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I. Introduction

A. Overview

The purpose of this report is to discuss solution methods for several

problems arising in inventory provisioning. Two related types of problems are

considered:

1) optimization of a performance measure subject to a budget

constraint

2) minimization of cost subject to a constraint on performance.

The performance measures considered are Supply Material Availability (SMA),

Mean Supply Response Time (MSRT), and T Pseudo-Availability" (PA). The basic

approach to these problems is dynamic programmiing.

First the problems are forimulated and solved using one recursive

technique. Then a more efficient recursion is presented and discussed in the

context of maximizing MSRT subject to a budget constraint.

These same budget constrained problems are formulated, discussed and

solved using a marginal analysis approach in [21 and [3]. That method,

although fast, does not guarantee that optimal solutions are obtained. This

report provides a method of obtaining optimal solutions and thus provides a

means of evaluating heuristic methods. In addition, this report shows how the

performance constrained budget minimization problems can be solved directly.

By contrast, reference [2) addresses this problem using generalized Lagrange

Multipliers or by solving the budget constrained performance problem

repeatedly for various budget levels.

The second recursion presented here is considerably faster than the first

and it also guarantees an optimal solution in some cases. It Is competitive

in speed with the marginal analysis method for small and medium-sized



problems, but it is inefficient for problems with a large number of items or

large budget values. Its virtue lies in its ability to get exact solutions to

medium-sized problems.

B. Problem Formulations, budget constrained

This report considers three specific budget constrained optimization

problems arising in inventory provisioning. These problems are formulated and

discussed in detail elsewhere [2) and will be stated here without extensive

explanati on.

Following [2] we let

n = the total number of items considered for provisioning

C1 . the unit cost of item I

E = the essentiality code for item type i

A a the demand rate for item I

T = the procurement leadtime for item i

S, = the number of items of type I provided (the decision

variables)

Z (S) = the performance measure for item i when Si units are

stocked

D i (S I ) = Zi(Si+l) - Zi (S i )

pi(x 1 ) = probability that demand for item I Is xi during the

provisioning interval

Pi(x 1 ) - cumulative probability of xi or fewer demands during

a provisioning interval

MTTR1 - mean time to repair or replace item I

MTBF i a mean time between failures - 1A/i

MSRTi(Si) - mean supply response time when Si units are stocked.

2*MEW tj~i]



The three budget constrained problems considered are:

al) maximize Supply Material Availability (SMA), defined as

nn
SMA(Sit. 'Sn) -1 -T 4i (S)/ E A Ti

where

Z I)(si ) - (1 - pi(Si)) + (Si ( 1i Ti)(1 Pi(Si))/i Ti

bl) minimize Mean Supply Response Time (MSRT), defined as

MSRT (S 1 . . ,I ) I E 1  TI Z (2 )(S 1)/ n T

where

Z(2)(S ) (i - P (S ))(T 12 - S /, I  
+ A i T.

+ Pi(S 1 )(-i TI - Si)/2x i •

ci) maximize Pseudo-Availability (PA), defined as

n

PA(S 1 ) - i ) (s1 )

where

Z(3)(S ) MTBF /(MTBF1 + MTTR1 + zZ
2 )(S1 ))

3



In each of the budget constrained problems above the objective is to

be optimized by selection of Si,...,S subject to the constraints

nn

n
C i S i <B , Si >U integer

where B is the specified budget level.

C. Problem Formulations, Performance Constrained

In addition to the three problems just stated, we consider three

related problems in which the cost is to be minimized subject to a constraint

on performance.

n
a2) min I Ci Sii=1

s.t. SMA(SI... Sn ) > SMA

Si 0 integer.

n
b2) min I Ci S i

i=i

s.t. MSRT(Si,... Sn) < MSRT

Si . 0 integer.

n
c2) min I 1 Ci Si

s.t. PA(SIo..Sn) > PA

S, _.0 integer.

4 .



I. Solution Method and Examples

A. Dynamic Programming Approach

The computer program used to solve these problems is [P4, a general

purpose program for performing dynamic programming tabular computations. Here

we will describe the general nature of that program and those elements

required to tailor it for use in the problems considered in this report.

The DP4 program deals with a problem consisting of n related stages

each of which is characterized as shown in figure 1.

d.

i X t(x d.)

r i (Xi ,di )

Figure 1. A single-stage decision problem.

In figure I

X is the "state" variable

d i s the decision variable

r I s the stage return function

t  s the stage transformation function.

In the overall problem consisting of n stages the output state variable from

stage i , namely Xt. 1 , is the input to stage i-1 . Thus, the n stage

problem can be pictured as in figure 2.

dn  dt  d

Xn  n i.. 1------

re  r r Irn r1

figure 2. -stage decision problem.
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The state variable X can easily be understood in the context of

the budget constrained problems as the amount of resource (money) remaining to

be allocated to stages i, i-1,...,i . The stages, of course, correspond to

the items in the inventory problems.

At each stage i a decision di must be made. The decision has two

effects. First, it yields a return ri , the performance measure associated

with the current item. Second, it yields a value of X which serves as

the input to the remainder of the decision process. The decision di must be

made with consideration both for the immediate return ri and the future

state X .1 * The overall problem is to make the series of decisions

d n,...,d, to optimize some function of the Individual stage returns.

In the problem (al), where Si is the decision variable, we can let

the return functions be

n

r1 (Xi, S) El Xi Ti Z1l)(Si)/ . E. AiX Ti i I ni=li"'

and the stage transformation functions be

X -B
n

X i-1 t1 (X1, Si) " X= - C1 S i a 1,...,n.

The overall return function is the sum of the individual return

functions. Namely,

nS14A(SI""'0Sn d r l (x l ' s ) 0
Ii

The object remains to select SI,...,Sn to optimize this return.

6



We let fi(Xi) = the optimal total return from stages i, i-1,...,1

given that we enter stage i with state variable X..

Then we can write the recursive equations for this optimization as

fi(x) - max(ri(Xi, si ) + fi-l(Xi1
Si

s.t. Xi1 = Xi - Ci Si

and 0 < X/C.

and Si = integer

for i =2,...,n

The equation at stage 1 is

f1(Xl) = max rl(X 1, SI )

S1

s.t. 0 < S1 < x1 C1c

and S1 integer .

The program DP4 performs this optimization provided the user supplies

the following subroutines and data.

Requi red subroutines

1. STGRET - this subroutine defines the function r1(XI, di)

2. TRANFM - defines the stage transformation function ti (Xi, di)

3. DLIMIT - defines the range of decision values di which can be

considered for the particular value of XI under

cons i derati on

4. STORE - allows the input of constants to be used in the other

subroutines.

