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PROBLEM DESCRIPTION AND COMPUTATIONAL PROCEDURE

The FORTRAN computer program MOSES implements the aggregate
sea/shore rotation model presented in appendix D. This model is
designed for analysis of any community whose billets and personnel
can be segregated into the four groups shown in figure 1.

These four groups are first—term sea, first—term shore, career
sea, and career shore. The flows of personnel between these groups
are limited to the paths indicated in figure 1. The bottom arrows
represent losses from the career force. The actual number of per—
sonnel moving from one category to another is determined by the
sea/shore rotation pattern to be followed and the continuation be-
havior of first—term and career personnel.

FIRST—TERM FIRST—TERM

SEA SHORE

T j, T2

S CAREER _________ CAREER

SEA SHORE

~~~~~~~~FIG. 1: FLOW DIAGRAM

A balanced system is defined as a steady state structure in
which the number of personnel in the four billet groups, and the
flows between the groups, remain constant over time . In a balanced

• sys tem, accessions rema in the same each year and mann ing leve ls
remain steady because gains equal losses for each billet group .

Eigh t parameters determ ine a balanced system: the number of
bi llets in the four  ca tegor ies T1, T2, ~~~ the first—term
trans it ion ra te, r, the career con ti nu ation ra te , c, and the
sea/shore rotation pattern, a:b. The continuation behavior of
first—term personnel is represented by a single parameter , r, which

1
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is the rat io of the per period flow of personnel into the career
force , to the total number of personnel serving their  f i r s t  tour.
Continuation behavior for the ~~reer categories is represented
represented by an average continuation rate , c, which is the per-
centage of all career personnel retained for one period . The com-
putat ion of this pa rameter , from the more f ami l i a r  leng th of
service continuat ion rates , is presented in appendix A.

For an a: b rotation pattern it is assumed that career person-
nel are assigned to sea duty for a periods and shore duty for b
periods.

A period of sea or shore duty may be one year , six months , or
• even one month. Usually rotation patterns are adjusted in three—

month increments and a quarter is the standard period. Thus a
• three—year sea duty/three—year  shore duty rotation pattern would be

represented as a 12:12 pattern . The cont inuat ion parameters , c and
r , must be consistent with  the period of time selected for a and
b.

Equations have been developed in append ix D depicting the
requirements of a balanced system. If the following two equations
are sati s f ied, the four—category model depicted in figure 1 will
remain in balance:

r(T1 + — ( l — c ) ( S 1 + = o
a / 1—c_\ /1—c \~~ — 0rT 1 + C 

~~1_c a)
5l — 

~~ i_~~ b) 
2 

-

Using substitution and the symmetry between S1 and S2 and
between T1 and T2, these equa tions can be man ipula ted to
produce many balanced systems for various inputs. Two examples of
the quest ions the model now answers are :

1. Given f i r s t — term sea bil lets  CT 1) , career sea bi l lets
C S 1) ,  the f i r s t — t e r m  transi t ion rate C r )  and the career
cont inuat ion rate ( c ) ,  for any desired rotation pattern
( a : b )  how many shore bil lets, both career C S 2 )  and
f i r s t — t e r m  CT 2 ) ,  are requ ired for a balanced sea/shore
rotation system? The equations for this  solution are :

2

::. L i 1 ~~~~~~::~~~



= _cbT1 
+(i_c b)(ic)5

and
r(T + T 2)

2 1—c — 

1

This is structure A in table 1.

2. Given the total number of sea billets (T f S),1the
total number of shore bi l lets (T2 + S2) and tl%e
continuation behaviors (c,r), for each rotation pattern (a:b)
what are the sizes of the individual billet groups T1, T2,
S1 and S2 in a balanced system? The solu tion is:

Let SB = total sea billets (T1 + Sj)• SHB = total shore billets (T2 + S2)

S 

x = 
(l_C a+b)(l_C)

r ( l — c
and

(l—c)(SB + SHB)

r + l — c

then
X(SB — y~ — y~b

T 2 b1—c — X

S2 = SHB — T
2

T
1 

= Y -

and
= T

1
S
1 

— T

This is structure F in table 1.

S
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The computer program MOSES calculates 10 balanced structures
for each rotation pattern (a :b)  specified by the user. Table 1 is •

a list of the inputs and outputs for each of the structures.

TABLE 1

INPUTS/OUTPUTS FOR THE BALANCED STRUCT U RES
COM PUTED BY MOSES

User Balanced systems
inputs A B C D E F G H I J

¶I’1 
a. a. * a. a.

=0 * a. a.

a. a. a. a. a. a.

T1 + T 2 
H

Program
outputs

T * * * * *1

T * * * *2

S * * * a.
1
S2 * * * * •  * * * *

C * *
r * *

a

4
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• The input/ou tpu t list of 10 balanced structures is certa inly
not exhaustive of the possible combinations of inputs and outputs.
For example , in s t ructures  H and I the output variable ~2 coul d
easily change places wi th  Tj, , T2 ,  or S1 in the input list.
Add ing to, alter ing or deleting any of these balanced systems in
the Computer program would requ ire a change or addition of
of approximately 15 lines of code. The program has a subroutine ,
CHECK , which can be used to determine if added or altered
structures are in balance. This aids the user in finding any
errors in calculation or programming .

I
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GEN ERA L DESCRIPTION OF COMPUTER PROGRAM

The program is modular in structure to fac i l i t a t e  changes in
log ic , options , problems , —— input and output. The main routine
MOSES and all subroutines are writ ten in FORTRAN . With minor
modifications the program can be run on any sufficiently large
computer with a FORTRAN compiler. The subroutines are used as
though part of one large program and most of the interchange of
values between the subroutines is done through the use of both
labeled and unlabeled common regions.

MOSES consists of the main routine MOSES and the five subrou-
tines BALAN Z , CHECK, FEASBL , PRINTT, ~~TATE.

MOSES reads in control information and data to start the prob-
lem. MOSES assigns default values to any parameters not specified
by the user and pr ints a summary of the input data , parameters,
tolerances and options to be used. It then invokes BALANZ or
ROTATE or both .

ROTATE writes out heading information and computes 10 balanced
structures for the first sea/shore rotation pattern (a:b). As each
struc ture is compu ted, control is transferred to PRINTT. If the
option has been selected by the user, PRINTI’ will call the sub—
routine FEASBL and FEASBL will determine if this newly computed
billet structure is within the user specified tolerances. Only
feasible balanced systems will be printed out. If FEASBL is not
called, all balanced systems will be printed. ROTATE then computes
10 balanced structures for the next sea/shore rotation pattern with
PRI1~’TT being called for each structure.

BALAN Z computes , for each of the 10 inpu t/outpu t cho ices , a
balanced system for every sea/shore rotation pattern specified by
the user. BALANZ also calls PRINTT.

• Table 2 gives the relationships exis t ing between the routines
mak ing up the MOSES code. Each column of the table corresponds to
a routine/ subroutine in the code that calls other routines or func—
tions . The “s” in the col umn i den t i f i e s  the rout ine or funct ion
that the routine may possibly call. The rows can be used to deter-
mine which routines might possibly call the routine corresponding
to the column. This table should be consulted if any alterations
are made to the computer code .

6
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TABLE 2

THE RELATIONSHIP EXISTING BETWEEN TIlE ROUTINES
MAKI NG UP THE MOSES CODE

MOSES BALAN Z PRINTT ROTATE

Calls

ABS1 * *

BALAN Z *

CHECK * a. *

FEASBL a.

FLOAT1 a.

PRINTT a. *

ROTAT E *

1 This is an intrinsic FORTRAN function .

2 CHECK may be called whenever a new balanced structure is corn—
pleted. The user must insert the statement CALL CHECK in BALANZ ,
PRINTT, or ROTATE.

MOSES

MOSES is the main program routine that initiates the aggregate
sea/shore rotation algorithm: it is not a subroutine . The input of
data, parameters and options is done in MOSES. Default values are
provided for almost all options and parameters although blank cards

• should always be supplied by the user for all READ statements.
Depending upon the input value of the variable ALPHA , MOSES trans
fers control to BALANZ and/or ROTATE for -the actual computation of
the balanced billet structures and continuation rates. BALAN Z and
ROTATE calculate the same balanced structures but group the output
differently.

I

1
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BALAN Z

Subroutine BALANZ calculates the outputs for each set of in—
• puts. The 10 input/output relationships evaluated by MOSES are

shown in table 1. Choosing input combination A, BALAN Z calculates
the correct output for each sea/shore rotation pattern selected by
the user. BALANZ repeats this operation for each input/output
structure A , B, C ... J. -

CHECK

Subroutine CHECK computes the flows into and out of the total
career force (S1 + S2) and the gains and losses of the career
sea force (S1). If the gains equal the losses for each of these
groups the system is in flow balance. CHECK is not at present
called in MOSES. The user must insert the statement CALL CHECK
af ter a balanced sys tem has beem computed in ROTATE , BALAN Z, or
PRINTT. If the user chooses to insert a new routine for computing
an eleventh balanced sys tem, CHECK may be used for detecting
computational or programming errors.

FEASBL

If desired by the user , subroutine FEASBL is called by PRINTT .
FEASBL checks to see that T1, T2 , S1, and S2 are w i t h i n
user specified tolerances. Only the billet structures which are
wi thin these feasible limits are printed out.

PRINTT

Subroutine PRINTT controls the program output. For each
balanced system computed by BALAN Z or ROTATE , the following values
are prin ted: T1, T2, S1, S2, C, R, and the sea/shore
rotation pattern (a:b). In addition, total sea billets, total
shore billets, total first—term billets and total career billets
are printed.

8
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• ROTATE

Subroutine ROTATE computes the same balanced systems as T5A LAfJ Z
but groups them d i f f e r e n t l y .  ROTATE selects the f i r s t  sea/shore

• rotation pattern ( a : b) .  For this rotation pattern , ROTATE
calculates the 10 bi l le t  structures A through J in table 1.
Selecting the next  rotation pattern , ROTAT E calculates A through 3

again .  This procedure continues un t i l  10 bil le t  structures have
been computed for each pattern ( a : b ) .

• 
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USER—SUPPLIED CARDS 
*

The present MOSES code requires that the user provide four
input  cards l is t ing between 7 and 26 variables. These cards

4 
specify the billet structure inputs to be used by MOSES and the
computational strategy to be followed. The user must supply
variables 1 through 7 on input card i. MOSES provides defaul t
values for variables 8 through 26 wh i ch are input on card s 2

-
• through 4; the program will use the default  values for all

variables set to zero.

The names , forma ts, and defau l t  values for these 26 var iables
are listed in table 3. Because the model wil l  run with as few as 7
variables, the READ statements could be removed and DATA statements
used for the in i t i a l  input.

S

I
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TABLE 3
a

INPUT CARDS

INPUT CARD 1

Columns Format Name Meaning
1—10 

- 

FlO.0 ALPHA Option used to determ ine the grouping
of the printed output. With
ALPHA = 0.0, MOSES calls BALAHZ. With
ALPHA = 1.0, MOSES calls ROTATE. With
ALPHA = 2.0, MOSES calls both ROTATE
and BALANZ.

11—20 F10.0 Ti The desired number of first—term sea
- billets.

21—30 FlO.O T2 The desired number of first—term shore
billets .

31—40 F10.0 SI. The desired number of career sea
bille ts.

41—50 FI.0.0 S2 The desired number of career shore
billets.

51—60 FlO.5 C The annual career continuation rate .

6 1—70 F l O . 5  R The annual  f i r s t — t e r m  t r ans i t i on
rate.

INPUT CARD 2

Columns FQrma~ Name Default Meaning
1-~10 F’lO.O T1T2 Tl+T2 The desired number of first—

term billets .

11— 20 Fl0.0 T1S1 Tl+Sl The desired number of sea
billets.

21—30 P10.0 T2S2 T2+S2 The desired number of shore
bil lets.

31—40 P10.0 S1S~ Sl+S2 The desired number of career
billets.

11
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TABLE 3 (continued )

INPUT CARD 3

Columns Format Name Default  Meaning

1—9 P9 .3 A 3.0 Minimum career sea duty tour
• in years .

10—18 F9.3 B 2.0 Minimum career shore duty
tour in years.

19—24 P6.0 PERIOD 4. Number of standard rotation
intervals in one year. If
the standard rotation period
is 3 months , PERI OD = 4.

25—32 F8.5 EPS .0001 Absolute error value used to
calculate a correct career
continuation rate .

33—38 F6 .0 SEATIM (2 .  x Number of sea duty periods to
PERIOD) be calculated for each shore
+ 1 duty period .

39—44 F6.0 SHOTIM PERIOD+ 1 Number of shore duty periods
• to be calculated for each sea

duty period.

INPUT CARD 4

Columns Format Name Default Meaning

1—7 F7.3 PERCEN 0.0 The maximum absolute percen-
tage d i f fe rence, specified by
the user , between each group
of the present bi l le t  struc—
ture (T j , T2 , S1, S2 )  and
the computed billet struc-
tures. If PERCEN = 0 this
option will  be ignored and all
billet structures computed
will be printed . If
PER CEN > 0 , all bil let  struc— - 

-

tures wi th in  a ± PERCEN of ;
the present structure will  be
printed. If PERCEN = — l the
following eight variables
supplied by the user will be
utilized to determine which
billet structure will be
printed. 5

1.2
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TABLE 3 ( Continued )

INP UT CARD 4

• Columns Format Name Default Meaning

8—15 P8.0 T1MIN 0.0 Minimum number of first—term
sea billets.

16—23 F8.0 T].MAX 99999999 Maximum number of first—term
sea billets.

24—31 P8.0 T2MIN 0.0 Minimum number of first—term
shore bi l lets .

32—39 P8.0 T2MAX 99999999 Maximum number of f i r s t — t e r m
shore b i l le ts .

40~~47 P8.0 S1MIN 0.0 Min imum number of career sea
billets.

48—55 P8.0 S].MAX 99999999 Maximum number of career sea
billets.

56—63 F8.0 S2MIN 0.0 Minimum number of career
shore b i l le ts .

64—71 F8.Q S2MAX 99999999 Maximum number of career
shore b i l le t s .

13
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EXAMPLES OF THE USE OF MOSES

Three examples of the use of MOSES follow.

1. In rat ings with a heavy concentration of sea duty
b i l le t s, how many shore duty billets are required for rotational
purposes for various sea/shore rotation policies? Knowing the
shore duty bi l let  requirements for rotation, how many excess shore
bil lets  exist  and could be manned by women or civilians?

Using an annual first—term transition rate, r = 0.09345, and
an annual career continuation rate, c = 0.86 , how many shore
billets, S2 and T2, are required to rotate T1 = 144 ,835 sea
billets for f i r s t—term personnel and S1 = 74 ,612 sea billets for
career personnel? These numbers represent the present billet
structure and continuation behavior for the nonstudent male
component of the Navy minus approximately 10 ratings that have an
unusua l ly  large shore bil let  to sea billet ratio. Currently there
exist T2 = 35,550 first—term shore billets and S2 = 51 ,1.58
career shore billets.

This problem illustrates many of the characteristics of the
code when it is used to solve for feasible billet structures,
continuation rates and sea/shore rotation policies.

First input card format is (SF10.0, 2FlO.5).

ALPHA is set equal to 2.0.  This option allows all pr in ted
output to be presented under two different groupings. Tl= 144,835,
T2 = 35,550, 51 = 74,612, S2 = 51,158 , C = 0.86 , and R = 0.09345.

If the three remaining input cards are left blank, defaul t
values will be provided by the program. The default values will be
shown here as inputs.

Second input card format is (4F10.0). T1T2 = 180 ,385 total
first—term billets, T1S1 = 219,447 total sea billets, T2S 2 = 86,708
shore bi llets, and S1S2 = 125,770 career billets.

Third input card format is (2F9.3, P6.0, P8.5, 2F6.O). A =
3.0 years minimum sea tour, B = 2.0 years min imum shore tour ,
PERIOD = 4 rotation intervals in one year ( four qua r t e r s ) ,  EPS =
.0001 and is the absolute error value for calculating a career
continuation rate for the balanced systems I and J. A value of

- -
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• less than .0001 was not found to s ig n i f i c a n t l y  increase the
accuracy of the solution.  SEATIM = 9 sea duty periods to be
calculated for each shore duty period , SHOTIM = 5 shore duty
periods to be calculated for each sea duty period,

The final inpu t card format is (P7.3 , 8F8.0). For the initial
run there was no desire to limit the printed output and all nine of
these parameters, PERCEN , T 1MIN , T1MAX, T2MItI, T2MAX , S1MIN , S1MAX ,
S2MI N ,  S2MAX , were equal to zero .

• If the user desires to examine only balanced systems whose
bi l l e t  s tructures are within 30 percent (or any user determined
percentage) of the present structure for sea/shore rotation
patterns with ma~cimum sea tours no greater than 4 years (in this
example all feasible combinations from 12/8 to 16/12 quarters), the
four  inp qt cards, in the proper format, woul d be

(1.0, 144,835, 35,550, 74 ,612, 51,158, 0.86, 0.09345)

(blank card )

(3.0, 2,0, 0.0, 0.0, 5.0, 5.0)

• (0.30, blank).

If any balanced system wi th  a career shore component of less

than 70,Q00 and a first—term shore component oe less than 50,000 is

to be printed , the four t h inpu t card woul d be

(—1.0, 0., 0., 0., 50000., 0., 0., 0., 70000.).
Part or all of the compu ter ou tput from these three sets of

inpu t parameter~ is in appendix C.

The shore billet requirements for T1 = 144,835 and S1 =

74 ,612 are presented in table 4 for various rotation policies. If
a 12/12 rotation policy was followed , 85,801 add i t ional shore
billets would have to be provided for a balanced system. If a 16/8
rotation policy was followed , 293 addi t ional  shore bil lets  would
have to be followed, 15,388 shore billets would be available for
subs t i t u t ion  of women or c iv i l i ans.

15
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TABLE 4
SHORE BILLET REQUIREMENTS WHEN r=0.0935 , c=0.8600 ,

Tj = 144 ,835 , and ~1 = 74 ,612

Career shore Firs t—term
Rotat ion ( a :b)  billets (S2) shore bil lets (T2 )

12:8 58 ,662 - 54 ,827
12:12 82 ,288 90 ,221
13:8 55 ,387 49 ,920
14:9 58 ,169 54 ,088
16:8 48 ,059 38 ,942
16:12 67 ,414 67 ,939
17:9 51 ,107 43,508
20:8 41 ,782 29 ,538
20:12 58,610 54,748

2. What sea/shore rotation pattern is best suited to the
- : present billet structure given the continuation characterist ics of

the personne l inven tory?

In order to determine what rotation pattern provides bi l le t
structures and continuation rates resembling the Navy ’s present
structure and continuation rates, MOSES was rerun with PERCEN =
0.05. This output is in table 5 which shows that today ’s bi l let
structure and continua tion rates most closely resemble the balanced
systems provided by a rotation policy of 17/9 or perhaps
20/10.

Table 6 shows 10 balanced bil let  structures and continua tion
rates for a 3/3 rotation pattern. Any attempt to rotate the group
of ra tings in this sample on a 3/3 pattern would require dras tic
changes in the Navy ’s desired billet struc ture and the continua tion
behavior of the enlisted personnel.

3. How sensit ive is a balanced rotation system to
fluctuations in the continuation rates?

The sensitivity of the billet structure to fluctuations in the
rates c and r is illustrated in tables 7 , 8 and 9.

Even slight alterations in c and r cause sizable changes in
shore billet requirements. This type of analysis should be quite
helpful when evaluating proposals for sea pay or reenlistment
bonuses.
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TABLE 6

BALANCED BILLET STRUCTURES FOR A 3/3

(12/ 12 QUARTERS ) ROTATION PATTERN

Firs t—term Fi rs t—term Career Career Career Fi r s t—term
sea shore sea shore continu— retention

bil lets billets bil lets billets ation rate
(T1) CT2) (S1.) (S2) rate (C) (r)

144,835 90 ,221 74,612 82,288 .8600 .09345
1.0 , 775 177 , 645 74 , 612 51,158 . 8 6 0 0  . 0 9 3 4 5

144 ,835 35 ,550 52 ,523 67 ,884 .8600 .09345
144 ,835 —27,931 26 ,875 51,158 .8600 .09345
162,317 35,550 57,130 74,947 .8600 .09345
173,685 0 45,762 70,173 .8600 .09345
169 ,024 14 ,577 50 ,423 72 ,131 .8600 .09345
—12 ,321 192,706 74,612 45,795 .8600 .09345
144 ,835 35 ,550 74 ,612 96 ,432 .8600 .13280
144 ,835 35 ,550 74 ,612 90 ,010 .8976 .09345

TABLE 7

CHANGES IN CAREER CONTINUATION

Rotation Shore bi llets needed for rotation
pattern Current Low Medium High
(quarters) c=O.860 c=0.824 c=0.857 c=0.878

12:12 172,509 213,575 176,068 150,592
14:12 151,223 190,489 154,619 130,341
16:12 135 , 353 173 ,336 - 138,631 115,221
12:8 113,489 153 ,559 116 ,915 92 ,574
17:10 106,436 143,885 109,645 86,810
18:10 101,475 138 ,508 104 , 645 82 , 093
16:8 87 ,001 124 ,404 90 , 190 67 , 566
17:8 82,365 119,327 85,515 63,181
20:18 71, 320 107 , 2 8 1  74 , 378 52 , 714
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• TABLE 8

CHANGES IN FIRST-TERM TO CAREER TRANSITION RATE

Rotation Shore billets needed for rotation
pattern Current Decrease Increase

(quarters ) r=0.09345 r— 0.07943 r=0.10747

12:12 172 ,509 200 ,059 153,464
14:12 151, 223 176 , 521 133 , 843
16:12 135 , 353 159 ,241 119 , 214
12:8 113,489 138,793 95,725
17:10 106,436 128,922 90,951
18:10 101, 475 123 ,436 86 , 378
16:8 87,001 109 ,502 71,309
17:8 82,365 104,375 - 67 ,036
20:8 71,320 92,161 56,855

TABLE 9

CHANGES IN CAREER AND FIRST-TERM CONTINUATION

Shore bil lets needed for rotation
Rotation Current Low High
pattern c=0.8600 c=0.8240 c=0.8780

( quarters)  r=0.09345 r=0.07943 r=0. l0747

12:12 172 ,509 248 ,019 134 ,289
14:12 151,223 222,271 115,534
16:12 135 ,353 203 ,141 101 ,531
12:8 113,489 185,347 77 ,325
17:10 106 ,436 172 ,330 73 ,652

F 18:10 101 ,475 166 ,332 69 ,284
16:8 87 ,001 152 , 831 54 , 164
17:8 82 , 365 147 , 169 50 , 104
20:8 71,320 133 ,734 40 ,409

19
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1 .
Continuation rates for enlisted communities are available to

Navy planners on a length of service (LOS) basis. One source is
the PROPHET model which calls the rates for length of service
categories bag rates .1 The first—term transition rate an d
average career continuation rate used in this rotation model are
calculated from these bag rates.

Suppose that the first tour is h periods long and that
personnel begin that tour at the end of their i th  period of
service. In a steady state the number of personnel in the jth LOS
category is

X
3 

X1 for 3=1

and

j— 1
X . — X 1 fl Ck f o r j > 2

k*1

where Cj is the continuation rate for personnel with LOS greater
than 1—1 but not greater than i and X1 is the number of personnel
with length of serv ice less than or equal to one period . The
product notation means

j—i
n C = C • C ~~C~~~ •~~~~~~• 

C .

k— l 
k 1 2 3

Therefore , the number of personnel assigned to their first tour is

i+h i+h /j — 1
T I X . = X  I ( f l C

• j~~i+1 ~ j=i+l \k=l

The flow of personnel completing thei r  f i r s t  tour is

i+h
f — X

1 
fl Ck .

k= 1

1Center for Naval Analyses , Memorandum ( CN A ) 7 7 — l 3 l O , “Pro ject ions
of Navy Enlisted Endstrength with the PROPHET Model: FY 1977—83 , ”
by Peter B. McWh ite , Unc lassi f i ed , 30 Aug 1977
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The transition rate from the first—term to the career category
is

i+h
11 Ckf k=l

— —T i+h / j— 1 - \
I ( 

