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FORECASTING THE RETENTION OF NAVY PILOTS
by

S. Zacks

1. Introduction

The present paper addresses the problem of estimating the number of
Navy pilots (or other career force officers of a certain profession) that
are expected to remain in service. More specifically, we consider in the
present study the retention of Navy pilots who are serving their first term
in an operational squadron, after completing training schools. Generally,
during the first term of operational service there is very little attrition.
Attrition at this time is due mainly to accidents or sickness. After the
first term of service the withdrawal of pilots from operational service
becomes quite significant. It is highly important to develop a method for
forecasting how many pilots from each cohort will remain in service. As
will be shown later, the retention of pilots in service depends to a large
extent on their original service. These sources are coded by certain
original source codes (0SC). In our study we analyzed data from six such

original sources (0SC 1, 0SC 3, 0SC 4, 0SC 6, OSC 38 and OSC 80).

In addition, the data was classified according to the date of the
minimum service requirement initials (MSRI) of the pilots and how many
years they were before or after their MSRI. In Section 2 we provide six
tables of the actual data. In Section 3 we present the statistical model

and the methodology of forecasting the retention of the officers. This

N
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methodology is based on determining tolerance limits for estimating predic-
tion intervals of the anticipated number of personnel retained in the service.
In Section 4 we present the numerical results, A Fortran computer program

is given in the appendix. We would like to comment at this point that the
forecasting procedure developed here is not restricted only to Navy pilots.

It is expected to perform well if applied to other professional groups of
career force officers. The theoretical development in the present paper is
similar to that applied in the forecasting of the total size of the Marine
Corps (see Haber and Zacks [1], Zacks [2], and Zacks [3]).

2. The Data

The data consist of six tables (Table 1 - Table 6) in which the number
of pilots in service is tabulated according to the quarter of the year they
attain MSRI and the time period (in years) before or after the MSRI. Each
table corresponds to a different OSC, and spans the period from the begin-
ning of 1971 to the middle of 1975. For the computer application we opened
six data files (PIL 1, PIL 3, PIL 4, PIL 6, PI 38 and PI 80) consisting of
eighteen lines (card). Each line (card) contains eight three-digit numbers.
Lines 110 - 160 and 230 - 310 of the programs in the appendix provide the
instructions for calling these files and reading the data in the specified

manner.

3. The Forecasting Procedure

3.1 The Statistical Model

Let X(i,j,t) denote the number of pilots from the ith source
(i=1,...,6) , with specified MSRI at the jth quarter (j = 1,...,18)
who are still in service at time t , t = 1,...,8 . The ... MSRI quarters
are specified in the following table.
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i IS ST ey PR SRS A SRR GRS SR R
YR 1972 1972 1973
Q S R R T Y (R S R SR R 4
3 13 3 I3 16 17 1B
YR 1974 1975
Q TN el SO R

The time index t corresponds to the number of years before (-) or after

(+) the MSRI (o) in the following manner:

t Lrl 2 3 4 5 6 7 8
Yeara |-2, =L . =5 © 0.5 1. 1.5 2.

For a specific combination (i,j) , given the value of X(i,j,t) we wish to
predict the values that this variable will assume at time t+v , v = 1,2,
3,4,... . The statistical model assumes that, given the value of X(i,j,t) ,
the conditional distribution of X(i,j, t+v) 1is binomial over the range
{0,..., X(1,j,t)} . More specifically, given the observed value of X(i,j,t) ,
say, the future value of X(i,j, t+v) , is a random variable having a

"1jt

(conditional) binomial distribution, B(n ) , where 6 is the

L eitv itv
retention probability for the period (t, t+v) . Generally, we say that a
random variable X has a binomial distribution B(N,6) if its probability

function is

P[X = j] = (?) ol @-o¥3, 3-0,1,..,n5. G.1

We assume here that these retention probabilities do not depend on the MSRI
quarter of the cohort under consideration. In other words, all cohorts of

pilots coming from the same OSC at different time periods have, at similar

- 3 -




NUMBER OF NAVY PILOTS FROM
0SC 1 IN SERVICE (FILE PIL 1)

