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1.0 INTRODUCTION AND SUMMARY

• 1.1 Overvie w
• -~~~~

This effort , performed over the past year , has had the thrust of being

able to nxDdel , predict and cpthnize the c~irbined effects of advertising and re-

cruiter efforts for the Navy’s recruiting efforts, By being better able to simul-

taneonsly allocate and tradeof f both types of expenditures, both against thetEelves

as well as geographically and over tine, the Recruiting Ccvir~and should be better

able to meet their quality and auantity enlistment goals over tine. The key

- product of this effort is a computer program to be run pcriodica lly by the

Recruiting Carrnand to help execute national and regional budgets

and to be a credible tool in the budget building and budget. de fense process .

By exerci sing the model in a “what-if” mode it can also be usefu l in explor-

ing the po tenti al impacts of various policy changes and hel p indicate where

future field experimentation may be w?.xranted.

1.2 Key Accomplishments

~Th order to accomplish the above , the efforts have had two concur—

rent thrusts :

1) to develop and validate response functions thich ~ould be capable

• - 
• 

of predicting f~r each of the regions of the wuntry and by tine

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of the year

DDC TAB i) the tot al number of contracts for males , enlisting

1
~

an
~

ou
~

ced
.ht

~
t if icat 1ori • for the first time , and -

By 
_______ 

ii)  the total number of contracts by males who are

enlisting for the first time and who are also (or

~~~~~~~~~~~ t -~ ., ~[ - 
• ‘ 

~~~~
• 

• will he ) hi gh school graduates .
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In both cases these response functions would take as inputs the

unique characteristics of that particular region , e.g. its QMA ,

[ - number of high school graduates in the area , number of active

• NOIC leads in the region , amount of total advertising expendi-

1. tures in the region of interest (both for the current period and

for the previous nu~ths) , number of recruiters in -tli~

region of interest (both currently and for the pre-

vious months) , etc .

2) to develop and validate a budget allocation algorithm which

would be capable of utilizing the above response functions

to perform the following :

• 1) In a budget request mode , to develop the minimum - 
-

annual total recruiting budget needed for a given 
- 

-

requirement of total enlistments (shipments) over

L~. - the year with constraints on the minimum percent

of these that must be HSG ’s. This program would
- 

take as inputs ~for each region of . the

- 
country: the bank of NOIC leads available , the

- “stock” of adver t ising expenditures fo r the past
- 

several months , the number of recruiters in place

- 1 for th e past several months, demographic data about

each region , and the amount of shipments alread y in

. 
• 

the Delayed Entry Program .

• In this mode it would p roduce the op timal budyet
- split between advertising and recruiting costs as well

L as the optimal budget alloc ations over time and by

district. It is felt such a tool would be extremely

1 helpfu l in the POM budget generation process , in the 

— - ~~~~~~~~~~~~~~~~~ 
- .-.. L_ . .~~—L ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



Navy Controller revicws, and in the Presidcntial/

Ccmgressional revicws.

‘l1~ program cx uld be run for a variety of qtotas

and goaling strategies, and their budget inpilcations

examined. The o~de developed , while sop~tistic.~tthd

enough to solve the non-linear optimi~ ations needed

(due to the non- linear response f~n~ctions in~vlved )

also appears to run sufficiently fast (a few minutes

of CPU tine) so that it can help ans~~r the difficul t

“what if” quc?stic S needed in a tinely and defensible

manner, In particular the ccvputei-ized nr~el could be

used to draw up in advance of the decisions plots of

the mnpact on the total dollars needed (and their op- 
—

tinel split) as a function of the yearly q~xta , their

distrib.ition over time, and the quality cxx~sti aints.

Hence one can develop curves of the typo:

minimu m of B0~ %ISC
125 ; - •

1,”mini r )u m of 7”~•~ USC
100 ~~m in imum of

~Iinimui~ Annu il  fludqct , I
Required in i9~)1(in mil l ions of dollars)

70 - ~0 90 100 110 1~ 0
• Total Annual ~u i t ~cr of 

~~~~~~ i rnents Nci’dcd in 1 i~;c.~l(in 1.ho~~~~nt1~ )

1.
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ii) In a budget execution mode , it can optimally

I a) allocate a given amoun t of advertising

dollars in terms of the geographic mix

Li and timing,

b) allocate the optima l locations of re-

cruiters for a fixed total number of re-

cruiters ,

C) calculate the impacts , related to reducing

any shipping quota shortfalls , of increas-

ing either the advertising or recruiter

budget by stated amounts , decreading qual-

ity constraints , decreasing minority quo-

tas, etc.

d) it can eventually be used to give insights as to 
-

the proper split of advertising between the

various models available , i.e. TV/radio ,

magazines , classified ads , direct mail , RAD

materials , etc. as well as guidelines to

recruiters on the proper targets for the

size of the Delayed Entry Pool throughout

the year. Flow diagrams depicting the in-

L. teractions bet~~en products (1) and (2) folici~.i.

1. • 

-

- 

. 

1 3  Organization of Remainder of Report -

I The ru~ indcr of the report is as follows: Section 2 describes

the m~themati~’al mode] used in the budget allocation part of the ef-
•~~. U ! .  • • -

for t as well as several variations. Section 3 deals with the enlist-

I; 
•

- . 
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nent predicticr~ a~pcct of tbe ~~rk and its validation. Section 4 discusses the f irst

of three runs made with the irodols. It deals with cenparisons ~f actual and forecasted

shi~tents for the actual regionalftonthly expenditures made in C177 (which dee] with

the descriptive ability of the allocation nodel) . As one can see the mxiel reproduces

very well the n~~ber of total contracts for each of the twelve manths1 the ni~rnber of

}ISG contracts for each of the twelve nonths~and the total n~th3r of shipnt~nts for each

of the twelve ironths. This run helps instill s~ie creclibility and reasonableness with

the procedure. The second run , the subject of Section 5, utilizes as budget constraints

for the decision horizon the actual total expenditures experienced in CY77 , together

with a yearly shipping quota of 83,117 and a quality constraint (related to the per-

cent of total contracts signed during the year who are JJGG ’s) of 70%; the budget con-

strai.nts were $7l.37M ~or recruiters and their associated support , and $16.07N for ad-

• vertising. In adcltticn the nodel ‘s tethinãl conditions were to have in p1acé~the sane

DEl’ pooi that actually resulted at the end of CY77 . The result of this run is that the

quantity and qual ity quotas could be mat , if the budget allocations were optimized

(i.e. maet the quota s at minirtuim total costs) , for abeut 6.8% less than was actually

• spent; further this ~ould result in the mix of advertising expenditures, relative to

recruiting efforts, changing from the 18% experienced in CY77 to ab ut 13% Given the
— 

limited accuracy of the contract prediction functions used (i.e. R2’ s of .76), these

results help lend confidence to the use of- the irodel in generating and defending future

budge requests , particularly if the contract predictor equations can be made mare ac-

curate.

Section 6 reports on the results of a sensitivity run in which the delay fac-

tors in the DEP program were treated as decision variables (in contrast to the other

runs where they were inputed to the nodel using the empirical delays) . The outputs

frcm such exercises can be used to develop guidelines on the proper indepth goals

1. throughcot the year to best nrct stated shippin~ quotas. Finally several appendices

[ 1011CM with sup~x)rting data.

• 

•

~~~~~~~~~~ -- 
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2.0’ BUDGET ALLOC1~TION

