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ABSTRACT

This thesis presents and evaluates five manpower
models which can be used to determine quotas for the
U. S. Marine Corps Special Education Program. Both
static and dynamic modelling techniques are used.
Each model is based on a network concept which depicts
the manpower flows throug h the Special Education
Program. The quotas provided by each of the five
models are compared on the basis of twenty—year
average projections and on the basis of Fiscal Year
1978 projections. Sample APL functions for one of the
models is presented in an appendix.
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flow to determine graduate school quotas for the  Marine
Corps Special Education Program.
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II. ~LT~ QDUC TION

Five models are presented and evaluated for use in

- - 
deter mining graduate school quotas for the U. S. Marine
Corps Special Education Program (SEP) . The steady state,

- basic transient, and smoothed transient models were
originally developed for use by the U. S. Navy. These

— models are adapt ed , herein , for use by the U .S .  Marine
Corps . The career path steady state and career path
transien t models are develope d specifically for modelling
SEP quota requirements. Af te r  each m odel is described and 

-

discussed separately, the quota projections of the models
are compared , and conclusions are presented. 

-

Of the twenty—three SEP M ilitary Occupational
- 

. Specialties (SOS) , five were selected for use in the
analysis. Three of the five (SEP SOS ’ s 964a , 96’4 6, and
9650) are representative of SOS’ s w ith relatively large
billet requirement s and d i f fer ing billet structures (e.g. 33
percent of the 96~e4 billets are in the rank of colonel;
whereas only 2 percent are colonel billets in the 9650

- SOS.). SOS 9620 was selected as representative of those SEP
SOS’s with medium sized billet requirea*~nts. SOS 9624 was -

- inclu ded because it was of particular interest to the SEp
monitor at Ueadquarterz , U.S.  Marine Corps.

8 -:
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III. ~~RO UN D IN FO RM AT I QN

Throughout the Marine Corps there is a total of 447
billets which require assignment of an officer holding a SEP
SOS. These billets require skills normally associated with
graduate level education. Each billet has been established
by a rigorous validation process which carefully assesses
the necessity and justification for the existence of each
billet. A list of the billets by rank for the SOS ’s 9620,
9624, 9644, 9646, and 9650 is provided in Appendix A.

The Special Education Program is the primary source for
obtaining graduate educated officers to meet future SEP
billet requirements. Other sources are the Advanced Degree
Program and officers who have earned graduate degrees either
before entering the Marine Corps or after commissioning
through off—duty education.

Each year the Marine Corps selects a certain number of
officers for the necessary graduate education at the Naval
Postgraduate School and certain civilian universities.
According to Reference 1, officers ~ithin the ranks of first
lieutenant through lieutenant colonel. are eligible to apply
for SEP. Those officers wishing consideration must submit a
formal letter of application in which they are required to
state their preference for three SEP disciplines. Officers
ar. selected on the basis of their service and academic
recor ds, and are normally ordered to school within the next
fiscal year. Upon completion of degree requirements, the
officer is assigned the appropriate SEP SOS and is eligible
for assignment to a SEP billet. Current Marine Corps policy
calls for immediate utilization in a SEP tour of each

9 
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off icer upo n graduation wit h the exception of an officer
being due for a one—year unaccompanied overseas tour. The
officer who is due for an overseas tour would serve in a SEP
billet immediately upon comp letion of the overseas tour.

• Thereafter, an officer will usually serve in a SEP billet
every other tour of duty.

Currently, SEP quotas are determined by using a “2.4
factor” and by other considerations. Reference 2 provides

~nforaation on the derivation of the 2.4 factor. Basically,
the concept is th at the -number of SEP ti ained officers with
a specifie SEP SOS should be 2.4 times as large as the

number of billets for that SOS. The 2.4 factor is applied
to both the total number of billets in a SEP SOS and the
number of billets by rank withii~ a SOS. For example, if
there are a total of ten billets for a SOS with five billets
each in the ranks of captain and major, then there should be
a total of 24 officers trained of whom 12 are captains and
12 are majors. When the of ficet inventory , either by gross
total or total by rank, is below the amount determined by

using the 2.4 factor, the deficit is the number of officers

• t who ought to be sent to school in a certain year.

The “raw” quota given by the 2.4 factor is amended by
the following considerations. Future SEP billet vacancies

• are forecasted by estimating tour rotations of officers
currently in the inventory and by estimating likely
attrition (a flat 10 percent attrition rate is used).
Promotion possibilities and budgetary constraints are also
considered. Finally, the amended quota is modified, when

1: appropriate, to an amount no larger than one third of the
- billets for a SOS since it is expected that only one third 

-

of the billets will become vacant per year on the average.
This last modification is made to assure that all officers
can be immediately utilized in a SEP tour after graduation
from school.

10
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A. MODEL DESIGN

1. General Descrjption

The steady state model developed in Reference 3
equates input and output rates to determine flows through
officer billets. Average annual billet requirements by rank
within each SEP 505 are calculated. The annual billet
requirements (outflow rates) can be met from two inflow
sources. One source is those SEP trained officers
previously eligible to serve in a lower rank  SEP billet who
are now elig ib le and availa b le to serve in a billet of the
rank being considered. when this source fails to provide
sufficient manpower to meet billet needs, additional
graduate educated officers must be obtained. Those officers

who enter school comprise the second source.

2. ~jsumpt ions 
-

The following assumptions are implicit in the steady
state model.

1. Flow rates into and out of billet s remain
constant.

2. Annual billet requirements remain constant.

11
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I
3. Annual student input is available to meet the

• determined quota .

additiona]~ly, to adapt this mod el for Marine Corps
use the following assumptions were made.

L4~ Tour lengths in all SEP billets are the same.
With the exception of a small number of SEP billets in the
Fleet Marine Force, Pacific, which are filled by officers
serving a one—year unacc Qmpan ied oversea s tour , it has been

~arin e Corps policy that the billet tour length is three
years.

5. All officers entering graduate education to meet
a billet requirement in ~ pa rticular SEP SOS and r a n k  will
serve in a SEP -billet immediately a f t e r  graduation. An
exception is those officers who incur a one year delay

. before. filling a - billet 
• 

by reason of serving an
unaccompanied overseas tour. This one year delay does not
affect the manpower flow through the steady state model
provided that the proportion of graduates going overseas
remains constant.

6. Graduate educated officers will serve in a SEP
billet at every opportun ity. That is , they will serve a
three year SEP tou r once during each rank held wh ere a
billet requirement àxists.

7. No attrition occurs between the rank of first
lieutenant and the rank of captain.

3. Rotation

Subscript i on th. variables indicate rank as fol lows——

12
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I

3 Capt

. . 
4

- 5 LtCol

6 Col

B is the number of SEP billets in rank  i for a
i

particular SEP SOS. T~ is the tour length in these billets.

The average annual billet re quirement is equal to ~- - • 
- i i

For examp le, - -with- T
i 

= 3 it can be expected in a steady

state flow that one third of the officers in SEP billets are

- 

- 

in the first,:second, a~ third year respectively of their
tour. Hence,- one thira of the billets. will become vacant
each year. - 

• 
—

• Z~ is the input per year into graduate education in

order to meet the future billet requirements in rank i for

some particular SEP SOS.

Three parameters affect the ma gnitude of the flow of
officers through the model: a~ is the fraction of officers

who enter graduate school to meet a future billet

L requirement in rank i, and who are still in the service and

j  .ligible to meet that requirement; b~ is the fraction of

- 
t hose available to serve a SEP tour in rank i who actually

13



serve suc h a tour; c~ is the fraction of officers eligible

to serve in a SEP billet in rank i who are available to

serve a SEP tour in rank i+1.

4. ro;mulatio~

On the basis of assumptions 5 and 6 , a and b are
- I I

equal to 1 for the Marine Corps. Hence ,- the steady state

model was simplified for Marine Corps use. For a given SEP

- 
SOS, the- annual student quota into -graduate school tc meet

- captain bi l let requir ements is 
-

- X 8- /T .
- 3 3 - 3

The major billet requirement, B/T , can be met from

- two sources. - 
- The primary source is those officers

previously trained to meet captain billet requirements who
• are now eligible and available to- serve in a major’s billet.

- 

- 

c K is the number of officers from this source. If c K -3 3  3 3
B / T , then no new input  into graduate education is

~ / necess ar y for major bi l let requirements. If , however , c K
-

~ 
— 3 3

- < 8 / ? .  then K officers m ust be trained to make up the

difference between c
3
1 and B/T . expressing the major

billet requirements in terms of the two sources gives

-

. 

B / T  ~~ c X  4 K

-
- w hen c

3
X
3 
< 8

4
/?
4
. &:d :

4 
= : :hen 

~ 
8
4
/?
4
. Since all

- 

. 
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K~ � 0, the K quota is found by simple algebraic

manipulation to be -

K = Naxc O, B/T —c
3
1
3
].

Similar arguments show that

K Sax(O, B/T —(c I +C
3
C K

3
) ],

K Max(O, B /T — ( C  K +c c K •c c c K ) ]. -

6 6 6  5 5  4 54  3 4 5 3

The total graduate education quota needed each year
is K + K + K + K for a particular SEP SOS.

3 4 5 6 -

B. MODEL APPLICATIONS

Reference 3 provides a computer program in APL (A
Programming Languajä) for the steady state model.

Continuation fractions (c
i
) were based on the data in

t Appendix B. The a and parameters were set at 1

(assumpticna 5 and 6)

Figure 1. provides projec tions for SEP SOS 9650 using
current Marine Corps policy as the basis for setting
parameter values. For the base case, the value of c

3 
was

• set at 1 (assumption 7). Th. other c
1
s were obtained by

taking th. cumulative product of the continuation rates 
-

15



applicable to each rank i (where I = 4 ,5, and 6 ) .  All t
1

were set at three years.

- 

An example of modelling the impact of a change in SEP
policy——changing tour lengths from three to four yea r s— — is
shown below for SEP 505 9650:

~l4

C. SENSITIVITY ANALYSIS

The lower bound foD SEP SOS 9650 quota projections is
• furnished below:

- 
- I - K -

- ~3 14 5 6

- 1$ 5 0 0.

T
i 

wa s set at three years for all i. Lover bounds were

found by setting all a , b and c equal to 1. This is the

quota for a perfect system with no attrition. Realistically

this bound would never be sufficient to meet SEP billet
requirements. But, the bound does indicate a lower limit
for the quotas below which manpower requirements for SEP
billets cannot be met even under ideal conditions.