TABLE 1

T-358

[MSRI Date ? Number of Years Before or After MSRI
Year Quarter =2, -1, ~.5 0 0.5 1% 1.5 2.
i
i {
1971 1 i 52 57 57 48 42 42 41 41
2 25 25 24 20 19 19 18 16
3 P22 21 21 15 14 14 13 32
4 97 97 96 85 78 72 68 58
11972 1 | R B e R S - B
22 22 22 23 18 17 15 14
57 56 56 53 48 45 37 36
125 124 122 111 102 95 80 78
i
1973 1 57 55 55 51 43 35 35 :
2 24 23 23 22 21 20 17 4
3 8 8 8 7 7 7 ‘
4 177 176 171 155 130 124 (
i
1974 1 33 31 30 27 27 |
2 12 12 12 10 8 3
3 9 9 8 8 i
4 74 74 72 62 {
1975 1 66 66 65
2 56 54 54
il -
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TABLE 2

NUMBER OF NAVY PILOTS FROM
0SC 3 IN SERVICE (FILE PIL 3)

| MSRI

Number of Years Before or After MSRI

Date
iYear Quarter -2. -1, -5 0 0.5 115 1.5 2,
{
1971 1 1121 118 071 047 046 044 039 038
2 1140 085 077 060 058 052 050 042
3 1171 140 137 084 073 066 058 053
, 4 117 113 107 063 060 051 044 042
1972 1 1192 189 182 120 110 089 084 077
2 1258 244 224 144 128 108 097 087
3 1243 234 186 122 105 091 076 070
4 179 169 150 091 076 070 061 059
11973 1 181 146 130 083 066 057 049
| 2 296 243 207 137 121 108 105
: 3 162 125 113 077 065 064 ‘
] 4 231 172 145 111 092 088 !
i
1974 1 1235 173 160 109 094 i
2 341 242 240 184 177 ;
3 171 132 127 090
4 171 152 134 116
{
1975 1 179 172 167 :
2 174 173 170
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F TABLE 3

NUMBER OF NAVY PILOTS FROM
0SC 4 IN SERVICE (FILE PIL 4)

Number of Years Before or After MSRI

MSRI Date
Year Quarter -2, -1. -.5 0 Q55 2l 1o 2
!
51971 1 1037 036 035 028 022 021 020 019
2 :035 035 032 025 024 023 023 020
! 3 1066 066 064 051 046 046 042 040
é 4 095 089 088 071 065 061 057 050
1972 1 042 040 040 034 029 024 023 020
2 038 037 037 034 032 031 028 026
3 056 056 056 052 049 046 034 034 !
4 078 074 074 065 058 051 041 036 '
’1973 1 041 040 040 032 031 023 018
2 1047 047 045 036 031 026 025
3 093 092 088 077 057 052
4 037 037 035 032 024 021
1974 1 012 012 012 011 010
2 024 024 024 018 015
3 064 059 057 043
4 060 055 052 046
1975 1 032 031 028
2 034 032 032
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TABLE 4

NUMBER OF NAVY PILOTS FROM
0SC 6 IN SERVICE (FILE PIL 6)

Number of Years Before or After MSRI

‘ EMSRI Date

i Year Quarter -2, =1, =.5 0 0.5 1. 1.5 2.4
‘ 1
| ;

1971 1 011 011 007 006 005 003 003 003
2 021 019 018 013 012 011 010 009
3 022 022 021 013 013 013 013 013
4 016 016 015 011 010 009 009 009
1972 il 016 016 015 008 007 00/ 005 005
2 020 017 017 012 011 004 008 007
3 017 015 013 010 010 0us 008 008
4 007 007 006 004 003 003 003 003 :
1973 1 018 015 013 008 007 007 007
2 033 029 027 018 014 013 013
3 022 015 014 010 010 009
4 008 005 004 003 002 001
1974 il 006 004 004 002
2 006 003 003 002 002
3 005 004 003 002
4 006 006 005 005
1975 1 002 002 002
2 1002 002 002

I
~
|

-
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NUMBER OF NAVY PILOTS FROM
0SC 38 IN SERVICE (FILE PL 38)

TABLE 5

T-358

Number of Years Before or After MSRI

MSRI Date ,‘
Year Quarter |-2. -1, -.5 0 0.5 1. 1.5 2.
1971 ik 014 014 010 007 008 008 008 008
2 023 016 016 011 011 010 010 009
3 ‘014 014 014 011 010 010 008 008
4 006 006 005 003 003 002 002 002
1972 1 005 005 005 002 001 001 001
2 017 017 017 013 013 011 0l1 010
3 013 012 011 008 007 007 006 006
4 004 003 003 002 002 002 002 002
1973 1 020 018 0l6 012 011 010 010
2 017 016 013 007 007 007 007
3 013 011 010 009 008 008
4 012 010 009 006 006 006
1974 1 013 010 010 008 007
2 021 018 018 013 013
3 008 007 006 006
4 007 006 004 003
1975 1 002 001 001
2 001 001 001
-l
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T-358