~~~ 
C
k l  

-

j—i+i \k—1 /
L /j —1
I I fl Ck

C — j — i + h + 2  \k—1- - L / j —1
• I I fl Ckj =i+h+ 1 k+1

The following table presents these continuation parameters
calculated for several enlisted groups using the above formulas and
LOS bag rates for 1977. The first tour is assumed to consist of
LOS categories two, three, and four. For this table, i=l , h=3, and
L 31.
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• TABLE A— i

CONTINUATION PARAMETERS FOR SOME ENLISTED GROUPS

Continua t ion
Parameter AC AD AM BM BT

0.9100 0.9017 0.8924 0.7810 0.7818

0.8304 0.8286 0.8746 0.6849 0.8121

c4 0 .4441 0.3953 0.4526 0.5362 0 .3062

c5 0.8388 0.8388 0.9146 0.8958 0.8911

c6 0 .7226 0.8699 0.8733 0.8960 0.8894

c7 0.8703 0.8966 0.9285 0.9351 0 .9457

c8 
- 

0.8117 O . 9O~~3 0 . 8 5 9 2  0 . 8 7 6 4  0 . 8 5 4 7

0.7323 0.9084 0.8758 0.9197 0.8349

c10 0.8600 0.9250 0.8918 0.9085 0 .7925

c11 0.9200 0.9725 0 .9640 0.9327 0.9131

C 12 0.9546 0.9689 0.9552 0.9576 0.9279

C 13 1 .0000  0 . 9 6 2 0  0 . 9 6 2 7  0 .9614  0 . 8 9 7 7

c14 0.9758 0.9678 0.9768 0 .9464  0.9367

c15 0.9889 0.9720 0.9886 0.9623 0.9612

c16 0.9664 0.9753 0.9946 0.9668 0.9501

c~7 0.9626 0.9810 0.9885 0.9620 0.9840

C l8 0 . 9 5 2 5  0 . 9 4 4 0  0 . 9 2 5 2  0 . 9 4 7 1  0 .8 9 9 8

0.6532 0.5470 0.6070 0.6874 0.6262

c20 0.5936 0.5184 0.5723 0.5133 0 .4580

A- 3
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TABLE A—l

(continued)

Continuat ion
Parameter AC AD 

- 
AM BM BT

c21 
0.6990 0.6444 0.6227 0.4964 0.5940

c22 0.6931 0.6369 0.7129 0.6260 0.7565

c23 0.9231 0.7438 0.7541 0.7038 0.7332

c24 0.8000 0.8747 0.7302 0.8059 0.6303

1.0000 0.7509 0.8859 0.8756 0.4800

c26 0.8333 0.5402 0.5714 0.7934 0.6111

c27 1.0000 0.6685 0.7500 0.6552 1.0000

• c28 0.6000 0.6667 1.0000 1.0000 1.0000

F c29 0.8000 0.8549 0.5952 0.8194 0.8000

• c30 0.0833 0.1042 0.0000 0.2687 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000

r 0.1259 0.1115 0.1322 0.1238 0.0804
c 0.8405 0.8870 0.8923 0.8940 0.8725

A-4
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— 60 C CN PC P.  IV A L I I  S I N I N . S I M D Z . I1NIN.S IRAJ. SVI IN.52M A T -
70 • . T T H * N . T 2 H A A
80 COP PON INCh ! Il,T2.3I.52 .c .R.C1 .C2 ,KSEATM.p(SHOTN.P (ftEQD.tps .
90 . I I TZ .1 iS1 .12S2 . S IS2

100 READ (10. ’)) A L P H A . T % . I Z .f l . 52 .C .P
1 10 NE A C (10.44) T1I2.ItSt.12U.S1 52
*20 READ ( 1C .~~~) A . B . P( R * C C . ( PS . S (A V I P . 5 1 4 0 T ( M
130 R~~A O (10.66 1 PE RC ( N . I I H I N , I I N A X . T 2 M IN . 12 1 4 A 1 . 5 1 N 1 N , S I NA X ,
*4 0  .52N1$.SZMAX
*5 0 33 FO R MU (SFIC.0.2FL0.5)
*40 44  FORMAT (A F I C . 0)
170 55 FO R M A T  (ZFO.3.F6.O.r8.5.2F6.O)
160 66 FOR M AT (F7 .) . €F8 .0)
190 CC C CC CCC CC C CC C CCCCC CCCCC C CCC CCCC CCC CCCC C C C CCCCCCCC C CCC CCC CC CC CCCCCCCCCC
200 CCC
210 cc -
220 C T$IE$E AR E Th RE E M E THODS OF GROU PIN G OU IPUTA -

