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1 Introdugtion

Gullend's virtual population smalysis is a method of estimating the fish-
ing mortality experienced by year—classes of fieh throughout their 1life. It
has proved cna of the most valuable ways of obteining estimates of this
parameter, but without accurate fishing effort date it cannot be used confi-
dently for prediction. This peper suggests & new method developed from an
idea of Agger et al. (1971) whioh may to some extent overcome thi@ difficnlty.
However, this method is etill in the process of develophentd end ie conse-

quently desoribed here in order that it mey be further investigated by experts.

2 Gulland's virtusl populstion anslyais: edvantages
and disadvaniagen

Gulland's virtual population enalysie (Gulland 1965) emables fisheries
biologists to make estimatee of popmlation Bize and fishing mortality (P) at
each age independently of messures of fishing effort. Sinee fiehing efforé
data ars often not proportional to P this is a very reel advantage and is of
great value in elucidating the structure of & fishery. A brief description of
the method can be found in Pope (195:;. Liv ohief disadveniage shens from the
faot that n + 1 independent eztimates (the n + 1 sstimates ers the population
zt the age of 7irst coniure eod the firky.z mertality at each of the n agam of
the yearn-class} tova to be obbained from n equations {the n equation- are
bascd on the oatch ob age dabta frow the n apes -7 the yorr-zlansj. Clemrly it
i@ nok pousible to solve ther: eguetions without malking ecue asswunptions apoat
o loaet one of the parameters. (ullund®o sulution wem o estimate or gueca

the fishing mortality in +th: most recent year aid then o oaloulate the oconde-

e ————
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quent populations and fishing mortelities in each of the preceding years. It
hae bean showm by Pope (1972) and by Agger et ai. {1971), that this assumpiion
of the fighing mortality Ft (the fishing mertality of the oldest age) canses
progreseively smaller grrors on the estimates df fishing mortality and popmla-
tion size calculated for the youngsr ages of the year-class. Thus (ulland's
8clution ir extremely valunable in uwnderstanding & fishery in & historic sense
and for elucidating ite population dynsmios. However, as the oldest age of each _
Yoar-olaes of a fish stock 15 necessarily the most recent it followe that the
estimate of the current population of fish is only as good so the ourrent
estimate or guose (usually guess) of the fishing mortality in the last year.
While it is true that this assumption mey be made more cbjesctive by making use
of any fishing effort data available, the acouracy of this is rarely suffiolent
to give & very clear view of the curremt sBituetion except in those fisheries
that have a very constant exploitetion rate. The relation of these problems

t0 the setting of catoh quotas has been disouseed by Popa and Garrod (1973).

It is clear that alternative methods of estimating fishing mortality snd popula~

tion size are urgently reguired,

A poeslbls :__yg )

One attempt st developing an alternative to CGulland's method was made by
Agger and his colleagues {Agger gt ml. 1971) who suggested a least squares
solution which estimated the values of populetion at each ege, the fishing
mortality in each year and the netural mortality from the cetch at age/yeu'
matrix. The suthor understands that thies attemi)ted to estimate these para~
meders for the fully-recruited ages only, and under the assumption that the
error in caiches was spproximately normally distributed. Submequent usage by
the ICES North Sea Herring Assessments Working Group revealed probleme and the
method was rejected by this group. Keverthelees, dempite the fallure of thie
particular method the basic idee of using a non-linear least Bguares estimate
of fishing mertality and population ie one that is extremely etirastive from
a statietioal standpoint and deserves close attentiom. It is therefore worth
considering whait problems were pssocizted with the propoped method and Seeing
if they could be overc:j:ma. For example; consider the oatch at age matrix given
in Table 14. JFf the natural mortality is sssumed to he 0.2 ihe fishing mor-
$elities 8t omch year end age given in Table 1B will, apart from roumding errors,

satiefy the catch data, but equally mo will the differewt fishing mortaliiies
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glven in Table 1C. In faot there are infinitely meny possible golutione to this
problem, because ocatch data from the fully-exploited ages of & year-olaes form a
sequence which is identical exoept for random variations and a constant multi-
plier to that sequence formed by the adjacent year-classee but with suacessive
terms displaced by one year, This suggests that a least equares solution would
not be unique in thie case and slso that thie problem might be overcome by ocon-
sidering ages of fish which are only partly recruited to the fishery.

