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Equal atployment Opportunity (EEO) inplies a systematic approach to

f illing jths with qualified individuals whatever their background . This

approach includes providing appropriate consideration both to the current

~~rkforce ccirtposition and to that of the surr~~nding lathr force and

applicant pool . In this process the creation of new jobs (inclixling

training) or the provision of procedures that establish “bridge positions”

bet~~en particular types of jobs may be necessary so that individuals of

all “social ” groups have a chance to rise through the organizational system.

The ultimate goal of EEO planning is to eliminate the need for special

attention to insure equity in euployment decisions.

The first step in the developiient of effective management tools for

EEO planning was the determination of the extent of the current EEX) problem.

This was foll~~~d by the develop~ient of a goal programTling ntxlel by Charnes ,

Cooper, Lewis, and Niehaus [3]. This rrrjdel , consisting of Markoff transi-

tion eleuents inibedded in a goal prograrrrning frame~~rk is called the

Flexible Equal flnploy ment Opportunity ( FEEO) nodel , because of its properties

that allcM for eleuent alteration to provide the organizational flexibility

(in policies of prarotion , recruitment and training) necessary to achieve

long-range EEX) goals. These long-range goals are met “as closely as

possible” while still preserving the high priority of meeting the shorter—

range day-to-day operating goals of the organization .

A limited version of the EEO nrx~el without the flexibility features was

subsequently tested with actual Navy data as discussed by Burroughs and

Niehaus [1]. These tests proved successful and forrrod the basis of the

ft
1



___________________ 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ :~::ii ±:~~

specifications for a cai~ rehensive EEO model and control system. This

system concept was endorsed by the Assistan t Secretary of the Navy (Man-

~x~ er and Reserve Affairs ) . Steps are now in process to obtain concurre noe

- ~ I of the Navy ’s major ccitu~ands , which in the end are ~accountable for conformance

with Federal and Department of Defense policies . Thus , the limited form of

the model has passed fran research into a canprehensive program implementation .

one purpose of this paper is to document in more detail the EEO goal-

netting prccedures. Another is to provide an initial numerical example with

~~tual Navy data of the version of the nodel which includes the flexibility

~c�atures. This is followad by a discussion of impleu~ntation and research

possibilities with the iniproved prototype in hand.

A parallel but integral part of these EED rncxlel studies is the develop-

nen.t of decision tools for the local installation cc*~nanding officer. Because

of the instabilities of the small populations in some job categories at the

local level, another type of model appears necessary . A model called a

“coherence” model has been postulated for this purpose. The details of thi s

model can be found in Charnes, Cooper , Lewis, and Niehaus [21 . We will turn

now to the problems of goal-setting and the numerical example of the flexible

version of the initial EFX) nodel, which was designed for policy planning and

control.

Deuographic Considerations in Goal Setting

Irrespective of the method of planning and analysis , attention nust be

1 ~~ paid to setting realistic EEX) goals. The current Navy EIX) goals policy is

discussed in [Li . Essentially this policy states that the EFX) goals should

be set on the basis of a social group’s (i.e., ethnic-sex cathination)

‘I,
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representation in the population or recruitxr~nt area . The first tests of

- 
- the EEO model without internal upward mb-i 1.ity v~j~istr:~ nta shc~iod that or~

mest consider the suppl y by occupation and career level if the results are

to be realistic and meaningful . These prototypes, however , were only a

begi nning in the deve1opr~nt of the procedures for the cnum ~. ~tion of the

EEC) goals in light of the labor markets involved. In this section of this

paper ~e will provide a more cxxnprehensive methodology for the goal settiny

process .

In [1], the assumptions supp orting the method of realistic numerical

goal determination by the CON are provided . Th~- qoals ~~ 3~~f L i e d  in several

stages over a fifteen year time fr~r~-~ ( 1976— 1991) , with intermediate goals

being generated at several points in t ine foe :-i~ ht se~~i1i Jroups across

six major job categories . Both the current on-board population and the

external labor market are considered in deterinininq the goals. Such factors

as social group representation , - :- ~Joat i( fl  icat ion il r uIre ti~nLs , 000UI)d —

tional cl’oice , ar id career progression are all taken i:~tn aoccunt.

