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J. Naar is Director of CDA, and D.D. Elliott is executive Director of

RAD.
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assisted by W. Schubert, who provided considerable insight for the formal-

ization of readiness concepts.
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I INTRODUCTION AND SUMMARY

A. Introduction

The objective of the research described in this report was to es-
tablish a method to relate logistic system performance to operational
readiness at the task group level of the operational Navy. The concept
of readiness has been drawing the increased attention of military plan~
ners and analysts in recent years. Merely defining readiness has been a
difficult venture, and attempts to formalize a general definition have
not received universal approval. Because of this, development of analy-
tical tools to evaluate readiness has not kept pace with the multitude
of efforts devoted to analysis of the effectiveness of military systems.
The results of the research presented in this report hopefully provide
a significant step forward in the readiness evaluation field. A summary

description of these results is presented in the ensuing section of this

chapter. The detailed results of the research are discussed in succeed-
ing chapters. Chapter II presents a rather thorough analysis of the
philosophy underlying readiness concepts. Tn Chapter III, a detailed
description of a readiness evaluation model concept, linking the per-
formance of logistic support systems to task group readiness, is pre-
sented. Chapter IV concludes with a brief overview of the application
of the model concept to assisting a Navy planner in establishing an
efficient allocation of limited resources to logistic-oriented programs
that may enhance the readiness of Naval forces at the task group level
of operations. Included in that chapter is a brief discussion of the
manner by which the model concept should be implemented to establish a

computerized readiness evaluation model.

B. Summary

1. Readiness Concepts

For the past two decades, numerous studies have been devoted to

examining specific aspects associated with the concept of readiness.

1




For the most part these studies have concentrated on the specific prob-
‘ lem on hand at the time, and little concerted effort was made to tie it
all together to address the complete problem. One reason for this is the
complexity of the problem itself, and another is the lack of a uniform
interpretation of just what "readiness' means. A variety of definitions
have been offered in the past. For the most part, the definitions in-
clude consideration of mission performance. In some cases, the refer-
ence is to missions assigned to the entity (unit, ship, weapon system,
etc.), while in other cases the reference is to the missions for which
the entity is organized or designed. This difference marks the principal
factor of confusion that has probably been the nemesis in attempts to
establish a coherent theory of readiness. The principal problem here is

the need to consider "effectiveness" and "readiness' as two different,

though closely related attributes. Readiness addresses the problem of

an entity's living up to its potential, while effectiveness addresses

the problem of how good this potential is, in consideration of opposing
forces and variable environmental conditions. With this in mind, the
definition of readiness should infer, in some way, a statement of the de-
gree of fulfillment of an entity's maximum designed capability to perform
its required missions or functions. Two other factors inherent in readi-
ness considerations are echelou dependency and sustainability. Echelon
dependency enters the problem through the specifications of mission re-
quirements. At the very low echelon levels, mission requirements can
generally be explicitly specified in narrow terms. At higher command
levels, these requirements become more diversified, broader in scope,

and less quantitatively definitive in nature. Thus the concept of readi-

l ness, being tied to mission requirements, will become more intangible in

? character as the level of organization moves up the command echelon hier-

} archy. Sustainability is another factor that is highly related to readi-

' ness through consideration of the time element. Most, if not all, missions
have some time element implied, either explicitly or implicitly. Thus,
the degree of fulfillment of an entity's potential to satisfy mission
requirements--that is, its readiness--infers performance over some

normal operating cycle. Sustainability, which would more usually address

more extended time periods of time, refers more to ability of an entity

2
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to maintain at least some threshold state of readiness over this longer

time period.

Based on the above considerations, the following definition of
readiness is proposed as a simple, usable definition of readiness and
was adopted for use in this research:

Definition: Readiness is the degree to which an organizational
entity is capable of performing, to its maximum potential, the
missions for which it is organized during a normal operating
cycle.,

The selection of an adequate measure of readiness will depend
on the requirements of the particular problem under investigation. The
specific criteria for the selection of such a measure must consider such
factors as the purposes for which the measure is to be used, the appli-
cable echelons to be considered, and the availability of supporting data
and evaluation tools. The types of measures fall generally within two
different categories, depending on whether the underlying measurement
system is ordinal-based or cardinal-based. An ordinal measurement system
is one that assigns a rank ordering of value to a set of different system
states, while a cardinal measurement system gives relative value informa-
tion for different system states as well as rank ordering information.
Cardinal-based measures, especially those using a continuous measurement
scale, are much more useful than ordinal-based measures, but the feas-
ibility of obtaining simple, meaningful cardinal-based measures decreases
as the command echelon climbs higher up the ladder. At lower levels,
simple measures can be defined that easily reflect the effects of small
changes in parameters. However, at higher levels, such as those per-
taining to task group performance, such simple measures do not pertain.
There are so many parameters impacting on that performance that consid-
eration of individual parameters will not generally exhibit any signifi-
cant impact on resulting values of a simple measure. To alleviate this
insensitivity the readiness measure must change with each echelon of
command to reflect the global performance capability representative of
that echelon. More often than not this change is also likely to result
in a readiness measure that becomes more complex at the higher command

echelons. This increase in complexity in turn requires more complex

3



evaluation tools, which themselves create an increased demand for sup-

porting data. The choice of such a measure must weigh the advantages

gained by using more complex measures against the added resources re-

quired to evaluate readiness in terms of these measures.

In the selection of an appropriate readiness measure, consid-
eration must be given to the feasibility of using selected techniques
as evaluation tools. Evaluation techniques can generally be classified
under one of four classes: empirical, theoretical, subjective, and com-
binatorial. Empirical techniques are those that operate predominantly
on observed or experimental data to establish functional relationships
between selected resource factors and system performance parameters.

These techniques provide for a high level of credibility, being based on

hard data, but are not very useful in determining the causal effects of
inputs on the output. In addition, extrapolation beyond the range of

the test data can lead to erroneous and sometimes preposterous results.
Theoretical evaluation techniques are those based on models of the causal
relationships between input resources and output values of performance.
Included in this category would be simple or complex analytical models
and Monte Carlo simulation models. A major difficulty with these tech-
niques lies in the justification of the numerous underlying assumptions
made in the development of the associated model. 1In general, the larger
the number of assumptions made, the less credible are the results. Re-
ducing the number of underlying assumptions results in more complex models
which require a larger expenditure of resources. Subjective evaluation
techniques are those based on the judgements of one or more persons
possessing expertise in the problem being investigated. These techniques
can range from simple intuitional judgements, on up through subjective
decisions based on certain quantitative or qualitative bases, to the use
of the Delphi approach, where a group of experts collectively apply their

subjective judgements in a systematic manner to establish logical rela-

tionships between resource inputs and performance outputs. Use of these
techniques introduces biases based on different individual judgements.
Combinatorial evaluation techniques simply refer to those techniques

that possess a significant combination of the other three classes of

R ahan

techniques mentioned above. Although almost all evaluation techniques
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have some semblance of being combinatorial, many fall predominantly

under one of the other classes.

2. Task Group Readiness Evaluation Model Concept

The backbone of the task group readiness evaluation model
concept 1s the readiness hierarchy structure that links logistic support 1
factors to task group readiness. There are six levels in this hierarchy
structure: Task Group, Task Group Operational Missions, Ship Missions,
: Ship Operational Capabilities, Unit Resource Areas, and Support Factors.
The underlying concept of the model involves establishing readiness at
each level of the structure in terms of readiness estimates established
at the next lower level in the structure. For example, the readiness
of the task group to perform its broad strategic mission can be derived

from the task group's readiness ir performing a set of operational

missions required under the strategic mission definition. In turn, the

readiness of the task group in performing a specific operational mission

can be derived from the readiness of the individual ships of the task
group to perform their required mission under that operational mission
and so on down the readiness hierarchy structure. The possible task group

operational missions defined in this study are: land strike, surface

strike, subsurface strike, convoy defense, amphibious offense, amphibious
defense, barrier, blockade, search/rescue, and area surveillance. An
"{dle mission" is also included as a catch-all for those time periods

when the task group is not actively performing in one of the operational
mission categories. The ship missions coincide in nomenclature with

the task group operational missions, although the mission requirements
imposed on each ship will, in general, differ in accordance with the in-
dividual ship's functions in support of the task group operational mission.

The mission requirements for each ship will be delineated through the spe-

cification of the ship's required operational capabilities in support of
that mission. These operational capabilities fall under six major group
headings: target detection operations, radiation operations, mobility

and support operations, enemy encounter operations, supply support oper-

- ations, and command and control operations. The unit resource areas

P
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fall under four headings: personnel, equipment, fuel, and mission ex-~
pendables. For the model, each of these are further broken down into
several resource subareas. The support factors, at the bottom level of
hierarchy structure, represent the performance of the logistic support
systems that provide support to the task group during both the initial .
outfitting stage and also while the task group is at sea. These support

factors consider such items as initial availability of personnel, equip-

ment, supplies and fuel; resupply factors; equipment reliability and

maintainability; and so on.

The conceptual model formulated to address the problem of eval-

uating the effects of variations of the basic logistic support activities
on the expected readiness of Navy task groups is depicted schematically
in Figure 1. Down the center of the diagram, the various levels in the
readiness hierarchy structure are indicated. The general flow of the

model operations is depicted along the periphery. This begins with the

specification of basic task group inputs that identify the overall task
group mission requirements, task group configurations, and certain other
selected performance requirements. A preestablished data base identifying
the various intermediate requirements imposed on the individual ships of
the task group, beginning with the ship missions and proceeding down to
the unit resource areas, is then operated on to establish a basic set of
requirements to be satisfied by the logistic support functions. A sup- '
port factor model is then exercised to establish estimates of the ex- #
pected readiness of each task group unit within the various unit resource
areas. Although the computational procedures used for the different re-
source areas are varied, there is a general theme that is common to all
of these. This general theme infers the establishment of a readiness
function for the particular resource area (actually for each subarea and

unit-type breakdown of a resource area). Three phases of computations

are performed. The formation phase computations establish an initial
embarkation value for this function. The physical deployment phase
computations modify this value to account for changes that occurred while
the task group was deploying to its intended at-sea deployment station.

The on-station phase computations then establish the values of this
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readiness function during the duration of the task group's time on-
station. The final output of the support factor model, for the partic-
ular subarea and unit-type breakdown of a major resource area, is the
average value of this readiness function over the duration of the task
group's time on-station. Schematically, this can be represented by the .
following diagram, where R(t) denotes the readiness function, te the

time of embarkation, t, the time of arrival on-station, and tc the time

d
of completion of the task group's time on-station:
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The average readiness, R is then given by the integral of R(t) from i

td to tc. That is,

After completing the unit resource area readiness computations, the
model then goes through a series of computations that generate an esti-

mate of the overall task group readiness. These computations consider

the interactive effects of the resource area readiness values on readi-
ness at the various intermediate levels up through the readiness hier-

archy.




3. Model Application and Implementation

The readiness evaluation model would, if implemented, serve
as a convenilent tool for evaluating readiness of postulated task group
configurations under various assumptions relative to the performance of
the logistic systems that provide support to the task group. These
assumptions could represent the expected future payoffs of possible pre-
sent funding of alternative exploratory development programs. Using
changes in readiness as a decision criterion, the technical strategist,
who establishes the allocation of exploratory development funds, could
use results obtained from this model, coupled with a resource allocation
method previously developed by SRI for DINSRDC, to determine a preferred

funding program from a set of possible alternatives.

The implementation of the evaluation model concept would re-
quire a significant effort, both in the actual programming of the model
and in the data gathering activity, to establish the required model data
base. However, once this implementation has been established, the bene-

fits derived from the use of the model will far offset the cost of this

initial investment.
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IT READINESS CONCEPTS

A. General

Readiness, in one form or another, is an attribute that has been
receiving increased attention by military planners and analysts over the
past two decades. During this period, numerous studies have been devoted
to examining specific aspects associated with the concept of readiness.
However, for the most part, this research has concentrated on the speci-
fic problem on hand at the time, and little concerted effort was made to
tie it all together to address the complete problem. One reason for this
is the complexity of the problem itself, and another is the lack of a
uniform interpretation of exactly what "readiness" means. This point was
brought out quite clearlv at the May 1974 Logistics Research Conference
held at The George Washington University by the then Deputy Chief of
Naval Operations (Logistics), Vice Admiral Walter D. Gaddis, USN, who,
in addressing specific problems facing the the Navy in the logistics

*
field, made the following statement:l

"An example is our need for a simple, usable definition of
material readiness of Naval forces, a means of measuring it,
and some perfectly definite input-output relationships. We
need to be able to link resource inputs, and this means money,
to any of the numerous potential outputs, and these mean mili-
tary applications. We need to be able to predict not only how
much the readiness measure will change, but also when it will
change, as a result of changes in inputs. Finally, this readi-
ness measure must be usable by horny-handed military managers."

Even today this need still exists. This is not to say that the problem
has not been addressed in recent years, but merely implies the diffi-

culty in finding workable solutions.

