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FOREWORD 

This paper has been made possible by applying 
RAC's own research funds to an unsblvedandnagging 
problem faced by Army managers, particularly at the 
Department of the Army level and during times of 
high personnel turnover-namely, how to measure the 
readiness of Army units. Army regulation 220-1 * 
addresses the same problem. The work here is 
intended to show how the models prescribed in AR 
220-1 to measure the personnel aspects of unit read­
iness might be improved. The work was under the 
joint direction of Mr. Arnold Proschan, head of the 
Resource Analysis Department, and BG Paul Phillips. 
The main substance of the work was done by Mrs. 
Betty Holz of Mr. Proschan's department and GEN 
Phillips. 

Hugh M. Col, 
Vice President 

Operational Systems Group 

•Dept of Army, ·Unit Readiness,• AR 220-1, Apr 69. 
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, SUMMARY 

Problem 

To develop models that will reflect the impact of personnel turnover and 
military occupational specialty (MOS) mismatch on the readiness of Army units. 

Facts 

The Army readiness reporting systeml covers personnel, tra..ning, and 
logistics. For each, a readiness condition (REDCON) is reported by the unit 
commander. There are four REDCONS, defined as follows: 

REDCON 1 (Cl : Fully ready. Unit is fully capable of performing the full 
table(s) of organization and equipment (TOE) mission for which organized or 
designed. 

REDCON 2 (C2): Substantially ready. Unit is capable of performing the 
full TOE mission for which organized or designed but has minor deficiencies 
that reduce its ability to conduct sustained operations. 

REDCON 3 (C3): Marginally ready. Unit has major deficiencies of such 
magnitude as to limit severely its capability to perform the full TOE mission 
for which organized or designed but is capable nonetheless of conducting 
limited operations for a limited period. 

REDCON 4 (C4): Not ready. Unit is not capable of performing the mis­
sions for which it is organized or designed. 

For personnel, the system requires a report on strength, MOS match, 
deployability, and leadership. The strength indicator is the ratio of operating 
strength to full TOE strength expressed in percent; the MOS indicator is the 
ratio of authorized MOSs being filled by qualified persons, who make up the 
operating strength to the total MOS spaces authorized, also expressed in per­
cent. The Army system then assigns a personnel REDCON based on the lower 
of these two indicators. Deplo~rability and leadership do not influence REDCON. 

For training, the system requires reports on the percentage of personnel 
turnover by grade and rank and on the percentage of personnel stabilized for the 
past 3 months, but these enter only subjectively in the overall training REDCON, 
which is based on a determination by the unit commander of the highest level of 
proficiency at which his unit is capable of operating effectively in the performance 
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SUMMARY 

of its TOE mission. The determination is based on an evaluation of training 
completed; qualification, experience, and number of personnel assigned; and 
rate of personnel turnover. However, no definltlve guidance ls supplled by the 
system for weighing these bases in arriving at the training REDCON. 

Thus the current system does not modify in a reproducible way either the 
personnel or training REDCON because of personnel turnover, nor does lt take 
into account the relative importance of missing MOSs ln arriving at the per­
sonnel REDCON. As a result, units can appear to be more ready for combat 
than ln fact they are. 

For loglstics,the system ba.:.es REDCON on equipment on hand and equip­
ment deployabillty. 

This paper ls not concerned with logistics re diness or with training 
readiness except insofar as the latter ls affected by pei"sonnel turnover. 

Dlecunlon 

The two models presented ln this paper give added ins1;tits into unit read­
iness as it ls affected by personnel turnover and by MOS mismatch, which 
means the lack of some authorized skills ln_ the operating strength of the unit. 
The two models have been designed to help answer the following two problems: 

(1) Determine the personnel readiness of a given set of Army units at the 
end of a period, givr- their authorized (or TOE) strength,1 their beginning and 
end strengths, and their losses and gains during the period, or estimate future 
readiness, given authorized and beginning strengths and estimated losses and 
gains during the future period. 

The model developed for this problem ls called the "strength-turbulence 
indicator.• 

(2) Determine the personnel readiness of a given set of Army units at the 
end of a period, given their authorized (or TOE) strength by MOS and their 
operating strength by MOS. 

The model developed for this problem is identWed as the "MOS indicator 
(proposed)• and, eventually, as the •proportional MOS indicator.• 

Strength-Turbulence Indicator 

The concept underlying the strength-turbulence indicator is that the actual 
operating strength on the date that readiness is measured is not necessarily the 
effective strengthoftheunit, wbichisprobablysomewhatless. The authors show 
how the effective strength of a unit can be derived from its operating strength, 
and then propose, in simplest terms, that the 

effective strength 
Strength-turbulence indicator= 100 x authorized (or TOE) strength 
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SUMMARY 

In developing effective strength, operating strength is degraded to accomt 
for the following variables: administrative processing time for gLns (new men) 
and for early future losses, the arrival time of each gain during the reporting 
period, the learning (or orientation) time and rate of learning for each gain by 
MOS and grade, and the effect on learning time of the ratio of gat1s to end 
strength. The result is a model of such complexity and of such d,~manding data 
input as to be worthless. 

Five simplifying assumptions are made, each of which is examined in 
detail and three of which are tested for sensitivity: 

(1) Gains to a mit arrive during the period between reports in a miform 
random distribution. 

(2) The learning time for a gain to a unit varies in a simple way as the 
ratio of gains to end strength changes. 

(3) The rate of learning for a gain for all MOSs, grades/ranks, and 
positions is IDliform over time. 

(4) The number of different categories of ~ains (by MOS, grade/ rank, etc) 
can be limited to five, and a single category will suffice in normal circumstances. 

(5) Personnel being processed for early departure can be i~ored because 
they can te held and reassimilated quickly in event of an emerge1.cy. 

With these assumptions the strength-turbulence model becomes: 

where E 
G 
t1 

t2 
k 

'o 
T 
A 

~ 
G (t I + c ollt 2)] 

E - ---- effective strength 
Strength-turbulence indicator = 100 T = 100 x ---

A authorized strength 

= the end strength of the unit 
= the gains during the period 
= the time required for administrative processing of gains 
= the learning orientation time for a typical gain 
= a parameter describing the s~ape of the learning curve:½ (0.5 in 

tables and calculations) for a linear curve and ~13 for a quad­
ratic curve 

= a multiplier of the learning/ orientation time based on the ratio G/E 
= the length of the period between readiness reports 
= the authorized (or TOE) strength 

Finally, the renults of readiness computations using the strength indicator 
in AR 220-1 1 and the strength-turbulence indicator developed 1P. this paper are 
displayed for 44 cases for which imagina11 but realistic rlata have been devel­
oped. 

A comparison of the results suggests that the strength-turbulence model 
will add to the widerstanding of personnel readiness measurement and report­
ing in the field and at the Department of the Army (DA). 
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SUMMARY 

1108 Indicator (Proposed) 

The cmcept underlying the proposed MOS indicator la that it la posalble, 
in principle, to assign relative values to the MOSa in a unit, which would then 
permit d radlng the personnel readiness of the unit when some MOSs are 
missing. Since it la important not to charge field units with complex reporting 
burdens, the method of chooalng relative values for MOSa mu . .tt be simple. 
'lbre methods are examined and examples given, together with advantage a and 
di advantages. 

(1) By aldll level. Thia method presumes that all MOSa of a given skill 
level, of which there are five, are t:1Qually valuable to the unit, but that low­
aldll-level MOSa are lesa valuable than high-skill-level MOSa. For officers, 
grade levels are used instead of skill levels. 

{2) By relative fill of each MOS, ignoring skill level. Th.la method would 
weight each three-character MOS in a unit. The authors briefly discuss and 
point out the infeasibility of doing this on an individual MOS baala and develop 
and diacuaa instead a model that la based on the aaaumptlon that each man in 
a given MOS baa a value to the unit that la inversely proportional to the number 
of men with that MOS authorized in the unit. Thia aaaumptlon gives a higher 
readlneaa rating to mideratrength units that are understrength mostly in low 
aldlla, because these uaually are authorized in larger numbers than are hlgh­
aldll MOS.. This tendency la generally consistent with the way the Army 
structured the understrength columns of the new G-aerlea TOE! 

(3) A combination of aklll level and relative flll for each MOS. This 
method combines (1) and (2) above, ualng the four-character MOS for enlisted 
men and MOS combined with grade for officers. The MOS indicator ls then 
baaed on the concept that the value of a given man in a given MOS ls inversely 
proportional to the number of men authorized the unit in that MOS and directly 
proportional to the skill level of the MOS. 

1be resultant model la aa follows: 

MOS iadicator (propoeed) . ~OO [ ~ (!!.) ;, {.O• ,J)~ 
I tj I • I I J• I \ Al ,J ~ 

I • 1 

where O;, i -= the number of men in the operating strength of the i th MOS of 
aldll-level i (or grade-level i for officers) 

A;, j = the number of men authorized in the jth MOS of skill-level i (or 
grade-level i for officers) 

N1 • the total number of different MOSa of the i th skill level 
1'1 a the weight (or relati e value) of the ith skill level (or grade-level 

i for officers) 
M • the number of skill levels (or grades for officers) and the 

expreHlon 1/ E !1 ~ outside the brackets ls simply a normalizing 



M 
factor so that one need not bother making I t' 1 • 1 

I • I 

It is of note that the only data needed for the model are the authorized 
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(or TOE) and operating strength for a unit by MOS and grade. 'These data are 
now being reported by units, consolidated at theater headquarters, and repro­
duced in the OP0-45 report.• Of course the user must also assign relative 
values to each of the skill levels and oi!lcer grades although the authors believe 
grades can be consolidated into three categories as is done in AR 220-1 for re­
porting personnel turnover. 

Imaginary but realistic data were developed for 10 cases of a wtit consis­
ting of 20 MOSs. 'The proposed model and the model in AR 220-1 for MOS in­
dicator were applied to the data. Comparison of the results shows that the 
proposed model does g1 e insights to MOS match that are not availablP. with the 
relatively crude but simple percentage model of AR 220-1. 1 

A computer program to handle the model has also been df)veloped and is 
available at RAC. 

Application of the Models 

To demonstrate the usefulness of the models, the authors developed a set 
of gain/1ose data by MOS (and grade for officers) for an infantry division (App A) 
and computed the readiness indicators and the kind of displays possible if the 
two personnel-readiness indicators proposed in this paper are combined with 
those now in use. 'The accompanying tabulation summarizes the results. 

Indicator 

Strength (AR 220- 1) 
Strength-turbulence 
MOS (AR 220-1) 
MOS (proposed) 

TOE rating REDCON rating 

95 • C-1 
88 C-2 
95 C-1 
85 C-2 . 