7



Required Data

1. n - the number of stages

2. For each stage i

XLOW - the lowest value of Xi to consider

XHIGH - the highest value of X. to consider

DELX - the increment for Xi

XMODE - tells whether to maximize or minimize

XSTAGE - tells how this stage return relates to lower nurmered stage

returns (sum, product).

The methodology is essentially the same for the performance con-

strained problems. There the return functions r i(X i , di ) = cid i . The

state variable Xi is interpreted as the portion of the performance measure

to be attributed to stages I,...,i . The stage transformation functiens in

problem (a2) and (b2) are

X- - X Zi(S )

In problem (c2) the stage transformation is

X . -- X/Z(3)(Si .

The program DP4 and the subroutines are shown in Appendix A. The

subroutines are written to solve any of the problems (al), (bl), (ci) or (a2),

(b2), (c2). Thus they involve complications not needed for solving just one

of these problems.

B. Examples

Several example problems were solved to Illustrate the approach discussed

here. All of the problems involved n - 10 items and all used the data shown

in table 1.

8



Data

n X Time Cost MTTR E

1 5.0 1.0 1.0 .0137 1.0

2 2.0 1.0 2.u .0274 1.0

3 3.0 1.0 5.U .0137 1.0

4 b.0 1.0 10.0 .0S22 1.0

5 10.0 1.0 20.0 .A274 1.0

6 25.0 1.0 5.0 .0027 1.0

7 1.0 1.U 1.0 .0054 1.0

8 1.0 1.0 100.U .0411 3.u

9 0.5 1.0 50.0 .0082 1.0

10 2.0 1.0 10.0 .1370 3.0

Table 1: Data for Examples

1. The budget constrained problems.

Tables 2, 3, and 4 sunmmarize the solutions for the example problems (al),

(bi), and (ci). These are the budget constrained problems.

I9



I-

B 2 Budget = 300 295 290 285 280

max SMA = .750654 .746466 .741160 .736563 .732964

decision S1 - 4 4 4 4 4.

S2  4 4 4 4 4

S3  4 4 4 4 4

S43 5 b 15 4 5

S5= 2 2 2 2 1

S6 29 28 27 28 29

S7 3 3 .3 3 3

S8  0 0 0 0 0

S9 . 0 0 0 0 0

$1 3 3 3 3 3

Table 2: Solutions to example problem (al)

10



7

B a 300 295 29U 285 280

min MSRT a .0838231 .085962b .0878466 .0900560 .0927486

decision S1 2 2 2 2 2

S2  3 3 3 3 3

S3  3 4 3 3 3

S4 4 4 4 4 4

S5 5 4 4 4 4

S 21 23 23 22 21

S7  2 2 2 2 2

S8  0 0 0 0 0

S9 0 0 0 0 0

iS10 3 3 3_ 3 3

Table 3. Solutions to example problem (bl)

11



8 - 300 295 290 285 280

max PA .0403727 .0387421 .037005 .03b5446 .0341911

decision S1  3 3 3 3 3

S2  4 4 4 4 4

S3  5 4 5 5

S4 b 5 5 5 b

S5  3 3 2 2 2

S6  26 26 26 27 26

S7  4 4 4 4 4

S8  0 0 0 0 0

S9  0 0 0 0 0

So 12 2 3 2 2

Table 4. Solutions to example problem (cl)

2. The performance constrained problems.

The related performance constrained problems were also solved for illus-

tration. For example, the problem (a2) was solved using the data from Table 1

with the restriction that SMA > .732964 . The solution to that problem is the

same as the solution shown in the last column of Table 2 since the value

.732964 is the (largest) value of SMA corresponding to a budget of 280.

12



III. Modifications to Basic Method

A. An Alternative Recursion

An alternative and more efficient approach is available for the budget

constrained problems.

The approach is based on a different recursion from that used in

Section 2 and is very similar to an approach used to solve the "cargo loading

problem". See for example Dreyfus [1].

The cargo loading problem, stated as a maximization, is:

N
max I vjd.

j=1

s.t. cjdj < B
jJJ

dj >0 integer

Although many methods are available for solving this problem, the one of

interest to us is based on the following recursion

f(b) max {v. + f(b-c.))

where f(b) is the optimal total return that can be obtained when a budget

of b is available.

To illustrate this method consider the data in Table 5.

1 1 2 3=N

v 1 4 6 B 10

c 1 3 4
Ii

Table 5. Data for example using alternative recursion

The computation proceeds with increasing values of b until b B is

reached. The process can be viewed as shown In figure 3 where a template

13



representing the available items is placed over the budget value of current

interest. The template points back to previously determined optimal solution.

Each of these previous solution is considered for updating by including one

more item of the type inducted by the template. The updated solutions are

compared and the best selected as the solution for the current value of b

The illustration shows the template at the budget value of 7. The optimal

solutions for b -0,1,...,6 have already been computed. The comparison at

B - 7 is among the solution at 6 with an additional item 1 for a total return

of 9, the solution at 4 with an additional item of type 2 for a total return

of 10, and the solution at 3 with an additional item of type 3 for a return

of 10. Either of the last two is chosen and recorded as an optimal solution

at 7.

b =O 1 2 3 4 5 6 7 8 9 10

dj(b) =0 1 2 0 0 1 2* 0
d 2(b) =0 0 0 1 0 0 0 1 *an alternative optimal
d 3(b) -0 0 0 0 1 1 1 1 solutionat b=6 is

d1= 0 d 2 = 2 d3 = 0

f(B) -0 1 2 4 6 7 8 10

Figure 3: Illustration of solution method using the alternative recursion.

A very simple modification of this procedure can be used to solve the

problems of the type discussed in this report. We consider

n
max I r(dj)

5.t. 1 j d<8



where the return functions r.(d.) are concave. The procedure below is not

guaranteed to give the optimal solution for all r.(d.) but is guaranteed

if the r.(d.) are points on a concave function.

In this case we will represent the return functions r.(d.) as the

sum of the marginal values of additional items of type j

d
r.(d) - + I m.(i)

Thus r.(2) = m.(0) + m.(1) + m.(2) . These marginal values form a

sequence with the properties that

m.(i) > 0

and

m.(i) > mj(k) i < k

The same algorithm as before was applied with the modification that the value

term vj , which was formerly constant, is replaced by m.(i) for the

appropriate value of i . The program which implements this algorithm was

called RECUR.

It should be noted that the discussion above treats the constraint as

an inequality, but the function f(b) in this section is computed for the

constraint

N
ji, cxj a b

For this reason we may have in a maximization problem

f(bl ) > f(b2 )

15



although b1 < b2 . That is, if we require the equality to be met exactly,

it is not necessarily true that a larger budget is better. The program prints

the values of f(b) for several values of b so the optimal value of b < B

can be found visually.

