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ABSTRACT

Varicus techniques devised 1o flag undersampling conditions were investigated. Un-
dersampling conditions can often lead to underestimation and a solntion which can be
significantly smaller than the true solution but the estimate of the standard deviation may
seern acceptably small. in an attempt to identify undersampling in Monte Carlo calcula-
tions, the estimation of F values, the coefficient of variation of the standard deviation, the
figure of merit, and 2 particle contribution distribution histogram were incorporated into
the MORSE code.

It was found for the problems considered that the F tests were not conclusive because
the distribution of contributions was not normally distributed. The calculation of the
coeficient of variation turned out to require significantly more computational effort than
that necesgary to directly achieve a very small standard deviation because of its dependency
upot the kurtosis of the distribution which takes much longer than the variance to achieve
a stable value. If the kurtosis is not tooe large, this coefficient can be used in problema which
demand high degrees of precision such as eritieality calculations.

The figure of merit FOM = 1/¢% is a function of the variance of the population which
becomes stable faster than its coefficient of variation. Therefore, the FOM provides a more
reliable guarantee of a stable solution - alss, berause it tends to a constant value, jt is
more easily analyzed. However, in severe undersampling conditions the O M may become
apparently constant over a large range of sample sizes and then abruptly changing with
the sampling of rare particles, Also, a sudden increase in the varance may not have an
accompanying significant change in the mean while the figure of merit expertences a jump.
Under this condition, the soluticn may still be a perfectly acceptable estimate.

The creation of the particle contribution distribution which is output at the end of each

iv



batch provides a very effective way of detecting undersampling. If enly a few particles ac-
count for a large fraction of the response, the estimates of both mean and standard deviation
should be regarded as unreliable and, therefore, the sample size should be increased.
Although not thoroughly investigated, the utilization of the statistical toels implemnented
into the MORSE code was demonstrated to be useful in the study of the behavior of particle

distributions when subjected to various hiasing and for estimation procedures.
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Chapter 1

Introduction

Monte Carlo calculations are possible in almost every field which invelve mathematical
modeling. All such Monte Carlo analyses comprise of the generation of sequences of random
variables and have as solutions estimates of means and varlances. The problems can range
from the estimation of the mean of a small set of Monte Carlo generated data to the
estimation of detailed radiation particle flux distributions whick represent the sclutions of
the familiar integro-differential Beltzmann trangport equation.

The quality of a Monte Carlo calculation invelves twa hasic conterns: accuracy and
precision. Accuracy is a measure of how close the Monte Carlo estimate is from the true
value and is related with the amount of bfas. Precision iz a measure of the statistical
uncertainty associated with the estimate and is usually expreszed in terms of the standard
deviation. Many factors can introduce bias into the Monte Carlo solution of a problem which
will affect accuracy as well as the behavjor of the estimator of precision. Bias can be caused
by inadequacies of the meodel such as may occur in geoinetry or cross section desctiptions
and through the use of some sampling schemes such as point-detector estimators whose
expected valnes are mat the true solutions. Que interesting way to anderstand the role
of the parameters involved in a statistical estimation is to address the following question:
How con the qualily of an eslimate be guaranieed? This raises anvther question: Does the
population sample represent tﬁf true population? The answer to these questions is the major

objective of this work which is to analyze the statistical features of the mean, variance, and
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population sample and to devise schemes to utilize more of the information generated during
the calculation.

Tndersampling occurs in problems where the effect of interest is determined primarily by
very rare events and a very large population sample is required to achieve a good estimate. I|1
a completely analog Monte Carlo particle transport calculation, the distribution of the scores
is binomial and the effect of interest is simply the probability of scoring a success. Therefore
the scores of a problem with a small scoting probahility would be mostly zeroes and would
require on the order of 400 successes (rare cvents) to achicve a 5% fracticnal standard
deviation — approximately 1/,/n where n is the number of successes. Undersampling has
heen recogrized as a major source of concern. The inexperienced user may not recognize
this conditicn and accept a eclution that can be orders of ma;gjﬁtude too low even thHough
the standard deviatidn indicates pood precision. This problem was pointed out by Grelbard
[1] and Cramer ¢1 al. [2], both of whom considered that many of the probleme associated
with etatistical uncertainty were still unresolved. Dubi et al. {3] showed that the one-particle
method yields more reliable estimates of the variance, but aleo recognized the vsefulness of
the batch method. Lux #1 al. [4] devised & carrection scheme for the estimates of the mean
and variance and emphasized the importance of distinguishing between rare events and the
unimportant background.

The problem of undersampling is particularly important when point-detector estimators
are iused because the contributions to the outer detectors from collisions near the source
region are by their nature very small apd can be essentially of the same magpitude, If a
sufficient number of particles are not sampled to include enough particles which experience
tare eventa, the final resulte will be uareabstically small while their standard deviations may
tedicate geemingly acceptable results. In this work, this condition will be called underesti-
malion. The computational evolution of & statistically acceptable estimate of an effect of
interest, in a,-deep penetration problem using 3 point-detector estimator, presents three dif-

ferent stages. The first stage is when undersampling is so severe that no major-contributing
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particle is sampled. A major-contributing particle is not only a particle that _'fie;ds a high
contribution relative to background values but alse the value of its contribution has to be
sufficiently high to significantly move the estimated SD.IutiDﬂ up to values around the true
mean. One way of detecting the undersampled condition during the first stage would be to
analyze the statistics throughout the region between the source and the point of interest.
This procedure iz based on the fact that the standard deviation should increase with the
distance from the source. If it decreases, this condition indicates that the contributinﬁs are
due to cellisiens far from the detector and that there were no important collisions (rare
events) near the detector. The second stage is when a few major-contnbuting particles are
sampled. The resclts as they evolve duning this stage will experience jumps in the estimated
fluxes and also in their variances. Finally, the third stage iz reached when a sufficient num-
ber of major-contributing particies are sampled and unbiased estimates are achieved. This
behavior is more or less chvious and depends upon factors such as the distance in mean
free paths between the source and the detector and the utilization of the various variance
reduction techniques.

In Chapter 2 some theoretical considerations about the interpretation of Monte Carlo
results are presented. Chapter 2 describes the modifications made to a standard version of
the MORSE code [5] to accomplish the caleulation and cutput of the additional isformation.
This modified version of MORSE will be designated as the MORSE/STAT package.

Chapter 4 describes the problems studied and the techriques used in their solution, such
as type of estimators and variance reduction techniques used. The resulte for each preblem
are analyzed in Chapter 4 with reapect to the benefits realized by the user through the
proper interpretation of the additional information compiled by the bookkeeping procedures

implemented inta the MORSE code.
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Chapter 2

Theoretical Background

The mathematical and statistical bases which underlie this study are presented in this

chapter.
2.1 Measures of Error

The variance and mean square arror are central to the characterization of the error associ-
ated with a sampling distribution. The population variance of an estimator is a measure of
the dispersion of the distribation around the mean, and the mean square error which is a
tneasure of the dispersion around the troe value of the parameter. The mean equare error

cat be defined as the sum of the variance plus the square bias i.e.

MSE = E(z — ) + E(F - p)*. (2.1

Bias is another concept of error and is defined as the difference between the estimated mean
and the true value of the parameter. If the bias is equal 1o zero, then the mean square error

iz given by the variance alone.
2.2 Estimators for the Mean and Variance

The statistical behavjor of eetimators commonly used in Monte Carle calculations can be

Bettar understood with the consideration of some Anslysis of Varignce theory. Consider a
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Table 2.1: A Standard Analysis-of-Variance Table.

{roup
1 2 i 1
Xy Xz ... Il o Ih
Iyz Ty ... Tiz ... EJ7
E1y Td; .- Liy rea Ify
I1Fg Eaf ... Tid PP 4 |
% =Z3 ... T ... Ff T

population sample of { groups each with J elements as shown in Table 2.1. Summing the

r;; over j, the mean corresponding to the ith group is given by

= 3 (22)

=1

Ar estimator for the total mean g ie the average of the I =; estimates

I
Z (2.3)

h-.ln-

which s equivalent to the estimator

T= 5 sz (2.4)

=]
where N = f x J. FEquation 2.4 effectively considers all elements to belong in just one

group, i.e,
T=13 E 2 Zis: (2.5)
1=1 5=1
Tt is possible to derive varipus estimators for the population variance ¢?. The first one
52 it called the variance of mean square within, which can be calculated using
1 J
= '_-—_]T Z{zij — E.‘}i (Eﬁ]
=1

sa that

1 .
}g . (2.7)



This estimator is used when results from several Tuns are combined and represents the
population variance of the grand mean.

Another estimator for the population variance 57 is called variance of the mesn square
between, which is based on the fact that for a sufficient number of elements, the group means

are normally distributed with a variance equal to the population variance divided by J

ol 1

!
T LG (2%)
1=1

and

Jod
1 E(fi -7) (2.9)

52 =

by

This is the betch estimate of the population variawce and is the procedure used in standard
versions of the MORSE Mente Carle code.
Finally, a third estimatot for the population variance is designated as 57 and is called

the variance of the mean squere tolal,

52 = =1 Z > (=i; - E) (2.10)

This is the one particle estimate of the population variance and is the procedure used in
most Monte Carlo programs.
Any of the equations 2.11, 2.12, or 2.13 can be used to calculate an estimate for the

population vatiance $? and estimates for the variance of mean 52 are given by:

53 = 251, (2.11)

§2= 8k, (2.12)
and

2= -;st, (2.13)

Equations 2.12 and 2.13 represent the daick estimator and the one pariicle estimator of the

variance of the mean, respectively.



The fractional standard deviation { FSD) is the estimate of precision calculated in the

MORSE code and is given by:
LE
FSD::Eg;. (2.14)

Equations 2.7, 2.%, and 2,10 can be written as

SEW

2o .
Sw"" I(J_I}t {2 15}
558
z _
=12 (2.16)
5T

Remembaring the sum-cof-squares identity
I J I I J
Y 3z T =d Y (E T+ YY) (w - T, (2.18)
t=1 =3 =1 i=] =1

the foliowing relationship follows
55T = 558 + §5W. {2.19)

Therelore, just two of the three sums have to be caleulated and the other can be ohtained

from Equation 2.19.
2.3 An F-test for the Equality of the Group Means

One way to guarantee sufficient accuracy in the Monte Carlo estimate iz to observe the
individual soluticns of the groups which comprise the total soluticn. It is expected that
the group means are normally distributed, but suppose that one of the gronps yielded a
much larger value jor its mean. This would strongly suggest the existence of urdersampling
in all the bateches — since the batchea were drawn from the same population, individual
groups having equal numbers of samples should have essentially the same estimates for their
means and variances, Therefore, it wounld be necessary to inerease the group size so that the

distribution of the group means becomes more normal and alse the variance of the grand

T



mean becames smaller. Before proceeding further, expressions for the expected values of §F
and 5% are derived. From a linear model, each element z;; from the i-th group is written
as

Ty = pi + £, (2.20)
whaere y; is the mean of the £th group and ¢;; is the random error of the individual samples

which is assumed to have a mean zoro and 2 variance ¢#, The z;; can be expressed in terms

of the the group mean y; and the grand mean g
oy = b o+ o6, (2.21)

where

o= g4 oy (2.22)

Thetefore, it will be possible to distinguish between the variance production due to the
variation of the group means u; and that due to the variation of the elements of the pop-
wlation ¢;;. The fired effect model is characterized by }:Ll ay = 0, otherwise the random
effeet model [6] applies. Hawever, since both models utilize the same F-teat, the fixed effect
mecda] will be used — which should be appropriate for the present analysis.

The expected value of 52 can be calculated by substituting

o4+ {223}
and
into Equation 2.8, which yields
J I
E(shH = y ST E(e; +E -0 (2.25)
=1

Since Ef=1 a; = 0 and E{¢;;} = 0, Equation 2.25 can be rewritten as

!
E{5) = F—{—ZE(Q?+E?+EE]. (2.26)

_1:’:1

8
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With the fact that
and

Equation 2.26 becomes
J
ES)=a"+ 7= > o,
which can be written as

E(§%) = o* + J&°.

{2.27)
{2.28)
{2.29)

(2.30)

The expected value of §2 can be derived by substituting E(F;) = u into Equation 2.7.

That is
i 1 2
B(85) = B(3 2. 77 2z —w)),
i=1 Y Tt =
which vields
1.4
F(S2) = B(3 3. %) = o™,

=1

A statement of the F-test for the equality of the group means would be:

Horpp=a=...=pny
H; ' at least one is different,

and it is performed by calculating

L
Fu-nin-n = g5

which has as expected value
o? + Ja?
 CHE

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

When the aull hypothesis is true, the teat vielde a value of one. The ability to perform such

tests is one of the most impaortant features of the batch method.

From the above discussion there are some important observations. First, 57 is greater

than or at least equal to §2. Therefore, §Z and §7 are more reliable becanse they provide

9



tighter bounds for the statistical error. Second, as demonstrated above, §7 can be used
together with 52 to calculate F values that may detect anomalous differences between the
group means — which can be an effect associated with undersampling. Another interesting
fact is that because both 52 and. 5?2 take in account the variations within the elements of
the population they are approximately equal — which also can be implied from the fact
that they have the same expected value o?. This means that 52 can be used instead of 52

which is & good way to avoid compuntational round-off errors.
2.4 Coeflicients of Variation

Another procedure that provides measures of reliability of the various estimators is the
cancept of relative error. The coefficient of variation V iz defined as the square toot of the

relative variance of the population V2, which is given by:

52 1 N(x-—Ej*
- Al
1% _EQ_N_IE - (2.36)

1=1

Analogously, the relative variance of tha variance is given by:

2 a3
Vi = “i‘(,;»]r (2.37)

Hansen, Hurwitz, and Madow [7] (see Appendix D) demonstrated that Equation 2.37 can

he expressed as

v = % (ﬁ - %—:—%) , {2.38)
where

4= F";F, {2.19)

2 L& =1
o° = F;[:.— - T)°, {2.40)

1 & 4
H= i=1($i - 7) (2.41)
= ¥, — 4373 + 623 — 3T, {2.42)

10



and
1 ¥
I = F 1.=';' 1 33.-, [2431

For sufficiently large &, Equation 2.38 becomes:

Vi = %—1 (2.44)
and for sufficiently large 3
vz =2 2.45
S TN

For F random groups of J elements, it can be shown that

y _ 1 ( - ﬂ)
Va=sl%-77) (2.46)
where
_E a1
ﬁ.;-J+3 — (2.47)

The derivations of Equations 2.45 and 2.47 can be found in reference [7] (see Appendix D).
The coefficient of varation of the standard deviation Vs is related with the coefficient
of variation of 1the varizsnce Vg by

Vg = 5, {2.48)

The proof of Equation 2.48 can also be found in reference [7] (see also Appendix D). A
reasonable value for Vs is a subject for concern. The confidence limits for the standard
deviation do not need to be the same as the confidence limits for the mean. Becanse Vg
depends upon the kuttosis of the distribution, the significance of the confidence limits of
the standard deviation varies for different distributions. A distribution with a large kottosis
is characterized by a large value for Vg which can be more reliable than an undersampled
distributicn with a small kurtosis apd a much amaller Vg .

According to the central limit theorem, as J increases the distribution of the group
means becomes more normal and 3, approaches the value of 3. H 2 normal distribution for

the group means is assumed and if a 0.1 value for Vg is desired, at least 51 groups would

11
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be necessary as indicated by Equation 2.46. Therefore, to achieve a coeflicient of variation
of the standard deviation cr the order of 0.1, a reasonable number of groups ({ > 50)
and a sufficiently large value of J are required sa that the group means would be normally
distributed. However, the resulte cbtained with Equation 2.38 ware consistently smaller
than those obtaimed with Equation 2,46, which may be explaiped by the same argument
that the expected valne of the mean square within is smaller than the expected value of
the mean square between. Because of this reasoning, Equation 2.38 & used instead of
Equation Z2.46. Also, it is shown in Chapter 4 that to achieve a stable value of 3, a8 sample

size larger than the one necessary to achieve a sufficiently reliable estimate of 57 ig required.