From this tabulatioo the following conclusions can be made about the 
division. 'The A infantry division, at 95 percent of TOE (or authorized strength) 
has had enough persoonel turnover to reduce its etfective strength to 88 percent 
and hence to the rating C-2. From the standpoint of skills, the divisioq is at 
95 percent on a gross percentage basis, but there is a shortage of those skills 
authorized in rela•,.ively small numbers and in the higher skill levela. 

Conclu1lon 

'The models developed for measuring the effect of personnel turnover and 
MOS mismatch on unit readiness provide insights not now available to the field 
or the DA. Neither requires collecting or reporting new data from the field. 
'They should be considered for inclusion in an early revision of AR 220-1. 1 
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cootinental United States 
Department of the Army 
Jcilitary occupational specialty 
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INTRODUCTION 

For a number of years the Army has had a readiness-reporting system 
for units. 1 The purpose of the system is threefold: to inform the DA and com­
manders at all levels of the readiness of units, to assist commanders in making 
the most effective use of available resources, and to determine requirements for 
additional resources. The system requires quarterly reports in the areas of 
perscnnel, training, and logistics from almost all Wlits that make out a morn­
ing report. A REDCON is reported by each unit commander for each of the 
three areas. There are four REDCONs, defined as follows: 

REDCON 1 (C 1 ): Fully ready. Unit is fully capable of performing the full 
TOE missioo for which organized or designed. 

REDCON 2 (C2): Substantially ready. Unit is capable of performing the 
full TOE mission for which organized or designed but has minor deficiencies 
that reduce its ability to conduct sustained operations. 

REDCON 3 (C3): Marginally ready. Unit has major deficiencies of such 
magnitude as to limit severely its capability to perform the full TOE mission 
for which organized or designed but is capable nonetheless of conducting limited 
operations for a limited period. 

REDCON 4 (C4): Not ready. Unit is not capable of performing the mission 
for which it is organized or designed. 

For each of the four REDCONs, specific criteria and measures are provided 
·n the three areas of personnel, training, and logistics. 

For personnel, four measures are specified: deployable personnel, leader­
ship-balance data, strength indicator, and MOS indicator. The last two are used 
to establish the personnel REDCON and are the two primarily addressed in this 
paper. 

For training, three measures are specified: level of training (refresher, 
squad/ crew, unit proficiency, field exercises, operatiooal readiness, technical 
proficiency, and annual service practice), personnel stabilized for 3 months, and 
personnel turnover. The first establishes the basic training REDCON. The unit 
commander uses the other two to modify the basic training REDCON on the basis 
of his judgment of their effect on his Wlit's readiness. 

For logistics the REDCON is based on equipment on hand and equipment 
deployability. 
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Th!~ paper is concerned with improving the insights available to com­
manders in the field and managers at the DA on unit readiness as it ls affected 
by strength, personnel turnover, and MOS. The paper ls not concerned with 
any aspect c1 logistics and ls concerned with training only to the extent that 
personnel kmover affects it. Since strength and MOS fix the personnel REDCON 
1n the current Army system, added insights 1n these tw fields should be wel­
come; since personnel turnover ls today applied only subjectively to modify the 
basic tralnlng REOCON, an objective reproducible way of applying the effects on 
readiness of persoonel turnover should be useful. 

To assist the model builders in establishing the effects on readiness of 
personnel turnover, hypothetical gain/loss data on a set of 32 \Dlits were pro­
vided to 11 active and retired officers at RAC who held ranks from lieutenant 
colonel to general. No assumptions were provided. The officers were asked 
to rank the 32 units for readiness and to explain the logic they used. No two 
officers used the same criteria, but general agreement was obtained on the 
f ollowlng points: 

Personnel stability ls essential to unit readiness and has its greatest 
benefit in training and development of teamwork. 

Understrength is bad. 
Overstrength above 5 to 10 percent ls bad. 
Loss 1n readiness ls caused by loss of teamwork when veteran personnel 

leave. 
Gains are not fully useful on arrival. 
A u111t starting with a higher strength can handle equal losses and replace­

ment gains better than one starting with a lower strength. 
Despite the fact that gains create problems, losses without replacements 

ls not as good as losses with replacements. [ Though this point may seem 
obvious, some senior officers believe losses (small) without replacements 
would provide a more ready unit in the short term.] 

This study is part of a larger effort5 to develop a system for portraying 
the relation among time, cost, and readiness as the Army strength and struc­
ture undergo downward adjustments. Since readiness plays such a major role 
in this larger study, it was deemed essential to undertake a study that would 
refine present ways of measuring personnel readiness to take account of the 
large turnover rates likely during a phas~down in strength and the probably 
significant mismatch in MOS. 

Two models are presented: One model provides a measure that shows 
the effect of personnel turnover on personnel readiness. The other model 
provides a ref.ined measure for the MOS indicator, a measure that takes 
account of the .-elative importance to readiness of various MOSs . 

.. 
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STRENGTH--TURBULENCE MODEL 

BA KGROUND 

Since mid-1965, when the Army began to expand for Vietnam without 
mobilizing, excessive personnel turnover in Army units has had a deleterious 
effect on readiness, owing in large part to the 2-year draft law and 1-year 
tours in Korea and Vietnam. Excessive personnel turnover is called "turbulence" 
and is defined as follows: personnel turnover of such magnitude and frequency 
as to conflict with or interrupt the normal sequence of training (individual­
crew/team-company-battalion-brigade-division) and require extended training 
schedules and sometimes repetitive starts, which tend to prevent completion of 
the training cycle and hence lower a W1it's readiness. 

In periods of force structure and strength stability in the Army, the rate 
of personnel turnover is low enough to mask its effect on readiness, and it has 
habitually been igno ed. In short the training cycle is not interrupted by what 
has been defined as turbulence. In wartime such conditions do not exist. The 
latest demonstration of turbulence began in 1965 with the Vietnam buildup and 
will not er.d until the war is over and the Army has again become relatively 
stabilized. Turbulence is particularly severe under policies that continue the 
2-year draft and the 1-year short tour, particularly when only about one-third 
of the Army is in the continental United States (CONUS). Each year the Army 
processes and trains be~een 200,000 and 250,000 officers and enlisted accessions 
to replace those it loses from a trained population of about 1.3 million; each year 
the Army moves to Vietnam alone some 360,000 to replace those whose tours 
are over. Such flows into, within, and out of the Army preclude effective training 
in many Wlits and make important the measurement of the effect of turbulence on 
unit readiness. 

The latest revision of the unit-readiness reporting system (AR 220-1,1) 
requires a report on rates of personnel loss by grade and rank but does not 
specify acceptable rates or provide definitive guidance as to the effect these 
rates have on REDCON ratings. The model used in AR 220-1 for this computa­
tion is as f9llows: 

Gross losses for reporting period 
operating strength at end of reporting period X 100. 

The model is applied to all personnel in aggregate and to five subsets of per­
sonnel: E-1 to E-4, E-5 to E-9, warrant officers, 01,02 (first and second lieu­
tenants), and 03 to 05 (captains, majors, and lieutenant colonels) . 

11 



. I 

As noted in the introduction the resultant data are applieci subjectively by 
the wlit commander in arriving at the overall unit training REDCON • 

In the current Army system the models used to compute the strength and 
MOS indicators are: 

operatl• strength at end of 
report~ period 

Stre-.th io:Ucator = full TOE strength X 100. 

personnel nt end of reporting period 

Mos indicator qualified and occupying an authorized MOS x l00. 
= total Mos at full TOE 

The personnel REDCON for the unit is the lesser of the two C-ratings 
fomd by entering the accompanying tabulation on the basis of the results of the 
above two models. 

Strength MOS REDCON rating 

2 95 ~ 86 C-1 
2 85 ::!: 77 C-2 
2 75 ::!: 68 C-3 
< 75 < 68 C-4 

PARAMETERS OF PROBLEM 

A model that provides an objective measure of the effects of personnel 
turbulence on mit readiness should have these characteristics: 

A logical (real-world) basis. 
Simplicity. 
No new requirement for different or new data from the field. 
A way to insert military judgment explicitly and reproducibly. 
A way to estimate future readiness. 
The ability to measure readiness at a point in time. 

The problem can now be restated as follows: 

Determine the readiness of a set of Army \Dllts at the end of a period, 
given their authorized,• beginning, and end strengths and their losses and gains 
during the period, or estimate readiness at the end of a future period, given 
estimated losses and gains during the period. 

It is clear that the best measure of personnel readiness in a unit is one 
that shows how effective the people are who make up the operating strength of 
the unit. 1bis suggests that the quality, quantity, and training level of the opera­
ting personnel should be measured against some standard. The standard for 
quantity is either authorized strength or full TOE, as covered earlier. Quality 
would seem to depend on the proportion of "veterans• or "old timers• in the 
mit who are not scheduled to leave in the near future and on the match of MOS 
in the operating strength to those authorized or to full 'l'OE. (MOS match is 
subject to several definitions and is discussed later in this paper.) 

12 
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Considering personnel turnover (but not MOS match) it can be surmised 
that the operating strength at the instant of readiness measurement will be 
less than fully effective under any of the following cc:nditions: (1) U any persc:nnel 
9.re undergoing administrative processing for early departure, (2) U any new 
personnel (gains) are undergoing administrative processing, and (3) U any new 
persc:nnel have not been assimilat d as fully trained members of the unit. It is 
important to note that losses during the period since the last report have nothing 
to do with the condition of effectiveness being measured, viz, that of the opera­
ting strength at the end of the period. 

In its crudest form personnel readiness can be measured by strength, viz, 
operating strength/authorized strength. To account for turbulence, it is neces­
sary to degrade the operating strength for those persons who are not fully effec­
tive. Thus turbulence will be measured by the effect it produces. 

Degrading Operating Strength 

Let E = the operating strength of a unit at the end of the period when read­
iness is to be measured and A = the authorized strength of the unit. Then read­
iness = 100 ( E/ A) is the crudest measure. 

The first improvement to this crude measure would be to degrade the end 
strength by all personnel undergoing administrative processing into or out of the 
unit because they are not participating in training and contribute nothing to unit 
readiness. 
Thus 

(E-P) Readinese • 100 -A- (1) 

where P = the total number of personnel undergoing administrative processing. 