The remainder of this chapter presents a summary analysis of the
readiness problem with regard to Naval forces. This entails the selec-

tion of a usable definition of readiness, followed by discussions of

*
References are listed at the end of this report.
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criteria for establishing suitable readiness measures and of the require-
ments for mathematical models to evaluate the input-output relationships

that link resources to readiness.

B. Readiness Definition

The standard dictionary definition2 of readiness, 'the quality or
state of being ready" 1is much too vague to be of use to planners and
analysts in their attempts to measure, evaluate, or predict the state
of readiness of various Naval units and organizations. From past studies
addressing Naval readiness, a sample chronology of more specific defin-
itions has been assembled and is presented in Table 1. As indicated by
the modifying adjectives, many of these definitions refer to only cer-
tain aspects of readiness. Nevertheless, these definitions do have some

common factors as well as distinct factors.

For the most part, the definitions include consideration of mission
performance capability. In some cases, the reference is to missions
assigned to the entity (unit, ship, weapon system, etc.), while in other
cases the reference is to the missions for which the entity is organized
or designed (compare Definitions 17 and 18 in Table 1). This difference
marks the factor of confusion that has probably been the principal nem-
esis in attempts to establish a coherent theory of readiness--that is,

a theory that would satisfy the needs of those measuring the present
readiness of command units, of those attempting to evaluate the readi-
ness of combined forces, and of those attempting to predict future readi-
ness arising from, say, the introduction of revised SOP or improved

weapon and support systems. The principal problem here is the need to
consider "effectiveness" and "readiness" as two different, though closely
related attributes. Readiness addresses the problem of an entity’s

living up to its potential, while effectiveness addresses the problem of
how good is this potential in consideration of opposing forces and var-
iable environmental conditions. In this sense, readiness is a controllable,
and to a certain extent, absolute entity, whereas effectiveness is, to a
large degree, uncontrollable and highly relative. With this in mind, then,

the definition of readiness should infer, in some way, a statement of

12
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the degree of fulfillment of an entity's maximum designed capability--
that is, its maximum potential to perform its required missions or

functions.

Reference to mission performance in such a definition also infers
two other factors inherent in readiness consideration: echelon dgpen-
dency, and sustainability. At the very bottom of the echelon hierarchy,
mission or functional requirements can generally be explicitly speci-
fied in rather narrow terms. In moving up to higher command lgyels--
i.e., up through ship or unit command level, to the task group:g%mmand
level, and on up to the fleet command level-~-these requirements become
more diversified, broader in scope, and less quantitatively definitive
in nature. At the individual ship level, a mission may be to screen a
convoy, which would require the capability to perform certain functions
such as steam to design capability; détect, locate, classify, and track
submarines; engage submarines with antisubmarine armament; and provide
own unit's commanrd and control functions.11 Though these operational
capabilities are somewhat broad in nature, they can be broken down into
more definitive functional requirements. Now compare this with the
general mission of the overall fleet, which is to wage prompt and sus-
tained combat at sea.15 (see Definition 21 of Table 1). The inference
here must be to consider all possible eventualities, the occurence of
which can only be postulated and will be subject to wide disagreement
among analysts and planners. Thus, the concept of réadiness, being
tied to mission requirements, will become more intangible in character

as the level of organization moves up the command echelon hierarchy.

Sustainability is another factor that is closely tied in with

readiness. In NWP-1, "Strategic Concepts of the U.S. Navy," . our
distinct elements of Naval capability are identified that togetuer pro-
vide the total force capability of a Navy. These are as follows:

® Force Structure--The numbers and types of organized units,

active and reserve, of operating ships (or craft) and air-
craft, and the facilities of the supporting base infrastructure.

e State of Modernization--The level of weapon system technology
reflected in the components of the force structure.

17
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e Readiness—~The degree to which the operating units in the
force structure are capable of performing the tasks for
which they were designed and organized.

e Sustainability-~The ability of operating units to continue
to conduct naval operations over extended periods.

Note here that readiness and sustainability are considered as distinct
elements. Slnce most, 1if not all, missions have some time element of
performance implied, either explicitly or implicitly, readiness 1itself
has a degree of time dependence implied. That is, readiness refers to
the capability of an entity to perform its assigned missions over some
specific, mission-dependent time period. Sustainability, on the other
hand, refers to the capability of an entity to maintain some level of
readiness over longer periods of time. For example, readiness might
measure the ability of a task group to conduct antisubmarine warfare
operations for some set time period--say, thirty days. Alternatively,
sustainability would measurehow long the task group would be able to
maintain or exceed a prespecified threshold state of readiness. To this
extent, sustainability is a highly time-dependent factor, while readi-
ness is time-dependent only through the mission-dependent time period,
which shall subsequently be referred to as the normal operating cycle

for an organizational entity.

Based on the above discussion, the following expansion of the JCS
definition of operational readiness (Definition 15 of Table 1) is pro-
posed as a simple, usable definition of readiness that should satisfy
the needs of both analysts and military planners.

Definition: Readiness 1is the degree to which an organizational

entity 1s capable of performing, to its maximum potential, the

missions for which it is organized during a normal operating
cycle,
Inherent in this definition of readiness is the implication that an or-
ganizational entity's missions can be quantified to some extent. The
degree to which quantification will be required will, of course, depend
on the readiness measures being applied and the means by which these
readiness measures are being estimated. Also, the maximum potential

referred to 1s what the organizational entity would be capable of

18
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performing in the best of cases., The actual performance capability
typically degrades with time. That does not mean that the organizational
entity cannot perform some or most of the missions it has been assigned.
It is conceivable that by modifying its procedures, deployment, etc.,

the entity can still perform some missions, or some limited form of these
missions. However, it could not carry them on for an extended period

of time, or as effectively as it would otherwise. This degradation is

expressed by the decrease in the degree of readiness.

For the remainder of this report, the above definition of readiness
1s assumed. When the term readiness 1s modified by an adjective such as
material or personnel, the same definition is assumed to apply but only

to the area enveloped by the modifier.

C. Criteria for Readiness Measures

The selection of an adequate measure of readiness will depend on
the requirements of the particular problem under investigation. No one
measure can satisfy the requirements of both planners and analysts at
each and every level of command., The specific criteria for the selec-
tion of such a measure must consider such factors as the purposes for
which the measure is to be used, the applicable echelons to be considered,
and the availability of supporting data and evaluation tools. These
factors, when taken together, will dictate the type of measure that will
be most practical and feasible for the problem at hand. This does not
imply that the selected measure will possess all the properties desired
by a user, The ultimate desire for a continuous numerical measure that
would be highly sensitive to small variations in, say, underlying resource
availabilities may prove infeasible due to the lack of available support-
ing data or the tools to analyze these supporting data.

The types of measures fall generally within two different categories,
depending on whether the underlying measurement system 1s ordinal-based
or cardinal-based. According to Kaplan,14 an ordinal measurement system
is "one which can assign a rank ordering of value to a set of different
system states, while a cardinal measurement system gives us relative

value information for different system states as well as rank ordering
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' An example of an ordinal-based readiness measure is the

information.'
measure employed under the present Unit Status and Identity Reports
(UNITREP) where an active Navy unit will report its C-rating (readiness
status) as being either C-1 (Fully Ready), C-2 (Substantially Ready),

C-3 (Marginally Ready), or C-4 (Not Ready). Although some quantitatively
based guidelines are provided for determining the C-ratings for the over-
all unit and for each of the individual resource areas (personnel, equip-
ment and supplies on hand, equipment readiness, and training), these
determinations are still largely based on the unit commander's judgmental
appraisal of the criticality of any deficiencles that may exist. The
rank-ordering property of these measures is obvious from their definitions,
and it should also be obvious that there 1s no substantive relative in-
formation value for the different readiness states for a given unit or
even between different units. That is, the relative worth of improving
one unit's status from, say, ''marginally ready" to '"substantially ready,"
as opposed to its status or another unit's status improving from "substan-
tially ready" to "fully ready'" cannot realistically be evaluated under
that measurement system, At the other extreme, an example of a feasible
cardinal-based readiness measure is the operational availability of a
two-state system such as a simple radar unit that can either be operational
or nonoperational., The operational availability of such a system can be
defined as the probability that the system is operational and capable of
fajlure-free operation for a specified period of time dictated--say--by
mission requirements. There are numerous ways of computing this prob-
ability, some of which are based on empirical or theoretical estimates

of the system's mean time between failures (MTBF) and mean time to repair
(MTTR) . This measure not only provides a rank ordering for readiness
(that is, an operational availability of 0.9 is preferred to one of 0.8),
but also provides a basis for evaluating relative worth by providing a
continuous numerical measurement scale. That is, a system improvement
option that increases the MIBF to such an extent that the operational
availability increases from 0.7 to 0.8 would be preferred to a system
improvement option that results in a decreased MTTR that only increases
the operational availability to 0.75, assuming here that other factors,
such as cost, remain relatively constant or are not significant determin-

ants in the decision process.
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The above two examples indicate a couple of interesting facets
about readiness measures (and performance measures in general) that
hold for the most part., Cardinal-based measures, especially those
using a continuous measurement scale, are much more useful than ordinal-
based measures, but the feasibility of obtaining meaningful cardinal-
based m:rsures decreases as the command echelon climbs higher up the
ladder. At lower levels simple measures can be defined that easily re-
flect the effects of small changes in parameters. For example, consider
the probability of detection (Pd) of a radar; a change in detection
threshold will result in a measurable change in Pd (at an increase in
false alarm rate, for sure). However, at higher levels such as those
pertaining to the task group performance, such simple measures do not
pertain, There are so many parameters impacting on that performance
that individual consideration of individual parameters does not carry
any substantial information. These parameters must be aggregated, and
as a result the combined measure becomes relatively insensitive to any,
even significant, perturbations of readiness parameters at lower echelon
levels. To alleviate this insensitivity the readiness measure must
change with each echelon of command to reflect the global performance
capability representative of that echelon. More often than not, this
change is also likely to result in a readiness measure that becomes
more complex at the higher command echelons since the measure must en-
compass a large amount of information. This increase in complexity in
turn requires more complex evaluation tools, which themselves create an
increased demand for supporting data. Depending on the purpose of the
given problem (be it assessing present readiness, estimating readiness
in the near future, or predicting readiness in the distant future) and
the availability of time and resources, there will exist a happy medium
that provides a suitable tradeoff between the complexity of the required
readiness measure, the sophistication of the required evaluation tools,
and the demand for adequate supporting data, Finding this happy medium
is, of course, a major problem facing analysts and planners in their
efforts to address readiness, be it at the system, unit, task group, or

fleet level of command.
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D. Readiness Evaluation Techniques

Readiness evaluation techniques refer to any method that can be
used to bridge the gap between the specification of the basic supporting
input data (input resources) and the generation of values to be assigned
to the selected readiness measure, In the selection of an appropriate
readiness measure for a given problem, it is assumed that some consider-
ation is given to the feasibility of using selected techniques as eval-
uation tools, even if for no other reason than to ensure that it is
possible within the state of the art (or possibly with some anticipatory
expansion of existing procedures) to go from the available (or to be
generated) data inputs to an estimate of the readiness measure for the
units or organizations involved. In some cases, the actual choilce of
an evaluation technique will, in essence, be dictated by the properties
of the supporting data and readiness measure, while in other cases (and
for the most part), a choice of alternative techniques will be avail-
able to the user. Evaluation techniques can generally be classified
under one of four classes: empirical, theoretical, subjective, and
comblnatorial, where the last refers to some significant combination
of the former three (virtually all evaluation techniques have some sem-—
blance of being combinatorial, but many fall predominantly under one of
the first three headings). Empirical techniques are those that operate
predominantly on observed or experimental data to establish functional
relationships between selected resource factors and system performance
parameters. An excellent example of thils type of technique appears in
the Navy Readiness Analysis System (NRAS) Methodology Study.16 The
objective of that study was to examine the statistical and logical re-
lationships among readiness resource and performance variables to estab-
1ish a methodology or series of systematic techniques for computing
readiness performance indices based on those relationships. Resource
variables covered the areas of available personnel, training, equipment,
and supply, while the readiness performance variables were the scores
obtained during Refresher Training Operational Readiness Inspections (RFT
or ORIs) for a sample of 82 Atlantic Fleet Destroyers. Test scores were

obtained for 29 different functional areas, of which 21 are substantially

related to the primary destroyer mission areas such as anti-air warfare,
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antisubmarine warfare, and so on. Thus the basic performance data con-

sists of 82 sets of 21 test scores, one set for each ship. Application
of statistical techniques such as correlation analysis, principal com~
ponent analysis, and factor analysis reduced the set of 21 scores down
to a set of 3 factor scores. The factors were control procedures,
casualty control procedures, and antisubmarine-warfare tactical communi-
cations. Each of these factors consists of weighted linear combination
of a subset (different for each factor) of the basic 21 test parameters,
and the factor scores obtained from applying the linear combinations to
the basic test scores represent the readiness indices used in the study.
Through multiple regression analysis, significant relationships were
established between some of the variables representing the four resources
of personnel, equipment, training, and supply. In a few cases, these
relationships were contrary to expectations and would require further
analysis to determine if such were truly the case. For many other re-
source variables, no significant relationships could be obtained; in
some instances this could be explained, while in others further study
would be required. Although the study did provide some positive results
relative to the usefulness of the methodology, these were apparently

