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1 INTRODUCTION

1.1 SYSTEM BACKGROUND

The following report describes a manpower planning system that

was developed to assist the Army in improving its recruiting programs.

This system performs three basic functions:

1. The system identifies factors that significantly influence

the number of supply limited accessions that the Army will recruit,

and identifies the estimated relationship that exists between these factors

and the estimated accessions.

2. Given restrictions on its accession resources, the system

indicates the amount of resources that should be devoted to various

budget activities (e.g., it determines the amounts of money that should

be allocated to advertising, recruiters and recruiter assistants).

3. Once the number of recruiters and canvassers that are to be

made available during the year are estimated, the system proceeds to

optimally allocate them, by nRC , throughout the country.

The system described in this report is composed of three types

of models. Detailed summaries of these models are provided in the next

section of the curren t chapter , and detailed descriptions are provided
in Chapters 2, 3 and 4. The current section is devoted to a brief over-

view of this material.
The first class of models consist of five nonlinear optimal

budget allocation models. Choice of a model will depend on the analyst’s

view of which model’s assumptions most closely describe the situation

at hand. Subject to budgetary constraints, which are exogenously

determined, all models will indicate how available resources should be

allocated among competing programs, to yield n.aximwn returns on investment.

In general, the budget allocations obtained will differ with the model

chosen.

The second type of model is concerned with optimally distributing

recruiters and canvassers throughout the United States, by DRC. This

model can be used to study how accessions of supply limited cohorts

1-1 1
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(i.e., mental category I—lIlA , high school graduate males) vary with

changing economic and social condit’ions, and with changes in the service’s

recruiting activities. The number of recruiters and canvassers avail—

able for allocation will be determined by the optimal budget allocation
S

model discussed above.

The third type of model is a stepwise time series regression

model that seeks to estimate the number of supply limited contracts

that the service can expect, given past and/or present values for such

variables as the number of recruiters on station, the national unemploy-

ment rate (deseasonalized) , the existence of enlistment incentive

programs, and the existence of relevant policy constraints on service

accessions. This model is useful in identifying factors that significantly

influence yearly accessions, and can be used in formulating the objective

functiorsOf the optimal recruiter and budget allocation models.

1.2 SYSTEM CO~~ ONENT S

Optimal Budget Allocation Model (OBAN)

The optimal budget allocation model, discussed in detail in

Chapter 2, is a nonlinear optimization model. The objective of the model

is to maximize return from money invested subject to specified budget

constraints. The model projects accessions on a national level and is

constrained by limits on activities such as recruiting and advertising.

The model produces reports that illustrate the expected accession

mix of high school and non—high school graduates and mental group lVs.

High school graduates in mental group s I—Ill are considered explicitly
by the model. Non—high school graduate and mental group IV accessions

are :omputed on the assumption that they are, as a matter of policy ,

demand limited.

This OBAN was developed in the course of other studies on

recruiting. It was determined that this was a prime candidate for

inclusion in the Marke t Analysis Subsystem . Since this was not part of

the study entitled Analysis for Management of Recruiting Resources and

and Operations, it is possible that the model may not be as refined as

required for certain recruiting inalyses.

1—2
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Optimal Recruiter Allocation Model (ORAN)

The optimal recruiter allocation model , discussed in detail in

Chapter 3, is of the nonlinear optimization type. Given national , regional ,
combat arms and term-of—service goals for  the accession groups , this model

searches for minimum allocation of recruiters and canvassers throughout

the country . A full range of optimal solutions are produced by the model ,
and these enable it’s users to investigate the effects that factors , such

as future unemployment rates, have on their planning,

Output produced by ORAN consists of report evaluations which

are based on the optimal recruiter allocations that it generates. These

evaluations are conducted on the DRC level, and provide the following

information:

• DRC identification;

• DRC number;

• Number of recruiters on station;

• ‘~umber of canvassers (where applicable) ;

• Number of accessions ( total) ;

• Number of accessions by cohort groups

In addition, subtotals by region, national, totals, regional percentages and

national summaries are also provided.

NERGE1B))~~ Time Series Region Model

The MERGE componen t of the MERGE/Bill) system has the task of 1- andl—

ing data; the BMD portion of this system consists of a stepwise regression

model for processing MERGE’s output. By combining MERGE with BMD , large

scale time series regression problems can be formulated with a minimum

of program preparation. Objectives for the time series regression model

are twofold:

• To examine recruiting factors which influence service

enlistments, based on a month—by—month analysis of enlistments.

• To forecast enlistments on a monthly basis into the

future.

Model. output is on a regional, rather than national level and can involve

either numbers of accessions or enlistment contracts.

1—3 

-, 

, l .  

- 

- - 

.: ~~~~
. 

~. . . 1~ 
•

. - . 
., 

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



~~~ ~~~~~~~~~~ .-  . ..- . . - . .

2 BUDGET ALLOCATION MODEL

2.1 INTRO DUCTION

A major  concern in any market is the investmen t required to

stimulate the “purchase ” of a product .  The U.S. Army is concerned with

the potential demand for Army careers that may be expected from its

investment in recruiting and adve:tising programs . The question that

one mus t be able to answer is the allocation of budget dollars in

various programs that maximize the return for each dollar invested .

This chapter considers five possible models , and the methodology for

each form. One model (multiplicative exponential) has been included

in the market information subsystem.

2.2  METHODOLOGY FOR OPTIMAL B~JDGET ALLOCATION MODEL (OBAN)

Several models , all of which have decreasing rates of return

for large budgets , were considered as potential candidates for part of

an optimization study. The general character of the optimal returns per

total budge t is represented by Fig. 2. 1.

Optimal

Total budget

Fig. 2 ,1—Variations in Optimal Return with Changes in the
Bud get

2—1
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Typical optimal allocations of resources to the suppor t ing
programs needed to achieve the r e tu rn  are represented by Fi g. 2 . 2 .

Optima l Program 1
Program
Bud get

Total bud get

Fig. 2 .2—Variations in Op tima l Bud get Allocations wi th  Changes
in the Budge t

Typical optima l product iv i ty  curves of optima l rates of r eturn
per unit budge t spent are represented by Fig. 2.3.

Optimal
Productivity

Total bud get

Fig. 2 .3—Variatj ons in Optimal Productivi ty Rate wi th  Changes
in the Bud get (1)

Some models may have opt imal  product iv i ty  curves which are charac-
terized by Fig. 2 .4 .

Optimal
Product ivi ty

Total budge t

Fig. 2. 4—Variat ions in Optimal Product iv i ty  Rate with  Changes
in the Bud get (2)

2— 2
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All curves appearing in Figs . 2.1 through 2 .4 are optir..~l in the

sense tha t  the budget constrained problem (P) is solved. The s tatement
of this  problem is as follows :

Problem ?:

~
ax

~
mize F( X

~~
. . . . . X )  (return f’~r.ction)

Subject to constraints

2 X — 3 (total budgec constraint)
i—I.

> 0 1. — l , . . . , p  (no negative bud gets)

where

F X . is the budget  al location to program i and p is the tot a l
n~~~ber of programs .

The Lagr angian condit ions fo r  a cor.strained maximum of F are :
p

= 0 (i’l , . .  . ,p)  ~.‘hera L = F +X ~ — 

. 
X
i
)

provided :-‘.e total bud get constrain: is binding on the optimal solution.

Five di f ferent  models for  F have been considered and the associated
optimal solutions have been written down. For reference, F is indexed

by n according to the following convention:

2—3



Modelyodels F
~ Abbrevia tion Name of Model Mathematical Fo~~

F
1 

CD+ Cobb—Douglas  p 3.
Additive F = Z A. X

1 .

F
2 

CDX Cobb—Douglas
Multip licative p 3.

F = A ~~r N . 1
2 . 1 1.

1~

F
3 

Additive
exponential p

F = A . ( L — e i•i )
~

E~~X Multiplicative
exponential 

3 ~F
4 

= A ~r (l—e ii)
i—i.

F
5 

EXPXS Square root p —B .
multiplicative F

5 
= A ir 1 — ( l+B

iJi)eexponential i=l 1

Remark: The expression in the parentheses was used as part of an
objective function in reference (1) and is inserted here.

Two of the models CD+ and EXP+ are additive, i.e., returns from

each program i are considered separately and then together to form the
return. The remaining three models are multiplicative and represent the

type of return which depends on a contribution from every supporting
pro gram.

Parameters

The parameters A1,...,A ;  B1, ..,B are estimated in this paper

fot purposes of illustration using point values for returns, budgets,

and marginal productivities. The minimum amount of information needed to

“fit” the models (i.e., determine the parameter values) is 3p for the

additive models and 2p+1 for the multiplicative models.

2—4
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Determining the Model Parameter Values (using minimum information)

Additive models

p
F — ~ A , f 4 where f . depends only on and the value

j=1 ~ .3

of the parameter B~

Input information

base point bud get ~~~~~~~~~~~~~

Base point marginal productivities v
1,...,

v 
~ 

3 values

base point return by program a1,...,a

Solve the following 2 equations for A
~ 

B. (the equations are in

in general transcendental).

F A= i = v~ A . f i — a . p rovided X . =
i i

combining the above equations yields an equation to be solved for B
i

— 
i (.—t)= 0 solve for B . (i 1 ,,..,p)

followed by the equation in A
i

A ai where f. is evaluated at X , B1 —  1 i if i

Example — Additive exponential model

Let F = A1 (1 — e
_B

1X1) + A2 
— e

_8
2M2 ~~

Solve for B1, A~ the equations

2—5
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31 - - e~~~1
Xj~~ (v ) 0 1 = 1,2

1 

(i_ e~~~
1
~~i)

Multip licative Models

p
F = A ,r f where f .  lepends only on X and the value

3 j
of the parameter B .

Input information

base point budget X1,...,X

base point marginal productivities v1,...,v

base point return a

Solve the following p+l equations for A , ~~~~~~~

oF F 
&9f~ where x . = x .

. 
= ax = ~i 

1 1

1 i I

P
or equivalently since a = A IT f . C) .)

3=1 ~

~ f . v f
1 i i  (55 .1 _ I

aX . 
— a 

— —

1.

A = a where f . is evaluated at X B
1 i i

p
‘r f
j=l

Example — Cobb—Douglas Multiplicative Model

Let F = A 
B 1 x2

32 i.e. = 
B~ and a = A 

~~B 1 ~~B 2

2—6

. --



Solve for Bi, A the equations
B

— 
B~ _ 1 v ~~. = 0 1 = 1,2

B . X — i  1i i  —
a

or 

-

since X~ ~ 0

B~ _~i~ i i = 1,2

and thus

a
_ B B2

Note in this example the equations in B
1 
are in closed form and a direct

solution can be found.

Solving for the Lagrangian Stationary Conditions

Solve ~~~ = 0 where — F + X 
(B 

— Z (Lagrangian stationary
oX i i— i conditions)

Additive Models

= 
af ~ =

~~~
ax

1 
aX 1

Example — Additive Exponential Model

F =
j
~~

1
Aj ( _ e i~~

)

2— 7 
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—B X
OF 

- 
A B e

ax
1.

* *X~ =~~~~~ 2~ X Provided A ~ () i.e., X . ~ 0B1 A1B . A1B~

Multiplicative Models

_ _  
F ~i A

ax 1 f~ X~

or equivalently

af .1 J~ = — ~~ = kaX f . Fi 1

af .1 — k f . = Oax~ 1

Example — Square Root Multiplicative Exponential Model

2 (  -B~~~’?.
F A ir ( 1  — ( 1+B . s/i.) e ‘~ ~

-~

S 
____ - k f~ — B

i e 1 1 
- k ~~1 — (i + B . 

~~~ j) 
e~~~ ~~~~~ = o

Note that in this model the solution X~ for specified k is not explicit.

Recursive methods are necessary to solve the equations.

2—8
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Sketch of Optimal Solutions to the Five Models

A brief sketch of the optimal solutions to problom P for each model

follows :
Optimal Solutions to Models

*Optimal values of the models are d~not~d by F
*Optimal solutions of the models are deno t ed by X1 i= 1,. ..

Optimal productivities of the models are denoted by X

The change in optimal program solutions with total budge t is denoted
by dX .

I

dB
Cobb Douglas Additive Model F

1

:~~ 
I (3

;

~~
j

A

~

3::1R
i 

i.e.  —

.1. i. i. 
* 

dx .
dx . -

1 dX
p 

*B —  E X, 4?.
i—i 

.

~

.

Cobb—Douglas Multiplicative Model F
2

* 
B1 * *X1 —rK where A = k F 2

p
A i r B  1

- I
F — i—i. 

(1—1,..  ~~)2 p 3‘ T T k i
i— ].

p
*i dx . Bi=l 1 1

B —  —k dB p
Z B .1

2—9
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Addi t ive Exponential Model F
3

X~~1u1 I_1~~1 n A B . _ _ L i n ? .  if X <  A . 3 .1. .~~B1 i i .  B . i i .

Lo otherwise

V’s ** ~‘ r 
—F — ~~ A. — A ~ 

•~ B .X ..
3 B A — A B e1_I. i1. 1

3 = in A
1
3. - ln \ 

~~~
11 1 i 3 .  1

* 1
S dx . B

1 j

~ 1 ( . *— I = j  i ~C . >0
1€I 3 .

1

Mul t iplicative Exponential Model F ,

* / 3 ~~\ * • *
X . = — in (l~~~ I where A = k F ,1 B \ k i  -+

* AH F —
~~

i—l \ i

* _ _ _

p 3 B dX. . k+B .
3 — i n  ~T ( i + ~~~~~~) 

~ ~_~~~~~~~~_ 
1

k ~3
i—i 5 1

2-10 
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.4.12 Operational Modes

iv

JI TTI~

Square Root Multiplicative Exponential Model F5

Solve for X~

[k(1÷B i~~~~): ~
] e -B.~~~~ - k =  0

where X k F 5 p
*

= A 
(

~ r B )  
2 e ~ 

B1 X . 
(2 k Y p ~~

*dX is not available in exp licit form .
dB

APPLICATION

- .  An exercise which compares the four models using a base point

described by reference (2), pages 54 and 55, is presented here. The

input information is as follows : (Tables 2.1 and 2 . 2 ) .

Table 2.1

Input Values

i
f 

BASE POINT

t Program Program Index Accessions Productivity Budget

Recruiter AssIstants 1 50000* 700 20.4
and Canvassers

Print Media 2 50000* 710 13.0

General RecruIting 3 50000* 210 90

*150 000 was used for  the mult ipl icat ive models

2— 1 1
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The p arameta :  values def ined fo r  the f o ur  models are as fo1~ .c~ s:

Table 2 . 2

Parameter  Values

Para~ eters\ ->~ C~+ CDX E~~ + EXPX E~~ XS
Walues j 

— —

21131.95264 — 5 6 6 7 6. 90 6  — —

A2 31141.25146 — 53327.027 — —

9125.703117 — 61057.220 — ——
— 54529.97061 — 162061.6 172456.7643

~1 
.2356 .0952 .10483833 .l8O~07655 

1.078554806

.1846 .06133333 .21341263 .32&8~~85l 
1.538629790

33 
.378 .126 .018985365 .0367 .l6L~S 

.465569754

Table 2.3

Model Sotut~ons at Budgat  Level l23.~e —

3 4 X B Accessions F

Base Poin t 2 0 .4  13.0 90.0 123.4 L50,000
Model I

‘V
53.39 30.73 39 .22 123.36 160 , 952

CDX 41.57 26.87 55.02 123.46 157,760

29.43 17.50 76.46 123.40 132,901

25.22 13.78 82.17 - 123 .23 131,263
E~~ XS 28. 16 12 .44 77.78 123.38 152 ,621

2—12
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and Operai ions, i t  is possible that the model may not be as refined as
required for certain recruiting inalyses.

1—2

_______________________ 5 - ______

Table 2.4

MODEL DIFFERENCES FROM BASE POINT ALLOCATIONS

~.X3 ~~ccesSions

Model
CD+ 32.99 17.73 —50. 78 10,952

CDX 21.17 13.87 —34 .98 7 ,760

9.03 4.50 —13.54 2 ,901

EXPX 4.92 2.78 — 7.83 1,268

E~~’XS 7.76 4.44 — 12.22  2 ,621

RESULTS OF MODEL COMPARiSON

The optimal solutions of the base point appear in Table 2.3. Table 2.4

gives the optimal readjustment to program budget allocations at the base

point bud get of 123.4 million dollars.

CONCLUSIONS
Considerably differen t program budge t allocatioi.s result from using

different  models. Except for the Cobb—Douglas additive model , all models

allocated the most funds to general recruiting (program 3) followed by

recruiter assistants and canvassers (~ rogram 1) and p rint media (program

2 ) .  The Cob b—Dougl as additive model , however , allocated more funds to

program 1 than program 3.

The types of optimal solutions tha t each of the models produces shoul d ,
perhaps , be considered as a factor in the selection of the particular model

to be used in a given situation. For example , the Cobb—Douglas multipli-

cative model yields program solutions that are always a fixed percent of

the total budget allocated, no matter what the total budget is. The Cobb—

Douglas solutions were more clustered than the exponential solutions in the

exercise here. Table 2.5 gives the limiting percent of program budgets as

the total budget increases . The multiplicative exponential had the greatest

divergence in program percent allocations.

2—13
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It should be noted that the base point allocation , although not

optimal , was least displaced by the exponential type models (Table 2.4).

LfltITING VALUES FOR OPT~~AL P~ OGR~~f ALLOCATION

As the total budget B is made large , the optimal budge : allocations

to the p rogram s approach limiting f ixed percentages ‘of the to~ al

budget. The percentages differ f3r each ncdel and are functions of the

oarameter values . The limiting percentages are as follows : 
1

1—B .

* 
B . 

* 
(B .A .) 1

CDX X . 100 CD+ X . 100
I 1 p

E 3. ~ (B A.) —1 i i  1—3.11 i 1  1

-
~~ B . 2

* 
B
1 E’~~~VC — 1

E CP± and F.XP~ X. 100 i 
- ‘

~ 
p

1
3 . 1=1 1

1] .  1

For the values of the parameters of the five models the limiting

percent allocation of the total budget is shown in Table 2.5.

Table 2.5

Percent of Total Budget Allocation 
—

* 1. *Model X1 X2

CD+ 27.06 5.63 67 .29

CDX 33.67 21.76 44.56

15. 46 8.53 75.99

EXP X 9 . 2 2  3.32 87 .43

EXPXS 14.58 7.16 78.25

2—14
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2. 3 DYNAMIC PROGRM~tING APP ROACH TO OPTIMAL BUDGET ALLOCATION

Throughout the discussion in this paper focus has been directed

to optimal allocations of budgets to programs . If an optima l allocation

is greatly di sp laced from a base point allocation then a reallocation

of program budgets may “jar ” the system. In such cases a gradual read-

jus tment of total budge t may be made such that restoration to optima l

behavior proceeds along reasonably smooth lines. Reference (3) addresses

this question for  the case of the multiplicative exponential model.