In Eq 1 we define all personnel undergoing administrative processing as P. 
Let us now break P into its two components. 
Thus 

where Gt = the gains to the unit within time t I of the end of the reporting period 
I 

t 1 = the administrative time required for gains 
Lt = the losses to the unit within time t3 after the end of the reporting 

3 period 
t 3 = the administrative time required for losses 

'There may, however, be personnel in the resultant end strength who are 
not fully effective because , although completely processed into the unit, they 
are undergoing a learning process. Such learning must always take place for 
a new man whether he is a leader or one cl. the led, and most men in a unit are 
both. This learning involves orientation to the unit's operating procedures, the 
names and abilities of his seniors and subordinates, tne precise bounds of his 
job, and the teamwork that makes him an effective member of a crew, squad, or 
fireteam and permits integration of these small elements into a ready whole 
unit. In addition to the learning, which must always take place, it is sometimes 
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necessary to accomplish on-the-job training (OJT), refresher, or even MOS 
training in lieu of school tril.intng. Complicating the measurement of the learn­
ing process are the certainty that the le!lrning times for the same grade and 
MOS are different for different people; the prol>' b!lity that the learning time and 
shape c1 the learning curve are different for each different MOS, rank/grade; 
and position within the unit; and the probability that learning time is dependent 
in some way en the proportion of veterans in the unit to newcomers in the unit. 
Complicating the measurement of the effect on readiness of the learning pro­
cess is the certainty that gains do not arrive uniformly distributed over time 
during the readiness reporting period. 

1bus the normal pattern of effectiveness for a new man will include a 
standardized period ct zero effectiveness during administrative in-processing, 
a non standardized period of increaslng effectiveness (the so-called learning 
period), and finally full cootribution. The proportion of a fully effective man 
that each new man contributes to unit readiness will depend on when he arrived 
in r~lation to the end of the reporting period, the length of the administrative 
processing time, the length of his learning period, and the shape of his learning 
curve. 

To handle and eventually to make simplifying assumptions about some of 
the complicaticns just discussed, it is necessary to develop the model in more 
detail. Let us look at the contribution to end strength made by gains. 

Let G = the gains for the entire period since the last readiness report, 
T • the length of the reporting period in days, and Ss ,t• s = 1, 2, ... n= the 
number of gains of the s th category that arrive on the tth day before the end 
ol the reporting period. The n categories, s = 1, 2, ..• n, are defined so 
that normal learning time and the rate of learning or learning curve car. be 
specified for each category. For example, the categories might be defined to 
separate gains on the basis of MOS, grade/rank, positioo, whether OJT is 
required, or other individual differences. 

The total gains can be evaluated in terms of Ss,t 
thus 

n T 
G = I I 8s I. 

s - 11 - 1 ' 

Lett 1, ,, s = 1, 2, ... n = the normal learning time for the s th category of gains 
, 0 = a multiplier that varies the learning time as the ratio 

of gains to end strength changes 

with 

f
5 

(t, c
0
t2 , 

5
) = the function defining the effective strength that each 

gain of the sth category contributes to the unit at 
time t days before the end of the period 

If a linear learning curve is assumed, the f ractiooal effectiveness of each gain 
equals the fraction of training time completed. Thus, J.n this case 
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for 

To summarize, the effective strength contributed by each gain of category s 
is 

0 if I $ 11; 

The effectiveness of all gains at the end c1 the reporting period is 

We can now improve Eq 1 by writing 

8 - L + G-G - L - I 
11 13 s•l [ " 

r1trength-turbulence • 100 A 

where B = the operating strength at the beginning of the period and L = losses 
during the period. 

We have thus modified end strength ( E = B - L + G ) by degrading gains 
in great detail. 

SIMPLIFYING ASSUMPTIONS 

Equation 2 is too detailed and complex to be of any practical use. For 
example, it would require assigning a learning time for each of the 1400-odd 
four-character MOSs, a learning time based on an MOS to each gain, a learn­
ing curve based on the ratio of gains to veterans in the operating strength, and 
a separate effectiveness measure at the end of me reporting period based on 
these and on his date of arrival. 

To make Eq 2 into a useful model, we propose five simplifying assump­
tions. 

(1) Gains to a unit occur uniformly over the period betweE11 readiness 
reports. 

In fact, of course, gains do not arrive uniformly, but the results derived 
under the assumption of a uniform rate of arrival represent the expected. value 
of the readiness measure tlllt would be obtained under the assumption of a 
uniform random distribution of arrivals. And since there is no attempt by the 
Army to time arrivals to units on particular dates of the month, the assumptiOn 
of a uniform random distribution of actual arrivals seems reasonable. 7 

This assumption permits us to degrade end strength due to unassimilated 
gains very simply. 

15 
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1be number of arrivals per unit of time 11 G/T • When broken out by each 
category of gains, the number of arrivals per unit of time for category s • 8, / T, 
where s • the total number of pins of the s th category. 

To account for administrative time, we must subtract (G/ T)t1 people from 
end strength. 

To account for learning time, we must subtract t :.1 ( 8s /T) c0kh,s 
people from end strength, where k5 • a factor whose value depends on the siape 
of the learning curve for the s th category of gains. A further '11scuss1on of k 
occurs later. 

1bu1 our end strength E must be degraded by (G/T)t1 + t :.1 (95 /T) c
0
kh,s 

to acco1.nt for ineffective newcomers and by L1 to account for personnel who 
3 are out-processing. Our model becomes 

[
B- L + G-(G/ Til1- i: (e.,tn , ,11 , 12,. -L,] (3) 

Strengtli-tarbulence • 100 •• I a 
A 

or since 
8 - L+G• E 

(4) 

1be sensitivity of the strength-turbulence indicator to this assumption of 
uniform pins ls displayed in Tables 1 and 2. 

Given: Unit authorized and TOE strength are 100. 
Reporting period T ls 3 months. 
Adr.ainlstrative time t 1 is 1 week. 
Linear learning curve k is 0.5. 
Constant learning time for all gains , t2 ls 6 weeks. 
Constant c0 ls 1. 
Constant number of men preparing to leave L1 is 5. 

3 

TABLE 1 

Value of Strength-T 11r1Milence lndlcotor for Various Conditions of Arri•ol: Linear Leaming Cur•• 
(T • 3 IIOlllhl) 

Condition of arrival 

Cue E G Uniform 
All earlier All uniformly All within One-third on One-third on 

arrlval 
than within 11 + 12 '• of 

111 day of laat day of 
T - h 1 +t2) otwofT end c:if T each month each month 

1 100 8 82 85 110 88 1M IIO 
2 100 21 ea 85 83 74 81 84 
3 100 30 85 85 78 815 80 80 
4 110 8 82 IJ5 80 78 84 80 
5 110 21 78 85 73 84 81 74 
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Given: Unit authorized TOE and end strength • 100 
T = 1 month 
r. 1 = 1 week 
t2 = 4 weeks 
h = 0.5 
L13 • 0 
G = 8 

TABLE 2 

Value of Goins and Strength-Turbulence Indicator for Various 
Conditions of Arrival: By Doy of Month 

Value 

8 gain• 
Indicator 

Uniform 
Arrlval 

2.0 
94 

1 •\t 5th 

8.3 5.1 
98 97 

Arrlval of all gain• on 

10th 15th 20th 25th 

3.7 2.9 1.1 0.0 
96 95 93 92 

30th 

0.0 
92 

The results in Tables 1 and 2 suggest that except in extreme cases the 
aSBumptlon of uniform random distribution of arrivals appears to be acceptable. 
However, one would expect that there would be greater sensitivity to the assump­
tion c<ncerning the dlstrlbution of arrivals 1f the ratio t2 /Twere larger or 1f 
the rate of learning increased with time, e.g., in the case of the quadratic learn­
ing curve, rather than being W11form as ln the case of the linear learning curve. 
This ls lllustrated in Table 3, which ls computed with all values the same as 
for Table 1 except that there ls a quadratic learning curve (It = 3/s), and T = 2 
months. The values in Table 3 reinforce the suggesti<n that the assumption of 
uniform random dlstrlbutl<n of arrivals appears to be acceptable. 

TABLE 3 

Volue of Strength-Turbulence Indicator for Various Conditions of Arrival: 

CIN E G 

1 100 9 
2 100 21 
3 100 30 
4 90 9 
5 90 21 

Uniform 
arrlval 

89 
82 
78 
79 
72 

Quodrotic Learning Curve 
(T - 2 months) 

All Nrller 
than 

T - (1 1 + 12) 

95 
95 
95 
85 
85 

Condition of arrlval 

All unlformly 
within 11 + 12 

of end of T 

89 
80 
74 
79 
70 
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All within 
11 of 

end of T 

88 
74 
85 
78 
84 

One-half on 
1at day of 

each month 

92 
87 
84 
82 
77 

One-half on 
lut day of 
each month 

87 
77 
89 
77 
87 



(2) The second simplifying assumption is that learning time t2,s varies 
in a simple way as the ratio c1 gains G to end strength E changes. 

Although it is possible arbitrarily to devise a set of multipliei:s c0 , based 
on a set of ranges for all possible ratios of G /E , it is nearly impossible to 
imagine the sort of field test or questionnaire that would permit one to check 
the values. Table 4 is a simplified presentation based on the following rationale. 

1be Army seems able to maintain a satisfactory (though probably not 
optimal) training readiness with personnel turnover approaching 100 percent/ 
year; Vietnam and Korea are examples. Any turnover that exceeds that rate 
for any readines ' report period will either keep training at a standstill or will 
cause a restart at some lower level. 1be values for c0 in Table 4 provide that 
turnover rates of 100 percent/year or less will not result in a penalty to learn­
ing times of gains, that rates between 100 and 200 percent will double the learn­
ing time, and that rates exceeding 200 percent wilJ force recycling, automatically 
resulting in a rating of C-4 for the unit. 

TABLE 4 

Value of Learning-Tim• Multiplier c0 

for Various Reporting Periods 
(Ratios of gains to end strength G/ E) 

Length of reporting 
period, months 

3 

12 

G/ Ea 

I $ 1,12 
> 1/ 12 and < 1/6 
> 1/ 6 

I < 1/4 
> 1/4 and < 1/2 
> 1/2 

{ < 1/1 
> 1/1 and < 2/1 
> 2/1 

'o 
1 
2 
REDCON C-4 

1 
2 
REDCON C-4 

1 
2 
REDCON C-4 

81n compulin& G/E in cases whe1e E > A, i,iore any gains that make the 
unit overstrength. Otherwise the unit may be severely penalized for learning 
time simply becaise pins made the unit overstrength. 

The following hypothetical cases show the sensitivity of the strength-tur­
bulence indicator to the application of the multiplier c

0 
from Table 4 (see 

Table 5). 

