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INTRODUCTION

Each year the U.S. Navy is faced with the problem of allocating
its procurement budget to various items. For the Navy, the two primary
items are ships and aircraft. This paper will restrict its attention
to these two items and the procurement budget associated with them.
Thus, each year a certain proportion of that budget must be allotted

to the purchase of aircraft, with the remainder being spent on ships.
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But what should that proportion be? The answer to that question
depends on what the Navy considers to be an optimal force mix between
aircraft and ships (i.e., the ratio of the number of aircraft to the
number of ships). The objective of any budget allocation plan should

be to achieve this optimal force mix ratio between aircraft and ships.

Constraining the Navy's attainment of this optimal force mix,
however, is the procurement budget available and the respective costs
of aircraft and ships over a number of years. If the available budget
is small, the Navy may have to make a trade-off between aircraft and
ship procurement, allowing one force (either aircraft or ships) to
shrink in order to expand the other and so obtain the desired force
mix ratio in that way. On the other hand, if available budgets are
large, thus allowing an increase in both forces, the Navy could obtain
its desired force mix by expanding both forces by some ratio and attain
the goal with both forces at a higher level. In either case there
arises the need to allocate the available budget in such a way as to
stay as close to the desired ratio as possible over some planning
period. While the Navy does not specifically plan forces based on a
set ship to aircraft ratio, the historical facts indicate that a

relatively constant ship to aircraft ratio results.

Thus, the objective of the optimal budgeting plan considered
here will be, given information on budgets and costs over a planning
period, the minimization of the deviation of the actual force mix
ratio from the desired force mix ratio for all years in the planning

period.
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PARAMETERS

In developing an optimal budget.allocation many parameters will need to be
taken into account. An explanation of several of the most important ones follows.

First, there are the respective retirement rates for aircraft and ships.
Ships in the fleet last, on average, 30 years. So, assuming the ages of the
fleets ships to be spread somewhat uniformly between 0 and 30 years, one would
expect to lose 1/30 (3.3%) of the fleet each year. Currently there are approx-
imately 550 ships in the fleet. In order keep the fleet at its current level,
18 (550/30) new ships must be added each year. As for aircraft, the average
aircraft lasts 15 years and so roughly 1/15 or 6.7% of the Navy's air fleet will
retire each year. Currently the are 3500 aircraft supported by the Navy, so,

to maintain current air force levels, approximately 235 new aircrafi will be

needed each year.

Second, there is the problem of spiraling aircraft costs. Since aircraft
costs are increasing at a rate greater than either ship costs or the DProcurement
budget growth rate, it becomes increasingly difficult, in later years; to main-
tain the desired force mix without allowing the number of ships in the fleet
to decline.

A third parameter,bearing on an optimal budget allocation, is the leadtime
for delivery of aircraft and ships. It is estimated that the leadtime for air-
craft is 2 years and for ships 5 years. Hence, a budget allocation in a given
year affects the ratio of aircraft to ships both two and five years from the
allocation year. These differential leadtimes lead to an extensive inter-
relationship between the various years of budget allocation. For instance,
the force mix ratio in year i is affected by the ratio in year i-1 and the
budget allocations in years i-2 and i-5 which are in turn affected by actions
or conditions in other years of the planning period. Thus, looking at any one
year's budget and analyzing a certain allocation's effects on any one other

year would not be valld, The budget allocation scheme must be viewed as a

-3 -
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system spread over the many years of the planning period.

Fipally, there is, to reiterate, the procurement budget's affect on the
desi?ed force mix. If the budgets are large, relative to costs, force levels
will grow while if budgets are small levels will fall. This fluctuation of
force levels with respect to the available budget will necessarily need to be
taken into account when determining the optimal budget allocation (i.e.,the

budget allocations should be different for growing and contracting force levels).
THE MODEL

Now that some of the parameters affecting the optimal budget allocation )
have been explained, a description of the model to calculate the optimal pro-
portion of the budget to be spent on aircraft each year, with remainder being

spent on ships, can be made. The assumptions of the developed model are:

1) Retirement rates for aircraft and ships are constant (i.e.,a fixed

percentage of the total fleet of aircraft and ships will be retired
each year);

2) Leadtimes for aircraft and ships are 2 and 5 years respectively;

3) There is a fixed planning period (some # of years) over which we are
concerned about the force mix ratio; =

4) The available budgets and costs of aircraft and ships are known for
all years in the planning pericd.

The objective in choosing the proportion of the budget to be spent on aircraft,
with the remainder being spent on ships, will be to minimize the sum of the
squared deviatlions of the actual force mix ratio from the desired.force mix
ratio. In other words, we want a series of proportions, T, one for each

year in the planning pericd, sﬁch that these ri minimize the sum of the squared
deviations of the actual ratio from the desired one. The reason for the squared
deviation is the fact that ratioseither above (ylelding a positive deviation)

or below (yielding a negative deviation) are considered equally costly, so a
deviation of -1 or +1 should be treated the same. This is done through squaring

the deviation. This method will force the actual ratio to stay as close as

=N =
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possible to the desired force mix ratio. This objective is then subject to
the available budgets, costs cf aircraft and ships, and further to the con-
straint that the T, must, logically, be between O and 1.

Formulated in this manner, the problem of finding the proportion of the
budget to be spent on aircraft each year is a nonlinear programming problem
with the T, proportions as the decision variables. From here, using the elements
of multivariable calculus and optimization theory it is possible to develop
a concise format for the stated problem,implement it on 2 computex, and solve it

for any set of input data.

INPUTS
The inputs to the developed model are as follows:
1) Number of years in the planning period (up to 30)
2) Desired force mix ratio (aircraft to ships)

3) Current numbers of aircraft and ships

L) Available procurement budget (for aircraft and ships) for each year
in the planning period

5) Aircraft cost in each year (average)

€) Ship cost in each year (average)

7) Retirement rates for aircraft and ships

8) Number of aircraft ordered 1 and 2 years ago

9) Number of ships ordered 1,2,3,4 and 5 years ago
It should be noted that inputs 8 and 9 represent backorders of aircraft and
ships which will arrive during the planning period but which are not under the

control of the optimal budget allocation scheme.

AN EXAMPLE
With these concepts in mind and with the developed software, it is now
possible to construct a numerical example and show how the optimal budget

allocation scheme might better achieve the desired force mix ratio than a less

fiexible approach.
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Consider this:

: 1) A planning period of 20 years
2)‘A desired ratio of 7 aircraft to 1 ship
’ 3) Current force levels of 3500 aircraft and 550 ships
4) Available budget starting at 23 billion, increasing at 3% per year
5) Aircraft cost starting at 40 million, increasing at 4% per year
6) Ship cost starting at 552 million, increasing at 3% per year
?) Retirement rates for aircraft and ships, 6.7% and 3.3% respectively

8) Backorders of aircraft and ships to just cover retirements, 235 aircraft
per year, 18 ships

The results of the optimal budget allocation program are given below and on the
following page. The r(i) column represents the proportion of ihe budget which
should be spent on aircraft each year. Notice how close the optimal allocation
scheme allows the actual ratio to stay to the desired ratio. Also notice the
variablility in the proportion spent on aircraf}f This is primarily due to the

changing ratio of ship cost to aircraft cost.