2.4 INPUT REQUIREMENT S

The input requirement for the budget vary according to the number

of programs to be considered in any run of the model. The information is

required to define basepoint budget considerations and is discussed below .

Input Data Description

The firs t two input cards are a descriptive t i t le with a maximum

length of 130 characters , 80 on card 1 and 50 on card 2. Both cards are

required , even when the t i t le is less than 80 characters in length. The

remaining cards depend upon the type and number of budge t programs to be

considered wi th  a minimum of one and a maximum of five.

The first six columns of each succeeding card is a control parameter

that may have any of the following values: -

BUDGET — indicates baseline budget

ACCESS — indicates baseline accession

BUDLOW — minimum budge t to be considered

BUDUP — maximum bud get to be considered
BUDINC — budget increments

blank of program name — these cards are required
for entering productivity values for each program
under consideration

END — end of bud get definition

In the case of program productivity , two cards are required ,

identified by the following control words in columns 11 i.hrough 16.

2—j 5 
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PRRATE — product iv i ty  rate  for budget  programs

BUD—$M — basepoin t bud ge t for  this program is

millions of dollars

A maximum of five program budge ts may be entered . The remaining entry on

each card is the numerical value corresponding to the identifying control

words. These values are in columns 21—30 and two considerations mus t be

considered. First, the decimal point must be in the field and , second ,

all bud gets are expressed in terms of millions of dollars.

Two cards follow the ‘ END’ card of the budget def in i t ion  series.

These cards provide data concerning demand limited supply groups under
the following fo rmats .

Card Columns Format Definition

‘ 1 1 1—10 A1O Service name (ARMY, NAVY , USAF , USMC )
11—20 F 1O.l Maximum number of female enlistments
21—30 F1O.l Maximum number prior service enlistments

31—35 F1O.5 Expected proportion GED enlistments

36—40 F 1O.5 Expected proport ion HSG enlistments
41—5 (1 F1O.5 Expected proportion MC IV enlistments

2 1—10 AlO Service name

11—20 FlO.1 Maximum number of MC IV HSG enlistments
21—30 FlO.l Maximum number of N1~SG enlistments
31—40 FlO.l Total accessions objective

If the demand—limited reports are not desired the service name on each

card must be replaced with the keyword NO in columns 1—2.
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3 RECRUITER ALLOCATION MODEL

3.1 INTRODUCTION

This chapter describes the methodology developed for determining the

optimal allocation of recruiters and/or canvassers throughout the United

States, and the resultant allocations by DRC . In addition , a complete

description of input data requirements is provided along with operational

considerations.

The model optimally allocates recruiters and recruiter assistants to

stations dis t r ibuted across the United States. Specifically, several classes

of supply—limited groups of first—term enlistees are defined , e.g., high

school graduates , Mental Category I—lilA . These supply—limited classes then

become the focus for the minimal cost allocation of recruiters and recruiter

assistants under a broad range of objectives which include national goals,

regional goals, combat arms goals, and term—of—service goals.

Model input parameters which are evaluated using cross—sectional

analyses include unemployment rates, regional attitudes toward the military ,

historical propensities to enlist , advertising , and other influencing factors.

The parameter elasticities of the recruiters and recruiter assistants for

specific types of supply—limited groups are also evaluated .

A full range of optimal solutions is produced by the model , wh ich

enables the user to interact and ask questions about the effects of factors

such as future unemployment rates on planning. Sensitivity analysis is also

ava ilable, again pointing out the effects of special requirements on total

minimal cost.

A system overview of the general characteristics of the inputs and

outputs to the model is illustrated in Figure 3.1. A more detailed discus-

sion of these elements will be presented later in this chapter.

3—1

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



HISTORICAL DATA - 
PROJECTED ENV t RON~~ NT

Acce ssi on /DRC I Prthary Accession Require r~ents

• Percent of  total enli stees l I • A~cessj ons /Natj onaJ.
by L_._ • Accessions/Term of service— Cohort group

• Accessions/Occupational— Tetm of service I Specialty
— Occupational ~pecia1ty • Accessions/Regional

Cost
i • Cost/Recruiter , Cost/Canvasser

Environmental Factors/DRC Environrental Factors/DRC

• Uae~~iayment • Unemployment

• Attitudes toward military • Attitudes toward military

•q~
• Advertising • (JSAREC Recruiter/Canvasser

• Re cruiters/C anvassers I resourc es
on station I

L H ~~~~~~
_

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

Cross—Sectional Analysts (CSA) Nonlinear Pro~ raimning Model—
- Oottnal ~ecruite r Alloczt .on

• 
~~~~~~~~~~~~~~~~~~~~~ 

Model (OR.~N)
enliatme nt supply ~~del • Minimize total USAR~C(ESM) recruiter/canvasser

resources subject to a

requirements 
accession

OUTPUT

• Op timal allocations of
r.cruiters/canvaseers and
objective allocattons by
DRC for each pri mary acces— ~
sion requirement
— National solution
— Term of service solution
— Occupational specialty

solution
— Regional solution

• Perce nt distribution of

L 
resources regionally

Fig.  3. 1—ORAN System Overview
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3 .2  THE OPTIMAL RECRUITER ALLOCATION MODEL (ORAM ) METHODOLOGY

This section contains a precise formulation of the mathematical opti-

mization problems which are solved by the computer algorithm . A statement

of the problem is f i r s t  presented , followed by the Lagrangian formulation

of the equivalent problems . The Lagrangian stationary conditions are then

derived .

Five optimization problems (denoted by the index p; p 1,... ,5) will

now be formulated . The notational conventions used in this discussion are

as follows :

Notation

The following notation will be used for the op timization problems .

Problem size

• Number of DRCs N N ~ 64

• Number o~f regions M M = 5 (currently)

• Number of d i f fe ren t  J J � 8
- -  supply limited

cohort types

• Number of choices K K = 2
of term of
service

• . Number of choices L L � 2
of occupational
specialty

• Number of independent N If recruiters are only independent
variables variables

2N If recruiters and canvassers are
independent variables

• Number of dependent NJ NJ� 512
variables

Independen t variables 
-

the n umber of recruiters on station , dis tr ict  i (i= 1,. . . ,N)

the number of canvassers on station , district I (i~’l , .. .  ,N)

the optima l value of X~ when solving problem p

The optimal value of Y~ when solving problem p

3—3
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~~1!~~

Historical percentages or fractions -

~~~~~ : the fraction of total enlistees wi thin d i s t r i c t  I of co-
hort type j  with terBi of service k and occupational

specialty 2
(i= 1 , . . ., N ) ,  ( j= 1 , . .. , 8 ) ,  (k= l , 2 ) ,  (2=1 , 2)

where

k 1  : 3 year term of service

2 : 4+ year term of service
• L=l : combat arms

2 : non—combat arms

t : t = 
3

ij1~~ Note :

Costs

y : annual cost of placing an additional recruiter in a district

o : annual cost of placing an additional canvasser in a district

Upper limits

Y : upper limi t of total number of canvassers

Primary accession requirements

total accessions across supply limited cohort types j,

(j=1,... ,J)
T is accession requirement for optimization problem 1

(p=1)

Sk : term of service requirements across supply limited

cohort types j ,  (j = 1 ,. . . ,J)

k=1,2 corres ponds to opt imiza t ion  problems 2 and 3
(pz2 ,3)
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O~ : occupational specialty requirement across supply limited

cohort types j, (j=1 ,... ,J)
L—1 corresponds to op timization problem 4 (p 4)

4~m
T : total accessions across~ supply limited cohort types j,

• ( j 1 , . . ., J) in region indexed by m , (m= 1,...,M) where

is the fraction of T which is required to be in

region m.

Note: generally Lq~~ 
= 1

• The set of regional requirements corresponds to optimization

problem 5 (p 5)
• *

Dependent variables

~~~ : number of accessions of cohort type j enlisting in district i

~~ Q Ii W~~~ U~~~ ~~~~ ~~~~ (X 6
~ + y~~ i )V

Statement of the five optimization problems

Probl em 1
N

mm ~ (y Xj  + ôY 1
) (cos t)

xi,Yi i=1

*The terms Q~~~ , U~~ , G~~ , A1~~ 
V~ are defined in Chap ter 5, Analysis

for Managemen t of Rec ruiting Resources and Opera tions , Paul S. Souder , Jr.,
et al , OAD—CR—166.
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subject to

~~~~~~ ~~ ~ :~ :~i (:63 +

j
~
1

(total accession requirement)

N
E Y~ � V (upper limit on canvassers)

i—i

Problems 2, 3
N

mm �. ox  + ö y  ) (cost)
x Y  i=1 i

subject to

~ 
(
~ 

t~~ .~~~~~’i W
a
2J ~~~ 3J ~~~4j  

~~~ ( 6 i  + =

(term of service requi rements , k = 1,2)

N
~ Y~ � Y (upper limit on canvassers)
1=1

• where k = 1 corresponds to three—year term of service

requirement (problem 2) and k = 2 corresponds to four—
or—more—year term of service requirement (problem 3)

Problem 4
N

mm ~ ()‘x1 + öY~) (cost)
xi ,Yi i=1

• subject to

:~ (~ Q 
a~j W

a2i ~~ 3j ~~4j 5j ( 6 ~ + ~~ 7i)v~ =

i— i

(occupational specialty requirement)
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N

~ � Y (upper limi t on canvassers)
i= I

where £ = 1 corresponds to comba t arms

Problem 5

N
n u n  ~ + ~Y ) (cost)

• xi,Yi 1=1 i

subject to

~ Q lj  
~~~ ~~~ ~~~ ~~~ (~x~63 + y

a
7i)v . ~ mTS

(m” l ,... ,M)

(regional accession requirements)

mEt 
‘1
~ 
� 
~~~ 

(m” l ,. .. ,M)

(regional upper limits on canvassers)

where ~ = [1 I district i is in region m 3
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The Lagrangian Formulation of the Optimization Problems

Several notational simp lifications will be niade before proceeding
to the Lagrangian formulations of the five optimization problems . The
simplif ica tions are as follows :

a 4 4  a.,4 cx .,. a,4 cx~C — f l  ~~w ~~V~~’~~G ~~A ’~ Vii ‘
~ij ii ii ii ii J

b~ — c x ~~

d~ =a 7j

C~~ i f p = 1

(i i i t ’
1~~~) 

C1. if p = 2

• h
ij~ 

= ( t ’
~~~~~ C~~ if ~ =

( k—i 
t
ijkl) 

C~~ if 
~ 

=

C~~ i f p — 5

The five optimization problems now are rewritten using the concise

notation.

Problem p, (p— l,...,4)
N

n u n  ~ + 6Y1) (cost)
x ,Y i—i

T
5 R

1 
ifp l

subject to 

~ ~ 

h
1~~~çX1

i + s~ : ~ ~: ; : ~i f p 4

(primary requirement constraint)

N
~ ?~~~~Y1=1

(canvasser constraint)

3—8



*

Problem S (pm5)

N
mm ~
x ,Y i—i

subject to:

J b d

~ hj ~~ + ~~ = 4) T
8 

(rn— i ,... ,M)
iEI i—i 

Ut

(primary requirement constraints)

~~~

us
m

(canvasser constraints)

Lag ge Multipliers

Lagrange multipliers corresponding to the constraints of problem

p (p—i,... ,5) are deno ted as follows :
For p-”l,...,4

the Lagrange multiplier corresponding to the

primary requirements constraint of problem p ,

(pa i,...,4) 0

the Lagrange multiplier correspondin g to the

canvasser constraint of problem p, (pi ,... ,4)

For p—5

the Lagrange multiplier corresponding to the

five regional accession requirements of problem

0 (m1 ,...,M)

the Lagrange multiplier corresponding to the

five regional canvasser requirements of problem

~~ ~& �  0 (rn— i,... ,M).
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Lagrangian Functions
*Five Lagr~ngian functions are now formulated.

For problems (p~’l ,...,4) the Lagrangian function is defined by the
equation:

+ öY~) 
— h~~ (X~~ + Y~~) — 

R)
i—i

—

- 1~p~~ 
- 

i~i
Y

~~

For probl em 5 (p~.5) the Lagrangian function is def ined by the
equation

) - ~~~~~~~~ h~~ 
(x

bj  + y
d

j ) _ 4 ) T
• ‘ti’l m i  (lE t ~~‘ Ut

5

Y;

- i~ (coiu~V 
iEI~~~)

The Kuhn—Tucker Conditions for the ORAM

The five Lagrangian functions.~ , (p— i ,. ..  ,5) are convex in X~ , ‘t’~~

provided 0 < b~ � 1, 0 < d~ � 1, (j = i , . .  . ,J). Thus the Kuhn—Tucker

necessa ry condi tions are also ~uff ic ient  for an optimal solution .
T1E Kuhn—Tucker conditions that are satisfied by optimal solutions

X~~, Y~~, solved by the ORAM are for p—1 ,...,4 as follows :

*
The following references are fundamental to the study presented here:

• Kuhn, H.W., and Tucker , A.W., “Nonlinear Programming,” Proceed-
ings of the Second Berkel~y Symposium on Mathematical Statistics and
Probability.” University of California Press , Berkeley , 1951.

• McCormick, G . P . ,  “Second Order Conditions for Constrained Minima,”
SIAM Journal Applied Math . 15 (3) , pp. 641—652 , 1967.

• Fiacco , A.V., and McCormick , G.P., Nonlinear Programming, Sequential
Unconstrained Minimization Techniques, New York, John Wiley and Sons, Inc.,
i968.
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I
= 0, 

~~~~~ 
— 0 (im i ,. .. N?

ip ip

= _____ 
� 0 (p— i,...,4)

p p

/ N
M* ( y _  ~ y*

i—i p/

~~~~ 0, 0 (i—1 ,...,N)

~ o, ~ a

where A* , J.L* are the values of the Lagrange multipliers at the optimizing

point X~ , Y~ip i.p

For problem 5 (p=5) the Kuhn—Tuckej conditions are

- O  - O  (i-i N)

~xtp 
- 

~Ytp 
- -

_ _ _ _  = 0, � 0 (m~1, . . . ,M)

j~~ (~p~~ - E 0 (m=1 , . . . ,M)
\m iEI~~~~

x~p � O , Y~p
� O

� 0, ~~~ (ui=1,. . ., M)

where3~*, ~~* (m- i,...,M) are the values of the Lagrange multipliers

at the optimizing point X~,, Y~~ . Points satisfying the Kuhn—Tucker

conditions are called Kuhn—Tucker points .
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A Procedure for Solving for Kuhn— Tucker Points

This section is very detailed and describes the algorithm which is

used to solve the optimization problems by means of a process which con—

verges to the Kuhn—Tucker points just described. The algorithm seeks

solutions to the following set of equations and inequalities :

For problems p, (p1 ,... ,4)

~ 
~~~~~~~~~ = ~Z. 

~ ~~
d
j
hij~

Yj~ = ~

• (i— i , .. .  , N)

N J  /b d\ 
—Z hi (

\
XJ~ 

+ 
~i~) 

= R , Y - : � 0
i—i j=i ip i=]

M~~~~
- 

~~
Y
~~~

= 0
p

x~ � 0, Y1 � O , X �  O ,j~~ � 0 (i=l ,...,N).

For problem 5 , (p~~~ the following set of equations and Inequalities is

solved.

~~ 
b~h 1,x~ = 

~~~~~~~~

, 

~~~~~~~ 

d
j
h h,Y~~ •

iE~ j~ 1 
hi j  X~ - 4)~Ts, 

~~~~~ 
- 

1~~~~~
Y
i 
�

(~~
v 

— 

~~
Y
i) 

= 0

xi � 0, Y1 � 0, ç � 0 , ~

where 1
~~ rn ’ ( m 1 ,.. .,M).
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- A three part decision rule is used to solve for Kuhn—Tucker points.

Each part is called a branch and uses a Fibonacci search technique to
determine the solutions to its particular set of equations. A Newton

method is used to solve equations Cia), (2a) (3a) • (following) within
branches 1, 2, 3 as functions of the right side values. The Fibonacci

search is made to satisfy equations (lb), (2b), and (3b).

The decision branch rules for problem p, (p=l,. . . ,4) will now be
discussed.

Decision Branch Rules (problem p, p 1 ,... ,4)

• Branch 1. Solve for Y1(i= 1 ,. .. ,N) and v the (N-f-i) equations
J d — i

( la) � d .h1. Y~
1 = v (i l,...,N)

~

where v is a candidate value for Ô4j L

such that
N

(ib) 2 Y~~= Y
i—i

N J  d
Z h Y = Z � R then retain the value v and

j=~ j=~ 
ijp I 

~‘ go to branch 2
If

N J  d

~ h. Y 1 = Z > R  go to branch 3ijp i p

• Branch 2. Solve for X
i
(i=l,...,N) and w the (N+1) equations

J b — i
• (2a) E b h X = w where w is a candida te value for —

~~~

• j ijp I -

such that

N J  b

~ ~~~h . X 1 - R - Z
~2b) 

~~~ ~~~~~~~ 

ijp i p

• 3—1 3
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ö-H~ vFrom the rela tions v = , w =

evaluate M — öp w

If ~3 � 0 then X .,  Y~ (i~.l 1...~ N) andX , M satisfy the Kuhn—Tucker

conditions and thus X~ = ~~~~ = ~~ X~ = X ,  ,u (ii ,... ,N) and

problem p is solved. If < 0 go to branch 3.

• Branch 3. Solve for X
1
, Y~ (i=i ,...,N), A ,  the (2N+l) equations

( 3a) 
~ 

b
1
h
1~~

X~
J =f~ ; Z d .h1. Y

1
1 =~~~~— (i= 1 ,...,N)

(3b) such that

N J f b
4 2; 2; h Lx i ÷Y l

,) = R
ijp 1 u. p

Brie f Discussion of Branches

Branch 1 considers the contribution of the total number of canvassers

‘C to the primary accession requirement R~. If the number of accessions Z

attained by Y canvassers exceeds the primary requirement R then clearly the

total number of canvassers is too large and a smaller number will be calculated

in branch 3. If , however , the accessions attained by canvassers is less than
the total requirement then the associated values for recruiters will be calcu-

lated in branch 2 with the accession requirement now being the value(R — z)
Branch 2 comp letes the candidate solutions for  recruiters X. and canvas-

sers Y
1 
and then tests the value of the Lagrange multiplier 

~ 
for non—

negativity . If 
~ 

is negative the cost of the Y canvassers is too large

for the accessions attained and branch 3 then calculates u.he appropriate

new value of total canvassers. Notice that the Kuhn— Tucker conditions

— 

i~~i 

~~j)= 
a , � 0

are tested by branch 2.
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Branch 3 is used if there are no canvassers in the model or if there

are canvassers and they ei the r cost too much or are not all required
because they are able to exceed the accession requirements .

Decision Branch Rules Problem 5

For problem 5 the branch rules are applied to each region m (m= l ,. . . ,5)
separately. The •rules are the same. The following modifications in notation

should be made. Primed relations denote changes to corresponding unprimed

relatiorsof the preceding section .