Given: 

Unit authorized and TOE strengths are 100. 
Reporting period T is 3 months. 
Administrative time t 1 is 0. 
Linear learning curve It is 0. 5. 
Constant learning time ta is 4 weeks. 
Constant number of men preparing to leave, L13 , is 0. 
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TABLE 5 

Sensitivity of Strength-Turbulence Indicator to Learnin~ Time Multiplier 

Strength-turbulence 

Case G E G/ E 
Indicator• 

With c 
0 I Without c

0 

1 5 100 < 1/4 99.2 99.2 
2 20 100 < 1/ 4 96.7 96.7 
3 30 100 > 1/4 90.0 95.0 
4 20 90 < 1/ 4 86 .7 88.7 
5 21 80 > 1/4 73.0 78.5 
6 51 100 > 1/2 nae 91 .5 

8stren&th-turbulence indicator = 

be-I ~ 95 

C-2 ~ 85 

CNol applicM>le. 

100 [E -(G/ T)(1 1 + c0 ~nt2) - L
13

] 

A 

G 
C E - - C 6 0 

C-3 ~ 75 

C-4 < 75 

REoca-., ratlngb 

With c 
0 I Without c

0 

C· 1 C·1 
C·1 C-1 
C·2 C·1 
C·2 C·2 
C-4 C-3 
C-4 C·2 

(4) 

It should be noted that in Table 4 both the learning-time multiplier of 2 
and the range over which it is applied are subject to the jndgment of the user. 
It is believed that the values in Table 4 will reasonably reproduce, albeit in a 
simplified way, the experience of many units whose readiness summaries were 
reviewed during the Vietnam war. 

(3) The third simplifying assumption is that the learning curve for all 
MOSs,grades/ranks, and positions is linear; i.e., the rate of learning is uniform. 
An alternative assumption has been examined (Table 3), that the learning curve 
is quadratic; i.e., the rate of learning increases as a linear function of time. 
(see Figs. l and2.) Of course any number of other arbitrary assumptions could 
be made and the model tailored accordingly. The numi:>a r of different duties in 
the Army is of such magnitude as to prevent any feasi.ble field test of learning 
curves. The authors accept that any man arriving wHh a usable MOS is properly 
trained in that MOS and, once oriented to the peculi"rities of his superiors and 
subordinates and of the unit operating procedures, that he will function effectively. 
It is proposed that, in the absence of evidence to the contrary, the linear learning 
curve and a value for k of 0.5 be used. 

(4) The fourth assumption is that the number of categories of gains and 
the number of associated values for t2,sts = 1, 2, . . . n, can be limited to 
a maximum of 5 and that a single value will suffice for all usual circumstances. 
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Fig. 1-Linear Leaming Curve 

U1inJI the 011umption of o linear learning curve 

'2 le (t 2) .. t 2 - J
0 

(t/t
2
) dt 
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C, 
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II.I 
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z 
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t 1 t 2 

TIME SINCE ARRIVAL 

Fig. 2-Quodrotic Learning Curve 

Using the ouumption of a quadratic learning curve 

le (t2) = t 2 - J~ 2 (t/t.)2 dt 

.. (2/3) '2 

The effect of this assumption is to reduce n to a maximum of 5 and usually to 
1. In the case of certain skills or leadership positions, two learning times are 
involved for new accessions: the time for a man to learn his job and the names, 
abilities, and characteristics of his subordinates and superiors and the time fr1r 
his subordinates and superiors to adjust to his abilities, characteristics, and 
method of operating. The simplest way of accommodating these facts is to 
select for t a the greater of the two times, since they obviously run simulta­
neously. The practical effect of accepting a single value for t 2 is to accept 
that it takes the same length of time for personnel of all MOSs, grade/rank, 
and position to learn their job. U one accepts that the Army training and school­
ing system awards MOSs only when earned, he must accept that the time t 2 

need accommodate only nonskill orientation and learning for a gain who has an 
MOS usable in the unit. We know, however, that OJT is frequently required 
because personnel distribution problems do not always provide the right man 
for the right job at the right time. When men are undergoing OJT of a length 
exceeding an average ta, it can be taken into account as will be demonstrated. 
In fact the model can handle a different ta for each of the 1400-odd four­
charact"!r MOSs and can take account of OJT and occupational retraining, but 
this would place an enormous data-collecting effort on the Army and a very 
large reporting burden on the units. 

The following example demonstrates the sensitivity of the strength-turbu­
lence indicator to varying assumptions regarding the length of ta. 
Given: 

Unit authorized and TOE strength are 100. 
Reporting period T is 3 months. 

20 

, 



Administrative time for gains t 1 is 1 week. 
Linear learning curve k is 0.5. 
Uniform rate of gains over time T • 
Constant number of men preparing to leave L13 is 5. 
Gains of 20 during the period. 
End strength is 100. 
The following learning times, ta: 

Average, 4 weeks ; 
E-1 to E-4 and MOS skill levels 1 and 2, 3 weeks; 
E-5 to E-9 and MOS skill levels 3 to 5, 6 ~eeks; 
OJT, variable. 

TABLE 6 

Value of Strength-Turbulence Ind icator: Reporting Period, 3 Month1 

Distribution of 20 gains OJT 
Value of strength-

turbulence lndlcator8 

Case 
E-1 to E-4 E-5 to E-9 

Number Using Using 
and sklll and sklll 

required 12 average 12 variable 12 levels 1 and 2 levels 3-5 

I " 5 5 
(5) 

~ t (4) 90 89 
(1) 

2 15 5 0 90 90 l 20 3 Not control ling (10) : l 90 87 (10) 

aBased on 

or, using the given values 

[ 

(l + ½ 12 5) ] 100 - I g5 ' - 5 
s ' 13 

100 100 

where 12 values vary from 3 to 8 weeks as in the given data, IWld g
5

= the gains for each category with a different 12• 

It would be expected that greater variability in the strength- turbulence 
indicator would have been•revealed in Table 6 if the length of the reporting 
period had been less. To illustrate, Table 7 gives data for the same three cases 
with the only change being the reduction of the length of the reporting period 
from 3 to 2 months. 
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TABLE 7 

Value of Strength-Turbulence Indicator: 

Case 

1 
2 
3 

Reporting Period, 2 Months 

Using average 12 

85 
85 
85 

Using varlabl 12 

85.5 
87.0 
84.0 

The values in Tables 6 and 7 suggest that for all likely distrtbutions of 
gains and reasooable times for OJT, an average value for t2 will suffice. 

(5) The last simplifying assumption is that personnel being processed 
for early departure can be ignored in degrading end strength. This aRsump­
tioo eliminates the term L13 • The rationale is that, although these people are 
not training with the unit and are all looking forward to discharge or to their 
next assignment, they are piysically available to the unit in event of an emer­
gency, are well trained, and can be reassimilated with no loss of time. 

WRITING THE MODEL 

With these assumptions, we can now write and summarize the model for 
the strength-turbulence indicator as 

[

E- G <11+ colll2)] 

100 T 
A 

where E = end strength of a \Dlit 
G = gains to the unit since the last reporting period 
A = the authorized (or TOE) strength of the unit 
T = the time length of the report period 

(5) 

t1 • the administrative time required for a new man during which he 
contributes zero effectiveness to the unit 

t2 = the learning time, during which the new man contributes increas­
ing effectiveness 

k = a parameter defining the rate of learning, 0.5 for uniform 
(straight line) learning over period t2 , and ~'3 for a quadratic learning 
curve 

c
0 

• a parameter defining the length of learning based oo T and on the 
ratio of G /E. 

The recommended values of c
0 

are shown in the accompanying tabulation. 

T G/E 'o G/E co G/E Unit is 

1 :s: 1/12 1 > 1/12 and < 1/6 2 > 1/6 C-4 
3 :s: 1/4 1 > 1/4 and < 1/2 2 > 1/2 C-4 

12 :s: 1/1 1 > 1/1 and < 2/1 2 > 2/1 C-4 
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The model permits different administrative and learning times to be applied, 
e.g., if experience dictates that combat service support 111its have an easier time 
assimilating new men than do combat units, or that a unit above 95 percent 
strength can assimilate a new man in 3 week but that a unit below 95 percent 
takes 4 weeks, or the user can decide that some average value of t 1 and t I will 
suffice for all units of all types. Obviously some centralized control will be 
required to ensure that the values used for t1 and t2 are realistic for the. 
theater or kind cl unit in question. 

The current readiness reporting system requires entries showing the 
percentage of personnel stabillz d over the past 3 months and makes the state­
ment, "If a man has been with his unit for three months or longer, it is assumed 
that he has absorbed unit training for the purpose of presenting data .. . . assump­
tively, he has learned to operate as part of the team. "1 

( 
t1+ C ltt2) Table 8 shows how simple it is to handle the factor ·r 

used to degrade gains. The table provides for learning times up to the 3 months 
suggested in the current Army regulations on unit readiness. 

TABLE 8 

Values of (,1 + c
0
h 2)/ T for Vario~s Reporting Periods 

Administrative Learning 
(1 1 + ,

0
1iI2)/ T 8 fOf reporting periods ol 

tlme,wHks time, weeks 
1 month I 3 months I 12 months 

0 0 0 0 0 
1 1 3/8 3/ 26 3/104 
1 2 1/2 2/13 1/26 
1 3 5/8 5/26 5/104 
1 4 3/4 3/13 3/52 
1 6 1 4/13 4/52 

8 5/4 5/13 5/52 
1 12 7/4 7/13 7/52 
0 1 1/8 1/26 1/104 
0 2 1/ 4 1/13 1/52 
0 3 3/8 3/26 3/104 
0 4 1/2 2/13 2/52 
0 6 3/4 3/13 3/52 
0 8 1 4/13 4/52 
0 12 3/2 6/13 3/26 

8t.inea, learning curve II = 0.5; ,
0 

= l; and G/ E rates less than 100 percenVyear. A similar 
table can easily be constructed if G/ E lies between 100 aid 200 percenVyear (for which ,

0 
= 2) 

and for such additional values for administration time and learning time as are of interest. If G/ E 
exceeds 200 percenVyear, the unit is automatically marked C-4 for the reporting period. 

Example 1: 

A unit is authorized 100 manpower spaces (full TOE) 
Its end strength is 95 
It has received 18 gains over the past 3 months 
It requires 1-week administrative time and a 6-week learning period for 

new men to become fully effective 
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Its strength-turbulence indicator is: 

[
95 - (18 X 4/ 13)1 100 = 89 t 

100 
] percen 

The current Army system would rate the unit C-1 (95 percent) on strength; 
this model would rate the unit C-2 on the combination of strength and turbulence 
(assuming the same correspondence between the numerical value of the indica­
tor and the REDCON as prescribed in AR 220-1 t). 

Tiebreaker 

U the relative strength-turbulence of a number of units is of interest, it 
may be useful to have a tiebreaker because the model will not distinguish, for 
example, between the units shown in the accompanying tabulation (assumes 100 
authorized strength, 2-week administrative time, 2-week learning time, I-month 
reporting period). 