OFTIMAL BUDGET ALLOCATION FROGRAIM

llesired Ratio = 7.00

Retirement Rate for Aircraft = 0.067
Retiremant Rate for Shirs = 0.032

Year Imdget Cost Aircraft Cost Shirs # of Aircraft + of Shirs % of Aircraft $ of Shirs r(i) Ratio

(mil) (mil) (mil) Ordered Ordered

1 22000.00 40.00 $52.00 415 11 3500 Sav 0.723 6.38
2 234690.00 41.60 568.96 328 17 3500 548 0.577 6439
2 24400.70 43,26 585.62 282 20 3481 547 0.502 4,73
4 25132.72 44.,9% 603,19 260 22 3762 - 046 0.467 6.8%
D 2588B4.70 46.79 621.2 258 R 3792 545 0.4647 b.964
b 26663430 48.47 637.72 257 22 3798 538 0.470 7.06
7 27463.20 S0.61 &59.12 245 21 3801 537 0.4839 7.60
-8 20287.09 52,464 &$78.89 272 20 3304 340 0.3508 7.04
9 29135.70 S54.74 699.2 a7 19 3814 544 0,323 7.01
10 30009.77 G56.93 720.2 273 1? 3631 48 0.523 6,99
11 30910.07 59.21 741.84 271 19 3832 eha} 0.520 6.7
12 31837.37 61.58 764,10 267 20 3367 554 0.317 6.98
13 I2792.,4% 464,04 787.02 288 20 3881 096 0.505 .70
14 33776.26 b6 .60 810.63 278 18 380806 5151 0.5493 65.780
S 34789.55 52.27 834,95 273 1@ 3885 3508 0.3545 6.96
14 35833.23 72.04 860.00 271 13 3702 504 0.545 6,50
17 346908.23 74,92 805.80 267 19 3514 J60 0.542 6.79
18 30015.47 77 .92 ?212.37 264 17 3023 Ve 0.542 6.58
17, 37185.94 81.03 939.74 261 17 3727 562 0.342 5.99
20 40330.61 34,2 967,93 260 13 3900 Ga2 0545 6.7
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In contrast to that, consider the results of setting r(i) equal to
‘the average proportion in the optimal plan for all years in the planning
periéd. This results, see below, in a ratio of aircraft to ships which
varies substantially from the desired ratio. Thus, in this example, the
efficiencies gained through the mathematical programming formulation of
the problem can be seen through its ability to remain very close to its

objective while other methods cannot seem to equal +his ability.

AVERAGE QPTIMAL ALLOCATION RESULTS

lesired Ratio = 7.00

Ratirement Rate for Alrcraft = 0.067
ketiremernt Rate for Shirg = 0,033

Year

-
= O

[
B

-
&

[
o

-
Qe

L]

NONCWA LG

UuAddet  Cost Aircraft Cost Shirs # of Aircraft & of Shirs & of dircraft £ of Shiss

(mil) (mil) (mil) Qrdered Ordered”

23C00.09 40.00 S52.00 304 17 3500 BT
23690, 00 41,60 568,56 301 17 3500 540
24400.70 43,26 505.62 293 17 257 547
29132.72 44,99 603.19 294 ® 3632 544
25836.70 16.79 621.28 293 7 3837 545
266563.30 48.467 639.92 290 7 1734 544
27463.20 50.461 659.12 287 19 74 547
282027.07 52.464 478.0% 284 7 3315 5AG8 -
291135.70 S4.74 699.26 202 19 3344 539
30009.77 56.93 720.2 279 19 ~a7S 550
30710,07 S57.21 741.84 276 1% 3095 551
31837.37 61,58 764.10 274 19 3913 552
32792.49 64.04 787.02 271 17 3727 553
33776.26 66460 810.43 260 19 3937 554
34782.55 69.27 834.95 266 19 3744 714
35833, 2. 72.04 860,00 263 19 S74R 506
I6700.2 74,92 885.80 261 17 3749 ou7
38015, 47 N 712.37 258 17 I738 frjets]
37155.94 81.03 P37, .4 254 3 1944 5
40370 .61 84,27 967,93 .0 10 iRt RE

rOi)

0.330
0.530
0.530G
0.53

0.35330
0.330
0.530
G.330
0.330
0.330
0.3530
0.330
0.330
¢.5C

0.530
0,530
0.3530
0.030
0.3530

Q500

Ratio
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Though the average proportion results presented in the foregoing example were
.not really "bad," the fact is that even these results could not have been ob-
tained without the optimal budget allocation scftware. Hence, at least to a

certain extent,the preceding example illustrates the efficacy of the methecd.

ANOTHER EXAMPLE

With the developed model an analyst or decision maker could, with a good
deal of accuracy, assess the force mix impact of various changes to the mcdel.
For instance, the effects of very small budgets on absolute force levels could
be studied given that the force mix was to be kept constant. Alternatively,
one could examine the effects on absolute force levels of changes in the desired

force mix ratic. As an example consider this:

1) The Navy wants to keep at least a 500 ship fleet

2) Budgets available are small (starting a $15 billion, increasing at 3% per yr)
3) The Navy would like to maintain a 7 to 1 ratio between aircraft and ships

L) Other model inputs are the same as in the last example

. Are the above criteria 1in conflict with one another? Using the above information,

the optimal allocation software was run and the results are printed below.

OFTIMAL BUDGET ALLOCATION FROGRAM

llesired Ratioc = 7,00

Retirement Rate for Aircraft = 0.067
Retirement Rate for Shiess = 0.033

Year Budset Cost Aircraflt Cost Shirs F of Aircraft % of Shies # of Aircraft # of Shirs r(i) Ratio