not significant enough to warrant further study. One of the major draw-
backs of empirical techniques such as this 1s that, although relation-
ships may be established between input resources and output readiness
variables, these relationships are for the most part mechanical and do
not provide any sound explanatory basis for determining why the partic-
ular resource variables affect the readiness of a unit. Another dis-
advantage 1s that, in general, extrapolation of the relationships

beyond the range from which they were derived often leads to highly

erroneous and sometimes preposterous results,

Theoretical evaluation techniques provide a means of overcoming
the drawbacks of empirical techniques, in that these techniques attempt
to model the causal relatlonships between input resources and output
values of performance--i.e., readiness. The types of models within
this category range from some simple equation (that may be theoretically

justified or simply implied by experimental data), on up through a rather
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extensive analytical model consisting of many interrelated equations

and logical relationships, to the ultimate in complexity, a highly de-
tailed Monte Carlo computer simulation. One example of a theoretical
model that falls somewhere in the middle of the two extremes mentioned

is "A Continuous Time Markov Process Model of Naval Operational Readiness,'
by Tolins.17 This model considers the situation where a naval unit--say,
a ship--can at any instant of time be in one of a finite set of discrete
readiness states and that, as time goes by, the ship's readiness will
change from one state to another, The model assumes that this time series
of changes from one readiness state to another can be represented by a
continuous-time Markov chain with stationary transition probabilities.
That is, the probability of going from State 1 to State j 1is independent
of the prior sequence of states it was in before moving into State i,

and that this probability does not change with time. Equations are de-
rived that provide estimates of the steady-state probabilities (i.e.,

the fraction of time) that a ship or a number of ships of the same class
will be in each of the readiness states., The difficulty with this model,
and theoretical models in general, is in justifying the applicability of
the underlying assumptions--i.e., the stationary transition probabilities--
or at least in showing a high degree of robustness of the assumptions-—-
that is, that the model results are not significantly affected by fairly
extensive violations of the assumptions. In order to circumvent this,
fewer underlying assumptions are made that result in more complexity

in the model structure. As experience has shown, as complexity increases,
model usage decreases for many reasons, such as difficulties in obtaining
and preparing adequate input data, increased educational requirements in
the use of the model, longer computer running times, and less visibility

of the causal relationships between inputs and outputs.

The third class of evaluation techniques consists of those that are
based primarily on subjective judgements. These techniques can range
from simple intuitional judgements such as are made in everyday life, on
up through subjective decisions based on certain quantitative or quali-
tative bases, to the use of the Delphi approach, where a group of experts

collectively apply their subjective judgements in a systematic manner to
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establish logical relationships between resource inputs and performance
outputs. The daily reporting of a unit's readiness status in the
UNITREP system, which was mentioned previously in this chapter, is an
example of a subjective evaluation technique. The unit commander is
provided with some guidelines for determining a C-rating within a spe-
cific resource area, These may be quantitatively based. For example,
under the personnel resource area, to be fully ready *“he unit must be
assigned at least 95 percent of structured strength including at least
95 percent of petty officers for mission-essential ratings, along with
other requirements. On the other hand, the guidelines may be qualita-
tively based, such as in the training resource area, where the require-
ment for full readiness 1is simply that no deficiencies exist in training
that cause more than insignificant degradations in any of the primary
mission areas.11 Guidelines are also provided for determining overall
combat readiness ratings, which are based on the existence of minor
and/or major deficiencies that reduce the capability of the unit to per-
form effectively in one or more of its primary mission areas. The use
of these subjective techniques, of course, introduce biases based on
different individual judgements. In addition, as 1s possible with
UNITREP reports, an appraiser subject to higher authority would normally
have the tendency to bias his judgmental ratings in his own favor., Never-
theless, subjectlve evaluation techniques are the rule, rather than the
exception, and the other types of evaluation techniques are usually called

upon only when subjective techniques become suspect.

The combinatorial class of evaluation techniques includes those

that either do not belong in any one of the other categories due to the
lack of a predominant type of evaluation technqiue or because the tech-
nique is a much broader approach that utilizes several different evalu-
ation techniques. Project MARIS18 was a large-scale, multiechelon effort
to relate the operational capability, or readiness, of the Polaris weapons
system to the basic logistic support system. This project relied basi-
cally on several models including a budget model, a three-~echelon simu-
lation model, and an analytical submarine readiness model. The use of

these models was supported by numerous data analyses and other supporting
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empirical and theoretical models. The approach was extremely complex

and attempted to derive values for a single readiness index, the expected
proportion of operational missiles available during a specified period

of time, The simplicity of this index, be it a good measure of readiness
or not, proved to exhibit an insensitivity to even fairly significant
changes that occurred at lower echelons or subsystem levels., Thus, care-
ful effort must be devoted to insuring that the readiness measure selected,

and the technique used to evaluate readiness, are compatible in scope.




IITI TASK GROUP READINESS EVALUATION MODEL CONCEPT

A, General

The discussion on readiness concepts presented in the previous
chapter provides the framework for establishing a task group readiness
evaluation model concept. This chapter presents a formal description
of such a model concept. In Section III-B, a detailed description of a
readiness hierarchy structure for a task group is presented, This readi-
ness hierarchy structure forms the backbone of the model concept.

Section III-C then presents a detailled description of the evaluation
model concept. This description defines the overall structure of the
proposed model, details the required inputs, and provides the underlying
mathematical algorithms that transform the inputs into an estimate of

the overall readiness of a user-specified task group deployment.

B. Readiness Hierarchy

The readiness of a task group--that is, the capability of the task
group to perform, to its full potential, the missions for which it is
organized--is obviously dependent on the readiness states of the indi-
vidual ships comprising the task group. Even when one or more of the
ships in the task group are not in states of full readiness, the task
group will be capable of performing some or all of its missions, al-
though at a reduced level of performance than that attainable at full
readiness. The flexibility of the task group to adjust to such situa-
tions through revised ship deployments and alternative operating pro-
cedures will depend, to a large extent, on the efficiency of command.
Higher creativity at the commnand level will induce greater task group
mission capability--~that is, it will enhance the task group's readiness
to perform its assigned missions. The ship readiness states themselves
will be functions of numerous factors including the initial ship con~

figurations (personnel, equipment, and supplies) at the time of the task
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group formation, and various logistic suppori activities that are re-

i‘ quired for the duration of deployment of the task group., In order to

f establish relationships between these basic outfitting and support func-
| tions and the overall task group readiness, it 1s necessary to examine
! in detail the readiness hierarchy structure between these two levels ~
l
i of activity. Figure 2 presents a schematic diagram that provides a
cross-sectional view of this highly complex structure. As will be de-
scribed, there are numerous interactions and dependencies not indicated
{ on the diagram, as well as missing branches of the overall tree structure
that are omitted for purposes of clarity. At the top of the diagram is

the box representing the task group, and at the bottom are boxes labeled

as support factors that represent the attributes of the systems that
establish the initial outfitting functions that the task group, as well
as the various support functions required during the task group deploy- 1
ment. The boxes in between represent various intermediate levels in
the hierarchy from the support function level to the task group level.
In describing this readiness hierarchy, it is convenient to begin at

the top, the task group level, and then work down to the bottom, the

support function level,

1. Overall Task Group

A task group is formed and deployed for the purpose of con-
ducting naval operations in support of some strategic or broad tactical
mission for a specified, or possibly Indefinite period of time. This
mission requirement may be fairly broad, such as to initially maintain
presence in a given area of the ocean, with the possibility of conducting
counterforce or crisis control operations in case of a breakout of hos-

tilities, or it may be more specific such as to conduct antisubmarine

y warfare operations in the Northwest Indian Ocean for a period of 90
5 days. 1In any case, the task group will be charged with performing a
. number of specific naval operational missions that are mandatory in
the conduct of antisubmarine warfare, surface warfare, and so on. The
overall readiness of the task group can be evaluated in terms of its

readiness for conducting these operational missions. That is, given an
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expected amount of time that the task group will be performing each of
the different operational missions during its period of deployment and
the relative importance of each operational mission, then a weighted
overall readiness estimate can be derived from individual operational
mission readiness estimates, with the weighting factors being derived
from the expected mission performance times., Where the requirements

of the broad mission are subject to extraneous factors such as the
possible outbreak of hostilities, then the requirements for conducting
specific operational missions will be subject to a fairly high level of
uncertainty. Nevertheless, some broad estimate (e.g., worst case, or
most probable) can be made as to these requirements., In more specific
cases, these requirements will be more predictable, resulting in a more

straightforward evaluation of the overall readiness of the task group.

At the task group level, there may be an apparent dichotomous
interpretation of the desired organization of the Task Group relative
to the available ships assigned. To the task group commander, his readi-
ness potential will be based on the potentials of the actual ships
assigned., At the fleet command level or higher, this task group poten-
tial may be based on the potential of some standard configuration estab-
lished for the particular mission of the Task Group, and any deviation
from this configuration could result in a degradation of the task group
readiness, at least as seen from the higher level of command. Thus, in
evaluating task group readiness, care must be taken to ensure that the
evaluation is performed with respect to the proper command echelon of

concern.

2, Task Group Operational Missions

The next level down in the task group readiness hierarchy is
that related to task group operational missions. The types of opera-
tional missions that a task group will be required to perform in support
of its broader strategic mission will consist of a subset of the follow-
ing 1ist:

e Land Strike. Conduct search and strike operations against
land~based targets.
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e Surface Strike, Conduct search and strike operations against
sea-surface-based targets,

“ o Subsurface Strike., Conduct search and strike operations
’ against subsurface targets.

e Convoy Defense. Conduct screening operations in defense
of a convoy.

b e Amphibious Offense. Conduct Naval operations in support of
an amphibious operation.

e Amphibious Defense. Conduct Naval supporting operations in
defense of an amphibious operation.

e Barrier. Conduct antisubmarine operations to support a
barrier operation.

e Blockade. Conduct Naval operations in support of a blockade,

e e L

e Search/Rescue., Conduct area search and rescue operations.

e Area Surveillance. Conduct air, surface and subsurface
surveillance operations over a designated area.

The schematic diagram in Figure 2 indicates that the strategic i
mission for the sample task group requires the task group to perform op-
erations in three different operational mission areas, generically de-
noted by A, B, and C. Each of these operational missions would be taken
from the 1list above. The readiness of the task group to perform in an
individual mission area will, of course, depend on the readiness of each
individual ship of the task group to conduct its own mission requirements
within the specific task group mission area., Although it can be assumed
that all ships in the task group contribute to the task group's perform-

ance 1n each assigned mission area, it is also probable that for each

mission area there is a relative ranking of importance of a ship's con-
tribution to the performance of the overall mission requirements. For

example, a destroyer may be more important than a guided missile frigate

during antisubmarine operations, whereas the opposite could be the case

during anti-air operations. Thus, individual ship readiness factors

will impact on the task group readiness to a different degree, depending ?
1

on the specific operational mission being evaluated.

3. Ship Missions

The next readiness level in the hierarchy structure represents
the individual ship's capabilities to conduct operations in support of
i 31
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each task group operational mission. The schematic diagram of Figure 2
indicates that the sample task group is composed of five ships, and the
cross-sectional view of the readiness hierarchy structure at this level
portrays the five ships contributing to the performance of the task

group under Operational Mission B. The downward~pointing blank boxes
under Task Group Operational Missions A and C imply a downward structural
breakdown for these missions silmilar to that shown for Operational
Mission B. The ship mission areas will coincide in nomenclature with

the task group operational mission areas delineated in the previous
subsection. However, the mission requirements imposed on each ship will,
in general, differ in accordance with the individual ship's functions in
support of the task group operational mission., The mission requirements
for each ship will be delineated through the specification of the ship's
required operational capabilities in support of that mission. The readi-
ness of a ship relative to a specific mission will depend on the ship's
readiness relative to each of the specified operational capabilities.
However, the different operational capabilities will not have equal im-
portance to the performance of the mission. For example, a destroyer
conducting anti-submarine warfare operations will require an operational
capabllity to conduct ship propulsion and navigation operations and
another to conduct surface sonar operations, together with other opera-
tional capabilities. The importance of conducting operations under the
first listed operational capability may only be, say, half the importance
of the second operational capability. Thus, ship readiness factors for
different operational capabilities impact on the ship's mission readi-
ness to different degrees, depending on the specific mission being

evaluated.

4., Ship Operational Capabilities

The next level in the hierarchy structure is represented by
ship operational capabilities. The types of operational capabilities
that ships will be required to perform in support of thelr different

missions will consist of a subset of the following 1list, where these

operatlonal capabilities have been assembled under six major group headings:
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(1)

(2)

(3)

(4)

TDO--Target Detection Operations. Conduct operations to detect,
identify, and locate targets.