Unit 

1 
2 

B 

120 
100 

E 

100 
100 

L 

20 
0 

G 

0 
0 

Model 
score 

100 
100 

G+L 
B+E 

0.091 
0.0 

Tiebreaker 
ranking 

2 
1 

The suggested tiebreaker (G +L / B+E) is based on the notion that the 
higher the turnover in proportion to strength during the month, the lower will 
be readiness at the end of the month. It seems reasonable, when judging among 
units with the same score, to favor the units with the least disruption whether 
by gains or losses. 

Tests 

A set of 44 cases was set up and tested using Eq 5. Losses were limited 
to 20 percent of beginning strength, and reporting periods of 1 and 3 m'lllths were 
assumed. This produces loss rates of up to 240 percent/ year. Table 9 shows 
the results. With the same turbulence spread over 3 months, many of the rank­
ings change, showing that strength influences the outcome more than for the 
shorter period. This is logical since the losses are probably not excessive over 
a 3-month period (limited to 20 percent) when one realizes that turnover in Viet­
nam and Korea is 100 percent/year. 

Comparison of Model with AR 220-11 

Table 9 reveals that the proposed strength-turbulence model will result 
in lower indicator ratings than the strength indicator of AR 220-1. 1 For the 
I-month reporting period the model differs with AR 220-1 in 25 of the 44 cases 
(sometimes by three steps). However, as might be expected, when the sam~ 
turnover is spread over a · 3-month reporting period, strength has a greater in­
fluence on the strength-turbulence indicator, and the model differs with AR 
220-1 in only 11 of the 44 cases. Note also how radically the rankings change 
between the 1- and 3-month reporting periods, also reflecting the increased 
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influence of end strength on the results for the lmger reporting period. 'Ibe 
accompanying tabulation illustrates the point. 

Case E G 
Ranking among 44 cues 

1 month I 3 montfts 

5 100 0 5 10 
22 110 20 22 7 
28 70 0 28 43 
32 110 30 32 9 

Predicting Readiness 
It is often desirable to focus resources and attention on & group of units 

whose current and future readiness is of concern, for e:xamrle, on two or three 
United States Strategic Army Force divisions. In such cases it is important to 
set realistic readiness goals so that the resource commitment can be estimated 
or, conversely, to determine the readiness likely to result from given resource 
commitments. The model proposed can be used for these purposea. 

Example 1 

The X armored div\sion is now at 78 percent personnel readiness, con­
sidering strength and past turbulence. Its strength is 10,500. Over the next 
3 months, losst!s are expected to be 1200 and gains to be 2000. Authorized 
strength is 13,500; What will the strength-turbulence indicator show readiness 
to be at the end of the 3-mmth period if gains require 1 week for administrative 
purposes and 4-weeks learning time? 

E = 10,500 - 1200 + 2000 • 11,300 
T = 3; t 1 = l;t 1 = 4; It= 0.5 (linear learning);c0 = 1 

Readiness = 100 [ 11300- 2000 (3/13))/13500 = (10839/13500) = 80 
percent or C-3 . 

Example 2 

If all data are as stated in Example 1 and it is desired to raise the X 
armored division from C-3 (78 percent)to C-2 (85 percent) by the end of the 
next 3 months, how many gains are required? 

[
E - G <\;2>] 

85 = 100 13500 

E = B - L + G 

85 = 100 13 
(

10500 - 1200 + G -
3
G) 

13500 

G m 2840. 

Thus, presuming that gains arrive uniformly throughout the period, 
840 more gains must be programmed into the division than now planned. 
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UIOIARY OF MODEL FEATURE 

'lbe modsl provides strength-turbulence indicator at a point in time (a 
anap t of re&dJne 1) for Army units. This is conatstent with current practice 
and contra ts with depicting average readine s over some specified past period. 

Th model is continuous, o that the time period over which turbulence 
occur can be ol any len~. 

The mod 1 pre umes th t the losses and gains, which both create turbulence, 
occur uniforrr~y over the time period for which data are available. 

The model ssumes that any amount of personnel turnover is undesirable.• 

ll pplled to aqregations of units, (e.g., to a division) the aggregation is 
treated as a single unit. 

The model does not dUferentiate among kinds of turbulence, or distinguish 
turbulence by underlying cause; the value of MOS manpower spaces where turbu­
lence occurs are not weighted. 'lbus a loss-sun transaction involving a jeep 
driver or cook will have the MJDe effect as one involving a first sergeant or a 
misam, radar repairman. (Thia aimpWying assumption can be dropped-as 
shown-but to do so requires aaatgning relative values to MOSa or at least to 
groups of M08a and also requires that gains be reported in the same group­
ings.) 

'lbe model has the following advantages: 

It is atmple. 
It is applicable over any period ol time. 
It permits turbulence to be measured by its result, viz, lowered 

effectiveneaa ol personnel. 
It permits experience and judgment to be applied in military terms, 

i.e., to bow long it takes a new accession to start contributing to unit effective­
neaa and how long after contributing he becomes a fully effective member of 
the unit. 

It is flexible enough to perm't weighting gains and losses by MOS, 
grade/ rank, or poattion U such is desirable (and if data are reasonably avail­
able). 

In cmcluaion, thl' strength-turbulence model can be used to show the effect 
of personnel turnover on unit readiness. 
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A MODEL FOR MEASURING MOS MATCH 

BACKGROUND 

The MOS indicator' now used by the Army to measure the skills available 
in a unit treats all MOSs as equally valuable to the unit; it does not differentiate 
on the basis of relative importance of MOS or oo the basis of relative fill. Thus 
a unit authorized 10 sergeants of a given MOS and 90 privates of a given MOS 
would be rated 90 percent if it had no sergeants and 90 privates or if it had 10 
sergeants and 80 privates. The example also holds for low- and high-skill levels 
among MOSs. 

This chapter describes a model that takes into account the relative impor­
tance of M0Ss10 when measuring the skill available to a wiit that does not have 
all authorized or all TOE MOSs in its operating strength. 

PARAMETERS OF PROBLEM 

The objective is to design a model that will measure the quality of the MOS 
strength in a unit rather than simply the perce tage fill. Thus a logical system 
must be devised to put a value oo each MOS 1'.issing from the ideal distributioo 
of MOSs for the unit being assessed. The ideal distributioo of MOSs is taken to 
be either ttiat shown in the full TOE or that authorized, with, however, no penalty 
to be assessed or any enhancement to be granted for overstrength in any MOS. 11 

As in the case of the strength-turbulence model, either TOE or authorized 
strength can be used. To avoid complicatioos and to facilitate comparisons with 
the REDCON ratings of AR 220-1, 1 we will use authorized strength equal to TOE 
in the examples. To ease the reporting burden and keep computations uncompli­
cated, the system that assigns values to missing MOSs must also be simple. 

The problem, then, resolves itself into defining a simple system for de­
grading readiness (as measured by an MOS indicator) when the operating strength 
of a unit falls to include all the authorized (or all the TOE) MOSs. Such a mis­
match will always occur if a unit is widerstrength and is likely to occur when a 
unit is at strength or is overstrength. 
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DEGRADING READINESS 

In increasing order of complexity, the following suggest themselves as 
bases for degrading readiness, as measured by MOS match: skill level; rela­
tive fill of each MOS, ignoring skill level; or a combination of skill level and 
relative fill for each MOS. 

Skill Level. The fourth character of the enlisted men's four-character 
MOS indicates the skill level of the MOS. The characters are digits from 1 
{low) to 5 (high). Suggested here is weighting the MOS in a unit solely on skill 
level. 

Let I' 1 • • • Ila • the relative weights assigned to skill levels 1 to 5 
s 

where I l'i • 1 
i- 1 

Ai • the number of manpower spaces authorized the i th skill level 

Oi • the operating strength of the i th skill level 

Then 

MOS indicator • 100 ~ W 1 ( .:.iAO ) 
i• l I 

M 
where ,:

1 
1'1 • 1 

Example 1: 

Given a unit with authorized • TOE strength = 100 enlisted men 

Actual 
Skill level weight t'a Authorized A Operating 0 

1 0.150 50 40 
2 0.175 20 22 
3 0.200 10 8 
4 0.225 15 10 
5 0.250 5 3 

Total 100 83 

•Examples used in this paper assign relative values to skill 
level& as shown in the following tabulation. 

Skill level Relative value Weight 

1 0.6 0.150 
2 0.7 0.175 
3 0.8 0.200 
4 0.9 0.225 
5 1.0 0 250 

Military Judgment might dictate the uee of different relative values. 

Applying Eq 6, MOS indicator for enlisted men .. 

(6) 

100 [ 0.150 (!~) + 0.175 (:~) + 0.200 (1~) + o.225 G~) + o.250 (¾~= 75.5 
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This system will not hold for officers since skill level is not differentiated 
except by presumption on the basis of rank. However, the same principle can be 
applied to officers. We can assign relative values to officers and warrant officer& 
for each rank, or we can group them (as does AR 220-1 1 for measuring personnel 
turnover) into three groups: warrant officers; lieutenants (0-1 and 0-2); and 
captains, majors, and lieutenant colonels (0-3 to 0-5). 

In the example given, the unit is authorized six officers. 

Weight W 
Rank Authorized A Operating 0 

Actual Relative 

Warrant 
officers 0.30 0.8 2 1 

0-1 and 
0-2 0.33 0.9 3 2 

0-3 to 
0-5 0.37 1.0 1 1 

Applying Eq 6 

MOS indicator for officers = 100 [0.3 (1/ 2) + 0.33 (2/ 3) + 0.37 (1/ 1)] • 74.2 

It now is necessary to combine the value of the indicator for enlisted men 
and officers. It is proposed that this be done on the concept that enlisted men 
as a group and officers as a group cor1tribute equally to the readiness of a unit. 
(It might also be done oo the basis of the proportioo of officers and enlisted men 
authorized in the W1it, which would mean that each persoo in the wtit, whether 
officer or enlisted, contributes equally to readiness.) More formally 

MOS indicator • 1/2 (MOS 0 +MOSE) (7) 

where MOS0 is the value of the MOS indicator for officers, and MOS E is the 
value of the MOS indicator for enlisted men. Applying Eq 7, MOS indicator 
• ½ (74.2 + 74.5) • 74.9 or 75 or C-3, assuming the same correspondence 
between numerical value of the indicator and the readiness rating as that pre­
scribed in AR 220-1. Note that AR 220-1 would compute the MOS indicator to 
be ((83- 2 + 4 /100) 100 = 85 or C-2. 