2. 1 D e f in i t i o n s  of Input Paramete r s

i) Let I denote the n~zth~r of geographical units for which the

allocation is desired . This weuld be 6 if rcsions are used

as the decIsion unit or 43 if allocations are desired I-v

district. In the results shc~-’n , I has the vahi~ of 6 ~in~’e

the allocation decisions ~&~re nude on a regic-nal basis.

ii) let J denote the nu~th~r of tire ix’riods in the h ri:’~n for

which allocation decisions are desired ; this of cour~;e ~~u1d

be 12 if one is considering nonthly dccisie:~s for a year. It

might be ran~irked that it is also iossible to utilize th~’

programs where the perieds represent di ffcrent lengths cf

tine. This could be of advantage if a finer division of ti~~

were needed early in the horizon whereas a coarser tine er -id

~.ould’be sufficient in the later stac~es.

iii) Let 5 denote the number of tine pariods in the total prcb1ci~

horizon which includes , in addition to the J çeri&s in the

decision horizon , a nuu~x’r of periods to i m~peratc the t ar—

rrtina,1 conditions for the nt-del . Sinc-~- the t\~1~ivcd Entry P~a-

gram a11c~’s a nv dnuu delnv of 12 nouths frtai ’t v’ntract ~i

ing to sh ip~ent , a rc asona~1,e candidate far 3 is a ~‘ear lx’—

yond J. (In the sanple result--s 5 is 24 nonth~ .)

iv) Let K denote the nunt er of ClaSSes recruits , e.g. high schcol

graduates , non—high schcol graduates , Pleaks , !!~~ ‘s of ~ - ‘ntal

Category I or II , wenrn , etc. (In the runs iru~c’ using the al-

location prc’qiam, t’~v categories of recruits have teen ut i l i :~~i ,

nann y US( ’s and non I 1SG ‘s.

- --~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ -~~~~~~ - - -‘- ~~~—-  
_: ~~ .-_--- - - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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v) Let Lk denote the nu~ter of lagged periods in the enlist-

n~nt production functions which relate contracts for the

kth type of recruit to the dollar level of advertising and

ntirJ~er of recruiters . Hence the number of recruiters and

dollar level of advertising for up to L~ earlier periods is

• assuned to af fect the number of contracts obtained in any

• given period . (In the runs made Lk equals 2; this value was

chosen based on regression resul ts using the Koyck distrib-

uted lag nodel) .

vi) For any region let 0tk ~~~~~~~~~~~ k 1 ,2 ...,K) denote

the elasticity of the number of contracts, for the kth type

of recruit signed in the current period , to the n~~~er of re—

cruiters present t periods earlier . Hence a 1% change in the

number of recruiters t periods earlier is assuned to produce

a change of e~ k percent in the n~t~er of contracts for the
I

kth type of recruit resulting in the current period. (Fran

the regressions it was determined that the elasticities ovar

all contracts were .29, .106, and .039, respectively for

t~0,l, and 2~ for high school graduate contracts , the elas-

ticities were .391, .138 and .049. Hence since about 70% of

all contracts are HSG ‘s it appears recruiters are relatively

nore effective in obta ining enlisthnnts of HSG ‘s than in ob-

taining non-high school graduates .

vii) Let 
~t,k 

(t=:0,l,2,...1~; k=l,2 ...,K) denote the elasticity

of the number of contracts, for the kth type of recruit signed

in the current period, to the dollar level of- total advertising

(Tv, magazine, classified ads , RT~D , direct mail , etc.) cx-

[ pended t periods earlier. Hence a 1% change in the dol)ar level

IL . - 

-

-

- - -- ~~~~ 
- . 

~



of advertising inipacting in a given region t periods earlier

is related to a change of 
- 

k percent in the ntm~ber of con-
S

tracts for the kth type of recruit obtained in the current

period. (Fran the regression results it was determined that

the elasticities for total contracts are .125, .045 and .017

respectively for t=O, 1 and 2, and for H&’3 contracts the elas-

ticities are .081, .029 , and .01; hence it appears that ad—

vertising plays an inportant role, especially for the non-high

school graduate. -

viii) Let P. k (i=l,2,...I; j1 ,2,...J ; k=l,2,...K) denote the1.,:,,

constant term in the multiplicative enlistnent respense func-

tion which relates contracts, for the kth type of recruit ob-

tam ed fran the ith region in the jth period, to advertising

and recruiter efforts in~~ i~e L~ previous periods . Hence it

reflects regional and seasc~~~ differences related to the un -

pact of advertising/recruiter efforts to obtaining contracts.

Appendix A contains the P. . k s for total contracts , and for
1,),

IISG graduates.
- 

ix) Let b. k (j= 1,2,...,12; v~0,l,2,...,l2; k=1,2,...,K) denote

the fraction of all contracts of type k, signed in period j ,

that ship v periods later . Note that in general 12 b.
- 

E
- v=0

can be less than 1 since there is saie attrition , i.e. sc~~
sn~ ll percent of those that sign contracts in period j may
chax)ge their mind and break their contract and hence never

really enlist. (The 12x13 matrix of the b . ‘s for k4 , i.e.

total contracts, is included in 1~ppendix B and was clcve loped

by the Recruiting Ccmnand frm actual shirmants by discerning

I



n
- ~~~~~~~~~~~~~~~~~~~~~~~

L 
. the elapsed tine fran signing of the cx~ntract to date of

shippin g; a sim ilar ef for t is n~~ underway to do the sama
for u SC’s.

x) Let a k (j1 ,2,...,J; k~l,2,...,X) denote the fraction of allI,
contracts of type k, signed in period j that att n t . uk’nee
13 -

~ b. + 
~~ ~ 1. (In the ccmputer runs hewn , a. k

~~~~~~~~ 
..~~ J ,

taken to be zero for a].l i’s, since attrition factors for the
DEP Program are not available. However a Data Col3ection ~f-

fort has been requested. As a result there nuy be a ~ivd l dis-

parity between the caiputer mx~el results and the actuals

since no attrition is assunoci.

- 
xi) Let ~ k (j1 ,2,...,J J+1,...,5; k=l,2,...1K) denote the qt~ tas

for shiptents for the kth type of recruit in the jth period.

Note that there are quotas for periods t~yond the decision her-

izon of ~7 which reflect the terminal conditions in the alloca-

tion nodel. These terminal conditions in turn are generated

fran contracts signed in the first 3 periods that do not con-

vert to shipeent until the fol lc~iing year .

xii) Let B1 denote the total dollar budget constraint , for all J
— 

~

- 

periods, related to recruiters; this includes their travel ,

office space, vehicles, etc. (For CY77 this was $71 , 357 , 325) .

xiii) Let B2 denote the total dollar budget constraint , for all J

periods, related to adve.rtising expense, includ in~.t all n.~tion-

al advertising , local advertising, RN) nuterials , direct null

costs, etc. (For CY77 this was abc~ t $16,070,000) .

xiv) Let R denote the annual cost per recruiter including his sal-

ary , benefits, txa~’el , aff ice sp.acc, etc (This vdluc’ IS clS

- surrcd to be $21,190.)