‘e TDO-1. Conduct airborne detection operations.

e TDO-2, Conduct shipborne detection operations
e TDO-3. Conduct submarine-borne detection operations
RO--Radiation Operations. Conduct operations to monitor radi-

ation (electronic and acoustic) from enemy units and provide
radiation deception against these units.,

® RO-1, Conduct airborne radiation monitoring and deception
operations

e RO-2., Conduct shipborne radiation monitoring and deception
operations

e RO-3. Conduct submarine-~borne monitoring and deception
operations

MSO-~Mobility and Support Operations. Conduct operations to
provide ship and aircraft mobility, own unit support, and
support of special noncombat operations.

e MSO-1. Conduct ship propulsion and navigation operations
e MSO0-2, Conduct amphibious vehicle operations

e MSO-3. Conduct aircraft operations

e MSO-4, Conduct meteorclogic/oceanographic observations
e MSO-5, Conduct underwater recovery operations

e MSO-6., Conduct search and rescue operations

e MSO-7, Conduct mine countermeasure operations

e MSO-8, Conduct organic maintenance, supply, and admin-

1strative operations

e MS0-9, Conduct on-board training operations.

EEO~-Enemy Encounter Operations.

e EEO-1. Conduct air-to-air weapon operations

e EE0-2, Conduct air~to-surface weapon operations

e EF0-3, Conduct air-to-subsurface weapon operations

e EEO~4, Conduct surface-~to-air weapon operations

e EEO-5, Conduct surface~to-surface weapon operations

e EEO-6, Conduct surface~to—-subsurface weapon operations
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e EEO-7. Conduct subsurface-to-surface weapon operations
e EEO-8. Conduct subsurface-to-subsurface weapon operations

e EE0-9. Conduct mine laying and retrieval operations

e EF0-10, Conduct raiding party, UDT, and SEAL operations

e EEO-11. Conduct armed boarding party operations,

¥ (5) $S0-Supply Support Operations. Conduct operations to maintain
adequate supplies.

e S0-1. Conduct underway replenishment operations

e S0-2, Conduct in-port replenishment operations.

(6) CCO-~Command and Control Operations. Conduct command, control,
communications, and intelligence operations.

e CCO-1, Conduct command, control, communications, and
intelligence operations for task group

e C(CO-~-2. Conduct command, control, communications, and
intelligence operations for own unit

e CCO~3., Conduct airborne communications relay operations.

At this level in the hierarchy structure, the interactions and depen-
dencies previously mentioned enter the picture. In the diagram of
Figure 2, Ship #3, in performing its requirements under Mission B, must {
be capable of operations under the generic operational capabilities X,

Y, and Z., The paths from the boxes representing these operational capa-

bilities to thelr associated upward-pointing blank boxes imply that each

operational capability for this ship can also be a requirement for omne

or more alternative missions (in this case, A and/or C) assigned to that i
ship. Thus, 1f the schematic included the whole structure, and not just

a cross section, then there would be a myriad of criss crossing lines

(not even considering yet the additional interactions and dependenciles

at the lower levels of the hierarchy structure), and the diagram would

become virtually incomprehensible.

The capability of a ship or attached air complement to perform !
in accordance with the requirements imposed for an operational capability
will depend on the unit’s readiness relative to each of a set of resource

areas (personnel, equipment, etc.). The relative importance of each
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resource area to a specific operational capability will differ among
the resource areas, and the importance of a specific resource area will

differ relative to alternative operational capabilities.

5. Unit Resource Areas

The next level of the readiness hierarchy structure consists
of the unit resource areas. These resource areas represent a general
breakout of a ship's resources into distinct and separately measurable
readiness factors. In present Navy parlance, unit readiness 1is broken
down into four major resource areas: personnel, equipment and supplies
on hand, equipment operability, and training. Although this breakdown
is convenient for a commander of a unit in assessing his present readi-
ness, use of this breakdown for predicting future readiness, especially
in terms relative to logistic support factors, will not prove rewarding.
One difficulty is in determining what personnel factors fall under the
heading of training readiness. Another factor is that equipment falls
under two resource areas, one relating to physical availability and the
other to operability, and it is difficult to analytically separate
physical availability and operability. For instance, spare part avail-
ability would affect both equipment-and-supplies-on hand and equipment-
operability resource areas, and it would be extremely difficult to de-
couple this relationship. Thus, for the purpose of this model concept,
an alternative set of unit readiness resource areas 1s proposed. These
are: personnel, equipment, fuel, and mission expendables. The personnel
resource area will include such initial assignment factors as the over-
all strength, petty officer strength, and mission essential skill areas
of the personnel assigned to the unit relative to that authorized, in
addition to the deployment factors such as training opportunities, and
the morale, health, and well-being of the assigned personnel while at
sea, The equipment resource area simply combines the factors of the
physical availability and operability of all equipment and, more emphat-
ically, of all mission~essential equipment. The fuel resource area
includes consideration of the availability of all fuels required for the

performance of the required missions assigned to the unit. These will
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include, depending on the type of unit, jet fuel, AVGAS, diesel fuel,
and navy~distillate fuel., Similarly, the resource area of mission ex-
pendables includes those major end items such as ammunition and sono-

buoys that are expended during the performance of related missions.

Although the demand for these items will, to a great extent, be un-
controllable because 1t depends on the actions of uncontrollable fac-
tors such as the threat and the environment, readiness can be assumed
related to an expected demand for these items under prevailing condi-
tions. Unit readiness in each resource area will, in general, have an
effect on the ship's readiness relative to many of the operational capa-
bilities imposed on the ship in support of the alternative missions

% allocated to the ship, 1In the schematic of Figure 2, all resource areas
for Ship #3 are portrayed as having an effect on each of the three op-
erational capabilities imposed on the ship in support of Mission B, with
the exceptions that Mission Expendables do not have an effect on Opera-

tional Capabilities X and Y, and Fuel does not have an effect on Opera-

tional Capability Z. The implied relationships of the resource areas

for Ship #3 with other operational capabilities not shown on the diagram
are indicated by the paths to the upward-pointing blank boxes. The readi-
ness of a unit within each resource area will be a function of the various
support factors that include the initial outfitting of the ship and its
continued supply support during the period of deployment, Different sup-
port factors will relate to different resource areas, and although some -
commonality will exist, the impact of a support factor on the readiness
of the unit in one resource area may be more or less pronounced than

that on the readiness in another resource area,

6. Support Factors

The bottom level in the readiness hierarchy structure is the
level representing the support activities that are the primary driving
forces that impact on the readiness of the task group units in the var-
ious resource areas, and subsequently impact on the ultimate readiness
of the task group in the performance of its overall mission. Table 2

provides a list of the primary support factors that have a direct
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relationship with each of a unit's resource areas. Although there are
probably numerous other such factors that could be considered in a more
detailed breakdown, it is assumed that the factors listed are sufficient
for the purpose of the evaluation model concept description presented

in the subsequent sections of this chapter., These support factors will,
of course, impact on the resource areas of each unit in the task group,
as implied by the upward~pointing blank boxes attached to the support
factor boxes of Figure 2, In many cases, the effects of a support fac-
tor on each of the units may be highly dependent. For example, the re-
supply of ship fuel 1s conducted on an overall task group basis, and any
shortage of ship fuel will affect all of the ships in the task group that
require that type of fuel,

C. Readiness Evaluation Model

The conceptual model formulated to address the problem of evaluating
the effects of variations of the basic logistic support activities on the
expected readiness of Navy task groups is depicted schematically in
Figure 3.* Down the center of the diagram, the various levels in the
readiness hierarchy structure are indicated. The general flow of the
model operations is depicted along the periphery. This begins with the
specification of basic task group inputs which identify the overall task
group mission requirements, task group configurations, and certain other
selected performance requirements., A preestablished data base identifying
the various Intermediate requirements imposed on the individual ships of
the task group, beginning with the ship missions and proceeding down to
the unit resource areas, 1s then operated on to establish a basic set
of requirements to be satisfied by the logistic support functions. A
support factor model is then exercised to establish estimates of the
expected readiness of each ship for the four identified resource areas.
The model then goes through a series of computations that generate an
estimate of the overall task group readiness that considers the inter-

active effects of the resource area readiness values on readiness at the

*
Originally Figure 1, repeated here for the convenience of the reader.
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various intermediate levels up through the hierarchy structure. The ‘
details of the various components of the model are described 1in the

subsequent subsections.

1. Task Group Inputs

The task group inputs are to be specified by the user for each

model exercise. These inputs are as follows:

e Operational mission types

e Estimated operational mission frequency during deployment
® Relative importance of each operational mission

e Maximum time to arrive on station

e Duration of deployment

e Deployment distance

e Task group configuration by ship type

e Speed of advance (while deploying)

e Data Base Overrides

e Readiness computational approach at each hierarchy level.

The operational missions assigned to the task group will be a
subset of those listed in Section B-2 of this chapter and would be fur-
ther defined through the specification of associated operational capa-
bilities listed in Section B-4. While on deployment, the task group
will conduct operations in performance of each of its operational
missions, although not necessarily at the same frequency. That is, the
task group may be predominantly oriented to one specific mission area--
say, antisubmarine warfare--but will still be required to perform some-~
what within other mission areas such as antiair warfare., It is also
possible that, at times, the task group may be not performing an opera-
tional mission, such as when conducting training operations. One set
of required inputs consists of the frequencies of expected performance
within each operational mission area, including a special category re-
flecting nonoperational time, Another set of inputs required consists
of those reflecting the relative importance of each operational mission.
That is, specific tactical missions such as Surface Strike assume more

importance than nontactical missions like Area Surveillance. The
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deployment distance, the maximum time to arrive on station, and the
planned duration of deployment are other inputs that will have a marked
bearing on the task group's readiness. For a short period of deployment--
say, 30 days--the task group will not be as critically dependent on logis-
tic support functions, such as underway replenishment, as would be the
case for periods of 90 days or more. The next set of inputs define the
task group configuration--i.e.,, the number of ships by class that are
assigned to the task group and the ship that serves as the command ship.
For ailrcraft carriers, the numbers and types of squadrons assigned will
also be specified., Also required is the speed of advance while the task
group is deploying to its initial station. For the present model con-
cept, readiness will be estimated in terms of the potential of the task
group as configured, as opposed to estimating readiness in accordance
with a standard design configuration. The possible degradation in readi-
ness resulting from deviations from the standard design configuration

can easily be established by computations external to the model, The

next set of user inputs consist of the specification of any changes de-
sired among the various data factors contained in the preestablished data
base, described in the next section. Although the data factors in the
data base will be established on the basis of standard Navy planning
factors, there may be occasions to alter these values, either temporarily
for the given model exercise or permanently for the given and future model
exercises, This set of inputs will allow the user these options without
requiring a complete revamping of the data base, The final set of user
inputs 1s the specification of the particular readiness computation
approach to be used at each hierarchy level. Three alternative approaches

are allowed, and these are described later on in this discussion.

2. Data Base

The data base required for this model concept will consist of
two sections: the Mission Requirements Section and the Support Require-
ments Section. The Mission Requirements Section provides the quantitative
couplings between the various levels in the readiness hierarchy structure

beginning with the task group operational mission level and proceeding
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down to the unit resource area level, The Support Requirements Section
contains the necessary numerical data that can be used to establish the
quantitative load factors imposed on the varilous support systems for a
specified task group deployment. These load factors, which will be
dependent on the particular models used to relate the support system
performance to individual unit readiness in the unit resource areas,
will include such f#ctors as initial outfitting requirements, deployment
scheduling factors, supply, spare part, and fuel consumption rates, equip~-
ment operating hours, and so on., Although the data base will be quite
extensive, its establishment will be a one-time task. Once established,
it will be firmly embedded within the model. However, as mentioned pre-
viously, the user will have the option of making changes to specific

data elements when desired.

a. Mission Requirements Section

The mission requirements section of the data base pro-
vides the quantitative input data that links the various levels of the
readiness hierarchy structure together to establish the overall readi-
ness of a postualted task group. These data are used to transform in-
dividual ship readiness estimates, starting at the unit resource area
level, and proceeding on up to the task group operational mission level,
This data base section 1s actually broken down into two subsections~-
those data linking the ship operational capabilities to the task group
missions, denoted by MRS-A, and those linking the individual unit re-
source areas to the ship operational capabilities, denoted by MRS-B.

Table 3 presents a descriptive layout array of Subsection
MRS-A, The task group operational missions are assembled across the
top of the array and the ship types are assembled down the left side of
the array. For each task group operational mission and each ship type,
this data base contains the ship type importance factor relative to that
mission, the required operational capabilities for the ship type, and
the associated relative importance of these operational capabilities,
For each task group operational mission, the ship type importance factors

are specified in absolute terms--say, on a ranking scale from one to
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ten~--so as to provide a basis for determining the ship type's relative
importance for that mission in terms of a specified task group config-
uration., In the model, the relative importance of each ship type for a
task group operational mission would be determined by the ratio of the
ship type's importance factor to the sum of the importance factors for
all the ships in the task group configuration. The required operational
capabilities for a ship type and a task group operational mission would
be a subset of the operational capabilities listed in Section B-4 of this
chapter. These operational capabilities will have an associated relative
importance for the ship type's performance of its mission under the task
group operational mission, and these are attached to the operational capa-
bilitles within the data base. Table 4 presents a sample of an MRS-A
Section of a hypothetical data base that includes only two task group
operational missions and three ship types. Note that a relative import-
ance factor of zero implies that that ship does not contribute to the
task group's performance of the specified operational mission, so there

are no operational capabilities listed in that block of the data base.