This system would be simple, but it is still relatively crude because it 
does not weight the value ct the skill (MOS) itself for either enlisted men or 
ctficers but only the value of the skill level (or rank, in the case of officers). 

Relative Fill of Each MC§ Ignoring Skill Level. There are some 460 
three-character enlisted MOSs. In an infantry division, one would expect to 
find something in excess of 250 of .these, depending on the mix of maneuver 
battalions. In an infantry battalion, for example, there are 29; in a 155-mm 
howitzer field arWlery battalion (SP) there are 25. What is suggested here 
is a system that weights the three-character MOSs in a unit. 
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---~-----------------------

There appear to be two ways to do this, only one ol which seems simple 
enough to be feasible. The first method, which is quite complex because of 
the number of MOSs to be weighted, assigns a relative value to each MOS and 
from this devises a relative weight. Complicating the problem is the probability 
that the same MOS in different units should have a different value, and there 
are some 600 different TOE units. In addition, even in wtits with the same TOE, 
the value of the MOS might be different depending on the location of the units and 
the relative fill of other MOSs in the wtit. 

The second possible way of weighting MOS is to assume that each man in 
a given MOS has a value inversely proportional to the number of men with that 
MOS authorized for the unit. 

Let 
N • the number of different three-character MOSs in a unit 
A1 -= the total number of spaces authorized in the jth MOS 
Oi • the total operational strength in the j th MOS. 

Then 
the value of the j th MOS -= 100 /N (i.e., all three-character MOSs in the 

unit are considered equally important ) 
the value of any one man in the j th MOS &'.' 1/ A1 
the value of all men in the j th MOS if Oi • s Ai = (100/N) x (1/ A1) x O; 
the value of all men in all MOSs is 

100 N ( 0 ) 
MO indi cator = N j:l ~ (8) 

The quantity 100 ( o1 I A· ), ; = 1, 2, ... N represents the percentage 
fill for each three-character1MOS, and the MOS indicator is the a·ferage value 
of this set of numbers for the unit. 

Example 2: 

Given a unit with authori7 d ,_ TOE strength -= 150; MO~ <'. ·,d operating 
strength as shown in the following chart. 

MOS Authorized A Operating o 

1 20 16 
2 10 12 
3 8 7 
4 15 12 
5 3 2 
6 6 4 
7 35 30 
8 1 1 
9 18 16 

10 34 31 

Total 150 131 
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Applying Eq 8 

md1 cator = -- - +- + - + - + - + - + - + - + - + - = 84.7 or -2 MOS . . 100 ( 16 10 7 12 2 4 30 1 16 31) c 
6 20 10 8 15 3 6 35 I 18 34 

again assuming the same correspondence between numeI'ical value of the 
indicator and the readiness rating. Note that the MOS indicator in AR 220-1 
would be 129/ 150 • 86 +or C-1. 

This system would be relatively simple and has the advantage of handling 
officers and enlisted men in a single computation. However, it is still some­
what crude in that it does not differentiate among skill levels. Thus, in the 
example, MOS 1 is authorized 20 spaces. In actual fact these might be distrib­
uted across skill levels about as shown. 

Operating O 
Level Authorized A 

I I Case 1 Case 2 Case 3 

1 8 8 20 0 
2 5 5 0 0 
3 2 2 0 0 
4 4 4 0 0 
5 1 1 0 20 

Total 20 20 20 20 

Equation 8 would give the same results for all three cases of operating strength. 

In addition, there is some question as to whether weighting MOSs in in­
verse proportioo to their frequency is justified. Such weighting might imply (1 ) 
that the best understrength mit is one where every subordinate echelon is un­
derstrength by the same amount or (2) that the best understrength unit elimina es 
subordinate echeloos in proportion to its mderstrength. The fact that either 
implication is possible provides a certain desirable flexibility in how one can 
organize an understrength unit. 

The problem of distributing the strength of an understrength unit was faced 
by the Army in developing its newest (G-series) set of TOE. The TOE format 
requires a grade and an MOS distribution (presumably the "best•) for each of 
three levels of persoonel fill (100, 90, and 80 percent) corresponding to RED­
CONs 1, 2, and 3. A dilemma: should high grade/ skill manpower spaces be 
provided so that expansion in emergency would be easy or should across-the­
board reductions be taken to keep as much missioo capability as possible in 
peacetime? The first procedure would make sense for the strategic reserve 
in CONUS; the secood, for units deployed overseas. A review of a number of 
tank, armored cavalry, infantry, and artillery TOE suggests that the choice 
made was to lean toward keeping the high grade/ skill manpower spaces and 
to remove a disproportionate share of lower-skill spaces. For example, the 
difference between a 100 percent infantry company and a 90 percent infantry 
company is 19 spaces. All 19 spaces were removed from the lowest skill level. 
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This tends to be the general pattern, but there are significant exceptions. For 
example, in a 105-mm howitzer battery, the difference between a 90 and an 80 
percent unit is 12 spaces. Of these, 6 were removed from skill-level 4 from 
a base of 27 skill-level-4 spaces. Only 6 were removed from skill-level 1 from 
a base of 53 skill-level-I spaces. 

The TOE examined strongly suggest that understrength is best absorbed 
if it is in low-skill levels. But there was no consistent, simple rule followed 
in devising the distribution of skill levels when the TOE were designed for 
various fill levels. Rather their distribution was tailored for each type of unit, 
following no discernible pattern from unit to unit. 

Weighting MOSs in inverse proportion to their frequency produces results 
that are generally coosistent with the concept that the "best• understrength units 
are those that are understrength in low skills. Thi'S is true because there are 
many more low skills (1 and 2) than there ai·e high skills (4 and 5) in most units. 
(In certain highly skilled small technical lUlits this is not true.) 

Finally the fact that the total strength in each MOS is valued the same can 
introduce some apparent anomalies. To illustrate, if the authorization for MOS-1 
is 2 and for MOS-2 is 50, the same penalty to the MOS indicator will occur for 
a shortage ~ 1 in MOS-1 as for a shortage of 25 in MOS-2. However, this does 
not appear to be too serious a weakness since, if the shortage in MOS-1 is 
carried over into a shortage in total strength of the lDlit, this will be reflected 
in the strength-turbulence model discussed earlier. 

A Combinatioo of Skill Level and Relative Fill for Each MOS. Suggested 
here is some way c1 assessing the cootributions made by each four-character 
enlisted M~ and by each MOS and grade for officers. Since there are about 
1400 four-character enlisted MOSs, the problem of assessing the contribution 
and assigning a value to each MOS/ skill level for enlisted men and each MOS/ 
grade for officers that will apply in all units under all 1D1derstrength conditions 
is even more intractable than outlined under system 2. 

A feasible system of handling each MOS and skill level would be to combine 
the concepts of systems 1 and 2, viz, to accept that the value of a given man in 
a given MOS is inversely proportional to the number of such MOSs authorized for 
the unit and also that his value is directly proportional to the skill level of the 
MOS. Such a combination would be somewhat more complex to compute than 
either of the systems discussed earlier, but it would also take into acoo\Dlt 
both fill by individual MOS and the relative value of each skill level. 

We will develop two models, one for enlisted men by MOS and skill level 
and one for officers by MOS and grade. The resultant M~ indicator must then 
be combined, for "hich Eq 7 is recommended. 

Let 

Ai ,j • the authorized strength for the j th MOS (either officer or enlisted) 
of the i th skill level (enlisted) or i th grade (officers) 

oi i = the operating strength for the j th MOS (either officer or lmlisted) 
of the · i th skill level (enlisted) or i th grade (officers) 

Ni = the numbet of different MOSs at the i th skill level (enlisted) 
or i th grade (officers) 
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Then 

}00 I - '- • 

[

N. (0. I)~ 
~ 1:1 Ai , / 

is the MOS indicator corresponding to Eq 8 for the ith skill level (enlisted) 
or ith grade (officers). 

Let IVi be the weight assigned to the i th skill level (enlisted) or i th grade 
(officers). The weight \Vi corresponds to judgment concerning the relative 
importance of the strength {fill) of the i th skill level {enlisted) or grade (officers) 
to the readiness of the unit. Then the measures for each skill level or grade can 
be combined as follows: 

[M ( ) N . ( )~ 
100 W ' o .. 

MOS indicator = -- I _!_ I .:.!J 
M t= l N /= I A I w. t t, J 

t= l I 

where M is the number of skill levels (i.e., 5) for enlisted or grades for officers. 
(For simplicity, we propose that officer grades be grouped into the same three 
categories as in AR 220-1, although all grades can be assessed if the user is 
able to weight their relative imgortance.) If the weights are chosen so that the 
sum equals me, the quantity Ei•l IVi in the denominator outside the brackets 
is not needed. 

Note that with the MOS indicator for each skill level (enlisted men) or v,rade 
(officers) representing the average percentage fill of the MOS correspondin~ to 
that skill level or grade, the overall measure is the weighted average percentage 
fill for the entire unit when the weights are assigned on the basis of the relative 
importance of the strength of each skill level or grade to the readiness of the unit. 

To summarize 

100 [5 (W·) Ni (0. ·)~ MOS ind icator for enlisted men = -- I -N' I ~A• · 
5 t= l i J= I i I 
I W. ' 

i= l I 

(9) 

100 ~ 3 ~w.) N, (oi 1~ MO indicator for offi cers = -3 - _I. ~ I r 
I W 1= ! Ni /= I i ,J 
l= l t 

(10) 

and 

MOS ind ica tor for the un it = 1/ 2 (MOS0 + MOSE). (7) 

It should be wtderstood that the purpose of \V. is to provide a way of 
assigning a relative weight to each of the five skill levels for enlisted men and 
to each of the three groups of grade level for officers. This mmns, for example, 
that different values of \Vi for different skill levels would penalize differently 
the lack of a single man in each of two MOSs of different skill levels even though 
the number of spaces authorized each of the two MOSs were the same. 
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To test and to compare the model to AR 220-1! imaginary data within what 
might be fO\md in the real world were devised for 10 cases. Equation 9 was .. 
used (all enlisted MOSs) with the values shown for W1: 

Skill level Value W1 

1 0.6 
2 0.7 
3 0.8 
4 0.9 
5 1.0 

These values are believed to be reasonable, but they are purely arbitrary. 
Military judgment may suggest other values. The results are shown in Table 10. 

