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ABSTRACT

nag v

This is the second-of two. geuneral clecses of models for
guiding EEO planning in the U.S. Navy's civilian workforce. The firstyi oacs--F
called the I'ik0»(Flexible Equal Enployment Opportunity) Medel; . provides
overall guidance for such plans, The present one;zealled” the Coherence M¢
Model,>is designed for more detailed applicadtion in ways which tie into
FELEO. Together they ‘thereforeiprovide a multi-level approach. ‘

Both models utilize,a goal programming approach with embedded Ma
Markoff processes. The Coherence Model erbodies a new usage of piece-
wise linear goal functionals with “artifact goals' to approxzimate the
stransition relations of the MarkoKE processes. Other relatious or
constraints as well a¥,objectives can be treated in this manner to thereby
obtain a distribution 102

equivalent) for which available current algorithms guarantee integer
solutions. The mathematical develop
is provided along with & numerical (two-period) example which illustrates
the dynamic {multi-periond) aspects that neced to be considered in such
plans. - This is followed by discussion and exgmples of the kinds of manage
ment reporting systems that might be utiliz&d: . The methods develorped here
are perfectlypoencral “ of ccursc, and s0‘othier potencial applications of
this wmodel to areas like personnel premotion planning, ctc., are also nc”
briefly noted.

format with a nonlinear functional (with linecar

ent necded to achieve this reduction
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INTRODUCTION

An earlier paper [7) sct forth an Equal Employment Opportunity
(EE0) Model for Manpower Planning in the U.S. Navy. Consisting of Markoff

process elenents embedded in a goal programming framework, this might

better be called a Flexible Lqual Empleyment Opportunity (FEEQ) Model

sioge

because of the way in which the elements are altered to provide flexibility
for achieving day-to-day manpower goals of the organization. The latter,
i.e., the short range goals, are to be met "as closely as possible," in the
" s . " 1/ "o . o 4
sense of "goal programming.'" = While this is being done, however, the
transition probabilities of prowotion, transfer, ctc., are also to be
altered so that, in time, the "correct'" mixes of personnel--male, female,
minority, non-minority, etc.-- will be achieved (2lso as closely as pe
but in ways which are consistent with accomplishing the first set of
(day-to-day) working goals in the best possible manner.
The model we have just described is intended for cowmprehensive

guldance at aggrezate ievele in the civilian manp an 5

v i b v d ~ &L
..... T DanpewWlr paanning €ud

PR -~ B
YL G Ve
the Navy. Something further is required, however, when dealing with

individual or "almost individual" assignments at the micro levels of

local instnllations and operations -- such as shipyards, laboratories,

etc. -- and this is the purpose of the present paper.

The model we shall now describe is directed to these ends, but
in ways which are coherent with the earlier aggrcgative model. As we shall
sce, this involves the development of a new nonlinear mod~l. The latter in
turn is transformed in a way which provides access to the extraordinarily

fast and efficient algorithms that are now available for capacitated

Sce [2].
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distribution-assignment models. This, we may observe, opens the way for
develeoping interactive or conversational computer capabilitics for use
by management in guiding manpower planning ecfforts at both micro and

macro 1evels.3/
IJI. MNOTATION AND MODEL DETAILS

Leaving aside, at least for the moment)gf the ways in which the
macro and micro models are tied into each other, we turn to the details of
the latter in the development that we now introduce. We are looking at a
coherent transition from an aggregative dynamic model. Our rcquirements
for personnel of cach category * (e.g., black male, white female) in job
i 1in period t are here derived by proportionality factors ﬁf’for catcgory oL
in jeb 1 of the amount ai(r) detailed by the ageregate model. The model
structurc we arc about to sct down applies to any detcrminate mode of
derivation of these personnel requirements from the aggregative data. The
further internal Markoff transitions from job to job will not appear

explicitly in the model structure. Instead thev will be accomndated within

the format of a capacitated distribution model by means of

'artifact goals"
and nonlinear convex goal functionals.
Refer now to the 2 x 2 table represented in Figure 1. The cells
are intended to represent blocks of cells with distributions being made
e o . ¢ JLEh i e o
from typical i—= jobs in one period to typical j— jobs in the next period. Where one

has the "same" period represented in row and column, we are emphasizing the

2/

=" For further discussion of the uses of interactive-conversational computer
capabilities in manpower planning and related activities, sce Nichaus,
Sholtz, and Thompson [8] and also Albanese, Nichaus, and Padalino [1].