2.5 The Figure of Merit

The figure of merit ¢iT is widely accepted as a measure of the calculational efficiency
and also as a indicator that the solution has achieved the asymptotic 1/+/N behavior as

predicted by the central limit theorem. The figure of merit can also be expressed as

FOM = -1 (2.49)

a7’
where o2 is the variance of the mean and T is the total computation time. A larger FOM
indicates a more efficient calevlation.
Considering { as the average computation time per particle, Equation 2.49 can be rewrit-

ten as

. {2.50})
Therefore, when o° becomes constant, i.e. a sufficient number of particles have been sam-
pled, the figure of merit also becomes constant. However, for highly skewed distributions
with a small proportion of very large cantributions, the behaviar of o is typically not 1/ VN
and may assume either faster or slower rates of convergence. The figure of merit will become
stable ouly after a sufficient number of particles bave been sampled. .ﬁ.{._su, if undersampling
ia severe, the figure of merit will appear escentially constant over a wide range of sample

sizes thus giving false indications about the solution.
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2.6 Sampling of Rare Events

In deep penetration particle transport problems, the stilization of some form of importance
sampling is necessary. For example, an analog solution of a deep penetration praoblem with
a trzpsmission factor of 10717 will require an average of 10"? particles to score @ success.
It is abvious that if 8 reasonable nwmber of successes are ot scored, the results will be
worthless. If the parameter being estimated is already known, the sampling scheme can
he modified so that every sample yields the same contribution — which results in what is
called a zero-variance calculation. Tt is possible to use any previously koown information
abont the population distribution to enbance the probability of scering. This procedure is
commonly referred to as importance sampling,

Importance sampling may ba accomplished hy wariance reduction technigues such as
Russian-roullete, phitting, survival biasing, stratified sampling, weight cut-offs, sxponential
transform ete. The variance can aleo be reduced by using estimators or samplers such
as the last-flight and the next-event estimators. The utilization of importance sampling
requires the use of weight corrections so that the bias introduced by the sampling scheme is
elirninatad thereby preserving the fair game. However, some techniques such as the point-
detector estimator introduce some bias that is not properly corrected by weight cotrection
alone [8]. Importance sampling schemes in general will result in reliable {unbiased) estimates
if a sufficiently large number of particles are egampled and provided of couree that all sourcee
of bias are corrected. It s alsc true that improper utilizatinn of importance sampling
techniques cap result in a calculation that is less efficient.

A counter was introduced into the MORSE code that records the number of particles
that have the value of their contributions within a given range or ¢channel. Therefore, it
it possible to know how many particles account for specific fractions of the total reaponse.
This counter is collapsed from 138 intervals to 10 percentage intervals which would indicate

if a small number of particles are responsible for a large percentage of the total value of the

13



responise. This provision turn ont to be very useful in the analysis and identification of the

¥

underrampled condition because of its ability te isolate thr contribution background.
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Chapter 3

Modifications Introduced into the
MORSE Code

Modifieations were introduced into the MORSE code in order to calculate the statistics on
a per particle basis according 1o equations 2.4 and 2.13. The origiral MORSE input was
maintained and the cutput of the fractional standard deviations for the total responses cal-
culated on a batch basis with Equation 2.12 was also retained. Another feature introduced
was a table that shows in terms of percentage hins the distribution of all pa,i'tic]e contribu-
tions according to their increasing values. Thie table is created from a 188 multichannel-type
histogram as shown in Figure 3.1. This histogram ie shown in a scale which enhances the
impottance of particles in the higher chanpels. Figure 3.2 shows this table in the output
of the same batch that genetated the histogram in Figure 3.1. Apalyzimg Detector 2 in
Figure 3.2, 69700 particles account for the first 20% of the total response, 14634 particles
account for the next 10% fraction of the response, and sc on until the 5 particles of highest
weight which account for the last 10% of the total response.

Besides the addition of the histogram mentioned above, this new version of the MORSE
code also includes the autput of the total respanses and their standard deviations for each
batch and for the accumulated estimates. The uﬁtput also presents the estimates of the
coefficient. of variation and figure of merit, based on the accumulated statistics after each

batch is completod.
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LOCSD

b 1 £D Standard MORSE
2 55T per batch

\ 3 5502 statigtics

! - 4 5D New MORST

I 3 35D per particle

| & 55D2 batch statistics

: v 55D Accumulated

! & S8 statistics
5 35D Working
10 S8D2 area
11 S5D3
12 SSD4 Statiztics used in the
13 SSD5 calculation of the kurtosis
14 35D

LOCQE 15 SUD and $S5I} units

millions, Figure 3.3 shows the lay out of the new storage areas.

Figure 3.3: Layout of the New Storage Areas in the Blank Common.

To perform the necessary additional bookkeeping the user part of the blank commen was
separated, augmented, and pul in double precision (COMMON f555/). The particle bank
now ca.ﬁ accept only one source particle and any number of secondaries particles (NMOST).
Therefore, the memory requirements are substantially reduced and the utilization of double

precision arithmetic was reguired to work with numbers of particles on the order of several

In Appendix C, a listing of all added and modified subrontines ie included. All major

characteristics of these subrontines are presented in the following list:

9. FTEST - caleulates the F values.

most {NMOST) secondary particles.

N 4. INPUT]1 - minor modification in the input format of CARD B.

1. FLUXST - modified to perform additional bookkeeping in COMMON /555/.

3. GSTORE - modified to include only one source particle in the particle bank and at



10.

il.

12

13.

14,

15,

16,

17,

18,

19.

20.

. MAIN — modified to include COMMON /585/.
. MORSE - modified to perform additional calculations for the per particle analysis.
. MSOUR - modified to help the interimn batch information cutput.

. NHATCH -- now performs only the total response in the per batch mathod.

NPART - called at the end of each histary to do the sums needed in the per particie

analysis.

NRKNPRI - perform all calenlations in the per particle basis and ontputs the new

batch information.
NRUN modified to output the differential responses in the per particle basis.
OUTPT - modified to accomplish the interitn bateh information output.

RELCOL - this subroutine was modified according to Appendix B and it is shown

only because of Lhis purpose.
SCORIN ~ modified to ereate the new bookkeeping area in COMMON fS85/.
STBTCI — now performs only the zeroing of the per batch bookkeeping areas.

STPART - provides the zeroing of the proper hookkeeping areas of the per particle

analysis.

TESTW - modified in order to handle the the new allocation of secondary particles.
VARZ — modified to include the per particle estimate of the FSD.

VARY - modified to perform only estimates of the £5D in the per particle basis.

VAR4 — provides the estimates of the F5D and of the CV{5D).

18
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Chapter 4

Analysis of Results

At the beginning of this work it was neressary toidentify a problem which has a solution with
an underestimated mean and a small standard deviation. The search for such a problem
yielded what became the main objective of this work — which was to provide the user
with more information, and theraby to better understand the behavior of the solution and
the assoriated sampling distribution. This information will be the key for a surcessful
caleulatian.

Because of the extensive amounts of output geperated, the solutions to most of the
sample problems ware put in Appendix A. The reader can more easily refer to these data

for more refined comparisons.
4.1 Sample Problem 1

Sample prablem 1 consists of a 1-meter radius concrete sphere with 10 detectors positioned
at 10-cm intervals from the center of the sphere. An isotropic monocenergetic (14-Mev)
peutron point source ia located at the center of the sphere. All responses are for the first
group ocly. Table 4.1 shows the group structure for the cross sections.

This problem offers zeveral degrees of difficulty for the effects of interest calculated.
For example, the response of Detector 1 is very easy to caleulate as compared with that of
Detector 10. Also, the utilization of point detectors makes the flux estimation of Detector 10

very difficuit to acromplish hecause of the three dimeneional nature of point detectors.”

20
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Table 4.1: Energy Structure for Sample Problem 1.

Group  Upper Enerpy  Group  Upper Energy  Group  Upper Energy

1 1.50E407 2 1.22E+07 3 1.00E+07
4 B.ISE4-06 il 6.36E+06 b 4.96F4-04
i 4. 06 E4 06 g 3.01E+ 0§ 9 2.46E 406
1 2.35E+06 11 1.83E+4-06 12 1.11E4+06
13 5. 30E+465 14 LITEADS 15 3.35E+03
16 5.83E402 17 1.01E4+02 18 2.90E+01
19 LDTE+ 01 20 J.06E~+00Q 21 1.12E+00
22 4,14E-01

4.1.1 Next-Event Surface Crossing Estimator Solution

The utifization of a next-event surface crossing estimator { NESXE} posed no problems in
the solution of sample problem 1. Figures 4.1, 4.2, and 4.3 show the evolution of the flux,
F3D, and #0OM with increasing number of particles for delectors 2, 6, and 10 respectively.
It is useful to oheorve the asymioptic behavior of these statistics over a wide range of sample
sizes. In this problem the solutions are free from wnadersampling because it was possible
to process a sufficient number of particles and the statistical quality of these solutions
are described by the central limit theorem. There is no reason to question the statistics
calewlated ip this problem. Even F5£s much higher than 0.5 are likely to yield fluxes
within 3o of the expected values most of the time.

An important fact suggested from Figure 4.1 and from the data in Appendix A.1.1 is
that the melfﬁcient of variation of the standard deviation C'V(5LD) generally follows but is
almest alwaye higher than the standard deviation. Also, the amount by which the CV{5D)
changes is often much more peaked than that experienced by the standard deviation because
of the changes in the kurtosis of the distribution. An mcrease in the CV{SD) may reflect
gither a small increase or even a decrease ip the standard deviation. Another interesting
aspect of these results is that the FOM accepts the solution of Detector 10 much earlier
than the solution of Detector 2 which indicates that this parameter may cause the rejection

of perfectly acceptable solutione.
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Table 4.2 shows the results for three phases of the calculation. The three phases consisted
of 101 batches each with 10%, 10°, and 10° particles per batrh respectively. The F tests present
some high values that indicate major diflerences between the group means. For example,
the ¥ valuc is 1.99945 for Detector § in the range of 10* to 10® particles, It iz possible
ta see in Figure 4.2 that effectively there are large differences between the group means.
However, it should be noted that the solution has converged to the true solution and the
standard deviation is also sufficiently small. In the case of Detector 7 in the range of 109
to 10% particles the standard deviation is definitely small enough to guarantee the results

— which means that this parameter can aleo refect perfectly acceptable sclutions.
4.1.2 Point-Detector Estimator Solution

The utilization of point-detector estimators (PDE) significantly increases the degree of
difficulty in the sclution of this problem. In fact, the effects of undersampling can be
easily seen when the point detector solutions are compared with the sclutions described in
Section 4.1.1.

Figures 4.4, 4.5, and 4.6 show the hehavior of the neutron fiux, FS85 and CV(55},
and the figure of merit with increasing values for the sample size for detectars 2, 6, and 10
respectively. Ie the case of Detector 2 the undersampling condition yielded underestimation
for sample sizes up to 200,000 particles and for Detecior 6 for sample sizes in the range
of 2,000 to 500,000 particles. For heth detectors the FOM exhibits stahle plateaus in the
undersampled region. In the case of Detactor 10, the simulation is so undersampled that is
possible to see the peaks in Figunj: 4,6 which are caused by contributione Imm individual
particles. It js interesting to ncte from Appendix A.1.2 that the particle contribution
distribution for Detector & contained more particles in the higher channels in bateh 5 than
in batch 19. This is an effect of the sampling of a few important particles that shifted the

distribution and minimized the undersampling condition.
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Table 4.2: F Values for Sample Problem 1 with Next-Event Estimator.

Number of Detector Total F5D FS5D  F Value
Particles Hesponsc Batch  Accum.
3.9502D-04 0.0151% (.02069 G.53761
4.3966D-05 0.01400 0.01480 (.35466
B.6957D-06 (01311 0.02216 0.34984
2.0063D-06 0.03622 0.03055 1.40545
6.2572D-07 0.02018 0.05013 0.33860
1.7343D-07 0.04160 0.05957 0.48560
5.7541D-08  0.11905 0.09939 1.43532
2.0712D-08 0.12643 0.13236 051234
£.0238D-09 0.26682 0.23243 1.31807
2.3464D-0% 0.27192 0.25963 1.05688

10* — 104

B A0 1 on b 2 kD

ol
=

3.8395D-04 (.00394 0.00327 1.45084
4.4619D-05 0.00422 0.00526 0.64334
8.9053D-G6 0.00626 000679 0.84945
2.2075D-06 0.01124 001134 098125
6.2544D-07 0.0092%1 0.01457 037831
1.8526D-07 0.03401 0.02405 1.99945
60974008 0.02165 0.03847 0.31631
2.0435D-08  0.04259 0.04535 0.88189
6.3437D-09 0.05726 0.08413 0.81423
2.1429D-056 0.1100% 9.10191 116697

107 — 105

=R - S SR

3.8319D-04 0.00079 0.00122 0.42173
4.4523D-05 0.00168 0.00200 0.69934
B.O761D-06 0.00289 0.00343 0.70744
2.2398D-06 0.00626 0.00637 0.856701
6.24680D-07 0.00535 0.00572 0.87482
1.86130-07 0.00883 0.00907 0.94718
5.8028D-08 0.01453 9.01125 1.66750
1.9024D-08 0.01464 0.01860 0.62002
6.0442D-09 0.01903 0.02137 0.79305
2.0664D-09  0.02113 0.03236 {(.42638

108 — 108

o W A = chodn B Ga ke
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Appendix A.L.2 shows the output for 10 batehes of 10% particles each. For the first
batch. deteclors 1 and 2 are clearly acceptable solutions on the basis of the behaviors of
their standard deviations alone. Detectors 3 and 4 present peaks in their standard deviation
and CV({5D) and are very ¢lose to the true solutions! although they exhibit somewhat
large standard deviations. The distribution of partitle contributions for all detectors beyond
Detector 2, shows that the number of particles accounting for large fractions of the solutions
i becoming too small,

in Batch 4, the peaks in the standard deviation and CV(5D) shifted to Detector 5.
The distribution of particle contributions for this detector shows a relatively small number
of particles accounting for a large fraction of the response which usually characterizes the
undersamnpling condition. Finally, in Batch 10 the peak shifted to Detector § — again, a
relatively small number of particles account for a large fraction of the response.

Based on these results and the discussion above, the solutions for detectors 1, 2, 3, 4
and 5 can be considerad reliable. Detector & represents the beginning of what will ke called
the breakdown region, which is associated with a sample size that provides either only a few
ar no impertant rare event making the standard deviations — which can be very small -
experience large increases. Obviously, all d=tectors heyond Lhis point will be undersampled
unless additicnal particles are processed. It is interesting toc observe the behaviar of the
sulytion at Detector T which initially overestimates the true solution because of a highly
contributing particle that was sampled early in the calenlation.

An important fact, as seem in Appendix A.1.2, iz that the particle contribntion his-
togram always included a small number of particles which accounted for large fractions
of the polutions for the andersampled detectors. Therefore, the histogram is able to de-
tect the undersampling condition for both the breakdown region and the region of severe
undersampling. In thia problem, the explanation for this behavior i that even in the se-

vere undersampling condition, there are some particles that make contributions culy large

!'True salutions are considered the salutions cbiained in Section 4.1.1 with 10 particles.
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enough to make them stand out from the background contributions, and as the sample size
increases these contributions will eventually move to the intermediary channels.

Figure 4.7 shows a three-dimensional view of the standard deviation and of the coefficient
of variation of the standard deviation. i can be seen that the plot of the coefficient of
variation is much more structured than that of the standard deviation providing a qualitative

rather than quantitative indicator of the behavior of the solution.