Another part of the original model which iw worth considering is the
assumption that errors in oatoh samples are normal. Oulland (1955) suggeste
that the best form of age sampling would be one in which the numbers canght at
oach age had approximately the same coefficient of variation. While practiocal
pampling schemes rarely achieve this ideal neverthelese as an agsumption it is
probably better than the assumption that each catch has an equivalent variance.
Thie suggeets that a method based on & least squares solution of a logarithmic
transformation might be more appropriate.

Bearing in mind the points raised in the last two parsgraphs a new least
squares model can be developed. For example, consider the oatoh acn generated
by a fishing fleet on a homogenecus fish stock. 4ssume that in year n the
fleet generates a fully-recruited fishing mortality of Fl‘1 and that this is then
modified on the varicus ages by seleation (partial recruitment) faoctors 5,
then fiching mortality at age a in year n will be Fn'sa' If the natural mor=-
tality ie ¥ the relation of BG:l o aPn' the population of age &,at the

beginning of year n, will be:

Oe€ = Pop s (1= e {-(E.8, « W)} )/ (RS ). (1)

€ in this equation is the sampling error and ie assumed to be log normal. Apart
from €, equation 1 is the usual model assumed for moet fisheries based on a
mixture of partially-and fully-recruited fish. In practice SG; is the only
varigble which can be diractly measured and the matrix of acn for all a and all
n forms the input. To stabilise the sampling variance a log(a (ln) transforma~
tion is made which gives
1
1n(mc:!1 4+ € = ].n(aPn) + (P .8} - J.n(wn.sa + M)

+ In (1 - exp {-(I"n.sa + H)} ) ' (2)

where €' is the transformed error term and i8 normally distributed n(0, 0'2) and

M ie the instantaneocus coefficient of natural mortality. The problem is to

find values of aE":‘, Pn and Sa which satisfy thae catch matrix in some Bense; it
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can be Bimplified by eliminating a.Pn by subtraoting the next diagonal term from
each form of equation 2 (i.e. subtracting equation 2 with a mi + 1, n = j + 1
from equation 2 with a = i, 1 = j). This yields

ln(a n/a.+1 n+1) - ln(aPn/a+ 1) + ln(F -] /

- 1n {rn.s‘+u}+ n {F .8, +u}

+1n {1 - axp(—(Fn.Sa + n))}

n+1’ a+1)

-1 {1 - qu-(!'n+1.Sa+1 + u))} +en (3)°
where €" is n{0, 20%).
Sinoe ln{ Pn/a_”. L F .5 +HM (4)

it follows that equation 3 can be reduced to a form which contains only a.cn'
Fn’ Sa‘ M and €.
For a least squares solution the problem then becomes one of finding the values
of F, and §_ which minimize (1"(- n/a”. S m(acn/“ n+1))2' where
acn rafors to observed values of the catch at age data and ac!'| 10 the valuem of
oatch calculated from the values of Fn and Sa. by the combination of equations 3
and 4. This is made under the assumption that M is known.

The minimization is achieved by a modified form of the steepest descent
method and a oomputer progrem listing is given in Appendix A. This minimiza-
tion works but it could slmost certsinly be greatly improved t¢ make the

iterations converge more rapidly.

4 Testing the model
It should be stressed that this method is only tentatively suggested,

although the results obtained soc far are encouraging. The most obvicus test
of thie model is to 8olve Fn and Sn from ostch data generated from an imaginary
stock with known popnlations, !'n, Sa and M, If the catch ie generated with no
sampling error the proposed method, if it is satisfaotory, should be expected
to output the values of Fn and S. which were used to generate the catch data.
Table 2 shows the results of one such test, Slight differences ocour due to
rounding errcrs, i it ie olear that the method has effectively reproduced
+he values or the Fn and Sa.