3/

=" See below.
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so-called "transhipmnent" device which 1s used to go from network to
distribution model iormaL.il

One further ec.awmple may serve to clarify the generzl notation
and structure we are about to introduce. In Figure 2 we indicate
quantitics on the rims of a 3-period model in which a typical distributional
variable is entered into ecach unshaded cell block. The cell blocks which
are shaded are excluded from recciving any entrics.
To understand the entries in Figure 2 and to deal with the

general case as well we let

ol .
xij(t—l,t) = number of personncl of cntogory(l.transfcrrzng
from job i in period t-1 to job j in period t.
o( - ¢ = " an N s U | S 1
xjj(t,t) = the "transhipment" amounts, e.g., the number of

personnel in category < not transiting into
job j in pericd t.

Sy o 3 :
We complete the definition of xi&(tl, tz) for arbitrary time period tl and

t2 by setting

A

o

B

(=3
’:’

4

(g

?
t
—

ol
(1.2) xi'(tl’ t2) =4
J Lo for t,= i#j.

In this way we have provided the notation for the general dyadic format
that we now develop. 1In this development only the diagonal and immediate
sub-diagonal blocks of cells can contain non-zero entries.

We are now in a position to present the structurc for our gencral
dyadic format over N periods as in Figure 3, below. Here we have omitted
the shadings since the possible non-zero variables have already been
explained. Observe that, as before, only the diagonal and immcdiately sub=-

diagonal cells can receive non-zero entrics.
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For clarity, Figure 3 omits rows and columns which will be neecded
(cf. Figure 12) to accommodate transfers to and from the "outside" as well
as redundant rim data which will be needcd to accomnodate the nonlincar
goal functions when we finally proceed to our distribution format.
: - oL
In the model we are developing, the transfers x. - (t-1, t) are to
1]

conform "as closely as possible" to an organization's promotion transition

experience (or policy) -- here represented by the Markoff transition matrix
(2) M= (,.),

where Hij equals the proportion in job i in period t-1 transiting to job j
in period t. To develop our "artifact goals," which must be in terms of

numbers of p.rsonnel, we enploy
(N /’o’«
% = = d t-‘!. T
M g1, 0 = (pya (e ¥y

to guide our choice for xia(t-l, t) where appropriatn.é/ Here the notation
<u> mecans the smallo:t integer not less than u.

We shall generally be concerned with convex artifact goal
functionals. The structure and algorithmic solution procecdures which we
shall be utilizing must guarantee integer solutions for the ng(t—l, t) and

ol

xjj(t, t). Therefore we shall employ as our convex goal functions continucus
pieccewise linear functionals with changes of slope only at integer points.

: g 6/
Thus using results from some of our past work,—~ we can set up an equivalent

(but larger) ordinary distribution model thereby preserving all of the

advantagzes that such models now provide.

5/

=’ For cxample, except for those variables not corresponding to Markoff
transitions.

=" Sce [3]), Chapter XVII.
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It may be helpful here to consider the model format in Figure 12.

Because of its small.size, letters O, C, T, A rather than numbers are
employed to mnemonically designate the "jobs" as follows: O = outside,

C = clerical, T = technical, A = administrative. The cells correcsponding

to Markoff transitions have their "artifact goals" (as in (3)) designated
within the douSlc lines in the northeast corner of the c¢ell. Transshipment
cells appear in the southwest portion of the array and the northeast (shaded)
portion exemplifies the first restriction of equation 1.2, namely, that no
transitions are permitted from one period to a period gc;ond the next.

To simplify the present discussion, we shall omit the Markoff
transition elements to O from C, T or A. We shall also employ only two

pieces in our piecewice linear goal functional. We shall then exhibit our

|

Lrocclure for a 2 x 2 (two origin two destination) distribution cxzample.
The extensions éo the general m x n case will then be clear.

Figure 4 below provides such a 2 x 2 exanple. It has the network
represcntation shown in Figure 5. As shown in [3] 1/, to accommedate a two-
piece lincar (convex) functional on the branches from (i) and (2) to

(:) and (Z) » we double the number of branches and place an individual
upper bound (indicated by f“"ﬁ ) on the flow in half of them. This moves
us'from Figure 5 to Figure 6.