TABLE10 

Test Cans of Proposed MOS-Indicator Model 

Authorized 
Operating strength by case 

MOS number - 2 3 4 5 6 7 6 98 10 

Sa111ple Data 

TOE number 
11A1 30 30 30 30 30 15 15 25 30 31 30 
11B1 50 50 33 678 50 25 35 42 7 51 538 

71A1 6 5 6 5 0 3 6 6 6 7 4 

1102 20 20 20 20 20 10 20 17 20 21 278 

3182 a 7 6 7 0 4 a 7 8 9 8 
44C2 7 6 7 6 0 4 7 6 7 6 0 
8482 6 5 6 5 6 3 6 5 6 7 4 
7182 6 5 6 5 6 3 6 5 6 7 4 

11A3 9 8 9 8 9 5 9 8 9 10 9 
31F3 7 6 7 6 7 3 7 6 7 8 3 
71C3 5 4 5 4 0 3 5 4 5 6 5 
78"3 3 3 3 3 0 1 3 2 3 4 3 
91B3 5 4 5 4 0 3 5 4 5 6 5 

11C4 10 9 10 9 0 5 10 8 10 11 178 

1104 1 0 1 0 0 0 1 1 2 1 
9184 4 4 4 4 4 2 4 3 4 5 4 
9484 5 4 5 4 5 2 5 4 5 6 5 

1105 2 0 2 0 0 2 2 2 3 2 
11F5 2 0 2 0 2 1 2 2 2 3 2 
11G5 0 0 1 2 

Total 167 170 170 187 140 94 157 157 144 207 187 

Ca111parative RHulh 

MOS Indicator 
Model 62 98 62 56 51 96 87 qe 100 90 I AR220-1 91 91 91 75 50 84 84 77 100 91 

I 
AEDCON(C·) 

Madel 4 1 4 4 4 1 1 1 
AR 220-1 1 3 4 2 2 2 

·I aOvefsbength. 
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The most striking feature of the results that the model gives is that sometimes 
they are higher and sometimes they are far lower than the results from AR 
220-1. For example, consider Cases 1 and 2, which AR 220-1 computes at 91 
percent and the model computes at 62 and 98 percent respectively, even though 
both cases have the same operating strength. The reasoo for the difference, 
of course , is that the understrength in Case 1 is almost all in MOSs with low 
authorizations and high skills, whereas in Case 2 all the understrength is in 
the MOS wi the highest authorization and lowest skill. The results seelll to 
accord with the general scheme followed by the Army in designing the 90 and 
80 percent columns of the G-series TOE ; viz, to retain the higher-skill 
levels (which exist in smaller numbers) and to remove a disproportionate share 
of low-skill levels. 

APPLICATION 

The computational effort would be laborious if done by hand. We have 
developed a computer program in FORTRAN for the CDC 6400 computer that 
can compute and print out the MOS indicator for 1000 units varying in size 
from 2 to 20,000 and including all 1400 four-character MOSs in less than an 
hour of computer time. 12 This program was written, debugged, and tested at 
RAC in 6 man-hours using about 120 effective seconds of computer time. Similar 
programs could be written for computers used by the Army in the field or at the 
DA. 

An idea of the burden of preparing data for the computer can be derived 
from Table 11 and the following discussion . 

TABLE 11 

Number of Different Fou -Digit MOSs for Typicol Units 

Number of different MOS 
Kind of uni t 

Officer Enl isted Total 

Infantry division base 118 324 442 
Infantry battal Ion 16 53 69 
Infantry rifle company 17 18 
Airborne battalion 15 48 63 
Infantry mechan!zed battalion 16 53 69 
Howitzer battal !on (105-mm SP) 14 45 59 

It takes one input card for each 16 MOSs to show authorized strength and 
one input card for each 16 MOSs to show operating strength. Table 12 shows 
the number of cards that would have to be prepared at the end of each reporting 
period for some of the units in Table 11. 

There seem to be no data-collecting or computational barriers to the 
proposed model. All the data needed for each unit are the authorized and 
operating strength by MOS for enlisted men and by MOS and grade for officers. 
(The OPO-45 report' contains the data consolidated by command.) 
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TABLE 12 

N mber of Computer Carda for T1plcal Units 

Kind of unit 

Infantry dlvlalon 
Infantry battalion 
Artllle,y bettallon (105-mm SP) 

Flratrepo,t 

Number of card, 

28 + 1a for each MOS with changed authorization 
5 + 1a for NCtl MOS with changed authorization 
4 + 1a for each MOS with changed authorization 

'Thia is Ille•-· If cllanlld authorizations occur, it is likely llllt sevar1I will occur_,., Ille 16 MOSs on a sinale 
CINI. DIiiy GIit Cini IINd bl l)lllchad fOf Ill such dlaiaes. 

It would probably not be wise to substitute the proposed model for the 
model 1n AR 220-1; 1t would be better to use both on a limited oomber of units 
ol moat concern, e.g., all divisions or all units controlled by the Office of the 
Secretary of Defense. Table 13 depicts the kinds of insights possible when 
both are used. 

T/ ,LE 13 

MOS Match: Reaulta of Two Models 

MOS Indicator 
Dlvlalon ---------1 Remark• 

X lnfllltry 

Y Infantry 

CONCLUSION 

AR 220-1 Propoaed 

14 

ae 

N 

85 

71 

Unit MOS ahortage 11 made up prlrnarlly of thoee authorized 
In large numbers, herlCe probebly low-akllled personnel 

Unit MOS ahortage 11 about proportional to authorized 
1trength1 by MOS and aklll 

Unit 11 nearly up to atrength In MOS but 1hortage11xl1t In 
IOffll key MOS that .,. authorized the unit In ralatlvaly 
arnall numblra and probably In high 1klll1 

'lbe proposed model can provide a refined view of MOS match in units to 
supplement the raw percentage model of AR 220-1.' 
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Appendix A 

EXAMPLE OF READINESS REPORTING 
FOR THE A INFANTRY DIVISION 

Al. Re'adineas Summary 
A2. MOS Indicator: Proposed Model 
A3. Readiness Report Summary as of (Date) 
A4. Input Information by MOS 
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G v n: 

Th A infantry divi on con i ting of a di vision base and nine infantry 
battalion with authoriz d and operating strengths by MOS. (See 
T bl A4 for xtract.) 

Authorized strength (full TOE) 
Oper ting tr ngth 
Gain ince la t report 
Rep<>rting period 
Admini trative time for new 

arrivals 
Trairting time 
Line r learning curve 

Determine 

(1) trength indi ator 
(2) Strength-turbulence indicator 
(3) MOS indicator (AR 220-1) 
(4) MOS indicator (proposed model) 

Solution 

(1) Ir ngth indic or • I (A)• 100 
14805 
15574 • 95 

(2) Ir n h-turbu I n 

.. 88 

(3)° \10 ind ic tor (.\R 220-1) • 100 

11805 - 83* 
• l 574 m 

95 

•ov str ngth MOS. 

40 

= 15574 
• 14805 
• 3680 
• 3 months 

= 1 week 
= 6 weeks 



} 
I 

l 

. 
' } 

J 

(4) indicator (propo ed mod I) • (1 / 2) (MO 
O 

+ 10S ) • ss• 

where 

MOS0 "' MOS indicator for officers • 

100 [3 -- I 
3 i• I 
I W 

( WI) I, ( ~ )J 
i J• I i ,J ~ 

I - I I 

and w; • 1.0 for 0-3 and above 
= 0.9for 0-1 and 0-2 
= 0.8 for warrant officers 

MOSE = MOS indicator for enlisted = 

-- I 100 [5 
5 i• I 
I W 

i • I I 

and w;t • 1.0 for skill-level 5 
= 0.9 for skill-level 4 
= 0.8 for skill-level 3 
"' 0. 7 for skill-level 2 
= 0.6 for skill-level 1 

(~ ) 1:' (~)J 
I 1• l f , j ~ 

Table Al is a display table for the A infantry division; from it the follow­
ing conclusions can be drawn about the division: The division is al 95 percent 
in gross strength, but enough of that strength is ineffective because of personnel 
turnover to reduce the division to C-2. In skills, the division has 95 percP.nt 
of TOE (or authorized), but there is a shortage in the higher-skill levels and 
among those skills authorized in relatively small numbers to r educe the division 
to C-2. 

TABLE A1 

Readi nHs Summary 

Indicator 

Strength (AR 220-1) 
Strength-turbulence 
MOS (AR 220-1) 
MOS (proposed) 

Rat ing 

95 
88 
95 
85 

*Solved using the RAC CDC 6400 computer . 

C-rat lng 

C-1 
C-2 
C-1 
C-2 

tArbitrary values. Mi litary judgm nt may dictat a w ight for each grade and skill 
level or a valu of 1.0 for all. 
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Overall personnel readiness ls C-2. The number 85 ls for the division 
as a whole. Actually the computations shown in Table A2 were also made. 

TABLE A2 

MOS Indicator: Proposed Model 

Unit Category MOSa hand led MOS Indicator 

Division base Otflcera 117 81 
Dlvlalon base Enllatad men 318 90 
9 Infantry battallona Offlc.ra 18 89 
9 Infantry b ttallona Enl lated men 53 91 
Entire dlvlalon Dtfloera 117 79 
Entire division Enllated men 324 90 
Entire dlvlalon ONloera and 441 85 

enllated men 

These seven computations required 1/, effective minute of computer 
time on the computer. As mentioned earlier the only input that the model re­
quires ls the authorized and operating strength of a unit by MOS and weights 
to be assigned to skill levels and grades. The output format displays the 
readineBB indicator for the unit as a whole, the total number of different MOSs 
handled, total authorized and operating strengths (including the overstrength 
ignored in the computation), and the same set of data for each sklll-level and 
officer-grade grouping. Thus a much more detailed table than Table A2 can be 
provided. 

Using data like those in the example, a summary display table (Table A3) 
can be prepared. 

TABLE A3 

Reodine11 Report Sunwnary as of (Date) 

Strength data Readlnesa lndlcatora 

Unit 
Table of 

Strength-
MOS Indicator 

A 
B 

organ I zatlon/ 
table of 

dlatrlbutlon 

xx.x 
xx.x 

C xx.x 

1AR 22l· l model.1 

Auth~ 
rlzed 

xx.x 

til proposed in this paper. 

()per-

atlng 

xx 

cBased on lowest of the four indicators. 