The next form of test is similar to the last, but with the generated catoh
data moderated by a series of log normal random numbers. The results from sBuch
ocatoh data ehould not, of courme, be expected to reproduce the true values of

Fn and SB, tut a series of runse with the 8ame basic data and with differing

C5



-5 -
random numbers should be expected to generate average answers which do not
differ syptematically from the true ones, i.e. the method should produce
unbiassed estimates of Fn and Sa’. Tables 3, 4, 5 and 6 show the results of
such comparisons made in this form, in which the random rmumbers were chosen
to give the catch data coefficients of variation of 5, 10, 20 and 404, It was
only possible to make 10 runs at each level in the time available, tut it can
be Bgen from the tables that the average of those 10 runs (F) was close to the
true value (F,‘) and this result is encouraging., Tha F in the last {10th) year
and the F of the last age (Bth) seam to deviate most from the true value.

The coefficient of variation (Tables T, 8, 9 and 10} of the fully-reoruited
fishing mortalities obtained suggests that the accuracy of & realization is
related to the accuracy of the catch data, the precision of the final year's
fishing mortalities being approximately half that of the catoh data. This
suggesta that the method's use should be resiricted to well-sampled oatch
data.

The value of the sum of eBquares ig presumably an indication of the degree
of variability of the catch data. For example, the average least sum of
Bquares obtained from the 10 runs shown in Table 4 was 0.9482. For the array
of 8 ages and 10 years there were (a=1).(n=1) = n - a + 1 degrees of freedom.
That is, 46 degrees of freedom. Henos the means square of residuals was
0.02061, and this divided by 2 (Bee equation 3} gives an estimate of the
variance of log;e transformed oatoh data as 0.01030. Thia would seem congisw
tent with the 0.01 which would be expected from catch data with a 106
coefficiant of variation. Tius the least squares function appears $0 be an
indication of variance, but methods of using this in an analysis of variance

have still to0 be developed.

5 Discussion

The method described im thie paper was designed to circumvent some of the
problems encountered by the pioneering work of Agger and his colleagues
(Agger et al. 1971). However, the success of the method must still remain in
question until it has been checked on a far greater variety of test data. The
purpoBe of this preliminary report is purely t¢ enadle the method to be
examined critically by international experts. Clearly there are many areas of
the model to be further investigated, and in particular the standard errors of

the estimates obtained will be of prime importance if the method ie to be used
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in practice. It is also obvious that solutions to similar but slightly more
complicated models will be of considerable interest; for example, polutions
to the problems of selection changing with time or of the coefficient of

- variation changing with age would perhaps be more appropriate for some
fisheries. Assuming that the method does in fact give unbiassed eetimates it
ghould prove to be very useful, since it will enable catch quotas to be set
without reference to fishing effort data. While it is true that any eatimates
made by this method will have variances asscociated with them, that is equelly
true of any other method and the choice ¢f method will depend on the relative

Bizes of these variances,

& Summary

This paper describes a new method for caloulating from catch at age data
the fishing mortality and selectivity experienced by a fish stock, estimated
by the method of least squares. Preliminary resulte using the method are
encouraging but extensive testing is required before it is used as a standard
technique. A computer program which makes estimates based on the method is

listed in the appendix,
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Table 3 Comparison of the average fishing mortality (F),from 10 runs of the
model with catch data heving a coeffioient of variation of 5%, with the
true values of fishing mortality (P,) for each age/year

Age Year
1 2 3 4 5 6 7 8 9 10
1 F 0.002 0.002 0,002 0.003 0.004 0.004 0.004 0.004 0.004 0.003
F, 0.002 0.002 0.002 0.003 0,004 0.004 0.005 0.005 0.005 0.004
2 ¥ 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03
F, 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.04 0.04 0.03
3 F 0.10 0.10 0.08 0.11  0.16  0.17 06.17 0.1 0.17 0,13
F, 0.09 0.09 0.08 0.1 0.16 0.18 0,18 0.19 0.20 0.17
4 F 0,17 0.16 0,14 0.1 0.2] 0.29 0.29 0.29 0.29 0.23
F, 0.5 0.5 0.13 0.18 0.26 0.29 0.30 0.31 0.32 0.27
5 ¥ 0.26 0.24 0.21 0,28 0.41 0.44 0.44 0.44 0u.44 0.34
F, 0.23 0.22 0.20 0.27 0.39 0.43 0.45 0.46 0.48 0.41
3 ¥ 0.27 0.26 0.22 0.30 0.43 0.47 0.47 0.47 0.47 0.36
F, 0.23 0.22 0,20 0.2 0,39 0.43 0.45 0.46 0.48 0.4
7 ¥ 0.29 0.27 0.23 0,32 0.46 0.49 0.49 0.50 0.50 0.38
P, 0.23 0.22 0.20 0.27 0.39 0.43 0.45 0.46 0.4 0.41
8 ¥ 0.31 0.30 0.26 0.35 0.50 0,54 0.54 0.5 0.54 0.42
F 0.23 0,22 0,20 0.27 0.39 0.43 0.45 0.46 0.48 0.4

