of the C-rating grades to numerical scores , by assigning the
values 0 to C-i , 1 to C-4 , and p1 and p2 (0 < p1
< < 1) to C-2 and C-3 , respectively. (These numerical

scores reflect the state of unreadiness ra ther than the sta te
• of readiness . )  The state of readiness of the whole ship is

expressed as the minimal C-grade of the subresources (the

worst readiness rating). The state of unreadiness of the

whole flee t is expressed as an average of the unreadiness of
the individual ships. This average does not reflect the

extent of unreadiness in the sense of how difficult it is to

improve readiness (or, in other words , how many subresources
should be improved before readiness is improved). For the

purpose of obtaining this additional information , a flee t
measure , T , is constructed in the following manner. A sub -
resource of a given ship is called visible if it agrees with

• the total rating of the ship. Let M1~ be the number of
ships in the fleet having a visible ith subresource , being
equal to C-j C i = 1,... ,ll ; j = 1,... ,4) . A total
fleet score for the ith subresource is defined then as

v~ = M~1 • 0 + M 12p1 + M~ 3p 2 + M14 • 1

p 1M 12 + p2M~3 + M14 ; i = 1,... ,ll

The measure of difficulty for improving the state of unreadi-
11

ne
~~

- i~ T Y

11=1

The method discussed above is an attemp t to quantify the

quali tative C-ratings of ships and to measure the state of

unreadiness of the f leet  by proper averages of the obtained

indexes. The quantification method depends on arbitrarily

- 10 -
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assigned p 1 and p2 values for the categories C-2 and

C-3. In addition , the indexes are based on the minimum

• rating value of the eleven subresources of a ship. This

measurement of unreadiness may lose important information

concerning the type of subresources that cause low readiness

values. Different ships may be classified as having the

same readiness level al though their  readiness problems may
be substantially different. There is some doubt as to whether
or not the assignment of C-ratings is an effective evaluation

me thod and there also are concerns for the re l iabi l ity of the
grades provided by the concerned officers. These questions

deserve special study .

The methodology for the Navy Readiness Analysis  System
in [20] gives procedures for expressing the level of readiness

of Navy destroyers as certain functions of the Refresher
Training Operational Readiness Inspec tion , brief ly  ORI , scores.
The study involve s 82 des troyers and is desi gned to analyze
the rela tionship be tween resource variables and performance
scores. The ORI scores relate to 29 areas of which 21 are

related to mission functions , as anti-air warfare , an ti-
submarine warfare , surface warfare , command and con trol commu-
nicat ions , mobili ty,  and casualty control. The resource areas

considered are personnel , t ra in ing , equipment , and supply.
Thus, the original performance data consist of 82 vectors (one
for each ship) of 21 components. Each component (an ORI score)
is provided by a team of inspectors. As anticipated , the 21
scores of the various subsections of a ship are correlated and

some subsections are highly correlated. By apply ing principal
component analysis (see [20] for special details or [2] as a

general reference) the scores of the 21 subs~ ct ions are reduced
to ei ght linear combinations , with weights given by the eigen —

vectors corresponding to the largest eigenvalues. Factor

analysis is then performed and a rotated 3-factor system pro-

vides the most interpretable solution . Factor 1, name d con trol

- 11 -
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procedures, involves six performance variables involving tac-
tical information (resulting from the interpretation of radar
data). Factor II , named casualty control procedures, involves
four performance variables concerned with procedures of pre-
venting damages and effecting repairs . Factor III , named
anti-submarine warfare tactical communications, is defined
by three performance variables which measure a series of
activities with the chain of communications. The performance
of each ship is then expressed by three values corresponding
to the three factor scores. Ships can be clustered into
homogeneous groups according to these three factor scores.
The dimensionality of the data has been reduced from 21 cor-
related variables to three uncorrelated factors .

An important question is how the four resources: person-
nel , training , equipment , and supply affect the readiness
factor scores. For this purpose multiple regression analysis
is performed for each one of tho factor scores on the various
variables characterizing the four resource categories. This
analysis shows the relative importance of the various
resources on performance readiness factors. It can provide
information on possible interactions between different
resource categories (personnel and training, equipment and
inventory management , and so on). In addition , the regres-
sion analysis provides the means for readiness estimation
given the status of the resource variables. For specific
details see [201.

2 . 2  Two Examples Based on Hierarchical  Struc ture s

- 
I The methodology of the METRI project [3], [ 7 ] ,  and [8]

was to construct a huge hierarchical structure modeling a
Navy ship (destroyer) and to compose a readiness index from
readiness values of its elementary units by certain rules.