Figure 4.8 shows the same calculation as in Figure 4.7 but with the Jast random number
of that calenlation used as the initial one in this calculation. A FSP comparison showe
good agreement up to Detector 6 and & CV{5D) comparison shows good agreement only
up to Detector 3 which demonstrates ihat this indicator is too sensitive to be taken as a
guantitative measure of precision. Also, from figures 4.7 and 4.8, 1t can be assumed that
Detector 10 represents the end of the breakdown region or the beginning of the region of
severe undersampling. Figure 4.9 shows the calculations using the exponential transform
technique with PATH = 0.5 and Figure 4.10 shows the results using source angular bias-
mg, Russian roulette, splitting, and exponential transform. It is possible to see that the
variance reduction technigues significantly reduce the variability of CV{5D) making it Jess
structured. Hecavse this behavior may indicate the effectivensss of a given variance reduc-
tion technique and also that the sampling distribution has become sufliciently stable, it was
concluded that the use of this coefficient needs further study.

Table 4.3 shows the calculated F valoes afier 10 batches are completed. The two val-
ues that flag greater differences in the batch means are for Detector 2 and Detector &.
These results illustrate the weakness of the test in discerning acceptable from nnacceptable
solutions. The test detected that there are significant differences in the gronp means of
Detector 6. Therefore, the results should be checked with other indicators to determine if
they are acceptable. Otherwise it is necessary to increase the batch size.

In the case of Detector 2 the explanation can be based en the fact that although it s

unlikely, there are values in the tails of the normal distributicn. And the null hypothesis
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Figure 4.7: Three-Dimensional Behavior of FSD and (V[ 50} for Sample Problem 1 -
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Figure 4.8: Behavior of #$D and CV(SD)for Sample Problem 1 -- PDE with New Starting
Random Number.
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Table 4.3: F Values for Sample Problem | with Point-Deteclor Fstimator.

Numher of Detector

Particles

Total
Response

F5D
Batch

F8D

Accum.

F Value

10% = 104

104 = 10°

10% - 108

D G ] N AN e D B Emm-&rmm-ﬁ-mm— Ewmqmmnmu-—n

ok
=

3.51220-04
3.5908D-05
1.49411»-05
3.4210D-06
1.0802D-06
1.1766D-07
3.4278D-08
1.5081D-08
2.6313D-09
6.2342D-10

3.8195D-04
4.0657D-05
1.0318D-05
2.2010D-06
5.8018D-07
1.3670D-07
1.0456D-07
3.60750-08
4.4715D-09
8.1009D-10

3.0008D-04
4.5916D-05
9.0757D-06
2,1204D-06
7.0483D-07
1.8347D-07
5.0838D-08
1.7408D-08
5.58546D-09
1.0233D-09

{.02431
0.05013
030124
0.38488
0.56G01
D.16116
0.34404
0.68582
0.593313
0.57851

0.01798
0.03121
0.19179
0.12374
0.16103
0.14838
0.71689
0.48367
0.30049
0.26011

0.00457
0.04192
0.04628
0.05785
6.09354
0.22707
0.16119
0.20189
0.26034
0.22022

{.03081
0.04723
0.30203
0.39837
0.5799%
0.20402
0.38522
0.69850
0.60736
0.59306

(02420
0.03220
0.185%7
0.10484
0.16399
0.13902
0.65115
0.39092
0.28794
0.22073

0.00912
0.02979
0.05148
0.05826
0.09736
0.16347
0.15096
0.21587
0.29830
0.21594

0.63240
1.00872
0.99466
0.633290
0.93216
0.62356
G.79743
(.96390
0.95422
0.95140

1.55218
0.93838
1.02138
1.36315
0.96486
1.12483
1.21213
1.46273
168911
138867

1.10126
197938
0.B0B15
0.98588
0.92203
1.92543
1.14010
0.87468
0.76171
1.04000
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actually rlzims a uniform distribution for the group meane. For the last four detectors which
are undersampled and exhibit some underestimation, the test fails lo show any differences
between the means becatse in the undersampling regime the group means are hikely to be
very close to each other. As the sample size increases and some heavy contributing particles
are sampled larger differences in the group means are observed. Also, the application of F
tests as mentioned in Chapter 2 requires that the sampling distribution should be normally
distributed. I the kurtosis is too high the tests will tend to be too small [6] and the

hypothesiz of equality of the means can not be tested.

4,2 Sample Problem 2

This problem belongs Lo a set of sample problems that comes with the MOBRSE code pack-
age. Tt comprises of a point fisslon source in air and uses a surface crossing estimatar in
the analyeis. Appendix A.2 shows the output for the problem using variance reduction
technigues with the same parameters as in the MORSE manuval. Ft is interesting to note
thai most of the CVI{S D) values are well within commenly acceptable valnes, Alse, the
distribution of particle contributions exhibits a more uniform dispersion of particles in the
percentage bins.

Figure 4.11 shows the behavior of both F§ i and CV(§D). This figure also show that
althongh the kurtosis of the distribution eventually becomes constant, that happens leng

after an accaptable solution has been achieved.

4.3 Sample Problem 3

This problem was solved 1o demonstrate the behavior of the solutions in a more complex
peometry. The configuration consists of a concrete cylinder of 150.2-cm height and a 150.0-
em radiug with a cylindrical duct of 7.62-cm radius placed along the main axis. A 14-Mey

neutron source is positioned along the bottom side of the cylinder and emits peutrons with
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Deteetor

Figure 4.11: Three-Dimensional Behavior of F'50 and CV{5D0) {for Sample Problem 2.
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directions uniformaly distributed in the hemisphere facing the cylinder. Also, only the top
fourteen groups are analyzed.

Becausze of the characteristics of the problem, source biasing provides large variance
reductions which is aceomplished using a step importance function for the position of emis-
gion which samples particles within a 10-em radius 1000 times more often than outside this
radius.

Appendix A.3.1 shows the data without source biasing and Appendix A.3.2 with source
biasing. The effect of the source biasing is to decrease the size of the background contri-
butions. It is interesting lo see the behavier of the FOM in this problem. Figure 4.12
shows that although the step biasing procedure increased the efficiency of the calcuiation,
the figure of merit of the problem without step biasing has a much more constant structure.

Figure 4.12 alse shows that an increase in efficiency in the calculation may not reflact
a swnaller CV{S D) which again preseuts very little information about the behavior of the

solulion.
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Chapter 5

Conclusions

In this work several potential techniques to detect undersampling conditions were investi-
gated.

The utilizalion of F tests failed to be ronclusive becausze the contributions were not
normally distributed. However, as a recommendation for future work, it could be used
if the samples were drawn from a population of group means which have a more normal
distribution Algo, problems that can be solved with a purely analog Monte Carle calculation
would have binomial distribution of the scores. In this case, F tests could be applied for
other purposes rather than to detect undersampling conditions since this condition rarely
occurs in such problems. For the reasons explained above, the utilization of F tests is not
recommended without more study.

The calevlation of the coefficient of variation of the standard deviation which provides
confidence limits for the standard deviation estimate was found to be too expensive for
deep penetration ealeulations becanse of ite strong dependence upon the kuriosie of the
contribution distribution. It also yields smal]er_valuea in the presence of undersampling
which eventually increase with the sampling of important particles. Therefore, its ntilization
was found to be not tao productive.

The benefits of calculating the fipure of merit are twofold, first it allows an easy com-
parison of the efficiencies of different schemes and aleo is an indicator that the variance of

the population has become stable. AHhough the FOM may stay essentially constant in
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severe nndersampling conditions, once some important particles are processed it becomes an
effective means to verily the stability of Lthe estimates. Therefore, its usage is recommended.
; The particle contribution distnbution histogram was found to be the most effective
way of detecting undersampling. In the breakdown region and more important — under
severe undersamnpling conditions — the number of particles accounting for large fractions
of the response is very small. This condition is easily identified from the histogram. This
analysis does not heavily depend upon previous ohservations and is much faster and more
reliable than any other means. It also provides a measure of the effectiveness of variance

reduction techniques — which generally have the net effect of spreading out the values of

the contributions producing a smoother distribution. Its utilization is highly recommended.
From the discussion above, it became evident that the most effective means tc guar-

antee the reliability of an estimate in problems subject to undersampling is to know and

1

. characterize the population distribution. Therefore, the ahility of the Monte Carlo method
to simulate detajled descriptions of the population distribution musi be exploited by the

* user — this is greatly facilitated by the new version of the MORSE rede, MORSE /STAT

~— developed during the course of this research. This version of the code provides much

more insight into the statistical quality of the solution obtained. The observation of the

behavior of the new parameters as the solution evolves is a powerful means of determining

if the undersampling condition exists. Hecause the standard version of the code provides

orly the standard deviation at the end of a complete run, the user looses all the interim
information that the new version noew provides,

The use of graphics for the presentation of the evolution of the statistics being estimated
waould enormeously facilitate the observation of the behavior of the solution of the problern.

Therefore, for future work, the coupling of a graphice package is highly recommended.
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Appendix A

Batch Output

A.1 Sample Problem 1

A.l.l Next Event Surface Crossing Estimator
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A.1.2 Point Detector Estimator
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A.2 Sample Problem 2
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A.3 Sample Problem 3

A.3.1 Without Source Step Biasing
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A.3.2 With Sovrce Step Biasing
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Appendix B

Another Approach to the Monte
Carlo Point-Estimator Concept

The usual formulation of the point-detector estitnatar is given by:

CON =W x P, x P(01— ) —, (B.1)

where IV is tha particie current weight, P, the non-absorption prabability, P{{1 — £1') the
probability per steradian of scattering into the detector direction, e =t the probability
of hitting the detector, and r the distance between the collision point and the detector
position.

The approach proposed in this work is based on the fact that instead of using F{{} — N}
on a steradian basis, P{{! — )"} is Interpreted in terms of a probability that the particle hits
a sphere of unit cross section area placed in the detector position as shown in Figure B.1-a.

This eliminates the need for the 1/r? factor and the contribution becomes

CON =W x P, x Pl(f} = Q' )e T, (B.2)

Thiz is accomplished by caleulating the golid anple formed by the ephere of unit cross

gaction area at the detector position and the collision point, 1.e

i g
§4 = ij d.,pj sin 648 = ~(1 — cos9) (B.3)
4m 4o n 2

m
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Table B.1: Comparison of the Calculated Results.

Detector SXE SPD FSD NPD FED

3.8269E-04 3.6421E-D4 0.0071 3.9522E-04 0.0164
4.4637E-05  3.97T9E-05 0.0228 4.3998E-05 0.0512
8.5468E-06 S.1480E-06 0.0363 B.7902E-06 0.0754
2.2423E-06 2.1442E-06 0.0822 2.1T19E-06 0.0865
6.2343E-07 7.0446E-07 0.1363 T.1110E-07 0.1392
1.8014E-07 1.9343E-07 0.2276 1.9432E-07 0.2301
5.9068E-08 5.5311E-08 0.2102 5.b54%2E-08 0.2118
1.9177E-08 1.4919E-08 0.1699 1.4%35E-08 (.1699
6.2713E-09 4.2579E-09 0.2194 4.2640E-0% 0.2195
2.0408E-08 1.0450E-09 0.2492 1.0464E-09 0.2490

ISR LR T U g

ja-—
=

and the new probability F/(f} — 0) is given by
1
P —f)=42P(f1 — ﬂ’}E(I — cos ). (B.4)

The factor 47 eliminates the per steradian hasis of P{§} — {¥') and the angle & is shown in
Figure B.1-b.

It can be seen from Figure B.1-b that whenever r is less than #, & assumes the value
7 {2 so that the emergent particle will be normally incident to a unit area in the piane that

contains the detector and the callision point and the contribution becomes simply W/2.

Table B.1 shows the results of the calculations for Sample Problem 1 but with the
first three groups being analyzed. The resulte for the standard peint detector estimator
{SPD} were obtained using Equation B.1 with a unboundness correction scheme which
uges an average contribution when particles collide within a distance of 0.5642 ¢m off the
detector position. The caleulations for Detectors 1 and 2 show a very good agreement for
results with acceptable standard deviations. However, the accuracy of the new formalism
(NPD} is better when compared with the results abtained with a surface crossing estimator
(SXE). The results for the outer deteciors, although with unacceptable standard deviations
(FSD > 0.3), are presented to illustrate the excellent agreement between the two paint

detector estimators.

B2



grea = r* cm

ared = 1 em?

1 steradian

' = 056418 em

Fignre B.1: Schenes of the New Point Detector Estimator,
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Appendix C

Modified and Added Subroutines

The subroutines lsted in this appendix are meant to be used as a guideline for the reader
il he wants to implement the same modifications in his or her version of the MORSE code.

Coexe FILSON HAT 11, 196D wwaan NOR 11iEQ
¥ THIS IS THE MAIN RBOUTINKE # ® ® & & & 5 & & ® & %k &k & ¥ % ¥ % £ & £ # 0 ¥ ¥

THE FOLLOWING CARD DETERMINES THE SIZE ALLOWED FOR BLANE COMMDN * » = » &
{REGION SIZE WEEDED 15 &BOUT 150K + 4+«(SIZE OF BLANE CONMOK IF WORDS) ) =
¥OTE - THE ORDER OF COMMOXS IN TEIS ROUTINE IS IMPORTANT AND WUST CORRES-
POKD TO TEE ORCER USED IN DUKF ROUTIRES SUCH AS HELP, XISCHLP, AWD USRELP

oaoaoagaonnOn
& & & B R %
- B O W W

LABELLED COMKOES FOR WALK ROUTINES ¥ K KA E F ¥ W EEE RN
REAL * 8 55

COMMON NC( 500007

COMMOR /APOLLG/ AGSTRT.DDF.DEADWT(26), ITOUT,ITIN

COMKON /FISBRKS MFISTF

COMHON /EUTROKS MANE

C * & LABELLED COMMOFNS FOR CROSS-SECTION ROUTINES 4 % » & » & & » % & & & ¥ & »
. COMMOK SLOCSIG/ ISCCOG
COMMOK /MEAES/ RN
COKMOK /MOMERT/ WMOM
COMMON /QALS @
COMMON /RESULT/ FOINT

.
C » » LABELLED COMNOYS FOR GEOMETRY INTERFACE ROUTIMES + # & % & & &= » = ¥ & &
COMMON SHORMAL/S UNMORM

Cw « ITARFITED COMNONS FUOR USER ROUTIRES w o % v & & & ® % * 0 0 & & ¥ & & ¥
COMMDN /FDET/ XD
COMMOE fUSER/ LGST
C » « CONMON /DUMMY/ WILL, FOT BE FOUKD ELSEWRERE IN THE PRDGRAK = » &
COMNDY /DUMNY/ DUM
COMNOY /5387 55(1000)

DATA JUBE/Z46454948/

B4



C
C
c
c

L3 B S

L3 & ]

*

* + +

ELFT = (LOC(DUM} - LOC{¥C{1)))/4
DO 16 I=1,KLFT
10 NC{I) = JUNK
ITOUT = §
ITIN = & .
KLFT = (LOCCAGSTRT) — LOC(HNC{1)))/4
CALL MDRSE{NLFT}
STOP
EFTH
5UBROUTINE RELCOL
*= TEIS VERSION IS5 FOR USE WITH MORSE-CGA = *= & = 4 u *

THEIS VERSIOR IS FOR POINT DETECTDRS LOCATED AT {XD,YD,ZD}
COMMON /USER/ BGSTAT NTSTAT,XSTRT,YSTRT,ISTRT,DFF,EBQTN,EBOTG,