B. Minimum Orders

1) RECMOD

A modification was made to the program RECUR to permit the user

to specify minimum packaging quantities of each item. That is, item i is

assumed to be packaged with qi items per package. The provisioning can

select only whole packages of each item. This modification resulted in the

program RECMOD given in the Appendix.

2) Example

To illustrate the RECMOD program, consider the example problem

(a2) solved previously. The optimal solution for budget 8 300 is repeated

in Table 2 for the case in which all qi a 1

n 1 2 3 4 5 6 7 8 9 10 Objective 1

di 2 3 3 4 5 21 2 0 0 3 .0838231

q 2 1 1 5 1 1 1 3 1 1

di  2 3 3 5 4 23 2 0 0 3 .0847410

Table 6. Solution to Example using RECMOD.

The optimal solution is also shown for a modified problem in which not all qi

are equal to 1

16



C. Discussion

The modified recursion just discussed has been implemented for the prob-

lem (a2) which is to minimize MSRT subject to a budget constraint. The method

can also be applied to the other budget constrained problem, but this has not

yet been done. All that is required is to modify the program to compute SMA

or PA instead of t4SRT and to maximize instead of minimize.

There is a difficulty in extending this method to problems in which the

item costs are arbitrary values. The method is very effective when the costs

are all integer and can be scaled so that the smallest cost is 1 . If

arbitrary costs are allowed, the algorithm can become ineffective for all

except small values of B . Consider for example the costs of $1.00, $1.21,

$1.27 for three items. Let the budget be $2b.U0. The problem could be solved

by scaling the costs to be 100, 120, and 125 and the budget to be 2b00, but

then too many values of b must be considered when many of them are.not pos-

sible. Alternatively the algorithm can step to the "next possible value" and

will consider the folowing sequence of values

b - 100, 121, 127, 200, 221, 227, 242, 248, 254, 300, 321, 327,...

As the process continues, depending on the relative values of the costs, the

sequence becomes more dense and may eventually include all possible values of

b . This is ineffective and cumbersome for large values of B.

It is also not possible to apply the modified recursion for the perform-

ance constrained problems. On the other hand, the budget constrained problems

are solved very rapidly and the relationship between cost and performance can

easily be determined from solving the budget constrained problem using the

first recursion. In fact, if MSRT is minimized for a budget of B , the

solution is actually obtained for all values of b up to and including B

Those results reveal the relationship between performance and budget.

17



APPENDIX-PROGRAM LISTINGS

FILE: DPFILE EXE: Al NAVAL POST3RADJATE SCHOOL

FILEDEF 07 DISK (PERM
FILEDEF 08 DISK RUSSIO DATA (PERM
FILEDEF 06 TERM (LAECL 133 RECFM F8 P-;M
FILEDEF 02 DISK (PERI

FILE: FILE FTO7FOOl Al NAVAL POST;RADUATE SCHOOL

10 NEW
1 10 0. 300o 1, MIN SUM 2

300. 300.
10 CLD

295 295.
10 OLD

290. 2 906
10 OLD

285. 285.
10 OLD

260. 280.
10 CLO

275o 275.

FILE: RUSSIO DATA Al NAVAL POSTGRADUATE SCHOOL

2 0

3. 5. 1. .0 37
5o 10. 1. 0220 o02 74

15.1:0027

FOREN LITHE LAT TW OR LIEMSDBPLCDFIS TEDO H

18
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FIL!: DP4 FORTRAN AL NAVAL POSroRAOJATE SCHOOL

OATA DESCRIPTION FOR CARD WME 1

COLJNgNS JdSTZFY VARJBLE " IANIN.;

. I S •COL , llA~t •TE N~BEROF STASES IN TrHE PROBLEM

SO•C3L I0 a 14TAP E • L;ICAL TAPE NO OF THE MA14 TAPE• • •IF TMISS LEFT BLANK, THE COMPUTER

4WILL UIE-TANDARD SCRATCH TAPE 3
- COtS • OLD IF TIE OPTIMAL DECISION

* * FUNCTIONS HAVE ALREADY 8EEN
* * . CALCJLATE3 AND ARE LOADED

C . . *ON LOGICAL TAPE ATAPE

C • . • NEW IF TJE OPTIMAL DECISION
C , FUNCTIONS MUST BE
C • . CALCJLATED AND STORED ON
C • . LOGICAL TAPE 4TAPE BEFORE

* SOLVI.G TIE PROBLEM
C ---------
C
C
C
C DATA DESCRIOTION FOR THE NEXT GIOUP 2F CARDS

IF OLVE a NEW ON CARD NUMBER I, TH:N EACH OF TIlE NMAX STAGES
cC MUST BE DEC4 IBED BY THE CARL3S DISCUSSED BELOWe YOU CAN USE I CARD
C PER STAGE OR YOU CAN MAKE I CARD DESCRIBE MA1LY ADJACENT STAGES IF
C THEY ARE SIMILAR* THE STAGES MUST BE DESCRIBED 14 NUMERICAL ORDER
C STARTING WITI STAE 1 ;ESTATA THIN lagE THEN NMAXI
C TIT THIS PACK OF CARD lH CH DE$CRIBE HE 9T IF SOLVE = OLD

C COLUMNS :JUSTIFY *VARIBLE e VIE&NIN-S
c : NAME a

C I - 5 C3L 5 NSTAGE e L3dEST NUMBERED STAGE FOR WHICH
C TIS CARD APPLIES

C 6- 10 COL 10 .DITTO : HIGHEST NUMBERED STAGE FOR WHICH
C . T-I1S CARD APPLIES. IF THESE COLUMNS
C . . ARE LEFT BLANK, THEN NOITTO WILL BE
C . . . T%(EN AS EQUAL TO 4STAGE
C -- - -- O o 0 0 0 0 ~ 0~

11 - 20;; ANY • KLOW : L3EST VALUE OF X~4 FOR STAGE NSTAGE

CC 21 - 30 : A IY * KNIGH * HI;HEST VALUE OF XM FOR STAGE NSTAGE
C .00 i000000.OOooo~ ean .-- --- --- oo OOO - - - - - - -000e0id im S oncl nm e