Without the assumption that a
~ 

and b~ both equal 1 for

all I, the formulation of the steady state model, as given 
-

by r.f.rence 3, is:

- - -
• - 

16 
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K = lfa b
3 
(B
3
/T),

K = 1/a b Marf O, B/1~ — a c x ] ,

K = 1/a b Sax(O, B /T — (a c c K + a c K ) ],
5 55  5 5 3 3 4 3  1 4 4 4

I 1/a b Max( 0 , B /T — ( a  c c C I +a C C I +a c I ) ].
6 66 6 6 3 3 4 5 3  4 4 5 1 4  5 5 5

by varying each parameter one at a time.

The sensitivity analysis was conducted Initial values
were set as in the base case (see Figure 1 for the base case
quota projections).

For a at a 0.05 error of estimation (i.e. a = 0.95

for all i) SEP sOs 9650 required an annual quota increase of

1 officer. For , an error estimation of 0.1, no further
change to the quotas occurred. The same quota changes

• occurred for 0.05 and 0.1 estimation errors of b .

c was evaluated for both over and under estimaticn of
i

the true c~ by 0.05 and 0.1. An over estimation of c~ means

- that actual attrition is under estimated. The opposite
applies for an under estimation of c~. The results for SEP

SOS 9650 are shown is Figure 2.

_ _ _ _ _ _ _ _  
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p 1

Rank Billets Tour Length Quota
i B~ - 

T~ a~ b~ c~

- 3 13 3 - 1  1 1.00 4

4 28 3 1. - 1 .60 7

- 5 17 3 1 1 .65
- 6 1 3 1 1 .40

Figure 1. Projected Steady State Quotas for ~‘!OS 9650.

A
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Quota Lover Changes in c~ -

Sound +0,10 +0.05 0.00 —0.05 —0.10

X3 4 4 4 4 4 4

5 6 1 - - 7 7 7
- 

x5 - 1 1

• K6

- Figure 2. Seneativity Malysis on Steady State Model Parameter,
for lIDS 9650.
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V. 8A5I~ ~~~~~~~~ 4~~ ~~~~~~~~ ~jA~SIEN~ ~~~~~

A. MODEL DESIGN

1. ~~ neral Descri2tion

Both models start at an initial period with a known
personnel inventory of graduate educated officers. The
inventory is categorized by SEP SOS; - moreover within- each

- . 
sos the inventory is further categorized by the number of
officers in each year of service from one to thirty years.
In succeeding periods - the inventory will be subject to
various attrition rates applicable to each year group . For
example , only some fraction of the officers who have  twenty
years of service will continue on to complete twenty—one
years of service . In t he  next period , out of those who
remained for twe nt y—one years , not all will remain to serve
twenty—two years. Although the inventory will be depleted
by attrition, it will also be augmented in each period by
off icers who have completed their graduate training in the
preceding period. -

a
The transient models recognize that officers

selected to meet a quota for school in a certain year will
not be available to serve in a SEP tour until some later
year. Thus, a quota determ ination for a planning year must
be bau d on the needs in a future year when the officers
have completed their graduate education and are available to
s.rve a Sip tour. Those officers who remain in the

___________ 
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inventory, plus student additions, in a particular future
period constitute the manpower assets in the personnel flow
who can meet this future period ’s billet requirements. If
these manpower assets are insufficient to meet billet

• requirements, then the difference determines the quota for
the planning year. The output of the basic transient model
tends to be cyclical over t ime in many cases. This cyclical
effect occurs because the invfntory is rarely uniformly
distributed over the years of service categories. The size
of a group of officers in a SOS with the same years of
service may be relatively large (or small), compared to other 

-

groups which are a f 3W more years senior or years jun ior .
As this disproportionately sized group flows through the SEP
billet structure, it will decrease (or increase)
significantly the quota determination for a particular rank
compared to quotas for the preceding and succeeding periods.
Accordingly, a disproportionate number Gf officers enter

• school, and then later enter the inventory to me€t the
requirements of a certain rank. The cyclical nature of the
quota is thus perpetuated.

L The smoothed transient model is a modification of
the basic transient model that reduces the fluctuations in
the quota. The smoothed transient model makes an additional
calculation of the quota by considering the average annual
billet requirements as was done in the steady state model.
Th~ number of officers who will be entering the first year
of a SEP tour in a certain rank are subtracted - fro . the
annual average billet requirement. If this amount is larger
than both zero ~~~ the quota as determined by the basic
transient algorithm, then the smoothed transient amount is

• used. In the long run the inventory and the quotas will
approximate the steady state values; thereby, a reasonably
stable student input requirement will be obtained from year
to year.

21
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2. 4s~ n~ ptjp ns

• The following assumptions are implicit in the basic
transient and smoothed transient models. -

1. All graduate trained officers will serve a three
year SEP tour during each rank held.

2. The billets in each rank are filled by officers
having certain years of service.

3. Attrition is directly related to years of
service.

4. Continuatioa rates apply to both the inventory
and students.

• 5. Adequate student input is available to meet
quotas.

Ad4itionally, to adapt these models for Marine Corps
use, the following assumptions were made.

6. No attrition occurs between the ranks of first
lisutenant and captain. -

7. Officers will not leave the service either while
attending graduate school or while serving an initial SEP
tour.

3. J j g ~

For a fixed SEP 505 the inventory for that SOS is

22 
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given by 1 (t) where k is the years of service (k =

1,2,3,...,30) and t is the period (t = 0 , 1 ,2, 3 , . . . ) ;  t = 0

is the current period. is the fraction of those officers

with k years of service who remain to have (k+1) years of
service. The “legacy’! of past inventories is defined as the
fraction of those officers in the preceding year’s inventory
with k years of service who remain in the inventory and now
have (k +1 ) years of service. I’ (t) will de~note the legacy.

are students from an earlier period who will

enter th. inventory in period t with k years of service.

The delay between selection for graduate school and
entry into an initial SEP tour is represented by d. 1 and

3.
u~ are the lower and upper limits on years of service,

respectively, for serving in a SEP billet in rank i (where i

= 3,14 ,5,6) .  8~ is the number  of SEP billets in r a n k  i for  a

particular SEP SOS .

Q
i

(t) is the school quot a in period t for rank  i.

This quota will be available to serve their first SEP tour

in period (t+d).

Finally, w~ is the tour length in rank i billets,

• and w is also equa~. to u — i  +1.
i

- 23
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The following formulation is applicable to both
models.

In the current period the inventory for each SEP SOS
is given. That is, for t = 0, 1 (0) is thos e officers

already SEP trained plus those students who will enter the

inventory before t = 1. The next period ’s inventory (i.e. t
= 1) is comprised of those officers who wer e in the
inventory at t = 0 and remain in the inventory at t = 1, and
those students who graduate and enter the inventory at t =

1. The inventory for period 1 is formulated as:

I (1) = C I (0) + S (1)
k-s i k k k-s i

Similar logic applied to any planning year t shows that  the
future inventory in any period may be expressed as:

I (t+1) = C I (t) + S (t+1)
k-I l k k k-s i

Since the transient model recognizes that officers
, selected for school in year t will not complete school and
be available for a SEP tour until (t+d), quota
det erminations for year t are based on the needs of year
(t+d) . In period (t+d), for rank i in a particular SEP SOS,
there are B billet requirements. On the basis of

1
• assumption 2 thøse billet requirements will be met by

officers with l,l +i ,...,u
~ 

years of service.

Furt hermore , th . officers in the inventory available to meet

the billet requirements are th. legacy from the preceding

2te
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period. The legacy may be expressed as I’ (t+l) =

c I  (t). The legacy for period (t+d) may be expressed as:

I’ (t+d) = C I (t+d—1)
k k—i k—i

Thus, the total inventory legacy in rank i available to meet

j  billet requirement B is:
1

I’ (t+d) + I’ (t+d) + ... + I ’ (t+d)
tij

or, restated:I
total inventory in rank i = Z I’ (t+d)

k~11 
k

for period (t+~) . 
-

If the total inventory in rank i is greater than or
equal to B , then the inventory provides sufficient manpower

3.
to meet the billet requirement——no student input is needed .

If the total inventory in rank i is less than B , , then
3.

L 

5
k

(t 1
~~~ 

students are neeled . s (t+d) may be expressed as:

S (t+d) = B — I’ (t+d)
k i k 1 ~ k 

-

when the total inventory in rank i with years of service
equivalent to 1~ through u~ is less than B~ . Restating the

foregoing:

( )  = Nax (0, B
i

_
k i  

I’ (t+d) ].

• Because of assumption 4~ the additions to the
inventory in period (t+d) (i.e. S

k
(t+d)) will be some

25



fraction of the student input (i.e. Q (t)) of period t.
3.

Expressed algebraically:

- 

1: • (c
1~~
) ( C )  (...) (c ) Q (t) = S

k
(t+d).

Theref or e, the quota in planning year t to meet the billet
requirements in year (t+d) for rank i in a particular SEP
SOS is: 

i— i
Q (t) = S (t+d) / ft c .
i k k.1~~d k

For the smoothed transient model the calculation of
is modified. Annual average billet requirements for

rank i in a particular SEP SOS are given by B /w~. The

• smoothing effect is accomplished by letting
li—i

S (t+d) = M ax( O , (B — I i’ (t+d)), (B /v —I’ (t+d) ) ]
k u _ i d  j ~. i k

for e a c h k = l , 1 , 1 , 1.
3 4 5 6

The total graduate education quota provided by
either of the two models is Q (t) + Q ( t)  + Q ( t )  + Q (t)

for a SEP SOS. -

B. MODEL APPLICATIONS

Reference 3 provides computer programs in APL for the

• basic transient and smoothed transient models.

Billet tour lengths were set at three years; the delay

26
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(d) was set at two years. Continuation fractions wer e based

- 

on the data in Appendix B. 1~ and were set as follows:

- • ~~
I
i

- 3 7 9

- 

14 13 15

5 -19 21

6 25 27.

• - Figure 3 shows the quota projections for SEP SOS 9650 using
the basic transient model. This quota is the “base case”
quota wher e the values of all parameters were set to model

present Marine Corps SEP policy. Figure 4 shows the 9650

- 
- personnel inventory and student inventory, along with other

information, for the base case. Cumulative total
continuation rates were calculated for each rank with the
cumulative total for each rank placed at the c

k 
value for

the last year the rank is normally held. Accordingly, c
5

was set at 1 because of the unlikely event of attrition by

lieutenants selected for Sip, c was set at 0.6, c at
10 16

0.65, c at 0.14, and all other c
k 

at 1. A yearly

continuation fraction from Appendix B was not used for each

c because it was found to bias the quota projections. This

is illustrated in Figure 5 for SEP SOS 9650. The bias
occurs becausi in both transient models’ formulations, for
any < I , both students and officers in an initial SEP

4 . tour are subjected to attrition. This attrition is unlikely

to occur for the Marine orps according to assumption 7.

*1
-
~~~~ - 
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When perusing the quota projections, it should be noted
that the sum of the quotas by rank may differ from the quota

- total by one officer. This is due to rounding.