(mil) (mil) (mil) Ordered Ordered
1 15000.00 40.00 552.00 375 0 3500 49 1.000 5,328
2 13450.00 41.60 $568.56 307 4 3390 S48 0,828 6.3¢
3 15913.590 43,26 383.42 260 7 3440 547 0.707 6.69
4 16390.990 44,99 603.1°9 221 10 3703 544 0.6G9 §.78
S 16882.63 16.79 621.28 177 13 3715 545 0,491 6.32
) 173€9.11 48.67 639.92 182 13 3488 527 0.50¢9 7.00
7 17910.78 I0.61 637,12 191 12 3617 514 0,541 7.04
8 18448.10 32,649 678.89 197 11 . 3556 S04 0.563 7.0¢&
9 "19001.,5% S54.74 699.26 197 11 3509 497 0.569 7.06
10 19571.5¢9 56.93 720.23 199 11 3471 494 0.581 7.03
11 20158.74 59.21 741.84 197 ’ 11 3439 491 0,581 7.00
12 207463.350 61.58 764.10 1?79 12 3404 487 0,531 6.99
13 21384.40 64.04 787.02 183 12 3373 482 0.5SS 7.00
14_ 22028.00 66,40 810.463 189 11 3326 477 0.572 6.97
S 22488.84 69.27 834,95 187 11 3286 472 0.572 §.96
14 23369.30 72 4 B60.00 201 i0 3254 467 0.622 6.97
17 24070.58 74,92 885.80 199 19 3223 . 4464 0.622 6.99
18_ 24792.70 77.92 ?12.37 197 10 3208 460 0.622 6.7
19 25534.48 81.03 ?39.74 153 13 3172 456 0.484 7.00
20 26302.58 84,27 ?67.93 179 11 3176 452 0.361 7.03
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i _ Number of Ships vs Time (7 to 1 Ratio)

Tine (years)

I+ can be seen that given the presented criteria, a 500-ship fleet could not
be maintained.

Now, however, say it was decided that a 5 to 1 ratio of aircraft to ships
would be acceptable if the 500-ship fleet could be maintained. Running the model
again with this new ratio the following results were obtained. It shéuld be noticed
that with the new ratio it is indeed possible to maintain a 500-ship navy, given
the available budgets. Hence, the model can be used to clarify various inconsis-
tencies in the inputs to the model allowing decision makers to adjust their

thinking in such a way as to better achieve their goals.

OFTIMAL BUDGET ALLOCATION FROGRAMN

Ilesired Ratio = 5.00

Retirement Rate for Aircraft = 0.067

Retirement Rate for Shirce = 0.033

Tear Buddet Cosl aAaircraft Cust Shire & of Aircraft 4 of Shirs # of Aircrert ¢ of Shirs r{(i) Ratic

(mil) o tmily (mil) Ordered Ordered

b 15000.00 40,00 $52.00 0 27 3500 S49 0,000 5,30
2 15450.00 41,60 568.56 0 %7 3500 548 ¢.000 6.37
3 15913.350 43,26 5835.62 [ 27 3263 547 0,000 S.97
4 16390.90 44,99 603.19 147 16 3044 S4é 0.40S .0
S 146882.43 446.79 421,28 138 12 2841 S4S 0,523 SEE
é 17289.11 48,467 639.92 202 11 2798 554 0.37¢ S.C%
7 17910.78 S0.461 459,12 183 12 2799 562 0.3523 4.78
8 | 18448.10 S2.44 478.8%9 167 14 2815 570 0.477 4.94
e 19001.35S S4.74 49%9.2 186 12 2811 587 0.53¢ .55
10 19371.89 56,93 720.2 159 14 2789 561 0.464 4.97
13 20158.74 $9.21 741.84 157 14 2788 554 0,444 5.032
12 20763.50 61.58 764.10 156 14 27690 548 0.464 5,04
13 21385.40 64.04 787.02 142 S AU 544 0,427 5.02
14 22028.,00 66.60 810.63 156 14 2704 538 0.473 S.63
15 22488.84 69 .27 834.95 164 13 2667 534 0,302 .79
14 233469.50 72.04 8460.00 170 12 2644 S30 0.527 4,99
17 24070.58 74.92 885.80 181 11 24631 S27 0.564 4.99
1e 24792.,70 77.92 912,37 123 1S 26235 925 0.420 S.00
19 25534.48 81.03 939.74 149 14 24630 521 0.461 S5.0C
20 246302.358 84.27 ?67.93 151 14 2587 517 G.484 S.0u
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Number of Ships vs Time (5 to 1 Ratio)

# of Ships %o

i

e L )

Time (years)

ARD ¢

SOME CONCIUSIONS

What do these examples say about the model's usefulness? To a large extent
that depends on the information the user has available to input into the model.
If one has all the information given a few pages ago as necessary inputs into
the model and the only criteria being considered is the force mix ratio, then
the results from the optimal budget allocation-irogram should give a verj good
guide as to budget allocations for all years in the planning periocd.

" But what if information about the future is unknown (i,e., budgets and cost
are unknown in the future)? Need the methodology presented here be abandoned?
The answer is no, if one is willing to forecast into the future based on what
has happened in the past. This was the problem faced when incorporating the
optimal allocation model into a larger model of the Navy. The methodology

developed to overcome the problem of the lack of future information is presented
in the next section.

| 2
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INCCRPORATION OF THE ALLOCATION MODEL IN A HIGHER LEVEL MODEL

The initial purpose of this project was to develop a method whereby a more
general model of naval budgeting, maintenance etc., could use some methed of '
optimal allocation for its budget available to procure aircraft and ships.
Prior to implementation of this method the allocation of the budget was simply
a 50-50 split with small adjustments for past orders of aircraft and ships.

The method could now be modified to entail the following:

1) Based on past data project budget and cost growth rates

2) Using this projection compute estimated budgets and costs over a
10-year period

3) Using these estimates and other (known) inputs, use the optimal allocation

scheme to find the optimal proportion to be spent on aircraft each year
in the planning pericd.

4) Use the computed first year proportion to allocate the present year's
budget o

5) Repeat the above process for each year in the model
This methodology allowsa higher level model to use the optimal allocation
scheme without the need for future data (i.e., future budgets and costs).

Thus a model which models only one year at a time with no lookahead capability
cén utilize a form of optimal allocation.

The results from using this procedure should be quite good because previous
years' allocations are incorporated into the preseﬁt year's allocations through
the backorders of ships which are inputs to the allocation model. Hence, if
many aircraft are purchased in one year, this would be reflected in the back-
orders of aircraft in the next year, thus decreasing the optimal proportion for
this year. Also, éince the budget and cost growth rates can be adjusted each
year, this method of allocation should be able to provide reasonable results

if the growth rate changes are not toco sharp.

- 13 -
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DERIVATION OF THE MODEL

At this point it would be prudent to describe in some detail the derivation
of the model employed to develop the preceding results. This section will first
describe the derivation of formulas giving the number of aircraft and ships in
any year given the proportion of the budget to be spent on aircraft each year
from the current year until the year in question and past data. Next, a deri-
vation of an objective function for the model is presented, along with its
gradient (which is used in the optimization). And finally a presentation of

the actual optimization method is given.

- 14 -
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DERIVATION OF THE NUMBER OF AIRCRAFT AND SHIPS IN YEAR i

To begin with consider the following definitions.