For (m—1 ,...,M ),  p = 5

.Br anch. 1’. Solve for Y~ , mEl and i~ the equations

J d — i
(ia) ’ 2; d h . Y .1 = V

j= l j i]p ]. Ut

such that

(Ib! 2; Y~ =

mE I

J d
2; 2; h1. Y

i
1 = Z � 4)T

5 then retain the valueiEI
~ 

i i  v and go to branch 2 ’

If Ut

J d
2; 2; h~~. Y~

1 = Z >~P T s go to branch 3
’

mEl 1=1 ~~ 
Ut

in

• Branch 2’. Solve f or X~ , iEI and W the equations

T b — i
(2a) ’ 2; b hi X = W where W is a candida te value fo r

~ A

such that

• 
(2b) ’ 

mEl 
hjjpXj

i = ,)~ Ts —
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From the relations v = t5~+jL , w =

x.
m

v~;vevaluate = 
— 

—

W
UI

If j � 0 then X~, Y~ IEI and X ,  
~~ 

satisfy the Kuhn—Tucker

* * _ *  — 

_

* —

- 

conditions and thus X
1 

X., Yj~, = Y~ , A~~ = A~~, ‘~
1
m 

= 
‘~m 

mEI~~.

If ,.L < 0 go to branch 3 ’

• Branch 3
’. Solve for X.,, Y1 IEI ,X ,  the equations

J b .— i J d.— 1
(3a)’ 2; b .h .. X.3 = —

~~~
—- ; 2; d .h .. Y .3 =

j=i lip i. 
~~~~ 

J liP 1
p p

iEI

such that

(3b)’ 
i
~
I
~ ~~~ 

h~ . + = cp T 5

The Fibonacci Search and Newton Iteration

AU “b” branch conditions; namely (Ib) , 2b), (3b) , (1b~~’, (2b) ‘, (3b) ‘,

of the decision branch rules for problem p, (p=1 ,... ,5) are solved indirectly

by means of finding the proper value of the right side values of the “a”
branch conditions; namely (la) , (2a), (3a), (la) ‘, (2a) ‘, (3a) ‘. The righ t

side of the appropriate “a” branch condition is a variable for the Fibonacci

Search . Within any given search the associated solutions in terms of the

independent variables as functionc of the righ t side are solved by a Newton

method.
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I
A detailed examination of the Fibonacci/Ncwton i terat ion al gor i thm

as applied to problem p, (p=i,...,4) in branch .1 follows. The iteration

• is similar for all problems and branches hence no further examination

of additional problems and branches is needed to understand the general

process.

The problem solved by Fibonacci Search is

(N -mm (~ 
2;’x~~ — Y ~ = f(v))

L < v< U \ i=l /

• subject to the N equations

J d-l
2; d .h~1

Y) = v (i=1,.. . ,N)
j=l

- where L and U are the lower and upper values of the interval

over which the search is made.

*Next , denote the optimizing value of v by v , the Fibonacci Search iteration

index by k and the Newton iteration index by £ .  The Fibonacci search at
l c k  k * ~iteration k produces an interval (U ,L ) such tha t  L < v  < U where

— L
k ~ 618033983k (U—L). This means , for example, that if the

initial interval were 100 units in length , that after 24 iterations the

length of the interval containing v* would be less than .001 units in

length. This means v is known within an accuracy of .001 units after

24 iterations. Corresponding to each Fibonacci iteration k is a set of N

complete Newton iterations. The Newton iterations will be discussed after

the Fibonacci process , although they actually occur within the Fibonacci

iterations.

‘1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



The Fibonacci Search Techniq u~~

0. L° = L, U° = U, C
2 

= (~~~ - 1)/2 C 1 
= 1 - C

2

1. v
1

C1(~~~
_ L k), v

2
1

C
2 (~~~

_ Lk)

2. Compare f ( v 1k)an d f(V 2k)us ing  the Newton method to evaluate
the necessary function values (usually only one of the pair)

3. If f(v1
k
)< f(v2k)

then ~~~~ = Lk, Ul(+I 
= v

2~ , ~~
k+1 

= c1 
(~k+i - uk÷1) ~,

k41 
= v

1
1
~
’

Go to 2.

4. If f(v1~~> f(V1
k)

k+i k .k+ 1 k k+1 k k+1 ( k+ i k+1then L = v
1 , u = U , v

1 
= v 2 , v

2 = C
2~~ u — L

Go to 2.

5. If f(v1k)= f(v2
k)

then i fi  ~~
k 

— ~~
k

1 is sufficiently small

approximate v~ by (v1
’
~ + v2

’
~)I2 and f(v

*)~~ 0 and the process is

f inished.  If — ~~
k is not sufficiently small then

k k .k kL = V 1 , U = V
2

Go to 1.
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I
The Newton Iterations Within the Fibonacci Iteration k

k kCorresponding to each value v (dropping the subscript on v ) of

the Fibonacci process is a set of nonlinear equations which is solved

using a Newton me thod. The Newton method determines the value of f(v
k
)

in conj unction with the SOlUtIOC to N equations. The Newton method is

used in step 2 of the Fibonacci Search to evaluate either f(v
1
k) or

f(v 2
k ) .  The Newton method solves the following system of N nonlinear

equations:

~ d .h~ . Y.
1 = 

k (ii ,N).

For each equation i the following iteration on 2 , the Newton iteration

index, is performed.

J d.— 1
2 ; d h  ~~

(L) j _
~~
k

(2÷1) 
— 

~~ 

(2) 
— - ~~~~ 

j  ijp i

i i J to ’
4 2; d .(d.—1) h . Y .~~ ’ 

‘
~j

j=i 3 iJP 1

(1=1,... ,N)

The Newton iteration process stops when ~~ (L -4- l) 
— is

sufficiently small. The value of f(vk) at this point is

f(v~) = 

~~~~~~~~ 

— V .

Control is returned to step i of the Fibonacci Search .

Figures 3~2, 3.3, and 3.4 represent graphically the interplay between
the Fibonacci Search and the Newton iterations .
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f axis

N (2+1)
f(v )=I 2; 

~ I L ki—i 
/~~~ f(v2 )

f Cv)

0 • •—.~~~
,. v axis

k k k kL v
2 U

iteration k
Lk+l 

yr 1 yr 1 uk+1 iteration k + J

Fig. 3.2—Fibonacci Search

Figure 3.2 depicts the decreasing interval length when passing from

iteration k to k-f-i. Figure 3~,3 corresponds to step 3 of the Fibonacci

Sear ch technique. It should be noted that f (~2
k÷1)= f (v1

1
~)so that

only one value, namely f(v1~
<
~~) need be calculated for the iteration k+i.

The new interval (L
k+1

, u1<+1) is approximately .618 times the length of

- the in terval (L
1(

, u’~). The value f(v1~~1) is obtained by using a Newton

iteration.
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— Fibonacci iteration k+l
Fibonacci iteration k

k
J

I I _— E d .h . .  ~~
d
1
-1 

-

• \
~ -~~~ j.i i l3P l

k+1
v
i 

- - —  —

i=2

ax~s 
~~

k+1 
~~~ 

I

- 

U
l(+1

v
2
( I

I i=N

I I
I I I

— I I  II i
I Y

i
axis

~
/&+]) 

~~÷‘)
N 1 2

Fig. 3—3—-Newton Problem

Figure 3—3 depicts the solution Y~ , Y2,.. 
~~ 

(three curves are shown

here for simplicity) as a function of ~
1
~(+l

• f(v~ ) — I .c.. y (L+1) —

Figure 3—4 i l lus t ra tes  an actual Newton i terat ion process as applied to a

particular curve. A specific numerical example is given to demonstrate

the convergence of Ito the solution point.
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—- • • • • Illustration of a Newton iteration sequence
_i • - 

_ _ _ _  _ _ _ _ _ _ _  _ _ _  f , 0 ~~\ d .—1 \
_ _ _ _  

• 
_ _ _ _  1 ~ d h .  IY~~ ’ J  ~ — v ~

• 
—

~~~~~~~ • 

~ (2 + l)  ~ (2 ) \  ~~~~~ 
j  i~ p 

~ 
i

• 
_ _ _ _ _ _  _ _ _  J

-____ ____—--i- • 2 d.(d -1)h .. (~
(L)) j

~ ______ -- ____ 
)V j 1JP\ 1

• •~~~ where
_____ - ______ J=2, d

1 ’.5, d2—
.25, d

1
h~ 1

=2

:h~~ __________ ____— d h —3 v 1.79163640
- • 

_ _ _  

2 i2p

: :~ - 
—

~~~~~~~~~~ The solution is Y 5
o ‘~7 ~~~~~ 

•
_ _ _ _  

i

0 — If ~ (l)~~ 4 the following Newton sequence is
_ _ _ _  

I i
—i 

-

_____  _________  _____

I ________— generated

.—.--
~i 

\ .  _____ 

2 1, ~ (L) 
— .4 0000

~~~ 
• __________ _____ 

“ 2, “ 83460

I ~~~~ .
——  “ 3, “ — 1.79272

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

- — 

• 

. 
— “ 4, “ 3. 12838

* 
• • 
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I 
• 

“ 7, “ = 4.99936
• - • 

“ 8 “ 4.99999
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3.3 ORAM OPERATIONAL DOCUMENTATION

3.3.1 General Input Data

As the input routine for the OR-AM model is currently specified ,

the first 11 data cards contain general information regarding processing

options desired , data adjustment , and boundary conditions. The informa-

tion required on these cards is detailed below. The user may f i nd it

helpful to refer to the annotated listings for the subroutine READIN (App D).

Card Columns Enti ty Remarks

1—2 1—130 ITITLE This t i t le appears on all reports.

3 1—5 IRUN If IRUN — 1, the program will undertake
a full optimization . Otherwise, only
an evaluation of the initial recruiter/
canvasser placement will be performed.

4 1—5 MAXSTA Number of DRC ’s to be considered (�65).

6—10 JTYPES Number o f suppl y limit ed types to be
considered .

11—15 KTERMS Number of different terms of service
to be considered.

4 5 1—5 ISWTCH If ISWTCH — 1, only recruiters are con-
sidered . If ISWTCH = 2, both recruiters
and canvassers are considered .

6—10 ISWPCT If ISWPCT = 1, a recruiter ’s marginal pro-
ductivity with respect to the supply—
limited categories is determined by
historical accession profiles. Other-
wise, the model will accept estimates
of these productivities by type. Data
indicated by ISWPCT is input as the
variable PCTVL.

6 1—10 FUN~ 1P FUN~ 4P is a factor (near 1, e.g., 1.5)
which modifies the basic unemployment rates
at which the cross—sectional analysis was
made.

11—20 F~CTOR FACTOR adjusts the data for  incompleteness:
e .g . ,  if data on hand represents 8 months j
of an annual total, setting FACTOR equal
to 1.5 would adjust  the incomplete data
to an annual value.
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Card Columns Entity Remarks

7 1—10 SUPLY SUPLY is the desired level of supply—
limited cohorts.

11—20 CANTOT CANTOT is the total canvasser limit.

8 1-10 RECCST RECCST, CANCST are the relative recruiter

11—20 CANCST and canvasser unit costs. For best con-
vergence properties , set to (e.g.) 1 ,1
where 1 may actually represent 1 unit
of $25 ,000.

9 1— 3  FSERV(1) FSERV(K) is the fraction of total supply
11—20 FSERV(2) with term of service type K.

etc. etc.

10 1—10 FCOMBT FCOMBT is the fraction of total supply in
combat arms.

11 1—10 FREGN(1) FREGN(K) is the fraction of total supply

11—20 FREGN(2) in region K.

etc. etc.

3.3.2 DRC Specific Input Data

As the program is currently structured , DRC specific data is input

beginning wi th card number 12. The types of data currently accepted by the

program are listed in Table 3.1.

Table 3.1

VARIABLES ACCEPTED FOR ANALYSIS BY ORAN

Identifier Definitions

QME Qualified military populations by cohort type

WAGE Ratio of military to civilian range by cohort type

UNEMP Unemployment by cohort type

ATT Attitude measure by cohort type

ADV Advertising measure (e.g., expenditures) by
cohort type

RECR Recruiters on station by DRC

CANV Canvassers on station by DRC
PETVL If ISWPCT = 1, PCTVL is the historical accession

f i le  described . If marginal productivi t ies for
recruiters by cohort type are to be estimated in
some other way, the estimates are input as PCTVL
with ISW’PCT ~ 1.

3—24 

.•• •—.-.-- --~---—-— --~-———— - — - - - —-- • • -- •—•---- • • ---•- - • -—-~~---- ---- --—----— - - • - • -—--—------ - — - - -—--~---.—-- --.-‘ --•----------—----- - - - •



I
Current ly  ORAl-I assigns the same value of QME, WAGE, UNEMP , ATT ,

ADV , RECR , and CANV to each cohort type. This value is the first and

only value input for each DRC. The program is easily modified to allow

for input differentiated by cohort type (see annotated program listing

for READIN lines 100—175). The general input structure for the variables

QME, WAGE, UNEMP , ATT , ADV , RECR and CANV is as follows, where as above
MAX STA is the number of DRC ’s to be considered .

Card Columns Entity Remarks

1 1—5 IDENTIFIER Left—justified selection from the
following: QME, WAGE , UNEMP , ATT ,
ADV , RECR , CANV

2 thru 1—5 DRC identi-
fier

MAXSTA+ 1 6—7 DRC index DRCs are assigned consecutive indices
beginning with 1.

8—9 Filler

10 Region num— Currently either 1,3,4,5 or 6
ber

11—IS VAL(1) Value of the variable for cohort type 1

19—26 VAL (2) Value of the variable for cohort type 2

etc. etc. etc.

MAXSTA+2 1—3 ‘END’ Signif ies end of data for the variable
under consideration

As noted above , at present VAL(1) is assigned to all cohort types

and is accordingly the only value input. A data card must appear for each

of the MAXSTA DRCs under consideration. The above format is repeated for

each variable to be input.

The marginal productivity for a recruiter by cohort type is cur—

rently estimated from the historical accession file described in App C. •

These data are input under PCTVL as follows. 
•
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Card Columns Values

First 1—5 ‘PCTVL ’

Following Historical accession data
f ile

Last 1—3 ‘END’

(In the event that a direct input of marginal recruiter productivities

by cohort type is required , some reprogramming of READIN may be desirable.)

3.3.3 Inputting Model Parameters

For convenience, the following definitions will apply in this

section:

Xi: The K independent variables will be denoted X~ for

1 = 1,2,.. .,K. E.g., in the sample problem X
1 
corresponds to

QMA, X2 to wages, etc.

E(I,J): The elasticity of variable X
1 

for type J is denoted

E(I,J). In the sample problem E(1,J) = E(2 ,J) = 0 for all J.

CON(J): The value of the scaling constant for the model

representing cohort type J is denoted CON(J).

Y(J): The number of accessions arising from cohort type J

is denoted Y(J).

In the sample problem and for cohort type J, ORAl-I considers the

following model (described in standard FORTRAN notation):

Y(J) = EXP**CON(J)*X(1)**E(i,J)*X(2)**E(2,1)*

X (3) **E (3 , 3) *X (4) **E (4 ,J) *X (5) **E (5 , 3)

*X(6)**E(6,J)
where

X(1) is QMA,
X(2) is the ratio of military to civilian wages,

X(3) is the general unemployment rate ,
X(4)  is an advertising measure ,
X(5) is an attitude measure
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x(6) is recruiters on station,

X(7) is canvassers on station,

CON(J) and E(I ,J) are as defined above.

Values for E(I ,J) are input as follows :

Card Columns Entity Value Remarks
1 1—5 Header ‘ELAST’

2 1—5 Identifier Optional

6—7 Variable I
number

8—li Filler Spaces

12—19 VAL(1) E( I , l)

20—27 VAL(2) E (I , 2)

etc. etc. etc.

3 thru Elasticities for the remaining variables as per forma t for card 2
8

9 1—3 Trailer ‘END ’

In its present form READIN expects to be provided with seven

sets of elasticities (corresponding to X(1) — X(7)).

Values for CON(J) are input as follows:

Card Columns Entity Value Remarks
1 1—5 Header ‘CO NST ’

2 1—5 Identifier Optional

6—11 Filler Space

12—19 VAL( 1) CON(1)

20—27 VAL(2) CON(2)

etc. etc. etc.

3 1—3 Trailer ‘END’

In the sample problem, constants are provided for each of the

eight cohort types considered . For every type , the constant is — .601068 ;

but as noted above, the constants need not be identical.
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3.3.4 The Nonlinear Programming Model—Optimal Recruiter Allocation
Model (ORAl-I)

Given all the established input conditions , the ORAl-I proceeds to

solve for the optimal allocation of recruiter/canvassers and objective

allocations to each DRC for a set of primary accession requirements. The

OR-AN , in e f f e c t, solves five complete optimization problems per computer

run. Specifically, given the input conditions of the model , what is the

most cost—effective allocation of recruiters/canvassers if:

1. A total national goal of X number of accessions is required ?

2. A total national goal of K number of accessions with 3—year

terms of service is required?

3. A total national goal of K number of accession~ with 4—year

and greater term of service is required ?

4. A total national goal of K number of accessions with combat

arms specialty is required ?

5. A regional goal of G percait of the K number of total accessions

is required in region m(m 1 ,. . .

3.3.5 OR-AN Model Outputs

The optimal allocation solutions to the ORAM are used as a basis

for a series of output report evaluations. Each evaluation is fairly

detailed and provides the following information by DRC :

• DRC Identification

• DRC Number

• Number of Recruiters on Station

• Number of Canvassers (where applicable)

• Number of Accessions (total)

• Number of Accessions by Cohort Group

• In addition , subtotals by region , totals nationally, percent regional and

national summary tables are printed .
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All of the above information is evaluated fqr each of five optimal

solutions and for each of five accession content situations within each

optimal solution . Figure 3—5 , Output Report Guide, depicts the range of

evaluations which are made. Each cell represents a particular set ot

conditions for which a complete evaluation is made. Figure 3—6 presents

one of the 25 output reports printed after the five OR-AN optimizations

are completed . The sample report depicts the combat arms content for

CAT123AHSG black and white when the overall s trategy is to meet a total
*

national requirement (p—i) of 54568 CAT123AMSG accessions. Using the

notation of Fig. 3—5 , the sample report is R11. The values of the para-

meters determined from the cross sec tion analysis are as follows:

• recruiters a61 = a62 = .835798

• unemployment a31 = a32 
= .41938

- 

attitudes = a42 
= .724

constant V
1 

= V
2 

= 1.5 exp (— .908979) — .604403

* These values of the parameters yield the following accession equation

for DRC i:
For black content:

** .419138
• CAT123AHSGB

i 
= (% black~ ) (.604403) (Unemployment .)

- (Attitudes
iY 

72482 (Recruiters .) 835798

For white content:

CAT123AHSGW
1 

= (% white~)~
’
~ (.604403) (Unemployment

1
)419138

.72482 .835798
- (Attitudes ) . (Recruiters )

For any particular DRC the appropriate values of the environmental
fac tors determine the coeff icients of the recruiter accession equation.
For example, the enlistment supply equation for ~RC LA , Albany, in region
one is evaluated as follows for CAT123AHSG black and white.

*This is based upon CAT I—lIlA , HSG being the supply limited group .
If the mix of the supply—limited group changes, OR-AN ’s coverage must
also be changed to encompass all of the supply—limited categories.

**Historical percentage breakout by DRC .
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Evaluation of
\-~ccess ion
\Content (q)

~~ q=1 q 2  q 3  q=4 q=5

f ~~~~~~~ National  3— Yr Term ~*—Yr+ Term Combat Arms Regional

p l  Nat ional
National 

— 
Optima l 

____________  _______________ ______________ ______________

*p=2 3—Yr Term R
3—Y r Term 

— _ _ _ _ _ _ _ _ _ _  
Opt imal  

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

p 3  ~e—Y r+ Te rm
4-Yr± Tertn 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
Optimal 

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

Combat Arms
Combat Arms 

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
Opt imal  

_ _ _ _ _ _ _ _ _ _ _

p— s Regional
Rational 

— - 
- 

- - 
Qp timal

*R
pq 

is the evaluation report of accession content q based on the

optimal allocation of recruiters/canvassers to primary requirement p.

Example: R23 is the evaluation report of the number 123AHSG acces-

sions enlisting for four or more years if the recruiters/canvassers are

allocated to achieve a specified three—year term of service objective at

minimum cost. (See Fig. 3—6 for an example of output report R11.)

Fig. 3—5—-Output Report Guide
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DRC lA , Albany, N. Y . ,  Region one

• Unemployment rate 8.3%

Atti tude factor  40.0%

Portion black 2%

Portion white 98.0%

Then for Albany:

CAT 123AHSGB
1 

= (.02) (.604403) (8 .3Y 4
~
’9138 . (40Y 72482 . (Recruiters 1

)~~~
35798

.835798
= .42 (Recruiters)

CATI23AHSGW = (.98)(.604403) (8.3Y 419138.(40Y 72482 .(Recruiters
1Y

83579 8
.83579820.84 (Recruiters)

The cross—section analysis average unemployment rate was 7.1% for FY75.

If unemployment were increased to 7.7% or 1.0845 times the average, then the

coefficients are multiplied by (1.085).419138) = 1.0345. Thus the equations

used for DRC 1A in region one for an average unemployment of 7.7% are:

CAT123AHSGB
1 

= .44 (Recruiters
1
) 
.835798

CAT123AH SGW
1 

21.56 (Recruiters
1Y

835798

Given 46 recruiters the expected CAT123AHSGB content at DRC 1A is about 10

and for the equivalent white content 529.

These enlistment supply equations for all other DRCs are evaluated in

a similar manner. Specific content such as CATI23AHSG combat arms, for

• example, is evaluated using historical proportions to modify the basic

enlistment supply equations.

A brief discussion of Fig. 3—6——Sample Output Report R11 follows:

The overall optimization strategy (National) is indicated in the head-

ing. The minimum cost in this case is the number of recruiters since unit
• cost is directly related to recruiters. The national total accession require—

ment for CAT123AHSG was 54,568 which constituted almost 34% of a total require-

ment of 161 ,000 accessions. The recruiter elasticity and average unemployment

rate are announced at .835 and 7.7%, respectively.

A detailed breakout of the CAT123AkISG combat arms accessions is given

DRC by DRC with subtotals by region and grand total  nationally.  Type one

3...33
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is CAT123AHSG black and type two is CAT123AHSG white. Notice that a total

recruiter force of 4,423 is required to meet the national goal of 54568

total CAT123AHSG accessions.

A percent summary table completes the report .  This section of the

output report describes the complete Regional distribution of the optimal

national recruiter allocation and associated breakout by type. It can

be noted that if the objective was to find the optimal recruiter force

allocation to meet a specified CAT123AHSG combat arms requirement (Report

R44) that fewer recruiters would be required to attain the 13132 combat
arms accessions. In fact, a requirement of 12400 CAT 123AHSG combat arms

accessions can be met with a recruiter force of 3421. However, this

recruiter allocation only yields a national total of 39393 total CATI23AHSG

accessions.

There are several different uses of the ORAM—some of which are men-

tioned briefly here. Perhaps foremost on the list of uses of the ORAM is

assessing the e f f e c t s  that a range of requirements for specified accession

groups have on determining the recruiting force size and mix. Another

4 important use is concerned with the effects that changing environmental

factors have on the recruiting force and the accession groups. Changes

in unemployment , for example, modify the productivity of the recruiter. The

output reports discussed above assumed an average unemployment rate of 7.7%.

If the unemployment rate were higher a slightly smaller recruiter force would

have been required . Finally, mention of the potential use of the OR.AN for

budgeting uses should not be overlooked . Departures from or modifications

of basepoint budgets for the recruiter/canvasser programs can be investigated

by using the ORAM .

- -



4 ThE MERGE/BM D TIME SERIES RE GRESSION MODEL

4.1 GENERAL

The MERGE/BMD time series regression model has evolved to its p re-
sent form through a series of studies concerned with the accession programs
of the military services. It  is struc tured around an extensively modified

*version of the UCLA Biomed stepwise regression program. These modifications

have been concerned with the application of regression analysis to time

series data and , in particular, to military accession data. The model dis-

cussed in this chapter is presently operational on the USARE C UN IVAC 1108
computer system.. The operational aspects of the documentation pertain spec-

ifically to that system.

4.2 METHODOLOGICAL CONSIDERATION FOR MODEL APPLICATION TO U .S .  ARMY
• 

5 ACCESSION ANALYSIS

The regression model that has been developed for accession analysis

is a nonlinear regression model. The analysis assumes the dependent variable

time series is initially in unadjusted or “seasonalized” form and the inde—

4 pendent variables do not reflect the seasonal variation apparent in the

-

‘ 

observed values of the dependent series. Yearly data whi ch are subj ect to
periodic fluctuations are of this type. The model is solved yielding the

adjustment factors (seasonal factors)  simultaneously with the parameters of

the ordinary linear model. Two models result from the above analysis: the

firs t looks upon the solution as a deseasonalization of the dependent variable
and yields a least squares fit to the deseasonalized variable (this is the

model solved by the program); the second considers the adjus tment factors as
weights for the linear portion of the model and is used for prediction

purposes.

4.3 THE MODEL 
-

(Dl) A dependent variable Y (a (n x 1) vector) which is typically

a time series

(D2) An independent variable data set X (a (n x p) matrix)

(Al) The number of observations of the (seasonalized) dependent

variable Y is considerably longer than one cycle of the seasonal period

(say at least two cycles)

*Dixon , W. J., ed., “BMD Biomedical Computer Programs ,” Heal th  Sciences
Computing Facilities, University of California , Los Angeles , 1964.
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(A2) The data set X does not reflect  the seasonal variat ion con-

tained in the observed values of Y

Two models , M1. and ~2, ~.zith separate objective ~‘~nctions can be
developed from the above assunptior.s. They are :

(Mi) ~ini~ize f
1
(S~~ ~

) = s~~~ - xs~j 
2 

-

~

s-l ,6
where S’1 is a (ri x ri)diagonal deseasor.alization matrix

S is a (p x l~~ara~eter vector

(M2) rnini~ ize f 2 (S , s )  = - sx~~j 2
s,~~

Ordthary linear re;ression analysis assures S is the ident i :v~~.a:rix

and one solves for the ~araneter vector ~ . This is not the case here

however . 4cdel ~1 assunes that ? is ~eseas aliced ~y 3 and yields a
_ •1

least squares fit of XE to the deseascnali :ed vector S Y. ~.~~-ieL ~-12 ocr.-

siders S to be an adjustrnent ~atri~ which in tui~ nodi~’ies the linear

portion ~~ to fci~n SXE as a least squares arproxination to Y. Both

models are nonlinear since f,~ and are nonlinear functions over the

fu.l1 (s ,8) space.

For simplicity~ 
the diagonal elements (seasonal factors)

S.. of S re~ lace an earlier notation and are defined by11