_ _ _- 
~~~~~~- (  ~~~~~~~~~~~~~~~~ —‘-~~~~--
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xi) Let denote the relative 1iq~orthnce or penalty for not noet-

ing a n~r~thly shipping qtx ta of the kth type (k=l ,2 , . . ., K) .

2.2 Definition of Decision Variables

i) let X. . denote the nu~ber of recru iters in region i, period ~1,)

(i~l,2,...I; j~1,2...J). (The current program has bo main

options regarding the assunod degree of nobility of n~cruiters:

a) it can be run in a manner so that only one level of

recruiters is to be selected for each region for the J

periods in the decision horizon; i .e • once the nodel ~e-

lects this number of recru iters , it is cannitted to that

level for the Region for the entire year . This node of

operation reflects the real-life fact that recru iters

cannot be easily transfei red Iran one region to anothe i .~

b) The other option is to rciiove this constraint ~~ th:~t t~~
- nodel is free to chancje the number of recruiters in e~tch

reqion fran nonth to nonth. (The con’puter rcsults qiv .’n

utilize the nore conservative node ( a ) ) .

- 

- ii) Let denote the total acivertisina cxnenditu rcs inpa ct~inq

in region i , period j (i~i ,2,...,I; j;’1,2,...,3) where total

advertisincj includes BAD materials , dir ect mait , local ad-

vertisin g and all nationa l nedia.

iii) It may also Ix noted that the variables discussed in (ix ) of

Section 2.1 , i.e. the frac tions of tota l cont ract-s signed of

the kth type in the jth period that convert to shiiiir’nts V

1. . periods later , cM either be treated as inputs or al1o~~’d to

F be decision v.iriablcs also. The L~ttcr use ~vuld tvwe the in—
1. terpretation that the recruiter has a good deal of control in

i : .
S

- 
-
~~~~~~~~

-
~~~

-
~~~
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ii H

ha~.i he utilizes the delays and hence can optimize the delays

to best noet his schedule of ouotas. The nodel then can be set

t~~ to choose the cptiiMl set of b
~ ~ k

8 subject to the set of

constraints:
12
E b . 1 — (J~l,2,..,J ;k~1,2,...,K)

~ o v ,j,k j,k

. 1:where a
J k is the inputted attrition factor (seo factor Cx) of 2.1) - 

-

L . for the contracts of the kth type siened in the jth nonth and

~~ b b1v j , k ~~
- v ,j,k ~~

- j , v ,Ic

where bL 
k k is sone pre-set interval within which the re-
, ),V ,

cruiter can choose .

iv) Let C1 
~ 

denote t ln~ ii un~ rr of contracts of the kth type signed

in the jUi period from the ILh region .

h v) Let Sl i k  deno te the number of shi pmen t s of the kth ty pe of

recru it in the j U~ period from the ith reg ion . -

2.3 Mathematica l fio de l for the ~udget. Execution t1odel

2.3.1 (Obj ect ive - Funct ion )

Ihere are severa l possible objectives for thi s mode which has been

desi gned to minimize , - -w lthin sep arate proscribed bud ge t co nst raint ~
; for adve r —

t i~ incj and recruiters , weigh ted shortfalls from a given set of month ly or annual
quo tas for each categ o ry of recruit s , ut ilizin g a set of priori tie s for short-
fa lls for each class of recruits. Consider several of the f or mu lations possible:

i) If it is desired to minimize the sum o shortfalls fran given

nonthly ç~uoths on shipnents over the year , weighted l~’ the type

of shortfall , and if excesses in shipir nt s in one nonth do not

help offset deficits in another nonth , then the objective func-

.

-

~ 

~~ 
-
~~

— -~ ~ _ i _ - -—~~~~~~‘~~~~~~~~
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tion~~~uld be:

K 5
Minimize E W

k 
‘
~ E (Q ,~ ~ 

— E S~ 
)
~1 (1)

k~1 j~i ~ 1=1 ,j ,k

where X+ is X If X is greater than 0 and 0 elsewhere .

Hence this objective form calculates the sum of the nation al monthly ship—

- ment shortfalls ( from the stated monthly national quotas fur each

t ype of recruit (k), wei ghts this summed shortfall by W
k 

( the re lative

priority for a shortfall of the kth type) and then sum s this over the di ffe r-

ent types of recruits. Note that the use of the positive part (in contrast 
-

to the use of an absolute value)~ is to riot cxplicitl~ ~~nalize the allocations

- [ for any excess shipments in any g iv en month; h~~~ver, the i~ del is indirectly

penalized for any shipmen t exCess eS sin ce resources expended in this manner

do not add to nieet incj the monthly quotas , and hence constitute a waste of re—
- I sources that ~re then not available for other tiin~ periods.

ii) Another fornulation in a budget execution node which may hive

soma appea l is to am ply minimize national shortfalls , cvor

the total horizon , weighted Lvi’ the relativ e penalti es 1c -~ na-

tional. shortfalls for the different cateaories of recruits.
- I This objective form then al]~~’s excesses in one nonth to o~ u—

pensate for deficits in other period s . This objective form is;

5 J I  
+Minimize ~~~ F E Q. 

~~ 
— E E S .  

~ ~, 
) (2)

~
‘ j =l ~~~~‘‘~~ j =l i~~~l 

‘‘~~~‘‘~

so that the mxlel is concerned only with the net shortSal 1

- over the total. 3 i~-~ricxls. Note thi s ntxiei requires as input

I. - 

only total quotas for each of the differen t types of rc’~nii t~;,

[ over the eut- .i re hor S :vn . I t then yields re~i anal and nnnthly

~~~~~~~~~ lIIIlIlIIIlII IllIIllIaIIlIlIIl~_________________ _.___ -
~

-
~ 
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~~
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~
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targets for shirinents which could be used in lieu of the present
- 

- 
goaling nodel. If this ntxlel were to be used one should probably

add as constraints upper hounds on the number of shiFinents that

could be processed bj the Recruit Training Centers in any given

utnth.

iii) Finally consider one other variation, appeal ing in that it

avoids the need for relative priority factors , nazne].y the

and closely approximates the systan actually in use. The ap—

proach ~vuld be to specify explicit quotas , either nonthly or

for the entire horizon , for only one type of recru it , e.g.

“totals” , a’td then to inpDse as a side constraint that at least

sane prespecified percent of the total shipnents be high school

graduates; this side constraint again could be on a uonthly ba’-

-j sis or for the horizon as a whole. In this case the objective

form is either (1) or (2) , with K=l , and w1~l, and with an ad-

ditional side constraint o the type

3 1  ‘ 3 1
- E S. - 2 > PEIC C ~‘: S. .

j 4  i~l 
1 ,:) ,  — )r~l F~-l 1, ) ,

where PEF~ is the miniivum percent of total shi l itents that ~;h~u 1d

be high school gradua tes.

2.3.2 Constrctints in thc Rudaet_Exc’cution ftxiei

The formal constraints in the model arc~
Lk Ct k  f C ~~~~~~~~~~

Cj j k  ~~~~~~~~~~~~~ 
. (3)

I where th e’ above is th e produ ction func t ion r e ia t  i ng  to contr a ct s

and ~~~~~ 
~~~~~~~ 

are the e las t ic i t ies  discu ssed in the inp u t sect i on ,

related to r ecru i t e r s  and adverti sin g r esp ective l y.

- -
-
~~ ~

-

~- —~ ~~~~~~



The next set of constraints relate to the budgets on recruit-

ers and advertising :

3 3
* ER ( E X

1 ~
) < B1 

(4)
j~’l i—I. ‘~~~

3 1  -

E E Y . . B - (5)
j=i i=i “ 2

Since the objective function is based on quota shortfalls relative

to shipments , and the allocation of recruiters and advertising is

thru contracts , it is necessary to convert contracts to shipments.