C 31 - 40 • ANY * OELX .* IREENT IN XN FOR STAGE NSTAGE

C 41- 46: C0L 46 * XMODE . • MI IF STAGE NSTAGE IS TO BE
C . * , MINIMIZED

C . . . a 4AX IF STAGE 14STAGE IS TO BE
MAXIMI ZED

C 47 - 52 :-CALN52-: XSTAG ... SUM IF THE COMPOSITION
OPERATOR BETWEEN STAGES
NSAGE AD NSTAGE-1 IS

C . • : ADDITION

C . * . - MULT IF THE COMPOSITION
. . OPERATOR SETWEEN STAGS
S. . NSTAGE A3 NSTAGE-1I

C . , , MULTIPLICATION

C . , ,,INMAX IF THE COMPOS ITON
C . . OPERATOR BETW EEN STAGES
C . . NSTAGE AD NSTAGE-1 IS TO

fMIES•MI ZE THE MAXIMUM
C * * . INDVIDUAL STAGE RETURN

19



FILE: DP4 FORTRAN Al NAVAL POStRADUATE SCHOOL

C
C 01XMI. IF THE C34POSITION
C OPERATOR BETWEEN STAES
C * , NSTAGE A40 NSTAGE-1 IS TO
C M * MAXIIIZE THE MINIMUM
C • INDIVIDUAL STAGE RETURN

C " THIS VARIABLE IS NOT USED
C * * WHEN NSTAGE=1, THEREFORE
C * COLUMNS 47 TO 52 ARE
C * IGNORED WHEN NSTAGE=l AND
C * MAY BE LEFT BLANK
C • HOWEVER IF NOITTO IS
C * • * GREATER THAN 1, THEN XSTAGE
C M * * MUST BE SPECIFIED IN
C * * ACCORDANCE WITH THE
C * * COMPOSITO'4 OPERATOR FOR THE
C * REST OF STAGES DESCRIBED ON
C THIS CARD

5 -5 :- '--- CD--,L....55...........E... * = IF THE FIBONACCI SEARCH IS

C • * TO BE USED

C * 2 IF THE FIBONACCI SEARCH IS
C - - - NOT TO BE USED
c --- ---- -

C
C
C
C DATA DESCRIPTION OF LAST CARD F3k PROBLEM
C THE OPTIMUM DECISIONS ARE TO BE PRINTED OUT FOR A PROCESS WITH
C NMAX STAGESt FURTHER, FN(Xh) IS TO BE OPTIMIZED WITH RESPECT TO XN
C WHEN THE PROGRAM COMPLETES THE 1EQUESTED PRINTOUT IT WILL. RETURN
C TO THE BEGINNING AND START A NE4 PROBLEM IF THERE IS DATAt IF NO
C DATA, IT WILL EXIT

C COLUMNS JUSTIFY : VARIWLE M MEANING
C e NAME
C - -a ----------- - a -

C 1 - 15 o ANY e XNI o AT STA$E NMAX, OPTIMIZE FN(XN FCR
C • o X4 NOT LESS THAN X4I
C =========================================-- 1-ll l - --

C 16- 30 : ANY : XN2 o AT STAGE NMAXv OPTIMIZE FN(XN) FCR
C o • XJ NOT GREATER THAN XN2
C ---------- - - -

C
C

E DESCRIPTION OF THE SUBROUTINE flAANFM
c THE MAIN PROIRAM TRAN NJTS XN O*t AND NUMBER (THE SEQUENCE 4UMBER
c Of THE PROBLM TO TH UBROU AND THE SUBROUTINE CALCULATES
C YN (THE OUTPJT OF THE STAGE IeE. YN=XN-1)
C
C
C
C DESCRIPTION OF THE SUBROUTINE STIRET
CC THE MAIN PROGRAM TRANSMIT S XNt,4DYN, AND NUMBER TO THE SUBROUTINE,
C AND THE SUBR3UTINE CALCULATES R4 (THE STAGE RETJRNJ
C

C DESCRIPTION OF SUBROUTINE STORE
C THE MAIN PROGRAM CALLS THE SUBROJTINE RIGHT AFTER READING THE
C FIR T ATA ARD AND 0EFINING NU43ERg THE PURPOSE OF THIS

S UBROUTINEIS TO ALLOW THE STORI4G OF CONSTANTS IN COMMON STORAGE
OR THE POSSBLE EOF SUBROUTINES STGRET AND TRANFM

DATA WHICH WILL BE READ FROA DATA CARDS AT OBJECT TIME BY
THE SUIROUTINE STORE MUST BE INERTED BETWEEN THE FIRST DATA CARD
AND THE GROUP OF CARDS WHIH DESCRIBE THE INDiVIDUAL TAGESC

C

20
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C
C DESCRIPTION 3F SUBROJTINE OLIIIIT

C THE MAJINSPRO3R J MI~S N AND NUMBER TO THE SUBROUTIN4E,
C AND THE US UTT CAOLT LW HIGH, AN~ DELD
C WHER E OLOW -LOWEST VALUE OF ON FOR THAT PART 1CJLAR VALUE OF N AND

C 4
C D)'IGH HIGHEST VALUE OF 0~4 FOR THAT PARTICULAR VALUE OF N
C ANDX

C DELO IN2 REME4T IN ON FOI THAT PARTICULAR VALUE OF N ANC, XN
CIF ANY OF THESE VARIBLES DO NOT :MANGE THEY CA!4 BE SET IN

C SUBROUTINE STORE AND NOT MEN'TIONED 1>4 lUBROUTINE iOLIMIT
C
C
C IF ANYJ8~~N ' ETS UFlF TO - Tj8N THE PRO3RAMDIGNORES THE

VAL U NOTE NG RCES ED AT ireAT 4 MENTt AND IGNORES ALL LARGER
c VALUES OF DN F3R THAT PARTICULAA VALUE OF XN AT THAT PARTICULAR

C STAGE--THIS FEATURE IS DISABLED siHEN USING THE FIBONACCI SEARCH
C
C
C
C THIS PROGRAM USES TAPES 3 AND 4 FOR SCRATCH
C NSS2 ZERO FOR ENTIRE PROBLEM SOI.OING AND OUTPUT
C NSSZ NON-ZERO FOR OUTPUT FROM PREVIOJS PROBLEM

DIMENSION FN(1000l),FNM1(102011)0NFXN(100011
REAL * 8 H0L414/1 JINI/t rOLOL3/4 OLD#/
REAL * 8 XMODE9 XSTAGE, SOLVE
R EAL * 8 TAB(41
O0MMONXt8  YN tXHIGH)ELX9 DLOWaDHI GHDOELD9 NUMBER

COMMON AB lDE lUE~fjKU lKOE
EQVIVALENC& lFN4(IiFNM1,3LtQN FXi4(155
WRITE(6910001 HOLMIN, HOLOLD, (TA84119 1-1,4)