For the purposes of this model concept, the unit resource
areas have been broken down into sets of unit resource subareas, which

are as follows:

® Personnel Resource Subareas
- Operations Personnel (OP)
- Maintenance Personnel (MP)
- Other-Support Personnel (OSP).
® Equipment Resource Subareas
- Propulsion and Navigation Sytems Equipment (P&NSE)
- Communications and Data Processing Systems Equipment (C&DPSE)
~ Survelllance Systems Equipment (SSE)
- Weapons Systems Equipment (WSE)
- Supply Systems Equipment (SPSE),
® Fuel Resource Subareas
- Navy-distillate Fuel (NDF)
- Diesel Fuel (DF)
- Jet Fuel (JF)

- Aviation Gas (AG).
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Table 4

*
HYPOTHETICAL SAMPLE OF DATA BASE SECTION MRS-A ENTRIES

Land Strike Blockade
10 6
TDO-1 .12 TDO-1 .14
TDO-2 .04 TDO-2 .10
RO-1 .05 RO-1 .06
RO-2 .03 RO-2 .06
MSO-1 12 MSO-1 .12
MSO-3 .12 MSO-3 .12
cva MS0-6 .02 MSO-8 .08
MS0-8 .02 EEO-2 .12
EEO-1 .11 §S0-1 .08
EEO-2 .11 CCO-1 .12
EEO-5 .04
§S0-1 .04
Ccco-1 .12
CC0-3 .06
5 7
TDO-2 A2 TDO-2 .15
RO-2 .12 RO-2 .07
DD MSO-1 .18 MSO~1 14
MS0-6 .18 MSO-8 .08
MS0-8 .16 EEO-5 .12
§50-1 .04 EEO-9 .12
cCo-2 .20 EEO-11 .12
S$S0~1 .08
cco~2 212
0 5
TDO-3 .20
RO-3 .10
SSN N/A MSO-1 .20
MSO-8 .08
EEQ~7 .16
5$50-1 .10
CCOo-2 .16

*
For definitions of numerical entries, see Table 3.
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‘ @ Mission Expendables Resource Subareas

X ~ Alr Delivered Missiles (ADM)

~ Ship Delivered Missiles (SDM)

; - Submarine Delivered Missiles (SUDM)
- Torpedoes (TS)

] - Gun Ammunition (GA)

- Mines (MS)

- Depth Charges (DC)

- Sonobuoys (S0).

The data base inputs of Subsection MRS-B are specified in terms of these

subareas,

] Table 5 presents a descriptive layout array of Subsection
MRS-B. The ship operational capabilities are assembled across the top
of the array and the ship and aircraft squadron types are assembled down
the left side of the array. For each ship operational capability and
each unit type, this data base section indicates the relative importance

of each of the unit resource subareas to the capability of the unit type

to perform the necessary functions required by the listed operational
capability. Table 6 presents a sample subsection of an MRS~B Section of
a hypothetical data base. This subsection covers three operational capa-

bilities and two unit types. Note that if an operational capability does

not apply to a specific unit type, that block of the data base is left .
blank,

b. Support Requirements Section

The support requirements section of the data provides the

quantitative inputs that are used to determine the load factors imposed

L e

on the various support systems during the task group's formation, deploy-
ment, and on-station phases of an operational mission. The exact nature
of these inputs will depend on the support factor model(s) used to es~
tablish readiness estimates for ship types in each of the ship resource
areas as functions of the effectiveness of the necessary support activ-
ities, For the support factor model discussed later in this chapter,

the Support Requirements Data Base Section is broken down into two
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Table 6

*
HYPOTHETICAL SAMPLE OF DATA BASE SECTION MRS-B ENTRIES

TDO-1 MSO-1 CCO-2
opP opP .30
MP MP .20
0SP 0sP .20
P&NSE P&NSE .0
C&DPSE C&DPSE .30
SSE SSE .0
WSE WSE .0
SPSE SPSE .0
NDF NDF .0
CVA N/A DF DF .0
JF 0 JF .0
AG .0 AG .0
ADM .0 ADM .0
SDM .0 SDM .0
SUDM .0 SUDM .0
TS .0 TS .0
GA .0 GA .0
MS .0 Ms .0
DC .0 DC .0
50 .0 ) .0
oP .20 oP .30
MP .10 i .20
0SP .05 0Sp .20
P&NSE .20 P&NSE
C&DPSE .05 C&DPSE
SSE .20 SSE
WSE .0 WSE
F-14 SPSE .0 N/A SPSE
SQDN NDF .0 NDF
DF .0 DF
JF .20 JF
AG .0 AG
ADM .0 ADM .0
SDM .0 SDM .0
SUDM .0 SUDM .0
TS .0 TS .0
GA .0 GA .0
MS .0 MS .0
DC .0 DC .0
SO .0 SO .0
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For definitions of numerical entries, see Table 5.

other entries, see Section III-B-4 (Ship Operational Capabilities) and the
Unit Resource Subarea list in the text of this section,

For definitions of




subsections: SRS-A consists of the support requirements data pertinent

to the initial outfitting of a task group; SRS-B consists of the support
requirements data pertinent to the actual deploying of a task group and

the on-station phase of the deployment.

A descriptive layout array of data base subsection SRS-A
is presented in Table 7. The specific data factors required in each of
the four data blocks across the array are as follows (the specific cate-
gorical breakdowns of these inputs represent an initial level of detail

for such a model as proposed here):

(1) Personnel Manning Requirements and Supply Allowances

e Authorized Manning
- Officers
- Petty Officers
- Other Enlisted Personnel
® Mission Essential Skill (MES) Requirements
- Number of Petty Officers requiring:
- Operations Oriented MESs
- Maintenance Oriented MESs
~ Other-Support Oriented MESs
- Number of Other Enlisted Personnel requiring:
- Operations Oriented MESs
- Maintenance Oriented MESs
- Other Support Oriented MESs
® Personnel Supply Allowances for:
= Medical Supplies
- Rations

- Other Personal Supplies

(2) Major Equipment

¢ Numbers of Major Equipments required for:
- Propulsion and Navigation Systems
~ Communications and Data Processing Systems ;
- Surveillance Systems

- Weapons Systems

~ Supply Systems
49
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e Equipment Supply Safety Levels for:

4 -

I A AR AL

E
!
:
5
E
F
E
j

e Initial Spare Part Allowances for:

e Initial Equipment Supply Allowances

o Equipment Supply Critical Levels for:

Propulsion and Navigation Systems
Communications and Data Processing Systems
Surveillance Systems

Weapons Systems

Supply Systems

e Spare Part Safety Levels for:

Propulsion and Navigation Systems
Communications and Data Processing Systems
Surveillance Systems

Weapons Systems

Supply Systems

e Spare Part Critical Levels for:

Propulsion and Navigation Systems
Communications and Data Processing Systems
Surveillance Systems

Weapons Systems

Supply Systems

for: 1
Propulsion and Navigation Systems
Communications and Data Processing Systems
Surveillance Systems

Weapons Systems

Supply Systems

Propulsion and Navigation Systems
Communications and Data Processing Systems

Surveillance Systems

Weapons Systems

Supply Systems

Propulsion and Navigation Systems

Communications and Data Processing Systems
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Surveillance Systems

Weapons Systems

Supply Systems

(3) Fuel Capacities, Safety Levels, and Critical Levels

(4) Mission

e Fuel Capacities for:

Navy-distillate
Diesel

Jet

Aviation Gas

e Safety Levels for:

Navy-distillate
Diesel

Jet

Aviation Gas

e Critical Levels for:

Navy—distillate
Diesel

Jet

Aviation Gas

Expendables Initial Allowance

-—

e Initial Allowances of:

Air Delivered Missiles

Ship Delivered Missiles
Submarine Delivered Missiles
Torpedoes

Gun Ammunition

Mines

Depth Charges

Sonobuoys

e Safety Levels of:

Alr Delivered Missiles
Ship Delivered Missiles
Submarine Delivered Missiles
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- Torpedoes
- Gun Ammunition
- Mines
- Depth Charges
- Sonobuoys
e (Critical Levels of:
- Ailr Delivered Missiles
- Ship Delivered Missiles
- Submarine Delivered Missiles
- Torpedoes
- Gun Ammunition
~ Mines
- Depth Charges

- Sonocbuoys

A descriptive layout array of data base subsection SRS-B 1is presented in
Table 8., The specific data factors required in each of the four data
blocks under each major heading across the array are as listed in the
following subsections. These data factors are dependent on the appli-
cable task group operational missions while on-station. During the
actual deploying of the task group, it is assumed that standard pro-
cedures are followed, irrespective of the ultimate on~station missions,
and hence a single set of these data factors can be embedded in the

data base,

(1) Personnel Consumption Rates

e Dailly Average Consumption Rates for:
~ Medical Supplies
- Rations
- Other Personal Supplies

e Fatigue Factors

(2) Equipment Operating Hours and Supply Consumption Rates

e Daily Average Operating Hours/Major Equipment for:
- Propulsion and Navigation Systems

- Communications and Data Processing Systems
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- Surveillance Systems
- Weapons Systems
- Supply Systems
e Daily Average Equipment Supply Consumption Rates for:
- Propulsion and Navigation Systems

- Communications and Data Processing Systems

~ Surveillance Systems
! - Weapons Systems

- Supply Systems

e Daily Average Spare Part Consumption Rates for:
- Propulsion and Navigation Systems

k -~ Communications and Data Processing Systems
~ Surveilllance Systems
~ Weapons Systems

~ Supply Systems

(3) Fuel Consumption Rates

e Daily Average Fuel Consumption Rates for:
-~ Navy-distillate
- Diesel
- Jet
- Aviation Gas

. (4) Mission Expendables Consumption Rates

® Daijly Average Consumption Rates of:
- Air Delivered Missiles
- Ship Delivered Missiles
- Submarine Delivered Missiles
- Torpedoes
- Gun Ammunition ]

= Mines

Depth Charges

Sonobuoys
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3. Task Group Support Requirements

This portion of the model is concerned with establishing the
quantitative load factors that will be imposed on the various systems
that provide support for the task group deployment being considered in
the model exercise. These load factors will represent an accumulation
of the various load factors generated by the individual ships in the
task group, considering their initial outfitting requirements and average
consumption rates/equipment operating hours while actually deploying and
when on-station. These load factors are established separately for the
three phases of a task group deployment: formation, deployment, and

on-station.,

a. Formation Load Factors

The task group formation load factors are simply summa-~
tions of the various personnel manning requirements and supply allowances;
equipment, spare part and supply allowances; fuel capacities, safety
levels and critical levels; and mission expendables initial allowances,
taken over the individual units of the task group. These load factors
are broken down into the varilous categories contained in Section
SRS-A of the data base, and are further categorized as being related to
air, surface, or subsurface units. For each category, the summations

take the following form:

.
FLF, = Z xij Ii(“) (6D

=il

[

where

Formation load factor for the jth category in
SRS~A for class u (u = air, surface or subsurface)

FLF,

~
[

Number of units in the task group
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ik = An indicator for the unit (ship or aircraft squadron)
type of the kth unit in the task group (k = 1,...K)

-‘ . Xij = Data base value of the jth category for unit type 1

Ii(u) Indicator denoting 1if unit type i is in class u

(Ii(u) = (0, no; Ii(u) =1, yes).

For example, consider a simple task group containing one
{ aircraft carrier with two F-14 squadrons, and one destroyer. In this

) case, K = 4 and il = aircraft carrier, 12 = 13 = F-14 squadron, and
i4 = destroyer. Also, Iil 14 (surface) = 1 and I12
Ii (air) = 1. All other values of Ii(u) would be equal to zero. If
3

h
the jt category represents spare parts allowances for weapons systenms,

(surface) = I (air) =

the Xi j would be the data base value of this category for an aircraft
1 1

carrier.

b. Deployment Load Factors

The task group deployment load factors are the summations
of the various consumption rates and equipment operating hours, taken
over the individual units of the task group. These load factors are
broken down into the various categories contained in Section SRS-B of
the data base, and are further categorized as being related to air, sur-
face, or subsurface units. For each category, the summations take the

following form:

Ik
DLFju = 2: Yiin(u) (2)
i=1

1

where

DLF, = Deployment load factor for the jth category in SRS-B
ju
for class u (u = air, surface, or subsurface)

Yij = Data base value of the jth category for unit type i
57
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and all other variables are the same as defined in Section III-C-3-a,

above.