~~~ = exp

J =1

where -
~~~. = , andlj  (0

is the seasc r.ai c~ e f f i c i e nt  for  ‘.~~r i th  1.

~~~ 

_ _ _  

4~ 2 
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______________________

Th?PUTS

Dependent tine
series with
seasonal variation Ste~wise regression

on deseascnalized

IndeDendent titne series and independent 4

(data ) series - not ~~riables - Model l~C.
necessarily
seascnal var~at~.cns

I Further dec~ ascr .ali-

Convergence
criterion :-~o
satisfied

Yes

OUTPUTS

1. eseascnali:ation factors
2. Faraneter ~~iues for those

‘.~ riab les in the ncdel
3. Residual errors, etc.
~~~. Pmdicticr.s using .:cdel >~2

Fig. 4—1 The Deseasonalized Stet Regression ~ cdel
Basic Cycle
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4.4 THE SOLUTION PROCEDURE

A sequence of deseasonalization , and stepwise rcgressjons is used

to solve model Ml . The solution :rocedure is iterative . Iteration i
-i —3. igenerates the deseasonalization rnatrix ( s )  and parameter vector ~

which alternately satisfy the stationary condition s G~(f1) = o and

G 1(f1) = 0 CG ,~~
(f) denoting the gradient vector of f in the w subs:ace~.

The full space joint condition G~
_ i (f1) = 0 does not hold during the

course of the iterations since in genaral if G1_1(f1 ) = 0 t~cen o
i * 

S 
~~~~

_ 1  
_

~-land conversel’t. However as ~ a~troaches ~ and (s ) a:zroaches S

G 1 (f1) approaches G 1 (f,) which vanishes at (s ,~~ ). A co~ ple:e

stepwise regression analysis is ~erfor~ed on the deseasonal iced ~;ari able

~ -1(5) Y during each iteration i. Iriderendent variables which are in the

solution at iteration i are not necessarily in the solution at iteration

i+ l .

The iteration equations for nodel ~l are:

i -1 , ~-l~~(Ii) ~ = (x ’ x) x (s ) Y

i — — i- ‘ —

(12) ~~~~ r Diad [(S ) Y - X~ JY ~ 1 = 0 (matrix )

where S°= I
n

1 is a col’~~n vector of ones

I is a n matrix of r ank r containing En/r] full identity sub-
mod. *

matrices of rank r and a re sidual  ide r . t izy  submatri :-: of or der

r is the period of cne cycle.

The constraint (C)  below is a rb i t rar i ly  i~ :ose~ on the d e s ea s o n a l i c e t i on

element s to allow ur.i forni ;y of ~olutic ns for  co:~ ar i t i v e ~ur;c ses.

4 4
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k+r
(C) E S rii

Constraint ( C )  means that the su~ of the diagcr .a . elements of S over any
cycle is normalized so that the pararneter vector ~ will absorb the major

part of the solution, and the averag e value of S~~ over one cycle is h r .

The iteration process is te~~ inated when condition CT) below holds .

CT)) s1~~(s 1) _l 
— 1 j <  Diag C ) element by element

where c is prescribed (currently .001). - —

Table 4.1 contains the gradient vectors and :-~~ssian matrices for
and f 2 of models Ml and ~2 resPectively. has a ~osit ive semi-

definite session for non-negative data and thus model Ml can be solve d
as a convex :roblem . This is not the case with model M 2 .

4 5
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Table 4.1

GRA DLENTS AND ~-~~SCL~1S

= ~jS
1
Y - X5112

G
8
(f
1
) = -2x ’ (S~~y — X~~)

G~~~ (f ,)  = 2 1mod .,jD iag~ (S f -

= 2XX

= 2 1
d r Diag [YY ’ ]

H _i = - 2 1 . ~Diag Y~~ X
S x 3  noc r

= 
.. 

- ~~~ 2
*

G~~( f 2 ) = —2 (s x ) ’ (Y _ sx~)

Gs(f 2 ) -2 1mod r i2~~~~~ 
[ (~ - S X 3 ) (X E ) ’

~~~~

H, .( f 2) = 2(SX) ’ ( SX)

~SxS~~2~ 
= 2 !

d ~Diag.~)::)(X_) )~
_

= —2 ‘nod r~~~~
’
~ 

(‘~)X — 2[Diag (x?) sx}

4—6 

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



4.5 REGRESSION PROBLEMS WITH FIXED ELASTICITIES

If each variable appearing in the regression n~ de1 is normalized by
dividing each variable (including the dependent variable) by its mean

value, then the following corresponding coefficients e
k 

are called the

elasticities for the kth variable. The deseasonalized regression model

becomes

S
1
~Y ’ . e + a  X~ + ...+ e1 xp

0 ] .~~=- —
Xl

where the superscript K on X indexes the vector wi th n components

(observations) and S~~ is the n~ni diagonal deseasonalizing matrix.

Then , if a o

/ 1~~~~ P
a a 

_ _ _ _  

— L e 
_ _ _o 

ks~~y )  
kal

a

~ kka 1.

where E is the expected value operator , thus

p

~ 
e
k

i
k’o

The relation between e
k 

and the ordinary coef!icien ts is as follows :

For S 1Y - b + 
~k 

~~
k 1

if 43~~~~o then

-1 p -
~~~

B S Y - ~~~~~~~~X
k-i
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ek or ek

a . k (k o ,.. . ,p)
~~ ly

Frequently it is desired to fix one or more of the elasticities of a

set of variables and formula te a regression pr oblem on the remaining se t

of variables. Such problems are considered in the following manner.

If we assume q elasticities e
k 
(k= 1,...q),q < p, are prescribed , then

s~~’f a + (e~ 

• 

? + ... + eq 3 xci) + $
q~~1

X
S41 

÷ . ..  + ~~~~

is the deseasonalized model with q fixed elasticities and p—q independent

variables.

The coefficients 
~
3q+1’~~

•
~~~5 and deseasonalized matrix S ’ are foun d

by solving the equation

A 2 —1
miii F =L (z~ — Y~) 

~ q+i’
” t3~ 

S

where Z . = s:1 Y . — S~~~ (e14 + • • 
e~x)~~~

-

~~~~~~~~

-

Y =$
~ 

+$ q
~
1
X~+l 

+ ...

4.6 MERGE/B MD TIME SERIES RE GRESSIO N MODEL OPERA TION AL DOCUMENTATION
General system flow diagrams for PROGRAII MERGE (Figure 4,2) and

PROGRAM BMD (Figure 4.3) are presented here at a level sufficient to describe
the general input-output  flow of information. Tabular descriptions o~ the
I/O units used by PROGRAM MERGE (Table 4.2) and PROGRAM BMD (Table 4.3) are
also included.

4—8
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Time series
Data bank

[~~ ore(

_ _

_

MERGE CONTRO L LANGUAGE
(B~W Problem — — — 

Level) RESTART ( KEY WO RD )

BHD Regression Problem
Control Card Image

to Unit 12
(B~1D Subpro— Reset ___________________________
blem level) Base (key word)

Merge Con t rol
Language Opera tion

Generate *
UNIT 11

— UNIT 2O
UNIT 13

fl

(stoP (key word)

EOF Ends Subpr ob lem

*See Un it descrip tions fo r
de tails

Fig. 4.2— PRO GRAM MERGE General Flow Diagram
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En ter

Problem Level

Read Merge Modif ied
BMD Problem Control

Cards
(Merge Key Word Res tar t

Labels)
Variable Formats

Initialize Correlation Matrix
Write UNIT 13 Problem Data to

Correlation Matrix
Write UNIT 13 to Problem Data

to UNIT 2 (Working Tape)
Exercise BMD Printout

Options

r _ _ _ _ _ _ _ _ _

E~~ T Subproblem Level

(Merge Key Word Reset Base)
Read Subproblem controls

Subpro
Report Condelland Si~~sSu ary Initialize Seasonal
Results Factors , Convergence

£ Indicators , etc.