1 TCOT IG, I1,IADJM, FGFOTL,§GPQT2, AGFOQT3, FGPQTG ,NGPQTY , NITS , NLAST
2 YLEFT,TMGF _ENTG ,ESTRT

RELCO

AELED
RELCO
RELCO
RELCO
, ERELCO
RELCO

10

20
30
%0
B0
E1l
B2

COKMON fPDET/ WD ,ENE,EE,.¥T,NA&,¥RESP,NEL,NEIND,NEND ,NDER,NTHR,ETHE,RELCO 80
1 ¥AXE NTHDKR,HTNEBD ,DANEED ,LOCRSP,LOCID,LDCIB,LOCCD,LOCT,LDCUR, RELCO 61
2 LOCSD, LOCOE, LOCQT, LOCQTE , LOCHAE ,LMAX ,EFIRST , EGTOP RELCH B2
COMMDY /NUTRDY/ WAME, VAMEX,IG,IGD,FMED, XEDOLD,FREG,U,¥,W,UDLD, VOLDRELCO TO
i ,%OLD.%.¥,Z,X0LD,YOLD, Z0LD, WATE, OLDNT ,WTEC ,BLZNT,BLZON, AGE, OLDAGERELCD Ti
COMMOR BL{1) RELCO 80
DIKENSION EL{1) RELCO 50
EQUIVALENCE (BL{1).KL{1)) RELG 108
DATA NEST 71/, FHEST /1.7 RELC 110
REST + FNEST ARE THE ¥D. OF ESTIMATES TO HE XADE TD EACH DETECTOR  RELC 130
* « ISTAT WUST BE EQUAL T0 1. "
* & NEXI MUST BE AT LEAST 1 LU
* + NEXND MUST BE AT LEAST 1 LR
DO 39 I=1,HD RELC 180
IA=LOCIO+I BELC 170
XE = BL{IA} RELC 190
YE = BL{IL+XD) RELC 180
ZE = BLIIA+Z2+ED) RELC 200
» PTPT CALCULATES DISTANCE TO DETEGCTOH USING GLOBAL COORD. * #
CALL PTPT(iIE.YE,2E,Ar,B,C,THETA,BL,RL)
A=1E-1I - CALCULATED IN PTPT » =+ RELT 210
B=YE-Y - CALCULATED IN PTPT * * RELC 220
Ce=2E -2 - CALCULATED IN PIPT #* » RELC 230
Shz=Awh+BwB+C¥C RELC 240
D53=5QRT [SD2) RELC 250
* = GO DEPEYDS OF THE ANGLE OF INTEREST ¥ X 0w
COs=Cc/Ds RELGC 2T
TRETA = {A=UDLD + EsVOLD + CelOLD}/DS RELC 2B
IGDLL = IGD HELG 280
IG0 = NGFRT3 RELC 300
IF (IG0.LE.NGFQT1) IGQ=KGFQT1 RELGC 310
I4 = LOCASF + NRAESP#ENTG + 1 RELC 320
CALL PTHETA{NNED,IGOLD,IGR,THETA,BL(IA} AMIG} RELC 330
¥ES = O RELC 340
83
F . gFEN

crspiE e be PRGICWA, GE ENERGHS NUCLERR/S




PSUR = 0.

IA = IA -3

D0 B IL=IGOLD,IGQ
E PSUM = PSUM + ABS (BL{LA+IL)}
10 R = FLTRKF({D) = PSUM

D0 15 IL=IGOLD,IGQ

IF (R-ABS [BLIIA+IL))) 20,286,156
16 Ek = R - ABS (BL{IA+IL})

IL = IGf
20  MaRK=1

AGED = AGE + DS/BLINKTG+IL)

NEDIUM=FMED

CALL EUCLID(MARK X.¥ Z,XE,YE,ZE,DS,TL,ARG,O,NEDTUM, BLINT ,FREZ)

{OR = 0.0
IF (ARG.LT.-1.E+8d) GO TO 24

Cheker+asBEVARE TAIS VERSIOR WILL BOT WORK IF ERERGY BIASING IS USED

Cohacxdddnbkercw Y ILSON 1171468 wonnnnssrnstsrnn s
Cosmnsamnann CORRECTED FOR TEE UNBOUNDED CONTRIBUTION

c COX = WATE®EIP (ARG)*SIGH (PSOM,BL(I&+IL})/FYEST
Ri=(0. EE4185E84
§T= R1/DS
IF{ST.6T. 1.0} GO TD 7

c CALL FSIGTA{IG,FMED,TSIG,P)

c D81 = ARG-RI*TSIG

CON = WATE#EXP [ARG)#+SIGN (PSUM, BL{IA+IL))/FREST
CT=SQRT(SD2-K1«R1) /DS .
CON=CON+4 . 2. 141F082+(1-CT) /2.
GO TO 24
T CON = WATE+G.B
Canadkrrt 2 AYILSON 1171498 #aasrEnnnnnsneny

24 CALL FLUXST (I.IL,COM,AGED,COS,9)

26 JNES = MES + 1
INN=LOCKD+B+N0+I
FL{IKN}=FL{IRN)+1
IF (RES-NEST) 10, 30,30

30 CONTIRUE

RETURN

ERD
0 A R R R R bk B R
C L]
C L]
[ L]
< SUBROUTINES OF IRTEREST -
C L]
LM ~“FEANK ACT MODIFIED
L - FLUXET MODIFIED
c -GETHT NOT MODIFIED
c ~+GSTORE NODIFIED
< - INPUT1 "
c NORSE "
< NSOUR "

86

HELL

RELC

RELC
RELC
RELC
RELC
RELC

RELC
RELC
RELC
BDRY
BDRY
BDRY
BORT
BDRY
EDRY

akg
380
are
agg
aag

410
420
43¢

450
470
480

490
L

10

EiD

E3g
E40
BB}
4
ETD

EBC
a0
800
380
380
B0
3B0
360
380



BY

[ NBATCH "
c NPART ADDED
[ NENFRI ADDED
c -~ FRUN NODIFIED
[ OUTFT MNODIFIED
[ SCORIN "
c STRTCH "
C STPART ADDED
C VARZ NODIFIED
[ VAR3 NODIFIED
[ TiR4 ADDED
C - HDRY 3RO
c * ADRY 3BD
¥ . BORY 38O
0 e o o o ool e o o oo oo o oo il e okl o o BDRY 3BO
SUBROUTINE FLUXST(I,IGE,FLOX,AGE,CDS,SWITCH) FLUIS 10
REAL = § 55, SCORE,FLUL
INTEGER+4 SWITCH FLUXS 20
* » SWITCH = 1 == STORE IN ALL RELEVANT ARRAYS FLUXS 30
C = a SWITCH = 0@ =-- STORE IN ALL RELEVANT ARRAYS EXCEFT UD FLUXS 40
= » SWHITCR = =1 == STORE I8 ARRAY UD DNLY FLUIS BO
COMMDY /USERS AGSTRT, WTETRT, ISTRT,TSTAT,ZETRT,DFF,EBOTN ,EROTG, FLYIS &0
1 TCUT,XG,TI1,TaADIM KGPQT1, MGPQTE ¥GPOTA , NGPQTG , NGPOQIN, ¥ITS NLAST, FLUIS &1
2 YLEFT,UNGP ,ENTG NSTRT FLII15 &2
COMMDR /FDETS WD ,XNE,NE, NT,54,WRESP,NEI,NEXKD NEND NDYH NTKE,NTKE,FLUXS 7O
1 KAKE,.XTXDER,NTNEND,N4NEND  LOCRSP,LOCID,LOCTA , LOCCA, LOCT, LACUD, FLUXI5 T1
2 LOCSD,LOCQE,LOCRT . LOCQTE ,LOCQLE, LNAX , EFIRST  ECTOF FLUX5 T2
COMMODE BC(1} FLULS BQ
COMMOR /BS8s/ 55(1}
DIMENSICOE EC(1) FLUXS &0
EQUIVALERCE (BC{1) ,FC{1}) FLOX 100
DATA KS1f ] FLUT 110
IF{IGE.GT .W¥TG) GO TO 40 FLUX 115
IF (SWITCH) 170,10,10 FLUE 120
10 IF (NE) B0O,50,20 FLUX 130
20 I=FC{LOCIB+3sNE+IGE} G-15-T1
IF({J.LE.{Q] RETURN FLUX 180
EO IE = LOCQE + (I-1)=HE + 1 FLUX 200
E5{IE) = S5{IR) + FLUX FLUX 210
B8O IF (§T) 90,80,70 FLUX 220
70 Ih = LOCT 4 (I=-1)#KT + 1 FLUX 230
oo 80 K=1,0T FLU'X 240
IF (AGE-BC(IA}} B0, 80 80 FLDX 2ED
&0 In = Ik + 1 FLUI 280
K = ¥T FLUX 270
IAcIA-1
BCL{IA}=4GE
IOT = LOCT + [WD+I)=NT FLUL 280
BCLIDT) = BCL{IA) - BC(IA-1) ' FLUL 300
g0 IF {AAY} 120,120,100 FLULI 310
100 Ii = LOCCO + 1 FLUX 320



110
&0

120
130
140

150
150

170

w2 PR

180

1g0
200

Ckamn

210

220

L B B |

DO 110 L=1,N4

IF (COS-BC(IA)) 120,120,110
Th = IA + 1

CALL BELF(4EFXST,1,1,-1,1]
CALL ERRDR

IF (EE} 170.170,130

IF (RT) 1E(,1EG,180

ID = LOCQTE + {I-1)»ATHE 4+ (I-1)e0T + ¥
55(Ip) = 33(1ID) + FLUZ

IF (k&) 170.170,160

IE = LOCQAE + (I-1)#FARE + {J-1)e¥k + L

S2(IE) = S5{IE) + FLU1
IS = (I-1)*ERESP + 1
IV = LocyD + IS

I5 = LOCSD + I3

WILSON MAT 11, 1985 weus

IN = LOCSD + (I-1)+NHESP + 2«NDXEK + 1
IC = LOCOT + (I-1)}eNTHR + {K-1J«MRESP + 1
IR = LOCR3P + IGE ~ NKTG

D0 220 IR = 1,NRESF

IR = 1B + NNWTIG

SCORE = FLUI=RC{IB)

IF (SYITCH) 1B0O,200,180

s5(IUY = S§5(IU) + SCORE

In=1U+ 1]

IF (SWITCHE} 220,200,200

55{I5} = 55(I5) + SCOLE

S5(IW) = 55{IM) + SCORE

IE=I5+1

IH = I¥ + 1

VILSON MAY 11, 1980 wewe

IF {¥T) 220,220,210

SS(IC) = S5{IC) + SCORE
IC=IC+ 1

CONTINUE

RETURN

EED

SUBROQUTIKE GSTORE(WEG, IGG)

TRIS YERSION OF GSTDRE IS FOR MORSE-CGL * # » *

THEIS ROUTIRE CHECKS TO SEE IF THERE IS5 RDDM IN THE EiFK AND IF SO
STORES DATA FOR THE GENERATED GANMA

IT ASSUMES THAT THE GAMMA IS EMITTED UXIFORMLY IX DIREGTION

FLUX
FLUI
FLUX
FLUX
FLUX
FLUX
FLUX
FLUR
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

330
S50
360
180
180
37O
el ln)
390
400
410
azd
4120
410
450
480

MOR 1150

FLUX
FLUX
FLUX
FLUZ
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

484
479
4380
480
Bab
BiG
520
&30
B4D
BEU
B&0
BB0
570
ET0

MOR 1150

rLux
FLUX
FLUX
FLUX
FLux
FLUX

&80
bad
600
G190
G629
630

GSTOR 10

GSTOR =+
G5TOR
GSTOR =
COMMOY /NUTRON/ NAME,RAMEX IG,IG0.MMED,MEDOLD,KEREG,U,VY. ¥, U0LD, YOLDSSTOR 20
1 ,WOLD,X,7,Z.X0LD,YOLD, ZO0LD,WATE,OLDYT , ¥TRC, BLZNT, BLZON ,AGE , OLDAGESSTOR 24

COMMOY /JAPOLLDS AGSTRT,DDF,DEADWT{E),ETA . ETATH,ETAUSD UIEP,VINF, GSTDR 30
1 WINP,WTS5TRT,XSTRT,YSTRT,ZSTRT, TCUT, ITRA(10]), GSTOR 31
2 I0,Ii,MEDIA, IADIM,ISBTIAS,ISOUR,ITERS,ITIME,ITSTA,LOGCWTS, LOCFWL, GSTOR 32
3 LGCEPR,LGCNSC,LOCFSN, MAYGP MAXTIM MEDALE, MGPREG , MXREG ,NALE, GSTOR 23
4 FDEAD{S) NEWHM NGEONM, BGPOQT1, NGPQTZ NGPOTH , BGPOTG , NGPOTH, RITS, G5TON 34
5 HECALC FEILL WLAST NWMEK, XMGP, ¥MOST INTG,NOLEAK, NOAMF , FFAST. GSTOR 35
¢ EPSCL{13) ,HOUIT, ASIGL,¥S0UR, BSPLT , MSTRT ,KXTRA(1C) GSTOR 26

et



Cesrx RILISON MAY 11, 1550 stss MOk 1150

coMMOY /NS/ X5 GETOR 40
Cesxw UILEOE  MAY 11, 1885 wwes NOR 1150
COMMOB BC(1) GSTOR 40
DIMERSIOR WC{1) GSTOR &0
EQUIVALENCE {BG{1) ,We(1)] GSTOR 80

IF {RKOST-NS] 19,10,16 G8TOR TO

10 IF (RPSCL{13) .EQ. O} WRITE {I0,1010} GSTOR a0
101¢ FORMAT (/OWARAIFG # » = KO ROOM IN BANK FOR SECONDARIES » » » «*/YGSTOR 90
FPSCL{13Y = ¥PSCL{13) + | GSTO 100
RETUREY GETO 110

1 NS =FRS +1 GEST0 120
NEWNM = NEWNM + 1 G5TD 120

45 = FiIME G5TO 140

W15 = WATE GETD 1EQ

IG5 = IG GETD 160
NAME = FEWKM GSTO 170
WATE = WBG G5TO a0

I = IGG GSTO 180
Us=; GET0 200
ri=v GSTO 210
[P G5TO 220
CALL GTISO(U, Vv, ¥) G5TO 230

CALL STORNTCES, D) GSTO 240

Y CALL BANER(4) FOR GAMMA CENERATION ANALYSIS x koW

EALL BANER(A) GSTD 24&
1AME = HiS G5T0 2EO
WATE = WT5 GETO 280

I = IGS G5T0 270
r=us GSTO 280
¥=¥s5 GSTO 280
W=W5 GETO 300
ISCT = LOCHSC + B#EMTGWMXREG + [NREG-1)«HMTG + IG GETO 310
FC{ISCT) = RC(ISCT) + 1 GSTO 220
ISCY = ISCT + IGG - IG GSTO 330
HC{ISCT) = MC(ISCT) + 1 GSTO 340

I150T = ISCT + NHTC@MIRESR GS5TO 360
BC{ISCT) = BC{ISCT) + W8G GETO 3e0
I5CT = ISCT + IG - IGG G5TO 370
BCLISET) = BC{ISCT) + WATE G5TO 380
FFSCL{4) = NPSCL{4) + 1 GSTO 300
RETURN G5Td 410