230 C I. 0! IN PU TS OR SOLUTION VA RI ABLES (SUFROUT INC BAL ANZ)
240 C 2. FT R C TA TIO N PAT T E R N S (SUBROU T INE RO TATE)
250 C 3. 0! ECTII
260 CCC
270 C ST INTEP— C PANGING THE INPL T AND OUTPUT VARI A OT. CS THE PROG RAM
z o o  C PRE S E N T L Y  S E LVES FOR *0 B A L A N C F D  BILL (2 S T R U C T U R ES  FOR EA C H  CF
290 C THE C E S I R E C  O L A R I E R L Y  RC I A 1 I ~)N P A t T E R N S .  IF TIl E US(~ A L L O W S  THE
300 C p EFA UL T R O T A T I O N  P A T T E R I S  TO Ot EMPLOYED T H ERE ARC 45 OII FEIhER T
310 C ROTATI ON PA TTE RN S R A N G I N G  OUNCES 2 TO 5 Y E ARS *1 SEA hh O 2 TO 3
320 C YEA R S ISICRE . THI S PRObIOFI 450 BALANC ED SYSIEPS WHIC H RAY FE
330 C GROLPCO ZN AN Y ONE OF THREE SFY LCSx
34 0 C 1. ‘OR EA CH OF TH E IC INPU U O UT P LT STRUC TUR FS DISPLAY ALL
350 C SELEC TED ROTATI ON PATT ERNS. THIS OP UON IS ALPHA*0.0
360 C 2. 1CR EA CH R OTATI C ri PA T TE R N DI S PLAY ALl. 10 BALANCE D
310 C STRUCTURES.  THI S OPT ION IS SELECTED BY SETTI NG A L PNA aL. C
380 C 3. ALt. OUTPUT WILL FE SHOWN IN ICE GROUP IC AS IN II AND 12
390 C THI S OPTION IS Al.PK A~ Z.C
400 CCC
410 CCC
420 C SOME OR ALL CF THE FOLLOWI N G ELEVEN INPUTS AR E MAN D ATO R! INPUTS
430 C CEPE NE ITI G U PON W H IC H OF THE R *L *NCED FILLET STR UCTU RES THE USER
440 C DE SIRES. If THE FIRST SEVEN VA RI ABL E S ARE PROVID E D THEN ALL TEN
450 C BAL ANCED SYSTEPS WILL BE COP PUT CO FOR EACH OF TIlE ROTA T ION PA TTERNS
460 CC
410 C ALPH A— E XPLAI N ED ABOV E
460 C T1————FIR!T—TCRH SEA B IL LETS
490 C T2—- .——FIRST-T(R M SHORE OILLCFS
500 C S1~~~~~CA REER SEA B ILLETS
510 C S2~~~~~C AREE R SHORE BILLETS
52 0 C C —~~~~ANIILfI . CAREER CCHTI I.L*TION RATE
53 0 C R — — — — A N N U A L  F IR$ T— T (PP R E TE N TION RITE
540 CC
550 C IF THE FOL L ONING FOU R VARIATLES ARE LEFT ECUAL TO ZERO DE FAULT
560 C TALUES WILL FE COMP L IED BY THE PR O GRAN
570 CC
~~~ CC - 

-
590 C 11T2” TCTA I, F IRST TER P FILLEtS (T*.T2)
600 C l1 S 1———?OIA L SEA CLIV ES L EET S (TIASI)
610 C T2S2~~~~TC TAL SHERE OUT ! D IL ICTS (T2~ S2)
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620 C S11Z——— TOTAL CANCER BILLETS (S1.SZ)
430 CCCCCCCCCC
640 CC
650 C INC FOLLOWING 6 VARIABLES AR E OPTIONAL INFUTSI IF LEF T COUAL TO
660 C ZERO . CEFALL I VALUES WILL bE USED SI THE PRO GRAM
670 CC
600 CC
690 C A MI N IMUM SE A OUT! TOIJR TN YEARS (DEFAUL T IS 3)
700 C I M IN IMUM SNORE CUT ! TOU R IN TEARS (CEFAUL T *5 2)
7*0 C PENIOC—N UMBE R OF STANDARD ROT4TION INTERVALS IN ONE YEAh
720 C IF STANDARD ROTATION INTERVAL IS 3 MONTHS. PCRIOO .4A
730 C IF STANDARD NOT A TIO N INTERVAL IS I MONTH. PERIOD .121
740 C (DEFAULT IS 4)
750 C EP S——— —AB SOL UIE ERROR VALU E USED TO CALCULATE A CORRECT
760 C CAREER CON TZN LI IION RATE (DEFAULT IS .0001)
770 C SEAT IP—NUPS ER OF SEA CUT? PERIODS TO BE PRINTE D OUT
700 C (A• PERIOO). SEA1IM I.NAX SEA OUT ! TIME
790 C (DEFIULT IS 2..PE*IOD •I.)
000 C SHC TIM— NLM BER OF SHONE CUT? PERIOCS TO BE PRINTED OUT
810 C (E~PtRI0D) .SHO1I I4 I.N*X SNORE DUTY TIME
ezo C (DEFAUL T IS 1..PERIOD .1.). -
830 CC
840 CCCCCCCC
650 CC
860 C THE FOLLOWING ~ VARIABLES ARE ALSO OPTIONAL INPUTS USED TO LIMIT
070 C THE PRI NT E C DLTPU T OF THE PROGRAM TO ONLY THOSE BILLET STRUCTURES
000 C W HICH ARE WITHIN THE FEASIBLE OOUNOS DETERMINE D BY THE USERS .
890 CC . -

900 C PERCEN—— T5( MA )IM LN ABSOLUTE I DIFFERENCE BETWEEN THE PRESENT
910 C BILLET STRUCTURE SPtCIFIEC B? THE USER (T1.TZ.S1.S2)
920 C - AND TIlE COM PL IEC BILLET STRUCTURES.
930 C IF PERCEN .0.0 TIllS OPTION WILL BE IGNORED AND 4LL BILLET
940 C - STRUCTURE S COMPUTED W ILL BC PRINTED
950 C IF ?ERCEN O.0 AL l. BILLET STR UCTURE S WI THIN A PLUS CR
~€o C MINUS PERCE N OF THE PRESENT STRUCTURE Will .
910 C BE PRINTED
~80 C IF PERCEN . 1.O TIlE F~LLONING 0 VARIABLES SUPPLIEO ST THE

~90 C US ER b ILL SE UTILIZED
*000 C TINI % —— P IAIM U N NUMBER OF FIRST—TERM SEA BILLETS
1010 C T*PAX ~~ — M A XI N L M  N U M B ER OF FIRST—TERM SEA SILLETS
1020 C T2MIN ~~~~~PIkIHUN HUNGER OF FIRST—TERN SHORE BILLETS F
1030 C T2 N 1 ~~~~~ M AX I M U M NU PE ER OF FIRST—TERM SHORE BILLETS
2040 C S1PIN~~~~~P IN1 M UN N UMB ER OF CAREER SEA SILLETS
1050 C SIMA M AXIMUM NUMBER OF CAREER SEA BILLETS
1060 C S2PIN— — ——PINI M LN NUM B ER OF CAREER SHORE fi LLETS
1070 C SZNAX ~~~~~MA XIN UN NUMEER OF CAREER SHORE BILLETS
1000 CC

• 1090 CCC
1*00 CCCCCCCCCCCCCCCC C (CCCCCCCCCCCCCCC CCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCC CCCCCCC
1*10 CCC -
1*20 CCCC
1*30 C DETERMINE WHICH DEFAULT VALUES ARE TO BE USED
1140 CCC
*150 CC
1160 IF (TITZ .tQ. 0.0) T1 12.t1.TZ
1170 IF (TISI •E0. 0.0) TISI=T2 .$1

F 1110 IF (T252 •EC. 0.0) T252sT2 .$2 -
11 90 IF (5152 •E0. 0.0) S*S2.S1.$l
1200 IF (A .(0. 0.0) A— S.
1210 IF (8 .16. 0.0) Sal.
1220 IF (PERIOD •EO. 0.0) PCPIOC.4.
2230 IF (ER! .(C. 0.0) (P5.0.0001
1240 IF (SEATIM.(Q.0.0) SEAT IPaPERIDD *2.91.
1250 IF (IHOIIM.E0.0.C) SHOTIN .PCRZOD *1.I*.
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*260 IF (PERCEN T 70.C0.90
*270 90 SININ aST . (1. —P ERC(N )
1210 SINAXaSI .(I..PCRC (N )
1290 TIM IN .II .(I. — PERCEN)
*300 TIMIX .T1 .(I..PERC (N)
13 10 T2NIN .T2 .(1.— PERCE N)
1320 TZ$A XaV2 .(t .,P (RCEM )

— 13 30 S2NINaS2 .(1 .— PERC EN )
1340 S2MAX .S2 .(I .,PERCEN)
1350 GO It 80
1 360 70 CONTINUE
1110 IF (TI NAX.EC.0 .1 11M *I.59999999.
*360 SIC 12NA !.E0.O .) T2MAXa99999999.
*390 IFC!IMAX.EC .0.) SIMAX .9999999A.

F 1400 IFC !2MAX.E0.O. ) !2NAX .99999999.
*410 00 CONTINUE
1420 CCC
14 30 CCC

F 1460 C CEFA UL T VALUES AR E SET; N O N CETERNINE VALUES TO BE USEDF 145 0 C IN DC LC OP S A N C OTHER COMPUT A TIONS• 1660 CCC
1610 CCC

• 14 80 CZa I.—(I .—C)/P (RIOD
• 1 490 C* .R!P(RIO0
F 15C0 SCA .A .PER IOO

151 0 SICR( .E .PEPIOD
1520 KSE AT Ma SE AT IN
*530 K5lO ThaSP O TIM
*560 IIRI TE (2C.17) T1.T2.SI.S2.C.R .T112.TI$1.T2S2.S1S2.A .B.

• 1550 .FEAI(O.EP S .$EITIII .SHOTIM. PEP CEN .TIMIN.T1MA X.T 2MI N .T2NAX .S*MI N .
1560 •S1PA X,SZM TN. S2MAX .A LPH *

• *510 77 FORMAT (2S,’PR OG RAP PARA PETERS II T1.’.F9.O.’tT T2a ’.F9.O.
15*0 .‘;; S3~ ’,F9.o.~~;; 52.1 .19.,..;; C—’ .r 9.5.’;; N.’ .F9. !
1590 .!7 1.’11T2...F9.0.’; T1S 1.’.F 9.O.’;; rzs2.’.r~ .o.’;;’
1600 .~ z t s T. ’ .19.o, •; ; ~ .•~~f 9 3,’ 5 5.’ .F9.3/7X. ’PERIOD.’ .
*610 .F9.0 .’;; (P5. ’.F9.5. ’ JA S F4T INs ’ .F9. D. ’; SHOT !N .~ .F9. 0,

• 1 620 .‘;; pERc( w.’.r ,.I .’;; I IMJN ~~’.F9.O/7X . ’ TL hA ! . ’F9.0.’ I  I’
1630 . •2NIN a ’ .F9.C. ’~~ T2 MA ) .’.F~.0.’Jj S*M IN .’.F9.C.’1 SIN’
26 40 .‘AX.’.F9.0,’~~ !2MIN .’.F9.0.!?X.’!2MA X .’.F9.0.’. ALPHA .•.
165 0 •F9.O)
1620 IF (ALPHA .EQ. 0.0) 60 TO 93
*680 CALL RO TAT E (ALPHA)
1690 IF (ALPHA •(O. 1.0) GE IC 95
1100 93 CALL EILANZ (A L P H A )
1110 95 CONTINUE
1720 (NC
1730 C
1760 C
17 50 CC
17 60 CCCC
1770 CCCCCCC END Cf MOSES M A IN THCCRNN CCCCCCCCCCCCCCCCC
1 180 CCCC
17 90 CC
1800 C
1010 C.e. . ,.. .e... . . . . . . . .as. l .a*a. . .a .*asa5ab.~~**a*a* a * 5 a 1•a a a* . a . a a~~.a~~a.*
1A2 0 C
1830 CC
184 0 SU B ROUT INE B A L ANZ (ALPHA)
1850 COM MON SEA.SHOR (.TlZ.TZZ .SIZ.521 .P(RCEN.!OENI
*860 CC NPON ITM_* ! 5%M1N.SIP , 1 .1%Pt IN .T1 PA) .SZMIM .S2M A *
1870 ‘.I2MI M.T2 N A X
2A80 COMMON !RCU/ Tl.T2.Sl.S2.C.R.CL.C2 .NS (ATW .NSHOTM.P (RIOD.EPS.
1090 •T1T2.T1S1 .I2S 2.S1~ 2
*900 C
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I

191$ C THIS SAJBIOUIINE COM PUTES BALANCED SYSTEMS FOR ALL DESIRED ROTAT ION
F *920 C PAITCRNS UN C ER FICH UI THE IC SFPAR4 TE INPUUOUTPU F GROUPS.

2930 C IDEN TICAL COMPUTATIONS AS SIJIR OUFI NE ROIA TEJ
• 1940 C ONLY DIFFERENCE IS DISPL A! CF OUTPU T

I,~~ C
F 1960 SSNa SHORC

2910 SSE A — S E A

19 10 71 FO NMAT ( •t ’ .SX. ’SCA ’ .3X . ’SNCR(’ ,IFX. ’T OTAL ’ .SX. ’ IO IA L’ .*9$ .
*990 “ FIR!T ’ .~~1.’ F IRST ’ .35X. 1J. ’F!NST’ l
2000 •4X. ’CUIY ’ .3X. ’DU iV’ .62. 2X. ’TOT*L ’ .SX. ’FINST’ .bX. ’AT ’ .l*.
2010 .‘T OTAL ’ .91.’T ERN’ .BX. ’ TEA M’ .SX. ’CA REER’ .41. ’CNR((R’ .SX.
2020 . ‘ CA REER’ ,SX. ’ IERM.!4N. ’T CUR’ .31.’ T O I R ’ . rX. ’ CA R E(R..SX. ’TERN..1X.
2030 •‘SCA’.5).’ASHORE ’.9*.’$I’O*C’.bX. ’SEA’.7X. ’SCA’.61,’SHOR(’.
2040 .SX.’CONTINU ITION ’ .31.’IET(NT*ON’/!)
2050 II FUPA I (IX. ’US(R INPUTS ‘.4I.4fIQ.*,6Z.4f%0.9,21.
2060 •F1$.4.FII.4)
2010 IDENT ZI
2000 AA—1 .—C2
2*20 CCCCCCCCCCCCCCCCCCCCCCCCCC
2*30 CC
2140 C COMPUTE BALANCED SYSTEM A S
2150 C . -
2*60 C GIVEN V A RI JBLES*~~Z~~~SIFLRST TCRM SEA SH.L(TS
2110 C CAREER SEA BILLETS
2160 C CAREER CONTINUATION RATE
2*90 C FZNSI TENN RETENTION RATE

F 2200 C
2210 C SCLU T IOA V A NIA B L(SSSz F IR SI TER N SHORE 8ILLETS
2220 C CAREER SHONE BILLETS
2230 CC
2240 CCCCCCCCCCCCCCCCCCCCCCCCCC
2250 W R I T E  (20 .77) -

• 2260 WRITE (2C.00) S1S2.T112.IIS1.12S2.T2.l1.S1.ShC.R
2210 CO ICI JJJ .1.KS(ATM
2280 ASEA.C2.’SE-A
2290 A Ba1. AS EA
2300 CC 100 II1—* .PSNOTM
2110 ISNOR.tT..S$ORE
2320 JC.*. A SNOR
2330 SX.*.—C2.. (SEA .SNOR ()
2340 T22——AS HCR .Tt .SX .AA *S*l(C SASS)

F 2350 S2Z CIsT I.IC IAA.A SEA . S*SAC IAS
2360 Ill—TI
2310 517.51
2380 CALL PRINT! (C.R)
23 90 SPORE .SPCREAI.
26 00 100 CONTINUE
2410 5(0—SEAlS .
2420 SHORE.SSH
2430 10* C (NIINU (
2446 SCA .SSCA -
2450 WRIt E (20.133)

F 2460 W RITE (20.146)
2670 WRITE (20.155)
2460 *33 FORMAT (I!2 ).’GZVEN: FIRST— TERM SEA BILLETS. CAREER SEA BILLETS.’
2490 .‘ CAREER CONTINUATION RATE . AN D FIRS T IERN RETENTION RATE’ )
2500 1 64 FDNMA T(l!3C* .’ TIlER FDA THE VARICUS ROTATION PATTERNS I
2510 “A B OVE AND A BALANCED SYSTEM’ !!)
2520 155 FORMA T (2X .’SOLVE FOR I FIR ST—TERN SHORE BILLETS AN D CAR EER’
2530 I’ SHEAF 11L1E15 ) -
2540 CCCCCCCCCCCCCCC 000CCCCCCCC
25S0 CC
2S60 C COMPUTE BALANCED SYSTEM 1 3
2510 C
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2560 C GIVEN V A R I A B L E S I * z t s s ;C A N E E R  SH IIRE •IL&(TS
2590 C CA REE N SEA BILLETS
2600 C CARCI R C~T N T V N L A T T O N  RATE