Complete quota projections for a twenty year period

under base case conditions are given for SEP SOS 9650 in
figure 3. The quota projections demonstrate the need to
look at quota determinations from a long range perspective.
The first and - second years’ quotas are 7 and 9 officers
respectively. The third year ’s quota is 15 officers. It
lay be more practical to send part of the third year’s quota
to school in years one and two. The projections show quotas

• occurring in three year cycles beginning in year seven.
These cycles often occur when using the basic transient
model. The smoothed transient model is of particular
usefulness in this case in order to reduce the variance of
the quota size from year to year. The results of applying
the smoothed transient model under base case conditions for
SEP SOS 9650 are shown in f igure 6.

• - C. SENSITIVITY ANALYSIS

~~ The ’ lover bound totals for the basic transient model are
contained in Figure 7 for SEP SOS 9650. The lower bound was
found by setting c = 1 for all k. -

Both models were sensitive to the selection of l~. If

the delay period (d) occurs during the years of service in

which a cumula tive con tinua tion frac tion is applie d, then a

• significant proportion of the students will be attrited
before reaching the first year of their initial SEP tour

H 28
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Pp (1). Thus, the basic transient and smoothed transient

models adjust Q~~(t) upward to compensate for the student

loss. This situation was avoided by ensuring that 1 was

set at a year wh ich is greater than , or equal to , at least d

years after the year the previous continuation fraction was
applied. For example, if d = 2 and a cumulative
continuation fraction was applied in year 10, then 1 (for i

i
= 4) should be set no earlier than year 13.

The years of service (k) for officers and students was
determined by calculating the difference between 1977 and
the date the officer accepted his or her first commission.
Since some officers have prior enlisted service, the years
of service were also calculated based on an officer ’s armed

• forces active duty bas e date (A? ACDU BD). Service dates
(SD) too were used to calculate years of service since these
dates might give a better indication of when an officer is
eligible for promotion. For SEP SOS 9650, the SEP trained
officer inventory was found to be “older” when using AF ACDU
SD or SD. Therefore, quota projections were slightly larger
in the first five years of projections. The increase,
however, averaged only one more officer a year.

Sensitivity analysis was conducted on the cumulative
continuation fractions Cc =1, c =0.6, c =0.65, and

5 10 16
c O.4) under base case conditions for both over an d under
22

.stisaticns of the true C
k 

by 0.05 and 0 . 1 .  The results for

SEP SOS 9650 are contained in Figure 7.
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Year CAPT MM LTCOL COL TOTAL

(t) Q3 (t) Q4 (t ) Q5 (t) Q6 (t)

1. 6 7
2 5 4 9• 3 2 13 15
4 3 6 9
5 8 8
6 2 14 ‘16
7 3 5 8
8 8 1 9
9 2 14 16

10 3 5 8
11 8 1 9
12 2 14 16
13 3 5 8
14 8 1 9
15 2 14 16
16 3 5 8
17 8 1 9
18 2 14 16
19 3 5 - S
20 8 1 9

14

Figure 3. NOS 9650 Quotas (Base Case) using Basic Transient
Model. 
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It

Current Student AdditionsYrs of Inventory - to Inventory Continuation SEP
Svc FY78 FY79 Rates Billets

CAPT
8 2 1 13 Billets
9 2 _________ 1
10 1 1 1 - - 0.6
11 5 1

12 6 i.
13 7 1

MM
14 15 1 28 Billets

-~ ~

- 

- 15 14 1

16 4 1 0.65
17 8 1

18 6 1

-1• 19 ii. - 1
LTCOL

20 5 1 17 Billets
21 1 1
22 4 0.4
23 2 1
2 4 .  4 1
25 1

COL26 2 1 1 Billets
27 1
28 1
29 1
30 0

Figure 4. MOS 9650 Data for Basic Transient Model.
4
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Year CAPT MM LTCOL COt TOTAL

* 
(t) Q3(t) Q4 (t) Q5(t) Q6(t)

1 8 8 
- 

16
.2 8 7 15
3 4 15 20
4 4 9 13
5 10 3 5 18
6 5 15 - 20
7 4 8 1 14
8 9 4 4 18
9 5 14 - 19

10 5 9 2 15
• 11 9 5 18

‘12 5 13 19
13 5 9 2 16
14 8 6 3 17
15 6 12 18
16 5 9 2 16
17 8 6 3 17
18 6 12 18
19 5 9 2 16
20 8 7 3 17

.

.•

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

- ,

Figure 5. Transient Model Quota for MOS 9650 Using Yearly

Continuation Rates.
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Year CAPT MM LTCOL COt TOTAL
Ct) Q3(t) Q4 (t) 05(t) Q6 1t)

1 9 3 13
2 1 8 9
3 4 8 12
4 4 9 1 14
5 4 3 8
6 4 7 11
7 4 7 - 

11
8 4 7 11
9 4 7 11

10 4 7 11
11 4 7 11
12 4 7 11
13 4 7 11
14 4 7 11
15 4 7 1].
16 4 7 11
17 4 7 11

• 18 4 7 11
19 4 7 11
20 4 7 11

Figure 6. Smoothed Transien t Quotas (Base Case) for
MOB 9650.

_ _ _ _ _ _ _- ~—- - -~~~~~~~~-- -- -~~~~ 
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1*

Changes in cLower k
Year Bound +0.10 +0.05 0.00 —0.05 —0.10

1 6 6 7 7 7 7
2 8 . 9  9 9 10 11
3 14 15 15 15 1~ 16

4 9 9 9 9 10 10
5 8 8 8 8 9 11
6 11 15 15 16 16 17

7 7 8 8 8 8 9

8 10 9 9 9 10 12
9 11 15 15 16 16 17

10 7 8 8 8 8 9

11 10 9 9 9 10 12
• 12 11 15 15 16 16 17

13 7 8 8 8 8 9
• 14 10 9 9 9 10 12

15 11 15 15 16 16 17

16 7 8 8 8 8 9
17 10 9 9 9 10 12
18 11 15 - 15 16 16 17

19 7 8 8 8 8 9

20 10 9 9 9 10 12

Total 185 207 208 213 221 245
Av.r&ge 10.4 10.4 10.7 11 13.3

Figure 7. Sensitivity Analysis on Transient Model Parameter, c~
— for MOB 9650.
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VI. ~~~~~~ j~~JJ TRANSIENT NODEL

A. SODEL DESIGN

1. Gene~~~ Qescr 2tion

Given the present inventory of SEP graduates and
students in a pa rticular SOS, this model. determines future
student quotas for a planning period of any number of years.

The basic method used in this mode]. is to create a
limited number of career paths which generall y dep ict the

• flow of officers through the SEP program— .from graduate
school through utilization i~ successive- SEP tours. With
the present inventory of SEP officers and students placed on
the career paths, the model estimates the number of officers
that will be available to f i l l  SEP billets during any future
year t. This number is subtracted from the number of SEP
billets in the SOS , and the result is the number of officers
(i.e. the .- quota) which the Marine Corps will - have to
gra duat. from SEP in year t -  in order to fill  billet
vacancies which are predicted to occur in that year.

2. il~J a.Pti Q~~ -

1. An officer will hold th. following ranks during
the given years of commissioned service:

_
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_________ 
- - -~ - - - - - --

1STLT 2 -  5

CAPT 6 — 1 0

MU 1 1 — 1 6

LTCOL 17 — 22

COL 23 — 30

2. If “d” represents the  delay between selection
for SEP and entering an initial SEP tour, then the Marine
Corps m ust sel ect a first l ieutenant for SEP in year t in

- order to fill a vacant captain’s billet in year (t+d). -

Likewise , a “senior” captain or a “jun ior ” major  must  be
selected in year t in order to f i l l  a vacant major ’ s billet
in year (t+d) , and a “junior ” lieutenant colonel must be
selected in year t in order to fill a vacant l ieutenant
colonel’ s billet in year (t+d).

3. SEP graduates will be assigned to a SEP billet
— immed ia tely upon completion of school. The only exception

to this policy will be the officer who is due for a

• one—y.ar , unaccompanied , overseas tour. In such cases, the
officer will be placed in a SEP billet immediately upon
completing the oversdas tour.

1$. Tb. average length of graduate school in the SEP -
progra. is 2 years.

5. The standard tour length is three years.

6. No attrition will occur along SEP officers
during graduat . school or during their initial SEP tour.

7. Adequate student input is available to meet
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quotas.

3.  ~~~~~~~~~~~~~ -

This model is based on fi ve career pa ths which
generally depict the flow of officers through SEP (Figure
8). The paths are constructed on the basis of the
assum ptions listed above. For example , in path 1, an
officer starting school with approximate ly  5 years of
commissioned service will eventually serve in an initial SEP —

tour as a capta in . In pa ths 2 and 3 officers who start
school with approximately 9 and 12 years of service
respectively will serve in initial SEP tours  as majors .  In
path 4 an officer who starts schàol with approximately 17
years of service will eventually serve an initial SEP tour
as a lieutenant colonel. Path 5 is optional. Reference 1
does not provide for sending a colonel to SEP. Ins tead , it
depends on f ifing  billet vacancies in this rank  with
previously SEP—trained officers who reach the rank of
colonel. If there is an insufficient number of SEP—trained
colonels to meet -billet requirements , the Marine Corps has
three options:

1. Fill colonel billet vacancies with non—SEP
colonels.

2. Fill the vacancies with SEP—trained lieutenant
- colonels .

3. Leave the billets vacant.

If the Marine Corps chooses option 2 then path 5 may be
• incorporated in the model and will provide for sending a

lieutenant colonel to school to eventually fill a colonel’s
billet.