EXD GSTOD 420

STBROUTINE INPUTI
» = TEIS YERSIOR QOF IFPUT1 I5 FOR MORSE-CGA * + =

C
c THIS ADUTIFE READS THE RARDOM WALF DATA AND CALLS ROUTIRES TD READ » » &
c

SOURCE DATA AND GEDHETRY DATA. INITIALIZES SOME VARTABRLES = =

Crasn WILSON KAY 11, 1835 sess HOR 11E0

1041 FORMAT (21,18,515,FE.0,215)

&9




1040 FOREAT {1015 ,FE.8,21E)

Caxsuw NILSON  HAY 11, 1089 s44w MOR 1150
WRITE{IO, 1050 KSTRT, KMOST  ¥ITS , MQUIT, RGFGTH, MGFOTG , XKGP  XNTG, FCOLTIRFT 850
1P, 14DIM, $XTIM MEDI4 MEDALE INFU
1060 FORMATS G 5, *#STHT',3%,'EMOST’ AX, 'MITS! 3%, 'SQUIT', 2X, IEPY
1'HGPQTR’ 2K, ' EGPQTG’ 4%, "EMGF’ 4%, *¥NTG* ,2X, 'NCOLTP’ 3%, *LADIM'  INPU
2,21, 'MAXTIKE' 31, 'MEDIA’ 21, "MEDALE®,/1X,1018 . F8 .2, 218) INFY
SUERCUTINE MORSE(KLFT) MORSE 10
¢ IS IS TEE EIECOTIVE ROUTIRE FOR THE RANDOM WALK PROCESS # «+ & MDRSE #
c IT CONTAOLE TEE SUCCESSION DF EVENTS WEICE COMPRISE THE MORSE =
c . * KMOKTE CARLD FROCESS + +  + . * MORSE *

C ++%+ THIE VERSION OF SUBAOUTINE MORSE KILLS JOBS ON IO REQUESTS+éeses
¢ ++» THIS VERSION OF MORSE IS FOR MORSE-CCA + + + »

REAL#E HANDOM, SS ¥DRSE 15
CGMMOE /APOLLOS AGSTRY,DDF, DEADWT(S) ,ETA, ETATE ETAUSD UIEP,¥INP, MNORSE 20
1 YINP ,WTSTRT,XSTRT,YSTRT,ZSTRT, TCUT, XTRA(10), MORSE 21
2 I0,IL,MEDIA,IADIX, ISEIAS,ISOVR,ITERS,ITIME,ITSTR,LOCWTS,LOCFWL, MORSE 22
3 LOCEPR,LOCNSC, LOCFSYE , MAXGP , MAXTIM MEDALE MGPREG MXREG,KALB, MOASE 23
4 FDEAD(E} , NEWEN, RGEOM, FGPQT1, NGPQT2, ¥GPOTI, HGPQTS, NGPQTN , RITS, MORSE 24
& FKCALC  MEILL,NLAST ,WMEN EMGP, NNOST, NMTG,FULEAR , EORMF , EPAST, NORSE 25
& FPECLE13) MQUIT,WSIGL, XSOUR, NSFLT ,NSTRT, NITRA(10) MURSE 28

COMXDN /PDET/ MD,ENE,NE NT, NA,ERESP,NEX,MEXND,NEND ,NDKR,BTER,ETAE,

1 NAKE,NTEDER,STHERD, FANEND,LOCRSF,LOCXD, LOCIB, LOCCO,LOCT, LOCUD,

2 LOCSD,LOCGE,LOCYT, LOCGTE , LOCGAE , LMAY , EFIRST, EGTOP

COMMON /NUTAON/ ¥4ME,EANEX,IG,IGO,EMED,MEDOLD,XREG,U,V,W,UOLD, VOLONORSE 30
1 ,¥OLD,I,Y,Z,X0LD,¥OLL,ZOLD,¥ATE,OLDNT ,WTRC, BLZET ,BLZOE, AGE, OLDAGEMORSE 31

COMXDY /FISENE/ WFISTP,WFISEN,NFI1SH,FTOTL ,FWATE,WATEF KORSE 40
Ceedd WILEON MAY 11, 1989 ++¥3 MOE 11E0
COMMON /NS N5 GETOR 40
COMKON /5557 S5(1) GSTOR 40
COMNDN FOUTE/ SWATE,XAVE,YAVE,ZIVE,EAVE UAVE VAVE,WAVE,AGEAVE GSTOR 40
Cedes UILSON KMAY 11, 1980 #x+e . MOR 11E0
DINERSION ¥T5(1) NDRSE ED
COMRON WTS(1) MDRSE &0
EQUIVALENCE(WTS (1) TS 1)) ¥ORSE 70

CALY, MSGR{IG) MORS
C PEGCIN JEW PROBLEM HORSE 8§50
10  NLAST=NLFT HORSE BO
CALL TIMER(-2,ITR) HORS 1400
MXT = ICLOCR{OD} KORS 110
cALL INFUT MORS 120
e READS CARDS & THRU D - CALLS SORIF FOR CARDS E IF ISOUR .LE. ZERD 140
c READS CARDS F THRU (0 - CALLS JOMIN, ISEC AWD SCORIY MORS 1ED

CALL IOLEFT(X¥IO)
C ++ )\ DUXMY IOLEFT IS PROVIDED FOR SITES NOT FAVING THIS CAPABILITY+
C NIO IS TOTAL YO. I0*S LEFT AFTER INPOT ROUTINES FINISE
YRITE{IO, 1001) NI
1001 FORMAT(11,'NFUMBER OF IG REQUESTE LEFT AFTER IKPUT IS ' IiC}
SIOR=NIO
ITIO=C

a0

~GHMISSAO NACIONZL TE ENERGIA NUCLEAR/SP . IPE




15

20

I5IG=1
ITSTW=EEILL+ESPLT
EGPAEC = EMTG+MIRES
EXTRA{8) = HGPREG
NCONE = EGPQTN+EGPOTE
14 = LDCFNL + 1

IV = LOCFWL + MIREG
DD 15 I=IA,IU

IR = I + MIREG
wWIs(IB) = WTS(I)

TiW = LDCNTS + 1

IUW = LOCNTS + 3+MGPREG
DO 20 I=IAW,IUW

1B = I + 12+NGPREG
UTS(TIB) = WTs{I3

INITS = NITE
IRUYS = FQUIT
IKDI=0

CALL TIKERCINDEK,ITRA}
WRITE {I0.1010) (XTRA({I),I=1,INDX}

1010 FORNAT (29H0TIME REQUIRED FOR INPUT WAS ,1044)

c
2E

ao

k=13

Camnw

C EE
10

Ol

BEGIR KEW RUN

RITS = IRITS

CALL BANKR(-1}

DO 20 I=IA IV

IE = I + MXRKEG
WIS{I) = WT5(IE)

DO 35 I=IAW,IUW

IR = I + 1Z*MGPREG
WIS({I} = WIS(IE)
ITERS=NITS

ITSTR=0

WILSDE  APRIL 19,1080 wmux
ITIMEI=ICLOCK(D)
GIN EEW BATCH
NMEM=XSTRT

SWATE=(,

EAVE=.

TAVE=D.

ZAVE=(].

VAYE=0,

YAVE=0,

WAVE=D,

AGEAVE=D,

EAVE=0.

VILSZ0E  APRIL 18, [HAH #s=s
IF (ITSTR} 4E,ED,45
EMEM = ¥FISH

CALL BANER(-2)

CALLE STBTCH

EBATCH=RITS-ITERS+1

91

MORE
MOk

MORS
MORS
MORS
MORE
MORS
MORS
MORS
MORS
HMORE
MORE
HDRS
MDRS

HORS
MORS

MORS
HORS
MORS
HORS
MORS
MORS
MORE
L u)
MORE
MORS
MORS
MORE

1E0
160

170
180
140
200
210
220
230
240
2E0
280
270
pri-ia)

310
320

330
320
350
380
avo
380
290
400
410
420
430
440

MDR 1150

HORE
MORE
MORE
oUTP

OuTe
oute
aoTe

170
AT}
450
220
230
2440
250
280
270
2B
290
. 41)

MOR 1159

HORE
HORS
MORS

470
480
490

* B & =%

MORE

500



CALL REDOUT{RANDON) MORS
. WRITE {I0.101E) REATCE,RANDOM MORS
1015 FORMAT {15H1*++START BATCH ,I4,26X, TERANDDK=,KT12/120050URCE DATA) MOKS
80 CALL MSQUR MORS
. C BEGIN MEW EISTORY MORS
s = 1
NMEK = NMEM - 1 NORS
81 CALL GETWT{NS,1) : NORS
FS = 5 - 1 MCRS
FilB = 0 MORS
EGFOT = NGFQT1 MORS
ER IF (WATE) To,185 .70 HORS
70 IF(IG-FGPOT)60,80,76 NQRS
TE IF(IG-FGPQT2}160,180,8( NORS
: 60 IF{IG-FGFOT3)E6 85,160 MDRE
65 NGPQT=FGFQT3 NDRS
80  IGD=IG MDRS
ugLp=1 MDORS
! YOLD=¥ MDas
WOLD=VW MDRS
OLONT=WATE MORS
IOLD=X MDAS
YOLD=Y 11}
ZOLD=2 MDES
“ BLZON=ELZNT KDRS
- KEDOLD=KMED MORS
. DLDAGE=AGE MORS
! IF(NTSTVW.GT.0) CALL TESTW MORS
| ™ IF(WATE} 100,86, 100 MORS
95  MDEAD{1}=MDEAD (1}+1 MORS
DEADWT( 1 }=DEADYT (1 )+0LDVT MORS
C L EKILL MORS
G0 TO 185 NORS
100 CaLL ¥KITCOL NORS
IF (NREG-KXREZ) 102,102,101 NORS
101 Y¥RITE (10,1016) WREG,MXREG NORS
| 101& FORMAT (EHOMREC=, IE, ®H, MXREG= TE G61E, MIREC OX CARD I MUST BE GEMORS
1 TO THE KUMBER COF REGIONS DESCRIBED I¥ GEDMETRY INFUT) NORS
CaLl EXIT NORS
102 IF (TCUT.LE.O..CR.AGE.LT.TCUT) GO TD 110 NORS
ADEAD{4) =NDEAD{4} +1 MORS
DEADWT{4) =DEADRT{4}+0OLDWT MDRS
’ C AGE KILL MDRS
WFSCLC10) = WPSCL{10} + 1 HORS
c CALL BANKR[10) FDR TIME-EILL ABALYSIS MORS
GD TO 166 MDAS
119 IF(WATE) 120,115,124 MORS
115  MDEAD(Z)=NDEAD{2)+1 MDRS
DEADWT(2)=DEADNWT (2 )+¥TEG MORS
C ESCAPE ¥DAS
: B0 TO 1ES MORS
- 92

601
602
503
610
610

[ 131]
550
560
570
E80
590
600
610
620
630
640
650
860
870
880
680
700
710
TZ0
Taon
T&0
TEOD
oo

70
TBO
B0
800
810

340
8560
429
arg
840
E4j- 1
800
10
8320
890
w0



120
- 126

139

! 135

136
| 140
145
150

i556

1 164

c

IF{NALE) 130,130, 126

ISCT = LOCKSC + 2«MGPREG + {HREG-1)+ENTC + IG
KTS{ISCTY = ETS(ISCTY + 1

ISCT = I5CT + NGPRES

WTS{I4CT) = WTS(ISCT) + WATE

CALL ALRDO{IG,U.¥,¥,WATE, ANED,NREG}

FPSCL{B) = ¥PSCL(B} + 1

CALL BANER{G)

G0 TO @6

CALL GTNED{FMED, INED}

IF (MFISTP) 140,140,135

IF (WIS{LOCFSH+({IMED-1)+DNTG+IC)) 140,140,138
CALL FPROB

IF (FNCONEB) 155,155,146

IF{WTS{LOCFSK+ {29NEDTA+IKED-1)#TMTG+IG) ) 155,166, 160
CALL GPROE

ISCT = LOCHSC + {BREG-1)+EMTG + IG
¥TS{ISCT) = ETS{ISCT} + 1

ISCT = ISCT + EGPREG

WTS{ISOT) = WIS(ISCT) + WATE

ISCT = LOCNSC + S«NGPREC + IMED
ETS{ISCT) = BTS{ISCT) + 1

CALL COLISK{ IG,D,7,¥,WATE RMED, ¥REG)

HPSCL{E) = NPSCL(B) + 1
CALL BANKR{E)
CALLS RELCOL
a0 TD 85
AOBADE 2] =ROEAD{3)+1
DEADWT{3) =DEADWT (3)}+WATE
HPSCL{S) = FPSCL(8} + 1
CALL BANER{®) FOR E-CUT ARALYSIS

€ ENRERET CUTOFF
Cowne WTLEON  APRIL 1B, 1980 +ews

18E

IF (¥5.67.0) GD TD 61
CALL NPART
CALL STRART

IF (NMEM) 170,170,860

Cwawe WILSOF  AFRIL 18,1988 +++»
¢ ERD OF EISTORY

iT0
c

CALL BABER(-3)
CILLS NRATCH

Coands WILSOWN  AFRIL 18,1008 *+&»

55

IF {ITERS) 1%5,18E,E6
CALL GUTPT(1)}
CALL YRNFRI(ITIKEI,KEATCH)

Cesss YILEDE  APRIL 15,1069 wess

131

CALL DUTPT(Z)
IF{ICLOCK(Q)-MXT-KALTIN} 151,181,175
chll IGLEFT(¥IO)

03

NORS B8EO
MORS 86D
KORS BTO
MORES &80
HORS 99Q
KOR 1000
MOR 1010
NOR 1020
KDR 1030
KOBR 1040
HOR 1050
MORS

MORS

MOR 1070
HOR 1080
HOR 1080
MOR 1020
MOR 1110
MOR 1120
MOR 1130
HOR 1i40
MO 115G
MOR 11&0
KOk 1178
MOR 1080
NOR 1iRC
HOR 3200
MOR 1080
HOR 1228
HOR 1230
ECR 1240
KOR 1280
KOE 1140
EOR 1150
MOR 1150
KOR 1280
MOR 1280
HOR 1280

MOR 1280
MOR 1158
MOR 1179
MORE 1300
NOR 1180
MOR 1150
MORE 520
MDRS E£20
NOR 1410
MOR 11iB0
NOR 3320
NOR 1330
MOR



c ¥IO IS ¥0. I0*S LEFT AFTER CURRENT BATCE COMFLETED
- NI0DE=NI0B-EID
C NIDB IS BO. ID'S 1IN BATCH JUST COMPLETED
IF{¥IOB.5T.NTID)} NTIO=FICR
. IF(¥IC.CT.NTID} GO TD 180
ISIG=7
175 NWITS = NITS - ITERS + 1
ITERS = O
FAUIT = BQUIT - IRUNS
IRURS = -AQUIT
' IF{ISIG.EQ.1} VRITE(ID,1020) IAUNS, INITS,KITS
1020 FORMAT(iHG/39HO0RUN TERMINATED BY EEECUTION TIME LINIT
1 /18,80 RONS OF,13,88 BATCHES, 188 4X¥D 1 RUN
20F, I3, 198 BATCEES COMPLETED. /)
IF(ISIG.EQ.2) WRITE(IC,1060) TAUNS, INITS, KITS
1050 FORMAT(1EG/39HORUY TERNINATED BY LIMIT OF IO
1 /18,50 RUNS OF,13,58 BATCHES,!16E  4ED 1 RUNM
20F,I13,190 BATCHES SDMPLETED. /)
180 ITERS = ITERS - 1
IF{ITER5)195,195,18E
185 IF(NSOUR}40,40, 100
160 ITSTR=1
€ FAD OF BATCE
G0 TO 40
155 CALL BARKE{-4)
. c CALLS RRUN
; IQUIT=NQUIT-1
! Iz = -3
EALL TINER(INDE, XTRAD
WRITE (I0,1020) NITS,(XTRAL(Y) , I=1,INDX)

MOR
MOK
MOR
MOR
MOR
MOk
MOR
MOk
MOR
[ [#):4

NOR
Ok
NOR
MOR
NOR
NOR
MOR
HOR
NOR
NOR
MOR
MOR
MDR
MOk
NOR
MOR
HOR
MOR
MOR

1030 FORMAT (37EOTIME REQUIRED FOR THEE PRECEDING,I4, 130 BATCHES ¥aS ,10HOR

144)
CALL TIMER([-2,KTRA}
¢ EED DOF NITS BATCHES
IF (AQUIT) 200,200,25
200 CALL DUTPT(3)
¢ END OF RUN
FTIME = ICLOCK(0) -~ MET
FTINE=FTINE/B000.
WRITE(I0, 1040} FTIME

KOR
MOR
KOR
Koh
MOoR
KOR
KOR
KoOR
L [11:8

1340
1360
1380
1370

139G
1391
1392

1400
1410
1320
1420
1320
1450
1450
13E0
1480
1490
1800
1510
1520
16271
1E20
1370
1BED
156D
14800
1EBD
15590
1600

1040 FOAMAT (3TBOTOTAL CPU TIME FOR TRIS PROBLEE Wis ,F6.2,08 MINUTES.)HDR 161D

G0 TO 10
EXD

SURRDUTIKE M=OUR

c
C THIS IS5 THE EXECUTIVE ROUTIRE FOR THE GENERATION AND STORAGE OF
C SOURCE PARAMETERS AT THE START OF E&CH BATCH .