1000 FORMAT(1Xt 6461
MAXU 10001
I NTA PE 7

CAULLu AR OC.O,O.O,-1.0O.3,D~tN3ESTBEST?
N PAGE=0
NUMB ER=0

240 READ (INTAPE 03 tEND2000) INMAXt4TAPE, SOLVE
100 FOP1AT(215,A5)

MTAP = MTAPE
NDIT TO=O

I 4TAPE-41 405,P501,405
501 NCA * 17

GO 7
405 IF(W'TAPE1 322,322,172

1 2 NTAPEZMTAPE
REWIND MTAPE
NUMB ERwNUMBER+ I

C CALL STORE WAS MOVED FROM HIERE
IFJ OD VE-HOLOLDI 301,302,301

NPAGENPAfE*1WRIT (NOUTPE'2 NPAGE
152 FORM AT( 46H11OWX4PAGEI 41

WRITE(N UTPE f303IMNTAPE
*303 FORMAT (58M THE TABLES F FN(XNI AND DN(XNI WHICH ARE ON LOGICAL T

1APEl 5 5 WILL BE USED ?0 SOLVE THIS PROBLEI 4
0 EA(MIAPE NMAX

GOT 304
*301 N SsO

NPEmN AE+l
WR ITJ NOUTPE ,15) NPA GE
WRIT NOUTPE 30 1) MTAP

305 FORMAT (89H THE COMPUTER 15 TO CALCULATE TABLES OF FN(XNI AND DN(XN
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14W AND STORE TPIEM ON LOGICAL TAPEI51REWIND NCALC
500 WRITE(PTAPEI NMAX
304 WRITE(NOUTPf93061 NMAX
306 FORMAT(16H THE PROBLEM HASI59TH STAGES)
314 IF(NSS2) 197.1099197
109 LINES - 6

WRITE(NOUTPE,20061 NMAXt MTAP, S3LVE
2006 FOR.4AT(/// I DATA CARD It 217, A7)
121 DO 123 Nu1,NMAX

NJ1 N-1~V 121 13 12

241 EFNTA-N 241 NS.A NDITTOJ(LOWEXHIGHtDELXtX 4ODEXSTAGENODES
124 FORMAT(2I593E1O. 6,2A6t I31

WRITE(NOUTPEt 20071 NSTAGE, NOITT3, XLOWt XHIGH, DELX, XMODE,
1 XSTAGE sMODES

2007 FORMAT(/I/ I DATA CARD I 215v 2X9 3F10*69 2A69 131
IF(LINES-41) 30,30931

31 NPAGEmNPAGE+I
WRITE(NOUTPE,1521 NPAGE
LINES-I

30 LINES - LINES + 9
I TOP-( XHIGH-XLOWI/DELX 1 *001
IF(MODES--) 600,6019600

600 MODE S--I
601 IF(NSTAGE-N) 125,245,125
125 WRITE(NOUTPE, 127)
127 FORMAT(23HIDATA CARD OUT OF ORDER)

GO TO 2003
245 IF(NSTAGE-NDITTOI 246 126 126
246 WRITE(NOUTPE,247) NiNSTAG NDITT3
247 FOR'AT(///46H THE DESCRIPTION W-ICH APPEARS BELid FOR STAGE,15917H

1 APPLIES TO STAGE,15,11H THRU STAGE,15,IOH INCLUSIVE)
LINE SLINES 4
XXMODE a XMODE - HOLMIN
WRITE16i1001) XSMODE

1001 FORMAT( X, A61
126 IF(XMODE-HOLINII 23092319230
231 XMODE=1.0

WRITE(NOUTPE,2321 N
232 FOR4AT(//6H STAGE15BISH IS A MINIMIZATION)

GO TO 520
230 XMODE-1.0

WRITE(NOUTPE2341 N
34 FOR4AT(//6H STAGEI5,18H IS A MAX(IMIZATION,

H D 129 In14
IF(XSTAGE-TAB(I)) 129,130,129

129 CONTINUE
521 NNFLAG=5

GO TO 502

50 I-( TP.MAXI 316, 316, 112
316 WRITE NOUTPE,110; XLOWXHIGH,DELX
110 FORMAT(63H THE STATE VARIBLE IS BEING TREATED AS DISCRETE, GOING F

IROM XN'E14.5t7H TO XN=E4.5,3H IN STEPS OF E14.51
IF(MODESO 318318321js W RIT EINOUTPE#510 1

O1 FORMAT(41H T3TAL ENUMERATION IS JSED FOR THIS STAGE)
GO TO 320

HI WRITE(NOUTPEt5111
I FORIAT(40H FIBONACCI SEARCH IS JSED FOR THIS STAGE)

320 GO TO (112t2 , 13 ,I4132),NNFLAG
LI WRITE NOUTPEPI6 NNI N
16 FRMAT 4  COMPOSITION OPERATOR BETWEEN STAGESI64H ANDI612H1lS ADDITONO

GO TO 132
12 WRITE(NOUTPE917) NMI N
TTITION OPERATOR BETWEEN STA$ESI694H ANDI6t,1HIl MULIICAT IIO OPE

GO TO 132
13 WRITE NOUTPW,1B8 NNI N
18 FORMAT(40H TI4 COMPOSITION OPERATOR BETWEEN STAGES16,4H ANDI6 34H

22
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IIS TO MAXIMIZE THE MINIM4UM RETLR41
GO TO 132

14 WRITE(NOUTPE,191 NMI N
19 FORMAT(40H T HE COMPOlITION OPERATOR BETWEEN STA3ESI694M AND16i34H

115 TO MINIMIZE THE MAXIMUM RETUq!dI
132 DO 13 6,1u1,T OP
134 SEST-1 0 +35*XMODE

XMI-l
XN=X LOW+X*OELX
NUFFSI
CALL OLIMIT
J F(MOO ESlC602,602,603603 ALL SEARCH(D OW, DH GH9DELOXMO)EDNB EST,9BEST I
GO TO 400

602 KTOP*( CHIGH-3LOW) /DEL D+1.O001
223 DO L37 Ju1,KTOP

XJi-1
DNuD LOW+X*DELD

C JUMP MAY BE SET TO 1 IN TRANFI4 TO INDICATE AN 14FEASIBLE XN-1
C ULL TRANFM

CALL STGRET
C XI40E-I FOR 414v4 -1 FOR MAX
C IF4JUMPoEQ.lRN%999999*XMO0E

IF(NUFFI 400 401 401
401 IF(N-11 504304,HO3
504 QN-RN

GO TO 143
503 K;(YN-VL OW)/DELY1001

I (K) 2 222129209
212 ORITEINOUTPE,2i01 N XP4 NAY-4
210 FORMAT (///9H AT -T I s9H OITH KNOEl5.8,8H AND DN=EI5o8,12H XN-1

I EQUALS E16*8ip21H AND IS 5UT 3F LI4ITS///)
GO TO 2003

.209 IF(K-JTOPI 205t2069212
206 RNM=FNM(JT3)