37
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Reutilization of SEP graduates in SEP tours is also
incorporated into the model. Figure 8 illustrates an

• every—other—tour policy for SEP utilization, allowing 4
years of non—SEP duty between SEP tours . During the non—SEP
assignments it is assumed tha t  the  off icer  would  be
available for a three year assignment to a regular tour of
duty in his primary SOS and a one year assignment to a
service school or unaccompanied overseas tour, etc. Figure
9 illustrates the 5 career paths under an every— third—tour
policy which allows 7 years of non—SEP duty between SEP

tours.

4 . ~redicting !illet Vacancies

The set of career paths provides a means to
categorize the present inventory. After each graduate and
student in the inventory has been placed on one oi the
paths, the inventory is “aged” or projected into the future
in order to determine for a future year t:

a. The portion of the inventory that will remain in
year t.

b. The number of officers in the remaining inventory
who will be serving in SEP billets in year t.

After item b above has been determined, this number is
subtracted from the total number of billets in the SEP SOS.
The result is the number of vacancies which will have to be
filled by educating additional officers.

Specifically, billet vaca ncie s m a y  be determined in
the following manner. Consider the SEP SOS fixed and let:

Subscri pt i on the varia bles indicate rank as fo l lows——
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• 3 Capt

‘4 Maj

• 5 LtCol

6 Cal

I (t) = Inventory in career path p in year t with k years
pk

of service, k=1 ,2,...,30, t 0 ,1,2,..., p l ,2,3,U,5.

• Period taO is the current period.

Example: Figure 8 gives - the inventory for Fiscal

Year 1977. If t O  represents Fiscal Tear 1977 and p=2 and

kal4, then I (0) =11 .
2,14

a Fraction of those officers in path p with k years of
pk

service who will remain to have (k+1) years of service,

p~ l,2,3,4,5, kal,2,...30.

Example: In Figure 8, when p=2 and k= 17, C =.8
2, 17

1 ~ Year of service w hen a ra nk i SEP billet is entered on
ip

path p, i.3,L4,5,6, pal,2,3,4,5.

u a Last year of s~-rvice for a rank i SEP billet on
ip

path p, ia3,~4,5,6, pal,2,3,L4 ,5.

Exam ple: W hen i—S and p—’4, 1 =19 and u —21.
5,14 5,4
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8 = Number of SEP billets in rank i.
1

V (t) = Vacancies which occur in SEP billets in rank i

during year t.

d a “dela y ” between selection for SEP and entering a SEP
billet.

q (t) = School quota in year t for input into rank i SEP
1

billets in year (t+d)

As shown in Figure 8, each path is assigned its own
set of continuation rates. In accordance with assumpt,ion 6,

• all C are set at 1 for the years an officer is in school
pk

and during his initial payback tour. Commencing with the

final year of the initial tour, the inventory in each path
is subjected to normal attrition.

Future inventories are given by :

I (t+1) = C I (t) (VI.1 )
p (k+1) pk pk

where k 0 ,1,...,29, p 1 ,2,3,’4,5, and I (t) = 0. This is
p ,O

illustrated using Figure 8. Let Figure 8 represent the

inventory at t—O . When p 2  and k=17 using (VI.1):

I (1) — C I (0) = . 8 (6 )  = 4.8
2,18 2,17 2,17

It is usef u l to regard fu ture  inventor ies as “legacies” of
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p 
past inventories. Thus I’ (t+1) is the legacy of

p (k+1 )
• I (t). Therefore:

pk

I’ (t+ 1) — C I (t) (VI .2)• p(k+1) pk pk

To determine the future number of vacant SEP billets
in each rank for year t, the legacies in year t of the
present inventory must first be calculated as discussed
above. Next, the number of officers serving in rank i SEP
billets during year t must be deternined. For a future year
t>0 the total inventory serving in rank i SEP billets is
given by:

S Uip
Z Z i’ (t) i=3 ,4,5,6 (VI.3)

• p—~ -k—i 
pk

ip

For examp le, if Figure 8 gives the inventory  in year t , then
using equation (VI .3) , the tota l inventory serving in SEP
billets in rank i=1$ is:

5

I. • I •i’ (t) = 4+2+1+4+5+5+0+0+2 = 23 .
p”1 k—i~ pk

Finally vacancies in each rank are calculated for year t by:

• 5 “ip
V (t) — Max (0 , B — I - I i’ (t) 3. (VI.4 )
i ~ p 1  k—i pk

ip

Using Figure 8 as an example of the inventory in year t, the
billet vacancies for rank i~i$ in year t according to (VI.4)
would be:

V (t) — Sax( 0 , 28 — 23) — 5.

_ _ _ _  - 
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• 5. ~~~~ Qeter!in~t~2~

SEP quotas for any year t are given by

~~~(t) = V~~(t+d). (VI.5)

Quotas in year t are set exactly equal to the vacancies in
year (t+d) because of assumption 6.

For example, assume an officer is selected for SEP
in 1978, starts school the next year, and has a two year
curriculum with no overseas tour af ter  graduation. The
value of “d” would be determined as follows:

~~~~ X2~~
0 ‘78 Selection for SEP

1 ‘79 1st year in school
- 2 ‘80 2nd year in school

3 ‘81 
- 

Initial SEP tour

Years 1978 through 1980 inclusive constitute a three year
delay . Therefore , to determine 1 978 SEP quotas:

a V~ (O+3)

In th is example 1978 quotas will be equal to 1981 billet
vacancies.
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p4* The quotas given by (VI.5) become a part of the
inventory, I (t+1), and are shown in the first year of

pk
graduate school. Since there are two career paths which

assign new graduates to major ’s billets , q must be split

between them. Using a vUue “a” (O~a~ 1), q is multiplied

by the factors (a) and (1—a) and assigned to paths 2 and 3

respectively. Therefore in I (t+1) :
pk

q
3

(t) a 1
1 5

(t+1) (VI .6)

(q (t)](a) = I (t+1) (VI.7)
‘4 2 ,9 -

(q (t) ] ( 1— a) a 1
3 12  

(t+1) (VI .8

~~ (t) a 
~~~~~ 17

(t~ 1) - (VI.9)

g (t) — I (t+ 1) (VI .1O)
6 5,21

The values of I (t+1) are now used in (VI.1)
pk -

throegh (VI.5) to calculate (t+1) . This procedure

continue s un til all quo tas are determined .

B. M OD E L APPLIC AT IO N

Qeotas for a planni ng period of any length may be
qmickly calcelated by us. of the APL f unctions , QUOT A1 and
QD0f12, provided in appendix c. QUOTA1 models the
every—other—tonr utilization policy and QUO T A2 models the
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p ~ every—third—tour policy. Both functions calculate quotas

using equaticns (VI.1) through (VI.10) . Using the billet
requirements shown in Appendix A for ~~ setting Aa .5 , and

using the CR values of Appendix B , quo ta projections using

• QUOTA 1 and QUOTA 2 are presented for SOS 9650 in Figures 10
and 11 respectively.

The global variables——El, CE and A——of each functidn, as
discussed in Appendix C, allow the user to vary the
paraseters of the two models. For instance, one might wish
to change the values of BI to see how an increase or
decrease in the number of billets in a given SOS would
affect student quotas. By varying A the user could
determine how changing the split of the major ’s quota
between paths 2 and 3 would affect quotas. Also different
continuation rates may be used by changing the value of CR.

C. SENSITIVITY ANALY SIS

Sensitivity analysis is demonstrated using the quotas in
Figure 10 as the base case. QUOTA1 shown in Figure 10 as
the base case. Three aspects of the model were subjected to
sensi tivity analysis: Placement of the inventory on the
career paths , CR valuC s, and the variable A. -

1. Thre e differen t method s of placing the inventory on
the career paths wer e tried and their output compared in
Figure 12:

~1Ifl Q.Q 1. Using personnel data obtained from
Headquarter s Marine Corps , each member of the inventory was
considered individua lly as to years of commissioned service,
current assignment and date of last SEP assignment . The aim
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of this methcd was to achieve the most accurate “f i t”  of the
inventory on the career paths. The average annual quota was
15 and the total twenty year quota was 299.

• SET H~ Q ~.The aim of this method is to reduce the work
involved in inventory placement by merely assigning all
graduates to path 1 while taking care in placing students in

• order to accurately reflect their enterance into an initial
SEP tour. Using this method all SEP graduates were placed
into path 1 according to years of cc~ missioned service.
Students were placed in the school period (i.e. the years
immed iately preceding the initial SEP tour) according to
when they would actually enter into the initial SEP tour.
For example, consider a major with 11 years of service who
is in his last year of graduate school and who is due for an
overseas tout. This method would ignore his years of
service and place him in year 12 of path 3. Thus, during
the year he is overseas, the model would regard him as being
in his final year of school. When the major finally returns
from overseas and is assigned to a SEP billet, the model
would show him in the first year- of -an initial SEP tour.
Using this method , the average annual quota was 114.5 and the
total twenty year quota was 293.

UTUQp ~ . All SEP graduates were placed in path 1
according to years of commissioned service, an d students
were placed into the ~ chool period of the paths accord ing to
years of service. The average annua l quota was 15 and total
twenty year quota was 299. (This method of inventory
placement is used in the base case.)

2. Model sensitivity to ch1anges in the variable CR was
tested by varyin g it and keeping all other parameters
constant at the base case values . The CR values were varied
by ±.01, ±.02 and ±.05. A lower bound quota was also
calculated by setting all CR values at 1. Results of this
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analysis are shown in Figure 13.

3. The function parameter A was also varied to
determine how variations in the split of the major’s quota

• between paths 2 and 3 would affect quotas over the entire
planning period. “A” represents the portion of the major’s
quota assigned to path 2, and (1—A) represents the portion
of the major ’s quota assigned to path 3. Holding all other
parameters constant at base case values, A was varied as
follows:

20 Tear 0ugt~ 4~~~~~~_Quot~

1 287 111.14

.8 291 114.6

.6 296 114.8

.5 299 114.9

~14 300 - 15

.2 305 15.3

0 312 15.6
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I& Yrs of p — i  p — 2  p 3  p . 4  p — S  SEP
Svc Cik Il~ 

CZk 12k 3k 13k C4k 14k C
Sk 15k Billets

1
2

1
4
( i ~fl•1 -&

6 l Z  3
7 1
8 1. ~ 2 B3 13

9 .85 
- 

1 2cn
10 .85 1 1 ~ 4
ii .94 2 1 4
12 .94 1 1 ~ 5 1 ~ 1
13 95 2 * 5 i~~~ B — 2 8
14 .95 4 * ~~ 1
15 .95 ~ 2 * 12 1 ~~,,

16 .95 1 * 1 * ~~ 2
• 17 .80 1 * 6 * ~~~1 1 ~

18 77 2 * 3 * 1

19 .73 * ~~ 4 * 5 1 2
B — 1 720 .95 * - 3 * 3 1 ~ 5

21 94 * * * 10

~
6 4 * t *

~~~~
1 1 *

_
1 

B~~- 1

• * Cik
_ C

lJ~

Fimurs 8. I’VS 9650 FY77 Data for Career Path Transient Model.
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Yrs of p — i  p — 2  p — 3  p — 4  p — 5  SEP
Svc Cik 11k C2k ‘2k C3k t3k C4k ‘4k CSk 15k Billets

1
2
3
4

0

6

7
a.