Table 4 Comparison of the average fishing mortality (¥),from 10 runs of the
model with catch data having a coafficient of variation of 108 ,with the
true values of fishing mortality (Ft) for each age/year

Age Yoar
1 2 3 4 5 6 7 8 9 10
1 F 0,002 0.002 0.002 0.003 0.004 0.004 0.004 0.004 0.004 0.003
P,  0.002 0.002 0,002 0.003 0,004 0.C04 0,005 0,005 0,005 0.004
2 F 0.02 0,02 0.02 0.02 0,03 0.03 0.03 0.03 0.03 0.02
F, 0.02 0.02 0.02 0.02 0.03 0,03 0.04 0.04 0.04 0.03
3 F 0.10 0,09 0.08 0.11 0.16 0,17 0.7 0.17 0.17  0.13
F, 0,09 0.09 0.08 0.11 0.16 0,18 0.18 0.15 0.20 0.17
4 F 0.16 0,16 0.13 0.18 0.26 0.28 0.28 0.28 0,29 .22
P, 0,15 0415 0.13 0.18  0.26 0.29 0.30 0.31 0.32  0.27
5 F 0.25 0.24 0,20 0.28 0.40 0,42 0.42 0.43 D.43 0.32
P 0,23 0.22 0.20 0,27 0.39 0.43 0,45 0.46 0.48 0.1
6 F 0.7 0425 0.22 0.30 0.43 0.46 0.46 0.46 0.46 0,35
F,  0.23 22 0.20 0.27 0.3) 0.43 0.45 0.46 0.48 0.41
7 7 0.28  0.26 0.23 0.31 0.44 0.47 0.48 0.48 0.48 0.36
F De23  0.22 0,20 0.27 0.39 0.43 0.45 0.46 0.48 0.41
8 F 0.30 0.29 0.25 0,34 0.48 0,51 0.51 0,52 0.52 0.39
F 0.23  0.22 0.20 0.27 0.39 0.43 0.45 0.46 0.28 0.41
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Table 5 Comparimon of the average filshing mortality (F),from 10 runs of the
model with catch data having a coefficient of variation of 20%,with the
true values of fishing mortality (Ft) for each age/year

Age Yoar
1 2 3 4 5 6 T 8 9 10
1 ¥ 0.002 0.002 0.002 0,002 0.004 0.004 0.004 0.004 0.004 0.003
F,  0.002 0.002 0,002 0,003 0.004 0.004 0.005 0.005 0.005 0.004
2 F 0,02  0.02 0.02 0.02 0.03 0.03 0.03 0,03 0.03 0.02
F, 0.02 0.2 0,02 0.02 0.03 0.03 0.04 0.04 0.04 0,03
3 F 0.10 0.09 0,08 0.11 0.15 0,16 0.16 0,16 0.16 0.12
F, 0.09 0,03 0.08 0.1 0.16 0.18 0.18 0,19 0.20 0.17
4 b3 0.16 0.15 0.13 0,18 0.26 0.28 0,28 0.2 0.28 0.21
Ft 0.15 0.15 0,13 0.18 0.26 .29 0.30 0.31 0.32 0.27
5 ¥ 0.24 0.23  0.20 0.27 0.39 0.40 0.40 0,40 0.41  0.29
F, 0.23 0.22 0.20 0.27 0.39 0.43 0.45 0.46  0.48 0,41
6 F 0.27 0.26 0.22 0.30 0.44 0.46 0.46 0.45 0.45 0.33
F, 0,23 0.22 0.20 0.2 0.39 0.43 0.45 0.46 0.48  0.41
7 ¥ 0.29 0.27 0.23 0.32 0.46 0.48 0,47 0.47 0.48 0.34
F, 0.3 0.22 0.20 0.27 0.3 0.43 0.45 0.46 0.48 0.41
8 F 0.31  0.30 0.25 0.34 0,50 0.52 0.5 0,50 0.51 0.36
P, 0.23 0.22 0.20 0.27 0.39 0.43 0.45 0.46 0.48  0.41