.GO TO 207
205 X-K-1

X=YL 0W+X*DELY
RNM=FNM(K).(FNM~tK4+1-FNM(KjiS(YN-XI/DELY

207 GO TO (2l,2lt2324248,NNFLAG
1 48 WRITE INOUTP 2491
49 FORM4AT(43H1t)MPOOIION OPERATOR 40T DEFINED FOR STAGE,151

GO TO 2003
21 QN=RNeRNMI

%OTO 343
22 N NRN* NMI1

23 I~RN- NMI) 141,141,142
141 QNsRN

GO TO 243
142 Q NORNM1

0 TO 143
24 IFERN-RNMV14 '5#145,146

145 QNRNM1
GOTO 143

146 QNRN
143 1(jQN-BESTl*XMOOEl 144t137w137

137ON U
400 WRITf~(NCALCI BESToONBIEST
136 C ONT INUE

REW I!D tCL
GWRIT (NTAEij XLoWpXIIGHtDELXtITJP9XMODE
00 404 19 ToP

404 RJDNCAHI DUMtDNOFXN(I)

wRI INAP (ONOFXN( II llaITOP)

402 ft A INC NiI471 DUM
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V LOWuX LOW
YHIGH*XHIGH
DELY=DELX
J TOP- ITOP123 CONTINLJE
WRITE(NTAPE) IFN(II),IIa1,ITOPl

161 END FILE MTAPE
197 REWIND MTAPE

READIMTAPEJ TbMtAX
NuNMAX
JuN-1
IFU.I 4079407,201

201 DO 522 Iml
READ (?TAPElJ

522 REAO(MTAPE)
407 R1 AD(MTAPEI XLOWvXHIGHipDELXqITOPtXMODE

R EAO(MTAP El (FN(I),l-1tITOP)
BACKSPACE MTAPE
BACKSPACE MTAPE
READ(INTAPE*162) XNlXN2

162 FORMAT42E15*81
NP AGE-NPAGE41
WRITE (NOUTPE 91521 NPAGE
WRITE(NOUTPE#20081 XNI, XN2

2008 FOR.'IAT(/// 0 DATA CAOD 8, 2F20.B 1/
IF(XMOOEl 323 ,323 ,324

3 FO M (9H H4 R&ONLE N IS TO MINIMIZE A16914I STAGE PROCESS)
GO TO 327

323 WRITE (NOUTPE# 3261 N
326 FORMAT(29H T., E PROBLEM IS TO MAXIMIZE A16914H STAGE PROCESS)
327 WRIT E(NOUTPE9 3281 XN19XN2
328 FORMAT (42H XN IS TO BE CHG&SEN 3PTIN4ALLY BETWEE4 XN41PE14*5t8H AN

1D XN-1PE14.51
171 IF (XLaW-XN1I 175 175 176
176 WR ITE(NOUTPE9 771 XLbW ,XHIGH
177 FORMAT(47HOTHi PROGRAM ONLY HAS INFORMATION ON XN BETWEENE1608f4H

1ANDE 16.8)
GO TO 240

175 IF(XN2-XHIGH) 181 381 176
181 I F(XNI-XN2) 1786 8931 6
178 IXla(XNI-XLOgdI/DLX4J 9001

D0 182 J-IX1 I X2
IF(IFNIJ 3-BEET)*XMODE) 183,182,182

183 BESTaFNIJl
4 SAV J-J182 GONT NE
X=JSAVE-1

XN~x W+X* DELX
W8 FRT41 H4MA XNB T 64ih~ OPTIMAL RETURNaIPEl4e51

186 ENDNOFXNIJSAVE)
A RL RAN 14

204 WRTIE(NOUTPE1881
188 FORMAM(H0 NI 8X2H XN 8 X2HDN1 X 43XN -11

N N
203 WRITE(NOUTPE,1891 NXNDNYN
189 FORMAT( 17,P3E20* 51

NNaNN+1
NsN-1
I F(N-11 244,193,9193

244 80TOZ40
193 0 4061-

406T 10P :LXFI ITOP XMODE
READINTAP11 (DNWOM~It IlS, I~11 73; I
Lm(YNXLOWIIDELX+1. a 1
IFUL 2149214,215

24



FILE: OP4 FORTRAN Al NAVAL POSTGRADUATE SCHOOL

214 Lul
219 NPI=N+1

WRITE(NOUTPE,2101 NP1,XNvONYN
NNTNNe?

215 IF(L-ITOP) 218,216,217
216 DNaONOFXN(L)

XNOY N
GO TO 196

217 L=ITOP
GO TO 219

2J8 XNmYN
1 14 X:- wuL o~X-XLZ6WeX*OELX

ONiDNOFXN(L).(DNOFXN(L 1I-DNOFX*4(L))*IXN-X)/DELX
196 CALL TRANFM

IF(e/N-5O1 203,203,220
220 NPAGEUNPAGE+1

WRIT (NOUTPE,152) NPAGE
GO TO 204

112 WRITEfNUTPE, 113 1 ?AXITOP
113 FORMAT (2H THIS PROGRAM LIMITS THtE NUMBER OF DISCRETE STEPS OF THE

1STATE VARIBLE T016t26H AND THIS PROBLEM REQUIRESi6)
2002 FORMAT('T1' ERROR HALT')
2003 WRITE(6, 2 )02

STOP
2000 WRITE(6,2001)
2001 FORMAT( 19,1 END OF DATA FILE')

STOP
END

CSEARCH DIS:RETE FIBONACCI SEAiRH SUBROUT14E
SUBROUTINE SEARCH (AA9 BB# DELYYt XX40DEP YYBESTP BEST I
DIMENSION FIISO)

C
C OPTIMIZE WITH RESPECT TO Y BETWEEN AA AND 88 IN STEPS OF DELYY
C STORE OPTIMU4 Y IN YYBEST A40 TIE OPTIMUM VALUE OF THE OBJECTIVE
C FUNCTION IN BEST

XXMDE- FOR MAXIMIZE
C XXMODEu1 FOR MINIMIZE

SJRTINE ST BE INITIALIZED BY CALLING IT WITHf DELYYa-I.0 AT
L ONC B ORE IT IS USED FOR A SEARCHDELY =DELYY
AsAA
B=BB
X MOD Em XXMODE
IFIDELY 100,100,101