2610 C FIRS T—T ER M RET ENTION RATE
2620 C
2630 C SOLUTION V A R I A D L E S J Z S F I R S T — I E R N  SPORE BILLETS
2660 C FIRS T—TERM SEA BILLETS
2650 CC
2660 CCCLCCCCCCCC CCCCC (CCCC CCCC
2610 WRITE (led?)
2660 WRITE  (20.66) 5152.1112 .T*51.T252,12.T1.$I.S2.C.R
2690 CO 202 J)J .I .N SEATM
2700 AS(A—C2 ..S(A
27* 0  11.1.—AS E A
2120 00 2CC ( I tat .NS*401 M
2730 AC .I .—C 2. .SI O RE
274 0 T12 .(  S2 A5 (A ‘AC /Ag ’ s  1 )/Cl *AA FA C
275 0 T 22 5152 .AA !C* 112
2760 522.52
2170 517.51
2720 CALL FRI $I TT (C.R)
2790 SHOR(.SHCRCI I.
2800 200 CONTI NUE
2310 StN’5fNb 1.
2020 SIOR (.SSH
2030 ZCZ CON TINU E
25 40 SEA SSSEI
2350 WRI TE (20.233) -
2860 WRITE (2C.I64)

• 2610 WRITE  (ZC.255)
2880 233 FO R M A T  (!/21.’GIV(Ph : CAREER SEA BILLETS, CAREER SNORE 9ILLEIS .’
2890 •‘ C A R P E R  C C N T I N I . A T I O N  R A T E  AND FIRST—TERM RETENTION RATE’)
lOGO 255 FOR MAT (2X.’SCLYE FOR : FIRST—TER M SHORE BILLETS AND ‘
2010 11F *R S T— IERK SEA BILLETS’)
2920 CCCC C C C C CCCC C C C CCC CCCCC C CC

F 2930 CC
2940 C COMPUTE BALANCED SYSTEM C’z
2950 C
296 0 C GIVEN V A F t N B t t 5 ~~t :t:; :FIR51—1ER fl SEA DIL LETS
2910 C F I R S T — T E R M S hO R E BILLETS
2960 C CAREER COMI IN L A T !O N RATE
2990 C F I RST—TERM RETENTION NATE
3000 C
3 010 C SOLUT ION V A R I A B I . ES I : S C A R ( E R  SEA BILLETS
3020 C CARE E R SHORE GILLETS
3030 CC
3060 C~ CCCC CC C CCC C C C C C C C C C C CCCC
305G W RITE U(.17)
3060 N R J T (  (2C .68 ) 5 152.1112.1*S* .12S2.12.T 1.S1.S?.C.R
3070 00 303 JJJ=l .KSEATM
3060 AB a 1.—C 2* ”EA
3090 CC 300 T I I .t . PSHOIM
3100 ASHOR’CZ..SHOR(
31 10 BX .l.—C2..(5tA15 H0RE)
3120 S l Z .C l .A B ’ ( T 2 4 A S P O R .T 1) / (  (1.44)
313 0 SZZ .f1T2 .C I/AA— S1Z
31 40 121.12
3* 5 0  T I 7 — t I
3160 CALL PAI NT !  (C.R)
3*70 SHOR (-SHOREA *. -
3180 300 CCN TINU (
3190 S E A — S ( A ’ t .
3200 ShC R (~ SSt
3210 3C3 CON TINUE
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3220 * EA.SSCA •
3230 uRI TE (70.3*3)
3240 WR ITE (10.146)
3250 NSII( (0( .T53)
3260 33 3  F0RNII (#IiX. ’G1IENI FIRU TERN SHORE BILLETS . FIRST—’ -
3270 •‘T(NN SEA BILLETS. CA REE N CONTINUAT ION RATE AND F IRST—TERM ’
3280 .‘ A CT EIT IC I  BA T E ’ ) . 

— 
-

3 290 355 FORNA T (Z2.~~SOLVE FOR? CAREEN SEA BILLETS AND CAREER SHORE’
33CC 1 B I L L E T S ’ )  — 

-
3310 CCCCCCCCCCCCCCCCC (CCCCCCCC
1320 CC
3330 C COMPUTE BALANCED SYSTEM C s
3340 C
3350 C GIVEN V I A I A B ( C 5 s * z : : : : F I R S I — I C R M  SHORE BILLETS
3 360 C TOTAL SEA BILLETS
331 0 C CAREER CONTINUATION RATE
3310 C FIRST— TERN RETENTION RATE F

33 90 C
3400 C SOLUTION VAR IA8 IIS: :SCARCER SEA BILLETS
3610 C . COhEIR SHORE BILLETS
34 20 C FIRST—TERM SEA BIL LETS
3430 CC
3640 CCCCCCCCCC CCCCCCCCCCCCCCCC
3650 WRITE (20.77)
3460 W RITE (2C.Be) SIS2.TIT2dISI.T2SZ,T2.T1.SI.S2.C.R
3410 CC 5(5 44Jat.NSEATN F

3400 A Ba1. t2 ..S(A F

34 90 00 5CC !II—l.NSH OT M -
3500
3510 8X.1.—C2 ..(5(AASIIOR ()
3520 SIZ .(T1S1’ASHOR . I2)/(ASHOR ,(AA .BX)/(C1.AB))
3530 T 1Z— T IS I— S 11
3540 522 — (T2 .T1l)’CI/AA —S IZ
3550 T27 T2 -
3560 CALL PRiNT ! (C.R)
3510 SPCPE sS*CAEAI.
3500 500 CONTINUE
3590 SLS .S(0e1.
3600 SNOR (aSSN
3610 505 C (N IINUE
3620
3630 WRITE (20.533)
3640 WRI TE (20.164)
3650 WRITE  (20 .555)
3660 331 VCR PAT6AIII. ’GIYEM: F IRIl— 1ERN SNORE BILLETS. TOTAL SEA BILLETS’
36 7 0 .‘. CAREER CONTINUATION RATE AND FIRST—TERM RETENTION RATE’ )
3680 5!! F O R M A T  (2). ’SO LV E FOR ? F I RS T •T ER M SEA BILLETS. CAREER SEA ’
3690 •‘ BILLETS A N C CAREER SHORE 9ILLE~~S’)3700 CCCCCCCCCCCCCCCCCCCCCCCCCC
3710 CC -
3720 C COMPUTE BALANC ED SYSTEM E t
3130 C

F 374 0 C GIVEN VAR IABL (S ;s :ZSStF IRST—TER N SHORE BILLETS (BUSh. ZERO
3750 C TOTAL SEA BILLETS
3760 C CAR EER CONTINUAT ION PATE
3710 C FIRST—TERM RETENTION RATE
3790 C
3 790 C SCUll ION V A R I A B L E S S S : C A R E C R  SEA BILLETS

F 3000 C CAREER SHORE BILLETS -
- • 38 1 0  C T1*51 1tRN SEA BILLETS

3020 CC
3830 CCC CCCCC CCC CCCC CCCC CCCCCCC
3060 W RI T E (2 t . 77)
3850 - W R I T E  (20.00) SIS2.T112.11S1.T2S2.T2,TI.$1.5t.C,P
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a 3860 IZ~ ’O.
4 3870 00 ((( JJJ .I .%S(ATM

F 35 00 A~~.1• t2 .’S EA
30 90 00 (00 I I I = I .X S H O T N
3 900 A SHCR .C2 ..SHOR(
3910 B *~~1.—C2a .(SEA .SI4ORE )
3920 S1Z~~( I* S1 .A SHCR. 122) , (*S Pt R .(A A . ,x ),(Cl .AS))
3930 T 1Z ~~T 1 S l — S 1 2
3940 $22. (T2l.T1Z) .C* !AA— S%2
3950 CAL L P R I N T T  (C .R)
3960 SICRE.51.CRE.l.
3910 CCC CONTINUE
300 0 S (h . SEO. l.
3990 S HOR EaSS H
6000 606 C C N V I T 4 U (
4010 SE A sSSEA
4020 W R I T E  (20.6 33 )
4030 WRI TE (20,144)
4040  W R I T E  (2 0 . 5 5 5 )
4050 6 33 F O R M A T  (//2X. ’GIWEN , FINS1 ~ TER M SHORE BILLETS COUAL TO ZERO.’ F
4060 a ’ T O T A L  SEA BILLETS. CAREE R CONTINUATION RATE AND FIRST—TERN •
6010 ‘‘R E TEN TIEN RATE’)

• 4000 CCCCCCCCCCCCCCCCCCCCCCCCCC
6090  CC
4100 C CC PPUT E B AL ANC EC S Y S T E M  F 5
4*10 C
41 20 C GIVEN V A R I A B L ( 5 2 s : : : z : I C T A L  SNORE BILLETS
4 13 0 C TCT~ L SEA BILLETS
6 14 0 C CARE E R C O N T I P I . A T I O N  RATE
4150 C F IRST—TERN R(T (NT ION RA T E
4160 C
4 1 70 C SOLUTION V A R I A $ L E S T : s C A R ( ( R  SEA BILLETS
4*80 C CAREER SHORE BILLETS
6190 C F I R S T — T E R N  SEA 8111(14
4200 C FIR S T —T E R N SHORE B IL LETS - F

4210 CC
6220 CCCCC C CCCC CC CCC C C ( CCCCCCCC
4 230 W R I T E  (2 0 .773
4240 W RJ T E  (2C,88) 5152.TITZ,T151.12S2.T2 .T*.51.S2.C.R
425 0 00 107 JJJ— * .N SEATM
4260 AB I. C1”S (A
4210 CC 700 lT Ia I.PSHO TM
4200 ASHOR .C*..SHOR(
4250 PC .I. ASH OR
4300 BX .1.—C2.•(SEA ISHORC)
4310 X Y Y a B U C I $N A F A B
432 0 YYX—( T151.T2S2 )’AA / (Cl.AA )
43 30 T22— (kXY.(tIS1—If) )—ASI CR .YYX)F (AC—X3I)
43 4 0  52 1.T 2S2 T 22
6350  T I Z a Y Y X T2 Z
4360 SII.TISI TIZ
4370 CALL PRI NIT (C.R)
4300 SP CR E .S h O R C.l.
4 3 9 0  ICC CONTINUE
4600 S ( A — S E A . l .
46 10 SHORE .SSH
6420 7C7 CCNT TNU (
4630 SEAa SSEA
6440 W R I T E  (* 0 . 7 33 )  -

4 450 W R I T E  (20.144)
4 4 60  WRI TE (20.155)
4470 733 FE R PA T  (!l2X.’GXW(N TOTAL 5(4 BILLETS. TOTAL SHORE BILLETS. ‘
4400 “CAREER CONTINUATION RATE A N D FIRST TERM RETENTION RATE’ )
6490  755 F O R M A T  (2*.’SOL)( FOR ? FIRST—TERN SPORE BILLETS. FIRST— TER M ‘
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4500 “SEA BILLET S . CARE ER SNCRE BILLETS INS CAREER SEA SILLs TS’ )
45*0 CCCC (CCCCCCCCCCCCCCCCCCCCC

- - 4520 CC
4530 C CCPPUTE SA LA N CEC SYSTEM ~6 I
4340 C
4530 C GIVEN V &PIA O L (S*SSSSISCARE(R SEA BILLETS
4560 C T (TA1. FIRST T(*N BILLETS
4510 C CAR EER CONT *NLIT!ON RATE
4580 C FIRST—TERN RETENTION SA V E
4390 C
4600 C SOLUTION VA RLA ILE S :$ZCA RE (R SHORE •HL (TS
46 10 C FIR !T TESN SHORE BILLETS
4420 C FIRST—TER N SEA BILLETS
4430 CC
4640 CCCCCCCCC CCCCCCCCECCCCCCCC
4650 WR ITE (IC.??)
6460 WNI TE (20.85 ) 5152.TITE’T 1SI’f2S2.fZ .TI .SI.SZ.C.I
4610 DC 800 JJJ—*.NSCATR
468 0 A 5—i . •C2”SEA
4690 - CC 000 III.1.PSIIOTN

• 4700 ASHORsC*SISNORE
4710 1C 1. A SNO R

4 720 B X—1. —CZ” (SEA.SNOR()
4130 S2Z— T112!A IaCI S1

4740 T21 .—A SHORaT 1I2,AC .SI/C1.*AIASSSIIAC
4750 TIZaTIT2 T*2
4760 S1Z .SL
4170 CAL L PRINTT (C.R) -
6750 ShCRE .S$CR (.l.
4790 200 CONTINUE
4500 SEA SEA II
481 0 SHORE’SSN
4020 805 C (NTENUE
4 e3 0  SEA.SSEA -
404 0 WRITE  (20.533)
4850 WRI TE (20.144)

F 4560 WRITE (20.155)
4010 033 FORMAT (Il2X. ’GITENI CA REEN SEA BILLETS. TII~~ FIRST—TERN ‘
4080 •‘SILLETS. CANCER CONIIIUAE LCR RAtE ARC ~M$t—IfU’
4890 •‘ RETENTION RATE’)
4900 15$ FO R MAT (2X. ’SOLVE FOR ? FI*5I TERN SNORE BILLETS. FIRST ’
4910 “ TER M SEA BILLETS AND CAREER SNORE SILL ETS’ P
4920 CCCCC C CCCCCCCCCCCC CCCCCC CC
4930 CC
4940 C COMPUTE BALANCED SYSTEM •P’$
4950 C -
4960 C GIVEN VAAUSLEI : s ss s ssFIR !1—IEI M SEA BIL LETS
4970 C FIR ST—TERM SHORE BILLETS
4900 C CAREER SEA BILLETS

- f  4990 C CAREER CONTINUAT ION RAT E
5000 C
5010 C SOL UTION VAR IA BLESSI *FIR ST TCRM RETENTION RATE
5020 C CA R E E R  SNORE BILLETS

5030 CC
5040 CCCCCCCCCCCCCCC (CCCCCCCCCC
5050 TTI .TIATI
5060 IF (III .LT. 1.0) 60 10 1025
$070 WRITE (20.77) -
5080 WRITE (20.80) I1SZ.TITI.TISI.TZSB.T2d1.S*.S2.C.R
$090 CO 909 JJJ .1.KSEAT M -

$1 00 A8.I.—C2. ’SEA
$2 20  CC 9CC I1I.l .PSHOTII
$120 ASHOR .C2*’SNORE
5*30 IX’ *.—C2..(SEA.SNOR()
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5* 40 Cu -Ct
51 50 C 1 — h I ’ A A I A I ’ S I / (  I2 .AS NOR’ T I )
5160 S2 Za T IT2 .C IIAA— S I
5110 T1Z~~T l
5* 80 T 2 l .T 2

— 5190 S IZa S I
5200
52*0 R ’Ch’PE FT CC
5220 CALL PR INTT (C.R)
5230 C CALL CP E CN
5240 R -RRR
5250 Cl~ CI I
5260 SNORE -SNORE aI.
52 10 900 CONTINUE
3200 S(4.SEA.*.
5290 SI4CR(.SS I
$ 300 9(9 CONTINUE
53*0 SEA— SS(A
5320 WRI TE (20.933)
5130 WR I T E  (20 .144)
5 340 WRITE (20,955)
515 0 933 FO RM A l (l/2X. ’GIV (NS F IRST-TE RM SHORE BILLETS. FIRST—T ERN ’
5360 •‘ SEA BILLETS. CA RE EN SEA BILLETS AND CAREER CONT INUATION’
5310 a’ RA TE’)
5350 955 FO RM4T (2X.’SOLVE FOR ? C A R E E R  S H O R E  B I L L E T S  A N D  FIRST—’

F 5390 a’T(RP RETENTION RATE’)
5400 CC CCCCCCCCCCC C CCCC CCCCCC CC -
5410 CC
5420 C COMPUTE BALANCED SYSTEM T $
5430  C F
5440 C GIVEN VAR IABLES?:: ::::F IN ST -TERN SEA BILLETS
3450 C FIR S T—TERM SHORE BILLETS
5460 C CAREER SEA BILLETS
5410 C FIRST—TERM RETENTION RATE
5460 C
5490 C SO LUTION V AR IA B L ES: :tCA R E( R CONTIN UATION RA V E
5500 C CA R E E R  SHORE OILL(TS

55*0 CC
5520 CCC CC CCCCCCCCCCCCCCCCCCC CC
5530 IF (Si .LT. 1.0) GO 10 *025
5340 WRITE (20,77)

; 5550 WRITE (20.88) 51S2.!112.11Sl’T252 .T2.T1.S1.52.C.R
5560 GOA L .C 1/S 1
5570 DIF GOAL ’EPS

• 5580 100..e
5590 Z .C .9999 9  F

5600 CO IC 2 C JJJ —t .N SEA IN
5610 DO 1010 I I I .1 .NSHOTM
56 20 ICOUNI.C F

• 5630 C22 .AII
5640 B— (1.. C2Z .’(SEA4SHOR~~ )’(I.C2Z )
5650 E .B/( (T*~~11aC2 Jaa SNORE )a (t . C2Z’*SEA ))
5660 IF (0 •(T. GOAL) GO TO 1(00
5670 XMI N ’AA A
5600 XNAX ’Z