C. On-Station Load Factors

The task group on-station load factors parallel the de~
ployment load factors, although the form of the summations 1is more com-
plicated due to the dependency of the load factors of the individual
ships on the task group operational missions and their frequency of
employment, on the average, over the planned duration of the task group

deployment. These summations take the following form:

iI M
OI"Fju =2 Ii(u) Z fmzijm (3)
=il m=1
where
OLF, = On-station load factor for the jth category in
Ju SRS-B for class u (u = alr, surface, or subsurface)

M = Number of task group operational missions identified
in the data base

fm = Estimated frequency of employment of the mth
operational mission during the task group deployment
Zi'm = Data base value of the jth category for unit type i
J conducting operations in support of operational mission
type m

and all other variables are the same as defined in Section III-C-3-a.

4, Support Factor Inputs

The support factor inputs are inputs that indicate the values
of various performance factors that represent the effectiveness of the
various support systems in carrying out their intended functions. These
are user-specified inputs for each model exercise and can be used to
reflect the effects of variations in the composition and operational pro-

cedures of these systems. For example, if the user is interested in the
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effect on a task group's readiness that would result from the implemen-

tation of postulated changes in the support activities, separate sets

of these inputs would be used in model exercises to evaluate this, where
one set of inputs would reflect the performance of the existing support
activities and another set would reflect that of the modified support ;

activities.

The specific inputs included in this data set will, of course,

depend on the specific support factor model included in the readiness

evaluation model concept as proposed here. In the description of the
support factor model that follows, a sample expected value approach is
described in some detail. The nature of the support factor inputs is
given as they arise in the model description. Although a detailed de-
scription of these inputs could be presented here, it 1s felt that this
would only add an element of confusion and detract from the understanding

of the model concept.

5. Support Factor Model

The support factor model described in this section is repre-
sentative of the type of model that could be used to relate the effec-
tiveness of logistic systems in support of a task group to the readiness
states of individual ships within the various ship resource areas., The
model components are first presented in generalized terms and then
appended by a more detailed description of an expected value approach
that could be used as an initial aggregated fulfillment of the function
of the associated general model component., Implementation of such an
aggregated model could be modular in nature so as to facilitate modifi-
cation through the introduction of more complex algorithms to satisfy

the requirements of the general model component functions.

The overall model structure can be envisioned as a matrix type
structure, as depicted in Table 9, with the columns representing the
three time phases of a task group's deployment (formation, physical
deployment, on-station), and the rows representing the four major readi-
ness resource areas (personnel, equipment, fuel, mission expendables),

and an additional row to cover the deployment time factors. Each cell

of the matrix then represents a separate model computation component.
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The general flow ¢! computations would be from top to bottom
within a column and then proceeding to the top of the next column. How-
‘ . ever, for descriptive clarity, it 1s convenient to discuss the complete
computations for a major readiness resource area and the deployment time
factors from the formation phase through the on-station phase. For each
major readiness resource area there is a set of subareas--e.g., under
the personnel readiness resource area, there are three subareas denoted
as operations, malntenance, and other-support, and the computations are
further broken down to the categories of air, surface, and subsurface
i units. However, for each subarea and unit-type breakdown of a given
resource area, the computational procedures are identical. Although
the computational procedures used for the different resource areas are
varied, there 1s a general theme that is common to all of these (exclusive
of the deployment time factors). This general theme infers the estab-
lishment of a readiness function for the particular resource area (actually
for each subarea and unit-type breakdown of a resource area), The forma-
tion phase computations establish an initial embarkation value for this
function, The physical deployment phase computations modify this value
to account for changes that occurred while the task group was deploying
to its intended at-sea deployment station. The on-station phase compu-
tations then establish the values of this readiness function for the dur-
ation of the task group's time on-station. The final output of the sup-
port factor model, for the particular subarea and unit-type breakdown of
a major resource area, is the average value of this readiness function
over the duration of the task group's time on-station. Schematically,
this can be represented by the following diagram, where R(t) denotes
the readiness function, te the time of embarkation, td the time of arrival
on station, and tC the time of completion of the task group's time on-

station:

S v e, e — e

A Y -
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The average readiness, R is then given by the integral of R(t) from

t
C
R =f R(t)dt (4)

t4

td to tC. That is,

With respect .o the above diagram, there 1s one modification that should

be mentioned here. The actual value of t, used in the integral of Eq.

(4) will not necessarily coincide with thi task group's arrival on-
station, That is, if the task group arrives on-station prior to its
scheduled time--say, tS-—then the lower limit in the integral would be
tS and not td. On the other hand, if the unit arrives on-station after
its scheduled time, the lower limit of the integral would still be td’
but the task group would assume a zero readiness value for the time
periovd from tS to td. This period of zero readiness would then carry
on up through subsequent computations external to this support factor

model.

With this background, the description of the support factor
model now proceeds to the individual rows of the model computational

component matrix structure shown previously in Table 9.
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a. Personnel Readiness Resource Area

The personnel readiness resource area is subdivided into
three subareas: operations, maintenance, and other support. As pre-
viously mentioned, the computations are also performed separately for
personnel assigned to the different unit types (air, surface, subsurface).
Thus, one set of the following described computations would be performed
for each subarea/unit-type combination. In the discussion that follows,
the term "personnel readiness' refers to just one such combination and

not to the personnel readiness resource area as a whole.

The personnel readiness function, Rp(t), selected for

this model concept is represented as follows:

Rp(t) = Pa(t) . Pt(t) . Pm(t). (5)

Pa(t) represents a personnel availability function that relates assigned
strength to authorized strength, taking into account the three categories
of officers, petty officers, and other enlisted. Pt(t) represents a
training efficiency function that relates assigned mission essential
skill strengths to required mission essential skill strengths and also
considers effects on on-the-job training opportunities while at sea.
Pm(t) represents a morale function that considers such factors as per-
sonnel supply deficiencies, time-at-sea degradations, and operational
mission fatigue effects. Each of these component functions ranges frcm
Zzero to one, so that the readiness function Rp(t) itself will also range

from zero to one,

The manner by which these functions are evaluated under

the expected value approach is described in the following subsections.

1) Formation Phase

The expected value approach assumes that there exists

Navy-wide data on the availability of officers, petty officers, and other

enlisted men broken down into the various subcategories considered 1in
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this model concept. These can be assumed to carry on down to the
assignment of personnel to the task group, or could be modified by a
criticality factor (presumably upward) that reflects a priority given
to operational forces. Regardless, the model assumes as input the
values of the availabillity of officers, petty officers, and other en-

listed men. If we let ao, apo’ and aoe denote these respective avail-~-

abilities, and recalling that te denotes the time of embarkation, then

' Pa(te) = aoapoaoe' (6)

For subsequent computations, the actual assigned strengths of the per-
sonnel Iin each category at time of embarkation will also be required.

These are given as follows:

ASo(te) = aRS_ (7)

Aspo(te) = apoRspo (8)
|
1.
;

Asoe(te) B aoeRSoe (9) ;
!

where AS denotes assigned strength, RS required strength, and the sub-
scripts refer to the assoclated personnel categories as given for the
availabilities., The values of the RS variables were previously computed
as formation load factors (see Section III-C-3-a). Under the same rea- :

soning as given above, it is assumed that input values exist for the !

availabilities of mission essentlal skill personnel in each category, and

these are denoted by m mpo’ and m e Furthermore, it 1s assumed that

there can be determined an input training efficlency factor, Et(te)’ that
is a reflection of the training efficiency (on a scale from zero to one)
of personnel to be assigned to a task group. Then at time of embarkation, ‘

the training efficiency function 1s given as follows:
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P (e) = mompomert(te). (10)

For subsequent computations, the actual assigned strengths of mission
essential skilled personnel in each category at time of embarkation

will also be required. These are given as follows:

AMo(te) = moRMo (11)
AMpo(te) = mpoRMpo (12)
AMoe(te) = moeRMog (13)

where AM denotes assigned mission essential skilled personnel, RM required
mission essential skilled personnel, and the subscripts refer to the
associated personnel categories, The values of the RM variables were

previously computed as formation load factors,

Thus, at time of embarkation, the value of the readi-

ness function is computed as follows:

Rp(te) = Pa(te) - P () - Pm(te) (14)

where Pa(te) and Pt(te) are as given in Eq. (6) and (10), respectively,
and Pm(te) is specified as input, Here, and in subsequent computations,
the time variables will be assumed specified in days. Another point to
bring up before proceeding is that the morale function is the same for
each of the three subareas of operations, maintenance, and other support.

Thus this function is only computed once for each phase.
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2)  Physical Deployment Phase

During the actual deploying of the task group to its
initial station, the value of the readiness function, or more specifically
the values of the components of the readiness function, will be subject
to variation., From embarkation until arrival on-station, the interim
values of the readiness function are not directly of concern in this
model, other than their ultimate effect on the value of this function at

time of arrival on station.

The personnel availability function will be affected
by both personnel losses, due to medical or perscnal problems, and per-
sonnel gains through reinforcement. In the expected value approach,
losses and gains are assumed to be linear functions, with the rates spe~-
cified as inputs., If td den.tes the time of arrival on-station, then
the personnel availability function will assume the following value at

time of arrival on station:

(‘ As (t)—
P (td) N (1 + (god_dod)(td-te): _—gg_ji

o ° J

n )AS o(te;

' (gpod po d)( d te)\ RS

L po i

{ (t )

)
gt ) (ty te)‘ AS (15)
oe

oed oed

where the AS and RS variables are as defined previously and the d and g
factors denote the respective Input daily loss and gailn rates with the
subscripts od, pod, and oced referring to officers, petty officers, and

other enlisted, respectively (with the d denoting deployment phase). If,
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in the computations of Eq. (15), Pa(td) goes below zero or above unity,
the Pa(td) assumes the respective limiting value.

The loss and gain rates will also affect the mission~
essential-skill components of the training function in the same manner
as above., In addition, the training efficiency factor will also be modi-
fied to reflect the effects of on-the-job training opportunities, stem-
ming both from on-the-job performance and additional time devoted to
training while at sea. For the present model, three support factor in-
puts will be required: Ttm’ the average daily amount of skill-related
time required to maintain training efficiency; Ttd’ the average daily
amount of skill-related time avajilable during the present deploying of
the task group; and kt’ a coefficient that reflects the proportional
change in efficiency per uvnit time of deviation from Ttm' With these
inputs the training efficiency function will assume the following value

at time of arrival on station:

: r‘ ) AMo(te)-|
Poltgd = [ # (Boqd q)(EqEe) _R_MO_J
L
—‘ ' AM o(te)ﬂ
fl * (gpod-dpod)(td-te)$ RMpo (16-
] )
[ A (e )]
! o+ | _oe e
fl * (goed-doed)(td te)} RMoe J
T ,-T
{ td “tm ey !
1P kT (e ()

where Pt(td) is, like Pa(td), bounded below by zero and above by unity.

The morale function will be degraded due to possible

supply shortages and also through extended periods of time at sea. Some
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additional factors that could degrade morale such as command deficiencies
and overall personnel shortages are reflected in the personnel availability
function, and thus they are not compounded through inclusion again in the
morale function, Therefore, the morale function is itself broken down

Into four degradation components, three for supply deficiencies (medical,
rations, other personnel supplies) and one for time-at-sea degradations,
and its initial embarkation value, Pm(te). The supply components will

each assume a value of unity as long as the amount of supplies in that
class, being depleted by application of the deployment consumption rate
load factors, remains above the safety level. Once the amount of supplies
in a class drops below the safety level, that supply morale component

will begin to degrade linearly and assume a value of zero when, and if,

the critical level for that supply class is reached. Whenever replenish-
ment of those supplies occurs, the amount of available supplies is in-
creased by the replenishment amount, and the supply morale component then
assumes its appropriate value considering this increased amount of supplies.

This can be represented schematically with the use of Figure 4.

The initial level of supplies will be determined 1
through the use of support factor input-specified supply availabilities
for each of the three classes as applied to the task group supply allow-
ances previously computed as formation load factors. In the figure, the
supply level at time of embarkation is above the safety level, so the
morale component is unity until consumption depletes supplies below the
safety level, At this point, the supply morale component decreases lin-
early until a replenishment occurs. The replenishment occurs before the
critical supply level is reached, so the component does not reach zerc,
Since the amount of the replenishment raises the amount of supplies above
the safety level, the component again assumes a value of unity. The next
deplenishment cycle allows the supply level to drop below the critical
level, so the component assumes the value of zero until the next replen-
ishment occurs. This cycling continues until the time of arrival of the
task group on-station. The values of mi(td) would then be used in com-
puting the value of the morale function at this point in time, where the

subscript i generically would be m for medical supplies, r for rations,
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and o for other personnel supplies. Of course, Figure 4 is quite

“ exaggerated for consideration of the physical deployment phase, since

it 1s highly unlikely that supply levels will reach the critical level
or even the safety level during this phase of the deployment, However,
they do indicate the construction of the supply morale components. This
approach will also be used for the on-station phase computations where

these more critical depletions could be realized.