~~~~~~~

ed
~~~

l 
No 

Solve Subp roblem
Problems Regression S ary

Resul~s to. ¶JNIT 10
Yes Intermediate Calculations

Finished No
A.ll Subproblems

Fig. .3— PROGRAM B~~ General Flow Diagram
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4. 7 BMD CONTROL LANGUAGE

A detailed description of the BMD CONTROL LANGUAGE and its use is
contained in this section. BMD CONTROL LANGUAGE WORDS are listed in 

—

Table 4.4.

Table 4.4

BMD CONTROL LANGu AGE IN ORDER OF OCCURRENCE
IN A PROBLEM SPECIFICATION

Card Type Remarks
1 PROBLM See Table 4 5
2 LABELS
3 forma t ( 1OX ,10F12.4/(1OX,10F12.4))
4 SUBPRO See Table 4.6

5 CONDEL See Table 4.7

6 blank card Mandatory

7 IDXPLT Optional

8 FINISH

Cards 4— 7 are repeated for each addi tional subproblem.

Specifying the BMD Control Cards

BMD control cards will be entered in the following sequence, either
initially or following the control card RESTART (key word). That is, these

cards are read once initially and used for every regression problem until

a RESTART card is read (p. 4—31). The control cards are unchanged from

their B~~ specifications, with the exception of column 70, which still
applies; however, they are revised automatically for every run by MERGE
to incorporate the data counts and label counts. The actual cards generated

are listed in MERGE output.

PROBLM Card

This should be completed according to Table 4.5. The variable count,

observation count, ~rediction count and labels count are rewritten to re-

flect the contents of the data files and the variables used in this run.

The prediction count reflects the remainder of the 54 points in each time

series, which occur af ter  the last actual observation . All data is stretched

using sample and hold in (p. 4—21), and residual calculation is used to

predict the dependent variable for the values of the independent variable.
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Table 4.5

SPECIFICATIONS FOR PROBLM CARD

Column Entity Remarks

1—6 ‘PROBLN’ Mandatory

7 Report Title Set equal to 1

8 Filler Blank

9 Print control 3 suppresses intermediate output ;
2 or less prints details of each

step in the regression

10—15 Problem name 6 alphanumeric characters

17—20 Sample size Leave blank. Will be computed by MERGE

24—25 p, number of original van — Leave blank. Will be computed by MERGE
ables

29—30 in, number of TRNGEN cards 0 < in < 99
34—35 q, number of generated — 9 < q < 78

variables

39—40 Unit number if data is blank — if card input; 13 — otherwise
on an input medium other
than cards

44—45 s, number of subproblem 1 < s < 99
cards

48—49 Number ot variables Leave blank. Will be computed by
labeled on LABELS card MERGE

5 1—53 Output swltct~ ‘YES’, if means and standard devia-
tions are to be printed; blank , otherwise.

55—57 Output switch ‘YES’, if covariance matrix is to be
printed; blank , otherwise

59— 61 Output switch ‘YES’ , if correlation matrix is to be
printed; blank, otherwise.

63—65 Output switch ‘YES’, if zero regression intercept
is desired; blank, otherwise

68— 69 Input switch ‘NO ’, if tape specified in columns 39—40
is not to be rewound before this problem;
blank , if columns 39—40 are blank or Y
tape rewind is desired.

70 Operational mode See Section 4.9
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Table 4.6

SPECIFICATIONS FOR SUBPRO CARD

Column Entity Remarks

Identifier ‘SUBPRO’ (mandatory)

9—10 Dependent variable This is the variable number assigned
ID in MERGE processing. Ordinarily the

dependent variable should be the first
variable in the variable list and accord-
ingly ‘1’ should appear in column 10.

13—15 Maximum number of If this is left blank, the default is one
steps allowed in step per variable. Both original van —
stepwise regression ables and variables generated by lags

or ‘CREATE ’ are considered in computing
the default value.

20—25 F—level for inclusion This will be .01 if left blank .

30—35 F—level for deletion This will be .005 if left blank.

40—45 Tolerance level for  This will be .001 if left blank.
comparisons

49—50 Number of variables This must be between 0 and 30.
on the index—plot
card

53—55 CONDEL switch ‘YES ’ if CONDEL cards are included
58—60 Residuals switch ‘YES ’ if a list of residuals is to

be printed

63—65 Summary swi t ch ‘YES ’ is a summary table is to be
printed

4—15
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Table 4.7

SPECIFICATIONS FOR CONDEL CARD

Column Entity Remarks

1—6 Identifier 

* 

‘CONDEL ’ (mandatory)

7 Control value for

1st variable
*8 Control value for

2nd variable

72 Control value* for:1 66th variable

*Control values are
1 — Delete variable from consideration
2 — Free variable
3 — Low—level forced variable
4 — Higher—level forced variable

9 — Highest—level forced variable

Values 3—9 allow prioritizing of the entry of variables into
the regression

a
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LABELS Card

A blank LABELS card mus t be included to signal where the labels are

required in the deck. The appropriate labels are generated from the vari-

able specified by using the first 6 charac ters of each name.

Forma t Card

The format card is fixed by ~€RGE and should be:

( lOX . 1CFU.~~’(1OX~ 10F12.4))

in coI.i~~ts 1 — 2’.

SUBPRO Card
The SUBPRO card snould be ~o~~ leced according to Table 4.6. It is

convenient to make th. dependent variable 1 , but this is not a restriction.

CONDEL Card

The CONDEL car - i f~’11ows Table 4.7 specifications. The card also

signals the creation by MERGE of 2 additional cards defined below, both

of which are new.

LI1IITV Card
The LINITV card notes the variable count limits, if any.

SIGNS Card (Coefficient Sign Restriction)

The SIGNS card records the sign controls for the variables, if any.

TITLE Card
In addition there is now a title card, which may be blank , and permits

step print suppression and provides a run title for all runs. If the card

is blank the independent variable title is used.

Cols Entity Remarks

1—2 Print control Specifies step to store printing
- - (only valid if print not suppressed

on problem card , Table 4.5)
3—74 Title Leave blank unless desired title

different than dependent variable

Example: (03 C123 — combat arms categories , 1, 2 and 3)

4—17 
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This would have the effect of starting the regression printout at Step 3

and provides a title printed bold—face across the leadin g page.

IDXPLT Card (optional)

* The IDXPLT card follows Table 4.8 specifications. This card is

required if columns 49—50 of the subproblem card are greater than 0.

FINISH Card

The file is terminated by a FINISH card.

Table 4.8

SPECIFICATIONS FOR IDXPLT CARD

Column Entity Remarks

1—6 Identifier ‘IDXPLT ’ (mandatory)

7—8 Number of 1st variable to

be plotted

9—10 Number of 2nd variable to

be plotted

65—66 Number of 30th variable
*to be plotted

*No more than 30 variables may be plotted per subproblem.

4—18
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4.8 MERGE CONTROL LANGUAGE

The MERGE Control Language is listed in Table 4.9. A de tailed dis-

cussion of the language and its use is presented in this section.

Defining a Variable Time Series for MERGE

MERGE recognized any app ropriate data defined by the rules of this

section as a legitimate time series.

Input Data for the Variable Time Series

This is done by card (or card image) input and is read in on input

Unit 5. The firs t card defines the f irst  data occurring in any time series,
and a list/no—list option.

Time Series Initialization Card

Column Entity Remarks

1—20 Filler May be used as data stream identifier
f ield

21—25 Year Starting year of all time series
(right justified)

26—30 Month Starting month of all time series
(right justified) 

4

31—34 Filler

36—40 List option Right justified values:

LIST — causes listing of all
time series

NOLIST — suppress listing

41—80 Filler

4—19



Table 4.9

MERGE CONTROL LANGUAGE
(order of precedence)

Time Series Initialization Card

Title card for time series input Repeated for every time

Time series data input series (max. 99)

END

LAST FILE
(BMD Control Cards)

BASE

CREATE

Variable creation cards

TREND (optional)
END

Dependent variable name (Table 4.10) 1 Repeated for additional
Independent variables (Table 4.10) sets of variables
DU~~Y (Additive optional seasonals)
SET

Independent variables to be included
in subsequent runs

END

NEW DEPVAR (optional)

New independent variable (Table 4.10)

END

RESTART (optional)

New variable set (dependent and
independent variable) (Table 4.10)

END
RESET BASE (optional)

New BASE card
END
STOP

4—20
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Each time series coLtsis ts of at least three cards :

(a) The first card is a t i t le card used to title the printout if

a listing is desired.

(b) The second and subsequent cards each define the data point from

a specific time and held to the end of the time series of 54 months. This

simplifies data definition.

(c) The last card of each time series consists of the key word END

entered in columns 1—3. An example of a time series is displayed in Fig. 4.4.

The name on the last data card entered for each time series , names the

series, a feature which makes it easy to change a name to suppress a file,

for example.

~~~~~~~~~~~~~~ ~~~~~~~~~~ :‘~~p ~~~~~~~~
7~ 1 2 2 1 . 0 2 ) ’  

—_______________________________________ 

2 7’ 12’~l.C~~2 2  
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Fig. 4.4— Xeroxed Listing of Time Series
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Time Series Definition Cards (N months of data)

Card Columns Entity Remarks

First 1—72 Title Descriptive title of time series

2nd and 1—6 Name Time series name

following 5—10 Filler

• 11—15 Month Month of data — right justified

• 16—20 Year Year of data, two digits — right
justified

• 21—30 Data Numerical value of data, decimal
point must be present

Last 1—3 Name ‘END ’

Additive seasonal variables are stretched periodically , as appropriate,

if the first four characters of their name are SEAS; otherwise, they are

stretched using the above sample and hold technique.

The end of all time series input is indicated by the card LAST FILE ,
where cols 1—4 — LAST and 7—10 — FILE.

Obtaining a Data Listing

If the LIST option is entered on the first data card, all of the time

series are tabulated in a form suitable for Xerox.

Selecting Data for the Regression

This is done by specifying the names of the time series desired , in

the order desired with additional ~variable control information.

EASE Selection

The first card for the run must specify the first and last data points

to be. used in the dependent variable time series.

Columns Entity Remarks

1— ’ BAS E may be blank

5—10 Filler

11—15 First year Beginning year of data for
analysis (2 digits. right
j u s t i f i ed)

16—20 First month Beginning month of data for
analysis (right justified)

21—25 Last Year Last year of data

26—30 Last month Last month of data

4—22 
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Variable Selection

This is performed by control cards specifying the file names in the

order desired. All names must start in column 1 and should be no more

than 6 characters long.

Example: C123
MILPAY
CA—OPT
BNS—CA

This will set up a data file for BMD with four variables as specified,

using the assumptions that the first variable is the dependent variable.

Additional runs can be generated by further “files” of control cards,

exactly as above, in which each variable is mentioned explicitly. In

every case, the data used will extend from the first to the last data

point specified on the BASE card.

Repeated Variable

Repeated variable sequences can be se t up very easily for use in
several subsequent runs by using a SET card which simply preserves , as a
base , aU. oreceding cards in that file of control cards.

example: C123
MILPAY
BNS-CA
CA-OPT run 1
SET
ADVT
END

PAID TV
END run z

RECR
END run 3

This sequence will set up three five—variable runs in which the first

four variables are always the same bu t in which the las t variable is

changed each time. The poin t of this is to reduce the number of cards
requi red.

The SET card will also incorporate additional cards in a p revious
setting which allows the user to gradually extend his base case. The
setting continues until either a RESET BASE card or a RESTART card is
encountered.

4—23
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RESET BASE (Key word)

The RESET BASE key word in columns 1—10 clears the setting of SET

and returns control to the base specification point, from any point in

the control card sequence.

Shi f ted Time Series (Leads and Lags)

MERGE was originally constructed to permit generation of multiple

copies of time series with various shifts so that regressions with leading

and lagged data could be performed easily.

If the shifts are listed on the variable cards, they are generated

automatically.

~ c2mple: MILPAY —3 —2 —1

will include four variables , all copies of MILPAY with lags of —3 , —2 ,
—1 , and 0 months relative to the dependent variable. 0 is always included

...nless the last entry is 99.

example: MILPAY —2 99

will include one copy of MILPAY with a lag of 2 months, relative to the

dependent variable .

Coefficient Sign Control

Coefficient sign control can be obtained by adding a F, N or blank
to the variable card, for pos itive, negative or free sign control
respectivei.y. This means that the variable and ~~~ of its copies

generated from this card will enter the regression only if its initial

coefficient sign is positive or negative as requested on the card. This

is ~cne by checking the sign of the partial correlation coefficient of

the isr~~’- .es currently out of the regression. This overrides CONDEL

~;#

.- i ~opiaz of a -;ar.ible ~.rith. differen t lags in the regres—

~o ~~~i: ~ te ooumber ~ihich can actually

- . ~~~~~ ~~ i iimit on the variable
• ~~~ t of vao~ ab 1es vh~ :h may



Note that the variables are entered in order of significance at that

time, so that 3 of 10 does not give necessarily the best 3 out of 10 shifts,

but the first 3. Some skill is still necessary .
This restriction overrides the COND~L card specification.

Table 4.10

VARiABLE CARD FORNAT

Columns Entity Remarks

1—6 Variable name Left justified

7—10 Filler

11 Initial sign P = positive
to enter N = negative

blank = either

12 Variable count Maximum number of lagged
variables with this name
allowed to enter the
equation

14—15 Shift 1 Positive of negative
16—20 Shift 2 Shifts of variable,
21—25 Shift 3 99 restricts unlagged

: variable from equation

61—65 Shift 10 Optional

As many as 10 shifts may be entered on one card, positive or negative,

with 0 or “no lag” added on the end unless suppressed with a 99. It is

the user’s responsibility to ensure that shifted data is still within the

range of the time series definition by adjusting the base card setting.

STOP Card for MERGE
The STOP keyword in columns 1—4 ends MERGE so that BIOMED can be run.

At this state BIONED receives its data on file 13, its control cards on

file 20 and certain report generator data on file 11.

DUMMY (Additive Seasonals)

The DUMMY keyword in columns 1—5 serves to automatically generate 12

additive seasonal dummies labelled JAN through DEC. MERGE uses a standard

dummy file DMMY12 and introduces 12 leads of 0 through 11 to generate the

months. Thus DUMMY introduces 12 variables and the CONDEL and TRANGN cards

of BMDO2R should note this in indexing the variables.

4—25

— — ~— - ~~~~~~-



MERGE Output
MERGE lists the cards accepted and, if the LIST option is taken, lists

the data retrieved for each regression run setup.

CREATE — Creation or Modification of Variables

The key words CREATE and END read in (A6) format signal that the group

• of cards beginning with CREATE and ending with END create new variables or

modify an old variable using simple scaling of variables. This is equivalent

to transgeneration cards but simpler to use. The formats of the cards are

given in Table 4.11

The specific options offered under CREATE are detailed below.

Columns Entity Remarks
*

1—6 New name Name of variable to be created

7 = Equality sign

8 — —

9—15 Scale factor Multiplicand scaling factor

16—18 * Indicates multiplication

19—24 Variable name Variable scaled by preceding multi—
H * 

plicand

25—26 Shif t  Positive or negative shift of value —

range (—9 , +9)
27—33 Scale factor

34...35 *

36—4 1 Variable name

42—43 Shift

44—50 Scale factor All products are st ’ uned to

51—53 * 
produce the new iame variable

54—59 Variable name

60—61 Shift

62—68 Scale factor

69—71 *

72—77 Variable name

78— 79 Shift

*If new name has not occurred before, then its data is initialized to
zero , a variable of name “new name” is created , with t i t le  given by the
creation card itself , and whose data content is defined on the card .

If new name has occurred before , then the modifications are applied
to that time series. Thus several data cards can be used to define a new
time series or modify  an old one .
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Table 4.11

FORMAT FOR CREATE CARD

Variable scaling and linear combinations of variables

Columns Entity Remarks

1—6 Variable name Variable to be created or modified

7 Filler Blank
8 = Equals sign or blank

9—15 Scale 1 Scale factor for first variable.
Decimal point and sign must be
included

16 * Multiplication sign or blank

17—22 Variable name Name of first variable, must exist
• in file or by prior CREATE operation

H 23—24 Shift 1 Shift for preceding variable range
- 1 (—9, +9)

25—26 Filler Blank field

27—33 Scale 2 As per scale 1

34 *

35—40 Variable name

4 1—42 Shift 2

43—44 Filler
• 45—51 Scale 3

• 52 *

53—58 Variable name

59—60 Shift 3 As above

6 1—62 Filler

63—69 Scale 4

70 *

71—76 Variable name

77—78 Shift 4

79— 80 Filler 1

4—27
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Table 4.11 (cont ’d)

Operations on CREATE variable

Columns Entity Remarks

1—6 Variable name Names of variable, predefined

7—12 Operation LIST, list variable
CLEAR, set all points to zero
LOGN , natural log of variable

Function in CREATE

Columns Entity Remarks

1—6 Variable name Resultant variable name

7 Filler Blank

8 Equals sign of blank

9—15 Scale Scale value applied to function result

16 * Multiplication sign or blank

17—24 Function Name Left justified — MAX, MIN , or PRODUCT
25—26 C Left parenthesis or blank

27—33 Scale I Scale value applied to first variable

• 34 Filler Blank
35 * Multiplication sign or blank

36 Filler Blank
37—42 Variable 1 First variable name

43—44 Shift 1 Shift  of variable 1 (—9 , +9)

45—51 Scale 2

52 Filler Blank

53 * Multiplication sign or blank

54 Filler Blank
55—60 Variable 2

61—62 Shift 2

63 ) Right parenthesi.a

64—80 Filler Blank field
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Example: (TEMP = 1.74200 * NILPAY — 1 + 1.760Q * CA—OPTS)

which creates a new variable named TEMP from MILPAY (— 1) and CA-OPTS (0)

as defined above. All entries are right—justified.

(a) The CREATE—END packet should occur immediately after a BASE

card; it can occur anywhere, but must occur before the new variable or

its modification is referenced. The data are not placed in the BIOMED

run unless explicitly called.

(b) The new variables have all the properties of, and can be called
exactly as, permanent variables. It is anticipated that this feature will

be most useful for generating new dependent variables, and the BIOMED runs

are titled with the mode of creation of the variable if it is new and a

blank title card is used.

H (c) Constants. If the variable name is absent, the scale value is

treated as a stmple constant.

(4) “TREND” is a reserved variable name for a ramp function taking

values 1 to 54 in months 1 to 54 in CREATE only .

(e) LIST. The reserved name LIST in cc 11 to 14 causes a list of

the variable specified using the report format. This is useful for spot

checkIng the results of transformations in CREATE only.

Example: C123 LIST

(f) CLEAR. The reserved name CLEAR in cc 11 to 15 sets the specified

old named variable to zero. This is done automatically for new variables.

Example: TEMP CLEAR .

(g) Functions . Simple functions are permitted , one per card in the

following format :
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Function of Var iable

Columns Entity Remarks

1—6 New name Name of variable to be created

7—8 Equality sign

9—15 Scale factor Applied to result of function

16—18 * Multiplication sign

19—26 Desired function PRODUCT

MAX

MIN
- 

- ( Left parenthesis

27 Scale factor Applied to following variables

*

Variable name
Shift

Comma used for separation

- 
• Scale factor

*

Variable name

Shift

) Right parenthesis

The scale values and shifts can be omitted.
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NEWDEPVAR — Selecting a New Dependent Variable to be Run with a Common
Set of Independent Variables

The key word NEWDEPVAR in columns 1—9 is used to change dependent

variables of the prior subproblem . The name of the new dependent variable

follows on the next card followed by an end of file card .

example: Cl23
MILPAY
BONU S Run 1

END

NEWDEP XNEW
XNEW MILPAY
END Run 2 is BONU S

Caution:

The intended primary use of the key word NEWDEPVAR is in comparing the

effec ts  of the same programs and policies on different population groups

(dependent variables). When using the special multiplicative mode operation

of the seasonal model, Section 4.9, do not change programs and policies in

conjunction with the NEWDEPVAR key word.

RESTART (Key word)

The key word RESTART in columns 1—8 returns control to the

B~~ CONTROL LANGUAGE at read in point PROBLEM p. 4—13. The SET setting

(if any) is also cleared .

I
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4.9 BMI—OPERATIONAL MODES

The modified regression program is operated in four different modes,

as depicted in Table 4.12. Note that operational modes 3 and 4 require

that the same set of independent variables is run against different sets

of dependent variables.

Table 4.12

OPERATIONAL MODES

Special controls Special
Operational requi red PROBLEM set—up

mode PROBL’f card CONDEL card restrictions instruct~ons

1 Col 70 — blank none none none

2 Col 70 — M none none none

3 Col 70 E Col 8 ~ 1 Same set of inde— See Note 1
peudent variables Section 4.5

4 Col 70 — E Col 8 — 1 Same set of inde— See Note 2
pendent variables Section 4.5
with the second
variable having
fixed elasticity

1. Additive mode
2 Multiplicative seasonal mode with no restrictions on

problem sets
3 Special multiplicative seasonal mode with no fixed elasticities
4 Special multiplicative seasonal mode with fixed elasticities

4—32
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Note 1: The MERGE CONTROL LANGUAGE (key word) NEWDEPVAR (see

Section III) is used for setting up mode 3 operation.

Note 2: The special instructions required to set up a problem

for mode 4 opera tion are as follows:
Given fixed elasticities e

k (k’~
l,...,q) for independent variable k

with mean value xk, a new variable v
i 
is defined for each value i of the

series i using the CREATE option of PROGRAM MERGE as:

v~ — ~ k i i = 1 ,...,N.
k=1~~~~~

must then be inserted as the second variable of the regression and run

together with the remaining p—q variables.

I
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4.10 BMD REPORTS

Summary Report

The summary report summarizes the las t step of each regression and

contains the following informa tion:

a. Dependent variable

b. RSQ

c. Constant

d. List of all independent variables used in a related run series and

their time shifts

e. The ccefficients of each variable in the regression and Fs to

remove or enter; if the coefficient is non—zero , the variable is

in the regression and the F—value is the F to remove; if the

coefficient is zero and the F—value is non—zero , the variable
is not in the regression and the F—val ue is the F to enter;

-4
if the coe~fficient and F—value are both zero, the variable

was not used in the particular run.