The procedure used in ~ ~t ing goals is outlined in Figure 1. The man-

po’.~ier requiret~ nts reflect the worklo ~i of the orga nization irresp ective of

EEC) considerations . These manpower requirements are split into EEO goals

via the goal calculation program. The input to this algorithm is derived

by first looking at the several social groups ’ representation wi thin th e

labor market. These statistics are n~~~ i~ .LOQ based on the current on-Ix~irH

- 
- population , but with a slight bias to ensure th a t  a ffi r r~ t i ’ e  ~otirn wil l

help to drive towards the desired ratios. The supply ratios r a ~u lt i n- -~ I roo

the labor 

IITIIIIT°I 
calculation piogram
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This goal calculation first develops the goal at the end point of the

plan . Then the intern~~1iate goals are determined by a straight line

interpolation between the starting population and the goal at the end

point.

An exasple of this goal calculation might be for Black Male Scientists

and Engineers at the GS 9-12 level . Let

X~~ (t) = nun~rica l goal for occupation /level state i, social

class k , time t (0 < t 1 5) -

That is for this exazr ple , i = 2/3 (2=Scientists and Engineers /

3=GS 9—12 level) , k=2 (Black Male ) , and t=5

Xjk (O) = initial on-board for occupation /level state i , social class k

X1 (0) = initial on-board for occupation/level state i

f(t)  = overall prop ortionality factor for tine t , eoual to the ratio

of the overall Navy manpower requir e-rents for year t to the

actua l population on-board at the base year .

B = base year (corresponding to t=0)

Pj]( = final goal for occupation /level state i, social class k ,

express &1 as a proportion of the total for state i.

YjJç = year final goal for occupation/level state i, social class k

must be met .

Then ,

j Xjk(t)  = f(t) (x j~(O) + ~~ [P j~ X~ (O ) — X~~ (0) ]) , that is ,

X2/3,2 (5) = .97987251 (340 + 51 76 [. 02900 . 16867 — 340 ])

X2/3,2 (5) = 479.

I
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The supply of individuals of a particular social group, in a particular

occupation career leve l , at a ~a t ‘ - d i r  point in time, is a function of

both the ccuiposition of the labor force at that point in tine , and the

demographic profile of the individuals in the social group . ‘lb determine

the make-up of the labor pool , projections made on the basis of Bureau of

tho Census total population figures and National Bureau of Econcmic I~ search

~anR ) labor force statistics are made . i/Since the initial goal setting

procedure was to be done for the period ending in 1981, labor force pro-

iections were cc~~ iled on the basis of 1970 Census Bureau and 1976 NBER

f~~~~es for 1981. These projection s , provided in Figure 2 , are stated as

i . - - nt  of the population for each of the eight social groups considered

in t-h i s  study and demonstrate full representation of minorities . Inherent

ii ,i ie calculation of these numbers is the assumption that 45% of the labor

J! ~‘C ~~1 I be ~‘ru1 - 1981. These percentages apply to jobs requiring

~~~~-~ H r ~oa1 attL~~~~~-~~ ar id experience that matches the average found in the

~~~~~~~~~ 
-~~~~OO.