F 569C GO TO ICCZ
5100 1000 XM1N .2
5710 XMA X .AAA
$720 *002 CONTINUE - F
5730 C22 . (X MA X. X NIN) l Z .
5740 CZZ AE S(C2Z )
5750 9.(I. C22 .’(SEA.SHORE))’(l. CZl )

F 5760 E .8l((T*.T1.C22..SHCRE)’(I~~ C2l a*SEA))
5710 GI .ASS(COAL S)
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5780 IF (G1.LE.CIF) 60 10 1005
$790 IF (B.GT. GOAL ) XPA*.(ZZ
5800 IF (I •LV. GOAL ) XNIN.(22
3010 ICOUNT .ICOUNT +1
5020 IF (ICCLN T .GE. 30) WR ITE (20.1022)

4 5830 IF (ICCIN T .GE. 30) GO 10 1005
5040 GO TO *002
5850 1005 CONTINUE
5860 CCC.C
5810 C.i.—( (*.—C2Z ).PERIOC)

• 5880 S2Z— (CI.T*)eC*. C22*’SNORE)l(l.—ClZ)
5890 S27.S2Z.ClJ ” UA’$t ’( l. —Cl2a.SMDITE )I(I.— C 2Z ’ a S EA )
5900 112.11
5910 T1Z T2
5920 $12—SI
5930 CU—Cl
5940 C2—C21
5950 CALL PRINTI (C.R)
5960 C CALL CPECP
5910 CZ CU
5910 C CCC
5~~~0 SHORE .SH0RE .l.
6000 *0*0 CONTINUE
6010 $EI.SEA•I.

• 6020 SIORE .SSP
6030 1(20 CONTINUE
6040 SE A— S SE I

— 6050 1(22 FORMA T (121.’CONT INUAT ICN EYALWA TEB MORE THAN 30 TIMES FOR ‘
6060 “ThE FOLLOWING ROTATION PATTERN WITH NO CONYCRGENCC’ I)
6070 WRITE (20.1033)
6080 WRI TE (20.14 4)
6090 NBITE (20.1055)
6*00 60 TO *099 -
6110 1C25 WRITE (20.1 (66)
6120 *033 FORMAT (112X.’GIW(N: F1RSI TER N SWORE I!U.(IS. FIRST—TERM ’
6130 a’ SEA BILLETS. CAREER SEA SILLETS ARC FIRST—TER N RETENTION’
6140 •‘ RATE’ )
6(50 1055 FORMAT f7J.’SOLVE FOR: CA RE EN SNORE BILLETS AND CAREER ‘
6160 “CONTIN UATION RATE’ )
6110 1068 FCRPAT (‘i’.3X.’NO SOI.LTION* FOR THE VARIABLE CONTINUATION ‘
8110 “RATES DUE TO LACK OF NON—Z ENO INPUTS’)
6190 *099 CCNTIN UE
6200 CC
8210 CCCCCCCCCCCCCCCCCCCCCCCCCC
8220 CC
8230 C COMPUTE BAL A NCE D SYSTEM J.?

• 6240 C
6250 C GIVEN VANII BLE I?*?ZZS? F IR SI— IER N SEA BILLETS
8260 C FIRST—TERN SHORE BILLETS
6210 C -CAREER SEA OILLETS
6280 C CAREER SHORE BILLETS
42 90 C
8300 C SOLUTION VANIABLES SZ: CA REER CONTINUATION RATE
6310 C FIRSI TER M RETENTION RA TE
8320 CC
6330 CCCCCCCCCCCCC CCCC (CCCCCCCC
6340 IF (($1.52) •LT. 1.0) 60 TO *125
6350 IF ((11.12) .LT. 1.0) 60 1~O 1125

4 6360 WRITE (20.77)
4310 W RITE (2C.I8) S*SZ.1ITZ.TLSI.TRSB.T2.TI.S1.St.C.R
837$ CEPS’EPS
4377 EPS.EPSS.1
8340 G0AL—U1IS2 ’USI’!8UO1.TZ~~
63~ 0 DIF.GOAL’EPS
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64 00 A $A ..2
6410 Z-C.99999
6420 CO 1120 JJJ ’l.NSEATM

F 6430 00 *1 11 lII ~~I.RSHOTP
4440 TCC UN T—0
6450 C22 .AAA

-• 6460 B .1l(1.—C22..spORr)—(SI.C27 .,sEA )! (S2 .(1—C2Z’aSEA ))
4410 IF (B .61. GOAL ) GO TO 1*00
640 0 X M I N — A A A
4490 XMA X .Z
6500 GO 10 11(2
6510 1*00 X PIN .Z
6520 X M A I . A A A
65 30 1102 CONTINUE
6540 C2Z=(XM AX .XHIN )I2.
6350 B .tl (I.—Ca..SHORE)— (S*SCZ).*SEA)l (52*I i—C22**SEA))
6560 G1 *BS (GOAL B)
6570 IF (GI.L (.OIE) GO TO 1105
6500 IF (E.GT. GOAL ) XMA) .C21
6590 IF (B .LT . GOAL ) XMIN’CZI

• 6600 ICC U NT—T CC IJ NT ’ 1
66 10 IF ( ICOU NT .11. 30) CC T O 1102
4620 IF ( F E N t O N  .ME. 0.6) GE 10 1110
6640 1*05 CONT INUE
6650 CCC C
6660 C.I.— ((1.—CZ fl*P(RIOO )
6610 Ri-C l
6680 Cl— (I. C22)’(St’SZ)F (T*.Tl)
4690 T I i= T 1
6700 122=12
6710 51Z 51
6720 $2 1—S i
6730 C22— C2
67 40 C2 .C2Z
6750 RR .R
6160 T—C1 .P(RIOO
6762 IF (ICCUNT •LT— 30) CC TO flOS
6764 WRITE (20.1144 ) IOENI.SEA ,SHORE.T21.T1Z.S12.5?Z.C,R
6768 GO TO 1109

• 6710 *108 CALL PRI MIT (C.R)
6715 1109 CO NTINUE
6780 C CALL CHECK

F 6790 Ct — Ri
6800 C .CCC
6810 CZ—C22
6520 R— RR

H 6825 11*0 C O N T I N U E
6830 SHOR E.SHORE .t
6840 1111 CONTINUE

SE S EA 4 1.
6860 SI ’ O RE .SS P
6510 11*0 CONTINUE
6880 SE A .S S (A
6~~10 WRI TE (20 .1133)
69 20 W R I T E  (2 0 . 1 4 4 )
6930 WRITE (20.1*53)
693 5 EPS—D EPS F

6960 RETU R N
6950 2125 WT I T E  (2C.1166) -
6~ 60 1133 F O R M A T  (/ 12X. ’ G IVEN F I RS T —TERM SHORE SlILtIS . FIRST— TE RM ’
6970 a’ $~ A BILLETS. CAREER SEA BILLET S AND CAREER SHORE BILLETS’ )
6912 4146 FORN ,T (I).Al .F6.C,Fl.C.*61.’NO FEASIBLE SOLUTION ’.141,4Ft0 0.ZY.
6 974  ‘F1t.4 .F13 4)
6980 *155 FORM A T  (2h SOLVE FOR : FIRST—TERM RET (N TION RAT E AND CAREER ‘
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6990 “ CONTINUATION RATE ’ )
7000 2166 FO R M AT (‘I’.!X.’NO SOLETTOR S FOR THE VA RI A BL E CONTINUA TION ‘
1010 “MATES DUE TO LACK OF NON—ZERO I NPUTS’)
7020 RETURN
103 0 END
1040 CC CC
1050 CCCCCCC INC CF IAL AN Z SUBROU TIN E CCCCCCCCCCCCC CCCC
1060 CCCC
107 0 CC

• 7080 C
7090 C.,,...e...a........a...e....a..asaaa.a.s..aa.asa..,..aa,..,a*.....esa~
7100 C
1*10 C
1*20 C
1*30 SUBROUTINE PRINII (C .R)
7140 COMMON S(A ,SHORE.1l2.TU.S1i .SZZ. P(RCCN.IDENT
1150 CC
1160 CCCCCCCCCCCC

• 1110 C TW IS SUBROUTINE PROVIDES THE PR INTED OUTPUT FOR THE WOO(L AFTER
7100 C A CC IN C THE FOUR BASIC BI LLET GROUP S 11.I2.S1.S2 TO FOR M THE TOTAL
7* 90 C CAREER. TOTAL FIRST—TERM. TOTAL SEA AND TOTAL SHOR E B ILLET GROUPINGS
1100 CCCCCCCCCCCC
12*0 CC
7220 C CALL CHECK
1230 KTI.TIZ.0.S
7240 RT2’Tl2•0.!
1250 KSI— S1110 !
1260 KS2.SZl.I.5
7210 SIS2Z FL OAT (KSI.KS2)

F 1210 TIT2Z. FLOAT (KIl.KT2)
7290 115 1Z FLOAT (KTL$KSI) -
1300 T2S21 FLO AT (K12.K52)

• 7310 IEST’O.O
• 7320 CCCC -

1330 CC
73 40 C DETE RMI NE IF ALL BILLE T STRUCTURES ARE TO BE PRINTED OR ONLY THOSE
7350 C WIT H IN FEASIBLE IOUNC!
7360 CC
7370 0000
1300 IF (PERCEN .EI. 0.0) 60 TO 2000
1390 CALL FEA !BL (TEST)
7400 IF (TEST .EQ. 0.0) RETUPS
1410 2000 WRITE (20.2020) IC(N1.!EA.$’AORE .SIS2Z.11T2Z.T1$*l .TZSU.
7420 •122.TThSIZ.SZZ.C.I
7430 2020 FCRN AI( IX.A1.F6.0.F1.0.41.6P10.0.43.4F10.0.2X.FlI.4.FI3.4)
7440 RE TUR I

F 7450 END
F 1460 CCC

7410 CCC
1600 CCC
7490 C
7550 C
7510 C................. a.a.a .......a...a ,a......a..aaa e..aaa.a.a*.a...a..s,.
7520 C
7530 C
7540 C
7350 SUBROUTINE FEAS IL (TEST )
1560 CCMP CN S (A. 1140R0 .1tZ.122 .51b521 .PERCCW .IOENI 4

F 7370 COMMON ITAL RI SIM IN .SINAX. TtNIN.T 1NAX. S2N IN. S2MAX
F 1500 ‘,TiNIN.t iPA)

1390 CCC
7600 CCCCCCCCCCCCCCC
7610 C AM E P TICN AL SLEROUT INE THAT OCIERN INES WHICH BILLET STRUCTURE S
7620 C ARE WI THIN THE FEASIBLE LIMITS SET BY THE USER 
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1630 CCCCCCCCC CCCCCC
7640 CCC
7650 11 ($11 .13. SIPIX ) RET URN
1660 I~ (5*2 .(1. 51MB)) R ET U RN
1610 IF (Ill .LT .TIM IP) RE TURN

— 1600 IF (TIl .GT.TI MA )) RE TURN
7690 IF (Id .Lt .12MI6) RETU RN
1700 IF (122 .GT. T2MA P ) RE TURN
17 10 II (SEZ .LT. S2MIN ) RETURN
1720 IF (S2Z •(T. S2NAXI RETURN
1730 TEST .2.0
174 0 RETURN
1750 (ND
1760 CCC
7770 CCC
1780 CCC
1190 ~ ..a...a,.....,..,.,,.,,.a.,a.,..asaa,..a..,.a.....s.s.aa.,a.,a.....,..
7000 C

J ~elo
1820 C
7030 SUBROUTINE CHECK
1040 COMMON S($.SHOR (.TIZ.T23 .$12.S21 .P(RCEN .TOENT
1850 COM MON #POT l# T1.T2. SI.S2.C .N.C1,C2.KSEATN.KSNOTN .PERICD .EP$.
1860 •TITI .TISI.1212.StS2
7010 CCC
1880 000
PP,A0 CCCCCCCCCCCC CCC
7900 C TH IS SUBROUTI N E. IF CALICO . WILL CHECK A BILLET STRUCTURE FOR
1910 C BALANCE. IT WILL DETERMINE A R C PA INT THE NUMBE R CT GAI N S FROM

• 7920 C THE FIR ST — T E R PER S TO THE CAREEN F3RCE ANO THE NUMBER CF LOSSES
F 7930 C FRO M THE C A R E E R  FORCE FOR EAC H P0* 100. IT WILL ALSO DETERMINE

1940 C T HE G A I N S T O AN O LOS SES FROM INC CAREER SEA FORCE FOR (ACM
7~~5O C PERIOD.
1960 CC
7970 C ANYTIME THE USER ADDS I N OW BILLET STRUCTUR E COMPUTATION THIS
1980 C SUOR OUT INI CAN £0 V T I L I 2 EO  TO CHECK FOR A BALANCED SYSTEM
1990 C A ND CORRECT COMPUTER PRO GRAMIN G .
8000 CC
80)0 CCC
$020 CCCCCCCCCCCCCCCCC CCC
t~~30 CC
8060 WRITE C C .4044)
0050 W RITE (20.4035) T*2 ,1Z2.SI Z.S2J.C.R.5E*.SIAOR(
8060 4046 F O R M A T  (,l1Ox. ’SUSROUT INC CHECK ’!)
eo~ o 4C55 FO R M A T  (ICX ”Il IS ‘.FO.C.SX. ’TZ IS ‘.FI.O.SX.
8080 “St is ‘.Fe.C.5x.’S2 is ‘.re.oFuox. ’c IS • .F20.6.5x.
8090 “N IS ‘.FIC E.5I.’A IS ‘ .F4.0.5X , ’B IS ‘ .14.01
$100 X (1.~~C2)’ (SIl’S2l)
8*1 0 Y.(TiZ.T21).C1
8120 WR ITE (20 .4066)  X .Y
8130 4066 F O R M A T  (17X. ’TOTIL CAREER LOSSE S ARE ‘.T S.OIBX.’TOTAL CAREER’
81 40 “ GAINS ARE ‘.F6 0)
0150 CNN .(S 12.(l. C2))l(1. C2’a tEA )
0160 4077 FO R M A T  (IOx. ’CAR ((R SEA GAINS ARE ‘.F6.0191.
8170 “CAREER SEA LOSSES ARE ‘.F(.O)
5*00 CNN .C NN’(2*aSEA
•1~~0 CNN— CNM ’SIZ’C 1.—Ct)
$200 CNN EW .( ( S 22 .CI . — C2) ) F (%. —C 2” SH ORE ) )’C2” SHON( •T21.Ct
$210 WRITE (8,4077 ) CNN.CNNEW .
$224 RETURN -

8230 (NC
0240 C
0250 C
0260 C
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8210 C
0210 c..,.,.’..... ,.a.a.,.....,a..as,a.... .,..,...,.,..,.a..... .,........ ..
$290 C
0300 C
0310 C
8320 SUERO IJTIN ( ROTA T( (ALPHA)
B530 COMMON S(A.SHORC.TIZ.T22.51Z.S21.PERC (N.IDENT
0340 CO M MON 111131 S1M IN .SIMAX .IININ.TIPA) .S2NIN.S ZHAX
835 0 ‘.IZMIA.TZHAX
$360 COMMON /RCTI1 TI.T2.5l.Si .C~ R.C1.C2.KSE4TM.KSHOTN.P(RIOD.EPS.
8310 •I1T2.TIS1.T252 .51$2
$380 C
83 90 C THIS SUBROUTINE COMP U TES BAL ANCED SYSTEMS FOR ALL 10 INPUT/OUTPUT
0400 C STRUCTURES FOR EACH OF THE DESIRE D ROTATION PA TTERNS
8410 C ID E N TIC A L  C O M P U T A T I O N S  IS SU BR OU T INE BALAN Z
8620 C ONL Y DIFFERE N CE IS DISPLAY OF OUTPUT
04 30 1(3 FORMAT (‘I’.5x.’SEA ’.3X .’SIIORE’.17X.’TOTAL’ .5*,’TOTAL ’.191.
84 60 •‘TIRST’ .5). ’FIRST’.35X. 7Z.’FIRSI’F
8450 •41.’CUTY ’ .3 X .’OUTY’ .6X. 2X.’TOTAL’.5X.’FIR$t’ ,6X,’AT’,7X,
8460 a ’TCTAL ’.5*.’TERM’ .63.’IEPP’.51.’CAREER’ .AX .’CAREER’ .8X .
8410 “CARE (R’.8X.’T (RM’I4X.’ICUR’.Yx. ’TOVR’.71.’CAREER ’.Sz.’TERM ’.7x.
8480 •‘SEA’.5X .’ASHORC ’.9X.’SHCRE ’.6X.’SCA’.71.’S(A’.6X.’SHORE’.
$490 •5X.’CON T INL ITION ’ .S).’REJENT ION’ll )
0500 115 FORMAT (IX. ’USCR INPUTS ‘.45.41IO.0.41.AFII .O.2X.
8510 •FL1.4.F13.4)
ISZO WRITE (20.122)
$530 WR I TE (lS’*33 )
0540 W R I T E  (20.155)
$350 WR ITE (20.233)
•s~~o WRITE (20,2u5)
05 10 WRITE (20.333) 

-
0580 WRITE (36.155)
$410 WRITE (21.533)
0620 WRI TE (36.551) -
0430 WRI T !  (20.833)
$640 WRI TE (20.555)
0650 flIt! (24.133)
0660 WRI TE (20.1553
$610 W R I T E  (20.033)
0400 WRI TE (10.155)
$690 W R ITE (20.931)
0708 WRI TE (*8.951)

• 01*0 W R I T E  (* I.*C33)
5120 WRI TE (*8.1013)