TABLE 6

NUMBER OF NAVY PILOTS FROM
0SC 80 IN SERVICE (FILE PL 80)

MSRI Siaa { Number of Years Before or After MSRI
Year Quarter [ =2, -1, -5 0 0.5 1. 35 2e
1971 1 002 002 001 001 001 001 001 001
2 002 002 001 001 001 001 001 001
3 - 005 0U3 003 002 002 001
4 011 009 008 006 006 006 005 004
1972 1 006 006 006 005 004 002 002 001
2 005 005 004 003 003 003 003 003
3 019 018 017 015 013 013 010 010
4 040 036 031 026 023 019 016 013
1973 1 022 020 018 013 010 010 008
2 021 019 019 016 014 013 013
3 053 041 036 024 018 018
4 064 045 036 030 024 022
1974 1 034 029 027 019 019
2 039 026 026 021 021
3 020 018 017 014
4 016 014 013 011
1975 1 031 028 027
2 055 054 055
G -

e
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¥ time points, t , of their service, the same retention probabilities.
Moreover, we assume that, for each i =1,...,6 , and each t =1,...,8 ;

{xX(i,j,¢) 3 j = 1,...,18} are independent random variables.

3.2 Confidence Limits For Retention Probabilities

It is well known that the sum of independent binomial random variables,
with the same probability of success p , has a binomial distribution with
the same probability of success p and number of trials which is the sum of

the corresponding ones. Accordingly, the conditional distribution of the

18
sum T(i, t+v) = ¢ X(i,j, t+v) given {X(i,1,t) = nilt,...,x(i,le,t) = nilBt}
i=1
18
is the binomial distribution B(Nic : eitv) , where Nit - P i ke
j=1 "ijt
estimate eitv by determining (l-a) confidence limits for this parameter
based on the observed values of T(i, t+v) and Nit . Let e,tv =
;! (TH, t+v) + .5)/Nit + 1) . For large values of Nit , the transformed
variable Yitv = 2 arcsin |eitv is approximately normally distributed with

mean n. . o = 2 arcsin\!&itv and variance Dit = 1/Nit (See Johnson and

5 Kotz [4]). Accordingly

1) L
Yitv i <0’ Yitv i zl-a/%/\lNit>
3.2
and 2) / ( )
Tiee = M8 <"' Yiev * P1-a/2f ,‘Nit)
FJL— are lower and upper (1-a) confidence limits for the transformed parameter
3 ; - dard 1 dis-
Nipy where zl-a/Z is the (1-0/2) fractile of the standard norma 8
tribution. Furthermore, since the 2 arcsinJ 6 transformation is strictly

increasing over the range of 0 < 6 <1, (1-a) confidence limits for the

retention probability eitv are obtained from (3.2) by

- 10 -
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(k) (k) 2
80y = |sin (Yitv/2> y k1.2, : (3.3)

) (2)

eitv and eitv are the lower and upper confidence limits, respectively.

3.3 Prediction Intervals For Forecasting

On the basis of these confidence limits we compute a prediction in-
terval for X(i,j, t+v) given that X(i,j,t) =

nijt . As mentioned earlier,
the conditional distribution of X(i,j, t+v) given that X(i,j,t) = nijt
is the binomial B(nijt 3 eitv) . Thus, if eitv is known, we anticipate

that with probability vy the random variable X(i,j, t+v) will assume

values in the interval

L 1+
[BL< z ¢ Pyse v 01:v> ’ BU(z P Byge 0 eitv):l . (3.4)

The limits of this interval are defined by

BU(p;N,6) = least non-negative integer,

(3.5)
j , such that Pe[x <Jl>p;
where X has the B(N,6) distribution; and
BL(p;N,6) = maximal non-negative integer,
(3.6)

j » such that P, [X < j] <p .

The interval (3.4) is called a y - content prediction interval. In almost

all practical cases the retention probabilities eitv are unknown. We

therefore estimate the prediction interval (3.4) by substituting the lower

(1)
confidence limit eitv for eitv in (3.6) and the upper confidence limit
(2)
eitv for eitv in (3.3). The resulting interval contains, with confidence

-1 -
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probability 1-a , the true prediction interval (3.4). It is called a

(1-a,y) tolerance interval.