CAPT
9 0

10 
____  _____  ___  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  ______

11
a.12
0 a.

13 Z

MAJ14
• a.15

0 

- 

——

LTCOL20
021 a.

hh 0

23

24 a.
25 0

CO
26

COL27
‘Ia a.ho

CO
• 29

30 
_  _  _  _  _ _  _  _  _ _

h aute 9. Career Path Design for an Every—Other—Tour Utilization Poiicy.~



tear CAPT MM LTCOL COL TOTAL

(t) Q3(t) Q4 (t) Q5(t) Q6 (t)

1 6 11 6 23
2 3 8 4 15
3 3 4 2 9
4 7 13 5 25
5 3 7 10
6 3 4 4 11
7 7 12 8 27
8 3 5 - 8
9 3 4 7

10 7 12 9 28
11 3 5 — 8
12 3 4 7
13 7 12 8 27

* 14 3 5 8
15 3 4 7
16 7 12 - 9 28
17 3 5 8
18 3 4 7
19 7 12 9 28
20 3 5 8

-‘ Figure 10. lIDS 9650 Quotas Us ing (!tw~ta~i.
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Year CAPT MM LTCOL COL TOTAL
(t) Q3(t) Q4(t) Q5(t) Q6(t)

1 6 26 32
2 3 2 5
3 3 3
4 1 26 7 34
5 6 2 4 12
6 3 3 6
7 3 26 8 37
8 1 2 3 6
9 6 2 8

10 3 26 8 - 37
11 3 2 5
12 1 1
13 6 26 13 45
14 3 2 5
15 3 3
16 1 26 13 40
17 6 2 8
18 3 3
19 3 26 14 43
20 1 2 3

Figure 11. tIDS 9650 Quotas Using C~ao-ta2 •
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Year Method 1 Method 2 Method 3

1 24 18 23
2 8 17 15
3 9 14 9

32 

1 8

Total 299 293 299

Average 15 14.5 15

Figure 12. lIDS 9650 Career Path Transien t Quotas Using
Three Methods of Inventory Placement.
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Lower Changes in ~~ear Bound +0.05 +0.02 +0.01 0.00 —0 .01 O.02 O.05

1 14 19 21 23 23 24 25 28
2 13 15 15 15 15 14 15 14
3 9 9 9 8 9 9 7 7
4 18 21 24 25 25 27 29 31
5 9 10 10 10 10 10 1]. 12
6 6 8 9 10 11 9 7 7
7 19 25 28 28 27 31 32 33
8 5 7 7 7 8 6 8 8
9 6 6 6 7 7 6 5 5

10 17 24 28 28 28 33 33 35
11 5 7 7 6 8 5 8 8
12 6 6 6 7 7 6 5 5

— 

13 117 23 27 29 27 34 32 35
14 5 7 7 5 8 4 8 8

15 6 6 6 7 7 6 5 5

16 17 23 28 31 28 35 33 35

17 5 7 7 4 8 3 8 8
g

18 6 6 6 7 7 6 5 5
19 17 23 28 32 28 37 33 35

20 5 7 7 3 8 3 8 8

Total 205 259 286 292 299 308 317 332

Average - 

10.5 13 14.3 14.6 15 15.4 15.9 16.6

Figure 13. Sensitivity Analysis on Career Path Transient Model

Parameter, cu,, for lIDS 9650.
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VII .  I~ I ~A1fi ~I~A~X ~IU~ MODEL

A. M ODEL DE SIGV

1. Gene~~ ]. Q~~~~~~ jp~

The set of career paths  described in Chapter  VI also
forms the basis for  this steady state model.  The a n n u a l  SEP
quotas which correspond to each of the paths are regarded in

this model as manpower resources which the Marine Corps
wishes to conserve. Using linear programmining  (LP) , this
model minimizes the total annual  quota subject to the
constraint of meeting the  average annua l  billet requi rements
of a given MOS.

2. J~ ~~~~~~~ ~~~~~~~~~

Consider the SEP NOS fixed and let: --

Subscript i on the variables indicate rank as follows——

S bsg~~~~

3 Capt

liaj

L 

S LtCol

6 Col
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x = Annual quota corresponding to path p. p=1,2,3,L$,5
p 

-

c = The cost associated with x . p= 1 ,2 ,3 ,4 ,5
p p

a = The fraction of the path p quota which remains  in the
3.p

Marine Corps to serve in a SEP billet in rank

i, i=3 ,L$ ,5 ,6 , p l ,2 ,3, ’ê ,5.

B~ Billets in rank i, i=3,l4,5,6.

Tour length for  rank i, i=3,L4,5,6.

In general terms the LP proble m is expressed as
follows:

• Minimize:

c x  + c x  + c ~~ + c x  + c x  =~~~~ (VII .1)
1 1  2 2  3 3  4 1 4  5 5

Subject to:

a x + a  x + a  x + a  x + a x � B / T  (VII .2)
i l l  i22 i33 i4 14 i 5 5  i i

- x � O
p

i—3 ,1s,5,6. -

The objective function (VII .1 )  represents the quot a whic h is
to be minimized . It is useful  to regar d quotas as manpower
resources which the Marine Corps wishes to conserve. (i.e.

• the Marine Cor ps desires to determine the minimum quota
necessary to meet SEP billet requirements.) . 8~ /T

.
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I
represents the average number of billets which become vacant

• each year (assuming steady state flows) . In terms of the LP
probl em , each B~/T~ may be regarded as a requiremen t which

• 

- 

consumes resources . The lef t— ha nd side of each constraint

(VII.2) ma y be regarded as the sum of the various resources
which can be used to meet the  billet requirements for each
rank. The value of each a~ represents the fraction of each

- 1•p
resource which will be available to meet each B /T

i i

a. Formulation for an -Every — Othe r—~’our Policy

The coefficients in the constraints of the LP
problem depend on the design of the career paths. As

• i llustrated in Figur e 8, under  an ev ery—oth er—tàur  policy an
officer serves in a SEP tour once during each rank .  The

• following table shows with x ’s which paths provide off icers
for SEP billets in each rank:

.1 ~~ llets - 
-

x CAPT

X x

x x x x LTCOL

x x z x x COL

On the basis of these observations the LP problem is
formulated as follows using data from Figure 8:

/
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~~~~~~~~~~~~~~ Miniwize: x + x  + x +  x +  x = 4

Subject to:

• x � 13/3

- 

.7x + x + x � 28/3
1 2 3

.5x + .8x + .95x + x ~ 17/3 
-

1 2 3 14

.2x + .3x + .140x .9x + x � 1/3
1 2 3 14 5

x � 0 .
p

In the objective function , c = 1 for p l ,2 ,3,4 ,5 because the
p

costs associated wit h all of the quo ta s were assumed to be

equal in this example. The a values were determined by
- 

ip 
-

finding the cumulative prod uct of all the C values in Figure

8 for path p prior to rank i. For example:

a z 1 • I • 1 • 1 (.85) (.85) = .7

+ 4 ,1

In wor ds, this means th a t , on a yea r to year~ basis, 70
percent of the path l quota will remain in the Marine Corps

j  
- to eventually serve in SEP billets in the rank of major.