$725 Al IT! (38.1131) -
$721 W R I T E  (21.1155) -

113$ Ill FORMAT (llI5I.’SUNNARV CF INPUT AND OUTPUT VARIA BLES FOR’
1741 • ‘ LINES A - A  ARE: ’ )
0750 *33 FO RMAT (ll2*.’A GIVEN : FIRST— TERM SEA BILLETS. CAREER SEA ‘
5160 •‘BILL (IS.CAR ((N CONT INUAT ION RITE. AND FIRST—TERM RETENT ION ‘
0770 “ RATE’ )
$70 0 *53 FORMAT (6* . ’S OLVE FOR: F* NST— TE RM SHOOt BILLETS AND CAREE N’
0790 a’ SN OR E BILLE T! ’ )
0008 231 FOR M AT (112).’l GIV !N~ CAREER SEA BILLETS. CAREER SHORE BILL ’
IBIS “(IS. CAREER CONTI N UAT ION RATE A ND FIRST—TERN RETENTION RATE’)
$020 255 FO R MA T (43.’SOl.VE FOR : FIR ST—TERM SWORE BILLETS AND I

5830 “FIRST—TERM SEA BILLETS’)
$040 333 FORMA T U/23.’C GIVEN: FIRST—TE RM SHORE BILLETS. FIRSI ’
$550 “TERM SEA BILLET !. C REE R CON T INUATION RATE AND FIRST—TERN’
$048 •‘ RE TENTION RATE’) -

0510 355 FORMAT (*).‘SOL*( FOR: CAREER SEA BILLETS A ND CAREER SNORE’
• 5850 •‘ BI LLETS’)
F 2930 533 FORNAT( ll2X.’O GIVEN: FIR ST—TERN SNORE BILLETS . TOTAL SE A SILL’

1940 “(15. CARE EN CONT IN IAT ION RATE AND FIRST—TERM RETENTION RATE’)
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• 8950 555 F O R M A T  (().‘SflL VE FOR : F I RS T — T E R N  T EA BILLET S. CAREER SEA ’
8960 a’ BI .LE TS INC CAR EE R S H O R E  BILLETS’)
6970 633 FO R M A T  (1121.’L GIVEN: FIR ST TERM SHORE BILLETS EQUAL TO TEN’
0980 “0. TOTAL SEA BILLETS. CARE ER C O N T I N U A T I O N  R ATE AND FIRST—TERM •
8990 “RETENTIO N RATE’)
9000 131 F C R P A T  (112X. ’F G I V E N :  TO TAL SEA BILLETS. TOTAL SHORE BILLET’
10*0 “S. ~ARE(R C C N T IN UA T ION N A T E  A N D F IRST  TERN RETENTION RATE ’)
9020 155 FO R M A T  (fx . ’SOLVE FO R: FI R S T— T E R M  SHORE OILL(TS. FIRST—TERM I

9030 “SEA BIL L E T C . CAREER SHORE BILLETS AND C AREER SEA BILLETS’)
9040 833 FORMAT C IIIX .’G G IVE N : CAREE R SEA BIU.ETS. IOTA L F IRST—TER M
1050 “OILLETS. CARE E R CONTT N ,J~ITIO N RATE A N D FIRST—TERM’
9060 a’ RE TENTION RATE’ )
907 0 855 FO R MA l  ( EM . ’SOL VE FOR : F I R S T — T E R M  SPORE BILLETS. FIRST— ’
1080 “TERM S E A  BILLET S AND CAREER S~IORE BILL E T S ’ )
9090 93 3 FO RMA T (/ f lX.’H GIV EN : F IRST—TERM SHORE f ILLET!. FIRST—TERM ’
9100 •‘ SEA BILLETS. CAREER SEA B ILLETS AN t CAREER CONTINUATION’
9110 a’ RATE’ )
9120 955 F O R MA T  ( EX . ’SOL V( FOR : CAREER SHORE BILLETS AND FIRST—’
9*30 “TERN RET E N T I O N  R ITE’)
9140 1C3 $ FO R M A T  (lax.’! GIV E R: TIR•ST—TE RN SWORE BILLETS. FIRST—TERM’
91 50 •‘ SEA BILLET !. CAREER SEP BILLETS AND F IRST—T E RM RETENTION ’
9160 •‘ RA TE’)
9110 1(55 FORMAT ( (X . ’SO LVE FOR: CAREER SHORE D ILLETS AND CAREER •
9*80 “CO N TINUAT ION RA il’ )
9181 113! FOR M AT (112X.’J GIVEN: FIRST—TERN SHORE BILLETS. FIRST—TERN’
918 2 a’ SEA B ILLET !. CAREER SEA BILL E TS A N t CAREER SHORE BILLETS’)
1184 1 155 FO R MAT (0.’SOL V( FOR : FIRST—TER M RETENTION RATE A N D CAREER ‘
9185 * ‘CONTINUA IICN RATE’)

• 9190 CCCCCCCCCCCCCCC • -

9200 C CCCCCCCCCCCCCC COMPUTATIONS BEGIN HERE
92 10 CCC CC CCCCCCCC CC
9220 SS(A ’SEA
9230 S !14—SH O RE
9240 AA .I. C2
1250 IS— C

F 
• 9210 00 999 JJJ—1 .ASEATM

9280 AS(A .C2..S(A
9290 AE .1.—ASE A

F 9300 00 99! III.1 .KSHOT H
93 20 IS.1S’I
9330 10—ISIS
9340 IF (IC .16. 1) IS—I
9350 IF (IS .E0. I) WR ITE (20.103)
9360 W RITE (20.115) 5*52.1IT2.TISI.T232.T2 .T1.St.S2.C.R
9310 193 CONTINUE
938 0 IS HO R—C2 a SHOR(
9390 A t — l . — A SHOR
960 C S X - I — ~ C2” (SEA.SHOR E )
94 10 C
9420 C BALANCE D STRUCTURE — A :
9430 C GIVEN : TI.SI.C.R
9440 C SOLVE FOR~ T2 .S2
9450 C
9460 12Z .—A SHOR ’lt’BX .AA. S 1l(CI’AB)
9410 S2?—C Ia T I’AC /AA .ISEA ’ SIaAC IA B
9480 TIZ— T 1
9490 511—S I
1300 ICENT .1I- A -

~S1B CALL PRI N T I (C.R) -
1520 C -
9530 C BALANCED STRU CTURE •$•~
95 40 C GIVEN: 5l.S2.C.R
9550 C SOLVE FOR: T * . T 2
9560 C
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V

9570 T1l.( S2—A SEA’A CI*Sa5t )ICI’*U&C
9500 V l l .S IS* ’AA/ CI T IZ
$590 52*—Si
9600 SIT-SI
1610 ICENT I IB
9620 CALL PRINT! (C.R)
9630 C
9440 C BA LANCE O STRUCTURE ‘C’I
9450 C GIVEN: tI.12.C.R F
9660 C SOLVE FOR: S1.S2
1410 C
9680 SIZaCI’Afs (T2 .ASHOR’T 1)/ (fX .AA )
9690 SZZ TIT2 ’CIIAA—SlZ

F 9700 2Z.TZ
9110 112.11
1120 IC(NT IPC
91 30 CALL PRINTT (C.R)
9740 C
9750 C BALANCED STRU CTUR E 0”
9760 C GIVEN: I2.TISI.C.R
9110 C SOLVE FOR : TI.SI.S2
1180 C
9790 S11—(TIS*’ISMORaT2)/(ASI(O$’(AA .SI)/(C1’AS))
9800 T*?.TISI SI2
98L0 S22’ (T2•1t2)’CIIAA SIZ
9620 12*—Ti
9030 LOENT IHO
1840 CALL PRIN TT (C.R)
9850 C
9860 C BA LANC E C STRLC TUR E E’s
9810 C GIVEN : T2.0..TISI.C.R -
9880 C SQ.VE I CR: T1.S*.S2
1890 C
9~ 00 1*7.0. -
1910 SIl’ (TISI’ATWOR .122 )I (ATNOR .(AA S X)l(C1’AS))
9920 T*Z .T IS 1 SIZ
1q30 S2Z—13*2.1Il).CI/AA— S IZ
1140 ICENI’ lIE
9930 CALL PRINTT (C.R)
9960 C
p970 C BALANCE D STRUCTURE ‘f$
1980 C GIVEN : IIS1.12S2.C.R
9990 C SOLVE FOR T*.T2.S1.S2

10000 C
10010 XIY IXICI ’A*/AB
10020 YTX .(T*Sl .T2SZ) AA #(C&.AA )
10030 T2Z .(XXT ’(1151 971) ASHCR’YYX)/(AC XXT)

F - 10040 S27 T2S2 1U
10050 T IZaYVX T2T

F *0060 S1?.TISI TIZ
10070 I0ENI .IH!
*0080 CALL PR IN TT (C.R)
100 90 C
10100 C EAI.ANCEC STRUCTURE G 1
10110 C GIVEN: SI.TIT2.C.R

• 10120 C SELVE 1CR : 11.12.52
10130 C
10140 S27 .TIT2IAI’CI Sl
10150 T2l~~ A5HOR ’T IT2IAC ’BXICI’AAI &B’SIIAC
10160 T12—TITZ T!2
*0110 S1Z’S*
10*80 ID (NT.IHG
10190 CAL L P PI M TT (C.R)
10200 C
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10210 C BALANC E D STRUCT URE M 1
10220 C GIVEN : 11.T2.S1.C
*0230 C SOLVE FOR : S2.R
10240 C
10250 TI 1.11.12
10260 IF (TI! .11. 2.0) 60 TO 102%
10210 C1I .CI
10280 Cl-IT’AA IAI’SII ( 12 .ASWCR ’ TI)
10790 522 . TIT2 ’C IIAA—S I
10300 T % Z !I
102 10 T2ZaT Z
*0320 SIZ SI
*0130 IOENT .IPN
1034 0 RRR- Rp 10350 R— C 1’ P( N IOt
10 160 CALL PR INTT (C.R)
20510 C CALL 021CR
10360 C1.611
*0390 R— R RR
10600 C
106*0 C EA LA N C E C STRUCTURE —I —:
10420 C G IVEN: II.T2.$1.R
10630 C SCUVE FOR: 52.C
10440 C
10450 IF (51 .LT. .0) 60 10 *025
10660 ICOUNT -C

F 10670 GOAL —CII S I
10480 0IF GOAL’EPS

• 10490
10500 i.C.91999
10510 C22 .A
10320 8.(l. C27 .(S(A.SHORE))’(I. CiZ )
10530 E.el( (T2.T1.C24”SHCN()’(t.—C2i”SEA))
10540 IF (2 .61. GOAL ) GO 10 25
10550 X M 1M A
*0560 XMA S—i
10510 GO 10 2 1
10380 25 SHIN—i
10390 IRIS—A
20600 26 C (NT IIUE
10610 C2i— (XMA ZIXN IN) /2 .
10620 CZZ AE S (C2Z)
10630 B— ( I . .C21.’(5(A.SH0RE))’(1. C2 1)
10640 e .Bl( (T2 .i1.C22 .’SHCRE)•( L.—CU ”SCA))
10650 G1 .AES( COA L— B )
10660 IF(GI LE.DIF) GO IC 50
*0610 IF (1.61. GOAL ) XN A X .C21
10680 II (8 •LT. GOAL ) XM 1N— C 21
10690 ICOUN T .!COUNT ’l
10700 IF (ICCUN T •GE . 30) IR ITE (20.1022)
10710 IF (ICOUN I •GE. 30) CO TO 50
10120 1C22 F C A K A T  (l2).’CON IINL A TI C N EVA LUATE C MORE THAN 30 TINES FOR ‘
10730 “THE FOLLOWING ROT ATIO N P I1T ERN WI TH NO CO NV ERGENCE’ I)
10740 - GO TO 28
10750 50 CONTINUE
10760 CCC C
10710 C.t~~~((1. C2l)’P (RIO0)
*0780 S2Z.(Cl’rI).(I.—CZZ”SICRE)l(I. CiZ)
10790 S2l .S22’Clie’S (A’SI’ ( I. C22a .%HORE)l (l. C27’PSEA)
*0800 T *i—T1
10810 T21—f2
*0820 $11—SI
10830 IO (NT .IHI
20840 C22 .C2
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10650 Cl-Oil
10160 CAL L PR INIT (CaR )
lU Sh C CALL CN!CP
10220 CZ’C22
*05~ I C.CCC
10900 GO 10 1030
*0910 *625 WRITE (30.1065)
10920 *030 CONTI N UE
10)30 1(44 FORMAT (l35.’I’O SOLUTIONS FOR VA RIABL E CONTIN UATION RATES ‘

F 10940 “DUE TO LA OS OF NON 1ERC INPUTS’)
*1030 C -

31040 C BALANC EC STR UCTURE 4 1
11050 C GIVEN: TI.12.S*.Sl
*1060 C SOLVE ICR : S.C
1*010 C
*1000 IF C(51.!2) .LT. 1.0) GO TO 1125
11090 IF (CTI .f 2 )  .1!. 1.0) GO 10 1125
*20 93 6(15—115
11097 EP5.EPS’ .*
11098 GCAL.(111S2)’((51.Sl)I(I1.I2))
11130 DTF—GOAL .EPS F

11140
11150 2.0.19189
11100 ICOUNT .0
1*180 022.0*1
*1200 B—llCl. —C22.*SIIORE)—( 5*’C2J”SEA)l (52’ (1 C21a.SEA))
1121! II (I .GT. GOAL ) GD IC 1300
11220 XN IN .AAA
11230 XMA X Z
11240 CO 10 1102
11250 1100 XMIN .Z - - •

11260 * MAZ SAAA
11270 1102 CONTINUE -
11280 C22 .IXNAX +INTN)F2.
11210 B.Il(1. C22”SIAORE )—C $1.C22”SEA)l(S2’(1—C22..SCA))
*1300 G1 ’ABS (GOAL B)
113*0 TUGI.L(.C!F) GO TO 1105
11320 II (0.61. GCAL ) SPAS—Oil
*1539 1! 18 .13. 40)1) )M1R—CZZ
*1340 ICOUNT .ICOUAIT .1
11350 IF (ICOI JN T .LT. 30) 60 10 1102
II 360 IF (PERCEM .Nt. 0.0) GO TO 1110
11380 IICS CONTINUE
113 90 0CC—C
1*400 Ca1 — ((*. C2Z) PERIGC)
21410 RZ CI
11420 C1— (I.—C2Z)’(St’S2)l( 11.12)
1*425 ICENT .INJ
1*430 1*7.11
11440 TU—T1
*1450 511—SI
114 60 522.52
1* 610 CU—Cf
11400 Cf—CU
11490 RI— I
*2500 N—C1 ’PERIO O
1150* II (ICOUMT .LT. 30) GO TO 1*00 -
2 1503 WRITE (20.1144 ) IOEMT.SEA.SNOR(.T2Z .11i.S1i.S27,C.R
11504 60 TO 110$
11505 1100 CALL PRI N T T (C.R )
*1304 *109 CCNTINU(
*15 07 C CALL CHECK
11530 61.32
11540 C.006
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1* 550 Cl—C??
11360 R R R
*1S6 % IIIC CONTINUE
1161% EPS.DTP$
1*660 GO 10 981
*1680 1125 d R I l l  (20.11661
11693 1*44 FORMA I (*X.A * .FT.0.r1.G .I45.’NO FEASI B LE SOL IiIION • .14X.4f10.0.25.
1*693 •F11.4.Fl~~.43
11160 *266 F C R M R T  (‘I’.J X .’MO SOL UTION! FOR THE VA R I A B L E  CCNTIN U *T ION ‘
* 114* “ RATES DUE TO LACK OF NCN Z(RO INPUTS’ )
*1741 911 CONTINUE
11150 SHOR(-SHOR(. 1

• * 115* WRITE (20.191 )
11752 1 91 FO R M A T  (201.’ ‘II)
11733 - 598 CONTINUE
11754 -. S E A — S E A S I .
*1753 - SI’CRE .SSI

• F 11156 919 CONTINUE
11751 SEA—S!E A
11160 RETURN
11 710 END
1171’) C
11190 CC
11 800 CCCCCC END OF SUBROUTINE RC IATE CCCCCCCC
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t

START

READ BILLET
STRUCTURE VALUES -

READ
- OPTIONS

- 
SET REQU IRED

DEFAULT VALUES

DETERMINE SEA/SHORE ROTAT ION

PATTERN S TO BE EVALUATED

PRINT PROGRAM PARAMETERS -

ALPHA YES CALL
STOP

= 0. ? BALAN Z

CALL
ROTATE

F NO

ALPHA YES- :  = 1. ? STOP

CALL STOPBALAN 2

F IG .  B— i :  Flowchart of MOSES
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C
START

D

,4/
’