L 1)
The determination of the rolerance limits BL _El s nijt - eitv
1 @)
and BU 7 nijt ~ 0itv follows an algorithm based on the evaluation

/ (1)
of the binomial cumulative distribution functions (c.d.f.) Bk?ijt . eitv

(2)
and B(:n,ijt = eitv . These c.d.f.'s are computed by a subroutine FUNCTION
CB(I,N,P) given in program NAVYS of the appendix. If N 1is greater than

50 the binomial c.d.f. CB(I,N,P) is approximated by a normal c.d.f., according

to the well-known approximation

CB(j,N,p) o ¢ 3 - W) (3.7)

JNa-p )

where the function ¢(+) is the standard normal c.d.f.. This standard normal
c.d.f. is determined by the subroutine FUNCTION CNDX(Y) (in lines 1820 - 2010

of program NAVYS). The algorithm of computation is constructed according to
Formulae (3.5) and (3.6) (see subroutine function KBL(P,N,T) and KBU(P,N,T).

The program is, however, relatively slow since the subroutine functions require
many repetitive computations. We have, therefore, applied the normal approxima-
tion to the binomial distribution even i1f N is not large, and applied the

approximation

1y 1) 1) ( (1)> 1/2
s e nijt i eitv N Zl:x nijteitv l_eitv

and -y

ee

1~y (2) (2) < (2)> 1/2
BUNTZ™ % Pyge » Piey “ay | Paelaey \Oey :
2

Program NAVYR is based on this approximation. It turned out, indeed, that
program NAVYR determines the tolerance limits about five times faster than
program NAVYS., The tolerance limits, however, do not differ in most of the

cases in more than one unit., In Table 7 we provide the tolerance limits

- 12 -
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Table 7

Tolerance Limits (y=.95, 1-a=.95)
by Programs NAVYS and NAVYR: O0SC 1

NAVYS NAVYR
j/t hees B B BECL e
i}
| 9 | 26 26
g ' 11 11 =
© 10 U j
3 4
g b 7 6 6 6
i e i TR |
12 89 83 83 89 j
‘ 57 50 50 58 :
| 13 24 22 41 200 23 %4
] : I B X 875
p fo14 i a0 O e RS ;
: 20t K i ot oKy SERRE 3
15 (Sdy e oot OEE S SRR W R
S S R A P W SRS R
?

¢ 16 49 53 47 44 43 46 53 48
29 34 26 22 23 26: 35 30

i 17 56 51 55 49 46 |45 48 55 51 S8
* 40 3 36 @ %y VR e N 8 M
? 18 49 43 47 41 39 | 38 41 46 &3 48
- .28 W 219 119 2 56 B »n

- 13 =
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determined by programs NAVYS and NAVYR for the data of Table 1. As seen
in Table 7, the approximation provided by program NAVYR is quite good and
justifies the use of this program, which saves a considerable amount of

computing time.

4. Numerical Forecasting of Pilot Retention

In the present section we provide the numerical results obtained by
applying program NAVYR to the data of Tables 1-6. The results are given
in Tables 8-11. Each table extends over ten values of j (j = 9,...,18)
which corresponds to cohorts entering from the first quarter of 1973. There
are eight columns corresponding to values of t from 2 (one year before
MSRI) to 8 (2 years after MSRI). For each value of j we present the upper
tolerance limit (first row), lower tolerance limit (second row), and actual
value (third row). In all cases where the actual values have not yet been
observed we print the value o . These cases appear on the lower right side
of each table. The other cases correspond to past periods. The tolerance
limits were computed for past periods for the sake of testing whether the
actual values fall in the tolerance intervals. As seen in the tables, the
tolerance intervals indeed cover most of the actual values. Finally, the
program adds the upper and lower tolerance limits of all cohorts for ome,
two, three, and four periods ahead to provide the prediction intervals for
the number of pilots from those presently in service, from all the six 0SC's,
which will be in service 6, 12, 18, and 24 months from the forecasting date.