We next reduce the network in Figure 6 to an equivalent transhipmont
form, as in Figure 7 wvhere the transhipment modes arec represented by CiD
and (E) . The corrcsponding dyadic form is then shown in Figure 8. The

individual bounds which were represented by | | in the network are now

indicated by \\ in the corresponding cell. ' The cells (3', 3') and (4', &4')

Z/ Cf. Chapter XVIII.

- T Y ——mp——gy - - —— I e 1 S | W — PR T ———

———————rr ———rana. - - - e




™y

A NOILYLNIZSZLdEE JIE0MLEN |
: G 3UNOH

T T —————————




ot

QI RITI ALY - .0 PPN
T O R B T S B mu b U ﬁiﬂk.

oy 8
RIEY PRIFEDS £ 3§74 N7
iIdi I TaUiw iidy 2

e ——————— S ——




Aottt

(G+ 8% <

(Q+ B <

e i it ok




gy

~

t |
!

> |

Y L T T TR e

i . R T P i e Sasiiiie;
o, SSPRRNR— - -—
TO i1 4 e / 2 1
I - ! 4 v
FROM ™ |
—— - - - - - - . R i -~ - — - . TN P W W VL e e
s T T goate = i iois e i oo AN RTINS

B Rt St

<

\\\\\\\\\\ \\ \ X NN .
oo i R MR e R B A

\\\\\\‘\\‘ R OO Y A T

OO ORI ' 3\Q T Wy

R AR NN

\
v Al e A b letee e e

———
———
——

e i wowor ~---_i-a~ - {l...-.-:h....,. e
5
4 §
& a+t+ ))[ /\( 1 v l,) i / (] G L)i 1/3(!3 4 b) é;
t ! 4
F FA e o
\.J‘.»‘.(L- L
L W2 £ Pt 7 N eSS EANTIRA AT PYETTRS
I\Plf"t:-: LT I\‘-.’/‘lil G avi e d \J‘r."j. (9
IRIENE AR T A GO oanoreng—s oy o e gt Bo9=f e
BC ‘Jn.l\-&l.l\'/, li‘. \‘Iu‘\.lil:bft.q';-l.li ‘ vk.\a:LtuL-Lﬂtk-'.;'
s e —— - —— M




arc the corresponding transhipment cells. In this manner we have moved

from Figure 4 to Figure 8 which is also in distribution format. The

capacitated and transhipment cells in the latter Jigure now accommodate
the nonlincaritizs in a way which guarantees integer solutions from
integer rims.

The general rule is now clear. We augment each destination

which is to receive two-piece nonlincar (but piccewise linear) functional
flows by introducing a "primed" destination and we augment the origins,

one for each primed destination. The availabilities at the primed

origins are those of the original destinations; the receipts at the

primed destinations are those at the original destinations. We allow

[ON

flow in only two cells of each primed origin row: the (primed, originzl)
cell and the (primed, primed) cell.
1f our dyadic form is m x n, then the ncw dyadic form will be
(m + h) x (n + h), where h is the number of primed origins or destinations.
"

We observe that an "active basis" -~ can always be taken to contain all the

(primed, primed) cells and all the (primed, original) cells. In this

designation of a cell, the first element of the pair denotes row (or origin)
and the sccond denotes celumn (or destination).

To establish what we have just said, note first that an active
basis for the original form has m + n - 1 members and one for the new form
has m 4+ n - 1 + 2h members. This means that there are 2h of (primed, primed
and (primed, original) cells.

Observe that if there are no (original, primed) cells in the

active basis, it represents a solution for the original dyadic form, hence

§/ Sce [3], Chapters XV and XVI. .
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it contains an active basis of m + n - 1 nmembers of (original, original)
cell type. The 2h cells of (primed, original), (primed, primed) then
connect properly via criginal colunns to make up an active basis for the

new dyadic form since the nun

>er of members is nowm + n - 1 + 2h.
Observe further that since the functionals are convex, an

(original, original) cell is always better than an (original, primed) cell.

Thus, an (original, primed) cell nced be cmployed only if its correcponding
(original, original) cell is at its upper bound and hence not in the

active basis. Therefore, the total number of (original, original) and
(original, primed) cells in the active basis remains at m + n - 1. The
connection nceded for basis spanning is still at hand with the 2h cells
of (originzl, original), (primed, original) type but in the scquence
(original, primed), (primed, prired), (primed, origiral) in place of

s original), (primed, original), (primed, primed).