100 fill-=o

10 -21+1.0
IF(IILeE+31 '122

2 IlatftETU RN
1 CONTINUEI I 50

It ETU RN
101 YHI8B

YLON A
FNOu (YH-LOI /DELY I, 0

5 IMINZE #N1I6 61,5
T F I 8HIfERROR TOO MANY POINTS TO BE SEARCHE31

WR1 4 ~j ERR6 HALT's
WRS E691062)6gS JTF
IF(;- 12 4.1 t4

• 0 Y T N DL Y YL
CAL c 1G'. ±L. UNCTN!¥1,GY ~)
Y2F I N-)*D LY+YL
CALL FUNCTN IY2tGY21

16 N'N"L
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103 IF(GY2-GY1)*Xt46DE) 19919P20
19 YLOaY1*DELY

GY , GY2
Y M (N-1 I *ELY+YLO0
I F(Y2-81 104,t104& 105

105 GY2w 1*e E435*X MOO
GO TO 16

104 CALL FUNCTN(YZGY2)
GO TO16

20 YHI*Y2-DELY

GYZSGYl
IFHN-21 34#34t35

34 F N142O00
GO TO 36

35 FNMZ=F(N-21
36 YI=FNM2*DELY4YLO

CALL FUNCTN(Y1,GY1)
GO TO 16

102 IF((GY2-GY1)*XM4ODE) 1109111.111
110 YYBESTaY2

BEST=GVZ
RETURN

I1I1I .YYBES!ThYl
BESTGYI
RETURN

41 YlwA
CALL FUNCTNfYlpGY1)

CAL FNCTN(YZ ,GYZ)

42 YI'A
CALL. FUNCTN(Y1,GY15
GO TO 1II
ENO

CFUNCTN
SUSROUTINE FJNCTNIYPGY)
DIMENSION FNI100019F4M1(100011,0N0FXN(100011
REAL * 8 TAB(41
COMMON /CON/TAB
0M XNN NYiRSLgXIGHvOEXLXD HGIIDELDNUt4BER
EMM ON XN6 Y H ,DELY NU F PFNtt 9FLA vN4AX, XLAM

COMMON AB,8 , D EPIUMELT KDE
EQUIVALENCI IFN( i 9FNMI 11DNOFXN(1I
NOUT P5.8

C JUMP MAY BE SET TO 1 IN TRANFM TO INDICATE AN INFEASIBLE XN-,
C JUMPs0

CALL TRANFM
C AbL SIGRET

C X" E-1 OR MIN, -1 FOR MAX
C IF(JUMPoEQ.1IIM R~9999*XMODE

IFIN-1 4 6 9 4 6 94 01
401 K NVOWI/DELYt19O01

IF K I 212f 212 209
J10 W ~TPENN1~ DNXNiON, YN
FR"A H/ AT& HE a9KTM TM.15*8,8K AND DNnE15*8#12H XN-1

15 UALj 6821K AND I UT O0 LI4T/S
2002 F RNA~ i'1' RROR HALTO I
2003 WRITE( NOUThE, 20029

109 ? FK-iTOP W 26l.
Z06 RNI& N iS''
205x

XSYLOW+X*jELY
207 G TO (2 MI(K41 -PNtL(Kti*(YN-XS/OELV

21 Qt~hRN4tI1~I3 , A
GO TO 137
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22 QN=RN*RNI4N
o OTO J37

23 F(RN- NMI) 141,141,142
141 SOaRN

GO TO 137

145 Q=RN1

GO TO 137
146 QN-RN
137 GYwQNRETURN

END
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CS TOREayGOTNSOR

, ;j g 4 EO F S T J O E

L* 8 TA 4
COMMON /CON/TAB
COMMON XNNoONiYNiRN* SLOW 1XHIGN, DLXtOLOWioHIG~tDELDtNUNBERCOMMON YLOW ,YNLGH OELYNUFPFNJTPNINFLAGNAxX XLAM
ONO 9 JCD E UMELTiOE K X~f

H DA TAue
R INDATA8081 KODE19KOOE2

808 FORMAT (2131

FOD~ i.E.1) WRITE NTP 11011
IF(KOOEI*EQu I WRITE(NOUTPE .3031

110 FORMAT (301 HE OJjCIV IS OST)
101 FOR,4AT (308 HE OBJECTV IS R4 1
202 FORMAT (308 THE OBJE:TIVE IS MSAT I303 FORM4AT 132H THE 08 ICTIV S IS AVAI LABILITY)

IFIKODE eQ901 WRITE NOUJTPE .9001I FKOE2.Q.,)WRITS( NOU TP10 go i
1F(KODE .EQ Zil WRITE NOUTP9028
F(KO E2*EQ931 WR ITE(NOUTPa93

900 FORMAT '30 CONSTRAINT ONCS901 FORM AT (30HCNTANTO M90 FORM AT 304 I~N TRA NT ON MSRT 1903 FORMAT (304 CONSTRAINT OIN AVAILABILITY I
DO 333 KilNAIAX
READ (IN ATA999) A(KltC(KltE(K)tBlK),o(g()

999 FORMAT ( F10 04)
333COTUNPUT2999)1 A(Kl9B(KlC(KltOIK) ,E(KI

30UME LTO
30 I SUS TSUMELTeE(l L*A(I)*8(I)

RIE( 7651SUNE LI
765 FORMAT( 10. 31

RETURN
END
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CSTGRE T
SUBROUTINE STGRET
D1IME NSION F'd(10001)I FNMI101 It 3 NOFX N 110011)A(l 011 B 13 111C 4101 J
DIMENSION D(1OJ), ( 011)
REAL * 8 TAB(41
COMMO~N /CON/TAB

COMMON XNN YNRNSLOW ,XiIGH,9)ELX, OLOW9OHIGH, DELD, NUMBER
COMMON YLOWtYHf GH DEY NU FF NvJrop9 NFL A.~NMAXqXLAM
COMMON A 8 C 0 E UMELTtKG~c1.KOOE2

QUVALEACEi FA(I.) FNMl(lONOF4II
IF(KCOD ElEQ*0IGO T& 7T X4 1
ION- INT(ON)
AS-A (N)*B(NI
1 SmIDN
TERM. 0.
T EMP-O
IF(IS.LT.O) GO TO 11
T ERM-EXPI -AS)
TEMP-TERM
IF(I %v12?I~ TO 11