Table 6 Compariscn of the average fishing mortelity (F), from 10 runs of the
model with catch data having a ccefficient of variation of 40%,with the
true values of fishing mortality (F‘t) for each age/yea.r

Age Year
1 2 3 4 5 6 T 8 9 10
1 ¥ 0.002 0.002 0.002 0,002 0,004 0.004 0.004 0.004 0.004 0.003
F, 0,002 0.002 0,002 0.003 0.004 0,004 0.005 0.005 0.005 0,004
2 ¥ 0.02 0,02 0,01 0,02 0.03 0.03 0.03 0.03 0.03 0.02
F, 0,02 0.02 0.02 0.02 0.03 0,03 0.04 0.04 0.04 0.03
3 F 0.09 0.09 0.08 0.10 0.15 0.15 0,15 0.14 0,15 0,11
P, 0.0 0.09 0.08 0.11 0.16 0.18 0.18 0.19 0,20 0.17
4 F 0.16  0.15 0.13 0.18 0.26 0.26 0.2T 0.25 0C.28 0.21
Ft 0.15 0.15 0.13 0.18 0.26 0.29 0.30 0.31 0,32 0.27
5 ¥ 0.23 0,22 0,18 0.25 0.30 0.37 0.37 0.36 0.39 0.27
F, 0.23 0.22 0.20 0.27 0.33 0.43 0.45 0.46 0.48  0.41
6 F 0.29 0.2 0.23 0.31  0.47 0.46 0,46 0.45 0.47 0.32
F, 0.23 0.22 0.20 0.2 0.39 0.43 0.45 0.46 0.48  0.41
7 ¥ 0.30 0.28 0.24 0.33 0.51 0.49 0.50 0.48 0.53 0.37
F, 0.23 0.22 0.20 0,27 0.39 0.43 0.45 0.46 0.48 0.41
8 ¥ 0.34 0,32 0.2T 0.37 0.56 0.55 0.56 0.53 0.55 0.41
F, 0.23 0.22 0.20 0.27 0.39 0.43 0.45 0.46 0.48 0.4
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Coefficients of variation of fishing mortality
obtained from 10 rune of the model with catch data
having a coefficient of variation of 5%.
are for the fully-recruited ages only for each year
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Table 8

Coefficients of variation of fishing mortality obtained
from 10 runs of the model with catch data having a
coefficient of variation of 10%4. Results are for the
fully~-recruited ages only for each year
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Year
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7
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Table 9

Coefficients of variation of fishing mortality cbtained
from 10 rune of the model with cateh data having a
coefficient of variation of 20%. Results are for the
fully-recruited ages only for each year
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Table 10 Coefficients of variation of fishing mortality obtained
from 10 rune of the model with catch data having =
coefficient of variation of 40%. Results are for the
fully-recruited ages only for each year

Age Yeoar
1 2 3 4 5 6 T 8 9 10

3 11 20 19 14 23 16 217 37 52 T4

4 17 19 25 25 ¥ n 45 48 10 97

5 19 15 12 17 28 20 32 43 60 a7

6 24 20 19 18 29 22 25 43 50 T0

T 30 26 22 kY 44 30 45 55 73 101

8 26 24 22 kY| 42 29 47 56 76 107
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APPENIIX A
Program HPMX
Program HPMX produces a least squares estimate of the fishing mortality
and the selection faotors from an array of catch at age data at 9 = 10 ages

and n = 14 years. The program iterates towards a solution of

2
. true oat i ogtch (i, 4§ - }
Win of {(1:1 true omtch (i+1, j+i )' 1‘( oaton (1+1, j+1) Predicted by ‘“°d°1) .