These last reuarks gencrate a new nodification of algorithaic
procedure (e.g., special primal methods) which can speed computations
substantially. Here, however, we direct our attention only to the FLIO

Model which, as noted in section I, is the focus for this paper.

III. NUMERICAL EXAMNPLE

We shall consider two categories<l = 1,2, (e.g., females and
males) and t = 0,1,2. For job categories we let i,j = 0,1,2,3, where the
last three indices cerrespond to Clerical, Technical, and Administrative
and 0 corresponds to Outeide (the organization). For ease of comprechension
in our simple example, we shall use C, T, A, and O, however, instead of

the numerical indices. ’
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Figure 9 provides the pertinent numerical values for the elcuaents
of M, the Markoff matrix we shall use in this example. Figure 10 supplies
the p;‘va1UUs. Figure 11 provides the ai(t) for each of the indicated jobs
and periods. Finally, Figure 12 designates the nonlinear goal programming
model with constraints represcnted in distribution-assignment format.

The details in Figure 9 conform to the characteristic Markoff
matrix conventions in which each row consists of non-nepative elements that

9/

sum to unity,= The letter "N" designates the column of transition rates

\

for "natural attrition." We distinguish between this and "forced attrition,"

the latter being designated by "0." As noted above, the symbol "0" stands

for "outside the organization."

-".’ . .
In Figure 10 the actual pj proportions are obtained froa the

" e iy T et T . ¥ s
on-board" starting population. The desired pj proportions frepresent poiicy
statcements concerning desired mixes of personnel for the future.

1

The ai(t) in Figuire 11 are obtained from the aggregate FEEO nodel,
where, as already noted, i indexes the job type in C, T, or A, while t
designates the period desijnated for the aggregated workforce goals -- i.e..

10

the personnel goals established by reference to the tasks to be performed in

each relevant category and period. Combining these ai(t) values with the
3 s . i , 10/
pj from Figure 10 produces the amounts shown on the lines of Figure 12 —-
The location of nonlincar goal functional elements is indicated in the latter

figure by the cells with numerical entries represcating goal values enclosed

in double lines in the upper right hand corner.

9 ’ ‘ : :
=" In this way we depart from the conventions employed in some of our
carlier reports. Sece, e.g., [4].

E.g., 525=.75(700) is the goal for females in the Clerical category
for period 1, as established by refercence to the pertinent cells of
Figures 10 and 11, while 156=.35(450) represents the goal targeted

for females in the Technical category.
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Recall that these nonlincar functional elements were introduced

for the purpose of producing a change of format from one with a complex
matrix structurc to one with the simple structure of a dyadic or
distribution model. We thercby replaced the original constraining relations
by "artifact goals'" in nonlinear goal functions to secure approximate
equivalence between the more coumplex embedded Markoff constraint structure
in our original goal programming FELO model, and the simpler constraint
structures of our new distribution type model.

To better understand the significance of these "artifact goals"
we refer to the numbers that are represented as entries within the doultle
lines in the upper right-hand corners of some of the cells in Figure 12.
For speccific reference we may use the value 420 which appears within the
Clerical (C) cells going from t=0 to t=1l. To obtain this value we proceed
as follows. Via the Markoff matrix of Figure 9 we first observe that 70%
of all Clerical personnel will remain in that category from one pericd to
another. Morcover, there is no inflow into Clerical from either the
Technical or Administrative categories. Hence, we apply the pertinent
trancition probabilities in a very simple way to the period 0 total of 675
persons in this category from Figure 11 to obtain 472.5=.7(675). Then to

obtain the expected flow of fem:

e personnel in this category, we refer to
Figure 10, where we observe that .89 is the relcvant proportion to use.
Hence, we secure the wanted 420=.89(472.5) as the pertinent value for
entry within the double lines of this cell just as in Figure 12.

This 420 is the "artifact goal" and it is employed, as previously

claborated, in the form of an individual upper bound in accordance with our

procedures for handling piccewise linecar convex functionals in distribution
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problemns. In this case the artifact goal corresponds to the normal flow
value between the periods t=0 and t=1 for female eaployment in the

P pPLoYy
Clerical category. Here the artifact goal represcuts the normal flow of

female personnel into this category. This device may also be used to
O - # 4

projcct ma

requirements explicitly for other purposes as well, of
course, but at the expense of onlcrging the dyadic format. On the other
hand, reccent developments in algorithmic combinations and computer codes
make the computational costs of such elaborations relatively inexpensive,
and so we may regard this kind of modeling strategy as suited also to these
possible further uses and extensions.