Let:

u = retirement rate for aircraft (in decimal form i.e., .03 for 3% per year)
v = retirement rate for ships

b, = budget avallable for procurement of aircraft and ships in year i

= cost of aircraft in year i (average)

= cost of ships in year i

= number of aircraft ordered in year i (to be delivered in year i+2)
= number of ships ordered in year i (to be delivered in year i+5)
= number of aircraft in the fleet at year i

i
i
i
ri= proportion of the budget spent on aircraft in year i
i
i
i
3= number of ships in the fleet at year i

Since the retirement rate for aircraft and ships was assumed to be constant

and the leadtimes for aircraft and ships are 2 and 5 years respectively; then:

Ay

(l-u)Ai_1 +na, ,

S, = (1-v)S;_, +

i nsi_5

These equations say, for instance, that the number of aircraft in year 1 equals
the number of aircraft on hand in year i-1 still active in year i (100(1-u)®)

plus the number of aircraft ordered in year i-2. In a like manner, Ai-l and

Si-l can be expressed in terms of Ai-Z and Si-Z and so on to AO and Sy

From this recursive expression the terms Ai and Si can be expressed as

functions of AO and So Plus the number of ships and aircraft ordered prior

to year 1. After some algebraic manipulation the following can be obtained:

il .
i
Ay = (1-u)"ag + Eo (1-u)3(nai_j_2)

i-1 .
i J
= (1- + =
8, (1-v) S 33% (1-v) (nsi-j-S)
Notice that the indexes for nai_j_2 and nsi_j_5 can become negative. These

negative indicies represent backorders of ships and aircraft, ordered before

the planning period began.

- 15 -
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Now if these negative indiclies are pulled out of the summations the following

equations are obtained:

i~
_ i a = 1-2 J
Ai-(l-u) AO+(1-u) na, , +(1-u) na, + §i; (1-u) nay 5o

Si=(1-v)iS0+(1-v)i-1nsi_a_+(1-V)i-gsi_3+(1—v)i-ani_Z-‘l-(l-v)i'L"nsi_1

15 L8
+ (1-v)" “nsg + ;g: (1-v) NSy _s_s
j=0

The terms preceding the summation in each of the above equations are based

on actions which have already occured and are in no way affected by budget

allocations in the planning period (whereas the other nai and ns, are).

3 and Y1 for the

Ai and Si terms respectively. Hence, with this simplification:

The terms can be grouped for simplicity into functions X

»
1]

i-3 .
)
N Xi + §§% (1-u) nai_j_2

w
1}

i-6 .
J
R ;E% (1-v) ns;_s_s

Now, examining na, and nsy it can be seen that:

na, = ribi/cai and ns, = (l-ri)bi/csi

Thus, the number of aircraft ordered in year i equals the proporticn of the
budget spent on aircraft (ri) times the budget (Bi) (yielding the amount spent
on aircraft) divided by the avefage unit cost of aircraft (cai). Likewise for
ships, bﬁt here the proportion spent on ships is 1-(prop. spent oﬁ aircraft).

Now, if these substitutions are made and the indexes shifted the following

are true:

A, =X, + éé? (1-u)¥%2 £ v /e
T 0/ %%

w
]

i-5
Y + - i"k-5 . "
i i Eé; (; V) (1 rk)bk/csk
Hence, 1if the bk’ Cayps Csp, Xi and Yi are known the above equations represent

the force levels for aircraft and ships in terms of the proportion of the budget

to be spent on aircraft in each year of the planning period (i.e., the rk).
- 16 -
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DERIVATION OF THE OBJECTIVE FUNCTION

As discussed in the first section of this paper the objective of an
optimal budgeting allocation scheme would be to choose proportions of the
budget to be spent each year on aircraft so as to keep the actual ratio of
aircraft to ships as close as possible to some desired ratio. In other words,
we want to find a set of proportions (ri) that minimize some cost function
relating to the deviation of the actual ratio from the desired ratio in all
the years of the planning period (plus two years since the last y;ar's policy
will have no effect until then). Since deviations above or below the desired
ratio can be considered equally costly the objective might be to minimize the
sum of the squared deviations of the actual ratio from the desired ratio for

all years in the planning period.

Now Let:
Ai = Number of aircraft in the fleet af year i
Si = Number of ships in the fleet at year i
k = Desired ratio
tmax = Number of years in the planning period plus 2 .
r =

Vector)of proportion of the budget to be spent on aircraft (1 through
tmax-2

The objective then becomes:

tmax Ai >
minimize S (—5— - k)
1=3 i

Notice that this summation runs from i=3 to tmax rather than i=1 to tmax. This
is because prior to the third year of the planning period no budget allocation
chosen during the planning period will have any effect on the ratio of aircraft

to ships and hence need not be included in the objective function. Now let:

Ai
£,(x) = (5= - x)
i
Note also that the dependency of fi on the vector r is through the Ai and Si

ternms.

- 17 -
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So, with this definition the objective function becomes:

tmax > tmax 2
minimize X (fi(r)) and let I (fi(r)) = D(r)
r i=3 i=3

To minimize 2 nonlinear function such as this one procedure would be to
choose an initial starting point (vector ) for r and then, since the opposite
direction of the gradient of a function is the direction of steepest descent
of the function, move along the opposite directicn of the gradient until the
desired minimum is reached. To do this the gradient of D(r) with respect to

the ri is needed.

DERIVATICON OF THE GRADIENT

From the above definition of D(r) it can be seen that:

tmax
L - 5 2(e, () 250)
g 1=3 §rj
So,
tmax
é 9D = Z‘ f (I‘) Bfi(r)
or. = IV m———
J i=3 Brj
If we represent the fi(r) as a vector £ and thebii_ likewise then: -
eT,
3
$30 o e (355, 30 L 2 )
3 ér. 29dr, or .
J J J
So, oD sz afh .........'aftmax f3
. ail arl ar1 brl
_Z'VD = * . fu
1. = o
= .
oD sz -be 860 00000 a . aftmax £
T ) ST 31 tmax
_ tmax-g_ gy tavez vz | - -

Again, the f's run from 3 to tmax because no allocaiion policy has any effect,
because of leadtimes, prior to year 3. Also the T, Tun from 1 to tmax-2 because

proportions chosen in years tmax-1 and tmax will have no effect in the time franme

minimized over.
- 18 -
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Now the preceding equation can be simplified by noticing that the matrix

is the transpose of the Jacobian Matrix of the fi and the Ty (only those

applicable to the problem). If we denote this matrix by J then:

But what of the elements of the Jacobian Matrix? How are they computed?

DERIVATION OF THE JACOBIAN MATRIX

A typical element of the Jacobian matrix is afi. .

arj
Now,
E: _3..('41 -k ) = Si BAi) I Ai(ssi)
Erj Brj _S: brj arj
2
(84)%
Further, from before we have that:
i-2 ‘
_ _yi-j-2
Ay =X, j§1 (1-u) lr:jrj/ca..j
i-5 . }
= _o)i=J-5 -
S, =Y, + 2 (1-v) bj(l rJ.)/cs'j
So, .
0] for j>i-2
34, o
arj ’bJ.(1--u)i-‘:'-2/cat:j for j<i-2
0 for j>1i-5
25 .
oT -(1-v)i'~"5bj/csj for j<i-5

Combining this information and substituting into the previous equation for the

partial derivatives of the fi we obtain the results on the following page.