The time-at-sea morale component assumes a linear

o degradation in morale as the time at sea increases. During deployment,

a data base input listed under the heading of fatigue factor (fd) repre-
sents the slope of this linear degradation. Thus, the time-at-sea morale

component mt(td) at time of arrival on station is given as follows:
mt(td) = fd(td—te) . (17)
At time td’ then, the morale function is given as follows:
Pm(td) = mm(td) . mr(td) . mo(td) . mt(td) . Pm(te). (18)

The personnel readiness function at time td’ the beginning of the task

group's time on station, is computed as follows:
Rp(td) =P (t) « P(t) - P (t) (19)

3) On-Station Phase

The manner by which the personnel readiness function
is computed at each time point t during the task group's time on-station
is the same as that used in the physical deployment phase, with the ex-

ception that te is replaced by t is replaced by t, the values of

a’ %
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the AS and AM factors as well as Et at time t, are as given by the modi-

fied numerators of the respective components in Egqs. (15) and (16), and
the various load factors and other deployment specified data base and
support factor inputs are for the on-station phase in lieu of the phy-
sical deployment phase., Due to the nature of the components of the
personnel readiness function, it will probably be extremely difficult

to establish a closed-form representation of the function throughout

the duration of time on-station, Thus, it can be assumed that the inte-
gration of the function, as indicated in Eq. (4), will be performed
using numerical integration techniques. In this case, values for the
personnel readiness function would have to be computed at discrete time

points during the interval from time of arrival on-station until com-

pletion of the task group's stay on-station.

b. Equipment Readiness Resource Area

The equipment readiness resource area is subdivided into
five subareas: propulsion and navigation systems, communications and
data processing systems, surveillance systems, weapons systems, and
supply systems. The computations are also performed separately for
equipmen.s aboard the different unit types (air, surface, subsurface).
Thus, one set of the following described computations would be performed
for each system subarea/unit-type combination. In the discussion that
follows, the term "equipment readiness" refers to just one such combin-

ation and not to the equipment readiness resource area as a whole.

The equipment readiness function, Re(t), selected for

the model concept is represented as follows:

Re(t) = Eo(t) . Es(t) . Esp(t).

Eo(t) represents an equipment operability function that relates the
avajlable operable equipments to required operable equipments. Es(t)
represents an equipment supply function that relates available equipment-

oriented supplies (excluding spare parts) to equipment-oriented supply
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allowances. Esp(t) is an equipment spare part function that relates
avallable spare parts to spare part allowances., Each of these com-
ponent functions ranges from zero to one, so that the readiness func-

tion Re(t) itself will also range from zero to one.

The manner by which these functions are evaluated under

the expected value approach is now described in the following subsections. 4

1) Formation Phase

The expected value approach assumes that there exists
Navy-wide data on the availability of equipment, equipment~oriented sup-
plies, and spare parts, broken down into the various subcategories con-

sidered in this model concept. These can be assumed to apply to the

outfitting of a task group or could be modified by a criticality factor
(presumably upward) that reflects a priority given to operational forces.
If we let ae, ags and asp denote these respective availabilities, then
at a time of embarkation, the equipment readiness function is given as

follows:

Pe(te) = aeasaSp . (21)

For subsequent computations, the actual numbers or amounts of equipments,

supplies, and spare parts at time of embarkation will also be required.

These are given as follows:

AEe(te) = aeREe (22)

AEs(te) = aSRES (23)

:i' ! l‘sp(te) = aSPRESP N (24)
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2) Physical Deployment Phase

During the actual deploying of the task group to its
initial station, the values of the components of the equipment readiness
function will be subject to varilation since equipments will be operating
and failures will occur, repairs will be made and spare parts depleted,
equipment-oriented supplies will also be depleted, and replenishments
may occur. As with the personnel readiness functions, the values of the
components at time of arrival on-station are the main concern in this

model, and the interim values are not in themselves required.

The equipment operability function will be affected
by equipment failures, and subsequent repair completions and replenish-
ments, In addition to the time between replenishments and major end
item replenishment quantities, additional support factor inputs required
are the equipment mean times to failure, for both on-board repairable
failures (tr) and non-repairable failures (tnr), and mean repair times
for on-board repairable failures (tm) for each of the equipment system
categories, The mean times to failure are converted to associated fail-
ure rates, denoted respectively by fr and fnr’ and are computed as

follows:

(oL
r T

£ =?;‘L . (25)

X
n nr

The procedure for computing the number of operating systems available
each day AEe(t) is iterative in nature and 1s given by the following

equation:
AEe(t) = AEe(t-l) - fnroeAE(t—l) - fr(l—fnr)oeAE(t—l)

+ fr(l-fr)oeAE(t-l-tm) + nr(t-l) (26)
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where °, is the daily operating hours/equipment during the physical
deployment phase of the deployment, which is contained in the SRS-B sub-
section of the data base, and nr(t-l) is the number of equipments supplied
if a replenishment occurs on day (t-1). Otherwise, nr(t~l) is zero. In
the above equation, the first term on the right-hand side denotes the
number of operating equipments available at the beginning of the previous
day (t-1). The initial value, AEe(te), is computed in accordance with
Eq. (22), The second term is the number of on-board nonrepairable fail-
ures occurring on the previous day, and the third term is the number of
on-board repairable failures occurring on that day. The fourth term
represents the number of repaired equipments that are brought back into
service during the previous day. The value of tm used in the equation

is specified in whole days, and this represents a conversion of the in-
put value if not specified in such terms. For the first tm days, this
fourth term is equal to zero, since the model assumes that on day te all
available equipments are operational. The last term represents replen-
ishment, if occurring on the previous day, of both initially unavailable
equipments and for subsequent on-board nonrepairable failures. For the
deployment rphase, the iterative computations are performed up to time

td’ the time of the task group's arrival on-station. The equipment

operability function on day t, is then computed as follows:

d

Eo(t ) = ——— 27
e

The procedure for computing the values of both the
equipment supply function Es(td) and the equipment spare part function
Esp(td) is the same as used to compute the supply morale component as
described in the previous section, using the appropriate supply level
and consumption rate load factors computed as in Eq. (2) for the appli-
cable equipment system type. That is, these functions are unity as long
as the supply level 1is above the safety level, and degrade linearly to
zero as the supply level decreases down to and below the critical level.

They increase only when replenishments occur, The procedure is used
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to compute the applicable supply levels at time td, given by AEQ(td)
and AEsp(td), and the applicable functions are then computed as

follows:

AES(td)
Es(td) = TR (28)
S
AE_ (t.)
- _—sp d°
Esp(cd) REsp (29)

The equipment readiness function at time t,, the time of arrival of the

d
task group on-station, is then computed as follows:

Re(td) = Eo(td) . Es(td) . Esp(td) (30)

where the three factors on the right-hand side are given by Egs. (27),
(28), and (29), respectively.

3) On-Station Phase

As discussed in the previous section for the personnel

readiness function during the on-station phase, the procedure used to
compute the equipment readiness function during this phase is the same as
that used during the physical deployment phase, Of course, the various
load factors and other data base and support factor inputs used in the
computations are those for the on-station phase. A numerical integra-
tion procedure will also be required, so that the equipment readiness

function will have to be computed at discrete time points during the in-

terval from time of arrival on-station until completion of the task group's

stay on-station,
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c. Fuel Readiness Resource Area

The fuel readiness resource area is subdivided into four
subareas: Navy-distillate, diesel, jet, and aviation gas. As with the
other resource areas, the computations are performed separately for the
different unit types (air, surface, subsurface). Thus a fuel readiness
function will be computed for each subarea/unit-type combination. Since
fuel is simply a supply class, the readiness functions have only one
component (fuel availability) and the procedure for computing these 1is
t! » same as that described for the equipment supply function in the pre-
vious section. Beginning with an initial fuel supply availability (a
support factor input), fuel is depleted through consumption and replen-
ished at periodic intervals. As long as the fuel available remains
above the safety level, the fuel readiness functions Rf(t) is unity. When
the fuel drops below the safety level, the fuel readiness function de-
creases linearly to zero as the supply level decreases down to and below
the critical level, rising only when a replenishment occurs. One special
addition is that if the fuel level for the surface or subsurface categor-
ies drops below the critical level during the deployment phase, the task
group will be assumed to remain stationary, with essentially no fuel con-
sumption in the categorles, until a replenishment occurs. This lack of
movement will cause an extension of the expected arrival time on-station
(td) and hence impose recalculation of the personnel and equipment readi-
ness functions for the deployment phase. (Recall that all deployment
phase computations are done before any on-station calculations are per-
formed, so these deployment phase delays would not impose any recalcula-
tion for the on-station phase.,) During the on-station phase, fuel deple-
tion below the critical level will result in zero readiness and would be
picked up in the integration of the fuel readiness function, and thus
needs not be separately treated. As in the other cases, the integration
of the readiness function, as indicated in Eq. (4), would be by numerical
techniques due to the discrete jumps that would occur at replenishment

time.




d. Mission Expendables Readiness Resource Area

The mission expendables readiness resource area is sub-
divided into eight subareas: air delivered missiles, ship delivered
missiles, submarine delivered missiles, torpedoes, gun ammunition, mines,
depth cahrges, and sonobuoys. As with the other resource areas, the
computations are also performed separately for the different unit types
(air, surface, subsurface). Thus a mission expendables readiness func-
tion will be computed for each subarea/unit-type combination. Since
mission expendables are simply subclasses of supply, the readiness func-
tions Rm(t) have only one component (mission expendables availability),
and the procedure for computing these functions is the same as for the
other supply-related functions discussed in the previous section, with
the exception that zero readiness during the deployment phase does not

affect the time of arrival on-station.

e, Deployment Time Factors

The deployment time factors of concern are the time of i
embarkation, the time of arrival of the task group on-station, and the
time of the task group's completion of its on-station stay. The time of
embarkation, te, is dependent on various outfitting rates and the numbers
and amount of personnel, equipment, supplies, and fuel that will ultim-
ately be available to the task group on embarkation. In the present
model concept, it is assumed that all major equipments and personnel are i
on-board ship at time zero, or will be on-board by the time supplies are
loaded and the necessary fuel has been pumped on-board. The time to em-
barkation is then the maximum of the times required to load supplies cr
pump fuel. The initial total amount of supplies available to the task
group at time of embarkation will have been computed during the pre-

vious formation phase computations. Let this total tonnage be donoted

by Se. If the Naval base's maximum loading rate is T, (tons per day),
then the time required to outfit the task group with supplies (tse) will
be given as follows:

S

e
t = —
se r

s
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Similarly, i1if Fe deonotes the total volume of fuel to be pumped aboard

ships of the task group, and r_ is the maximum fuel pumping rate for the

f
naval base, then the time required to pump fuel aboard the task group

ships (tfe) will be given as follows:

F
_e
Te

t = . (32)

fe

Thus, the time of embarkation (te) will be determined by the following

equation:

) . (33)

=m
te ax(tse’tfe

An initial estimate of the time of arrival on-station of

the task group, , will also be computed during the formation phase

t
di
computations., If do denotes the distance to the initial station from
the naval base of embarkation, and v, denotes the average speed of
advance on deploying (both task group inputs), then this estimate of

tdi will be computed as follows:

tdi = te + Vado * (34)

This value of td will be used in the physical deployment phase of the
computations, Should ship or submarine fuel supplies be depleted below
the critical levels, then the delay times encountered while deploying
(determined in the Fuel Resource Readiness Area calculations) will be

summed up, with this sum being denoted by t The actual time of arrival

de”®
on-~station (td) will be determined by the following equation:

t,=t,, +t (35)




where tde is zero 1if no fuel delays are encountered during the deploy-

ment of the task group. If this value of t, is less than t the

d dm’
maximum time to arrive on station (a task group input), then the task
group will be assigned an idle mission during the interval (tdm— td) and
the lower bound on the readiness function integrals will be t On

the other hand, 1f t

dm”

1s greater than t the lower bound of the inte-

d dm’
grals will be ty and the task group will assume a zero readiness value

for the time interval (td— ). 1In either case, the time of completion

t
dm
of the task group's stay on-station (tc) will be the following:

t =t, +T (36)

where Td is the task group's duration of deployment (a task group input).
This value of tC will represent the upper bound of the readiness function
integrals to be used in the on-~station phase of the computations. No de-
ployment time factor computations are required during the on-station phase

computations.

6. Readiness Computations

The support factor model will generate a large set of resource
area readiness states computed on an overall task group basis that con-
siders the effects, on the readiness of a task group in these resource
areas, of various assumptions about the systems providing logistic supnort
to the task group., These assumptions are embedded, in some detall, in the
support factor inputs and, more generally, in the model construct itself.
The approach used is quite broad in nature and does not consider the rel-
ative importance of the various operational capabilities of the ships re-

quired in the performance of the assigned task group operational missioms,

which themselves have a varying degree of relative importance to the overall

mission of the task group. This section describes the manner by which
these broad resource area readiness states are transformed into an estimate
of the task group's overall readiness through a progression of transforma-
tions on up through the readiness hierarchy structure, beginning at the

individual ship and aircraft squadron resource area level.
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a, Unit Resource Area Readiness Assignments

The resource area readiness states generated by the sup-
port model are broken down according to various subarea/unit-type com-
binations~-e.g., a resource area readiness state was generated for opera-
tions personnel assigned to surface units, and another resource area
readiness state was generated for weapons systems equipment attached to
air units, These readiness states are now transferred to the individual
ships and aircraft squadrons in accordance with their unit-type applica-
bility. The subarea segregation still remains intact because the per-
formance of the various ship operational capabilities have been defined
(for this model concept) in terms of the subareas within each resource

area through the specification of relative importance factors,

The applicable readiness states transfer directly. For

example, a destroyer would be assigned an operations personnel readi-
ness state equal to the operations personnel readiness state for surface
units generated by the support factor model. Similarly, the equipment
readiness state for propulsion and navigation systems assigned to an
attack submarine would be equal to the associated readiness state for

subsurface units generated by the model,

b. Ship Operational Capabillities

The next step in the movement up the readiness hierarchy .
structure 1s to establish the readiness of the task group ships relative

to their performance under the various ship operational capabilities.