_ _- -  - -

~~~~~~~ ~~~ 
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b. Formulation for an Every—Third—Tour Policy

• To further illustrate problem modelling, the LP
problem is presented under an every—third—tour policy. From

Figur e 9 , it can be determined which paths will  provide
officers for SEP billets in each rank; they a-re as follows

Paths

~illet~

x - 
- CAPT

x x MAJ

x x x - 
- LTCOL

x - x x x COL -

On the basis of this observation of the  every—thi rd—tour

• policy, the LP problem is formulated as follows:

Minimize: x + x + x + x + x =
1 2 3 14 5

Subject to:

� 13/3

x + x ~~28/3
2 3

.5x + .8x + x � 17/3
1 2 4

.2z .tex + .9z + x ~ 1/3
1 3 1$ 5

x � 0.
p
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p
• B. MODEL APPLICATION

• Since the LP problem used in this model is small (5
varia bles an d 14 constraints) , it can be solved by hand,
using the simplex method, or it can more easily be solved by
use of the linear programming routines available in most
t ime—sharing computer libraries.

• The solution of the LP problem gives a m i m i n u m  steady
state quota. For the every—other—tour problem formulated -

above the optimal solution was x =4 and x =7 as shown in
1 3 

-

Figur e 11% . According to assumption 2 in Chapter VI , this

solution can 
- be inter preted as an annual  quota of 4 f irst

• lieutenants and 7 majors  for the 9650 MOS.  (The solution
may present career path quotas and the total quota in

• fractional form. The decision as to how to round these
solutions to integer values is a matter of preference. It
is recommended that the total quota be rounded up for  any
fraction to assure that steady state flow rates are met.
This rounded total can then be apportioned among the career
paths according to their relative values in the solution.)
For the every—third—tour LP problem formulated above, the
optimal sol ution as shown in Figure 15 is ~~~~Z$ , x 5  and

x = 5  which can be interpreted as 14 first lieutenants, 5

capta ins and 5 majors.

C. SENSITIVITY ANALYSIS

Sensitivity an alysis can be conducted on the LP problem
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used in this model by varying the pa rameters:  a - , C , B
ip P i

and T~~. To illust rate, let the LP problem formulated above

for the every—other—tour policy serve as the base case.

Item 1 of- Figure 16 gives the base case quota. Items 2
through 5 show the change in quotas as the a~ base case

‘p
values are varied ±.05 and ±.10. As the a values vary

ip
over the  range ± .10 f rom the base case , the total  quota

rises from 11 to 12. Item 6 illustrates how quotas vary
with respect to changes in the ratio B /T. In item 6 when

- i L

tour length changes to T~ =L4~ the total quota drops f r o m  11

to 8. Item 7 demonstrates how quotas change when C is
H - 

- P
varied. C is the cost (or price) to the Marine Corps of

p -

each officer it sends to SEP. If the quota corresponding to

a certain career path were considered to be more costly than
the others, C could be given a higher value for that career

P
path to signify the higher cost. In item 7, when C was

given the value 2, -..he major’s quota switched from career

path 3 to path 2 in the n ew solution.

The shadow prices, constraint ranges and price ranges
which may be gleaned from the optimal solution of any LP
problem alsc provide useful informa tion in this model.
Figure 1l4.a provides a printout of the solution of the base
case 1.2 problem.

• The zero value for variable 2 in the shadow prices
indicates t hat there is an alternate optimal solution to the
base case problem w h ich would not change th. total quota of
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the objective function. A zero shadow price for x m~ans

th at could become one of the solution variables, forcing

x or x to leave, but the total quota would remain the

same. The small size of this problem allows one to see

immediately that if x became a solution variable that z
2 3

would have to leave in order to keep the value of the

objective function unchanged. In terms of the base case
problem , the zero shadow price reveals that in addition to

• the quota X ~$ and x z7~ the quota x =4 and. x =7 is a lso an
1 3 1 2

optimal sclution.

The constraint ranges shown in FIgure  14 .a show the
range of values over which B /T, may vary without changing

• 
i i .

the variables in the solution. It is important to note that

• when B~/T~ varies within these ranges, the value of the

solution variables may change——thus  changing the value of

the objective function——but the set of variables (i.e. the
career paths) involved in the solution will not change.
Therefore, the constraint ranges of Figure 114.a reveal that
when the constraints rise above or fall below their
respective upper and lower limits, a new set of so lution
varia bles will emerge. Likewise, when the C values in the

p
objective function rise above or fall below the price ranges

shown in Figure lIL a, the set of solution variables will 
- 

-

• chan ge.

4
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1
• - Z = 1 1 + 12 + X3 + I I e + 1 5

SUBJECT TO

Il 
• 

� ‘4 .33

.711 + 12 + 13 � 9 . 33

.511 + .812 + .9513 + 14 � 5. 67

.211 + .312 + .4013 + .914 + 15 � .33

OPTIMA L VALUE OF OBJECTIVE FUNCTION IS 10.629

VARIAB LE 01 AT LEVEL 4 .33
VARIABLE 03 AT LEVEL 6.299 -

VARIABLE 08 AT LEVEL 2.147905
VARIABLE 09 AT LEVEL 3 .0556

Figure 14. Formulation and Optimal Solution of the Career
Path Steady State Model for !IDS 9650.
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ft-
• VARIABLE 2 SHADOW PRICE 0

VARIABLE 4 SHADOW PRICE 1
VARIABLE 5 SHADOW PRICE 1

VARIABLE 6 SHADOW PRICE 0.3
VARIABLE 7 SHADOW PRICE 1

, 1
CONSTRAINT 1 0 4.33 13.33
CONSTRAINT 2 

- 

6. 72 9.33
O)NSTRAINT 3 °~ 5.67 8.15
CONSTRAINT 4 ~ 0.33 3.39

PRICE 1  0.7 1
PRICE 2  1 1
PRICE 3  0 1 1
PRICE 4  0 1
PRI

~

E 5  0 1

Figure ]4 ,a .  Shadow Price., Constraint Ranges and Price Ranges
• of Optimal Solution for the Career Path Steady

State Model for WJS 9650.
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Z :11 + 12 + 13 + 14 + 15

SUBJECT TO

Ii � 4.33

12 + 13 � 9.33

.511 + .812 + 14 � 5.67

.211 + .1413 + .9114 + 15 � .33

I .

OPTIMAL VALUE OF OBJECTIVE FUNCTION IS 13.66

VARIABLE 01 AT LEVEL ‘4 .33
VARIABLE 02 AT LEVEL ‘1.38125
VARIABLE 03 AT LEVEL 4 .94 875
VARIABLE 09 AT LEVEL 2 .5  155 

-

Figure 15. Formulation and Optimal Solution of the Career
Path Steady State Model for ?f~S 9650 Based on
an Every—Third—Tour Utilization Policy.
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Optimal Solution -

xl x2 x~ x4 x5 - Total

1. Base Case 4- 7 11

•2. Base Case a + 0.10 4 
- 

7 11ip

3. Base Case a + 0.05 4 7 11ip
4. Base Case a — 0.05 5 7 12ip -

5. Base Case a — 0.10 5 7 12ip
-6. T~~— 4  3 5 8

- 7 .  C3 — 2  4 7 11

Figure 16. Sensitivity Analysis on Parameters, ~~~~~~ and C,~~ of

the Career Path Steady State Model for lIDS 9650.
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VIII. ~~~~ ~~!~liI~~I~ ~~ &L~ 1&!I2 !~

A. STEAD ! STATE MODELS

1. ~~~~~~~~~

a. General Advantages of the Steady State Approach

The steady state and steady state career path
models provide a simplified means of m a k i n g  quota
determinations by reducing the problem to a single decision
process . The quota results are the average student inputs
per year necessary to meet the average number of billet
vacancies per year. The quotas remain fixed for all periods
unless the assumptions, parameters , or values of the
variables are changed .

b. The Basic Stády State Nodel

The st eady state model facilitates understanding
of the impact on SEP requirements , in terms of graduate
education quotas , for changes to the billet structure, tour
lengths, and officer utilization and retention rates.

65
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c. The Career Path Steady State Model

• The mult iple career pat h design of this  model
allow s the user to modify the number of career paths and the
location of the SEP tours within then. The every—third—tour
LP proble. as compared to the every— other—tour LP problem is
an example of this f lexibi l i ty .  In addition , use of linear
programming in this  model assures the planner of a minimized
quota.

2. Lititat ions

a. Gen eral Limitat ions of the Steady  State
• hpproach

Both steady stat e models determine quotas
necesasary to meet average annual  billet vacancies. But ,
neither model acc oun ts for for the real personnel inventory
currently existing for a SEP discipline. The models operate
as though ~anpover availability and eligibility, and student
inputs, have historically equalled the modelled and
projected personnel flows bein g used to forecast fu ture
quotas. the models do not provide quotas which compensate
for present shortages or surpluses of SEP personnel.

b. The Basic Steady State Model

The steady state model does not readily adapt to
modelling SEP tour policies othe r than the “every other
tour ” policy.

66
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I
c. The Career Path Steady State Model

The application of continua tion rates in this
model is subjective and relies a great dea l on the j udgeznent
of the user.

5. TRANSIENT MODE LS

1. advantaqes

a. General Advantages of the Transient Approach

This type of model enables the p lanner to take
into account the trained personnel already available in the
current inventory and to model the use of these personnel
assets across time when calculating fu ture  quotas.

b. The Basic Transient Model

The basic transient model, when used fo r  making
long range quota projections , will show cyclical quota
trends that may be experienced due to an unba lanced
inventory. By ident i fying when the high and low quota
periods can be expected to occur , adjustments  can be made to
these and other periods’ quotas to offset thø cycles. Or,
at least , a planner will be aware that  the  quotas may vary

• significantly from year to year.

1~
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C. The Smoothed Transient Model

- The smoothed t ransient  model e f fec t ive ly  reduces
the variance of an otherwise cyclical quota .  Over t ine the

• smoothed transient model’s quota will approach or equal the
steady state quota , and sho uld remain constant thereaf ter .

d. The Career Path  Transient Model

- 
The mul t ip le  career path design allows the  user

to model any type of utilization policy fo r  SEP assets by
• modifying the basic design . For example , more or fewer

career paths nay be used. The years designated as SEP tours

J may also be var ied. Only slight modifications to the basic
APL funct ions  pro vided in Appendix C are necessaty to
reflect different  utilization polic~,es. The
eve ry—t h ird—tour  model as compared to the every-Other—tour
model is an example of how the model design may be varied.

- The multiple career path design also allows a

unique set of continuation rates to be applied to each path.
This results in -a more realist ic modelling of inventor y
attri t ion. Continuat ion rates for the years an of f icer  is
in schoo l and serving in an initial SEP tour may be set at 1
to reflect the fact that virtually all of the officers
selected for SEP complete graduate school and then a-re
required to remain in the Marine Corps long enough to serve
in an initial SEP tour. At the termination of the initial
SEP tour, the continuation rates for each path are able to
reflect normal attrit ion of officers f r o m  the inventory
during the ensuing years.

_ 
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2. Limitations

a. General Limitations of the Transient Approach

1: - The cyclical quotas which are often
characteristic of transient models are an undesireable

• feature of t~iis approach. The quotas for the peak years of
a cycle are often very unrealistic in terms of the number  of
qualified SEP applicants necessary to support selecting such
a ~large number of officers during a single year. Yet the

transient model assumes that  all quotas during each year of
the planning period are met . If the Mar ine  Corps is unable
to meet the projected quotas in any one year , this nul lifies
the figures for the rest of the planning period

The quota projectIons of a transient model
should not be regarded as precise figures. It is not
possible to build jato the mod-el all of the conditions which
determine actual quota needs. For instance, none of the

transient models take  into acco unt the fact that an unknow n
portion of the officers finishing school every year will be
due for an unaccompanied overseas tour and , hence , will, not

be avaiable for imiediate utilization in a SEP billet.
Moreover , the model is based on a set of assumptions which
do not always hold true. For example, all of the transient
models assume that all officers will serve in - SEP billets
during certain years of service established within the
.odel. In reali ty , however , there are many officers serving
in SEP billets with years of service different  from those
specified in the model. -

Therefore, t~ the extent  that  the assumptions of
the model and the value of its paramet ers deviate from
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reality, the output of the model will deviate from actual

quota needs.

— b. The Basic Transient Model

The quota cycles which often occur in the basic
transient model make it d i f f icu l t  to maintain stable quota
figures from year to year. The model ’ s output  gives little
in -the way of clues as to how to best redistr ibute the
quo tas to attain a more stable yearly quota f igu re  while
minimizing the quota overall. Moreover , the number  of
applications by qfficers who desire to participate in SEP
may not be sufficient to meet an unusual ly large- quota  in a
particular period. In other periods when  the quota is
unusual ly low , there m ay be a surplus of qualified
applicants who may,  or may not-, be sel ected. Also the basic

- 

- 
transient model - was designed to mo&el an every—other—tour
policy, and is not addptable to modelling other tour
polic ies . -

• The basic transient  model l imits the method of
applying continuation fractions to two basic approaches.