- 19 -
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ELEMENTS OF THE JACOBIAN MATRIX

For i=3
3. L 0 for j>1
T ) (b,/ca,) (1/5,) for j=1
J A § 3
For i=4
0 for j>2
i:rf:4 i (l-u)u-j-z'b /(ca.S,) for j<2
j RS Ak Bt J
For i= ,
0 for i>3
of
= by = o
brj (l-u)s-‘]-zb./(ca. s.) for j<3
J J 5
For 15 :
0 for j21i-1
- s, (1-u)} 9 %(p./ca.) + A, (1-v)Y IO fes))
o, i L1 Ll for1=j<1-5
(8,)% -
(1-0)* "9,/ (cay 5,) | for jei-h,i-3,1-2
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From the preceding derivations the gradient of D(r) (VD) can be computed
at any point. This computation is done by first co&puting the Jacobian Matrix
as described then multiplying this matrix by the vector of deviations (the £
vector described). This multiplication yields JTf='%“VD and multiplying JTf
by 2 yields VD. From this point an optimization algorithm can be described
to take an initial starting point (r vector) and iteratively improve it by
adjusting it by some increment in the opposite direction of the gradient until

the minimum of D(r) is found,to within some tolerance.

METHCD OF OPTIMIZATION

The chosen method for finding the minimum of the D(r) function utilizes

a very simplified gradient seach methed. The algorithm used can be described

as follows.

1) Set an initial proportion vector r (Chosen to be all .5)

2) Set an initial increment to adjust the r, elements (Chosen to be .4)

3) Compute the Jacobian Matrix as described in the previous section (3)
L) Compute the vector of deviations (f) given the current r vector
5) Compute iTs (this is £ +the gradient of the objective function)

6) Since the objective is to minimize the objective function we would
like to move in the opposite direction of the gradient. So the
algorithm implemented does the following.

If

(JTf)i < 0 then let r, =r, + increment (if>1 ri=1)

(JTf)i"> O then let r, =r, - increment (1if <0 ri=0)

T - E
(J f)i =0 then letr, =1,

7) Now, check if all the r, are equal to either the preceding r, or the
T, preceding that. If %hey all are, then the solution is ostillating
between two points and so the optimum should be somewhere in between
the two vectors that are being oscillated between. So, if this conditlon
is true the increment is cut in half and the algorithm proceeds.

8) The process described above continues until the increment is smaller than
some set tolerance level. (Chosen to be .001.)%

*

The .001 tolerance level was chosen because it was felt that changes to the

r vector smaller than that were not really significant enough to be taken into
account. This increment can be easily changed if it were desireable to do so.

-~ 21 -
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SOFTWARE FOR OPTIMAL ALLOCATION

This sectlon presents the software developed for the optimal budget
allocation problem discussed in this paper. The software was written in
both standard FORTRAN and FORTRAN-77 for implementation on an IBM and a
VAX 11/780 system respectively. The software for both systems has been
validated but only the software for the IBM implementation is presented

here.

- 22 -
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THE DEVELOPED SOFTWARE

The software developed to do the optimal budget allocation is written in
standard FORTRAN and consists of 4 primary routines and a routine writiten as

a linkage between the optimal allocation routines and another model. A

description of the routines follows.

ALLOCA - This routine performs the optimization described in the previous section
of this paper. It should be noted that this routine may be replaced by
other (possibly more sophisticated) nonlinear optimization routines if
the convergence of the outlined methodology is considered too slow. I

don't consider its convergence is bad, but bad is a somewhat relative term.

JACOBI - This routine computes the Jacobian Matrix (J) of the problem using
the equations developed in the preceding section of this paper.

JTRANF - This routine multiplies the vector of deviations of.the act&al ratio
from the desired ratio by the transpose of the Jacobian Matrix computed by
JACOBI. This yilelds the vector JTf, i the gradient of the objective function.

COMSTR - (stands for compute strength) This routine computes the number of air-
craft and ships in any year of the planning period plus two years, given
past data and a vector of proportions of the budget to be spent on aircraft
in each year of the planning pericd.

BUDALL - This is a linkage routine between a higher level model and the above
optimal allocation routines. Its primary function is to simplify the
inputs to the model--requiring the calling program to specify only budget
and cost growth rates, and to place the calling programs inputs into 2 block
of common storage accessed by all the optimization routines. This routine
should be easily modified to suit the users precise specifications. For
instance, if growth rates are not constant, the calling program could pass
vectors containing the budgets and costs for all years and then have BUDALL
put these inputs into the appropriate location in COMMON storage

- 2=
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CALLING INSTRUCTIONS:

As presently formulated the calling sequence for the optimization routines

is via the routine BUDALL. To access the routines the following FORTRAN state-

ment is needed:

CALL BUDALL (CURAIR,CURSHI,BUDNOW,CANOW,CSNOW,

BUDG1,CAG1,CSG1,BACKA,BACKS,TIME,X,Y,
RATCON,R)

Where the 1's represent FORTRAN continuation cards and the parameters are

defined as follows:

CURAIR
CURSHI
BUDNOW
CANOW -
CSNOW -
BUDGL -
CAGl -
CSGt -
BACKA -

BACKS -

The number of aircraft currently in the fleet (in year zero) ,INTEGER
The number of ships currently in the fleet (in year zero),INTEGER

The budget available for procuring.aircraft‘and ships in year 1

The average unit cost of airéraft in year 1 of the planning period
The average unit cost of ships in year 1 of the planning pericd

The growfh of the available budget each year (i.e.,3% growth,budgl=.03)
The growth rate for aircraft cost (similar formulation as for budgl)
The growth rate for ship cost (same as for budgl) s

Vector of length 2 giving the backorders of aircraft,INTEGER
with those ordered 1 year ago in BACKA(1)
with those ordered 2 years ago in BACKA(2)

Vector of length 5 giving the backorders of ships,INTEGER
with those ordered 1 year ago in BACKS(1)

with those ordered 5 years ago in BACKS(35)
The number of years in the planning period,INTEGER
The retirement rate for aircraft (3% retirement rate, x=.03)
The retirement rate for ships (same as above)

The desired ratio of aircraft to ships

A vector of length 30 in which the vector of optimal proportions

will be returned, where R(i)= the proportion of the budget to be
spent on aircraft in year i

If it is desired to modify BUDALL the necessary modification to the above call

statement will need to be made.
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COMMON BLOCK

Regardless of the modification made to the routine BUDALL to suit the
users specifications, BUDALL must place values of the input parameters into
the COMMON block ALLOC within that subroutine (this is a labelled COMMON

block in FORTRAN). The following parameters must be put in common.*

ITIME - The number of years in the planning period, INTEGER

B - A vector of length 30 containing the available budget for each
year in the planning period

CA - A vector of length 30 containing the unit aircraft cost for each
year in the planning period

cs - A vector of length 30 containing the unit ship cost for each
year in the planning period

P - (1-Retirement rate for aircraft)

Q - - (1-Retirement rate for ships)

BACKA - Same definition as previously given,INTEGER

BACKS - " E " - INTEGER )

CURAIR- " " " INTEGER

CURSHI- " " " INTEGER

RATCON- " "o ?