Negro Male 5.775

N
~
ore Fe~~le 4.725

- ;~u~ish Speaking Male 2.5025

$~~~i ish f ~kinq F~ ale 2.0475

:~ T-~’-~r Male 1.0725

- 

~~ -~r F~~~le 0.8775

~ ~ 
45 . 65

~- h i t e  F’emale 37.35

Fiqure 2

~~~~~~~~~~~~~~~~~~~~~~ 
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For certain occupations , such as those falling in the Scientists and

Engineers category , educational /experience requirements are such that the

minority and female canponents of the population can not reach full repre -

sentatiai . ‘lb be consistent with the supply constraints that thereby

exist in~ occupations of this type, allowances are made in the labor market

statistics dun n9 the labor market ana lysis phase of the goal setting

procedu re . For the Scientists and Eng ineers category the allowances in

full representation take the form of providing that by 1981 , ~~~ren will

cunprise 5% of the s~~rkforce and minority males will make-up 7% of the

~~rkforc e .

The labor market analysis phase also incorporates affirmative action

input in the calculation of the supply ratios . Such information provides

insight into the degree of imbalance that exists currently for any occupation

and set of social groups by comparing actual representation of the social

groups on-board across occupation groups and the full representation fiqures .

One example of these affir mative action considerations is a determinatio n of

the length of time it might reasonably take to achieve the representatio n

defined via the supply constraints. ~nother example i~~ the fact that in

sare occupational levels , certain social groups are already over--represen Led.

In both cases it is infeasible to meet the strictly desired ~~~ represen tatio i ,

since it s.~ uld require drastic reductions in the number of ei~~loyees found in

these categories . The EEX) policies are indicated by the mxlel as results wm -r

illustrate affirmative action alternatives that could be developed to ma1-~

the difference between labor market availab ility and population re~ rcsen~ -~ “-‘-  -

In addition to the goal setting procedur e described a~~~ — , 1 ~~~ r - -

bound s can be speeified as another input to the model . This was not ~nnc 

— - - - - - ‘ ---—--- --- . —-—~~ — ——-— -
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in the prel iminary protot ype studies described in [1], but now the lower

bounds on the occupation level - social states force the rr cdel to have at

least as many peopl e of each social group in these states as indicated by

the level prescribed by those bounds. For the cases wht~re the lower bounds

calculated f ran Federal work force data were higher than the goal , the lower

bound was set to equa l the goal . This ensure s that the settin q of the lower

b-xinds is not building discriminatory biases into the resulting policies.

U~~ard rvbb ility and the Flexibility Model

In addition to making the goals realistic f ran the labor market point

of view, a canpreh ensive EEO program must consider affirmative action policies

for the internal staff . The limited version of the EEC) n~idel tested and

described in 11], provided a rrechani~~n for recruithEnt adjustments. It did

not provide for the evaluation of change s to the interna l movement rates .

Thus, the information concerning the creatio n of “bridge ” or u~~ard mobility

positions was only implicitly included in the final results. The complete

EEC) model structure describ ed in [3], allows for the explicit enumeration of

these “flexible” changes . It was decided that the next step in the research

would be to develop a numerical example with Navy data which included these

flexibility extensions .

The objectives of the flexibility nKxiel prototype study were two-fold .

First , it was desired ~o learn whether the type of nrxl el coefficients

required could actually be obtained in the context of operational data .

Second , the prototype would provide insight into the canputer support

requir~~~nts , particularly in reference to nixiel size . This information

could be then used to determine the strategy of further work along these

lines. 
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The flexibility extension to the EEC) model permits the explicit

examination of additiona l and/or fewer movements of personnel within

a given occupation group than historically expected . The additive and

subtractive flexibility allowed by the nixlel indicates where and how

pr aro tion policy must be changed to meet both long and shor t range goals

of the organization . This in turn prov ides the infonna tion needed on how

• many “bridge ” positions ought to be established .

Bridge positions , loosely defined , are established positions which

al low employees to move f ran dead—end positions or other occupatio ns to

those which are car eer enhancing arid have pr aiotiona l opportunities .

While in a “bridge position” status , the employee will have drawn up a

developnent plan that include s training , both on-the-job and in the

classro an , and eva luation procedures to insure that his performa nce will

match the needs of the organi zation . The establish ment of bridge positions

is an official Navy policy [121, - -;h~ch serves to enhance both staffing

flexibilities and ~ 1~~loyee~~kv . ~~ x~t and utilization . It can be ~~c~i

as a method of pr arcting u~~-~- ued mobility that retains the merit promotion

system aspects of staffin g policy .

The mathematics of the EFO flexibility model were provided in [3].

In this paper we will provide a description of each of the ~~~el’ s inputs

and outputs (su r~~riz ed in Figure 3) in the context of our numerical

example. This will be follos~~1 by a comparison of running version s of the

ncdel with and without the flexibility features .

Because of the model’ s formulation , we are able simu ltaneously to

consider t~~ sets of objec tives or goals. The ~~ tal Manpower Goals deal

9
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V~~~~ Br.E DESCRIPTION
The number of individuals across social groups

~~npower necessary in each job category to meet the
Requireirents operating needs of the organization.

1 The number of minority individuals , by occupa-Proportioi~~ tion group, desired to be on-board to matchRequirements their representation in the labor force .
~~~ proportional lower bounds allowed by jobMiIUIIIUIfl EEO category and social group on the number of