Since a ln transformation is made of catoh data sero catches are unacceptable
and should be modified to a =mall but positive value, Operating e.‘r._perianoa
tends to suggest that this method does not work very satisfactorily if n = 10 years
and the method would probably not be very successful in a developing fishary.
In thess cases there seeme to Le a least squares solution which gives an
extremely high or extremely low value of F in the final year. In general the
method appears to work better the greatsr number of yeare that are available,
fnother prerequisite of successful runs would seem to be a marked ohange in
seleotion between different ages.

The data inputs required are shown on the next page. The program is written
in FORTBAY IV for a Hewlett Packard 21004 gomputer. The only complioation in
the program are the exec calle which iransfer control from one segment to another,
Thus CALL EXEC (B, IJA) transfers oontrol to program HPMXA, Similarly, CALL EXEC
(8, 1JB) transfers control to progrem HPMXB and CALL EXEC (B8, IJD) to program

HP¥XD, 4n annotated output of the program is shown following the program listing.

Data input

The listing given reads data in in free format. This means that numbers
in any format can be read in providing they are separated Ly one or more blank
columne. The data to be input are arranged in the following lns for a problem

of & ages and n years,

Line no.

1 a n

2 F, P, .. F (initial estimatee of F at age a)

5 5, S s, (initial estimates of selection coeff. at each aga)
4 M Natural mortality

5 1_‘“ 012 Cm Catches in 18t year in at each age

[0} 021 022 025. Catches in 2nd

4+n c G C o svecacrene NTR wevevenns

nl "n2 na

c13
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5+n D Frogram step size a value of 0,01 is often satisfactory

6+n I, If thia ie set to zero F, will be modified; if met to
1 F‘.l is held unchanged

12 If this is set to zero F2 will be modified; if set to

] F2 is held unchanged

4+ I If thie iz set to szero Fn will be modified; if set to
i Fn ie held unchanged

J,l If this ie set to zero S.I will be modified; if met to
1 S1 is held unchanged
J2 If this is Bet to zero 82 will be modified; if set to
1 52 is held unchanged
i+2n+a Ja-1 If this is set {0 zero Ss‘_1 will be modified; 1if set
to 1 53_1 is held unchanged

N.B. Sa ie always held constant

c14
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FT
PRANIAY HP X
NIMEMSINY TJ(2)
car il TJACS), 1UB(3), TUnE3), TIN(3),
1B}, FOY, 5017, 0 (T8, 10),
20L(13,1),Z80(10)
3, A, 11, THNrY
b TAATT,RZ(24),N, TIN, E
ARTA Tu7aine, oiriby, AT/, TR/, 1071007, 100y
ntolo1=1,2
IR (T)=1J(T)
W) =tJ(1}
TN )e=T (T}
B LANTII T
TJAC3)=TA
n{3)=1"
TJE(3)=10C
TJRER)=TN
CALL FEXEC(D, TJA)
STP
EMn
PRASTALY r!f)"\(;\
AN TIACE)S TIR(3), TG(3), TNC),
1R(20), FCIR), 5010, 610, 10),
eL(13,7),25n01n)
3, A0, T, IINEY, TAA, IT
h,ﬁZ(Zh),D,IHn,E
nEANCS, ) TAALIT
”QITE(G,7) IAAIT
FATIAT(ITLN)
PEAY (5,*}(F(1),I=1 L T
WRITE(F,»)(F(!) =1,17)
£ FATIAT(5510.)
NEAN(S, ) (S(1),T=
”“ITF(G,S)(;(I 3,1
AEADG, SINY
RTTE(, B) M)
N1 10 I1=1,17
1 REAN(5,*){N(1,J),J=1, TAA}
D12 121,17
CMITECG, W) (00T, J), d=1, IAA)
12 oRTINUR
i FAIAT(5F10,1)
I'nm=1
HD=110
NEAN(S, *)N
£=1.1
na 2an1 1=1,TT-1
02001 Jel, IAA-L
XX=C(I, I}/ 0(1+7,0+0)
20091 C(I,J} =ALRCO)
na AN 1=1,1T
REAN(S, *)0(T, AN
002 CANTIMNIE
N 2000 =1, TAAST
REAN{R, *)C{TT, )
2000 CANTINIE
[K=1AA+TT
N 18 I=1,1K
5 3(1)=n.0
CALL EXEC(8,IJ")
CALL 1P 1X