The array of Figure 12 nust be transfornmed, in a manner anzlogous

Py @ “

to our c:

imple in going from Figure 4 to Figure 8, in order to obtain an
equivalent distribution assignment format with linear functiorals. This is
done in Figure 13. HNote the use of the "N columns" in the latter figure

to distinguish “natural (or Markoff) attrition" from the “forced attriticn"

which is designated in the "0 columns." The designaticn of 0 for rows

corresponds to "cutside'" sources for additional personnel.
IV. SOLUTION ARD INTERPRETATION

As mentioned initially, one of the major reasons for developing
this model in the form of a distribution-assignment type was to guarantee
that solutions would be in integers. It follows that any extreme point
method of solution will produce integer results. For this example we have
employcd the "stepping stone method" along with the row-column number
procedures described in Chapter X1V in [3], which in turn have been
incorporated as parts of the high speed conputer codes developed in [6] and

[73.
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« The numerical entries in the cells of Figure 13 correspond to a
solution, as may be verified by summing to the rim totals. The row-column sum

"numbers" are represented on the left and at the top of Figure 13 via their

symbolic values of 0, H, -P+l-1, etc., as discussed above. Checlking these values

N

against the vacant cells and those indicated with bars above them -- to indicate
that they are at their upper bounds -- will confirm that this program is optimal
That is, none of the vacant cells can te augmented to a positive program value

and none of the barred values can be reduced without increasing the total of the
" ’ 11/
deviations from the prescribed goals.
The availability of these row-column sum numbers provides the basis fc

; X B2/
the usual “dual evaluator analysis,” and, as is well known ;/— these dual

evaluators provide a convenient way of studying potential program responses to
J P O I o t

changes in the goals or other policy conditions. Instead of

s)

-

known paths, however, we turn rather to a consideration of the kinds of managezen

reports that might be prepared from thece results,

In this case, 1.e., Figure 13, we have designated numerical wvalues for

O

-

the functional coefficients where they appear in the upper left-hand corner of

‘
the pertinent cells only for slack or transhipment cells as zero and as ~1 for
the cells corresponding to being under (i.e., below or equal to) the goal values
Here these goal values are the individual upper bounds, as distinguished frow th
use of double lines for the bounding values in Figure 12 which were associated
with the nonlincar nature of the goal functional.

The coefficients "P" correspond to these penalties which are associatc

with policy-directed changes in the Markoff transition rates that

permit additional transfers or retcentions of positions beyond those which

1i/

I.e., apart from the cell associated with T-T' in going from period t=0
to t=1, which has the entry "A" to indicate an alternate optimum is

available thcre.

L
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e

would normally be produced by the organization. Note, for instance, that

=0
420 in the cell C in going from t=0 to t=1 means that this (normal flow)
yalue is at its upper bound so that this artifact goal is achieved. An
addition of four more females, however, is planmed at a penalty rate of
“P" per unit via the cells C to C' in these same periods in order, thereby,

to reduce the deviations from the real goal, which is not achieved.

The coefficients "R" in Figure 13 refer to high penalties for
ductions in Forece (i.e., forced attrition) and the coefficients "H" refer
to much smaller penalties incurred by hiring from the outside. For this
example we specifically assume that R is larger than any combination of H
and P.

In order to assure that natural attrition is allowed

for, the coefficients K are consic an order of magnitude larger
than R. Since this determines the entries in the N columns coapletely, we
have removed them from further consideration in the computations by means
of the line drawn from the lower left to the upper right hand corner of
e n

these columnar arrays of cells. In this example the "Nrow" 1s not nceded

and hence is omitted entirely.
Ve MANAGEHMERT USES AND REPORTING SYSTLMS

One use of models like the above is in formulating plans at base,
or other, levels in ways that also tie into overall plans such as those
provided by the FEEO model discussed earlier (in section 1) in this paper.
Another is in terms of helping to structure a system of reports which can
be used as guides to down-the-line managers and (simultancously) as a basis
for decisions by the persons responsible for overall plans and guidance.