This is done through the delay factors of the DEP. program . If the

delay factors are treated as decision variables , then one has ad-

ditional constraints : 
-

12 - 

(6)
E b • 1—a . k (j=1 2,....,12; k~=1,2,.....K)v=O V,) ,  3,

b
~,jk~ 

bv , j k ~~ 
b
~~~~k

(v=O s l~
27..J; j~ l ,2,...J; k 1 ,2,...K) (7)

Otherwise the b • are simply inputs . The shipments then , as a-v ,J ,
function of the contracts , is given as

E Cj,j_v,k 
bv ,jv ,k (8) 

- -

i.e., the total ~hjpnents in period j, region i of type k , is simply
the sum of the appropriate number of contracts signed v periods earli-

er (v~O ,l,2.....,l2) times the fraction of those that ship v periods

after they sign . -

Finally if one wishes the model to select the best single val-

ue (for each n~gion ) for the number of recruiters for the 3 periods

— —- —- *~~~~~~~~ __ _ _
~~~~~J~

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - - - - ~~



in the decision horizon, then in order to freeze the number of recruit-

L ers at that level , one must also add .

~~, 
X . . (i=1,2....I; j 2 ,3......J) (9)

1,

If one wishes to allow the number of recruiters to vary with-

in a given region over the horizon , then one need add no additional

constraints of type (9)-. ‘ -

2.4 Mathematical Model for the Budget Generation Model *

2.4.1 Objective Function

This model is designed to determine the minimum total bud- - :

get , as well as the optimal split of dollars between recruiting and

advertising, needed to meet a given set of quotas. Hence given the

same notation as earlier , the objective function is to minimize the

sum of the left hand side of constraints (4) and . (5) of Section 2.3.2.

2.4.2 ConstraInts for the Budget Generation Model

The constraints are to meet a given set of national quotas ,

* 

either on a monthly or tota l hor izon basis , .i.e.

I
~ k > ~~ k (j1 ,2.......5; k 1 ,2.... K)
i=]. 1,:,, —

if monthly quotas are given , or

5 1  - 5
E E S. ,~ k ~~ ~~~

, 
k 

( k=l , 2 . . .. . .. K )  -

j=1 ~=i 
~ ‘ ‘  

—

if only horizon quota-s arc given.

The other constraints (3) , (6), (7), (8), and (9) of Section 2.3.2

apply as before . -

~~~~~~~~ ~~ ~~~~~ ~ 
—
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31 Considerations in Selection of Production Model

Eooi~~~tric methods were used to ascertain the relationship between

the number of signed contracts and the various factors whid~ influence the propen—

sity to enlist in the Navy. These factors include the anount of noney spent on

advertising and pratotion, the nt~~er of recruiters , the number of leads , the over-
* all ntnther of high school graduates, etc. Separate relationships were developed

for total contracts, and for contracts signed by high school graduates. In addi-

tion, the number of leads was related eoonat~ trical1y to a similar set of variables.

Hence, we have a three-equation system: an ~~iation with leads as the dependent

variable, an equation with total ediistments as the dependent variable and leads

as one of the explanatory variables, and a similar equation for enlisth~nts by

high school graduates. 
- 

-

Numerous conditions make such m~x1el-Ixii1ding a o~ plicated and dif-

ficult task. These conditions and methods of solution are discussed below.

3.1.1 The Short Time Series Available

- The levels of advertising expenditures have been measured for

only ts*~ years 1976 and 1977, resulting in only 24 nonthly observations . Such a

short tii~ series make it difficult to estimate a sodel with sore than one or t~%O explan-

atory variables. This problem was solved by disagci’regat ing the da ta into distric ts

and using a pooling technique to estimate the nodel. This disaggregation resulted

in 1032 observations (24 nonths tines 43 districts) . Hence, both cross sectional

as well as a tima series analysis is performed. The technique of “DUITIW Variable

Regression” was used to pooi the data by creating an indicator variable (or duimty

variable) for each of the 43 districts (actually only 42 ckmimj variables ~~re used).

This method allows each district to have its own “constant term” in the nodal ~hith
* 

represents tho propensity to enlist which is unique to .that district . M indicator

I. variable is either zero or one. It has a value of one if the observation is frct~ 

~~~~~~ ~~~ -‘ ~ _ ,~:~ L- ~~~~~~~~~~~ - *  ~~, ~~~~~~~~~~~~~~~~~~ - - •—. - *. ‘—-~
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the district , and a value of zero i~ the obsex~yat ion is frat~ sa~~ other district . It is

also of interçst to note that the dollar experriitures were all adjusted for . inflation.

* * 3.1.2 Seasonal_Variation

There are seasonal variations in enlistments and in leads.

These variations were ascertained in the nodels by assigning an indicator variable

to each nonth. Hence, we permit each nonth to have a unique level of enlistments

* and leads. 
.

3 .1.3  Extraordinary_Events

L ~~~ special events inpacted both enlisth~nts and leads I tele-

vision advertising was extensively used in 1977 but not in 1976; and the GI-bill
L - expired at the end of 1976. These - events were handled by using indicator van —

L ables, one for each event.

F- 

3.1.4 District Size Variations
L It is generally true that larger districts (in terms of popula—

tion and (W~) produce sore enlistrr~nts than smaller districts . Because of this size

variation, it has been the practice to allocate sore advertising and recruiters to

L the larger districts. This resource allocation procedure has pro&iced a stron9 re-

lationship between advertising and enlisth~nts (and also ~ecrui ters and enlistmz~nth) .

Terming this tendenOy of the Navy to allocate resources in proportion to the nu rbai-

of enhistnEnts as the “allocating relationship”, it is inportant to distinguish this

from the “market relationship, ” which is the response of the market to recruiting

and advertising efforts. The “allocation relat ionshi p’t says that when enhistlm2nts

- are high, r~sources will be high; “the market relationship” says that ‘%‘hcn resources are

high, en1isbir~nts are high . ~i analysis which used regression analysis to (?StiItUte

a n~dol with enlistments as the dependent variable ~ou1d confuse the ts~ relation-

ships. If one naively perforsod such a regression to estimate the marJcet relation-

ship, the results ~~u1d be misleading because -th e nodel ~~u1d overstate the inpact

of expenditures on enlistments. This problem was attenuated by rc’rroving the a! lo-

L - 
-
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cation relaUo~ship f~t~n the data by dividing all of the variables by the level of

labor force in each district . Hence, the dependent variable becanv~ enlistn~nt per

capita (or leads per capita) .

3 • 1.5 Non-linear Relationsh~~~

A linear regression m~x1el with per capita enlistments as the de~-~ndent

variable and per capita advertising and per capita recruiters as explanatory vari-

ables ~ou1d assume a linear relationsIhp betwcen enlistin.’nts and recruiting effort .

In such a relationship, the addition of one dollar of advertising wauld have the ~- a ~~ 
—

absolute iirpact on enlistment for all base levels of advertising. Such a constant im-

pact is generally theucjht to be too optimistic because of t~e notion of diininshin~j

returns. M additional dollars are spent on advertising, the inpact of each addition

becx~~ s less. Such a relationship is s~~zn belo~i. *

:Lts

Mvcrt i Sing Expenditures

This non-linear relationship was captured by using logrithms of all variables.

3.1.6 Carry~over Re1ationshi~s

Recruiting efforts have an inpact long after they take p act’,

i.e., there is a car ry-over frca~ one period to the next . Such a carry—over can I~e

capthrcd by including ‘ laggcxi values” of the c.\’planatory variables in the nrxie s.