Proportions minority personnel by occupation group.
I ~t 1 The number of personnel of each social groupni ia on-board in each job category at the start ofPopulation the transition period .
Historical The rates of movement between specific occupa-
Transition tion groups, based on the analysis of such

Rates movements over time.
Priorities for A representation of the “costs ” associated with

Goal not meeting the total manpower goals and the
Lttainrr~ nt proportional EEO goals.

Priorities for A representation of the “costs” associated with
Hiring and hiring personnel into jobs fran outside the

Firing system, and with firing personnel.
Flex3Eflity The degree of flexibility allowed in the

Policy system . . . policy parameter.

ourPur ~HAR~

VI½RIABLE DESCRIP’TICt~T
The number, by social group and job category ,

On-board of personnel at the end of each transition
Personnel 

~~~iod . . . workforce conp sition.
The number of personnel, by social group andHi

~~~e:rid job category , hired and fired during the
____________________ 

transition period .
Inter- The job nobility , including that beyond

C~ cupational historica l rates , suggested to meet goals as a
~bbility function of flexibility.

Goal How well each goal (total and prop ortional) ,
Discrepancies for each occi~~ation group , is met .

The two charts above show the elements of informations necessary to run the
EEO flexibility nixiel, and the canponents of the ntx~iel ’s solution .

Figure 3
10
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with satisfying the operating needs of the organization in terms of

workload manpower requirerrents . The issue of changing the personnel mix

to conform with EEC) policy is provided for by the Proportional Manp~~er

Goals . These goals set targets for the fractional part of the total

manpower requirements desired. for each social category. The objective

of the model is to minimize the differences between these two sets of goals

subject to various constraints. Since a worked-out example with hypothetical

data exists in [3],  we will limit our discussion to the flexibiliti y par t of

the model .

Figures 4a and 4b are the transition matriecs for the male and female

groups. The diagonal cell entries in ~i~ ate ti -a proportion of personrel

remaining in the job category in which they started. Off-diagonal elements

show the transfer rate s between any two jobs (e . g . ,  the transfer rate for

female personnel from Mniinistrative jobs at the OS 9-12 level to jobs in

the Tecbnical occupation group at the OS 9-12 level is .004) . No entry in

a cell signifies an historical transfer rate close to or equal to zero.

Flexibility is expressed as changes to the unadjusted organizational

transition matrices. This is accounted for in the nodel by setting up

equations which permit either additions to or subtractions from the unadjusted

transition rates. Th- s~ changes are controlled by coefficients. In the case

of additions, they are o~licy parameter s (or the max i~i~im amount the orqaniza—