For the present data under consideration these limits are

Table 12

Tolerance Limits For All Pilots From The 6 0SC's

6m 12m 18m 24m
feo
Upper | 1519 1257 988 686
Lower | 822 662 537 362
; J

= 1k -




Tolerance Limits For OSC 1 Cohorts
(y=.95, 1-a=,95)

Table 8

j/t 2 3 4 5 6 7 8 |
|
9 57 5% 50 47 42 30 26
53 50 35 34 32 16 11
55 55 5N 43 35 35 0
10 24 23 23 21 21 18 13
22 20 13 13 14 8 4
23 23 22 21 20 17 0
11 8 8 8 7 7 6 6
7 6 3 3 4 1 0
8 8 7 7 7 0 0
12 177 176 140 139 124 89 83
169 164 1iz 111 102 58 50 |
176 - 161 155 130 124 0 0 E
13 33 3 %8 26 24 22 20
30 27 18 16 13 9 8
31 30 27 27 0 0 0
14 12 12 12 10 9 8 8 .
10 10 6 5 3 2 1
12 12 10 9 0 0 0 !
15 9 9 8 7 8 7 7
8 7 3 2 2 1 1
9 8 8 0 0 0 0!
16 74 74 65 | 48 53 46 43
70 67 47 | 30 35 26 23
74 2 8 )0 0 0 0
17 66 66 l 53 5% 55 48 45
62 60 | 41 32 37 28 24
66 65 | 0 0 0 0 0,
18 56 54 | 48 43 46 41 38
52 49 | 33 26 30 22 19
54 i 0 0 0 0 0

- 15 =
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Table 9

Tolerance Limits For 0SC 3 Cohorts
(y=.95, 1l-a=.95)

£_3/: i 2 3 4 5 6 7 8
, i
- SR 164 139 91 73 54 50 34
s I 140 122 64 55 36 34 17
f | 146 130 83 66 57 49 0
30 0} 266 230 W%E . 118 97 92 68 |
235 207 106 93 71 68 41
| 243 207 137 121  j08 105 0
11 148 120 80 68 54 42 43
126 104 55 50 36 23 23
325 M3 H 65 64 0 o |
i 12 205 164 101 96 74 57 58
, 179 145 72 74 53 | 3% 34
\ 223 - 245 13D 92 88 | o 0
13 212 165 111 94 62 61 62 |
185 146 80 73 39 36 36 |
173 160 109 94 0 0 o |
14 306 229 163 157 [ 113 1e a2
: 217 e B4 am 78 74 7%
, 242 240 184 177 0 0 o
L 15 156 126 89 | 52 60 58 59
' 33 10 63 31 37 35 35
132 127 90 0 0 0 0
16 156 145 93 66 76 74 75
133 127 66 41 49 46 46
152 134 116 0 0 0 0
17 163 164 | 106 93 107 104 106
140 145 | 74 62 73 69 69
172 167 0 0 0 0 0
i 18 158 165 | 107 95 108 106 107
136 146 | 76 63 75 n 7
: 173 1IN 0 0 0 0 0
|
- 16 -




Table 10

Tolerance Limits For 0SC 4 and O0SC 6 Cohorts
(y=.95, 1-a=.95)

T-358

ilt 2 3 4 5 6 7 8
9 41 4 37 29 30 21 15
1 36 % % 18 21 11 5
L 40 4 32 31 23 18 0
Wb &% 5 33 30 21 | 15
f 42 42 28 20 21 s
I % 45 36 31 23 8 | @
;) 93 g2 78 66 55 k6 39
84 84 58 47 41 22 20
j 92 88 76 57 52 0 0
13 37 37 - 33 29 24 18 17
| 32 33 3 18 16 7 6
| 37 CLU 24 21 0 0
13 | 12 12 12 11 9 9 9
; 10 10 6 4 3 g 2
i 12 12 i 10 0 0 0
) A 24 24 23 17 13 13 13
i 20 21 9 5 4 4
- 24 24 18 15 J 0 0 0
3% 64 59 51 32 35 34 33
57 53 36 17 19 18 16
59 57 ks 0 0 0 0
16 60 55 47 34 37 36 35
54 W ooR 18 21 19 17
55 52 46 0 0 0 0
17 32 M [T 22 23 23 22
28 27 | 15 10 11 10 9
31 28 0 0 0 0 0
18 34 32 | 29 25 26 26 25
30 28, 18 12 14 12 11
32 32 0 0 0 0 0
9 18 15 12 8 7 7 7
11 10 4 3 3 3 1
15 13 8 7 7 7 0
10 33 20 24 18 14 13 1
23 .. 10 8 o
29 7 0 14 13 3 | ©

- 17 =
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Table 10

(Cont'd)

————— e~ et 5 . < L e M e e e
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Table 11