~~~~ PRIN T HEADINGS

-4
- LOOP ON THE SEA/SHORE

I ROTATION PATTERNS

COMPUTE BALANCED SYSTEM 1
• 

- L CALL PRINTT

d h  -

- 

>. END OF LOOP , DO NEXT -4

I SEA/SHORE COMBINATION 
J

f PRINT INPUT/ OUTPUT
/ VARIABLES

HAVE
BALANCED

NO SYSTEMS BEEN
______________  

COMPUTED FOR ALL
INPUT/OUTPUT
c0MBINA:::Ns?

(~~ETURN )

FIG, B—2: Subroutine BALANZ
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• (
START 

~
)

/ 
PRINT STRUCTURE VALUES

COMPUTE LOSSES AND GAINS
OF TOTAL CAREER FORCE

- PRINT LOSSES AND GAINS

COMPUTE LOSSES AND GAINS OF
CAREER FORCE

- 

AT SEA

/ ~ 
PRINT LOSSES AND GAINS

C~~D
FIG. B—3: Subroutine CHECK
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START

TEST O

I
EAC

OF THE
FOUR

COMPONENTS OF
THE BILLET NO

STRUCTU RE RETURN

WITHIN
TOLERANCES?

YES

• TEST = La

RETURN

FIG. B—4 : Subroutine FEASBL
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STAflT

DOES
THIS

STRUCTURE
NEED TO BE CALL CHECK
CHECKED FOR

BALANCE?

YES IS
PERCEN

= 0.?

NO

CALL FEASBL

IS
THIS

STRUCTURE

TOLE R ANCE S? 
NO 

RETURN

PRINT VALUES OF BALANCED
SYSTEM

RETURN

FIG, B—5: Subroutine PRINTT
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(START 
_)~~~~~~~~~

/ PRINT INPUT/OUTPUT STRUCTURE S

LOOP ON THE SEA/SRCRE

I ROTATION PATTERNS 1
COMPUTE BALANCED SYSTEM FOR

INPUT/OUTPUT COMBINATION

CALL PRINIT 1

• HAVE
BALANCED

SYSTEM S BEEN -

COMPUTED FOR ALL NO
INPUT/OUTPUT

COMBINATIONS?

YES

END OF LOOP
DO NEXT RETURN

SEA/SHORE

COMBINAT ION 
-

FIG. B—6: Subroutine ROTATE
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• The f igures  in this  appendix are examples of the kinds  of
printed output that can be produced by MOSES.

Figures C—i , C— 2 and C—3 present the balanced structures
calculated by MOSES for three d i f f e r e n t  input data sets .

The user has supplied values for only seven variables for the
output in figure C—i. They were ALPHA , Ti, T2 , Sl, S2, C and R.
The other 19 initial parameters assumed their default values.

The user—specified values for for nir~e var iables for F igure
C—2: the seven for figure C—i , plus SEATIM and PERCEN . The other
17 parameters assumed their  defau l t  values.

The user—specif ied values for 11 variables for figure C—3: the
nine for figure C—2 , plus T2MAX and S2MAX . The other 15 variables
assumed default values.
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The aggregate model is based on a simplified description of
the sea/shore rotation process. Enlisted personnel are divided
into two experience categories: first—term personnel who have

• finished preliminary training and are serving their first sea or
shore duty tou*1 and career personnel who have completed their
first duty tour. We consider two types of duty, sea and shore. At
the end of their first tour, personnel who continue in the Navy are
assigned to the other type of duty. Thereafter, if they stay in
the Navy, they are rotated at the end of each tour to the other
type of duty. This rotation is described by the respective lengths
of the career sea and career shore tours, a:b. This process is
represented in figure D—l.

FIRST-TERM FIRST-TERM

SEA~~~

J

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

JJORE

CAREER 4— —~~~~~~~~~~~~~~ CAREER
LI I L

~~~_ _~ — SEA SHORE 2 -

Si S2

S

FIG. D-l: FLOW DIAGRAM

The rectangles represent the four experience duty categories
and. the arrows represent associated flows. The arrows labeled
f1, f2, f~ and f4 represent continuing personnel trans— .

ferred to the other type of duty. The arrows labeled ti and £2
represent losses from the career force.

.
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When flows into and out of each category are equal the number
of personnel in each category remains the same. This condition is
called a balanced system. In a balanced system the flows are
determined by continuation behavior and the lengths of the duty
tours. There is a static distribution of personnel (T1, T2,

~i 
S2) which results from particular continuation and rotation

in a balanced system. This distribution gives the actual numbers
of personnel which will be at each of the four categories if the
specified continuation behavior is realized and the rotation
pattern is followed. Billet requirements express the numbers of

4 job assignments, or spaces, which are planned for each of the
categories. Our model represents the relation between rotation
patterns a:b, personnel distribution (T1, T2, Sj, S2), and
continuation behavior. The personnel distribution can then be
compared with the billet requirements.

The conditions for steady state are represented algebraically
by any two of the following three equations:

f1 + f 2=  £~i + L2

fj + f 4 = f 3 + (1)

f 2 + f 3 =  f 4 +  L1

The f i rs t  equation requires the total flows into the career
inventory to be equal to total losses from that inventory. The
second equation requires total flows into the career shore category
be equal to the total flows out of that category. The third equa-
tion imposes the same condition on the flows into and out of the
career sea category. Only two of these equations are needed
because the first is simply the sum of the other two.

The transition behavior of first—term personnel is represented
by a single parameter, r, which is the ratio of the per period flow
of personnel into the career force to the total number of personnel
serving their first tour. Continuation behavior for the career
categories is represented by an average continuation rate, c, which
is the proportion of the career personnel which are retained for
one period. The computation of these -parameters from the more
familiar length of service continuation rates is discussed in
appendix A. The formulation of the model presented in this paper
assumes that the first tour for personnel assigned to sea and shore
duty occurs at the same time in their career and that continuation
rates are the same at both sea and shore duty. These assumptions
are not essential to the analysis but make it simpler.

D—2
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a Using the average continuation rate c the flows of career per-
sonnel from period to period are represented in figure D—2. The
horizontal arrows represent flows continuing in the Navy and the
arrows pointing down represent losses. By this reasoning we see
that if the per period flow into one of the career categories is f
and the tour for that category is b periods, then the period flow
of personnel who are transferred to the other type of duty after
completing the assigned tour is. cbf. Since total outflows equal
the inflow,, losses are l — c~~f. Applying these relations to
both sea and shore categories gives the following relations:

= c~(f2 + f3) = ca(f4 + £1)

= cb(f1 + f4) = cbcf 3 +

Rearranging gives

a
— 

c £1.4 — 

~~~~~ _ 
a 1

£ c (2)
b

— 
c

(l—c )f (l—c)cf (l—c)c 2f (l—c)c 3f

FIG. D—2: CAREER PERSONNEL FLOWS

These relations allow us to eliminate two of the variables in our
balance conditions (1) by substitution. The balance conditions
become:

a
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f1 + f 2~~ 
£
l 

£2 =  0

+ 
l~~~ c

a £1 
— 

1 _ c b £2 = 0  (3)

+ 
i — cb 

£2 
— 

~~ ~a 
- 

£1 
= 0.