Readiness indexes are to be constructed for each componen t

- 12 -
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(elementary unit) according to the capability of its parts
to function properly throughout the mission period. These

• indexes are to be functions of the reliability of the parts
(the failure process) and the number of spare replacement
parts available. Let R1,.. . ,R~ denote the readiness

indexes of the components in the ith subsystem (i = 1 ,.. .,k)
then the readiness index of that subsystem is a function

R5 
= 
~~~~~~~~~~~ 

) ,  i = l ,...,k
i i

The readiness of the whole system is a function
RT 

= f(Rs ,. . . ,R~ ) . The (apparently insolvable) problem
1 k

is to determine suitable functions for the composition of the
readiness indexes to serve as an overall index. For this pur-
pose it was assumed that the hierarchical structure of a ship
can be uniquely described as a combination of the following
four basic structures:

(i) If R1,... ,R~ are the readiness indexes of n
components connected in series, then the readiness of the

structure is

/ n
RT 

= f TI R .  1

~ i=l ‘ /
where and A are empirical  coeff ic ients  for the specif ic
items .

( ii )  Supplemen t s t ructure .  If n i tems independently
supplemen t one another (for examp le , sonar , surface radar , and
air radar for detection of enemies) then

/ n c x . \ A
R = I TI K . R .  1
T 

~~i=l ~~~

The parameters K~ , cz~ i = 1, . . .  ,n provide for the re la t ive

- 13 -
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• importance of the items .

• (iii) Alternative structure. If a main system , whose
readiness is R1 , has a standby unit (readiness R2 ) to
replace it in case it fails then

RT 
= R

1 
+ (1 - R1)KR2

The parameter K expres~e the relative ability of the standby
unit to replace the main one.

(iv) Collateral structure. Let R1 denote the readi-
ness of a unit that is essential to the operation of a ship.
Assume that there is a collateral element that affects the

• system ’s readiness in the presence of the essential u n i t .  For
example , the collateral element might provide for the mainte-
nance of the essential unit. Let R2 denote the readiness
index of the collateral unit. The readiness of this structure
is given by

RT 
= R1 [K + (1 - K)R 2]

In summary , it was supposed that in applying the rules for
calculating the readiness of the basic structures , one can
calculate the readiness of a ship.

A sensitivity analysis was proposed to show the rate of
change in the overall readiness as a function of changes in
the number of spare parts assigned. Such an analysis was
designed to answer the question of the effect of changes in
the inventory levels on the readiness of a ship. The proposed
analysis is , however , vague in publications on METRI. The
whole approach appears to have been found to be theoretically
invalid and practically intractable .

As mentioned earlier , the main objective of MARIS was to
relate the system of material support to the operational capa-
bility of the Fleet Ballistic Missiles . The readiness index 

-~~~~• _ -• — •.- -~~~—--
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was the expected proportion of operational missiles in a spec-

ified period of time .

The system considered is a three-echelon support system
that contains four squadrons of submarine s (first echelon)
with one squadron assigned to each of four tenders (second
echelon). The tenders reorder from stock points which pro-
cure material from outside sources. The stock points , the
inventory control points , the repair facilities and indus-
trial sources constitute the third echelon . Superimposed on
the above three-echelon structure is a transportation system
for moving material among the various system elements. Routine

t replenishment is provided by four cargo ships , one assigned to
each of the tenders while occasional high priority transporta-
tion is also available.

The basic MARIS procedure aims to relate the budget for
replenishment to readiness of submarines via: a budget model ,
a three-echelon simulation model , and a submarine readiness
model.

The budget model simulates the estimated procurement
expenditure for parts. The three-echelon simulation mode l
provides a detailed representation of the Navy support system
and it simulates actions taken and resulting effects of all
possible events. The submarine readiness model is an analytic
model for the evaluation of the readiness of a submarine .

The submarine readiness model is the essential part of
the project. This model determines the readiness of a sub-
marine as a function of the onboard inventory of spare parts.
Let us give a simple example to show how the readiness is cal-
culated. The spare parts treated are related to missiles and
are replaceable on patrol . Suppose that a certain part has at
the beginning of a patrol n units in stock and is installed
in m different applications. For the sake of simplicity, it

- 1 5 - 
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• is assumed that the part has exponentially distributed inde-
pendent life times at the various applications , with intensity

• parameters A 1,... ~
Am • If t denotes the first instant

of stockout , the probability distribution function of t is
m

the gamma g ( t ~ A , n) where A = TI A. ; that is ,
• j=l ~

g (tjX , n) = r (n)t e  , o < t <

Given that stockout occured at time t then the probability
that all m units will still be operating y units of time
after stockout is given by

m -A .y 
—rr e 3 = exp(- Ày)

• j=l

The readiness index conditional on the time t of stockout
was defined as

RT(t) = + exp(- ry)dy]. t < T

= 1 , t > T .

Notice that the product of T and RT(t) equals the condi-
tional expected length of life of the sys tem in a patrol given
that a stockout occurred at time t . Finally, the readiness
index related to this part with n units in stock is calcu-
lated by randomization , as follows:

RT(n) = / R~(t)g(tI) , n)d t

Now 
~~~~ 

is a reasonable index of readiness as a function
of a particular part. But the question is, how can one combine
these indexes? No satisfactory answer appears to have been
given.

- 16 -
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