Tolerance Limits For OSC 38 and 0OSC 80 Cohorts

(y=.95, 1-a=.95)
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Table 11
i/t 2 3 4 5 6 7 8 |
11 51 £ 29 23 17 12 11 |
37 32 13 12 6 1 0 1
41 3% . 24 . 18 18 0 o |
12 | 61 45 29 28 99 14 13 |
; 45 35 13 16 9 2 R
: 45 36 20 24 22 0 0 |
13 ! 33 39 . 29 18 15 12 11
t m 22 9 9 4 1 0 |
29 27 19 19 0 0 g 1|
14 38 26 21 20 16 13 12
26 19 9 10 5 2 TR
26 %6 21 21 0 0 6 |
15 20 18 1% 10 11 9 g |
- 13 5 2 2 0 0
18 17k 0 0 0 0
16 16 y 7SR | 8 9 8 7
i 9 10 3 1 1 0 0
| 14 14, il 0 0 0 0
S 28 | 21 18 21 17 15
E 20 21 8 6 7 3 1
.28 27 0 0 0 0 0
18 : 52 s4 | 40 35 39 31 28
: , 38 43 | 20 15 17 9 6 |
' 54 55 0 0 0 0 0
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APPENDIX

Computer Programs




1JU
1 Uo
led
130
140
120
leu
17u
134
120
cUd
214
cel)
3y
<4l
22U
col
279
2349
294
300
3140
320
J3V
Sal
350
Jo U
2y
Jsd
3740
<404
4140
42
434
449

17¢
175

B
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1. Program NAVYS (FORTRAN)

DIMENSTON [ Co, LB,8Y, 208, 70, PHEG, 7, PLE 6, 7)), IPUCSEs 7D
DIMENSION IPLC5,72,1SLCIU,4),F5JC4),FSLC4)
CALL JRPENECL, oIkl )
CALL JPENFCZ, 'PIL3™)
CALL J°EVE(J,:DIL4:‘
CALL JPENF(4, "PILo™)
CALL JRENF(5, "Pluss™)
SALL J2ENF(5, )
95
375
C0e5

I
" o=

(RN

[ S |}

DO } J=1,;K

READC Vg 10 (CI1C Lyds L)glh=1y 1)

READCZ,10) 12, dyL)yh=1, M2
RIEADC 35 10D L3, dsL) s L= liyMD
READCA, 18 CIXCA, L)y L3l M)
READCS, 10> CI4(S5;d,LY,L=1,M)
ACADCE, 1Y CIKCEydya)y=1511)
FORMAT(3I3)

CONTINI=

DO 175 J=1,4

READC305 175) CISLCT Jd g l=ily 1)
FORMATCI0IL)

CINTENUE

M14=4-1

PO 1717 =11"-l

F53UCL)=i.

FSL(I)=U,

CONTINUZ

0D 100 I=1;N

SRITECo0, 0 10) I “

FORMAT(3%, 13>

JJ v Jd=2,X

PY 7 L=1,M44

LL=L+]

30 TO 309

T,l=i).

U=d.

DO 3 JSs=1),X

IFCINCLsdSH8Y) 35358
JzUsIK(Ll,J5,L3?

V=UOI((I.JS.LL.‘

oA =
I
L
A

I
«
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BTN . A DA Ty —r - - s




24J
ol
274
530
530
60uJ
610
ol
@30
o440
530
ool
c78
o34
t3d
10U
7U>
yal 8
720
754
Tad
759
198
T70
134
734
13>
300
51
2

)
SV

34U
$50
30U
470

5 30

330

3 V0

21U
3210
230
40
754
2510
370
750
430

1uud
VR
1 020
1 030
1 040

e S LR B T
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3 CONTIATE
S Db s, GI2 6T | o)
Rosaemdcodn AR T
Y=2.*ATAN(R)

SE=SARTC1./71)
CL=Y-7Z*S5E
CU=Y+Z#*#SE
PLCL LYY= (SINCOLA S Y ) B ®2)
REFCL L) COS TRICE A Jiy N Y E0D
IFCIFL)Y 3350, 350,30l
3 8d IF(I‘((I)J'LL)) 29 399
4 LS=k
13 IFCIXCLJ,LS)) Ligall,12
11 LS=LS-1
G0 T 13

12 TX=IXCY 0yl S)
NU=TY
LS=L-1
IFL=23
GO TO 234

8380 PU=BIC L)
FL=RPLE Ly D
IBCT k) }’BJ.t.‘,J Jior TLLY
IPLCT yLY=K3ILCE 3, 8y T2
GU Tl 7

J LS=L

A3 el 4 (Y I
[FL=1
6d TO 284

Joll TU=2JCT, L)
=P5L(I,L)

[P'.J(l,L)=K3’J((;f\,;‘d'_l,Tf,',‘
IPLCL s LY=KBELCG38, Ny TLD

7, .,j\lTIJ"‘

WRITECo0,33) d,IPUJCTI LY, L=1,4%)