¢ 43 THIS VERSIDE OF MSOUE IS DESIGEED FOR THE CONRGEOH FEG WITH MARS
REAL*E IDUM.DIST,UDUM
COMMO® /FISEEKS MFISTP RFISEN, NFISE, FIOTL FWATE, WATEF

94

HOR
MOR

1820
1830

M50007100

* ¥

NSOUR =
MSOUR

MSOIUR

NS0QQ200



30

ab

40

COMHON /NUTROE/ KAME WAMEX,IG,IGD.WNED ,MEDOLD ,WREG,U,V.W,UQLD,VOLDNSOCOZ00
1 ,NDLD,X,Y,Z,X0LD,YOLD,ZOLD,VATE,DLDWI MTRC, BLZNT, BLZON ,AGE, OLDAGENSOOCE00

COMMDN /APOLLO/ AGSTRT,DDF,DEADWT(E),ET4,ETATE,ETAUSD,UINP,YINP,
WIMP NTSTRT,XSTRT,YSTRT,ZSTRT,TCUT,XTRA(1Q},

K=DOORO0
E3000600

I0,11 KEDIA,TADJN, ISBIAS, 1S00R, ITERS, ITINE, ITSTR, LOCWTS ,LOCEWL , M000T00

i
2
3 LOCEFR.LOCESC,LOCFSN, MAEGF MAITIM MEDALS ,EGPREG,MIREZ,WALE,
4 FDEAD(E) ,NEWNN,NGEOX ,BGPQT1,NGPQT2, MGPQT3, RGPQTS , BGPATE,NITS,
E NECALL NEILL, NLAST ,WMEM , WMGP EMOST ,NNTG  BOLELK , NORMF  APAST,
6 NPSCL{13) ,EQULIT MSTGL,NSOUR, KSPLT, WSTRT , NETLA(10)
COMMON/GONLOG/ MMA,KFFD,ELCR, EXED KIOK , KRIZ, KRCZ , EMIZ , KMCZ,

1 FEKR1_KERZ.ENSR,KVOL,WARD,LOATA,LTMA,LFPD, BUNR, IRTRY , AUMB NI

¢ EBIZ,KECZ

GOMMDY /DRGI/ DIST ,MARM ,NMEDG, NELZ

COMMDE/ ARAR/EEY  WLEY , B4R, ¥0, IAW, 14Y,NF NX1(3)

COMMON/REFEAT/ JP(2Q)

COMMDY FMGDNY/  MUS,MUZ,LL,IPRET, IFLOW,IECT ,MLO,IGK

COMMDY /OUTB/ SWATE, 1AVE,YAVE,ZAVE, BAVE,UAVE, VAVE, WAVE, AGELYE
COMMOS XSTOR(1)

DINENSIDN XDUK{3) ,UDUN(3)

INTEGER BLZNT
TOLD=0.
TOLD=0,
WOLD=0.
ETATE=0.
I0LD=0.
TOLD=0.
Z0LD=0
BLZOE=0.
OLDWT=¥TSTRT
ETa=0.

IG0=0
WEDOLD=0,
OLIDAGE=0.
YATE=WTSTRT
I=I1STRT
T=YSITRT
Z=I5TRT
AGE=AGSTRT
NAKEE=1

KSDOOZ00
Ks000900
ASDO1600
XSDO1100
X5001300
KS001400
WS0C

LT

HSDD

WS00

NS00

GSTOR 40
ASOC1500
LED

HS001600
N3001700
HS001B00
¥5001900
K5002000
K5002100
K5002200
K5002300
KSD02400
KS002600
K5002600
KS002700
K5002800
N5002900
NSOQETO0
ASOOIS00
NS003500
NS094000
NSOC4100
NS004200

GALL SQURCE{IG,UIKF,VINF WINF,X .Y, Z WATE BMED AGE,ISOUR , ITSTA ,NGP HS0C4300

iGT3,DDF,ISBIAS, NHIG)
€ »++ DEFINE SOURCE AWGLE BEFORE CALLY®G CALI - LODRZ
IF{ABS{UINP}+ABS(YINP)+ABS(WINF}) 3E,35,30

Ui=uINp
Vi=VINP
Wi=WINP
GO TO 40

CALL OTISC(UL, ¥1,W1)
SELECT ISOTAOPIC DIRECTION COSIMES

U=u1
¥=11

HS0G4400
NEOUR &%
MS00E400
KEO0E600
KS00E800
KSO0DETOD
K5DRS80G
KE00E200
KSOUR +
K3006009
K3006100

ISCAC RACICKYL CF EKERGIL NUCLEAR/SP - IPEN



100
110

c
<

£
EQ
C

C #»» PARTICLE POSITION MUST BE IF LOCAL COORDIMATES WHER SDATA CALLED »

T

=W
oD 1) =U
UBUX(2)=¥

UDUNLA)=N

XDUA(1)=X

IDUML23=Y

IDTA(3)=2

PIX = GaNLEV+4
IF(ELEY.LE.C) GD TD 110
Do 104 I=1,NIX

IT1 = JP(12}+I-1

ESTCR(IZ1) = 0
CORTINUE

JP4 = JP(4}
IPE = JP(E)
InT = JP(T)
JFE = IF(8)
JeD = IP{10)
LL = [

L =0

Y=g

SURROUTINE CALI WILL CaLL LOOKZ
THIS CALL TO LOOKZ CORRESPONDE TO THE COMEGEDM VERSIDE OF LOOKZ
CALL CALICJL,JLV,IDUM, UDUM, )P, ESTOR(JF4)  NSTOR(IPS), ESTORL JPT),
1 ESTORCJFA)  ¥STORCIPY) , NSTORCKFPD) ,KSTOR(KNL ), MSTOR{KLCR] ,
. MSTOR.WSTOR}
ELZNT=NBLZ
BREG=NSTOR{KRIZ+NMEDG~1]
IMEG=N¥STOR{KMIZ+NMEDG=-1]
RLME=1
IF{ISOUR)EQ, 60,85
IG=I50UR
ChLL STORNT(1,0}
FLACE SOURCE PLRAMETERS IN PARTICLE ZARK * *
EFSCL{1) = NPECLE1} + 1

GETNT SELECTS X.Y.Z FROM BANK AND CONYERTS TO LOCAL CODORD
CALL GETET{1,1}
EWATE=SWATE+VATE
TAVE=XAVE+WATEAX
YAVE=TAVEAMATEY
ZAVE=ZAVE+WATE*Z
EAVE=EAVE+WATE*IG
DAVE=UAVE+WATE*U
VAVE=YAVE+WATE*Y
WAVE=NAVE+WATE*Y
AGEAVE=AGERVE+WATERAGE
CALL BAWER(1)

TEWN=1

RETUEN

EKD

86

NE00EZ00
NS0O&EO0
NS004800

MEDOETO0
NS00 E00
NS0O4E600
MEOOETO0

MEOD
NEDD
KEDO
K500
MEOD
KEDO
KEDO
HE0O
K500
K500
K500
K500
MEDO
K300
K500

KSOUR =+
MsSORI800
K5004800
¥E004800

KE09

¥sDas1o0
NS00E200
KS005300
MS008300
NS008400
MS008500
HSOUR =
NSODBBOC

NS00
NS00
NS00
0OTF
ouTR
oUTe
OUTF
OUTP
OUTF
OuTk
outp
auTP

3ap
340
2RO
aga
arn
280
agd
400
410

NSODETO0
MEQQ8800
NEO0T 200
NSOOTAD0




Lx ]

aoz
ana
am

10
15

SUBROUTINE NFART
BREAL » 8 F, BC

¥34TC

THIS ROUTINE IS CALLED AT TRE END OF EACH EISTOHRY TO DO THE SUMS NBATC
NEEDED FOR ESTIMATED MEANS AND FOR CALC. OF BATCH STATISTICS NEATC
COMMOY SFDET/ HD,WXE,XE,NT,8A NRESP XYEX ¥EXBD NEMD BDEK, NTNE,.RTHE, NBATC

1 NAWE,TTEDER,NTNEND,FANEWRD ,LOCRSP,LOCXD . LOCIP,LOCCO,LOCT, LOCUR,
2 LOCSD,LOCQE,LOCOT,LOCYTE, LOCGAE, LAAT , EFIRST ,EGTOF

COMMOY BC(1)

COMMOY /FRE/S W(188) XFREQ{10,1E8)
CUMMDY /SS58f BCCL)

DIMENSION Iw(p)},IWf21)

DiTh IN/1,2,3,4.5,8,7,8,%/,I¥/-19,-18,-17,-18,-15,-14 =13,
w12 -11,-10,-9,-89,-7,-6,-6,~%,-3,-2.-1.0.1/

DATA IFLASQS

IF(IFLL.CT.Q) GD TO 201
IFLa=1

E=D

DD 203 JI=t,21

oe 302 I=1,D

E=E+1

W) =IW(I)wi0. wwIW(])
COETINUE

COETINUE

DQ 7O I=1,ED

IU = LOCUD+(I-1)»ERESE
IS = LOCSD + (I=-1)wFRESF
IF = LOCQE + (I-1)wNE

IT = LOCQT + {(I-1)+XTHR
IE = LOCOQTE + (I-1)+NTHE
It = LOCCAE + {(I-1)=NANE
IF {NE} 15,1E.5

00 19 J=1,8E

I8 = IF + J

F = RC{ISUR]

ISUR = ISUR + NERD
BC{ISUR} = BC{ISURY + F
IF {DAES(F} .ILT. 1.0E-ZE}) F = 0.0
ISUR = ISUR + NERD
BC(ISUR) = RC(ISUB) + F#F
DO 30 M=1 NRESF

¢ sseeyarsssTHIS PART FOR TEE UNCOLLwwsnsanssnmmn

ISUE = IV + X

F = BC{ISUR)

ISUB = ISUB + FDMR

BC{ISUR) = BC(ISUR) + F

IF (DABS{F) .LT. 1.0BE-38) F = 0.0
ISUB = ISUB + ND¥R

BC{ISUB) = BC{ISUB)} + F=F

C #eevortessTEIS PART FOR THE BATCH #sxwwswnnwen

ISOE =I5 + M
IZ0E = ISUB + 3+KDAR

NBATC
NEATC
NEATC

WBATC

10

20
21
22
30

30

NBATC 40

HRATC
HRATC
NRATC
NBATC
NBATS

WEAT
WBAT
WEAT
RBAT
NEAT
EEAT
NEAT
NEAT
NEAT
NEAT
YBAT
KBAT
NEAT
NEAT
BRAT
NEAT
YEAT
NBAT
NRAT
EBAT
HBAT
NBAT

&0

a8d

TO

8o

Ll
100
110
120
130
140
150
1&0
178
189
180
200
300
289
280
aoo
310
320
330
340
aag
280
00



F = BC{ISUB)
ISUB = ISUR + XDER
BC(ISUB) = BC(ISUB) + F
IF (DARSEF) .LT. 1.0E-35) F = 0.0
I5U8 = ISUP + XLER
BC{ISUB) = BC{ISUBR) + F+F
C sawsnnnwnsTEIS FART FOR THE ACCUMULATIVE sanws
ISUB = ISUP + ECKER
BC{ISOR) = BO({ISUE} + F
c WRITE{AG.B850) I.F
C850 FORMAT{iH ,I2,3X1.1PE11.2)
Coxmunnnernnwiss A FREQUERCY CALCULATIONS®wwwrsns

IF{F.GT.0.) GO TO 300
NFREQ(I,1)=NFREQ{I,1)+1
GO TO 319

300 IF(F.LT.00.) GO TO 222
NFRE(I,198)=RFREQ(L,198)+1
GO TO 310

322 DO 323 L=2.187
TEST=W{L)-F
IF(TEST.GT.0.) GD TO 333

Z23 CONTINUE

333 NFREQC(I,L)=NFREQ{I,LJ+1

" CrsvraanerdddescdFOR FREQUERCT CALCULATIORShsambpn

310 IF {DABS{F) .LT. 1.0E-358) F = 0.0
ISUR = I5UB + ¥DER
BG(ISURY = BC(ISURY + FoF

C IZGUR = 15 + K

ISUR = ISUE + 19+RDAR
BC{ISUB} = BU(ISUB) + F4#FsF
ISUR = I5UE + NDEE
BCLISUE} = BU(ISUR) + FaFsF«F
IF (ATY 30.34.20

20 DD 26 K=1_KT
ISUB = IT + {K-1)}#ERESPF + M
F = BE(ISUm)
ISUE = ISOR + ¥THDER
BC{ISUB) = BC{ISUE* + F
IF (DABRS(F) .LT. 1.QE-35) F = 0.0
ISUE = IZUB + NTNDER

25 BC{ISUR) = BCI{ISUE} + F*F

30 CONTINUE
IF (NE) 7¢.70,35

35 DO 65 J=1,KE
ITE = IE + (I-1)+HT

TAE = 14 + (J-1)Hi
IF (NT} 50,50,40
40 DO 45 K=1,¥T
I8UB = ITE + X
F = BC{ISUR)
. ' ISUB = ISUB + NTNEED

NHAT
HRAT
NRAT
HBAT
NEAT
NEAT
MBAT
NBAT
NRAT

HEAT
NBAT
NBAT
HBAT
HBAT
NBAT
HBAT
NBAT
NBAT
NEAT
NBAT
NBAT
KBAT
KEAT
NEAT
NEAT
KEBAT
EBAT
EBAT
KBAT
NHAT
EBAT
RBAT
NBAT
NBAT
HBAT
NBAT

290
300
810
320
330
340
a0p
200
214

329
230
3490
289
330
3430
339
340
as0
280
aro
380
asg

410
420
400

450
460
474
4B0
480
E00
E1D
&20
630



45
=l
E5

8
BE
73

a0
TG

n

BC{ISUR) = BC(ISUE) + F NBAT 540
IF {DiBS{F) .LT. 1.0E-35} F = 0.0 WBAT EEO
ISUR = ISUB + NTEERD NBAT E&0
BCE{ISUR) = BC(ISUE) + FeF RBAT ETQ
IF {Fi) BE,85,E5 EBAT E&0
D0 80 L=1,Ni NBAT 590
ISUR = IAE + L NBAT 800
F = BC{ISURB) NBAT 810
ISUE = ISUB + NAKEND NBAT €20
BCI{ISUR) = BC(ISUR) + F FBAT 830
IF {DABS(F) .LT. 1.0F-35) F = 0.0 TBAT B840
ISUB = I5UB + MAKEND NBAT SEQ
BCUISURY = BC{ISUR) + FeF FBAT 880
CONTINUE NBAT €70
CONTINUE YBAT BED
RETURN NBAT 830
END YEAT TOOD
SUBROUTINE NBATCH{NSDRC) NBATC 10