Finally, they can be used to provide reports to others, including persons




personncl planning.

Evidently the topic of report preparation and its relation to planning,
etc., 1s a broad one in its own right. We do not propose to cover this topic
coaprehensively here. Instead we shall provide some suggestive illustrations
which can serve one or more of the purpeoses indicated in the preceding paragraph.
We shall do so, moreover, in a way that can also help to provide further illumina-

1

tion for the developuents covered in the preceding section.

<

~e P . & - .

Figure; 14, 15 and 16 provide such illustrations drawn from the results
K

Fi

portrayed in Figure 13. The first of these, i.e., Figure 14, represents the
“optimal" plan. As drawn from Figure 13, these refer to the plans, including the
projected transfers, etc., which "come closest to meeting the goals" set forth in
the rims of Figure 13. Because these data refer to projections (via the Markoff
transitions) as well as planned hires, ete., we have referred to these as projected
personnel transfers in Figure 14. Observe, for instance, that the data for the
Clerical, C, row at the top of Figure 13 are recapitulated in the first vow of
Figure 14. The data in the first Clerical, €, column of Figure 13 are also

Ty

recapitulated in the column headed "Normal ¥ Flexible" under the Clerical

category in the table at the top of Figure 14, I.e., the plarnned value of 424
-+

& )

females under "Normal Flexible" in the Clerical category is composed of 420
normal transfers plus 4 more females as part of a specific managerial plan to

alter the prescnt state of things. An addition of 98 persons from outside

recruitment then produces a total of 522 persons -~ which i1s shy of the 525 person

goal noted at the bottom of the first C column in Fi

Because two periods are involved, Figure 14 utilizes two separate
tabulations that are drawn from the corresponding portions of Figure 13. The
next table, Figure 15, provides a goal vs. plan comparison for each relevant

period. Thus, in period 1 the recapitulation from Figure 13 now displays the
discrepancy between plan and goal -- i.e., the projected vs. workleoad

requirement anounts =- as drawn fren the sinsie "transhiprent eell” outlincd
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There is more to be cmphasized in the way of integratced reports
for this kind of multiple-period planning. Hence, we provide an example
of what else might be utilized for these purposes in Figure 16. The idea
in any case is to provide adequate detail on the plans, the goals, etc.,
in each period but in a way that also emphasizes that an alteration in
any one period (of plans or goals) also has consequence for the other
periods.

These tabulations and figures are intended only to illustrate
f any such

the kinds of considerations that need to cnter into the design o

>

systen of reports. Adequate detail is evidently necded for management to

understand fully what is planned for accomplishment and how these plans
relate to the goals for each period. Progress toward stipulated goals

over a sequence of periods also nceds to be delineated. Here we have sinply
illustrated a two-period case for females canly. The need for extending
this to other aspects of EEO planning and for accommodating transitions
(i.e., promotions) from one job level to another within each pertinent job
category is also evident. (he same principles will apply, of course, but
there is also an additional need to ensure that the resulting reports are

sufficiently simple so that they can be easily understood and uscd by person:

who are interested in the details of such programs.

VI. SUMMARY AND CONCLUSIONS

We have now covercd the most recent in a series of rescarches
dealing with modeling for EEO plans which can be succinctly summarized as
follows. First, we provided a model, called FEFEO, which can be used for
overall EEO planning. Next, as discusscd in this paper, we have provided
a model for more detailed applicatlion, e.g., at base or other levels, which

is consistent with =~ or, more precisely, coherent with =- this FEEO model.
’ P
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We have Indicated how this model can be utilized as part of an integrated
planning system extending over a sequence of periods. We have also
indicated how it can be used as a guide for a suitalble system of managenent
reports.

This does not mean that the above modeling effort dis intended
as the one sole approach to this complex scries of problems even in a
« It can be supplemental or replaced in a variety of
applications. For instance, one would not want to use it in small
installations or in situations where a great deal of turbulence indicates
that the Lransitinn probabilities, etc., are likely to be unstable and

hence not to be relied on for the projections embedded in these models

On the other hand, these models can be used in a varicty of

additional ways. TFor instance, they might be used as guides for plans or
for reports over a collection of
readily adapted to problems like personnel premotion planuing, etc., and

other such functional parts of a total personnel planning system. How and
in what form these additional applications or uses might be made is itself
a subject of further continuing research which we shall report on at other

occasions.
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