30 FORMATCIXN, 1357197

WRITEC(BSE;31) CIPLCL LY L=l M)

31 FORMATC 3% 715)

WRITECSES:31)Y CIXLLpdylsdyl=2y 1)
£J oy IL=l,4
LF=13LCJ=%,IL)
IFCLFE)Y o00ye00,017

cll FSUCIL)=FSUCILY+IPUCI,LTF)
FSLCIL)=FSLCIL)+I®L(I,LF)

o000 CONTINUE

o CINTINIJE

100 CINTIICE
WRIT=Z(65,704)

700 FORMAT10X, 1 $4TJITALS FISECASTING?
WRAITZC(06, 710 (F3UCI)yI=1,y4)
VRITEC(O0,713) (FSLCIYyI=1,y4)

710 FIIMATCOXy4F 1 061D
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luou SN D
1960 FUNCTION XBLCPyN,T)
1074 G=0D
1030 A=
1090 vsT
110u J=10
111 1 FJ=C30J,ycly W)
1149 IFCFJ=G) 3,2,4
115U 3 J=Jd+1
llod GO Fa i
1170 2 FECI=1) 5,550
1140 > J=d-1
1134 o K3L=J
1230 RETIJRN
2140 END
1220 FUNCTION KBUJYCP, N, T)
1230 G=pP

= 1240 M=N
1250 W=T
1200 J=U

o 1270 1 FJ=C3(J,M,W)
1300 IF(FJ=-G) 2,3,
1319 < J=Jd+1
1320 GO TO |
1330 3 KBi=.]J
1340 REGTERN
1330 cND
1360 FINCTION C3(I,N, ™)
1370 J=1
1330 1=N
1374 y=p
1400 IF(M=3U) Ml,11,12
1410 11 AM=4
1420 3=1.-9
14390 IFCJ) 1,c,3
14410 1 C3=¢(.
lasi G “TO 10
l4ol e CB=R**M
1470 63 T Lo
1430 $ B=R¥#*Y
1450 cC3=13

- i 5 1500 DO 4 K=1,J
1510 AK=%
1520 B=RB+0+(AM=-AK+1.)/(R*AK)
1530 CH=CB+3
1540 4 CONTINUE
1550 G T 'l
12610 12 A1=i
i 1570 Ad=.]
{ y 1530 Z={AJ+.0=AM* )/ SAATCAM* AR (]« =22

2% e
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1 390 C3=CNNLC2)
1620 10 RETIRN

lulu aNL

1520 FUNSTI N CHLLCY

1330 X=Y

1340 ISWTC =0

1350 IFEXY Yyu2e?2

1360 1 ¢=ABS(X)

1570 ISWTCA=1

1330 2 ®=.2310419

1330 31=.31733153

1300 3¢=-.33656373

1910 53=1.7414777

1220 34==1.3c12539

1330 35=1.3302744 i
1340 T=1e/C1e+P¥X)

1950 7=, 3939423*EXP(=X*</2.)

1960 AUDX=1e=R*(BI#T+32*THT+334(T**3)+B4*(T**4)+35%(T**5))
1970 IFCISUTCH) 3,4,3

1930 3 QANDX=1.-9ND¥

1990 4 CND¥=AQNDX

<000 RETURN

2010 END
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j 2. Program NAVYR (FORTRAN)
|
1o DIMENSTIN L 0o, 1 30405 PCa, 73,2, 7Y, PLE,T)s IPUCE, 1)
1 0o SIMENSIIN IOLCé, 70, ISLCIG,a4) s FSUCA),FSLCY)
ild CaLL Q2ENFCl, "2IL1L ™
124 CALL OJPENF(:, "PIL3™)
139 CALL OPENF(J, "PIL4™)
14y CALL JRINF(4, "PiLc™)
154 CALL OPRPENF (3, 21537
164 CALL O2ENFCo, PIL3G )
; 174 Z=1 .95
I 3u N=o
150 =13
201 i=4
é 2lu B T= K
229 BEADCH DI Gh T L =1 )
&3 "‘:"-\:)(:.,ll')‘) CIKCZyds Y=l 4D
cau READCS, HiD alece 0L By L=, i)
25 RAADGAL LT S CIeaa, U i =1,
: ¢oy RIADC3, 10 CIXC5,dsL) gLzl yi)
2i i REACEH L0 (G es 5D =1,
=4 IJ FIR4ATC(SIs)
PR I CONTINYZ
275 0J 170 J=1l,4
257 READCS0; 176) CISLCLyJY s L2045 10

Z 43 175 FOSMATCLUI D
273 1735 CONTINYIZE

304 Mi= 4= |
dUe DY 177 -I=elza

| JU4 F3JCI)=Y.