Continuation fractions can be applied yearly to both the
inventor y (including off icers  serving in an initial SEP
tour) and students . This results in a defini te  upward
estimation of the quotas for  most M OS ’s for  the reasons set
forth in Chapter V. Conversely, continuation fractions can

be applied as cumulative fractions (for some rank or groups
of years) . This second approach may understate real quota
needs because the inventory is not allowed to a t t r i t e  on a
yearly basis. This is shown in the case where a cumulative
continuation fraction for the years six through ten is

applied in year ten. Under the modelled conditions,

officers who would be expected to attrite in year eight
would remain in th e SEP inventory for two more years before

_  - 
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being attri ted. The basic transient model does not allow

the flexibility needed to distinguish between officers who
can be expected to a t t r i te  and off icers who are not expected

- 

- 
to attr ite in a particular year (i.e. officers who are
students or who are serving in an initial SEP tour)

C. The Smoothed Transient Model

The smoot hed transient model does not minimize the quota,
at least in the short run.  Aggregate totals over a ~~ort
period (e.g. five year3) may noticeably exceed the quotas
given by the basic transient model. However , in the long
run the average annual quota should approxilate both the
annual average quota for  the steady state a n d -  basic
transient models. The smoothed transient model is like the
basic transient model as to l imitations on f lexib i l i ty  in
applying continuation rates. Addit ional ly ,  the smoothed
transient model , like the basic transient model, was
designed to model only an every—other—tour policy.

d. The Career Path Transient Model

Other than the general limitations of the
transient approach discussed above, this model has no other
specific limitations.
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- 1L ~QM~~ RI SON OF QqQTAS

.1 -

• 
Using the base case ‘of each model as discussed in

Chapters IV through VII , a comparison of the steady state
- 
- (SS) , career path steady state (CPSS) , basic transient (BT),

smoothed transien t (SET) , and career pa th  transient (CPT)
models are presented for M OS ’s  9620 , 9624 , 9644 , 964 6 , and
9650 in Figure 17.

The base case for each model incorporates an
every—other—tour utilization policy, a three year tour
lengt h , a two year dela y fo r  graduate school , th e billet
requirements of Appendix A and the continuation ra tes of

• Appendix B. These parameters were selected as a basis of
- com parison since they most nearly represent current Marine

• Corps policy regarding SEP and the actual environment in
which SEP . operates . Phe data presented in Figure 17 was
taken from actual model ouput  contained in Appendix 0. In
order to facilitate the comparison of transient and steady
state quotas, the transient quota is presented as an average
of the quotas for twenty years.

The averag e annual quotas for all SEP MO S’s considered
are consistent for the steady state , basic transient, and
smoothed transient models. The career path - steady state

P model is also generally consistent with the three
aforementioned models . The slightly lover career path

• steady state quotas for SEP MOS’s 9620 and 9644 appear to be
the result of the model ’s assigning of a relatively large
share of th. tota l quota to career path 3. This path has a
higher continuation rate for SEP trained officers in the

4 rank of major than the continuation rates for majors in the
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other three models .

Th. higher quota given by the career path transient
model occurs because of the di f ference in the way
continuation fr actions are applied vis—a—vis the other four
models. Both steady state models use a cumulative
continuation rate because the models are not time conscious.
Cumulative continuation rates were used for the basic
transient and smoothed transient models to avoid biasing the
models by attriting officers who are in school or - in an
initial SEP tour . The career pa th transient model can
consider time and can consider when , by year  wi th in  a career

- 
path , a specific yearly continuation fraction may be
applied . This allows a t t r i t ion  of of f ic er s who have served
an initial SEP tou r without affecting those officers in the
same rank who have not yet completed their initial tour.
Billet vacancies, therefore, occur at a rate greater than if

• vacancies were just the result of normal tour rotation.
And , within a rank, attrition can occur after promotiàn to

• that rank but before serving a SEP tour. The overall result
of the foregoing is larger quotas to meet more billet

vacancies and replace officers who leave the system.

The quotas given by the three t ransient  models fo r  year
1 represent student input into SEP for fisci]. year (FY)
1978. These FY7 8 quota s, along with the steady state
models’ quotas, are furnished in Figure 18.

The disparit y in quotas for a given MOS is obvious. The
results given by the steady state models are not surprising
since these quotas are the same for any period. The quotas
given by the three transient models d i f f e r  considerably in
some cases (e.g. SEP M3S 9650) . Perusa l of , the q uotas for
year 2 and year 3 provided in Appendix 0 reveals tha t the
disparity of quotas occurs not only among the transient 

-

models used in a certain period, but also by individual
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models from year to year.

The difference between the quotas given by the basic
transient and smoothed transient models is the result of the
smoothing function of the smoothed transient model. The
difference between the career path transient model and the
other two transient models is caused by two factors. First,
the method of applying continuation fractions usually
results in. higher quota s on the average for the ca r eer path
tra nsient model. Second , the years of service in which a
SEP trained officer ser ves in a SE? tour for a particular
rank are not always the same for the t hree transient models.
For example , for the rank of captain an officer would serve
in a SEP billet in years seven through n ine , if th e basic
transient or smoothed tra nsient models are used. If the
career pat h transient model is used , the SEP tour is served
durin g year s six through eight. For a hypothetical case
where there are five SEP billet s for  the  rank of captain ,
five SEP trained captains all with eight years of service in
period (0) , and no a ttrition, tae re is no requirement for
additioanal officers to meet th e billet needs of period (0)
regardle ss of the tra nsient model used. But , for period (1)
the career path transient model would show a need for five
officers to be trained and available to meet the billet
requirements. Yet , for the other two transient models, new
officer input into the SEP billets is not needed in period
(1), and will not be neeled unti l  period (2) .

_ _ _ _ _ _ _ _ _ _ _  
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SEP MOS SS CPSS BT s~r CPT

• 9620 4 3 4 4 5

9624 9 9 9 9 13

9644 10 8 10 10 13

9648 6 6 6 6 7

• 9650 11 11 11 11 15

Figure 17. Comparison by Model and by MOS of Twenty Year
Average Annual Quotas.

- _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~
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MC FY78
SEP ~ES Goal SS CPSS ST SMT CPT

9620 2 4 3 0 2 8

9624 12 9 9 0 6 29

• 9644 10 10 8 2 2 14

9648 9 6 6 2 5 8

9650 15 1], 11 7 13 23

it

I

Figure 18. Comparison by Model and by MOS of FY78 Quotas. 4
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X. CONCLUSIONS

The quota projections of the steady state and career
path steady state models provide average annual quotas which
are useful for long range planning. Although a steady state
quota might overstate or understate actual needs in the

:~ short run , actual requirements will reach steady state
conditions if a steady state quota is used on an annual
basis . -

The smoothed transient model provides quotas whic h
represent a compromise between the two extremes of a steady
state or a transient approach. The projections of the

• smoothed model are -allowed to exceed act ual needs in the
short run in order to attain a long term stable quota.

All of the five models presented here have incorporated
the basic set of conditions suc h as billet structure, tour
length, utilization policy, inventory attrition, etc., which
collectively det er mine the flow of officer-s through the
Special Education Program. Consequently, the projections of
all of the models are useful as approximations on which to
base actual SEP quotas. Moreover , the design of each model
enabl es the user to consider how changes in billet
structure, tour length, attrition, etc. will affect future
quotas.

• When using these models , the decision maker is advised
to keep in mind the various assumptions on which each model
is based and the actual calcula tions used within each model
to determin e quotas. Quota projections by any of the models
should b e regar ded as only approximations of actual needs

_ _  _  -
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and should be tempered by the decision makers ’s knowledge of
the SEP inventory and any  other relevant information.

.
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-
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APPENDIX A

SEP BILLETS FOR SELECTED MOS ’S

MOS Rank Billets

Aeronautical Engineer (9620) CAPT 2

MM 8
LTCOL 7
COt 3

- - 
20

Electronics Engineer (9624) CAPT 9
MM 22

• LTCOL 14
COL 1

Comptroller (9644) CAPT 0
MM 14

LTCOL 20

COL 17

51

Data Systems Specialist (9646) CAPT 11
MM 14
LTCOL 7
COt 1

33
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I
Rank Billets

Operations Analyst (9650) CAPT 13
MM 28
LTCOL 17
COL 1

80 
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APPENDIX B

• 

.
- CONTINUATION FRACTIONS

• The continuation fractions listed below are planning factors

currently used by the Marine Corps to estimate attrition of com-

missioned officers (e.g. 87 percent of officers with one year

of service will remain in the Marine Corps to have two yeatsof ser—

vice.). The fractions have been rounded to the nearest one hun—

dreth. These planning factors were obtained from the Manpower

Plans and Policy Division (Code MPP) , Headquarters U. S. Marine

Corps.

Continuation Continuation
Year Fraction Year Fraction

0— 1 0.98 15—16 0.95
1—2 0.87 16—17 0.95
2—3 0.87 17—18 0.80
3—4 0.89 18—19 0.77
4 5  0.83 19—20 0.73
5—6 0.90 ~O—2l 0.95
6—7 0.92 21—22 0.94
7—8 0.95 22—23 0.94
8—9 0.94 23—24 0.64
9—10 0.85 24—25 0.79
10—11 0.85 25—26 0.73
11—12 0.94 26—27 0.85
12—13 0.94 27—28 0.88
13—14 0.95 28—29 0.09
14—15 0.95
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APPENDIX C

APL FUNCTIONS FOR CARFER PATH MODELS

QUOTA1 is an interactive APt function which has been
designed to calculate quotas based on an every-other—tour
policy using equations (VI.l) through (VI.l0). QUOTA 1,
shown in Figure Al , is a dyadic function taking scalars for
both left and right arguments. The left argument is the
last two digits of the SEP MOS and trze right argument is the
nuin bet of years in the planning period. Therefore:

• - 50 QUOT A1 20

will calculate quotas for SEP M OS 9650 for the next 20
years .

Before use , f ive  global variables i~ust be assigned
values by the user :

N OSY x a vector of two—digi t  numbers  corresponding to the

last two digits of each SEP M OS. The k
th 

element will  be
th

th e k MOS , thus NOSY will have as many elements as there

are SEP SOS ’s. Let this be m .

lit • • x 5 x 30 satrix of current inventories, where INV
jpi

-
* Is  ~e number of off icers  in path p with MOS j  a n d  i years

~f s.~~vics.

82



- p 
—--—— - —*- -- —- - -— - — — —--—— -—— — —--.--. - -

CR = 5 x 30 matrix of continuation rates where CR is the
ip

fraction of officers in path p with i years of service who

will remain in the Marine Corps to have (i+l) years of
service.

BI = m x L4 matr ix  of billets.

A = the fraction of the majo r ’s q uota which will be assigned
to path 2.

Li nes 1—3 of QUOTA 1 as shown in Figure Al select the
curent inventory from INV which corresponds to the MOS
specified in the left argument of the function. Lines 4
through 7 use (VI .3) to projec t the inven to ry  into the
fu tu re  in order to calculate the  legacies of the current
inventory .  Lin es 8 th rough  21 calculate the quota using
(VI.14). Lines 22 through 28 places the quota in the
inventory according to (VI.6) through (VI.lO) for the next
iteration of the func t ion .  Lines 29 and 30 format  and pr int
the output .  The output  is a table wi th  6 columns. Column 1
gives the year , columns 2 through 5 give the four  numbers ,
and column 6 gives the total annua l quota.

QUOTA2 is a function which calculates quotas based on an
every—third—tour  uti l ization policy. QUOTA2 is identical to
QUOTA1 except for lines 13—15 which reflect the difference
of placement of SEP tours within the 5 career patas due to
the different SEP utilization policies on which QUOTA1 and
QUOT A 2 are based.
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~~~~~~~ APPENDIX D

-

~ OUTPUT OF TRANSIENT MODELS

- 
- 20 Q UOTA 20

I TSAR GRP 1 GRP2 GRP3 GRP 4 TOTAL
1
2 3 1 4
3 2 2
4 1 2 3

1 5 1 4 - 5
6 1 2 2

- 7 1. 2 3
1 8 1 3 4

9 2 1 3
10 1- -- 2 - 3

J 11 1 3 4
1 12 2 1 3

13 1 2 1 3
- 14 1 3 4

15 2 1 3
16 1 2 1 3
17 1. 3 4
18 2 1 3
19 1 2 1 3
20 1 3

.1 . . . - 
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‘ I
24 Q UOTA 20

TSAR GRP 1 GRP2 GRP3 GRP 4 T O T A L
1
2 14 14 18
3 1 2 3
4 3 2 14 9
5 5 11 16
5 1 3 14
7 3 3
8 5 13 18
9 1. 3 4

10 3 3
11 5 13 18

• 12 1 3 4
13 3 3
14 5 13 18
15 1 3 4
16 3 3
17 5 13 18
18 . . 1  - 3 - 4
19 3 3
20 5 13  18

44 Q UOTA 20
TSAR GRP 1 GRP 2 GRP3 GRP 4 T O T A L

1 2 2
2 1 2 3
3 5 9 4 18
4 14 4 1 8
5 3 3
6 5 4 10
7 5 14 3 12
8 3 3 5 11
9 6 4 1 11

10 5 ‘4 3 12
1 1 -  3 3 5 10
12 6 ‘4 1 11
13 5 4 3 12
114 3 3 5 10
15 6 4 1 11
16 5 14 3 12
17 3 3 5 10
18 6 44 1 11
19 5 4 3 12
20 3 3 5 10

•