tion is willing to let the mdcl seek an adjusted transition matr ix) . In the

case of subtractions, the controls are set so that the number of transfers

¶ -J can not exceed the number available for transfer. These flexibility con—

straints are further controlled by a set of equations which ensures that the

number of additio ns will equal the number of subtractions, for any selvcted

job and level.

~~~~~~~~~~~~~
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The flexibility feature provides a method to evaluate the increase or

• decrease in the nu~rber of individuals entering specific occupation groups

fran other job categories . Since the sane coefficients are used for all

social categories (i.e. , race-sex cctrbinations) , the ~~rit Pronotiai System

is preserved . Thus, the method allows for the achiev~ rent of desired

alternatives in the projected ste~ 1y-state probabilities fran their histor-

ical values.

I
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- For the n~m~ rica1 example the model was n.m boti with and without the

flexibility options. A three period example was develop ed using data

representative of the probable size and structure of the Navy civilian

white collar administrative , technical , and clerical occupations for the

- - 
three years starting in March 1976. Th’o levels of flexibility options

were tested (i.e., 100% of all available personnel at the start of each

period , and 50% of all available personnel at the start of each period).

The maximum subtractive flexibilities were set to equal the transition

rates given in Figure 4 so that the total amount of movement in the system

would not be greater than normally experienced . The weights were set

15 , 10, and 5 for each of the periods respectively for the workload goals

aid 5, 10, aid 15 for the EEC) goals. This was done to indicate that work-

load should be considered relatively sore in the short run aid EEX)

relatively sore in the longer run . Hiring weights were set at 3 and

firing weights were set at 1000. This ensured that internal moverents

were preferred to hiring aid firing was an extrene last resort .

It was found in the solutions that the addition of the flexibility

constraints did produce different results. The two different levels of

flexibility produced exactly the sane results. This indicates that the

number of people possible for an internal assignment is below the levels

set in the tests. The results for the exarrple without flexibilities are

given in Figures 5a , b , and c aid the results for the two examples with

flexibilities are given in Figures 6a , b , c , d , aid e.

In all the cases the tota l manpower goals are met exactl y in the f irst

aid second t ime periods, while discrepancies fran total goals exist in the

third tine period . ?‘~ny of the discrepancies are the sane for particular

14
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EEO MODEL SOLUTION

_______ _______ ________ _______ _______ 

1st Thre Perird 
_______ _______ _______ _______ _______

~~~~~~ A2 A3 A4 Ti 12 13 T4 Cl C2 C3

A3 
_______ 

_ 603* -

A4 
______  ______  ______  ______  ______  ______  ______  ______  ______  ______  _ _ _ _ _

Ti +302 
______

12 
________ ________ 

—264 
________ _______ ________ ________ 

+6 
_______

T3 +603** 
_______ _______ — 

—799 
______

14 
_______ _______ _______ ______

Cl +1 
_______- ______  ______  ______  ______  ______  ______  ______  _____

C2 +799 
_______ _______ 

—302 
_______ ______

C3 
______  ______  

-6 
_ _ _ _ _

______ _______ _______ _______ _______ 
2r~ Pine Peril~ ______ ______ _______ _______ ______

Al 
- 

A2 ] A3 A 4 Ti 12 T3 14 Cl C2 C3

Al 
_______ _______ _______ _______ _______ _______ _______ _______ 

+443 
_______ ______

A2 —1 
_______ _______ _______ _______ 

+634

A3 
_______ 

—569 
_______ _______ _______ _______ _______ _______ _______ _______ ______

A4 
______  ______  - ______  ______  ______  ______  ______  ______  ______  ______

Ti

T2 —302 +12

13 —634

14 -

Cl 
_ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

C2 +569 +302 —443

C3 
_______ _______ _______ _______ _______ _______ _______ _______ _______ 

—12 
______

_______ _______ _______ _______ _______ 
3rd P3jie Pericxi 
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Al A2 A3 A4 Ti 12 T3 14 Cl C2 C3

Al 
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_ _ _ _ _ _  _ _ _ _ _

A2 — 1 
______  ______  ______  ______  ______  ______  ______  ______  ______  _ _ _ _ _

A3 —514 
_______ _______ _______ 

+406 
_______ _______ _______ ________ -______

j A4 
______  ______  ______  ______  ______  ______  ______  ______  ______  ______  _ _ _ _ _

Ti + 1 
________ _______ _______ ________ _______ _______ _______ _______ ________ ______

12 
_______ _______ _______ _______ 

—345 
_______ _______ _______ 

+15 
______

T3 
_ _ _  _ _ _ _  _ _ _  _ _ _  _ _ _ _  

-406 
— _ _ _  _ _ _  _ _ _ _  -~~~~~~~~~~

14 
______  ______  ______  ______  ______  ______  ______  ______  ______  ______  _ _ _ _ _

Cl ____ ____— ____ _ _ _ _  
+345 

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _

C2 —665

C3 
_______ 

+514 
_______ _______ ________ —— _______ _______ 

—15

Fi~ db1e Transfers for ~~1es for each of the Three Tire Per icds

* -603 ‘I1~ se w~x, do r~t trai~~it frun Jth P.2 to P.3 ~n tke Al ~~ ninistrative. Level 1 i - -
First Tine Perird, w~~ ~~re historically ~~ t~1 P.2 A~ nln stx~ th~~, l~ vei 2