It should be noted that the dependent variable is assumed to be the

first variable and unchanged for each run on one page. Dependent variable

changes are precipitated by a RESTART or a RESET Base control card.

Residuals Report

A residual is computed as

residual — y — — y — — E
i

where

y — dependen t variable
— a + ~ is the prediction

i

• constant
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= coefficient

X = independent variable

i number of independent variables in the regression

b. The list of residuals has been expanded by adding future data

points where the number of past and future data points is 54. The

residual computation for future data points is the same as for known data

points except for the setting of the variable to zero.

c. Future values of the independent variables are stored by automati-

cally extending the last value of each time series to the full 54 points

(Jan 70 to Jun 74). However:

1. If future policy changes are known1 these can be added to

the time series as normal data points. The base card defines the cut—off

between past and future.

2. Seasonal values and d u y  values need to be explicitly extended.

3. The PROBLM card is automatically revised to show the number
of future points.
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APPENDIX A

SETUP INSTRUCTIONS FOR USAREC UNIVAC 1108 COMPUTER SYSTEM

The purpose of this appendix is to provide instructions on utilization

of the components of the USAREC Market Information Sybsystem.

A.l Optimal Budget Allocation Model

@RUN RUNID , ACCOUNT NUMBER, PROJECT , T IME, PAGES
@TYPE (this card is required by systems software)

@PASSWD Password for System

@XQT FILENAME. OBAM

Budget Model Input Data
@FIN

A.2 Optimal Recruiter Allocation Model

@RUN RUNID , ACCOUNT NUMBER , PROJECT , TIME , PAGES
@TYP E
@PASSWD system password
@XQT FILENAME . ORAM
Recruiter Model Input Data
@FIN

A .3 MERGE/BMD Time Series Regression Model
@RU N RUNID , ACCOUNT NUMBER , PROJECT, TIME , PAGES
@TYP E
@PASSWD system password
@XQT FINENAME. MERGE

Time Series Data (see note)
BMD Control Cards
MERGE Control Cards
@XQT FILENAME . BMD
@FIN
If the user wishes to save any of the output on intermediate results

that are contained in the work files, each file desired must be explicitly

created.

MERGE files — the following cards must precede the @XQT FILENAME. MERGE

card : @USE UNIT# , @ASG ,CP NEWFILE , F/ l /T RK/64 , NE WFILE where N EWFILE

A—i
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is a user file name in correspondence with installation standards, and

unit # is one of the unit numbers presented in Table 4.2.

END files — the following cards must precede the @XQT FILENAME.

END card: @U SE UNIT #, @ASG, CP NEWFILE , F/ 1/TRX/64 , NEWFILE in this

case unit # correspond s to Table 4.3.

Note: The time series data could be contained on a card image mass

storage file and could be inserted at the appropriate location

in the runstream as follows:

@ADD TSDATA .

where TSDATA is an example of the file name.

If multiple sets of time series exist , they could be

included in one file as symbolic elements. Your system

1 - software should be able to clarify procedures for creating

this type of file.

I
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APPENDIX B

SYSTEM SPECIFI CATIONS FOR USAREC 1108 COMPUTER SYSTEM

The contents of this appendix present the system resource require-

ments of the different components of the USAREC Market Analysis Subsystem.

In addition, the subroutines and functions used in each component are

presented with a short description.

B.1 Optimal Budget Allocation Model

Resource requirements

Average run t ime — minimum 8 CPU seconds

Core required — 12K words

Input cards - minimum 5
Output pages — minimum 10

Subroutines (presently compiled as one program with internal subroutines)

MAIN program — the main program reads the input cards and

verifies parameter names.

SEARCH — performs general fibonacci minimum search.

FVAL — function of Newton method to solve for budget.

B.2 Optimal Recruiter Allocation Model

Resource requirements

Average run time — approximately 50 seconds CPU

Core required 35K words
Input cards — approximately 600

Output pages — approximately 60

Subprograms
Main program — the main program serves as a monitor for the

execution of the model options and prints solution.

READIN — this subroutine reads input data , prefor ms prel iminary
calculations and performs minor error checks.

READOU — this subroutine produces the evaluation reports.

B—i



REQMTS — calculates adjusted right side value on constraints

to account for recruiter and/or canvassers.

START — calculates the initial value of Lagrange Multiplier

for setting Search Interval end points.

PARTSL — calculates canvasser partial solution.

SEARCH — performs general fibonacci minimum search.

FVAL — function of Newton method to solve iteratively for

recruiters or canvassers.

SOLN — subroutine that determines final solution using the

Newton method as in the function FVAL.

ENLSTZ — subroutine that calculates enlistments by eohort group

B.3 MERGE/BMD Time Series Regression Model

Resource requirements

Average run time — minimum 8 CPU seconds

Core required
MERGE 20K words

BMD 39K words

Input cards — including time—series data usually 200—600

Output pages — minimum 16 pages

Subprograms

MERGE

Main program — reads all input data , END controls cards , and

MERGE control cards. Performs syntax check on all control

cards.

CREATE — creates all new user defined variables.

MONTH — sets up aiph name abbreviation of months for use
by END reports.

NOTE — write output message.

FILES — reads time series data check into core.

IDENT — ver if ies that all var iables to be used in regress ion
exist.

PACK — left justifies name and removes embedded blanks.

B—2
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FILE5O — creates edited control card file for input to BMD.

LISTRP — lists time series data.

BMD

Main program — the main program reads control cards , checks

syntax, and performs calculations for the basic statistics

(mean, standard deviations, correlations)

function AF — orders array elements by index pairs.

subroutine AOUT — prints correlation or variance matrices.

subroutine CHECK — checks sign of coefficients.

subroutine RDLBL2 — reads in labels cards.

subroutine TR.ANGN — variable transgeneration program.

function CALUIN — zero divide.

function LSHIFT — set character values .

subroutine RESIDS — performs residual analysis and plotting.

subroutine STEP — enter variable into regression.

subroutine STEPRG — performs stepwise regression.

subroutine REGRPT — prints stepwise regression report.

subroutine SENSE — evaluates sensitivity of coefficients for

ridge regession and prints report.

subroutine MULSEA — computes the multiplicative seasonals, and

prints seasonal report.

- 
T subroutine REPRT2 — report produced when fixed elasticities are

indicated.

subroutine REPORT — summarizes the end results for each

regression run.

subroutine MOVECH — moves characters from a character string to a

second character string.

function COMP — word comparison.

B— 3
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APPENDIX C

THE HISTORICAL ACCESSION FILE

The Historical Accession File was developed from USAREC accession

data for FY74 and FY75. The file contains the fraction of total acces-

sions accounted for by each of the supply—limited cohorts under con—

sideration, as depicted in Figure C.1 on the following page.

Table C.l displays the current definition of items in the sort—field .

Table C.l

Entity Columns Definition

DRC 1—2 DRC identifier

DRC IND 6—7 Sequential DRC index (1—64)

REGION 10 Sequential region index (1—5)

ENL OPT 11 Enlistment option coded

1 combat arms
2 = non—combat arms

TERN SER 12 Term of service coded

1 — 3—year term
2 = 4—year term or more

Cohort Group 1 13—17 Proportion of enlistments in
first cohort group.

2 18—22

3 23—27 
-

4 28—32

5 33—37

6 38—42
‘I 7 43—47

8 48—52

Filler 53—57

TOTAL ACCESSIONS 58—67
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APPENDIX D

ANNOTATED LISTING OF TUE OPTIMAL RECRUITER
ALLOCATION MODEL
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER ROUTINE: C0NTRL

This is the central control unit for the ORAM

14 The call to READIN reads all the input data and switches for
the problem.

15 READOU(O) gives a full evaluation of the initial recruiter/
canvasser allocation.

16 If IPUN ~& 1 then only an evaluation of a particular allo—
cation is made—otherwise a full set of optimizations is
made.

19 ISWITCH = 2 for recruiter and canvasser model set upper
limit for canvassers.

20,21 Set constraint limits and adjust coefficients according to
constraint no. M7.

22 Calculate guess for Lagrange multiplier w

24 Branch to 250 for recruiter only.

25,26,27 Calculate initial guess for canvasser multiplier; set end
points for Fibonacci Search.

28,29 Search and find candidate value of multiplier for canvassers.

31,32 Find tentative solutions for canvassers; adjust right side
constraint value for recruiters.

33 Calculate candidate multiplier value for recruiters.

37 If canvassers achieve more than total accession
requirements recalculate recruiter solution.

38,39,40,4 1 Calculate candidate value for multiplier test.

42 Calculate canvasser test multiplier for final decision .

44,45 For positive canvasser multiplier set associated value of
recruiter multiplier

46 Canvasser multiplier set to zero.

47—51 Set final recruiter multiplier.

52 Generate solutions for recruiters if ISWITCH = 1 or
recruiters and canvassers if ISWITCH = 2.

53 Loop end for all constraints.

54,55 Write out full set of solutions.

56—59 Write out matrix for recruiter solutions only; not
intended to be a report as such.
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ANNOTATION

SUB ROUTINE
STATEMENT
NUMBER SUBRO UTINE : ENLIST

This subroutine calculates the enlistments by cohort
type j at DRC i for a given number of recruiters
and canvassers on station.

8,9 Reset recruiters to x(i) value.

10—12 Calculate enlistments due to recruiters.

14—18 Calculate additional enlistments due to canvassers
if ISWTCH=2.
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ANNOTATION

SUB ROUTINE
STATEMENT
NUMBER SUBROUTINE: FVAL I

This subroutine is used only when canvassers are in
the model. For specified values of VV and a given
constraint index MT the associated canvasser solution
is calculated. The sequence of VV values assigned
by the Fibonacci search is such that convergence to
the requirement specified by RSIDEC (NT) occurs.

30 Error message if fail to converge
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ANNOTATION

SUBROUTINE
S TATEMENT
NUMBER SUBROUTINE: FVAL 2

This subroutine is used only when canvassers are
in the model. For every value of WW assigned by
the Fibonacci Search the corresponding numbe r of
recruiters associated with constraint (NT) is
evaluated. Successive values WW assigned by the
search will be such that the return gained by the
recruitars will converge to the adjusted right side
RSIDER (NT)

30 Error message if fail to converge

I
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUBROUTINE : FVAL3

This subroutine uses the Newton Method to
solve iteratively for recruiters.
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUBROUTINE : PARTSL

This subroutine calculates intermediate solutions
for canvasser variables.

ii
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUBROUTINE : READIN

This subroutine reads the input and switch values
fo r the ORAM

39,40 These values are default. Currently set for 5 differen t
regions NOREGN. IREGSW~ 1 was dropped when it was decided
not to specialize by particular cohort type.

4 1—48 Initial environmental factors set to one in case they are
raised to a power but not read in.

49 READ and write input cards.

51—53 Free title card. This title will appear on all repor ts
Use it Wisely.

56 If IRUN X full optimization , otherwise evaluation of initial
recruiter/canvasser placement only.

59 Set size on no. of DRCs, no. of supply limited type, no. •

different  terms of service.
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ANNOTATI ON

SUBROUTINE
STATEMENT
NUMBER SUBROUTINE : READIN

64 ISWITCH=1 recruiters only , 2 recruiters and canvassers ,
ISWPCT~1 proportions by type set by historical percentages
otherwise ISWP CT~ 1 will accept coefficients individually
by type. (The latter is generally not the case.)

67 F1JNE}~ is a facto r (near 1 e.g. , 1.5) which modifies the
basic unemploymen t rates at which the x sectional analyses
was made. FACTOR multiplies the coefficients for missing
da ta—e.g. , given 8 mon ths of data for analysis multiply
by 1.5 to get yearly total.

71 SUPLY is desired level of supply limited cohorts . CANTOT
is total canvasser limit.

75 RECCST , CANCST relative recruiter and canvasser unit cost.
Set to 1., 1. for best convergence where 1 may actuahly
represent 1 unit of $25,000.

79 FSERV(k) , fraction of total supply with form of service type k.

86 Fraction of total supply in combat arms .

89 Fraction of total supply in region k.

94 ,95 Set indexes for loops later on.

96 Fixed cost is set to zero since it does not influence the
optimization.

97 Initial counter (for what I am not sure).

98,99 Initialize counters for no. of DRCs in each region.
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ANNOTATION

SUBROUTINE
STATEMENT

NUMBE R SUBROUTINE : READIN

100— 175 Basic input loop. Everything entering here should be
p receded by a name card listed in DATA INAME . A card
with the word END cols 1 to 3 should end each data
section in this loop. There is no total counter check
within each section of data so that for example if the
user states he has 63 DRCs then he must have the appro—
priate in format ion  f o r  all DRCs .
Format 10 is the primary form in which the data is read.

Currently some values of the environmental factors are
the same for all cohort types . This may change later
hence right side VAL( 1) could be changed to VAL(J) 123,
126 , . . .  ,139,

150 The key word PCTVL sets up the branch to 400 which reads
in the historical profile information.

153, 154 FORMAT 401 is fundamental to the historical data. The
three indexes IR, ICA , and ISER identify the region,
combat , noncombat arms and type of term of service,
FVAL is the total supply enlistments by DRC (it is not used
in the calculations) VAL (J)’s represen t the discrete
breakout by DRC , by term of service , and combat and non-
combat arms.

157 Exit from historical data input section.

158— 160 Firs t card for each DRC establishes name and tallies on
region counter.

162—169 Combat arms and noncombat arms are separated within
term of service.
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUBROUTINE : READIN

173 Error elcit if illegitimate card name appears on list.
• 17 7— 186 Separate fraction by term of service for each category

type J and each DRC I.
187—203 Define percents of cohort type J for each DRC I.
204—212 Normalize fractions for cohort type J at DRC I so that

computerwise they sum to 1.

213—216 Write out total fraction (should be near 1) before
correction as well ~s corrected fractions.

217—221 Renormalize total fractions.

222—231 Calculate C(I,J) coefficients for. supply functions from
environmental factor values and ISWPCT switch. Also
calculate enlistments based on input values of recruiters
and canvassers. The values of the x sectional parameters
play an important role here.

1

D—20

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



b~H 1~ ’- !L~’-±E CuPY

S.4” ’ .’.l “ : 1 - 1 :  13/73 CPI- .t FT 14 ‘..-~~~1’.56 1 0/12/f? 1” . -~~ .3 2

1 2 7 1 1  — ~ ‘t 1 )
:1

T O
S d 2  COu U .1

1 2 3 3  1 3 3 1 2 , L :
JO 1.. -. 1~~1. ”.3 x S T 5
£0 3 3 3 3  J~~t ,5

02 3333 ‘(‘1,-
• : • j , ~) 11.03 C 1,3 , -,)  + T51( 5 ,J, K)

33 1-3  56-’ * 2-~ •
33) ~~;

‘ .: 1. :.a 1 2.2 13 10 16
,,3 3 3 15  .~~11-~’~5

P117 1 4 3  ,J.K) I 559

10 3 3

31 1 1 1 ’  •:-‘‘, ,‘.T;—’’)
2 ’ . * : ‘ i . * -3310A33,J ,K)

33,2> * IL”:
1,3 ~~~~-‘ ‘ ~~‘ : , . 2 )  3 3 2

TI - :- - - :  *

1 2 1 7  ~~‘ T21!:.J,5) •
p P : 12 3 ( t , J , 2 ’  = 0 .)

233 ‘17 1’ 0:23
3319 ‘33 151 : .i • J ’ 5  / IS51H

-‘-‘33-:: ‘:,j,oi • :o-’2 / rE.5 ~1
1 2 3 3  ,‘‘ ‘ (3, 1 = 22 ” 2 1 3 3  • 4 >  + 1 4 C A P C T  I,,J )

33 11~~: !~~1,1’33STA
- - 335 6- ._ ’ *

03 5331
152 1  So” * - :- .“ PCT(I .J)
1,33 C T C T  1 . 3 >  =

33 1332 :=1.’0.SSTA
733  ~ 3 1 2 2 1  4,5,-S

1131 POT 13.4) • P0 1( 1 .3 )  / ~C T S V 3 ( I )
123? 2051I ’J L C

C’) I- .-- - I

•5 j 1 -  ) ‘ . , I L’ . j )  I , ‘C ,rl(I ) ,(PCT (I,J) .J-=1,5)
.315 131, 1 F0 ’ ’ -4 T ( 1 6 5 . 5 2 , 5 5 . 9 C 2 5 , F 6 . 1 ,) )

I S L O  52 .1 I: ,,,E
33 133’: 1*5, 33510

I I I )  • 1.5
30 L-.-~ J*5.JT YPES

02) 33-.9 PCTITI(I) * PCTSTA(I) + PCI (t,J)
1)5’ )  0 3 - 4 1 :  ‘:35

23 133) J*L ,JTYP ZS
00 3333 I’l.I-’-(X STA

C “ S~~ . C . 0 .o  1. ’ IT (-~1’,335 UNI L FUS”’ —S !‘,OTICZ “~~
223 ci :  .J )  * C 3 3 , J )~~~3 3 5 , J )~~~( I , J)  ‘ E ( 2 , J) • ( ’J 33 , J )  F’J!:cMP) “ 1 (3 , 3)

1 5 1  ( 0 , 4 )  3 3 - . . J )  3-3 ( 1 .  3)  5 1  5 , 3 )
IF) 33.?01.53,j ) 033,3) C (3,J)’~~C1 11,3) / P01511(I)
0(3,3) = 3 ( 1 , 3)  • F A C T O R  • EXP(C-214(J))

D—21

-- • ~~
. ~~~

.., 
~~~~~~~~~

. — -— .L ~~



- ~~~~~~~~~~ “ ~~~~~~~~~~~~ - - 7~~~~~~ -y~~ - - -* . f l -

ANNOTATI ON

SUBROUTINE
S TATEMENT

N UMBER SUB RO UTINE: READIN

232—235 Write the v-’lues of the C (I,J) coefficients

236—244 Write the enlistments to tal and by cohort type
for each DRC .

245—262 Set indexes for cons traints and indexes for begin-
ning and ending DRC ’s within each region.

263—265 Set RECO (I) to the initial input value. Set X (I ) .

266—270 Set initial value of canvassers CANO(s) to initial
input value. Also set X (I) for canvassers.

— 271 ,272 Set signs (the instructions may currently be obsolete).

273 ,274 Initialize -right side constraint values

275 Set right side (1)—the national goal to supply .
276 ,277 If canvassers are in the model right side (2)

upper limit is CANTOT.

278—280 Set right side constraint values for term of service.

281 Set right side constraint value for combat arms.

282 IREGSW is set to one by default. At one time it was
used to bypass regional constraints.

283—285 Set righ t side cons traint values for regional require-
ments.

286—292 Write the values of the righ t side constraints. Set
canvasser fractions .