TOL - The tolerance acceptable for minimization (either .001 or .002

should be acceptable)

The common statement should take the following form.

COMMON/ALLOC /ITIME,B(30),CA(30),0S(30),P,Q, BACKA(2), BACKS (5)
1 ,CURAIR,CURSHI,RATCON, TOL

The above variables also represent most of the important variables for each of
the routines. For further information on the software, one should eiiher examine

the FORTRAN code and the comments contained therein, or refer to the flow diagrams
on the following pages.

*It should be noted that in the code for BUDALL there is a slight modification
to some of the variable names in the common block. This is because it was
desired to use the same variable names in the parameter list passed as were
used throughout the program. FORTRAN doesn't allow a variable to be in both
a parameter list and a common statement, so to circumvent this problem the
variable in this routine alone had their names changed from what is above.

=NiSi=



HIERARCHY DIAGRAM FOR OPTIMAL BUDGET ALLCCATION

PROGRAM

BubALL

ALLOCA

JAtoR|

- JTRANF

ComsTR
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Significant Variables: (Not Explained Elsewhere)

TMAX - # of Years in the Planning Period plus 2 Years, INTEGER
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Significant Variables: (Not Explained Elsewhere)

r(i) - Vector of length 30 to contain the proportion of the

to be spent each year on aircraft
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Significant Variables: (Not Explained Elsewhere)

air(i) - vector of length 30 to contain the # of aircraft in the fleet at
year i in air(i)

ships(i) - vector of length 30 to contain the # of ships in the fleet at
year i in ships(i)
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JTRANF
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Significant Variables: (Not Explained Elsewhere)
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Significant Variables: (Not Explained Elsewhere)

a(i) - vector of length 30 to contain the # of aircraft in the fleet at
year i1 in a(i)

s(1) - vector of length 30 to contain the # of ships in the fleet at
year i in s(i)
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CONCIUSIONS

Glven the preceding results, what conclusions can be drawn? The model
of the budget allocation process as developed and solved allows for the op-
timal allocation of a budget, over some time span, toward procurement of air-
craft and ships so as to keep the ratio of aircraft to ships (force mix) as
close as possible to some desired level, regardless of what that level may be.
The developed software does this by minimizing the sum of the squared de-
viation of the actual ratio from the desired ratio for all years in the planning
period.

The results presented in this study are generally quite problem specific,
dealing with the particular problem of allocating a budget between purchases
of alrcraft and purchases of ships so as to hold the force mix constant. If
one is seeking answers to such questions or if one is interested in studying
the interactions of the model's inputs or their effect on force levels, the
model and solution method presented in this paper should serve as a useful tool.
If, on the other hand, one is looking for a methodology for solving other, sim-
ilar, allocation problems, the approach presénted here may be useful as a guide,
because of its simplicity.

Throughout this study, it was felt that one prime objective in the develop-
ment of the foregoing model was that the model should remain as uncomplicated
as possible while still yielding a correct solution. This, to a large extent,
was accomplished.

Likewise, the prime objective of the study: The optimal allocation of a
-budget toward procurement of aircraft and ships in such a way as to keep the

force mix constant, was achieved.
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Appendix I - Some further results

On the following two pages are the results of two runs of the optimal budget
allocation software. The inputs to these runs are the same as for the first
example in section one except that the desired ratio for these runs is 8 for
the first and 5 for the second. These results are presented to further dem-
onstration of the ability of the optimal allocation software to achieve its

objective of keeping the force mix between aircraft and ships at the desired

level.
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Appendix II - FORTRAN code for optimal allocation

Routines listed:

BUDALL - Linkage Routine
ALIOCA - Optimal Allocation Optimization Routine
JACOBI - Computes the Jacobian Matrix of the Problem

JTRANF - Computes iTs (the gradient of the objective function)
COMSTR

Computes the number of aircraft and ships in the fleet at any

year given a particular allocation policy over some planning
period
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SRS A EAEEEASEEE R FEEREEEREE R ERE R R T R R R T LT oy
C * *
(O RIJTIIE SUDALL - IHIS IS X LINXAGE ROUTINEG BETWEERY *
CE DHZ OFTIMAL BYUDGET ALLOCATION ROUTINES AND THZ =g
C o USER'S SGFTHART. *
€ *
SR AESEESLEREEERE S A R L LR R R R R T R R D Lk S S ur VO
z2° SU3330TINZ RUDALL (CURAIR,CURSHI,3UDNCW,CLHYOW,CSNCH,
1 B2UDG1,CAGY,C3G1,BACKA, BACKS, TIME, X, Y,
1 EATCCIH,R)
A5 IVNT=GER 5ACK#(2),5ACKS(5),CURAIR,CURSHI, THAX,TIUE
21 INTZGZIR CURRI,CURRSE,BA,HBS
32 ITAL 2(38)
2R COYION/ALLOC/TITIYE,B(20),CA(30),C8(30),P,2,34(2),R3¢(5),
3 CURRXAI,CURRSH,RAT, TOL
C P AND 2 ZQUAL THF PECPORTICON OF THE FLEET ACTILVE IY YSAR I
C STILL 3CTIVE IN YzAR I+1 (1-PETIDEMENT RATE)
~
34 P=1-¢(
35 0=1~1
c
C THIS I5 THE TCLZRANCT LEVYSL FOR THE CGPITYIZATION ALGORITHM
3¢ TOL=.002%
37 3)DGRW 1+340G1
38 CAGIW=1+C2G1
C3GR4=1+40SG
C .
C LiFCIAMATION FR0M CALLING PROGRAY PUT INTO COMMON STOﬁﬁF"
-
L2 ZURRAI=CURAILE
41 CURESd=CIIRSHT
42 AT=R]ATCOYN
b3 3(1)=BUDHDNW
4g Ci(1)=CANDW
4r Z5{1)=CS¥%04
0
C ST THAY = ¥ OF YTARS OVTR WHICH THE OBJZCTIVE IS MINIMNIZED
us THAX=TIA+2
&
2 TILL IY 2UDGET AwsD C2ST VECTORS FCR ALL YZARS I THE ELAYNING PERIOD
47 07 190 I=2,T%iX
4a 3(I)=EUDGRS*&(I-1)
LG C\(I)=CAGEm'f\(I 1)
) (03 CE(I)=C3GRY*C3(I-1)
31 13%  ZONTINUE
5
C 10Rz PARAMZTZRS rUT INTC COY¥ON
~
52 BA(1)=8ACTY3 (1)
53 2A(2)=RACXA(2)
54 20 270 I=1,5
55 SS(I)‘QRCA~(T)
S€ 277 CONTINUE
57 TETHa=TI¥%S
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APPENDIX II - Continued T-475