THIS ROUTINE IS CALLED AT THE END OF EACH BATCH TD DO TEE SOKS FBATC =
WEEDED FOR ESTIMATED NEANS AND FOR CALC. OF BATCH STATISTICS JNBATC =

EEAL » 8 F BC

COMMOE /PDET/ WD,FYE ME,KT,Ki, FRESP, BEL, NEXKD NEFD,FDHR.ETHR ,NTFE,MBATC 20

1 NAEE,NTHEDAR,ETEEND , NANEND ,LOCREP ,LOCXD ,LOCIE , LOCCO, LOCT , LOCUD,  NEATC

2 LOCSDh,LOCQE, LOCQT,LOCQTE, LOCQAE , LEAK ,EFIRST, EGTOP EBATC
COMMOY /5557 BC(1) FBATC
DO TO I=i,ND NBATC
IS = LOCSD + (I-1)=BRESP MELTC
D0 30 N=1,RRESF NHAT
ISUB = 15 + K HBAT
F = BC{ISUR) NRAT
IsUB = ISUR + EDBR NBAT
BC{ISUB) = BC{ISUE)Y + F NBAT
IF (DABS(F) .LT. 1.0E-3&) F = 0.0 NBAT
ISUE = ISUR + ¥DHR NEAT
BC(ISUB) = BLC{ISUB) + FeF/ESORC NBAT
CONTINUE NBAT
CONTINUE REBAT
RETURY NBAT
ERD . NBAT
SURRDUTIRE NRAPRI{ITIMEI ,NEATCH} ¥RUN
1HIS RDUTINE IS CALLED AT THE ERD OF E4CH BATCH ¥EUN

IT BOENMALIZES AND DUTPUTS CALCULATED QUANTITIES ALDAG WITH FAUR
FRACTIONAL STANDARD DEVIATIONS ¥AUN

EEAL # B FN1,FN2,FSAVEL,FSAVE2, E, ANURR, FOM,FTINED

COMMON /USER/ AGSTRT,WTSTRT,XSTRT,YSTRT,ZSTRT,DEF,EBOTY ,EBOTG, NAUN
1 TCUT,I0,I1,IADIN,WGPQT1,KCPOT2, NGPOTA, BCPQTG , BCPOTH, ¥ITS, NLAST, NALY
2 FLEFT,NMGF,EMTG,¥STRT ' ¥AUY
COMMON /PDET/ XD,¥¥E,WE,NT N4 ,FRESP, NEX,XEXKD, KEND, ¥D¥R,NTER,FTEE, ERUY
1 EiNE,NTEDNE,NTEEND, NANEND,LOCASP,LOCID,LOCIB,LDCCO,LOCT,LOCUD,  NAUN

o9
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a2
30
490
- 1H)
200
280
290
300
310
b by

33¢
340
440
80
agg
ToO
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2 LOcsD,LoCQE, LOCOT , LOCYTE , LOCQAE , LMAT ,EFIEST ,EGTOF NBUE 32
COMSOR /5557 E{1)
CCMACQR /FRE/ W{198) ,¥FREQ{10,188}

COMMON AC13 FRUE 4D
DINESSION WUME(1),IEOLL{10}, AEUMB{1),F{1D),PP(10) ,ESUM{20, 10} RRAUN =50
EQUIVALEACE {A{1) , WUMB(1)), (IMDLL{1i), 5TA} FRUE 40
EQUIVALENCE (E{1),2WUNB(1}} WRUY 60
DATA TH1/1H1/, IHZ/1EZ/, IRO/1HO/ NRUE TO
DATA P/0.1,0.2,0.3,06.4,0.5,0.6,0.7,0.8,0.9,0.088/ KRDE 70
DATA PF/10.,20.,30.,40. ,60.,60.,70. 80,90, ,100./ NRUE 7O
HPARTi= ESTRT NATE &0
IFL =1
IF(MITS.EQ.RBATCH) TFL = -1
APART2= JBATCHeNSTRT FRUH &Q
C AFART = NRATS*ESTRT ¥YEOE =89

DO 350 K=1,188
YRITE(EC,670)N (K], (RFREGQ(T, K} ,1=1,0D}
£TC FDRMAT{LE ,1PED.Z,10(1X,I8))

250 CONTINUE
FNi= 1.0/KPLRT1 FRUE a0
FY¥2= 1.0/HPARTZ NRUN BQ
IF (IADIN} 10,10.E ARUR 100
5 Fi1= FRI*LFF BRUE 11D
FY2= FE2*DFF HRUN 110
16 IX = LOCSD + 4+NDER + 1 NRUN 170
IX2 = IX + NONR HRUN 1E0
CALL YAR2({E(IX).E(IX2).MRESP,HD,1,FSTRT) WEUN 160
IX1 = LOCSD + G6aNDKR NRUN 18¢
I1% = IX1 + NDNE ERUN 18¢
IX = IX3 + RONA NRUN 170
IX2 = 11 + NDNR ¥RUN 180
DO 300 [=1,NDKE
E(IX+I} = E{IXi+I)
E{IX2+41} = E{IX3+I)
300 CORTINUE
IX = LDCSD + E«HDNHR + 1 ¥AUE 190
I12 = IX + HDER ERUE 190
IXa = 112 + HEDWR ¥RUY 190
IX4 = Ii3 + NDAR FHUK 180
IXE = I14 + EDNR NAUR 180
IXE = IX5 + NDNER FRUN 180
CALL VAR4{E(IL},E{IX2) E(IX3}.E(IX4),E(IX56),E{1X6}, ¥RUN 190

«NRESF, WD, 1 ,§PARTZ, IFL)
€ % » THE STATEMENTS IN THE FOLLOWING LOOF FOMMALIZE ALL ARRAYS TO BE OUTPUT

FSAYE1= FH1 ¥RUN 330
FSAVEZ= FN2 XRUN 330
D0 120 I=1.XC NRUK 380
FN1= FSAVE1+«d{LOCED+SeED+I) WRUN 400
FE2: FSAVEZs 4 (LOCYD+E#ED+]) YRUN 400
Ik = LOCSD + (I-1}»ARESP + 4«NLER AEUR 420
IB = LOCSD + {I-1)*NRESF + o=ND¥R FRUN &20
100

L
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b0 76 K=1,HRESP
E{Th+M) = E{Ti+N)*FN1
E{IB+N) = E{IR+N)=FNZ
T6 CORTINVE
120 CONTINUE
18P = ]EOQ

.
-

¢ = » [OOTPUT SBD, SPD2, SAD AND SADD? ARRAYS I® THE FOLLOVING L0DOP

THOL = FLAST + (N-1)+20 + 1

THOLZ = IHOL + 19

SRITE (I0,1070) IWP.{i{1},I=THOL, IHOLZ)
1020 FORMAT (&1,2044)

TIHF = IB2

IST = LOCGE - @

WRITE [I0,1030) [ANUMR{I}, I=IST, LOCQE]

DO 125 M=1,MRESP

1030 PORMAT (1HO,32I, 20BRESPDESES{DETECTOR} ,1048,/,5X,BEDETECTOR,0X.
1 ENBATCH ,12X,3HFSD,10%, 1AEACCUNULATED, 10X, 38FSD, 11) , 6ECY{SD),

7 11X, 3HFOM,/,
3 21X, BYRESPONSE, 261, SERESPONSE)

£1030 FORMAT (1HO,32%,20ERESPONSES(DETECTOR) ,10A8,/.51.8EDETECTOR,TX.
£ 1 SEBATCH ,10%,3HFSD, 8I,11BACCUNULATED, BX,3EFSD, %I,7HCV(SDI),

o o BX BECY(SD),DI, ZHFOM,/,
| c 3 19X BHRESPOMSE, 24X, S8ERESPONSE)
WRITE(40,222) ¥FART2
¥ 222 FOBMAT {18 ,/,14I,° WUMBER OF PARTICLES ' ,IB,/)

: WRITE(30,232) APART2
232 FORMAT (1B ,/,201,18, 7}

DD 126 I=1 B0

1A = LDCED + 4*NDXE + (I-1)}+NRESP + N

IB = I4 + KDNR

Ic = LoCSD + B+«NDNE + (I-1}+BRESP + N
ID = IC + WDNR

IL = LOCSD + 1Z2«§DFR + {I-1}+ERESP + M
IF = IL + KDOTA

. ITIMEQ = ICLOCK({Q)-ITIMEI

i FTIMEN = ITIMED/E000.0
POM =1./(E{ID)#»2«FTIMED}

C12E WRITE {I0,1040) X EfI4), E{IR) E(IC),E{ID}, E{IL} FOA
WRITE (30,10561) T,E(I4},B{I8),B{IC),E{ID},E(IF) ,FOM
WRITE {40,1041) I, E(LA) E(IR) E(IC), E{ID} E(IF) FOM

1051 FORMAT (2X,13,*E' 1PE11.4,°K? OPFT.4, 'k?,
»{PE11.4,'&" ,0PF7.4, %" ,OPFT. &, k',
*1PE1%.4)

1041 FORMAT (I3,1PE13.4 OFF10.4,1PE12 4 0PF10.4 0PF10._4,
#1FE13.4)

126 WRITE (ID,1040} I, E{IA),E(IB),E{IC) E(ID) E(IF) FON

1040 FORMAT (I10,3PE20.4,0PFL5.5,1FELR,.4,0FF1E.5,0PF16.5,1PE1E &)

1040 FORMAT (I10,1PE15.4 0OPF13.5,1FF17.4,0FF12.5,0PF13.5,

¢ *OPF15.5,1PE18.4) :
DD 414 I=1,RD
NPA=D

101

FRUN
ERUN
ERUN
FRUN
FRUN
ERUN
NRUN
NRUN
ERUN
NRUN
WRUN
HRVE
NRUN
NRUN
RRUX
WRUN
NRUN

ERUE
ERUN
EFRN

YRUE

¥RU
ERU
ERU
FRU
ERU
ARI
ARV
RRU
IRU
TRU
1RU
IRU
ARU
TRU
NRU

NRY

L))
Ry
L] L
FRU

475
490
480
280
490
290
70
10
920
230
C
L0
wal
)
§80
Lol
Ciy |

882
S50
ea1

ag2

1000
103G
1040
103G
1040
1020
1040
10440
1040
1040
i0EQ
10EQ
1050
igen
1080

1080

1060
1060
1080
1080



SUR=0.0
TSUN=0.0

DO 409 K=2.18%
DEL=(W{E)+N{K+1]3/2.
T3UN=TSUN+NFREQ( I, K} »DEL
408 COETINUE
J=1
Do 412 K=2,188
FFA=NFA+AFREQ(I K}
DEL=(W(E)+W(K+1})/2.
SUN=SUN+DEL#NFRER(T ,K)
TEST=5TM/TS0N
IF{TEST.LT.P(J)) GO TO 41%
408 NWSUM(I,J)=FPL
J=J)+1
PPA=0
TF{1.6T.10) 0 TO 414
IFITEST.GT.PLI)} GO TO 408
12 CONTINUE
514 CONTINUE
VRITE(1O,634]
624 FORMAT(1E ,//,5X,'DETECTORY,10X,' FARTICLE DISTRIBUTION IR,
»? PERCENTAGE BINS RELATIVE TO IKCAEASING YVALUE OF-,
»* CORTRIBUTIDES',/)
PR=0.0
VRITE{IO,836)PR,{PP{J]),J=1,10)
636 FORMAT(1E ,10%.11{5X.F5.1)/)
DO 422 I=1,ND
WRITE(10,6864) I,(NSUN(I,J),J=1,610)
644 FORMAT(1H ,I5,41,10(23X,I71)
472 CONTINUE

RETUEN NEU 3170
END NRU 3180
SUBROUTINE NRUN{NBATS ,FRUKS) BAVE 10
L TATS ROUTINE IS CALLED AT TEE END OF EACH RUN BRUE = =
¥ IT XOAMALYZEE AKD OUTPUTE CALCULATED QUANTITIES ALONG WITH BRUN = =
L FRACTIOMAL STANDARD DEVIATIONS BECN » »

HEAL » B FH, FSAVE, L, ANUME

COMMON fUSER/ AGESTRT,WTSTAT,LSTRT ,YSTRT,ZSTRT,OFF,EROTN  EBOTG, NRUE 2D
1 TCUT,Io,T1,100JK, RGPOTY KGPOQT2, RAPQT3 , NGPQTG, FGPQTH ¥ITS MLAST, NEUN 21
2 KLEFT,WNGP ,NKIG ,ESTRT NRUE 20
COMMON /PDETS ¥, NNE , NE,NT N\, FRESF,HEX  NEXIED ,FERD, NDAR NTHA NTHE, NAUN 30
1 NANE,NTNDER, NTNEND, FANEKD ,L.OCRSP LOCEXD,LOCIR,LOCCO,LOCT LOCUD,  NRUN 31

2 LOCSD,LOCQE, LOCOT,LDCOTE, LOCOAE , LMAX ,EFIRST, EGTOP EEUX 22
COMMON /S55/ Ef1)
cOMX0Y a{1} " FROW 4D
DIKEESION NUNS(1),4RUME(1),IEOLL(10} FRIM SO
EQUIVALENCE (A{1) . NUKB(1}), {IRGLL{1),STR) ERUN 6O
EQUIVALEFCE (E(1).ANVKE(1)} NFRUD 60
DATA IB1/iE1/, IB2/AHZ/, IHOS1RO/ FRUR 70

102



13

1000 FORMAT {82H2THIS IS5 AN ADJOLNT PROCBLEN - ADJOINT ENERGY DEPENDERT
1FLUENCE IS FOT DIFFERENTIAL]

10

NPART = FBATS#ESTRT

FI = 1.0/8FRRT

IF (IADIM) 10,10.8

FE = FE*DFF

WRITE [I0,1000) :

IZ = LOCUD + WDER + 1
IX2 = II + PDAR

CunbanunudfILSON SEPT/28/B0ssdnndd

IX = LDCED + IaKDER + 3
IZ7 = LOCED + g+NDER + 1
I¥ = 1I + EDIER

GALL 'FTEST(E(IX),E(I¥) ,E{IZ}, WRESP ,#D ¥BATS, NPART)

ConeaddardJILSOF SEPT/28/80 ke

1&

20
1)

30

1
40

4E

s0
&5
80

&5

I¥ = LOCSD + HOMNR + 1
IX: = IX + NDNR

CALL VAR2(E{IX),E{IX2),NRESP,ND,EBATS,EPART)

IF (RE) 20,20,15
IX = LOCQE + NEKD + 1
I1Xz = IL + MEKD

- CALL VAR2(E{I1) E(ILZ),NRESF,ED,1.FPART)

CALL VARZ(E(IX},E(IXZ) NE,ND,I,NPART)

IF (BT} 3%,35.35
IZ = LOCQT + NTEDER + 1
IZ2 = II + NINFDRR

CALL VAR3{E[IX1},E{IEL2),NREEF,¥T ,ND,1,EFART}

IF (EE} 4%&,45,30
IX1 = LOCQTE + NTHEWD + 1
112 = IX + HTHENRD

CALL VAR{E(I1} E(IZ2),KT,NE,ND,1,EPART)

IF £NA) 45, 45,40
I1 = LOCQAE + HAREND + 1
TI2 = IX + EAKEND

CALL VARI(ELIX), E(Ix2) WA NE, KD,1,KFART)

TF = LOCIE + Z+ME

¥RUE
HRDN
j L)
ERUA
ARUN
ERTA
TRUN
NRUN
NRUN
NRUN

NRUN
ERUH

ERUE
FAUE
KRTE
ERDH
FaUy
NRUE
EROR
RRUN
ERUN
NRUR
ARTH
NRUN
WRUA
ARUA
NRUN
KRUN
NRLUA
HRLN
ERUN
KBUK

80

80
100
110
120
130
121
140
150
184

163
180

170
180
190
200
210
220
230
240
250
280
270
280
280
200
210
azn
330
240
3ED
)