L — 
~~~~~~~~~~~~~~~~~
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That is, enlist~~nts wauld be regressed on cur cnt levels of adverti sing and his-
torical levels. Hc*~evcr, the inclusion of historical levels causes a nultitude of
problavs, SUCh as correlation bet~~cn the current level and historical levels.

C~ e solution to such problems and the one utilized in this
analysis, is to place some type of cons t rain t-  on the so lu t ion . The

procedure is to ass~~~ that the largest inpact of a factor such as advertising is

in the current or inmediately preceding nonth and that subscçuent inpacts decl ine

gecmetrically over tIne. Hence, advertising ‘s inpact is aH owed to peak in eit hc’r

the current or iin~ediately precedi ng period . Such an asstrrption produces a so-

called Koyck distxib.ited iag nodel which has the lagged value of the dependent
variable as an explanatory variable.

The exact procedure can be seen in the follo~iing sinpie nodel .
Let Et denote enlistments in nonth t, a~id let denote the level of advertising

expenditures in nonth t. The carry-over relationship is given by

(1) = a + b0At + blAt_i + b2At 2  + + e
~ 

whore is a randc~it dis-
turhance. The Koyck assunpticn of gecii~ trically declining advertising u n-. *

pact can be expressed as the followinq ;

(2) Et 
= a b0At + biAt i + ~ ( l — ) )  E A 1 I

~t_i~2

~~ere o < A < 1 is the decay factor . Using this assu~ption, ~e can reduce the

carry-over nodel to

(3) = a (l— A ) + boAt + (b1 — A b )  At i  + A Et 1 + U

Hence ~~ have a rixk~l with current advertising (A
t ) s  and current advert isinct la~~ \1 

-

one period (At j), and lagged enlisthr~nts (E
t i

) ~~~~~ can lx-~ estim ated . Once es-
tiin~tes are obtained for the c’~efficients of Equati on (3), the relaU on~hips - in (2)

can be used to obtain estimates of the coefficiunts in Fq~ iticn (1), and the sho~t
term and k*’ig run inpa c’~ ~~

— of adver tJ sing ldentj fj r \-1.

~~~~~~ — -
- - -~ a— - - -~-- ~~~~ -
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32 1~ gression Results

~~e regression equation for total enlisthx~nts in district i, period t

is giv~~ by:

log ~Eit~ = A
0 

+ Ar D1+ ...+ A42 D~~2 
+ b

1 
M + ...

• 

+ C1- Y 
- 

+ C
2 

• G + d1 log + d2 log

• 
_ _ _

E = Total en1istn ~nts

IF = Labor force

- i = district

t = tinie period

D = District indicator variable

H = )‘bnthly indicator variable

Y = Year indicator variable

G = GI bill expiration indicator variable

A = Total advertising and prc *rotion expenditure

R = Nuither of recruiters

L = N~iiiber of leads

P = Total high school graduates

• .
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The estiniates of the slope coefficients are given bclcM, along with their standard

errors and t—statistics.

~~tal Enlist~~nts F4~~el

- Coefficient Standard
Vari able Estinete Error t-value

log 
{i~~ 

‘} .062 . .022 

- 

2.82

log .291 .084 3.46

log .039 .013 3.00

- L f~~~~. ~~ 
-

lcg ’~~~~ } .458 .100 4.58
~ i t)  -

- 
.

(E. ~ -

b a  
~~~
- ‘

~~~~~
-
~~~~ 

.364 - .026 14.0

L ~~ t-J 
-

All of these cvefficient estin~ites are statistically significant at the 0.01 level.

* 

-
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, 
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A similar regression was perforn~d with en1is~~~nts by high school graduates as the

- dependent variable (actually the logarithn of high school enlistment divided by the 
I~ 

-

- - labor force) . The results are given bel~~. -

• ~4~h School Graduates ~ ilistments Model

~~efficient Standard
Variable Estimates Error t~-va1ue

(A.~~~ -

• log /~~ 
. .073 .020 3.65

~ i tj

,JRjt \ .391 .095 4.12

• S~~it J

[T. 
- 

-

- log i -- } .356 .113 3.15 -

log {
~ 

~~ .05] .015 3.40

• - log ‘~~~~
1
} .353 .028 12.61 4

- 
r~t—i -

Again , all estimates are significant at the 0.01 level.

;I~i 
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‘fl~ rndel for leads included all the duni~’ variables , and vari ables for total ad-

vertising, and high school graduates . The results are given belc*t:

Leads ~‘td el

0,efficient Standard
Variable Estimate s Error t-value

~A ‘

~

log 
~~~~~~ 

.160 .041 3.90

( it)

~T. ‘

~

log 
~‘y~~ 1* .611 .137 4.46

t it )

- Both estimates are significant at the 0.01 level.

Af ter developing these respective elasticities fran the district level

observations (of which there ~~re 43) the coefficients for the reg ional duntny van -

ables , nuirbering 6, ~~re obta ined :by rerunning the log linear reoressions at the n’-

gional level but with the elasticities obtained at the district level . In this way

the final predictive nrx3 els ,afte r aggregating the regionalA~onth1y speci lie 
—

terms into one constant ( nanely the P. • ‘s)  becc*ie:a ,j,1

.~9 . 0 6  .039 -
I of totel ~~~tr~~t~ (no. of rVCT~l1tøri~~ /n). of t (’.~ •% l i t . ’!II \ (no. of

(in t~~~r~uK~.) p * I~ 
(in t )~~~~ t.I~) J ( ~ ~~~~~~~~~~~~ J I (in U.’- - v~i.( ‘

~ ~~

Sn ~~~~~~~ ~.i.1 \ ix. ~.‘: h.~i ~~
, / \ in ~~~~ ~~ )—1 • / x in pt  t -~ l ~ - ‘

t~tm rug t i Iegiu ~ i •‘ Z’..~~a% i \ I~~3~ct~ i

.04 5 - 

•0~7
f KLiiion~ of ••* U A ~*u \ / I~i 1~~n- ci ~~~~ ~ f Mjflj ,i-ng of ~c~~~.’ s  ~( Cf t~~t.tI ~~:%~ - l -

~ ~~~~ x ( of t.n.~ • t~~ ii ; ( o f  t,*t~I a~~ ’rt ~~~~ y ;
Sit poriod j , i-~’;~ c.1 i J ~ ~~ ~ ‘r~o~i 3—i , J ~~ itt ~.- t  ~- t  ).- 2 .

I \ xo~~c.t i / ~

I
- 1 . 

- 

• 
-

- --.4



The 12x6 matrix of P • s (which arc the result of running the regression with re-i,j, 1
tiona]. lTonthly data using the elasticities developed earlier) , is presented in tçpen-
dix k.

The similar ~ iuation for nuirber of uSC contracts is:

•O ! k~~~~ cOttz’aeta I ~ Y~1 1 ~ I 1.04’- p
1.3,2 ~~~~~~~~~~~~~~~ utt~r.~ r~

o
~~~i• [

poriod ~~. n~~~~t U 3-2. ae9i~ t 
JPCt iOd 3-2. a.’~~~~n

- j~~~~
$
~: [ 2 9

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

, 
~ •o~

¶i~ 12x6 matrix of P. . 
2

8 are also In Appendix A. The fo1lc~dnq suzmury Tabl e1,),

shc~s the relative iitpact of advertising and recruiter on HSG ~~~tracts and non-
HSG crr~tracts.

- 
CO~7I’RACF EU~STIcrrIES

Thtal_Contracts HGS Contracts Non HSG Cor~tractsJ Advertising
Current period .125 .081 .210
One period earlier 

- 
.045 .029 - .079

- - 
Tt~ periods earlier .017 .01 .031

Number of Recruiters
Current period .291 .391 .085
One period earlier .106 . .138’ .042
T~~ periods earl ier .039 .047 .024

As an exasple a one percent increase in the anount of advertising in the current
period ~~uld br ing aheut on the average, if evexytMng else remained constant , a
.081% increase in the nuirber of uSC contracts signed in the current period . Note
that advertising has a much higher relative ii~pact on non-high school contracts
than on USG’s ; also recruiters have a much larger relative inpact on USG con—
tracts than for the non segment.

- -
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3 3  “Validation” of Predictive It~de1s

In order to assess hew well the predictive n~~els perform plots of the cxmpar-

isons of the actual numbers of contracts versus the predicted, using the actual bud-

get expenditures as experienced in CY77 , were made. Plots of the cxzn~arisons by

nonth over the entire countr~ as well as for~ each off the six region~ are included for
* both HSG contracts and for all contracts. Figures 1 and 2 are for the country

as a whole, respectively, for total contracts and }ISG contracts; Figures 3-14 are

the regional con~x1risonS; 8-18 being for !ISG contract and 9-14 being for total contracts. 1.
The straight line shc*~n on the plots ~pu1d be the pattern if the prediction 

- - -

were perfect, i.e. , if actual contracts exactly equal the predicted nui*er of

contracts. As one can see the poin’ts are generally cuite close to the line, with

the exception sclTet.imas of one point (that point in the upper right hand portion of
the plot) which represents the results for Decarber 1976. This was the last nonth

for recruits to receive the CI bill- and hence, even though a dunn~y variable was

used to try to deal. with t~’~j 5 anomaly there is scv~ inaccuracy for this one pa—
— n od.
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4.0 “V~LD T~T I(’~ ” OF DLSCRWI’IVE J~BILITY OF JlLLOCA~rIW ZWCL

15 - 
- •

•
“ •

Ploving from the response functions to the important budget

allocation model , it was decided for validation purposes to exercise the model

for a representative recent year for which co mplete data was available. The

va lidation stra t egy had two parts: 1) first to exercise the model with the

- sou se budget expenditures ~ts actua lly occurred to see if it predicts the ship -

men ts that actually occurred reasonably well. This is a test of the general de—

scriptive ability of the nrxlel. 2) Seocndly , using the sane initial conc~itions

that were faced by the actual decision—makers in that year, cri~parc the decisions 
- 

-

and recx~inendations caning out of the iuxlel with the decisions and results ac-

tually occurring. It was felt that only by ccxr~aring the optim ization results

cr uld one also establish a credible degree of reasonableness in the final al—

- 
location program.

The year chosen was calendar year 1977 , chosen since it is the

latest year for which detailed advertising data by district was avai l abJ e .

In additi on since the program must take into account certain “ini t i al” con-

diti ons from the previous year and certain terminal conditions for the year

fol lowing the decision year , it became clear that CY77 was the approj ria te

year to test the mode1~

First consider the descriptive ability of the allocation nodel .

First one inputs to the allocation nodel : the actual nonthly advertising and re-

cruiter alloc~-ttion made in CY77, the “stock” of advertising and nurnbcrr~ of re-

cruiters in place in 1976, the rnmter of non in the delayed entry proiram in 1976;

then one predicts the follcMing over the countxy (see Table 1).

- 

[I  

11t may be rK t-od that the plan is to exercise the nxx]c-l for CY78 when the d~’t-~ui led
-

~ advertising for that Ix-riod bc-’o~n~’s available.

11

~ 

- 5 - -~~~
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l~otc that for the yearly totals, the nodel slightly overpredicts the actual ship—

ment totals, primarily because the delay factors (fran the Delayed Entry Prog’~ m)

obtained from the Recruiting Camand assume no attriti on, i.e. all signed

contracts convert wi thin the next 12 months tq shipmentp . However , in realit y

there is a small attrition factor (estimated at about 1-3?~) which can be dir ectly

incorporated in the model wh~~ such c~ata becx*res available. This shortcoming

notwithstanding the results verif y the descrip tiv e abili ty of the model to both

forecast contracts accurately and their conversion to shipments.

5.0 “VM•lDATIct~1” OF 01~rIMI7J~TION “ODEL Ft)!k A1~l~~~TING BUflGF~S

5.1 $ccnario Ana lyzed -

- 
- Consider nex t t he “ validation ’1 of t h e  allocation program

which optimizes , with in the budget constr aints , the advertising and recruitc-r

expendi tures to minimize shortfalls. This ccrnyrison, much nore axrplicated

than the former one , had the following character istics and asstmp tions :

1) The allocation model wou ld be exorcised at the reqional level , of

which there are 6 in the countr y , and by moutt i for the CY77 . Tot -a)
-

. dollars of advertising and tho nun~ ers aT recruiters allocated ~ou1d

be the key decision variable s compared . t-Ience the comput erized

model hod a total of 144 dec ision variables , 2x 12x6 (i.e. 2 type s

of expendi tures , 12 months and 6 reg ions );

ii) In order to make the comparison s meaning ful , the actual total budget

expenditure s for CY77 for adver t ising and rec rui ting were used as

budget cons traints in the computerized model; thc recruiter expendi—

L Lures also included his office sp ace , travel , ft. The budget con—

- 
s tr Lsj nts for CY77 were $71.37 t -lij l ion for recruiters and $16.07

M illi on for advertisi ng .

- 

-

~
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- - Lii) The objectives of the isxxlel were taken to meet the same set of total

male, non prior service, nonthly ship~ nt quotas as was actually used

in CY77. This total was 83,116. The m,del also utilized a constraint

related to the total nuther of ~~~tracts signed in the year that must

be HSG’ s; this nutther was 54 ,202 and was the actual ntmg,er of HSG’ s

signed in CY77. The nodel could not utilize any shipping quotas for

}ISG ‘s because of a data lii~itaUón relating to the delayed entry pro- —

gram. In particular the delay factors b .  
k

’S which noasure the elapsed
3 p V ,

tin-e between signing of the contract and ship~ nt , have only been de-

ve].oped b~’ the Recruiting Ccnmarxl for all contracts and are not avail— 
- 

- -

able at this tine for HSG contracts. h ence since there is no credIble 
— 

-

way to transform HSG contracts into HSG shipnents , the quality con-

straint has been on total contracts. %~hen the delay factors for I ISG ‘S

beame avail able the runs will be rejx~ated with an a&litiona]. quality

constraint on ship~~nts. 
-

. 

-

iv) ‘Ib~ nodel takes into account in an explicit fashion various types of 
-

“initial conditions” with which the decision m~-iker had to deal at the

beginning of the hor izon , i.e. those decisions or conditions that al—

ready existed or h~~ been taken before the beginning of calendar year

1977 over which the decision maker has no control. In particular there
- -

a) a certain “stock of advertising” and “recruiter stock” represent -

ing the bllars that had been put into advertising and recruiters

over the past year. In other ~~rds the nuithers of contracts in

- L  
- 

- -

t- - --- -~~ -5



1
44

January 1977 is depend~ ,t not only on the anount of advertising