CALL OPTINIZATION RQUTINME ALLOCA TO COMXPUTE 92PTIvAL PROPCRTION OF
THZ JJ23ET TC BE ZPENT O AIRCRAFT FOR ZACH YZAR IN THT PLANNING

PFRINJ. THE BESULT TS BZTURNED IN THEZ VECTOK R WHERE THE CETIXAL
PROFORTINN FOB YiaR [ IS RETURNED IN %(I).

JALL ALLOCA (R,TMAY)
RETH & N
IND
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4

AR A EREEEEEEEEERIEFEREESELEEEE AL EEREEIEE EEEE R I T I NI E R R T e R &

e

TF EOQUTINE ALLOC2 - THIS ROUTINE CARBIES OUT THE OJPTIYIZ- =
S ATIJY CF THE PRCPCRTION 27 THZ BUDGET SPBZINT ONWN =
SR *IRCRAFT FRCH YZIiR. FOR DETAILS ON THE THEQCRY &)
TN IEAIND THE ALGORITH® SEE THE ACCOMYPANYING PAPER =
~ - *
& & THZ ARRAYS J(3(,20) 2N¥D JTF(30) RRE USED TO CONTAILN THE »
c THZ JACOBTAN 72TRIX AND GRADIENT (J*F) RESPECTIVELY g
(M *
(S IT SHOULC 3E NOTED THAT THIS RCGUTINZ MAY 22 REPLACELD 3y =
c = JTdZR YON-LINZAR OPTINMIZATION ROUTINES WHILE STILL UTIL-*
€ © IZI3G THZ ROUTINES JACOBI AND JTRANF I'C COM¥PUTE THE &
S GRADIENT CF THT N¥ON-LIYEAR OBJ=CTIVE FUNCTION. LJ
~ - *
: ?***t*ti'?*t’?*!*ﬁ***ii**f***t****'*'*i**!.Q**'fft'tf*'****f*
Ie

[ IRt

5hi SUBRDUTINE ALLCCA (R,THAX)
62 <AL J(35,30),JTF(20),P,Q,T4C,R(32),21(30),52(30)
£3 INTEGZR EACYXa,2ACKS,TMAX,CURAIR,CGRSYI
54 COMMON/ALLOC/ITIYE,B(30),CA(3%) ,CS(30),P,23,BACKRA(2),BACKS(5S)
1 ¢CURATE,CURSHI,RATZON,TCL
52 LOGICAL FLAG
6 INTEGER COUNT
C INITTALIZZ PROPORTION TC .S
67 D2 100 I=1,ITINE
68 R3(I)=C.8
ha x1(I)=C.5
70 R2(I)=0.5 —n
71 12C CONTINOZ
72 INC=.4
7 fLAS=.TRUE.
C LCOP UNTIL THE INCREMENT THAT THF R(I) ARE ADJUSTED BY IS LESS
C THAN [HZ TOLYERAYCEZI (THTN FLAG SET FAL3E)
Tu 200 IF (LNQOT.FLAG) GO TC 1000
75 D2 25C Y¥=1,ITIN¥E
3 R2(N)=21(N)
77 R1(¥)=F(X)
7< 2390 CONTIYCE
~
C <CALL ROUTINES JACCBI AND JTRENF TO COMPUTE THT GFRADIENT
75 CALL JAC02I (J,R,T¥AY)
218 CALL JTRAMF (7, JTF R,ToaX)
31 COUNT=U
C CO¥PUTZ A NEW R VECTIR AND TEST IF SCLOUTION CSCILLATING. TEIS IS
C DONE 2Y TSSTING WHETHER THE ELEMENTS JF THE CURRSNT SOLUTION 2QUAL
& ITHER THZ PRZVICUS SOLUTICN OR THE ONE PRECZDING THAT.
&
2 D3 33C N¥=1,ITINE
5 IF (JTF(N¥).LT.0.0) R(X)=R(N)+IXNC
B IF (JTF(N).GT.C.0) BR(N)=R(M)-IxC
5 IF (P(N).LT.0.0) E(N)=0.
8f F (R(M).GT.1.2) P(N)=1.0
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AES(R(N)=R1(¥))
RS(E(N)-R2(N))

IF1.LT.0.0693001).CR.(DIF2.1T.2.GC2001))
1 COUNT=COUNT+1

iga CONTINOE
1P (CCUNT.EQ.ITIBE) TINC=INC/2
I7 (I4C.LT.TCL) FLAG=,FALS3E.
G0 TC 2060

103G T14UF

cour
BEZTURY
=MD
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126
127
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132
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APPENDIX II - Continued

T-475

LE A LA EESEREEREEEEEEEEEREERESEELERERSE B I I R g R e T T ey

®
Y
*
L 4
Ed
»
*
E 4
*

F3JJTINE JACOBI -~ THIS BRCUTINE CO¥PUTES THE JACORIAN
PTO

MATRIX OF THZ
aNYING PAPER.

BLE® AS DESCRIBED IN

THE AZCO4pP-

TAZ RDUTTIHZ IS PASSED A V=CTOR R CONTAININS THE CURREN

SOLUTION (VECTCR OF CPTIXAL PROPORTIONS

SUBROUTINE JACCBI(J,R,TMAX)
INTZG5ZR 3ACKXA,3ACXS,CURAIZ,CURSHI
INTIGER ALIR(3C),SHIPS(30),THAY
RZAL J(30,3C),E(30)

COdMON/ALLOC/ITIME,B(3C),CA(33),CS(30),P, ,5ACKA(2),8BA

1 yCURAIR,CURSHI, RATCCN,TOL

P T

T*
-+

*

**t*ﬁ**ikti*rtitﬁ*"tti*'**?wtti****rktt****‘&i*w****i*****

CX3(%)

CALL RDQUTIVZ COMSTE T2 DETERNINE THE NUMBER OF AIRCRAFT aND SHIDS
IN THZ FLEET AT 28Y YEAR IN THE PLANNING PERIOD GIVEN THE
SCLUTION

CAiLL COXSTR (AIR,SHIPS,R,TXAX)