293 Obsolete possibly.

294—296 Set canvasser regional fractions proportional to
regional goals.

297— 300 Initialize array of su ary solutions as used by sub—
routine SOLN(MT ) later.
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ANNOTATION

SUBROUTINE
STATE~1ENT
N~UMBER SUBROUTINE : READOU

This subroutine is the Report Generator.
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUB ROUTINE: REQNTS

This subroutine performs two functions. If KT— 1 the
righ t side values for the recruiters and canvassers
is modified when ISWITCR~ 1.
If KT—2 then the coefficients C(I ,J) ’ s and frac tions
for combat arms , terms of service are appropriately
modified. Some r ight side modification is also made .

20 ,21 Set beginning and ending indexes .

22 Set sum total to zero initially.

23—27 Branch to appropriate class of constraints for given index
MT.

28—30 Error exit for index out of range .

32—42 Evaluate total cost for recruiters and canvassers•

44—46 Readjust right side values for canvasser total and
recrui. ters .

48—59 Modif y righ t side or B(I ,J) ’ s for term of service depending
on whether K~1 or 2.
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ANN OTATION -

SUBROUTINE
STATEMENT
NUMBER SUBROUTINE : REQMTS

6 1—72 Modify right side B( I ,J ) ’ s for  combat arms depending 
-

on whether KT=1 or 2

74 Set basic value of index.

75 tRE GSW~1 by default -

76—88 This branch is not intended for official use but
is left in in case of future specialization to -

specific cohort type optimization.

86—88 B(t ,J) transformation in proportion for regional 
-

cons ts.

89,90 Set beginning and ending indexes for regional -
constraints.

91— 102 I~tdify canvasser and recruiter constraint values or 
—

B(I,J)’s depending on KT~1 or 2= -

104—114 Modify total accessions remaining requirements or
- set B(I,J)’s if KT 2.
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUB ROUTINE : SEARCH

This subroutine is mathematically the nx,st e f f ic ient
search minimization known. The search 4 s made over
interval TL ,TU. Three d i f f e ren t  functions are called
depending on the value of IFUN. The coefficients
B(I ,J) used in the functions FVAL1 , F’VAL2, FVAL3
are set by REQMTS (MT,KT)

8,9 Set the constants for the “golden section.”

10—46 Switching of end points and function values over a contract—
ing interval TL,TU which decreases by a factor •618...per
iteration.

48 ,49 Error message if convergence criteria are not met wi thin
60 iterations.
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- ANNOTATION

- SUBROUTINE
STATEMENT

- 
NUMBER SUBROUTINE: SOLN

This subroutine records all solutions and writes
out solutions as they occur for each constrain t
or requirement MT
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ANNOTATI ON

SUBROUTINE
STATEMENT
NUMBER SUBROUTIN E : S TARTC

This subroutine is called only when canvassers are
in the model. The VV value calculated is a guess
at an initial value. It is used to set end points
for the Fibonacci search.
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ANNOTATION

SUBROUTINE
STATEMENT
NUMBER SUB ROUTINE : STARTR

This subroutine is used to calculate an approxi—
mation WW to the soit tion to be found by the
Fibonacci search. The values IL and TU for
the end points of the search interval are set
using WW.