~~~~ 1 
- • - - - - - - --
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146 QUOTA 20
TEAR GRP 1 GRP 2 GRP 3 GRP 4 TOTAL

1 2 2
2 6 1 7
3 1 2 3
44 3 3
5 6 2 8
6 2 5
.7 3 3
8 6 2 8
9 2 5

10 3 3
11 6 2 8
12 2 5 7
13 3 3
14 6 2 8
15 2 5
16 3 3
17 6 - 2 - 8
18 2 5 7
19 3 3
20 6 2 8

50 QUOTA 20
YEAR GRP 1 GRP2 GRP 3 GRP4 TOTAL

1 6 7
2 5 4 9
3 2 13 15
‘4 3 6 9
5 8 8
6 2 14 16
7 3 5 8
8 8 1 9
9 2 14 16

10 3 5 - 8
11 8 1 9
12 2 14 16
13 3 5 8
14 8 1 9
15 2 14 16
16 3 5 8
17 8 1 9
18 2 14 16
19 3 5 8
20 8 1 a

- . 88- .. -.



20 S !4 Q UO TE4 20
YEAR GRP 1 GRP2 GRP 3 GRP 4 TOTAL

1 2 2
2 2 2
3 1 1 2 3
‘4 1 3 1 4
5 1 2 3
6 1 2 1 3
7 1 2 - 3
8 1 2 1 3
9 1 2 1 ‘4

10 1 2 1 4- -

11 1 2 1 ‘4
12 1 2 1 4
13 1 2 1 ‘4
14 1 2 1 ‘4
15 1 2 1 ‘4
16 1 2 1 4
17 1 2 1 4
18 ~~~1 2 . 1
19 1 2 -  1 4
20 1 2 1

I
a

U

I
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24 SIIQUOTA 20
YEAR GRP 1 GRP 2 GRP 3 GRP 4 TOTAL

1 6 6
2 2 5 8
3 3 6 1 10
‘4 3 7 4 144
5 3 3 6
6 3 - 6  9

3 6 9
8 3 6 9
9 3 6 9
10 3 6 9
11 3 6 9
12 3 6 9
13 3 6 9
14 3 6 9
15 3 6 9
16 3 6 9
17 3 6 9
18 3 6 9
19 3 6 9
20 3 6 9

44 SM Q U OTA 20
TEAR GRP1 GRP2 GRP3 GRP 4 T O T A L

• 1 2 2
2 3 3 1 8
3 4 6 4 15
14 - 3  3 7
5 5 2 7
6 5 3 1 9
7 5 3 3 11
8 5 4 3 1.1
9 5 4 3 11
10 5 ‘4 3 11
11 5 4 3 11
12 5 4 3 11
13 5 ‘4 3 11
14 5 4 3 11
15 5 44 3 11
16 5 4 3 11
17 5 44 3 11
18 5 ‘4 3 11
19 5 ‘4 3 11
20 5 4 3 11
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46 SMQ UOTA 20
YE AR GRP 1 GRP 2 GRP 3 GRP 4 TOTAL

1 3 2 5
• 2 4 4

• 3 3 1 44
4 ‘4 3 1 8
5 4 1 5
6 4 2 6
7 4 2 6
8 14 2 6
9 4 2 6
10 14 2 6
11 4 2 6
12 4 2 6
13 4 2 6
14 4 2 6
15 ‘4 2 6
16 14 2 6

17 4 2 6
18 4 2 6
19 4 2 6

1.. 20 2 - 6

50 SM Q UOTA 20
* TEAR GRP1 GRP2 GRP3 GRP 4 TOTAL

1 1 9 3 13
2 -1 8 9
3 ‘4 8 12
4 4 9 1 14
5 4 3 8
6 ‘4 .7 11
7 44 7 11
8 4 7 11
9 44 7 11

10 4 7 
• ii

11 
• 
4 - 7  11

12 ‘4 7 11
13 4 7 11
14 4 11
15 4 7 11
16 ‘4 7 11
17 ‘4 7 11
18 4 ‘7 11
19 ‘4 ‘7 11
20 4 ‘7 11
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20 Q UOTA1 20

YEAR CAPT MAJ LTCOL COL TOTAL
1 2 3 3 8
2 2 2
3 1 1 1 3
4 1 3 3 1 8
5 1 3 2 6
6 1 1 2

i i  7 1 4 4 1 10
8 1 2 3
9 1 1 2

10 1 4 4 1 10
11 1 2  3-
12 1 1 2
13 1 ‘4 5 10
14 1 2 3
15 1 2 3
16 1 ‘4 5 10
17 1 2 3
18 1 1 2
19 1 4 5 10
20 1 2 3

I’ 
*
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24 QUOTA 1 20

YEAR CAPT MA CI LTCOL COL TOTAL
• 1 ‘4 16 9 29• 2 3 3

3 2 - 2
‘4 4 18 6 28
5 3 3 2 8
6 2 4 6
7 ‘4 17 7 28
8 3 3
9 2 2

10 4 17 10 31
11 3 3
12 2 2
13 4 17 9 30
14 3 3
15 2 2
16 ‘4 17 10 31
17 3 3
18 2 2
19 ~4 17 10 31
20 3 3

‘44 QUOTA 1 20

TEAR CAPT MA CI LTCOL COL TOTAL
1 3 11 14
2 1 5
3 2 5 7
4 7 6 9 22
5 4 7 2 13
6 3 ‘4 44 11
7 - 7 5 -  8 20
8 ‘4 7 11
9 3 3 -  5 - 11

10 7 7 6 20
11 ‘4 5 9
12 3 3 5 11
13 7 7 6 20
14 4 5 1 10
15 3 3 4 10
16 7 8 6 21
17 ‘4 ‘4 1 9

9 18 3 3 5 11
19 7 9 5 21

a 20 ‘4 3 1 8
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46 QUOTA1 20

YEAR CAPT MACI LTCO L COL TOTAL
• 1 4 2 2 8

• 2 4 1 5
3 2 2
4 5 2 3 10
5 ‘4 4 1 9• 6 2 1 1 4
7 5 4 4 13
8 4 3 7
9 2 1 3

10 5 4 3 12
11 4 3 7
12 2 1 3
13 5 4 3 12
114 4 3 7
15 2 1 3
16 5 ‘4 3 12
17 ‘4 3 7
18 2 1 3
19 5 4 3 12
20 4 3 7

50 QUOTA 1 20

TEAR CAPT MA CI LTCOL CO L TOTAL
- 

- 

1 6 11 6 23
2 3 8 4 15
3 3 ‘4 2 9
‘4 7 13 5 2 5
5 3 7 10

. - -
I 6 3 4 4 11

7 7 12 8 2 7
8 3 5 8
9 3 4 7

10 7 12 9 2 8
11 3 5 8
12 3 ‘4 7
13 7 12 8 27
1~4 3 5 8
15 3 te 7
16 7 12 9 28
17 3 5 8a 
18 3 14 7
19 7 12 9 28
20 3 5 8
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