These conditions relate four flows (f j ,  f 2 , £1, £2) to the
career continuation rate c and the sea/shore rotation pattern a:b.
We are interested in the distribution of personnel, that is, the

— stocks which are determined by these flows. Since

£1 = (1 — c)S1
£2 = (1 — c)S2 (4)

fl= r T l  
P

f2 = r T 2

we can rewrite the conditions in terms of stocks —— steady state
stocks. That is, static personnel distributions (T1, T2, S1,
S2) associated with specified continuation Cc , r) and rotation
a:b satisfy

rT1 + rT2 — (1 — c)S1 — (1 — c)S2 = 0

rT1 + ca 
— 

j— c t
~ 

(1 — c)S2 = 0  (5)

+ b (1 — c)S2 
— 

1 
— c)S1 = 0

1 — c  l _ c a

These conditions can be used to determine the balanced systems
associated with particular rotation patterns. On the other hand ,
if a particular balanced system is desired these conditions can be
used to determine what rotation pattern, or patterns, if any, will
produce that distribution. As before, any two of the conditions
imply the third. Therefore, we consider the model to be defined by
the first two conditions:

D-4
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* r(T1 + T2) — (1 — c)(S1 + S2) = 0 (6)

- 7 a rT1 + ~
a 
~l
1
_ C ~ )s1 - (

~ : :
b~
S2 = 0. (7)

The analysis of the model consists of a description of the
- _ interrelationships these equations impose on Sj, S2, T1,

T2, a, b, c, and r. For instance, when a rotation pattern a:b
and continuation behavior (C , r) are fixed , the components Si,
T~ C i =1, 2) are linearly dependent, and any two can be solved
for in terms of the other two. For example, given the sea billet
structure, the problem of determining the number of shore billets
needed for rotation exploits this linearity.

H Another linear aspect of the model is equation (6), inter-
preted graphically as the diagonal line segment in figure D—3 . The
r—intercept is determined by the ratio R= (S1 + S2)/

• (T1 + T2) of career to first—term personnel. The points Cc , r)
on the segment represent continuation behavior for which equation
(6) is satisfied. This equation has the following interpretation:
if the input to the first—term force is the same each period (i.e.,

• T1 + T~ is in a steady state), then equation (6) is the condi-tion which must be satisfied if the total career force S1 + S2
is also to be in a steady state. If we set c=1 in equation (6)

7 then r=0, and so the c—intercept is always at (1, 0). If continu—
t ation behavior Cc , r) ~ (1, 0) is specified , the value of R is7 completely determined by linearity. Therefore, only a billet

structure for which the ratio of career billets to first—term
billets is R can be filled in a first—term to career steady state
with this continuation behavior.

Theoretically the values of c and r may vary between 0 and 1;
however, the real world imposes practical restrictions. For
example, because of attrition due to retirement, c cannot assume

P

a
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4 .r—axis

(0, T1+T2 ~~~NS.
*

~~~

\

(c ,r)

~ c—axis
(1,0)

FIG. D—3: GRAPHICAL REPRESENTATION OF TOTAL FORCE STABILITY

a value too close to 1. Al though the values of c and r may be
affec ted to some ex tent by incent ives , such as a reenlistment bonus
or sea pay, the Navy cannot systematically alter them much beyond
their observed values. These real world limits are indicated in
the figure by a rectangular attainable region; in pract ice (c , r)
is constrained to lie within this area. Since the first—te -m to
career steady state systems which can be achieved are then repre-
sented by lines pass ing through this rec tang le, the limitations on
the variability of Cc , r) place upper and lower bounds on R. The
billet managers in Op—Ol must be aware of these bounds in order to
be sure that planned billet structures are feasible with respect to
present continuation behavior. Por example , if the line segment in
figure D—3 represents the present career to first—term ratio of
125770/180385 , then the point (0.86 , 0.09345) corresponding to
current continuation1 is found to lie well below the line .
Therefore, either this ratio must be decreased or c or r increased
if a steady state force is desired.

‘ On the other hand , if the billet structure S~j, T1 (i=l , 2)is prescribed, then by (6) r is completely determined from c. The
relations between a, b, and c as expressed in equation (7) are non—

1Center for Naval Analyses, Memorandum (CNA)78—0226, “Sea—Shore
Rotation Model, Briefing to the Advisory Committee”, by Lt. John
Wa terman, USN, and LaVar Huntzinger , Unclassified, 23 Feb 1978.
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linear and therefore more difficult to describe. The Navy ’s inter-
est in finding an equitable rotation policy while filling required
billets illustrates the importance of considering this aspect of
the model. The purpose of the remaining paragraphs of this appen—
dix is to describe the nature of the constraints on a, b, and c
imposed by equation (7). In order to simplify the discussion, we
assume that all rotation patterns satisfy the condition a, b > 1.
This is a technical restriction. However, since personnel are not
normally assigned to tours or less than one year’s duration, and
the periods of interest are years or quarters, this will always
hold.

In order to express the connections between continuation and
rotation, we eliminater between equations (6) and (7) as follows.
If equation (6 ) is multiplied by T1 and equation (7) by
(Tj + T2) they become

rT1(Tj, + T2) = (1 — c)(Sj + S2)T1

rT1(T1 + T2) 
= (1 — c) ft 1~~ b) ~2 

— 

(1~:a) 
s1] (T1 + T2).

S ince 1 — c ~ 0, equating the express ions on the righthand side
• gives

+ 
~~~“1 [(i~c

t
~) 

~2 (i~~a) 
S
1] 

(T1 + T2).

This reduces to an equivalent relation ~a:b~~~ 
= 0, where

~a:b is the polynomial

~
a:b

~
’
~ 

= (S1T2 
— S2T1)X

a-
~ — (S1T2 +

+ (S1T1 + S2T1)x~
’ + (S2T2 

— S1T1)

Since a fixed billet structure has been assumed , these polynomials
are parameterized by the rotation pattern a:b. For given a:b the
solutions c of

fa:b~’~ 
= 0 < X < 1 (8)

represent values of the continuation rate which are consistent with

• a balanced system with an a:b rotation pattern. However, it
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should be emphasized that a choice of a, b and c which satisfies
equation (8) will provide a solution to the model only if r is
determined so that it satisfies equation (6). The graphs of
Y ~~~~~~ 

for several rotation patterns a:b are sketched in
figure D—4. For the; graphs it has been assumed, as is the
present case for the total Navy, that S1T1 > S2T2; if this
inequality were reversed, the graphs would be reflected about the x
axis.

S In order to study the solutions of equation (8), note that
fa.b(c) = 0 is equivalent to the simultaneous system

(S1T2 
— S2T1)xy 

— (SJ T2 + S2T2)y + (S1T1 + S2T1)x

+ S2T2 
— S1T1 = (9)

y = x ~~
’b,

where x =

(0,S2T2—S1T])

FIG. D—4: GRAPHS OF 
~a:b 

WHEN S1T1 > 52T2

The curve represented by the first of ‘these equations is a
hyperbola; hence the arc between any two points on it is convex.
This curve passes through the point (1,1) and is independent of
a:b, The hyperbola is degenerate (i.e., y—x ) if S1 = S2 and
Tj — T2. In this case we shall say that the system is
degenerate. By implicit differentiation ,
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((s1T2 + S2T2) 
— 

(s1T2 — S2T1) x) ~~ = (s1T2 — S2T1) 
y 

‘
•

+ S 1T1 + S 2T1 .

In particular, at (1,1) dy/dx = S1/S2 > 0 .

In - order to simplify notation, define

(S1T1 
— S2T2)/(S1T1 + 52T1) if S1T1 > S2T2

0 ifS = S  and T = T
d =  1 2 1 2

1 if S1T1 = S2T2 but

(S2T2 
— S1T1)/(52T2 + S1T2) if S1T1 < S2T2

then 0 < d < 1. Suppose, for instance, that S2T2 > S1T1,
then the conic passes through the point P = (0,d) on the positive

• y—intercept, and the arc between P and (1,1) represents a continu—
ous single—valued convex function, h(x). Moreover, this function
is monotonically increasing on 0 < x < 1 for h(x)=0 is part of a
hyperbola whose asymptotes are parallel to the coordinate

• axes.

Clearly, h’(l) = S1/S2 . Now y = xa/b also defines a
convex arc between (0,0) and (1,1). It is monotonically increasing
on 0 < x < 1, and the derivative at (1,1) is a/b. By the convex-
ity, it follows that these two arcs can have at most one inter-
section over 0 < x < 1, and such an intersection will occur if and
only if a/b < S1/S2. Also, the y—coordinate of this point of
intersection must satisfy d < y < 1; that is dl/a < c < 1.

S If c satisfies this inequality then there is exactly one b such
that fa.b(c) = 0, for the point of intersection starts at
(1,1) when a/b = Sj/S2 and tends monotonically to P as b +
(it is clear from this that the strict inequality is neces—
sary).

Now consider the non—degenerate case in which S2T2 =

S1T~M Et nce the arc h(x) now passes through (0,0) and (1,1), 7
convexity arguments similar to the preceding ones show that there 7
can be no non—trivial intersections unless a/b is between 1 and
S1/S2; and if this condition holds, then there is exactly one
intersection. However, in the degenerate case, the convexity of
y = xa/b (where a ~b) implies that there can be nonon—trivial intersections; but if a — b, then the two arc
coincide.
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The model possesses a certain symmetry, already noted in the
derivation of equations (6) and (7). A moment’s consideration of
the diagram in figure D—l will show that our analysis can be
applied to the case S2T2 < S1T1 by simply replacing (S1, S2, T1, T2,
a, b) with (S2, S1, T2, T1, b, a) throughout. These results can be

summarized in the tollowing “existence” theorem.

Theorem (1) Suppose S2T2 > S1T1. Then the polynomial
.7 equation

= 0
has a solution c with 0 < c < 1 if and only if a/b < S1/S2, and

I I
in this case d a < c < 1. Conversely,- if c lies in d a < c < 1,
then there is a unique b for which fa:b(c) = U.

(2) Suppose S2T2 < S1T1. Then the polynomial equation
has a solution if and only if a/b > S1/S2, and in this case
1 1-

d b < c < 1. For any c in d b < c < 1 there is a unique a such
that 

~a:b~~~ 
= 

—

(3) Suppose the system is non—degenerate and S1T1=S2T2.
Then the equation has a solution if and only if ab is strictly
between 1 and S1/S2. If c lies in 0 < c < 1, then for any a
there is a unique b su~~ that ~a:b 

(c) = 0, and~given b there
is a unique a such that this equation is satisfied.

(4) Suppose the system is degenerate. Then the equation has a
solution if and only if S2 = 

~l’ 
T2 = Tj and a = b. In this

case 
~a:a~~

j = p identically for all positT~e a.

These separate cases must be considered when actually solving
the model for a balanced system. We will now assume that
S2T2 < S1T1 since this is consistent with the total Navy as
it is presently constituted. However, not all communities within
the Navy satisfy this condition, and so the other cases are also
important.

I
I
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The theorem shows that it is not possible to attain a steady
state with any rotation pattern unless the continuation rate c
satifies the inequality d < C < 1. On the other hand , if c is in
this interval (assuming S2T2 <S1T1) there exist values of b
such that

1
d b < c < 1. Using, logarithms, the equation fa:b(c) = 0 can
be solved for a unique a. Thus, the model has a solution if and
only if d < c < 1. Fractional solutions for a:b are possible.
For example, given a particular annual continuation rate c we might
find that equation (8) was satisfied with a = 11/4 and b = 13/4.
This can be interpreted as a quarterly rotation pattern of 11:13
corresponding to a quarterly continuation rate of c1/4~

If the rotation pattern a:b is given , then equation (8) can be
solved for c using an approximation technique such as Newton ’s
method. According to the analysis there is at most one solution in
the interval 0 < x < 1.

The graphical interpretation of equation (6) can now be extended
to represent the entire model, including the relationship between
continuation and rotation. This is indicated in figure D—5.

As before, (c,r) pairs on the diagonal represent the only
possible continuation behaviors consistent with a first—term to
career steady state force. The solid segment of the diagonal is
detetmined , as shown, by d, which depends only on the billet struc-
ture, and lies in the interval 0 < d < 1. Points on this segment
represent continuation behavior for which balanced systems exist.
Thus (c’,r’) represents an attainable continuation ; and although it
is consistent with a steady state force, there is no associated
rotation pattern for which each of the components S1,T1 Ci =

1,2) would also remain in a steady state.

When the system is degenerate, the situation is different.
For any continuation c the rotation patterns are exactly the a:a
patterns for all a > 0.

The rectangle in figure D—5 is the attainable region for
(c,r)pairs. Points such as (c”,r”) represent continuation behavior
which is consistent with a steady state billet structure for some
rotation pattern; but they are not practical since they are beyond
the attainable region. The only useful solutions to the model are
those (c,r) pairs which lie on the solid segment but within the
rectangular region.

I
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It is clear that in figure D—5, the first—term transition rate
r must satisfy the inequality r < S2/Tj. Thus, the billet
structure also imposes an absolute upper bound on first—term tran-
sition rates in a balanced system.

Finally, if the billet structure is allowed to vary, then d
will also vary. Therefore the billet structures for which the
model has a feasible solution are just those for which the solid
segment, determined by d and the ratio R, intersects the attainable
region.

r—axis

-~~~~ Sl+S2 -

T +T
~ 1 2

_ _ _ _  a

~ .,4c’ ,r’)

(0,~Z) h. ~~~~~~~~~~~_ _,

c-axis
(d,0) (1 ,0)

FIG. D—5: GRAPHICAL INTERPRETATION OF THE SEA/SHORE MODEL
WHEN S1T1 ~ S2T2
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