0001ilo
TEMP;TEMP*AB/ I
IF(TERM*GEo*99'99 GOJ TO 11

C IF(TEMPoLE..OO01.)I GO TO 11
10 TERM-TER14 +TEMP
11 CDFmTERM
20 CONTINUE

IF(KOOEI*NE*IIGO TO 40
-C FOLWING CHANGED 208
C SMAu(AB*(o ATEIMP01+lDNAB*l-DFl W/AS

RNBE (N)*AB*S4 A/ SUMELT
RETURN

40 TWUS-(1 -COF)*(A8*AB-2e*AB*ION+lIN*(IDN*1JI/42.SA(N))
X+TEM*8Bl*CAB-IDNJ/2e

IF(K DE1.EQ 31GO TO 50
RN=E(NI*fWUif SUMELT
RtETU RN

50 CONTINUE
AM$r TmTWU S/AS
AMTTRU (N)
RNw( AMTBFI(AMTBF+AMTTR.ANSRT9
RETURN

77 RN- (N 1*DN
C IF KOEZ. EQ~l *AND *N*EQJl s ANO.YNe L T *XN I RNw999999

END
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COLIMIT
SUBROUTINE OLIMIT
DIM4ENSION FN(lD0Ol FNM1I1OOOlhDNOFXN(10001),A(1011,8(101IC( 101)
D M~ NSION D(1 I,E(Oil
REAL * 8 TAB(41
COMMON /C ON/TAB
COMMON XNtNtDNtYNRNt SLOW XHIGHOELXDLOW DIIGHDELD, NUMBER
COMMON YLOWtYHIGH DayfNU*FFtT~4FAvM~XA
COMMON AvBtC D E 1UIEL v0r1fO

IF(KOOE2oNE031GO Tb 37
D OW-O
DAGNLM NIIXNlC.N)t 9

37~~I N/TABJS(

00 10-130

IS;ID-
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CTRAWM
SUBROUTINE TRANFM
DIMENSION Fl1 0,iFNMI1O0O1),I)NOFXN(100O11.AI1O1IB(IO1),C4101)

DMNSION 0(.19 0 E1Ol
R EAL * 8 TA8(41
COMMON /CON/TAB
COMMON XN N DN YN tANP SLOWXI4IGh,)3ELX, OLOWaOHIGI4: ELD9 NUMBER

~MN A 8 1 D E, LfiUG FNvJT ?P94NFLA 94M AAXLA

mm mVaLE I FN'I 11,FM1 31, DN&KXN( 11.
'INXN'Cfi,4NEhO )GO iO1w
RE URN

12 1DM' NT(DN)
ARsA N9*B(N)

EMP '0.
EP- (AI(IS*LT*01 GO TO 131

lF(ISeEQeOI GO TO 11T , MPwTERPABN

If MCTEMPA/ 4sGE**99999) GO TO 11
c IF(T MPALE,*i?0001) GO TO 311

T ~wE N *TEP
17 SU TERM-CDF)*IAB*AB-2.*AB*ON13N*(IDN3.i1/(2*sAN.
X*TEMP*8(N)*(AB-IDN)/2*

F KODE2oEQw2) GO TO 50
FPKODE2 0pJlt TO 51
IM I~~+( ON-AB 1*11.-COF If4&8
YN*XN4(N a*AB*5 MA/-SUM ~L

IF(YN*L1.O) YNo0.o

C ItN l.1AND*YN. LT:0OOftN.N..N.NGT3.*4
C IF04.E Q 1AND*YN. GT OISU P I *NDY*,leJ4-
C IF bUM P.EQ.3)YN=Oe

RE TURN
51 AMRTTYWU /AS

AA "T (AITBF+AMTTRAMSRTl
Y NwXN/AV

C AITIMVI

50 Y~wN 1EN)TWVS/SJMELT
I FYN.LE*0*IYN'o.
RETURN
END
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DIMENSION A(20198(201 ,C(20JD(2319E(20JtMINQ(201
D IME NSI ON T(l 1,31)F( 1200 1,DX ( 1),120) ,TN(l10O,311
I NTEGER BUDGET, 88 BBPl1 DX
REAL*8 TIMEvCTIME
INDATA=B
NOUTPE-6
READ (INDATA9888) NMAXvBUOGET

888 FORMAT(215)
READ (INOATA97771 (NINQ(11,I-1,d'AX)

777 FORMAT(20151
00 333 KulNMAX
READ (INDATA,999)1 A(KIC(K)vE(K),B(KID(Kl

999 FORMAT (5F10.4)
C WRITE(NCUTPEp9991 A(K)tB(KIC(KIO(KIE(Ki

333 CONTINUE
TIME-CTIME11 I
SUME LTO.9
DO 30 11,tNMAX

30 SUME LT-SUMELr+E (I )*A( 1 1*8411)

DO 10 I-19NMAX

K=KPl-1
AB-A I I *Bt I
T ERM=EXP( -ABS
TEMP=TERM
IF(K*EQ*O) GO TO 11
DO 14 JI1,K
TEMP=TEMP*AS/Jl

C IT RM.GE..9999991 GO T D11
C IF (TEMP LE..00000011 Go0 11

14 TERM-TERM +TEMP
11 COFaTERM

40 TWUS-fl-CDF*IAB*A-2*AB*KK*(1C+lJ)/(2.*A(II
X+TE'4P*BII M*AB-K) 12.

110 TN(I ,KP1)=E(I )*TWiS/SUMELT
00 70 Kl1,30

70 T(I~l KTN(IK41)-TN(IKI
10 CON INUE

C DO 456 IJK.1,1
C 456 WRXTE(6 5551( TNlK,IJKIKI~1,NMAX)
C 555 FORMAT (0S126.71

DO 80 11,tNMAX
hlM=3OIMINQ(I)00 85 KulvLIM
TMOO.
MMMINQ(I)
DO 90 JalM

90 TMOO.TMqD*T(ILK-11*IINQfl)+J)
T(IKlaTMOD

815 CONT INIJE
Ci ( 11INQ( I* C(I I

s0 C NTINUE

ISBDBUDGET4'1
DO 100 BBP1-1,IBD

TRY=O*
DO ZlOra1,NMAX

A5 ~I).T GO TO 210
tRYT tYt I, I))
GO 2
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FIL E: REC14O0 FORTRAN Al NAVAL POST;RADJIATE SCHOOL

22IF ITRY.GT.X41NI GO TO 210

2) M~IuXMIN

19 S D,,%'~.ORBB-C(I STAR) :LE:01 DXt1.BBPlluO
IF I (!TR~. RBS-j(ISTAR1 LE 01 GO TO 231
OX ~ j. S *lsX?(I,BDP1 IST16RI)

21 mNIIEQl OT 100 xSARa 11m

DX( lSTAR9BBPIamAN(X(ISTARB~pl-r(ISTAR5iIIl
3 Ol

100 CONT NUE
KL0WmfQ-5

C WRITE 6,34561!T31
3456 FORMAT(TIM ' F12*91

~1 1 1 ,11 MAXI

1000 FORIIs) 3.NM
A NSRta 0*~A

KBDN1 uKO)
WR IT (VA2001 ANSRT KSONI,

2000 FORI4AT(3X9I4SRTS It 10.8t BJ3GET- ,17)
11 CONTINUE

RETURN
ENO
FUNCTION CTiMEIII
REAL*8 CTME?ATA I LN&
Ft IF L* NE I GO TO 3.0
IFLa3

SETUN
E NO
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