and the nuithers of recruiters expended in January 1977, bet also

on the iinounts spent in the previous nonths . These initia l condi-
tions lead to a slight nodification in the enlisti~ nt prediction

functions for the f irst few nonths of 1977. These nodifications

together with the initial conditIons , are included in 7~ppendix
C—l , and C-2. 

-

b) 1~rother inportant tyPe of initial cxmditicn incorporated in the

nodel deals with an estimate of the nuither of ship~ nts that are

already in the pipeline resulting frein contracts signed in th9

previous year, In other ~ords bdcause of the Delayed ~~try Pro—

gram, certain fr 1actions of the individuals who signed contracts

thix*ighout CY76 will actually ship in January 1977; the percent,

e.g. for those that sign in Decether and ship in January , is ac-

tually about 15.5% . Similarly a certain portion of those signing

contrac~ts in November wil l  actually ship to boot camp in

Ju1~); this percent is 10.3% . h ence a substantial portion of the

total shi~~ent quota of 83,116 for calendar year 77 will actua l ly

be filled frcmi contracts obtained in 1976. Utilizina th~ delay

factors available , for calendar year 1977, it can )x~ expected tJ~at

a total of 22 ,851 or 27.5% of the total quota of 83,116, will ac-

tually be met from contracts already in the Delaycd 1- ntxy and

signed in 1976. The set of DEP delay factors used is in Appendix

B and the schedule of the nuithe~ of shi~-rn~’nth in the pipeline is

contained in the info~~ation presented in 7~ppendix D. 
4

c) Finally, there arc t-i..o other environmental variables which capt~ure

L - 

- 
the dc~n~graphics of the reqions ; these are the ntxv~~rs of )I~G can-

didates in each region and its 1alx~,z force. Those have been int o—

_______________________________________________________________ —
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- grated to yield the set of s)~~ n in Pippendix A.

v) ~‘inally terminal conditions for the exercising of the nodel were

developed by applying the DEP delay factors of Appendix B to all

contracts that were actually signed in 1977. This allows one to

arrive at a set of thip~ent goals for 1978 for which the adver-

tising/recruiter efforts in 1977 are accxxzntable. In other ~&ords

the efforts in C177 must replace the DEP pool that was actually

present at the end of CY77 . This ntrther is 13,430 and its distri-

bition appears in Appendix 1).

It is in~ortant to appreciate that if these terminal conditions were

not jj T~Dosed, then the ~esu1ts obtained might not be realistic. To see

this, observe that if the quotas for December 1977 were being largely

- 

- met fran contracts obtained earlier in the year then the allocation logic,

without the presence of the terminal conditions, might not allocate sig-

L nificant resources to beceather. In order to ensure that the nodel d eals

with the same long term or steady state requirements that the Recruiting

Cannand actually faced, the terminal -conditions need to be included.

Hence, to surrcnarize the allocations are only ~ade for 1977, i.e. the hor-

izon for decisi on making is 1 year , but that those decisions are driven

U by requiratents over 2 years, i.e. 1977 and 1978.

vi ) In exercising the model , it was assumed that once a recruiter had

been assi gned t .o a region , he could not be reassi ~ned to another

region within that year . Hence the ma thematics of the model opti-

mizes on the appropriate number of recruiters to have in each reg ion ,

realizing that they cannot be sh ifted within the year horizon . Th is

constraint whi ch can be easily modi fied was included to reflect the

realities and . difficul tics in transferring recruiters from one region

Li to another over a short period of time .

_ _ _  
_ _  

- 

- L
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5 2  Hi9hlights of Results
- For Cr77, wIth the same sets of nonthly quotas, with the sane

)u)get cxristraints (one for advertising and one for recruiting ) and the same in-

itial and terminal conditions, the results of the con~ute~ized allocation irodel,

which has as its objective to minimize the sum of rronthly shortfalls, were:
1) It produc ed in CY77 a total of 91,733 shipm2nts (including those 22 , 891 in -;

the delayed entry pool fran contracts signed in CY76) at a total cost of
$8].,762.M or about $5~7M (or 6.6%) less than was actually spent. Hence given

that it was forced to operate within the same overall budget constraint and

the same split between advertising and recruiting, it met the specified to-

tal quotas for CY77, the quality mix on coñtracts,as well as replacing the

DEP pool present at the end of CY77 . It spent aiirost the entire recruiting

budget alloted i.e~, $71.2614 of the $71.37M alloted but only $l0. SM of the

$16 0714 for advertising~ Hence the relatively close fit to the total budget

expended,given the limited, accuracy (i,e~, R
2’s of .76) of the contract pre-

di~tion fit lend su~ ort to the nodel ‘s usefulness for operational ourposes.

2) Finallyr realizing that the actual yearly expenditures over the country

agree quite well with the optimized yearly expenditures , it is of interest

to corrçere the optimized and actual nonthly results, both for contracts and

for budget expenditures. (see Table 2) Observe then that the uteri :c~1

nodel in a budget execution node tends to spend s~~~~ at less on advertising

tha n ~s’as actually spent in the first six nonths and October and Novcirb~r ,

and then spends somewhat nore than was actually sjx~nt in the suimor !TC)nthS

and in December. Note it meets the stated nonthly quotas with slightly fewer

contracts and ship-~onts than actually occurred , partially because no attri-

tion was asz~mod in the D~~ Program) and because the nodel in the above

run did not allcM excesses1 rola tive to a given nonthly quota) to o~~x~nsate

for sho~tfa1ls in another nonth. The nodel nc’~ has an option to input only

a yearly quota and to have this cri~ ute,jn effect,altcrnative optiiiv~l nonth-

ly quotas. 
- -
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- 3) Next consider how the noney was spent over the six regions by the !rc~del
and in reality, r~~~thering that the nodel was constrai.nted by the ac-
thai yearly btr~gets, one for advertising and one for recruiters, utilized

- 
in CY77. (see Table 3).

The major significant difference is for Region 500 (Chicago centered)

where the optimized results were to b~t back total expenditures there by

about $7 .OM and give it to Region 100 and Region 300 (New ~~gland and

Southeast) . -

I.,

6.0 S~~SITIvITY DcCURSICi~r OFF BZ~SIC BUDGET EXECUTION I~JN i~rni ~ssu~vria~iTI~ T P~~RUITER ~P~N D E~~INE DElAY FACI~ PS -

- 
This run was exactl y similar to the bud get execution run discussed

earlier , i.e. some quotas , budget constraints , initial conditions , terminal con-
ditions , etc . but with one exception : the delay factors in the DEP program -were

no longer treated as inputs but were part of the optimization process.

Hence the b . ‘s were decision variables with the con—
12 j,v ,k -

straint E b . 
~‘ 1 1 for j 1,2,.. , . . 3 -

v O  ‘ -~~ -

• Under this assumption , namely that the recruiters have c5xrplete control -:
over thr lag between contract signing anc~ ~1ii~~~inq data , one ccitil~~ save

iother $ .25  mi]Tion and still meet the stated:qu~ta~ ,-~ •the $.25
million being in the advertising area . 

- 
The major differences in

the optimized -delay factors and -the ~ipirical ones is: In Deceirber, only

about 23% of all contracts are direct shipments (in the sane nonth) but the irodel ,

if it had its choice , ~~uld prefer 97% of those signing contracts in Deceither to

L direct ship. A similar situation holds for the rionths of March, 1~pril and May where

only about 46% direct ship in reality but where the nodel ~~uld prefer alnost all

to direct ship. On the other hand , about 58% of those that sign contracts in

j August actua fly ship in the same nonth whereas the node 1 w)uld prefer nost of those

to enter the DEL’ program. -

I 
~~~~~ I 
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. APPENDIX A -