t ’—42

_ _ _  
~~~~~~~~~~~~~~~~~~~~ - 3



- . 
~~~~~~~~~~~~~~~ ‘# 

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

- -

4-

1 B[ST AV.~!!.~3ic [.JTI

~~~~~~~~~~ 
ST ’.-,t -- r ,’ / p S  O °T =1.  7111 ‘ . . 5 4 ’ 1 3 3 o  3 3/ 13 / 7 7  3’~ .,3 .32  7133

7 3 (331 ‘(VU )
/ 0 ‘ _ -4 2 . ’ i: 11 . ~) • 0 ( 1 - 3 , ~ ) ,o;0 i33) .0 :42(55) , 51(L (65 , 34

253, .15,
C33~~~’ 3 : / 4 3 3~~~~F 3 3 _ , ” ,7 . C C I 7 , O I 4 2 I S T

~ ;- i ” : ’ : /- T 3 3 _ / ~ 3 7 Z ( 5 )

4, - :-C 3. /55 D / 4 (,~5,3)

42 ~~~•0  ,33IL-I-- 3 331733L V . I L 7 t  IF L3CR1l )GE M5LT P33E~ FC~ 33t11)iG S1A~ CM

C • - ‘ 3 3 - - 3 3 L Z .’ 2733.1!  •“

4 , 3  23 J 3 3 , JT~~~ ES -

3 3 33 1= 03.15
53 5, 15 = 0 , - I  5( 1, 3)  • R C ( 1 )  •. 1(6 , 3)

:5 23 7.” —  3-f- ~~( 5 , J )  • 53115

33 3! ~~~~E , ! E
= 5~~~ 5 + -~3 3 ( I )

= 3 4 2 2  / SUM).
7 ,

513

D—43 

_ ‘__ _3_ _ _ _~~~~~~~~___ ~~~~~~~~~~~~~~~~



APPENDIX E

SYSTEMS IMPLEMENTATION CHAPTER FROM FINAL ANRRO REPORT

E-l

- -3 .’



Il~~~

8.0 AMRRO SYSTEMS IMPLEMENTATION

GENERAL

Under the Ai’IRRO Study , CRC has conducted research and development

activity toward the establishment of an Army recruiting Market Inforina —

tion and Analysis System (MIAS). The system development portion of the

S tud y has been conducted under Task V of the contract. The MI.AS is

comprised of a number of subelements which are integrated into an overall

concept with the principal focus oriented toward providing market

information and conducting recruiting analyses at the Army District

Recruiting Command (DRC) level.

MIAS SYSTEMS DESCRIPTION

General

The research efforts associated with the development of the MIAS

elements were conducted under Tasks I—IV of the A~’IRRO study and are

described in Sections 4, 5, 6 and 7 of this report . The flow diagram

shown in Fig. 8—1 depicts the basic elements that comprise MIAS. MIAS

can be divided into three separate modules :

• A Market Information Preparation Module

• A Market Information Data Base Module

• A Market Analysis Module

Each element of the system is dependent upon the other elements. The

market analysis activity cannot be conducted without established market

information data; in like fashion, market information data serve no purpose

unless utilized in a meaningful manner. The interrelationship of each

element in the system with regard to which element feeds another element

can be seen in Fig. 8—1.

Market Information Preparation Module

The primary function of the Market Information Preparation Module

is to process raw market information data into a form suitable for

analytical usage. Since the scope of market information related to

Army non—pr ior service recruiting is so large , by necessity a large

number of data sources must be accessed and a considerable amount of 
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data processing must be performed to obtain usable information. In

particular, there are three primary processing flows which comprise the

Market Information Preparation Module. They are as follows:

• Processing DOD and Army accession data

• Development of the Qualified Military Available (QMA)*
inventory

• Creation of the Basic Recruiting Data file containing
information on the utilization of recruiting resources
and socio—econotnic conditions which affect recruiting
success

Each of these flows are discussed in the following subsections.

Processing DOD and Army Accession Data

USAREC with the use of its Mechanized Reporting System (MRS) has

the responsibility of maintaining DOD—wide data files on accession

information for every non—prior service enlistee into each of the

Services (i.e., Army , Navy , Air Force and Marine Corps). These

data files on accessions contain a considerable amount o’f information

regarding the numbers , locations and types of individuals entering

each of the Services. In order to utilize this information as a part

of MIAS , the basic USAREC files are first edited and compressed into
a smaller file called the DOD MVA (Modern Volunteer Army) File where

the superfluous or unneeded data elements are screened out of the

individual accession records. The next step is the creation of a

“contrac t” file from the consolidated DOD MVA (accession) File.
A “contrac t” is defined here as either a straight accession where

the enlistee does not enter the Delayed Entry Program (DEP) or a

DEP accession where the enlistee enters the DEP prior to actually

accessing into one of the Services. For the DEP enlistee, two data

records are contained on the USAR.EC files: a DEP record and an accession
record. In order to avoid double counting , these two records are combined
into a single record . The result of this processing step is to provide

a DOD MVA Contract File which contains a record on every enlistee and
the actual date when the enlistee signed the “contract” to enlist in

one of the Services. The actual “contrac t” date is important because

*Subsequen t to the conduc t and preparation of this report , the QMA
processing responsibility was transferred to MARDAC f o r  annual operat ion .
Therefore , this element of the MIAS will eventually be deleted from
USAREC ’s responsibility .

E—4
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that is when the individual makes his decision to join a Service rather

than when he actually accessed into that Service.

The nex t step in the processing sequence is to crea te a DOD Contract

Summary File by Army DRC boundaries . This process involves the consolida-

tion of the individual contract  records into a summary file containing

contracts by Service, age , sex , race , education level , men tal ca tegory —

and DRC location . A county Fips code to DRC cross—reference file is
*

required to ident i fy  the DRC location. The final step in the accession

processing flow is to create a Historical Accession File by DRC to include

accession breakou ts by cohor t ca tegor ies , occupational specialities (i.e.,
combat arms options/non—combat arms), and term of service enlistment

options. This is accomplished for any prescribed period of time from the

DOD MVA File by utilizing only the accession records . It should be noted

that the “contract” record cannot be utilized because it does not contain

term of service data.

Development of the Qualified Military Available (QMA) Inventory

The QMA inventory represents the estimated number of people irs the

country within the 17—21 year age group that is both available and

qualified to enlist in the military as of 1 July of a given year. For

a detailed discussion of the QMA processing cycle refer to Section 4.0

of this report.

Preparation of The Basic Recruiting Data File (BRD F)

The third component of the Market Information Preparation Module

involves the creating and updating of the Basic Recruiting Data File (BRDF).

This file contains time—series data describing allocation of recruiting

resources (e.g. recruiters on station, canvassers on station, etc.) and
socio—econoinic conditions affecting recruiting success (e.g. unemployment

rates and attitudes. toward the military). The BRDF includes both monthly

and yearly data elements. It is easily expanded to accoimnodate additional

data items. The remainder of this sub—section will describe the design ,

contents and maintenance of the BRDF.

*The process of allocating other service contracts to Army DRC
boundaries has not been performed because the inclusion of the Fips code
is a recent change in the content of the accession records .

E— 5
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BRDF Design

The Basic Recruiting Data File shown in Figure 8—2 is a hierarcl ial

file containing four levels of data:

• Level 1 —— DRC identifier
• Level 2 -— monthly data

• Level 3 —— yearly data (non—cohort oriented)
• Level 4 —— yearly data (cohort oriented)

For ease of process ing, the length of each data record is taken to be
80 characters .

Further data may be accommodated in the file by defining additional

fields in the current structure or by defining additional levels and/or

cards per level.

BRDF Contents

The data fields currently defined are described in Tables 8—la

through 8—l~ . The precise definition for most fields is given elsewhere

in this report and merely referenced in the tables.

A group of data elements not discussed elsewhere involve other

service recruiters on station in an Army DRC. The methods used to

estimate these elements are discussed below.

Air Force: Data available from the Air Force showed the number of
recruiters assigned to each of seven regions by month for fiscal years

1972—5. The problem was to determine the percentage of the Air Force

regional staff operating in each Army DRC, since every service has a
*

different geographic organization. An Air Training Command manual

gave the location of each Air Force recruiting off ice and the number of
recruiters assigned to it. Thus,it was poss ible to calculate by hand
the number of Air Force recruiters whose offices were located within the

boundaries of each Army DRC and to determine each DRC ’s “share” of the
Air Force regional recruiting staff. Eight Army DRCS straddled Air

Force regional boundaries; therefore , the number of Air Force recruiters for

*
ATC Manual 23—3
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Table 8—la

BASIC RECRUITING DATA FILE LAYOUT —— LEVEL 1

Columns Data Element Description/Definition 
—

1—2 DRC Code

3—4 Fiscal Year Zero—filled

5—6 - Fiscal Month Zero—filled

7 Level 1
8 Card 1

9—13 Cohort Codes Zero—filled

14—43 Name of DRC

44—58 - -. Previous DRC Codes - ,

59—80 Undefined

E—8
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Table 3— lb

BASIC RECRUITING DATA FILE LAYOUT -- LEVEL 2

Columns Data Element Description/Definition

1--’ DRC Code

3 4  Fiscal Year
5—6 Fiscal Month

7 Level 2
8 Card 1
9—13 Cohort Codes Zero—filled

14—17 Recruiters on Station As described

18—21 Canvassers on Station As described

22—25 Unemployment Rate As described

26—31 Recruiting Objective

32—36 Total other Service Recruiters

37—40 Navy Recruiters

41—44 Air Force Recruiters

45—48 Marine Recruiters

49—50 POB1 As described in Table 8—if

51—52 POB2 “

53—54 POB3

55—56 P034

57—58 POB5

59—60 POB6

61—62 POB7 undefined

63—64 P038 undefined

65—66 POB9 undefined

67—68 POB1O As described in Table 8—lf

69—74 Advertising D ata undefined

75—80 Advertising Da ta undef ined

E- 9
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Table 8—ic

BASIC RECRUITING DATA FILE LAYOUT —— LEVEL 3 , CARD 1

Columns Data Elemen t Description/Definition 
—

1—2 DRC Code

3—4 Fiscal Year

5—6 Fiscal Month 99

7 Level 3
8 Card 1

9—13 Cohort Codes Zero—filled

14—17 Recruiters on Station Sum of monthly data

18—21 Canvassers on Station Sum of monthly data

22—25 Unemploymen t Rate Average of monthly data

26—31 Recruiting Objective Sum of monthly data

32—36 Total Other Services
Recruiters

37—40 Navy Recruiters

41—44 Air Force Recruiters “

45—48 Marine Recruiters

49—50 POB 1 Average of monthly data

51—52 POB2 “ —

53—54 P053 “

55—56 POB4

57—58 P085

59—60 POB6

61—62 POB7 undefined

63—64 P038 undefined

65—66 POB9 undefined

67—68 POB1O Average of monthly data

69—74 Advertising Data undefined

75—80 Advertising Data undefined

E—l0
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Table 8—id

- BASIC RECRUITING DATA FILE LAYOUT -— LEVEL 3 , CARD 2

Columns Data Element Description/Definition

• 1—2 DRC Code

- - 3 4  
- 

Fiscal Year

5—6 Fiscal Month 99
7 Level 3
8 Card 2

9—13 Cohort Codes Zero—filled

14—19 Total Other Service National , yearly figures
Quota

20—25 Navy Quota “

26—31 Air Force Quo ta

32—38 Marine Quota

39—80 Undefined

E—l1
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Table 8—le

BASIC RECRUITING DATA FILE LAYOUT -— LEVEL 4

Columns Date Element Description/Definition 
-

1—2 DRC Code

3—4 Fiscal Year

5—6 Fiscal Month 99

7 Level 4

8 Card 1
9—13 Cohort Codes As described in Table 8-

14—17 Cohort/Population As percent

J 1 18—21 Unfavorable Attitude As percent of cohort

22—25 Unemployment Rate As percent

26—30 Military Pay (MP)

31—35 Civilian Pay (CP) Average for cohort

36—39 MPICP As fraction

40—80 Undefined

I
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Table 8—if

ARMY POLICIES , OPTIONS AND BONUSES

— 
Identifier Description

P081 This variable is positive for  months

when recruiter credit was not given for

category III, non—high school graduate

enlistees and 0 for all other months . It

was initialized at 1.0 and scaled down to

0.3 to represent the gradual withdrawal

of the policy.

P032 This variable is positive when a maximum

high school graduate recruiting policy

is in effect and 0 otherwise. The with—

drawal of the policy is modeled by a ramp .

P033 This variable is set to 1.0 for July and

August of 1970 during which time the Army

restricted two—year enlistments. The

variable is set to zero otherwise.

P034 This variable is set to 1.0 during the

time when the 2—year travel and training

option was offered to potential enlistees.

The variable is set to zero otherwise.

POB5 This variable is set to 1.0 when the $1500

bonus was in effect for combat arms enliscees

and to zero for all other periods.

P086 This variable is set to 1.0 when a $2500

bonus was being paid comba t arms erilistees

who were high school graduates. The

variable is se t to zero otherwise.
POB1O This variable is set to 1.0 for the first

quarter of FY76. During this time , no

17—year old enlistees were accepted . The

variable is set to zero otherwise.

H E—13
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them was computed by adding fractions of two different recruiting

groups. Beckley DRC, for example , had 6.4% of USAF Group 3502 recruiters

and 1.6% of iJSAF Group 3503 recruiters . It was assumed that these

percentages , based on a November 1973 publication , were constant over the

last few years.

Example: 43 recruiters listed from USAF Recruiting Group 3503 were

assigned to the 19 offices of Detachmen t 303, with headquarters in Coral

Gables , Fla. Of these, 13 offices with 19 recruiters were inside the

bouEdaries of Army ’s Miami DRC and 6 offices with 14 recruiters were

located inside the Army ’s Jacksonville DRC. Also operating inside the

boundaries of the Jacksonville DRC were 26 Air Force recruiters from

detachment 302. So Jacksonville DRC had a total of 40 recruiters of the

268 listed for the region , or 14.9%. This share of the total strength of

USAF Group 3503 gave Jacksonville 55 Air Force recruiters in September

1971, 69 in April 1975 , etc.

Navy and Marine Corps: More assumptions about the geographical

distribution of Navy and Marine recruiters had to be made than were

necessary for the Air Force recruiters , since the detailed cross- sectional

data on the office address of each recruiter were only available from the

Air Force. The figures from the Navy and Marine Corps were more detailed

than those from the Air Force in one sense (the Air Force gave the staffing

levels for each of seven regions) , while the Marine Corps gave levels for
each of 48 recruiting stations and the Navy for each of 44 recruiting

districts. The problem and the solutions for handling the Navy and Marine

Corps figures were the same: how to “map” 48 or 44 stations into 64 Army
*

DRCs. An additional problem was posed by the fact that the Navy recruit-

ing district boundaries changed every year , there being 37 districts in
FY 1971 and 44 in F? 1975.

In rare cases, the boundaries of different service recruiting

districts coincided: USMC RS Los Angeles, for example , covered the same

area as TJSAREC DRC Los Angeles. In most cases, though , districts overlapped .

*If recruiters were identif ied on a county basis the problem would be
eased considerably.
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The amount of overlap was estimated by dividing the number of counties

in the USMC dis tric t which were inside the boundaries of a par ticular
USAREC DRC by the total number of counties in the USMC district. The

resulting percentage was taken to be that DRC ’s share of the USMC dis tric t ’s

recruiting staff.

Example: USMC ’s Denver district covers 107 counties in 4 states .

Of these, 11 were in the Army ’s Sioux Falls DRC and 96 (approximately 90%)
in the Army’s Denver DRC. The Denver DRC also covers territory assigned

by the Marine Corps to their Omaha and Kansas City districts: the Denver
DRC share was 67. and 10%, respectively . Therefore, the number of USMC
recruiters operating in the Army ’s Denver DRC during F? 1975 was obtained

by adding 90% of the USMC Denver staff , 67. of USMC Omaha staff , and 107.
of TJSMC Kansas City staff (33 + 2 + 5 40).

The important assumption which had to be made was that Marine and

Navy recruiters were distributed fairly uniformly over the counties they

served. In cases like the Denver example, it was felt that the large

number of counties and the addition of figures from several districts

would tend to even out the error introduced by this necessary assumption.

Some of the Navy districts, though, had a relatively small number of

counties, with suburban and rural counties located in a different Army

DRC from the urban counties. In these cases, an assumption that the

rural or suburban county in one Army DRC had as many Navy recruiters as

the urban county in another DRC would be a significant source of error.

To avoid underestimating the number of Navy recruiters in certain

metropolitan areas (including Bos ton, New York , Philadelphia, Washington,
Detroit, Chicago , and Los Angeles), urban counties or boroughs were
weighted double.

The figures which resulted for the numbers of Navy and Marine Corps

recruiters in the Army districts were felt to be accurate enough to

reflect changing force levels and geographic distribution of recruiters.

It was not felt that the precision implied by monthly figures was warranted;

therefore, annual average numbers of recruiters were used in these calculations .

E—l 5

L.  
- _ _ _ _ _ _ _



BRD F Maintenance

The Basic Recruiting Data File Maintenance System is depicted

schematically in Figure 8—3. It consists of a primary processor

(BRDF—FMP ) and a supporting processor to aid in data preparation

(BRDF—MTJC). The functions of these programs , their input require— —

ments and their outputs are discussed below.

BRDF—FMP: File Maintenance Program. This program performs the

following maintenance functions :

• Edit input data (in excess of 100 edit functions are provided

• Ad~ edited data to file

• Create sunmary data elements (totals and quotients) and
sunmary data records (Level 3, card 1 records) as available
data permits

• Insure consistency of data by revising summary data elements
and summary data records to reflect a change to any component
thereof and by prohibiting inconsistent specifications of a
summary item

• Delete individual records (and automatically any summary record
cons truc ted therefrom )

• Delete all records for a given year

• Provide edit reports describing any errors detected in input
data and detailing all changes made to BRDF

Yearly data are prepared manually in the appropriate format. Monthly data

are prepared separately for each monthly data element and submitted to

BRDF—MUG for editing and formatting .

BRDF—MUG : Monthly Update Generator. This program accepts up to

12 monthly values for a data element in the format of Figure 8—4, edits

the data and outputs the data in the level—2 record format required by

BR.DF—FMP. When data for more than one element are provided , the data for

all elements appear on the same output record . For example, suppose that

data are individually prepared as per Figure 8—4 for recruiters on station,

unemployment and recruiting objectives. When these three data sets are

submitted to BRDF—MtJG, a single level—2 record containing the appropriate

values for recruiters , unemployment and recruiting objective is produced

for each DRC and each month in the period under consideration . BRDF—MUG

produces an edit report which describes any errors in the input data and

lists the output records so as to facilitate verification of input to

BRDF-FMP.
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Market Information Data Base Module

As shown in Fig. 8—1 , there are fou r data f iles which comprise the
Market Information Data Base Module :

• The DOD Contract Suimnary File by DRC

• The Historical Accession File by DRC

• The QMA Su=ary File for DRC

• The Basic Recruiting Data File by DRC

Each of these files must be maintained, updated , and accessed on an as—

required basis. Each file with the exception of the Historical Accession

File will be , for the present, maintained on magnetic tapes . The Historical

Accession File will be maintained in punched card form. Subsequent usage

could be made of a generalized data base package which would place these

files on a computer disk pack.

The first three files will, most likely, be updated only on an annual
basis. The Basic Recruiting Data File will most likely be updated on a
quarterly basis. The process of accessing these files for analytic pur-

poses will be on an as—required basis.

Figures 8—5 through 8—7 present the format layouts of the first three

base files , respectively. Table 8—2a describes the cohort groupings dis—

played in Figs. 8—5 and 8—7. Table 8—2b describes the cohort groupings

displayed in Fig. 8—6. The Basic Recruiting Data File layout was pre—

viously shown in Fig. 8—4.

Market Analysis Module
The Market Analyses Module of MIAS is comprised of three computer

models : .

• A Cross—Sectional Regression Model

• A Time—Series Regression Model

• An Optimal Recruiter Allocation Model (ORAN )

Each of these models draws upon a combination of the Market Information

Data Base files designated in the previous section for their basic data

inputs.
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Table 8—2a

COHORT CODING KEY FOR BASIC RECRUITING DATA FILE,

QMA SU~~ARY FILE

— 
Code Gro up/Class

Sex Group

1 Male
2 Female

Age Group
1 17—21 years

2 22—24 years

Racial Gro up
1 White

2 Black
3 Other

Educational Categories

1 High school graduates — in school

2 High school gradua tes — not iii school
3 Non—high school graduates — in school

4 Non—high school graduates — not in school

5 All including unfit

Mental Categories

1 I
2 II

3 •IIIA

4 IIIB

5 IVA
6 IVB
7 All including V

E—23
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Table 8—2b

COHORT CODING KEY FOR CONTRACT SI.fl-INARY F I L E

Code Group/Class

Sex Group -

1 Male

Age Group

1 17—21 years

2 All others

Racial Group

1 All except black

2 Black

4 Educational Categories

1 High school graduate

2 Non—high school graduates

Mental Categories

1 I — l ilA

2 III B

3 All others

E-24
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The first two models are utilized to conduct analyses to determine

which factors (i.e., recruiting resources and socio—economic) affect

recruiting success and the respective influences of these factors in

achieving Army accessions. The cross—sectional :nodel is utilized to

examine variation in factors among Army DRCs for a specified time

period , and the time series model is utilized to examine variations
in factors affecting recruiting over time.

The third model is utilized to determine the optima l placement of

recruiters and canvassers among DRCs based upon projected socio-

economic conditions and specified accession requirements and , subse-

quen tly, to determine DRC objective allocations based upon the optimal
placement of recruiters and canvassers.

Cross—Sectional Regression Model

The cross—sectional regression model is a mathematical regression

technique which is utilized to examine the variations in Army accessions

— 
versus those fac tors which are believed to influence Army accessions
across geographical areas of the country for a given time period. For

the purposes of Army market analyses , the geographical boundaries have

been specified to be the established Army DRC areas. Typical recruiting

fac tors to be analyzed will include :

• Recruiters on production

• Attitudes toward the military/Army

• Size of the QMA inventory

e Unemployment rate

• Advertising

• Others

Each of these factors -and others will be analyzed to determine which

factors explain the variations in accessions among DRCs. The supply 
—
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equation which best explains the geographical accession patterns (adhers to

valid statistical regression requirements and is historically consistent

with empirical recruit ing results)  is selected as the cross—sectional

supply model to determine enlistment propensities by DRC. Additionally ,

the elasticities of the independent variables are utilized as a fundamental

input to the recruiter allocation model.

The data input requirements for the cross—sectional analysis are

derived from :

• the DOD Contract Summary File

• the QMA Summary File

• the Basic Recruiting Data File

The DOD Contract Summary File provides historical data on Army accessions

by DRC which is the dependent variable in establishing the cross—sectional

model. The QMA Summary File and the Basic Recruiting Data File provide the

data for the independent variables. No other external data sources are

required. If a new independent variable is to be analyzed , the historical

data stream must be added to the Basic Recruiting Data File.

The cross—sectional regression model utilized the generalized time—

series processor (TSP) computer software package which is designed speci-

fically for regression modeling.

Time—Series Regression Model

The time—series regression model is much the same as the cross—sectional

model with the exception that variation in accessions vs recruiting factors
are analyzed over a series of time periods rather than for a given time

period . The objective of this analysis is to identify the influence of

recruiting factors over time. One of the advantages of this type of analysis

is that shorter time periods can be examined (i.e.. monthly , quarterly or

semi—annual time periods).

The data sources for the time—series model are the same as those for

the cross—sectional model . In addition , the computer software package

utilized in the time—series modeling is the UCLA—developed BIO—~~D package .
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It is anticipated that the time series model will be utilized for

monthly forecas ting and tha t ac tual accession da ta will be ma tched
against forecasted accessions as an operational capability of the time

series model.

Optimal Recruiter Placemen t and Objectives Allocation Model

The final, and perhaps most important , computer model of MIAS is

the optimal recruiter allocation model (ORAM) . The optimization model

consists of a series of nonlinear equations which must be solved to

achieve an optimum solution. The primary equation relies on a form of

the enlistment supply equation developed from the cross—sectional

regression analysis. The supply equations are the objective function

of the model with the projected tJSAREC recruiting budget being minimized

by varying recruiter and canvasser levels at each DRC, subject to

overall national accession requirements . The solution results in the

optimal placemen t of recruiters and canvassers among the DRCs that

yields the largest number of accessions at the least cost. However , since
other factors such as term of service, occupa tional special ty, and
cohort specific requirements are essential considerations in establishing

recruiting objectives, the objective function described above is

cons trained by additional equations to ensure that the solution
satisfies these additional goals.

DEVELOPMENT FEASIBILITY AND INITIAL USAREC ADP I~~ACT

General
The research effort conducted under the AMRRO Study has centered

around the development of each of the elements of MIAS. During the

course of the study, preliminary methodology reports were written which

described the technical approaches to be followed. Subsequent activity

was directed toward the actual data collection, computer programming

and testing of each of the NIA S elements.

MIAS Development Feasibility

The development of MIAS has shown that each element of MIAS is

technically sound and achievable within practical limits of development.
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However , data collecting, data processing,  and computer modeling processes
associated with recruiting activity can undergo continuing refinement and

improvemen t over time; as new informa tion is uncovered , new opportunities

arise for refinement in the systems design. Since resources and time are

no t unlimited , it has been necessary to place limitations on the scope of

GRC activity and to work with controlling assumptions to proceed with the

development of the basic MIAS elements. In this regard , the AMRRO study

team has placed primary emphasis on achieving a fundamentally sound overall
MIAS capability which will be of immediate use to USAREC management and

which is additionally suitable for  ref inement and expansion over the long

term.

At the initiation of the AMRRO study, the feasibility of conducting

marke t analyses in the form of regression and optimal allocation modeling

at the DRC level was unknown. GRC’s work indicates that working at the DRC

level is both feas ible and practical for the cross—sectional analysis model
and ORAM . In the case of the time—series analysis , given the availability

of accession data, reg ional analysis appears to be the lowest prac tical
level of analysis at this time . The usefulness of conducting analyses at

the DRC and regional levels is readily apparent , because it allows TJSAREC

management to examine recruit ing ac t iv i ty  at a finer level of detail than

was available previously.

In Summary, the feasibility of developing each of the MIAS elements

has been successfully established . It is fur ther  recognized tha t the system
— under operational development will undergo refinement , improvement , and

probably expansion in succeeding years ; however , the fundamen tal design
of MIAS will provide a technically sound capability for  immediate USARE C
recruiting managemen t analysis.

Anticipated Impact on USAREC ADP Operations

Some elements of MIAS are very straightforward and will have little
impact on USAREC AD? operations ; other elements are comp lex and will require

implementation planning and training to achieve an effective USAREC opera-

tional capability.
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Impact of the Market Information Preparation Module

As described earlier there are three basic data flows associated

with this MIAS module. The f i r s t  data flow , the processing associated

with the creation of the DOD Contract  Summary File and the Historical

Accession File , is relatively straightforward and is comprised of four

to five computer programs . The data processing associated with this

data flow involves processing large tape files with a substantial

amoun t of inpu t/ou tpu t  processing ; because of this , the computer

programs have been wri t ten in COBOL. It is anticipated tha t this

processing cycle will be performed quarterly and will require approxi—

mately one hour of CPU time and eight hours of wall clock processing

time per cycle. Currently, this flow is being run on the

CDC 6400 computer at GRC . Only minor problems are anticipated in

converting this processing cycle to a UNIVAC 1108 computer; however ,

substantial documentation will be required to permit USAREC personnel

to independently operate this processing cycle.

The second data flow is concerned with the development of the QMA
inventory report output and summary f i le .* As shown in Fig. 4—1 , this

processing flow is complex and lengthy . In fact, Fig. 4—1 is a simpli-

fication of the actual processing requirements. In addition, there

are three data sources associated with this flow which should be up-

dated periodically:

• The ten—year Census data , 1/100 , 5 & 15%
County Group and 57. State Public Use Samples
(PUS )

• The yearly P—25/26 series Census migration reports

• The yearly “Cause of Death” su mnary tapes for
mortality data

Each of these data sources is not complex in themselves; but a thorough

understanding of the entire processing cycle will be required to keep

the QMA processing cycle updated and operational . It  is envisioned that

this processing cycle will be run annually.

*Note that the responsibility for  this processing flow has been
transferred to MARDAC .
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The computer programs associated with this cycle are wr i t t en  in

FORTRAN IV and are operational on an IBM 360/370 computer. However ,

some of the subroutines within the computer programs are wr i t ten  in

machine—oriented language because of the complexi ty of the p rocessing
routines. For example, in order to avoid excessive round—off errors

due to the IBM word--size characteristics , double word bo undaries had
to be used in many cases. In addition , when processing the multiple

reel Census tape inputs, a special machine—oriented sub rout ine was

utilized to reduce excessive processing times.

The QMA processing cycle is comprised of approximately thirty—six

computer programs which will utilize approxImately eight hours of CPU

time and approximately twenty hours of wall clock processing time. It

is believed that substantial UNIVAC 1108 conversion , personnel orientation

and detailed documentation will be required for USAREC representatives to

operate this data flow on an independent basis.

The final data flow of the Market Information Preparation Module

involves the creation and updating of the Basic Recruiting Data File.

This process is relatively straightforward and is not extensive . There

are two computer programs , w r i t t e n  in COBOL , associated with this flow.

They are currently operational on GRC ’s CDC computer, and conversion to
the UNIVAC 1108 should be relatively easy . However , documentation is

required to achieve an independen t USARE C operational capability.

It is anticipated that this processing flow will be run on a quarterly

basis with a small additional amount of processing required at the end of
the fiscal year. The yearly CPU time is anticipated to be approximately

30 minutes and wall clock processing time about 2 hours . The data inputs

to this processing flow would be prepared manually on punched cards by
Market Studies and Analysis Office representatives.

Impact of the Market Information Data Base Module

This module consists of four da ta f iles , three of which are main tained
on magnetic tapes and one of which is maintained in punched card form. The

ADP impact of this module will be essentially nonexistent. It is anticipated

that up to 10 years of historical da ta will be main tained in each f ile; a
given year ’s data can either be contained on a single tape , or separate tapes

can be created yearly .
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If a decision is made to implement a generalized data base sof tware

package which utilizes computer disk files, there would be a more
significant ADP impact; however , at this time such a decision is not

planned.

Imp~act of the Market Analysis Module

The Market Analysis Module, consisting of two regression models

and a nonlinear programming model , will have a larger functional impact

on the Market S tudies and Analysis Of f i ce  operations than on USARE C ’s

ADP operations. The two regression models ut i l ize the generalized TSP

and BlO—MED software packages, and AD? usage will depend upon the

frequency with which these models are run. It is believed that the

TSP and 610—MED packages are compatible with the UNIVAC 1108 computer.

Data inputs to TSP and 310—MED can be either in punched card or

magnetic tape form. A series of regression runs can be made on a

single processing pass , and computer processing times are minimal. The

total estimated CPU time over a given year is about three hours CPU time

and about five hours wall clock processing time .

The major impact of the regression modeling would be experienced

by the functional , operations research representatives who would be

required to understand regression and statistics theory and to prepare

the appropriate data inputs for the software packages. These data

inputs are accessed from the data files maintained itt the Market

Information Data Base Module .

The ORAM is more complex than the regression models. This model

is currently operational on CRC ’ s CDC computer , and has been specially
programmed for USAREC’s application. The computer language utilized is

FORTRAN IV; conversion requirements to make this model operational on

the UNIVAC 1108 are unknown at this time . However , it is believed that

conversion problems would only be minimal.

Substantial documentation will be required for  USARE C representatives

to modify and/or operate this NLP model. All data inputs are currently

in punched card form and computer processing times are not extensive .
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It is estimated that on a yearly basis two hours of CPU time and four

hours of wall clock processing time will be sufficient to operate the

model on an as—required basis.

As in the case of the regression models , the ORAM will require

tha t opera tional research represen tatives on the f unc tional side have
a thorough unders tanding of the model in order to prepare the proper
data inputs and to interpret output results.

INPLE~~NTATION SUMMARY

The Market Information and Analysis System (MIAS ) developed by

CRC is judged both feasible and practical . It is acknowledged that

ref inemen ts, improvements and/or expansion in selected areas could be
expected over time. However, the fundamental MIAS design will prove

to be a very useful and viable system to recruiting management.

Impac ts on USAREC operations will be two—fold: ADP impact and

functional operations research impact. The ADP impact is si.inimarized

on Table 8—3; it is estimated that approximately 17.5 CPU hours and approxi-

mately 63 wall clock processing hours yearly would be required to operate

MIAS. Conversion problems itt utilizing the UNIVAC 1108 computer require—

ments will be subs tantial for the DOD Con tract File processing flow , the

QMA pr ocessing flow , and the NLP optimization model.

The functional operations research impact will result from two areas

of MIAS : basic data collection, and the operation and understanding of the
computer models.

In Summary , implementation of MIAS will require an understanding of

unique elements of the sys tem by both the ADP and functional organizations
at USAREC. The ADP impact of MIAS on USAREC operations should be relatively

small in comparison with other information system requirements; however , it

is believed that initial implementation will require conversion activity ,

substantial documentation , and user orientation . In order to achieve an

annual operational capability it is recommended that a small, identified

group of both ADP and functional representatives be established to maintain

arid operate the system on a continuing basis.
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PRELIMINARY IMPLEMENTATION PLAN
Since all of the MIAS has essen tially been developed , each individual

portion or all portions could be implemented either concurrently or se-

quentially . However , to permit early utilization of the Market Analysis

Module , it is recommended that the existing Market Information Data Base

Module be implemented first; the Market Analysis Module , second ; and the

Market Information Preparation Module, last. The sequential schedule will

permit early utilization of the analytical models with existing data files

at minimal impact on other USAREC ADP operations . Such an approach should

be advantageous to the ADP operation ’s represen tatives , because it is anti-
cipated that they will be faced with a difficult schedule in converting

existing operational activities to the newly installed UNIVAC 1108 system.

Given the implementation of the existing data base and analytical

models , the three basic data streams associated with the Market Information
Module can be implemented concurrently . In this regard , responsibility for

the QMA data processing sequence has been transferred to MAP.DAC (OSD) and

implementation of this sequence will be independent of the other elements

of MIAS. To facilitate implementation and operations , it is recommended

that USAP..EC identify specific individuals to have cognizant responsibility

for each element of the MIAS operational and maintenance activity.

Figure 8—8 presents a suggested implementation schedule for planning purpose’.
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