These readiness estimates are made only for ship type/operational capa-
bility combinations that are applicable to the set of operational missions
assigned to the task group. These combinations will have been identified
during the computation of the on-station load factors. That is, if a

ship operational capability--say, MSO-5: conduct underwater recovery
operations— does not apply to any of the task group operational missions

for a certain ship type, then no readiness estimate is made for that ship

type/operational capability combination.
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In the discussion that follows, the following notation

1s used:
j = Index for task group ships (j = 1, ... , J)
a = Index for task group aircraft squadrons (a = 1, ..., A)

n. = Indicator denoting the ship that aircraft squadron a
is assigned to

P, = Personnel allowance for ship j
P_ = Personnel allowance for aircraft squadron a

k = Index for operational capabilities (k =1, ... K)
m = Index for ship resource subareas (m =1, ..., M)
i = Index for operational mission types (i = 1, ..., I)

X = Relative iImportance of operational capability k in
ship j's performance of mission type i

y'km = Relative importance of resource subarea m with respect
J to ship j's readiness relative to operational capability

k
= Readiness state of ship j (without assigned aircraft
J squadrons) relative to resource subarea m
Tm " Readiness state of aircraft squadron a relative to
resource subarea m
sjk = Readiness state of ship j (with assigned aircraft

squadrons) relative to operational capability k.

For clarity of presentation, it i1s assumed that the ship
and aircraft squadron indices coincide with the respective ship type and
aircraft squadron type indices identified in the data base.

The outputs of this computation section are the values

of the s If x = 0, then s,

jk* ijk jk
different approaches that could be used to determine the values of the

is not computed. There are three

sjk: series approach, weakest link approach, and weighted average approach.
The choice of the specific approach would be left to the discretion of

the user and would be specified as a model input. The applicable equations
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for each approach are as follows, where it is noted that different equa-
tions are required for ships with aircraft complements than for those

without aircraft complements:

e Series Approach (SA)

- Without Aircraft Complements

M

k ik mr___llrjm' (37

s.t.yjk£=0

- With Aircraft Complements

M
s, = ITr
k2 im (38)

S.t.yjkmF‘O

if operational capability m is ship-only oriented;

s, =17 (39)
w o\
s.t.yjkmfo s.t n_ = j

if operational capability m 1s alrcraft-only oriented;
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M
Sjk = I 3 im a a am (40)
m=1 Pj+2;Pa
S't’yij‘O s.t.na = j

if operational capability m is both ship and aircraft oriented.

® Weakest Link Approach (WLA) |

- Without Aircraft Complements i

s = min (r .

)
ko T Im (41)
s.t.yjknlso

~ With Aircraft Complements

if operational capability m is ship-only oriented;

PIRES
a am
8 = min a

3k m P

a
s.t.y,, =0
Jlem s?t.na =j

1if operational capability m 1is aircraft-only oriented;




—

E,
3
k
:
!
E
L
}

8 = min —_— (44)
jk
m P+ :g: P

if operational capability m is both ship and aircraft oriented.

e Weighted Average Approach

- Without Aircraft Complements

M

s.=2y. r. .
ik 35 Tike im

(45)

s.t.yjkm#O

- With Aircraft Complements

M
T (46)

8.0 T L Y., T.
s.t.yjkmato

if operational capability m is ship-only oriented;

A L > e,

L] 1] #
s.t yjkm 0 .
s.t.n_ =)

if operational capability m is aircraft-only oriented;




P +
i jrjm z‘,-;Param
8 = y s (48)
jk o] Jkm Pj +Zalpa
.t. 0
8-t yjkm# s.t.n_ = j

i1f operational capability m is both ship and aircraf: oriented. For
[: the above approaches, if Sjk(x) denotes the value computed by approach
] X (X = SA, WLA, WAA), then it should be noted that

sjk(SA)S sjk(WLA) < sjk(WAA) . (49) 1

C. Ship Missions

With the readiness states of ships determined for the var-

ious ship operational capabilities, the next step up the readiness hier-

archy structure is to determine the readiness of the ships relative to
their performance under the various assigned task group operational
missions. These readiness estimates are made only for ships whose im-
portance factors relative to the performance of a task group mission are

nonzero, as established in Subsection MRS-A of the data base.

In the presentation of the applicable equations, the
following additional notation is used:

Wi = Importance factor for ship j to the performance
J of mission type i
Sij = Readiness state of ship j relative to the per-

formance of mission type 1.

The outputs of this computation section are the values of the Sij' 1f

= 0, then S is not computed. As with the previous set of compu-

w
: 1j 1j
1 tations, the same three different approaches can be used to determine the
values of the Sij’ with the choice left to the discretion of the user as

2
4 specified by a model input:
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o Series Approach (SA)

K
S..= JII s . (50)
ij x=1 JK
S‘t'xijQ‘O
]
i o Weakest Link Approach (WLA)
S,, = min(s. ) . (51
ij K ik

15K
o Weighted Average Approach (WAA)
X
S =
ij Z xijksjk . (52)
k=1
s-t-xijk¢0

As with the computations for the sjk’ the same inequality

for the values of the Sij computed under the three approaches holds true.

That is,

sij(SA)_<_sij (WLA) < sij (WAA) ., (s3)

d, Task Group Operational Missions

The next step in the movement up the readiness hierarchy
structure is to determine the readiness of the task group as a whole rel-
ative to its performance of the assigned operational missions., For each

ship in the task group, an importance factor (wij) is specified in
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the data base relative to that ship's relative contribution to the task

group's performance of the mission, For a specific task group config-

uration and operational mission, a ship's relative importance will depend
on the numbers and types of other ships in the task group. The relative
importance of each ship in the task group thus depends on the magnitudes
of the importance factors of the other ships in the task group. If wij
denotes the relative importance for the ship j relative to operational

mission type 1, then this value is given as follows:

W

’ ij
Wiy T TTTT (54)
W, .
V) ij
j=1

With the values of the Wij established, then the readiness state of the
task group for operational mission 1, denoted by Ri’ can be determined
by the three different approaches, the cholce of which is subject to the
discretion of the user as specified by a model input., The applicable

equations are given as follows:

® Series Approach (SA):

R, = ,1 S

1 (55)

i .
o1

W =0
S.t 13

e Weakest Link Approach (WLA):

T m;n(sij)' (56)

.t.W =0
s.t wij
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e Weighted Average Approach (WAA):

J
= W.S ..
Ry 2. 13713 (57)
j=1
s.t.W, . =0
ij

As with the previous computations of the intermediate readiness states,

the following inequality hold true:

R, (SA)< R (WLA) S R, (WAA) . (58)

€. Task Group
The final step in the movement up the readiness hierarchy
structure is to determine the overall readiness of the task group rela-
tive to its assigned set of operational missions. Specified as task group
inputs are the estimated frequency of operational mission type i, denoted
of that mission type in relation to

i
the other mission types. If the task group arrived on-~station after time

by fi’ and the relative importance w

tdm’ the input value of the maximum time to arrive on station, then the

task group will have initial period an of zero readiness, with
T =t ~t (59)

where td is the actual time of arrival on-station. Of course, if Rﬂs tdm’

then an = 0, If Ty denotes the planned duration of the task group's

on-station deployment, given as a task group input, then the task group's

overall readiness R can be determined by the following equation:
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I
T,-T
= _ d_'nr (60)
R = T, E fiwiRi .
1=1

This value of R for the task group's overall readiness is the ultimate

output obtained from the model,




IV MODEL APPLICATION AND IMPLEMENTATION

A, Application

The readiness evaluation model concept described in the previous
chapter would, if implemented, serve as a convenient tool for evaluating
readiness of postulated task group configurations under various assump-
tions relative to the performance of the logistic systems that provide
support to the task group. Of primary importance would be the estima-~
tion of the effects, on task group readiness, of postulated modifications
and improvements to existing or planned logistic support systems and pro-
cedures. For example, a support factor data base could be established
that represents the performance of existing or planned logistic support
systems, Modifications and improvements to these systems could be rep-
resented through variations in the values of the data base support factor
inputs. For a specific task group deployment, the model could be exer-
cised using the data base support factor inputs and also using the revised
support factor inputs, The differences in the model output values of
the task group overall readiness would then provide a basis for determin-
ing the relative worth of implementing the proposed changes in the logistic
support systems.,

Since the logistic support systems are designed to provide support
for not just one task group deployment, but for task group deployments
in general, postulated changes in logistic support systems should be
evaluated through theilr effects on readiness of a variety of representa-
tive task group deployments, For example, one such representative deploy-
ment could be a task group deployed in the Indian Ocean conducting pre-~
sence operations for 90 days, while another could be a task group deployed
in the Caribbean conducting a 45-day blockade., Thus, if a set of pro-
posed support system changes is being considered~-say, those that would
result in the future from present funding of alternative exploratory de-

velopment (ED) funding programs--the choice of which alternative ED fund-

ing program would produce the greatest improvement in task group readiness
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should be based on readiness evaluations for a variety of projected task
group deployments. If one such funding program provided the greatest
readiness improvement for each projected deployment, then that alternative
would dominate and thus be the preferred alternative for application of ED
funds. However, in most cases, a single alternative will not be dominant.
That is, one alternative may provide the greatest increase in readiness
for a specific deployment, whereas another alternative may do likewise
for another deployment. Assuming that the projected deployments are
significantly different from one another, then the relative worth of
changes in readiness among the different task groups may not be compar-
able on the surface. For a large number of projected deployments, this
would especially hold true. In thls case, the technical strategist, who
establishes the allocation of ED funds, would require the use of a method
for allocating resources to projects where the expected payoffs of these
proposed projects are measured in terms of the various readiness states
for alternative deployments. One such resource allocation method that
addresses this problem is that developed by SRI for DTNSRDC.19 This
method for decision making was developed to specifically address the ques-
tion of how to compare alternatives whose expected outcomes are multi-
faceted; that is, they are evaluated in terms of diverse and disparate
measures of effectiveness (MOEs)--i.e., readiness states of alternative
task group deployments. The method relies heavily on the subjective but
informed judgment of a decision maker (DM). It assumes that the DM has
a subjective model relating the needs of the Navy to fulfill its mission,
the various logistics MOEs that assess the Navy's capability to carry out
this mission, and the effects of improvements in these MOEs on this capa-
bility. The method allows the DM to progressively build up and communi-
cate his preferences concerning specific ED programs and their expected
outcomes expressed as achievable levels of important MOEs. He does this
through a sequence of MOE tradeoff assessments between two alternatives
that differ only in the values of two MOEs., These tradeoff assessments
result in the construction of a sequence of hypothetical alternatives
that link two real alternatives, and allow the inference of a preference
(or ranking) between these two alternatives, Systematically, applying

this approach sequentially to all available alternatives results in a
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relative ranking among them. The coupling of the readiness evaluation
model to this resource allocation method would provide a significant
reduction in the inherent subjectivity of the original resource alloca-

tion method.

B. Implementation

The implementation of the evaluation model concept would require a
significant effort, both in the actual programming of the model and also
in the data gathering activity to establish the required model data base,
which would include a support factor data base as well as the mission
requirements and support requirements data base. However, once this im-
plementation has been established, the benefits derived from the use of

the model will far offset the cost of this initial investment.

Prior to implementation it is advised that a careful review of the
various model assumptions be made by Navy department personnel knowledge-
able in the area of task group readiness., Such a review should cover the
various components defined in the readiness hierarchy structure (described
in Section III-B) to ensure that they are indeed the most appropriate to
be used in addressing readiness. Additionally, the support factor model
(described in Section III-C-5) represents an initial attempt at relating
logistic support factors to unit resource area readiness and is certain
to have omitted or inefficiently represented specific logistic support
functions, A detailed review would uncover these discrepancies, and
would lead to a more efficient and credible support factor model, Re-
placement of many of the linear functions assumed in the model descrip-
tion by nonlinear functions would be one such worthwhile improvement.
Another area of improvement might be to couple components of the indivi-
dual readiness functions where independence was assumed, but dependence
is more likely the case, Also, the integration process for the readiness
estimates, assumed at the unit resource area level, could possibly be
performed at a higher level, thus requiring readiness functions to be
maintained up through higher levels in the readiness hierarchy structure.
These only represent a small sample of suggested improvement options

that might result from a careful model review.
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