Strength, 
perc.nt 

turbulence, 
Crude,8 

perc.nt 
percent 

xx xx xx 

Table A4 presents an extract of input data by MOS. 
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TABLE M 

.J Input Information by MOS 

Authorized Operating Authorized Operating Authorized Operating ) . MOS strength strength MOS strength strength MOS strength strength 

Officers, 116 MOS, 

00002 3 3 08201 4 3 03100 17 19 

I 00221 09100 2 1 03500 1 
00606 1 01A0 1 2 04015 1 
00894 1 51154 1 1 04415 1 1 
01330 1 57314 8 8 04512 2 1 
01982 2 82182 1 04808 1 1 
02136 2 1 671C0 5 5 05310 19 21 
02260 3 3 721A0 2 2 08103 5 3 
02900 24 22 00200 17 1b 09301 10 8 
03150 8 8 00420 1 0 286A0 1 1 
03606 1 1 00680 5 4 51199 2 2 
04200 5 5 01183 3 3 80210 1 1 
04470 1 01342 5 3 832A0 1 1 
04514 02010 2 1 711AO 6 5 
04880 , 02163 5 5 761A0 9 8 
08200 104 94 02518 2 00220 8 7 
08500 1 1 03005 1 00800 4 3 
09310 2 1 03170 4 5 00692 1 0 
441A0 4 3 04010 27 29 01204 20 18 
57010 1 04400 1 01C81 24 21 
821AO 04510 4 3 02110 21 20 
67100 2 1 04800 13 12 02210 1 
71542 2 3 05000 2 2 02825 2 
951A0 1 1 07423 1 1 03129 1 
00030 2 2 09110 7 8 03506 15 14 
00400 1 211A0 4 3 04130 1 1 
00607 1 1 51193 26 28 04419 2 
01154 3 3 59301 11 11 04513 1 
01331 25 23 831A0 11 12 04815 1 1 
01983 7 8 88301 1 05~ 3 2 
02162 18 17 74100 08105 2 
02430 1 1 00210 8 4 09309 2 
03000 5 7 00500 2 1 421A0 4 4 
03160 2 2 00883 2 1 52182 17 17 
04000 2 2 01193 102 95 61204 11 10 
04210 1 1 01542 18 15 84823 7 7 
04490 1 0 02030 4 3 713A0 1 1 
04530 1 0 02200 4 4 941AO 5 5 
04980 2 1 02624 4 3 

Enli1tecl Men, 316 MOS1• 

02820 12A10 123 121 31L40 3 2 

J 

02E30 4 3 128'10 7 7 31Z40 8 8 
02K30 1 0 12050 2 1 35E20 2 1 
03C20 1 1 13020 40 41 36C10 70 88 

I 11810 100 98 17810 3 3 41C20 8 8 

I 1184E 1 1 26830 6 3 43K20 2 2 
11C40 9 7 31820 13 12 44E20 10 10 
11040 55 50 31E40 3 3 45F20 18 17 \I 11E50 1 1 31H50 5 5 45H40 1 1 

l 
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TABLE M (continued) 

Authorized Operating Authorized Operating Authorized Operating 
MOS atrength atrength MOS 1trength 1tr111gth t.«:>S 1trength ltnfflgth 

51H20 4 3 1184P 8 11 41J20 2 2 
52820 87 85 11010 5 5 34820 2 2 
54E20 3 3 11E10 38 34 45820 8 8 
55020 1 0 11F40 11 11 ~ 1 1 
58C40 3 3 12820 103 100 51A10 3 3 
57F20 11 10 12C40 38 40 51N40 8 5 
82840 4 4 13A10 30 28 52040 1 1 
83820 181 185 13E20 104 100 55A10 2 2 
83C50 3 3 17840 4 4 58820 17 15 
83H40 19 19 28C30 7 7 57A10 25 22 
84A10 155 145 31C40 5 5 82820 43 40 
87A10 211 25 31F50 3 2 82F30 8 5 
02830 8 5 31J20 10 8 83C20 72 70 
02F30 3 2 31M40 44 40 83020 17 111 
02L20 1 0 34C20 2 2 83Z40 11 11 
03Z50 1 1 35G20 1 1 84C40 22 20 
1181P 7 7 38F20 10 8 87N20 111 110 
11840 73 83 41F20 1 1 02030 3 3 
11010 41 43 44820 8 8 02J30 10 9 
1•j050 8 5 45A10 15 12 02N30 1 1 
11F20 11 11 45G30 10 8 05("',40 58 55 
1282N 9 9 45Z40 1 1 11820 138 120 
12C30 48 45 51N20 10 g 11C20 18 20 
13A1N 4 4 52020 12 10 11020 5 5 
13040 18 14 54E50 1 1 11E40 29 25 
17820 20 111 56A10 45 43 11050 11 7 
28C20 1 1 58040 3 3 12840 85 110 
31C20 18 20 82A10 11 13 12040 3 3 
31F40 14 15 82E30 10 10 1302N 20 18 
31J10 1 1 83F,50 3 2 13Z50 42 40 
31M'l0 82 80 8aF40 4 4 28820 4 3 
31Z50 8 8 831<30 2 2 28W40 1 1 
35E30 1 1 84C20 3 3 31E20 28 28 
38C40 25 20 87N2F 54 52 31H40 40 38 
41E20 1 0 02020 1 1 31L20 7 7 
44A10 2 2 02H30 1 1 31030 5 4 
44Z40 4 3 02M30 3 4 35020 1 1 
45020 12 10 05C20 124 128 38820 15 13 
45J20 11 10 11B2F 31 30 41C10 1 1 
51H40 2 1 11C10 111 20 43A10 1 1 
52830 1 1 11020 73 71 4'C20 10 11 
54E40 14 12 11E20 85 83 45C20 9 8 
58Z50 1 1 11F50 11 11 45H20 8 8 
58020 8 8 1284N 3 3 51G20 1 1 
57F40 5 5 12C50 1 1 52A10 27 25 
82E20 48 50 13840 270 288 54020 4 4 
83840 38 34 13E40 74 72 55820 3 3 
83F20 15 18 22A10 1 1 58C20 23 20 
83.r.!O 1 1 28030 1 1 57E40 1 1 
84820 147 137 31020 12 12 82830 9 9 
87H40 1 1 31G40 7 5 83A10 188 184 
02C30 2 2 311<20 5 4 53C40 12 10 
02G30 2 2 31020 8 8 83H20 129 110 
02L30 3 4 35C20 4 4 83Z50 7 8 
05820 91 88 38A10 304 285 84C50 4 3 
1182E 2 1 38020 8 8 87N40 14 12 -

'only 195 MOSs I isled here. 
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REFERENCES AND NOTES 

1. Dept of Army, •untt Readiness,• AR 220-1, Apr 69. 
2. __ , "Dictionary of United States Army Terms,• AR 320-5, Feb 63, defines 

authorized strength as the total of the personnel spaces contained in current 
personnel authorization vouchers issued by a higher headquarters to a ubordinate 
element. 

AR 220-1 is based on measurio~ both the strength and the OS indicator 
against the full TOE as the standard. This measurement shows how ready units 
are for combat. If, however, the standard taken is the authorized strength, the 
results show how well the manpower and personnel programs are being managed. 
To avoid confusion and to facilitate comparison, the examples in this paper presume 
that authorized and full TOE strengths are the same. The models developed, 
however, are indifferent as to which standard is used. 

3. The G-series TOE have four columns: full TOE, the so-called 90 and 80 percent 
columns correspooding roughly to 90 and 80 percent of full TOE and t.o REDCONs 
C-2 and C-3, and a column for a cadre unit. 

4. Dept of Army, Office of Personnel Operations, "T e Inventory and Projection of 
Army Strengths,• OP0-46, mootbly report . 

5. "Army Manpower Phasedown Planning System," a RAC institutional research project 
undertaken during 1969. 

6. TOE strength should be 'I stituted for authorized strength if readiness comparisoos 
with the C-rating system of AR 220-1 are desired. If this is the case, "TOE 
strength• can be substituted for "authorized strength• wherever it appears in con­
nection with the strength-turbulence model. To avoid confusion and to facilitate 
comparisons with the current system, the examples used in the paper presume that 
authorized strength equals TOE strength. 

TOE strength gives a clear picture of combat readiness. The use of authorized 
strength, however, gives thebestinsightintohowwell personnel resources are being 
managed and is probably of more interest at the DA level. The model is indifferent 
to which is used. 

7. The Army does attempt to minimize the accounting transactions on personnel during 
the last 3 days of the month by assigning as few EDCSAs (et'fective date of change for 
strength accountability) during those days as possible. However, EDCSA is a paper 
accounting procedure, having little to do with physical reporting dates since leave, 
temporary duty, delays enroute, and the like almost always occur during permanent 
change of station. Thus there are two typical morning report entries coverill[ people 
whose EDCSA bas occurred before they join and for those who 'oin before their ·;,,­
EOCSA occurs, namely, "assigned, not Joined" and •Joined pending EDCSA." It is also 
true that special cases can occur. For example, if a unit is formed in a short-tour 
oversea area during 1 month, all members wil rotate that same month a year hence. 
A 3-month readiness report that assumed uniform distribution would be biased. How­
ever, oversea commanders in practice do not. permit a mass exodus. Instead, as in 
Vietnam, they combine policies of. cross-transfers among similar units and shortened 
and lengthened tours to smooth the turnover over a reasonable time period. The 
validity of the assumption as to uniform random distribution of ~ains can be tested by 
making a statistical analysis of arrival dates using the morning reports of a set of 
typical CONUS units. 
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8. One can cooceive c,f situatiou where no peraonnel turnover is le11 deeirable than 
11<>me, if Ollly to avoid etaleness and promotion etagnation. Such a time eeems 
remote today. But in WWII, personnel turnover caueed by the neceeeity to cadre new 
unita improved promotion opportunities and morale and made cadred units more 
ready than thoee held stable. 

( 

personnel at end of reporting period ) 
9. AR 22~1 MOS indicator = qualified and occupying an authorized MOS x 100 

total MoS spaces authorized by TOE 
10. 

11. 

12. 

The relative imporbllce or value of interest here involves the contribution that the 
1108 make• to readJne11. The value of the MOS-meuured by the time, effort, and 
c011t m 1upplying a replacement for a milling MOS-may be of intereet in 1ome 
manacement 1enae (e.g., it may be feal'libl to design understrer.gtb TOE, which are 
more coat-effective than others, though perhapt le11 ready); but readJness, aa 
meuured by an MOS indicator, 11 all that is considered in thil, paper. 
AR 22~1 direct• the unit commander to con1ider a& qualified, when in bis Judgment 
they can perform the required duties: peraonnel awarded 1econdary MOS11, additional 
MOS., and th01e performing duties to meet MOS requirements of the unit. It also 
direct• that personnel who are overstrengtb in a 1pecific skill and who do not meet 
tbe foregoing criteria not be c0118idered u MOS-qualified. The authors propoae the 
same aet of rules be followed in the model developed. 
Eetimate bued on experience in handling the varioue cases coveroo in this p91>rr. 
For example, it took f/, min. of computer time to handle the •even computations 
involving 4-42 different MOS and 15,000+ peraonnel in the readine11 reporting 
example. The FORTRAN program le available at RAC. 
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