~d

1 IAN)
=1, TAA)

D1
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ST'n
EMNDY
PUAGTINY MR, 5
oAy LJA(3),1d%(3), 1JC(3), TIN(3),
18203, F(I4),5(19),0(01n,10),
20L13,1), 7800100, A, T, TINEY,
3.IAN TT,RZ(20),0, 110, F
TH=IAA+IT
ng AT
7=N
n* ann3 1=1,1"
2nn3 AZ(1)=n,n
Y oan1n I=1,7T=-1
Y2010 U=, TAA-T
FSA=G(JY(T)
FSR=5(J+1)7(T4+1)
TASFOA N Ay
TR=FSReA ]
YX=FSA/FSn
CLOT, JY=ALIGGOO+ALARZN)=ALIN(ZA) +A1N( 1, 1=FXN{ =7A)
D)=ALAG{I N=FXD(-Z7))
2 +7A
Y=C(1,0)-CL(I, )
T=74¥%Y
L=1T+d
X=SONAFLIIR(0,5+7A/12,.7) +1.0
NZLTYE"TLTIAYNELT)
RLZILY=RZ LY YEs
X2S(J+ 1P (T+1) (N, 5-27/12,0)=1,N
RL(T+1)=0Z{ T+ )+Y SR (1 +1)
PLIL+L)=n2 (141 )+ YENN5(Je1)
2010 OV
280(THnNrY)=7
IF(UNTE,N,1) AN T 5%
Z1=750(1)
22=750(1MNr)
IF(Z1.RE.22) o T 53
RS CATUNR
nt 822 1=1,1T7
FIT)=F(T)="(1)
022 B(1)=" (1), 5
523 J=1, TAA-1
¥=IT+d
S{J¥=50)=" (")
623 UKI)=n{%)y:n, 5
1T oy
3 CrMTIIIT
TM=11n+1
IFCINN LTSRN T2 2019
CALL EXEC(2,1d™)
2917 CANTIMIE
250{1)=Z8n(1iM=N)
IMIEXe]
< DY 2020 I=1,1T
RUL)=R(I )= +07 (1)
IFCC(I,IAN) ,BE,N.5) B(1)=n,.N
2020 CheTInge
N4 2021 J=1, TAA-1
K=IT+)
USRS LI v A S T}
IFCCLIT,d).3F.N.5) R(K)=N.N
2021 CAanTTryr
f=NEg . N
Sl INNFE=I1ExeT
nN=N#*n g
TECTMAFY, AF 1Ny /Y T Ag
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PERCY2=0, 19
7oA 1=1,1T
ERe=R(T)/F(T)
IF(ERG, 1T, PENCY) PFICY=5R0
FCI)=F(1)+R(T)

2045 J=1, TAA=T

“=IT+J

EW=()/S (1)

1 (RRE. LT PERSY) PERCY=FRE
SLN=S(+R(K)
IF(PECY,AE,~1,0) GO T4 13
T5(IMNFX.LT.100) 6 T4 n2
CALL HP1

=750, 5

CALL EXEC(S,1dm)

5TP

rn

BUIIA MPIXD, 5

TR TJAC), TIB(3), TJB(3), TIN3),

1320, F(1n), 5(1m), £(14,10),

201.(13,0),750(10)

1,80, T, THOEX, TAA, TT,27(20), 0, 1410, F
TMITE(R, 1000) ZS0{ TIDEX)
RITECG, 1Y (F(T), T=1,IT)
WMITE(S, 1M0)(S11),1=1, TAR)
FRTTE(R, 1900) (B7(1), T=1, 1)
PAMAT(SRI0, L)
7SN(1)=7SN (T NEY)

TnEK=1

1n=1

CALL FXEC(®,TJR)
AALL 1Py

571"

=n

cong
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