. 30 FSLCIY=ii.

1 SU s V77 GONTINVE

1 Sl DI 10U t=1,¥
J20 WRITECBOL, 113 1
33U l11u FIRMAT(3X,12)
392 DJ v J=4,K%
S&u 03 7 L=1,14
354 LiL=0L+1
300 B3 TJ U0
ol <cvd J=0a.
370 U=U.
33U ud 3 JdS=1,4(
320 IFLIXCI» Sy S Y 39 dsw
4ly 4 1=+ I<CLl,Jd5,L3)
aly J2U+14CL,Jd5,L0L)
4l 5 CONTIWE
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“43dJ
Hdal

42U
4ouJ
“7u
<3y
49U
500

210
RN
oUl
old

230
Clu
0ou
023
L37
no i
o7d
o3y
el
730
714
720
750
f4u
750
700
770
750
19U
50 J
314
3210
450
d4d
50U
sel
LA
550
93
21U
Jal
230
J41
Jou
Jol
370
730

340

ko
bl

$94

Jud

2l

J o

BC Tyl delVe )20 ) )
REFIATUCPRPC L HL276 He=2CT 512
« FATANCT?)

SRNTLC Lest)d

LY =Z*5E

W b
\

mn <
i

PLCILY=CCSINCCL/Z2.))*%2)

PUCI,L)=((SIN(CU/c.)) ™)
IFCIFL)Y 350,550,300
LECISCY pdoallidY 3538, 3
S=L

EFCIXCL v da S XY 1y bily b e

Lo=L5-1

wd TO 13

T=1IXCly,dJ,LS)

L5=L-1

IFL=1U

ad T 2600

URP=TX=D11¢ L L)
FIL=1.=-"PLCI, L)

JP=1nrEnL

3P=39RT(VO)

WD='IP+ 2 k3R

IFCTX=WP) 2Z21,225c¢
IPJCI,L)=INTC(TX?

Ga T &8

1230 LY=1NTCWR)

JP=2TX*PL(I L)

2LL=1l.=-2LCI, L)

Up="JP*RLL

$P=SITT(VD?

W= IIP=7 ¥ 5D

[IF(TK=WP) cdyddy 2D
IBLULLY=INTCTY)

Gl TD 7
IPLECE,L)Y=INT (WD)
2 % J s

LS=L
T{=1%(CLl,J,LS?
IFL=1]

G Td 204
RIL=E2UCT L0

es T+ RUL
YP=1J24 (1. =1L)
3IP=37RT(YD)
YD=jD4 2+ 50
IFCTC=wPY Ol,35150¢&
IPJCI,LY=INTCTX)
G TA 53
IPJCTL,L)=INT( WD)
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79 33 FLL=RLCT k2
O Up=Te " 3L L
1043 EC T e =LY
13o0 i SUITEUR)
10t W2=ljP-2*35D
1u7u TECTE=WRY B, Tk, 72
lysu tl IOLGE Y= TNTCTY)
1020 G o
11060 fe IPLCI LY=INTC(WP)
1110 7 CONTINUEZ
1120 WRITECSD, 38 J, CIRPUHCL,L),L=1,4%)
I 13¢ S FIRIAT(S3Xs L3, 7 Lo
1140 WRITECS0 s 10y CIRE L L2y =] 5 iy
i S FU AR S X o TaY
115U WRIEECEo, 1) CI%CI i) ylo=2, M)
P 162 DJ 008 1L=ly4
bEsd LFE=ISLC{J=-431IL)
llos IFCLEY adllyollynlid
Ll &S bl FSMCILY=FSOUCILI+*IRUCT yLEF2
1 1o5 F S GLE IS SLICEE Y+ TR T IU R
Fles ouUll CONTINUE
FLETD 6. CONTINUS
‘ 1154 1dd CONTIWNUS
1145 WRITE(66,TUHD)
1136 780 FORMATC 1IX, 1 3HTATALS FORECASTING)
) 88 % 4 WRITECOD,710) C(FSUCIL),I=1,4)
a5 WRITEC(OS, 710Y (ESLCLE),1=1,4)
' b 39 0 TEY FORMATCSCs 4F LU D)
11 2d <30
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