• 
4 to make that nova . P.3 h~otinistrative, Level 3

P.4 ldninistrative, level 4 - 
-

** +603 ~ ‘ftx~se wtx ~~~.itionaUy transit frun Jth P.2 to P.3 Ti Tedmicians. Level 1
in the First Tire Pericd, above tboee wha vare 12 Technicians, Level 2
historically expacte~ to make that nova. 13 Tachnicians, Level 3

- I 14 TechnicianS, Level 4
Cl Clerical , level 1:1 -

- 
2 1 c2 Clerical , level 2 44 .

- - C3 Clerical . Level 3
FigureS 6d
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EEO MODEL SOLUTION

1st Tine Per iod 
_______ _______ _______

~~ A1 

Al P.2 P.3 P.4 Ti 12 T3 T4 Cl C2 C3

P.2 —5 
—~~~~ ______ 

+6 ,404 • 3 6

P. 3 ______ ______ ______ ______

P.4 
_______ 

_ 2 7 *  
_______ _______ _______ _______ _______ _______ ______

Ti 
______ _______ ______ ______ _______ ______ ______ ______ ______ _______ _____

T2 
________ _______ _______ 

— 2 5 2  
_______ —— - _______ _______ ________ ______

4 13 
______ _______ ______ ______ _______ ______ ______- ______ ______ _______ _____

14 
______ 

-1 
_____ ______ ______ _____

Cl +5 +252 
_______ _______ _______ 

—6 ,404 
________ ______

C2 
______

_ _ _  _ _ •1 
_ _  

- - ( I

2od Tine Period

Al P.2 P.3 P.4 11 12 T3 14 Ci C2 C30 T~~~ . 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

+ 
_ _ _

Al 
______ ______ ______ ______ ______ ______ ______ _____ 

2 191 
______ _____

P.2 —~~

P. 3 
_______ _______ 

—2 , 427 
_______ _______ _______ _______ _______ _______ _______ _______

P. 4 — 3 3  
_______ _______ _______ _______ _______

Ti

12 
_______ _______ 

— 2 3 6  
_______ _______ ______ _______ _______ ______

T3 
_______ _______ 

+2 , 460  
_______ _______ _______ _______ _______ —— _______ _______

14 -

Cl L -5  +236  
_______ _______ _______ _______ _______

C2 —2 ,191 —5 ,681 
________

_ _ _ _
_

_ _ _
_ - f l

3rd Tine Period

IF 

______ 

P.2 A~ P.4 11 

— 

12 T3 14 Cl C2 c3~~~

— 
12 

______ _______ 
- 122 

______ ______ ______ 
+1 , 9 17 

______ ______

T3 
______ _______ ______ ______ _______ ______ ______ ______ _______ ______

14 
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

- 
___  _ _ _ _  _ _ _ _

Cl +4 
_______ _______ _______ 

+ 12 2  
-

C2 
_____ ______ _____ _____ ______ _____ _____ 

-1 ,917 
_____ _____

C3 
____ _____  

+ 3 8  
____ _____  ____ ____ ____ _____  ____ 

- T 2

Flexible Transfers for Feenies for each of the Three Tine Peri ods Nm’

~ -27 = ‘ft~ ee wlo do rot transit frojn .7th P.3 to P.4 iii the Al Mmiriistrative , Level 1 - 
-

First Tine Period, wto n~~e historically ex~ect~ i P.2 Mministrative , Level 2
to cake that cove. P.3 ~ b inistrMiive , Level 3

P.4 A~ ninistra tive , Level 4
** +27 1~oee wft, ~~~.jtj czoaliy transit frm .7th P.3 to C3 11 Technicians, Level 1

in the First Tire Period, a~~~,a those whn ~~re T2 Technicians , I1evel 2 :~historically expected to make that cove. 13 Technicians, Leve l 3
22 Cl Clerical , :ø ’w ’1 1