Z¥RO OUTl THE J MATRIX

19
29

£2 27 I=1,36
DO 10 ¥=1,30,5
J(I,N)=C.0
J(I ,N+1)=0.%
CJ(T ,N+2)=0.0
J(I N+3)=0.7
J(I, ¥%+4)=0.0
CONTINGE
CONTINUE

COMPUTATION OF THE JACOBIAN YMATRIX ELSNZINTS

800

J(3,1)=8(1)/(CA(1)*SHIPS(3))
J(4,1)=(P"8(1))/(CA(1)*3SUTIPS (1))
J(5,1)=(P*P*B(1))/(CA(1)=SHIP3(5))
J(3,2)=0.7"
J(4,2)=8(2)/(CAR(2)*SHIPS(4))
J(5,2)=(P*3(2))/(CA(2)*SHIPS(5))
J(3,3)=0.¢
J(4,3)=0.0
J(5,3)=8B(3)/(Ca(3)*SHIPS(5))
03 830 I=L,ITIXE
J(3,I)=0.0
J(4,I)=0.0
J(3,I)Y=0,0
CONTINUE
LO 1903 I=6,TMAX
NJM=I-5
DI 3500 K=1,NU¥
A=FLOAT(AIR(I))
S=FLOAT(SHIPS(I))
(=p>x*(I-¥-2)
Y=Q** (I-K-5)
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134
13%
-136
137
138
+ 139
142

161
162
143
144
145
146
147
148
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APPENDIX II - Continued ' T-475
JOI, =S X" B(K)/CA(KI I+ (A Y*B(X)/Z5(K)))/(5*3))

9GO CONTINUE

NU¥N1=I-4

NJH2=1-2

DO 95C K=NOUM1,NDOHU2
JOI,K)=((P**(I-K-2))*B(¥))/(CA(X)*SHIPS(I))

350 CONTINUE
333 CONTINUE
1ERE THZ XATRIX IS SHIFTED SO THAT THYE PARTIAL DERIVATIYE 0F
IHE 3 YZAR®S DEVIATION WITH RESPECT TO THE FIRST YEAR®S PRCE-
PORTION IS FOUND IN J(1,1). THIS AIDS IN THE COMPUTATION QF
JTF(I) THE GRADIEXT NFf THE OBJECTIVL FUNCTION
D0 15300 I=1,2%¢
DI 1250 X=1,32
J(TI,X)=J(I+2,K)
1250 CONTINUE

1530 CONTINUE
2000 CONTINUE

RETURY
YD
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150
155
15¢
157
153
15¢
160
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APPENDIX II - Continued T-475
AR AR EASEEREEEEE RS RS EEE RS L REERERE RS IR LR R e R R
* *
- ROUTLdzZ JTRANE - THIS RCUTINE TAKES THE TRANSPOSE Cf i
& THE J MATRIX COMPUTED 3Y THE ROUTINE JACORI AND *
> PIST-¥ULTIPLIZS IT BY THE VECTOE OF DEYIATION QF &
* THE ACTUAL EATIC FRCM THE DESIRED RATIO GIVEN THE +
g CURIENT SOLUTIOW. THIS YIZLDS THE GRADIE¥T CF THE ~
¥ JF THE OBJECTIVE CTION. *
* *
LR E RS ERBEREEESESEELLNFELEREERERE FE IR R R g e, R E R R R

2593
501¢

1039

SU3ROUTINE JTEANF (J,JTF,R,THMRY)
INTZGER bBACKA,BACXS,CURAIR,CURSHI,THAX

r\l_.\:tj h(30),S(3G)
RIAL J(356,38),JdTF(20)

C1LL ‘CoMs
D0 540 I=
JTF(T)

DO 250 K 1,ITI¥€
A1=FLOAT(A(X+2))
S1=FLOAT(S(K+2))

1 TIHF

RO30)
COdUON/ALLCC/ITIYE,B(30),CA(30),CS5(30),P

+CURATER,CURSHI,RA
P (l‘,s p T‘I}:Y)

TCCH,TOL

r 2 ’BP\(‘KA(z)'

JTE(D)=dTE(I)+(J(K,I)*((A1/S1)~-RATCON))

CONTINIE
CONTITNOE
CONTINUE
ETURY
=30
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LSRR S EEE L ERE LSRR ELEEREREEEEEEER R ETERE B E B I e e O el R R R T L ey

X % A N A %

* % W 4 A A& A 4 N n

(W)

b 4

BOUTINEZ CCOHMSTR - IdIS RCUTINE COXPUTES THE NUYRBER OF b
AIRCRAFT LND c‘{IPS IN THE FTLEIT FOR ANY YSAR IN =

THE PLANNIYG PERICD PLUS TWO YEARS GIVEN THE FOL- *
LOWING IH:DRNRTION' *
CURRZNT XUMBEZR OF AIRCRAYT AND SHIPS =
BACKCEDERS OF AIRCRAFT 1 AND 2 YEARS AGO =
BACKCRDE#S OF SHIPS 1,2,3,4 AND S5 YEAR’RS AGC .

BUDGETS FOR PRCCUREMENT FOR ALL YTARS IN THE »

PLANKING PXZFICD *

AYERAGE UNIT COSTS OF AIRCRAFT AND SHIPS FQOR *

ALT ARS IN THE PLANNING PERIOD *

LA CTOE P CONTRIN TilE PROPORTIOY OF THI EUD- +

GET TD BE SPENT ON AIRCRAFT IN EACH YZAR *

*

LA A LS A S ENFESLERESEEEEEREREEELE R EETI L I I I ENE I PP R PR I Iy PRI S S B

TOR

O

<o
D Q)

-~

[y

SUBROUTINE COMSTR (3X,S,R,TMAY)

INTEGER 3BACKA,BACXS,CURAIR,CURSHI,A(30),S(30),T¥a¥k

RZAL R(372)

COUMON/ALLOC/ITIYE,B(30),CA(33),C35(30),P,0,34CKA(2),BACKS(S)
(CUZAIR,CURSHI ,BATCCYN,TCL

FURTAER INFORMATION CN THREISE COMPUTATIONS SRS ACCOMPANYING PAPER.

A(1)=IFIX((P~CURAIR)+BACKA(2))
S(1)=IFIX((Q*CURSHI)+BACKS(5))
A()=IFIZ((P~A(1))+BACKA(1))
S(2)=IFIx((Q*S(1))+BACXS(4))
S(3)=IFTX((Q*S(2J)+BRACKS(3))
S(W)=IFTX((Q~S(3))+3ACKS(2))
S5(5)=IFIL((Q=S(u))+BACKS(1))
DO 508 I=3,T™:X
ACD) =TFIL({P*A(I-1))+(R(I-2)*B(I=-2)/Cr(I-2)))
CONTINUE
DO 803 I=8,TMAX
S(D=IFTX((L*S(I-D)+((1-F(I-5))=B(I-5)/CS(I-5)))
CINTINUL
CONTINUE
RIcTURN
ZND
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