CONTRACT PflEDICTION PAR kMETE RS

The production func tion for total contracts from region i, month

j were assumed to have the form 
-
. 

-

— • . 
~~~~ 

. • ~~~0,k : ~~11k • ~~2,k
- i,j ,k — 

i,j,k i,j i,j—]. i,j—2 i,j i,j—l i,j—2

where X . . is the number of recruiters present in region i (in
3.,)

thousands) , period j and Y . . is the .total dollar level of adver-
1, )

tising (in millions of dollars) impacting- region 3. in period j and

C. . ~ is the total number of contracts of type k (in thousands)

from region i, period j. Section 3 addresses this topic in detail.

As has been mentioned earlier , e1.’. 1 = .29 , e’. ~ = .106 , e., -, = . 039
U,a. .1.14 ~~~~,J.

whereas f~ 1 = .125 , ~ -
~ 

= .045 and f2 ~ 
= .017 where k=l refers1,_I. ,

to all contracts as a whole. The numbers for HS6 contracts , i . e . ,

K 2 , are e0 2  = .391 , e1 2  = .138 , e2,2 = .049 , f 0 2  = .081 ,

f112 = .029 and f2,2 .01.. Hence a 1% change in the number of re-

cruiters present in period j causes a .29% change in the total
number of contracts signed in period j, whereas a 1% change in the

amount of advertising expended 1 month earlier causes a .029% change

in the number of HS6 contracts signed in the current period . The

P .  k !S vary by region and by month , reflecting the different nurn-
3.,),

bers of QMA in the region , different propensities for enlistment ,

etc. and the seasonal nature of contracts . The factors for k 1 , i.e.

• total contracts , follow below: -

J~IATRIX OF P 3. ,~~4 P
Region 100 300 400 500 700 800

(i=l) (i=2) (i=3) (i=4) (i=5) (i=6)
(j=1) January 77 2.41 

- 
2.1 2.26 

- 
1 7 3  1.88 2.15

L (j=2) February 77 2.46 2.14 . 2.27 1.77 1.93 2.2
(j=3) March 77 . 2.68 2.33 2.54 • 3 .94 2.1 2.41

11 (j=4) April 77 2.07 1.8 - 1.96 1.5 1.63 1.86
(j=5) May 77 1.89 1.65 L79 1.63 1.48 3 . 7

(j =6) June 2.37 2.07 2.24 2,53 - 1.87 2.14

S
. - -

- - - 
- - 4 - - - - - - - ‘-_.-. -_I.----——
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Region 100 - 300 400 500 700 
- 

800

(j ”7) July 77 2.61 2 2 8  2.46 
- 1.9 2:05 2.34

(j =8) August 77 2.83 2.47 2.67 2.05 2.22 2 5 5

(j 9) Sept~nber 77 2.74 2.40 2.6 1.99 2.17 2.49

(j=10) c~tober 77 1 9 5  1.71 1.86 3.42 1.55 1.75

- 

(j .i].1) November 77 2.25 1.97 2.14 1.64 1.77 2.01

(j=12) Decx~nber 77 2.54 2.2 2.39 
- - 

1.84 2.0 2.3

We observe that Region 500 for each nonth has a fairly low yield for a given

rnm~ er of recruiters aixi advertising dollars whereas Region 100 has

- 
- ai~a~g the highest yield. This maJ~es itself felt in that the fact that the

allocat ions for Region 500 arc less than for any of the reg ions and simil arl y

more for Region 100. Similarly if we look at the effectiveness of a given

amount of advertising on contract signing it appears to have the- most impact.

in the months of Narch, June , .July , August and Sep tember , and December , and

the least effect in January and Octob er. The factors for k=2, i.e. high school

graduate contracts is as follo ws: -

- MAT~U X OF P .  . 
-

-
- 

3 ,3,2

Reqion 100 300 400 500 700 800

-j (j=1) January 1.56 1.47 15 1.07 3.18 1.51
(j=2) February 1.54 1.45 1.45 1.06 1.16 1.49

:1 (j=3) March 1.61 1.52 1.56 1.11 - 1.22 1.57

(j 4) April 1.27 1.20 1.23 .88 .96 1.23
(j~5) May 1.19 1.13 3.15 - 1.07 .90 1.16
(j=6) June 1.59 1.50 1.54 1.74 1.21 1.55

(j=7) July 1.67 1.57 1.60 1.15 1.26 1.62

(j 8) August 1.76 1.66 1.7 1.21 1.33 - 1.71

(j=9) Sopta~t~er 1.57 1.49 1.53 109 1.2 1.54
(jzrlO) October - 

1.16 1.1 1.13 - .81 .89 112
(j=11) Novcithcr • 1.27 1.2 1.23 .88 

- 

.96 1.23
(j-12) D~ct~~x~X 1.36 1 2 7  1.30 .93 1.934 1.33

- 
I
_______r ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX B

DELAY F1C1\Y?.S IN DIT 1’1~~ RkM FOR ALl~ (~~ 11~TC1’S

o +J j + 2 1+3 H I+ s ];6 1f7 +8 
~~~~~~~~~~~

Jan .5188 .1389 .0559 .03)7 .0236 .0663 .0563 .0561 .0351 .0219 .0011 .000~i .0

Feb r .4613~ .1273 .0537 .0472 .0657 .0635 .0762 .0576 .0248 .0166 .0014 . 0007 .0

~ar .4374 .1171 .0705 .0806 - .0667 .0708 .0574 .0468 .0305 .0184 .0024 .0001 .0

.4Ii51~.li83~ .1015 .0702 .0762 .0527 .0543 .0325 .0186 .0267 .0019 .0016 .0

~ay .4825~.l65S~ .0875 .0742 ! .0536 .0511 .0327 .0184 .0186 .0125 .0008 .0007
- 

•

Jun .5598 .1652~ .0936 .0568 .0476 .0366 .0175 .0144 .0137 .0064 .0010 .0009 .C

.Ini .5995 .1635 .0571 .0556 - .0468 .0197 .0228 .0106 .0080 .0049 .0006 ! .0036
I I I IAug .5824 .1408 .0918 .0584 .0396 - 

.0290 - .0168 - .0112 .0057 .0053 .0113 .0034 .(

- I I -

Sep .5912 .1258 . .0700 - .0386 .0434 .0246 .0125 . 0063 . 0045 - .0702 - .0071 .0032 .(

I 
- .

Oct .5700 .1313~ .0436 .0553 .0247 .0208 .0093 .0078 - 
.0586 .0636 .0084 .0043 . (

- ! t
Nov .4300 . 0886 . 1018 .0621 .0263 .0149 .0152 .0614 .1028 .1003 .0107 - .0045 .(

- 
t I I I I

.2262 .1552 .0677 4 .0487 .0274 .0249~~.1Otá2 .0837 .1214 .1i18 ~.0169 j.0060 ~~

~~~~~1c: -

.

As an exanp1c~, 51.88% of those siqning cn1istii~nt cont.racts in .:J.-inuary ~‘~f a

given year are asstmr~d to ship in the ~atn -’ nonth c’rczis only 27 . 62~. of t hc’~e

siqn ing in Decai~ er will direct ship. Also for those signinq contracts in Janu-

wy, alx)ut 6.63% will ship ~‘ UOnth S later , i.e. in June.

ii
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APPENDIX D 

-
- 

- Shipment Quotas In Effect in CY77
and Terminal Condition s for 1978

Net (k~otas for 77 Term.thal Condition
(~~ tas After Taking Out Qu3tas Used for 78
for 77 Pipeline fran 76 (frm Ccntracts in 1977)

January 7 , 415 2 , 321 3 , 273

- 
February 5 ,645 

-

- 3 , 349 1, 508

March 5 , 164 1 3 ,601 962

- 
April 4 , 560 3 , 751 - 498

- 

May - 4.932 3 , 840 424

June 8,339 . 
- 

4 , 829 2 , 226 -

July 9 , 738 
- 

6 , 822 . 1, 764

August 11, 124 8 , 092 
- - 

1, 637

- - 

September 10,730 . 8 , 737 887

. October 6,279 5,944 159

- I November 
- 5,041 4.929 51

• 

- December - - 4,149 4,050 - 41
- 

Total 83 ,117 60,265 13,430

Ii -
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