- ‘~ C2 Clerical , Level 2

~~~ 

- T4 Technicians , Level 4

C3 Clerica l , Level 3 Figures 6e
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jobs and levels in both the solutions employing flexibility options and the
- 

I one without flexibility options. This is the case, for instance , in the
- 

- Technicians category, for levels 2 , 3 , and 4 , where discrepancies are 0,

+2922, and +2, respectively. However , in other cells of the solutions,

very def inite differences exist. One notable example occurs in the first

level Technicians group, where the solution for the nrx~el without flexibilities

indicates no discrepancy fran the total goal, and the flexibility solutions

show a discrepancy of -481 fran the total goal - This might seem to indicate

that the ri-txicl with the flexibility options inclix~ed provides a less desirable

set of outcci~~s. Ho~~ver , a fur ther car~~arison of solution results shows that

alth ugh for sane jobs and levels the outcares are ~~rse, for others the

outcct~es are considerably better. This is the case for second level Mminis-

trative positions, where the discrepancy fran the total goals is -525 in the

non-flexible solution , and 0 in the flexible ones. Thus, trade-of fs are

apparent in the internal structure of the or ganization , and via the inclusion

of the flexibility options, these trade-off possibilities becane feasible

:
‘ 
.~ decision—making alternatives. Similarly, significant trade-of fs between

internal transfers and outside hiring becare initially visible through a

ca~parison of the discrepancies frc*-n the EEC) goals in the cases with and

- without the flexibility constraints . In these sets of data both the goal

- 
fulfilLrent and the internal staffing patterns changed . In sane earlier

test examples the addition of the flexibility constraints did not matter

• 
. as far as changing the overall EEO distributions. Rirther research s~ u1d

t have to be done with a problem approximatin9 the tune perieds used in actual

planning to determine under what conditions the addition of the flexibility
I I

constraints ~~uld improve the overall EEC) distributions .

• 1H
23
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The data on nDdel sizes and canputer running times ~~re examined to

obtain information to assist in the implementation strategy. These

statistics are given in Figure 7. As can be seen , the flexibility nr x~el

is cons iderably larger in size and canputer processing tune. The canputa-

tion times are on a UNTVPC 1108 canputer and inc lude the use of an advanced

start by means of a previous optimal basis. A minimum practical problem

is rro st likely to contain 5 t ime per iods, 8 race—sex categorie s and 30

occupation-leve l catoaories . A rtxjdel without the flexibilities used in

actual operational st~~1ies contains 2796 rows and 6540 columns and solves

in 34 CPU minute s sta rt ing with an advanced basis on the UNIVAC 1108 using

67K of main rrerr c ry . This nix~el extended to incli~ie the flexibility constraints

can be expected to be approximately 7500 rows and 12 , 000 columns. Its

solution time ~ould require sanowhere in the nei.qhborh~ x~ of 8-10 CPU hours
I;

using a UNIWC 1108 with 120K of main i~~ vry .

Carputer : UNIVAC 1108

Without With
Flexibility Flexibility

• Constraints Constraints

- 
- i~ ws 158 404

Columns 352 688

CPU Time 0 :00: 13 .252 0:01 :06.985

~~nory Tlrre* 0:00:35.74 0:03:21.117

Problem: 3 time periods; 2 race—sex categories; 11 occupation—
4 - level categories

• *~~~~py time is a measure of the impact of the processing job on
the canputer system.

Figure 7
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E~ tensions and Future 1~~search

The goal of the Deparbrent of the Navy is to attract all people with

ability , dedicat ion , and capacity for growth. In pursuit of that objective

Presidential , Congressional, and Departhent of Defense mandates require

that we provide equality of opportunity for minorities and waren throughout

the entire Naval structure . Therefore, a managerial system which enables

the logical determination of goals for minorities and ~~~~~ is a prerequisite

* to the achieverent of an “Equal Opportunity Employer” status. Further , that

nanagenent system rrust also provide a means whereby policy makers can

determine whether or not the goals are attained. This system, initially

discussed in [11, provides that kind of accountability .

Since subordinate levels of caiuiand play a significant role in carrying

out policies ennunciated by top management, this system must eventually

be developed to address the local/regiona l level of goal-sett ing and analysis.

These local/reg ional areas will be def ined by Standard ~~tr opoiit an

Statistical Areas ( SMSA ’ s) or equivalent geographic distinctions which are

appropriate to the occupations concerned . That is , affirmative action

programs are 5est developed and implen-ented at the local/regional level

since policies must be designed to address local problem areas many of which

are a function of the necessity for regional recruitment in occupations such

as Technicians and Clerks.

Currently , the goal-setting procedures we have developed are appropriate

for the larger-scale aggregate analysis. Extended labor market research is

underway to investigate regional goal-setting situations. P~~ng the issues

encountered in this research is the probl em of small cell size due to the

need to partition data on several attributes to match the EEO designations.

- • This ‘~ane problum is also eri ’ounterod when studying u~~ard nobility conzidera-
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tions in terms of “flexibility ” . The coherence nodel discussed in [2 ]

is being designed to overcare this small cell size problem, especially

in terms of the flexibility issue. In addition, since the current

flexibility nodel developnent results in a sarewhat unwieldy system

advances in the study of flexibility and affirirative action via the

coherence nodel is warranted . A first step in this direction is a pro-

totype study that links the current EEC) nodel and control system to the

regional level of analysis by using the coherence medel framework .

Personnel data on the Navy Department ’ s civilian manpower pool is

presently being analyzed for this linkage study. I”t)re labor market

information is necessary to carry on this work . M.ich data of this kind

nay be available through sc urces such as data bank files Bureau of Labor

Statistics and the U. S. Census manpower data base distributed by the

National Technical Information Service of the Departxrent of Conrierce.

These data bases which can be provided on magnetic tape will have to be

closely investigated to determine how to best develop affirmative action

policy-naking mechanisms at the local level.

• In addition , the nodel must be in’rrediately extended to the blue-collar

workforce. This is particularly true for the Navy since half of its workforce

is blue collar. The labor market studies in this case would be consi stent

with the prevailing wage setting areas.

The flexibility features are an important addition to the goal program-

ming nodels for man~~~er planning . Without the EEO ca tegori es, their size

diminishes by a factor of eight. At this mere carpact size, they could be

used as the master nodel linked to the coherence mxlel which contains all

the needed EEO features. The math difficulty may be the proper feedback
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4 mechanisms to prevent oscillation . This arranqenent would also ensure that

the basic strategic staff ing decisions are made within the merit system and

still be integrally linked to the kinds of decisions necessary for taking

into account equal employment opportunities. The alternate to this would

be to use a master rrodel without the flexibility features but with the E~~

categorizations included. This is the subj ect of further r~-s -arch .

The results provided in this rep irt are being used to develop the

design for the initial version of a carprehensive operationa l information

s~’stem. This syst~~: is being designed to be able to process 30—50 mzxlels

all integrated into the sane forecast with all processing cannieted

within a two week time frame using 30 CPU nUnutes or less on a UN l\7~C 1108

for solution of each of the nrxlels plus the necessary input/output processing.

The possibility of adding the flexibility constraints will be preserved in

the variable naming conventions. h owever , the initial system wil l  use the

~~~er sion of the rrExlel without: the flexibility cons traints . In this way all

the opt ions are preserved in the ispleirentation .

The initial study of the denographic and u~~ard nobility additions to

the FEO irod el provided insight into the critical elare nts of goa l settin a
r - ,

and internal staffing possibilities. The next step is the deve1o~ment of

the support capabilities including the incorporation of regional labor

market studies. These results are useful not only for EEC) considerations

• but a lso for r - - - o1~~t~~nn of ‘—un v of the general L:;sucs of int eIw3t int~ ran —

rc~~r planning with its da~-4-r sources and personnel decision—raking possibilities.$
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model developed by Charnes , Cooper , Lewis and Niehaus. One purpose is to

- 
4 document in more detail the EEO goal—setting proLedures. Another is to

provide an init ial numerical example with actual Navy data of the extended
-
- version of the model which includes flexibility features. In this version

the internal promotion and upward mobility considerations can be evaluated
— explicitly. With the extended prototype in hand , a discussion is provided

of the implementation and continuing research Possibi1ities .~~
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