« THE STATEMENTE IF TEE FOLLOWING LOOF NORMALIZE ALL AKRAYS TO BE QUTPUT

FSAVE = FX

og 120 I=1_ 0D

FN = FSAVEwA(LOCYXD+5#ND+1)

IA = LOCUR ¢ (I-1)}eNRESP+ECNR

IBR = LOCSE + (I-1}+ERESP + &=NDER
IC = LOCQE + (I-1)e§E + NERND

IF (¥E) &0,60,50

D0 BE J=1,KE

E(IC+]} = E{IC+I)/R(IF+]I)oF¥
DO 75 N=1,KRESP

E(IA+M) = E(IA+N)I*FN

E(IE+M) = E(IR+N)FN

IF (NT) 75,7565

I1E = LOCQT + (I-1)*NTKE + NTRDEE

103

EBUE
ERUN
EaUK
ERUN
¥RUK
XAUE
1)
EAUE
XRUE
HRUN
ARUK
ARUF
RRUN
ARDE

ARG
3900
400
410
420
430
440
450
450
470
480
450
500G
E10



IDT = LOCT + ND#NT + (T-1)#NT
0O T¢ F=1,FT
IQE = IE + (E-1)#WRESP + XM
IDT = IDT + 1
70 E{IQE) = E(IQE)*FR/A({IDT)
76 CONTINUE
IF {AE} 120, 120,80
80 IQTE = LOCGYE + (I-1)«¥TYE + HTHERD
IQAE = LOCOAE + (I-1)+NAKE + NAKEND
DO 11E J=1,EE
IF {AT) 95,95, ,85
85 IQT = IQTE + (J-1)*ET
IDT = LOCT + ND#XT + {(I-1)s3T
Do 90 E=1,RT
IQ = IGT + K
IDT = IDT + 1
90  E(IR} = E{IQ)/ALIDT)/a(IF+I)=FN
95 IF {BA) 115,115, 100
100 IQA = LQAE + {3-1)=Ni
e THE DA ARRAY IS BEING STORED IN THE FIRST M4 CELLS IN OAE
IDA = LOCGAE + 1

IC = LOCCcO + 1
ECIDA} = {ALICY + 1.0)w6.283%
DD 105 L=2.04
IDA = IDA + 1
IC=3IC+1

1068 E(IDAY = (ALIC) — A(IC-1)})+8.2832
IDd = LOCQAE
PO 110 L=1 K4
I0= 104+ L
IDA = IDA + 1

110 EQIQ) = E(IQ)}/ACIDA}/A{IF+])»FK

115 CONTIKUE

120 CONTIRUE
CALI, DATE (IBOLL,I)
WRITE (10,1010} (IEOLL{]},J=1,T}

1010 FORMAT (22B1TEIS CASE WAS RUN OF ,1044)
JER = IED

¢ « = QUTPUT SUD, SUD2, 550 AND S3D2 ARRATS IN THE FOLLOWIXG LOOF

DD 125 K=1,NRESP
IHOL = NLAST + (M-1)%20 + 1}
IROL2 = IMOL + 1%
WRITE {10,1020) IEP,(A(I), I=IEOL,IHOL2}

1020 FORMAT (A1,2044)
IHP = IN2
IET = LOCGE - 9
SRITE {ID,1030) {(ANUNB(I},I=I5T LOCQE}

1030 FORMAT {1HO, 32X ,20HRESPDRSES{DETECTOR) ,10A& / 65X 8HDETECTDR,9X,
1 EBUNCOLL, 12X, 38FSD, 13X, EATOTAL, 13X, 3EFSD, 12X, 3HFSD, 101,
3 7BF VALUE,/, 211 ,BHRESPONSE, 26X, 9ERESPONSE, 10X, SHRATCE)
Do 425 I=1,KD

104

FRUN
KAUE
ERUX
NRUN
NAUE
KRUX
FRUX
FRUN
EROX
FROX
¥RUX
ERUX
FRIX
FRUR
BRUR
FRUR
NRUA
¥RUE
RRUE
HRUE
HRUR

NRUK
SRUN
NRUN
ERUN
BRUY
NRUN
NRUY
WRUY
NEUN
¥RUN
NRUE
yRUN
NRUY
SR
ARUE
NRUE
BEUE
ARTE
ARUE
ARUE
HRUE
ARLN
HRUN
ARLUN
NRITY
HRUN
NRUN
L L |
HRUE

520
Ean
E4n
EEQ
B&d
ETO
ERD
Bl
240
810
e20
B30
840
850
B850
B70
880
880
700
apd
T20

T30
T40
Te0
TED
TTD
TE0
Fao
200
B
820
Bao
840
BED
Ba0
ETD
B8O
go0
870
810
820
839
B840
BED
Ba0
870
880
o500
851
Bel

AR 1000



IA = LOCUD + NDAR + [I-1)#NREESF + K ¥RV 1010

IR = L& + NDER NEU 3020
IC = LOCSD « SDEER + (I-1)+NRESF + K ART 1030
ID = IC + NDER NRY 1040
IC = LOCSD + S=NDNR + {I-1)=XRESP + M NRU 1030

IF = IC + NDER
IE = LOCSD + 9»NDHR + (I-1)»FRESF + ¥ FEU 1030
126 WRITE (IC,1040) I,E(IA}.ECIB),E{IC),E(ID},B{IE},E{IF) EAT 1050
1040 FORMAT {Ii0,1PE20.4,0PF1E.E,1PE19. &, 0PF1E.E, OFF1E &, FAU 1080

«OPF15.5)
IF (XE) 210,210,130 ¥EI 1070
130 RDM = (ED-1}/10 + 1 KRV 1080
HEM = (NE-1}/17 + 1 FRU 1090
IEF = 1E1 RO 1100
C =+ # [JUTPUT SOE ARD SQE2 IN THE FOLLDWING LOOF NRU 1180
oo 205 IND = 1,0DK XRU 1120
ID1 = (IND-1)#10 + 1 BRU 1130
IF (IND-¥DN) 135,140,140 NRU 1140
135 IDZ = IDL + 9 MRU 11EG
G0 TD 145 NRU 1180
140 ID2 = KD NRU 1170C
146 DO 205 INE=1,HEN NRU 1180
IEL = {INE-11w17 + 1 FRU 1180
IF (INE-BEM) 1h0,1EE, 1EE RRU 1200
150 IE2 = IEl + 1& NRU 1210
G0 TO 169 ERU 1220
18k IE2 = NE NRU 1230
180 1IF {INE-1) 188,18E,170 NRU 1240
185 ETOP = EFIRST HAU 1250
GO TD 17E FRU 1280
170 ETOP = A{LOCIB+NE+IE1-1} ¥RU 1270
176 IST = LDCOT — # HAU 1280
WRITE {I0,10GEG) IEP, (AFUMB{I}, I=IST,LDCQT),(I,I=1D1,ID2) NRU 1290
1050 FORMAT (A2,27L,24EFLUENCE(ENERGY,DETECTOR), 1X, 1048,/ , 1880 DETECINAD 1300
10k WO, ,1E,9110) HAU 1301
IF {%E-T) 160,180,186 Bl 1310
180 JEP = IH2 NRY 1320
185 WRITE {1g¢,1080) ETOP Mk 1330
1060 FORMAT (SH ENERGIES,/,1I,1FE11.3) R 1340
DO 206 IE = 1EL,IE2 NRU 13EQ
IF (K¥E) 190,200,180 WRY 1380
180 IF (IF-MEE-1] 200,155,200 NRU 1270
i1PE WRITE (I0,1080) EGTDE KRU 1380
200 IEP = LOCIR + NE + IE FERU 13§40
I011 = LOCGE + {ID1-1)+EE + XEND + IE KRU 1400
1012 = IDii + {INZ-ID1}+NE KAV 1410
WRITE (I{,1070) (E{1),I=1ID11,ID1%2 XE} NRU 1420
1070 FORMAT (17X,1P10E10.3) BAU 1430
IDi1 = IDi1 + MEND ' FAU 1440
ID12 = ID12 + MERD NHU 1450
WRITE (IG,1080) (E{I),I=ICi1,ID12,XE} NRU 1460
105

i
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1080 FORMAT (17X,10{F9.3,1I)]

205

WRITE {10,.1080) A(IEP)

1090 FORMAT (1K, 1PE11.3)

210
215

224

235
231G

IF (NT) 27E,375,21L

BRM = {FRESPF-1}/10 + 1

ATH = {(KT-1)/17 + 1

IHF = IB1

» QUTPUT SQT AFD SQT2 IW THE FOLLOWING LOOP
DD 276 1=1,MD

o0 2TE INA=1,MRN

IR1 = {IRR-13w10 + 1

IF {INR~-BRM) 220,225,226

IR2 = IRI + 9
&0 TDO 230
IRZ = NRESF

DD 276 INT=1,NTM
IST = LOCQTE - ©
WRITE {I0_,1100) IRF,I,(ANUME(IFE),IPR=IST,LUOCQTE)

1)
¥BU
¥au
¥Ru
KRU
11
XRU
ERU
N¥RU
¥RU
¥RU
BRU
HRU
NRU
HRU
NRU
HRU
NRU

1100 FORMAT {i1,11EDETECTOR KO,I2,61,32HRESFOESE(RESPORSE,TIME,DETECTORNRY

236
240

245
260
2B5
260

255

2T0
1110

1120

2TE

280

13,1%, 1048)

IF (NT-8) 236,235,240

IEP = IB3

ITi = (INT-1)#1i7 + §

IF (INT-ETM) 246,250,280

ITZ = IT1 + 16

G0 TO 265

ITZ = §T

IF (INT-1) 280,280,285

4GS = &(LOCXD + 4+HD + I)

G0 TD 270

ISUR = LOCT + (I-1)KT + IT: = 1
4GS = A(ISDA)

WRITE (I0,1110) {IK, IR=IR1,IR2)
FORMAT (4X,5H RESFONSE,10I14)
WRITE (I0,1120) AGS

FORMAT (7E TIMES /1PE12.3)

Do 276 IT=IT1,IT2

INDE = (I-1)+BT + IT + LOCT
ITR1 = LOCQT + ATWDKR + (I-1}eATKR + (IT-1)«WRESF + IR1
ITR2 = ITRI + IR = JRI

WRITE (IQ,1070)

ITR1 = ITR1 + NTNDKE
ITE2 = ITRZ + NTADKR
WRITE (I0,1050) (E(IP),IP=ITR1,ITRR)

WRITE (I0,1090) A(INDT}

IF (NE) 475,475,280

NEM = (NE-1}/10 + 1

FIN = (NT-1)/17 + 1

IEP = IHE1

* OUTPUT SUTE AXD SQTEZ IN THE FOLLOWING LODDP
DD 370 I=1,ED

(ECIP},TP=ITR1,ITR2)}

106

| .44
¥RU
Ene
FRD
[:L1)
KRD
NHU
KR
RO
BRU
NRU
ERU
¥RU
NRU
NRU
NRU
NRU
R
Ry
¥RD

KRD
ERU
¥RU
KRU
NRU
FRU
KRUD
ERO
ERU
K&
ARU
FRO

1470
1480
145G
1500
1510
1520
i1E30
iE8Q
1EEQ
1540
1570
1E8Q
1650
1800
18140
1520
1830
16840
1850
1851
1680
1670
1680
1840
17oo
1710
1720
1730
1740
1750
17480
1770
17HO
1780
1800
1510
1820
1B30
1840

1850
1840
1B70
1880
1880
1800
1910
1920
1820
1540
1870
1980



285
200
2086
aco
305

g

1130 FORMAT (41,11BDETECTOR ¥0,13,8X,20HFLUERCE{TIME .ERERGT ,DETECTOR),
1 1%, 1048}

1k
320

335

230
33

240

245

1140

E1H

355

360

3ath
1180

1180

DO 270 INE=1,EE¥
IEL = (INE-1)*10 + 1
IF (INE-NEN) 285,200,200

1E2 = IEL + B
G0 TO 285

1E2 = EE

1F (INE-1) 300,300,306
ETOP = EFIRST

&5 10 310

ETOP = A(LOCIE + KB + IE1 - 1)

IF (IE1.EQ.NEE+1} ETOP=ESTOP

I11E = LOCIE + ME + IEi

DO 370 INT=1,HTK

I2 = LOCIR + ME + IBZ - 1

IST = LOCQAE - @

VAITE (I#,1130) IEP,I, (ARUMB(IPR),IPR=IST,LOCQAE)

IF (HT-B) 315, 316,320

I18F = IHZ

IT1 = (IKT-10+17 + 1

IF {INT-KTM) 326,330,330

IT2 = IT1 + 18

G0 TO 336

12 = NT

IX = LOCIB + BE + NSE

ESAY = A(IX)}

IF {ENE .LT. IE1 .OR. NSE .GE. IE2) G0 TO 340
ACIR) = EGTOP

IF (ILE .LE. I2) GO TD 345

WRITE (I, 1140} ETOP

40 TO 380

WRITE (10,1140) ETOP,{A{IP], IF=I1E,I2}
FORKAT (1B0Q,2Y 8EEKERGIES,SK,1Pi¢E10,.3)
A{IX) = ESAV

I =12+ 1

IF (INT-1) 3EGE,3EE,360

4GS = A(LOCYD + 4+¥D + I)

&0 TO 3askE

ISUE = LOCT + (I-1}+BT + IT1 - 1

465 = A[ISUR)

WRITE (IG,1150) {a{(IP), IP=T1E,IZ)
FORMAT (2X,5ATINES,10X,iP1DE15.3)
WRITE (I0.1180) AGS

FORMAT {(1PE12.3)

10 370 IT=IT1,ITZ

INDT = (I-1)+ET + IT + LDCT

ITE: = {(I-1)+BTXE + (IE{-1)#KT + IT + LOCQTE + WTKEND

ITEZ = ITE1 + (YE2-TE1}#HT

YAITE (I0,1878) (E{IP},IP=ITEL.ITEZ,KT)
ITE1 = ITE1 + NTEEBD

107

ARD
NRU

NED
ERU

KRU

KRD
KRD
NRO
ERT
FRUD
NRY
ERT
ERU
A1)
¥RU
ERU
RRU
TRYU
XRU
ERU
BRU
NRU
ARU
ARU
NRU
NRU
NRU
KRV

NRD
KRD
KRD
HRD
KRD
¥RD
KRD
HRD
8RYU
NRU
ERU
NRU
NRU
NRY
¥RU
BRU
RRU
NRU

NRU
HRU
RRU

1970
1980
1080
2000
2010
2020
2030
2040
2050
2050
2070
2080
2090
2100
2110
2120
2120
2121
2140
21k0
2180
21T
2180
21540
2200
2210
2220
2220
2240
2250
2280
2270
2280
2290
2300
2310
232¢
2330
23440
23ED
23480
2310
2380
2390
2440
2410
24320
2430

2440
2450
2450



ITE2 = ITE2 + BTENERD NEU
. WRITE {10,1080) (E{IP),IF=ITEi,ITE2.NT) KU
370 WRITE (IC,i000) A{IBDT) BRU
376 IF (N4) 475,476,380 ¥RU
380 WEN = (FE-1)/10 + 1 HRU
* EAN = (Fi-1)/17 +1 BRU
IHP = IEi ¥RU
C » ¢ QOUTPUT SQAE LKD SQAE2 IX TEE FOLLOWING LOOF HRU
DD 470 I=1,¥D HRU
Iy arc INE=1, §EM | ]3]
1Ef = (IHE-1)*10 + 1 ARU
IF (IME-REM} 385.390,280 HRU
386 IEZ = IE1 + 9 NRU
GD TD 385 ERU
300 IEZ = XE ERU
386 IF (INE-1] 400,400,405 HRU
400 ETDP = EFIRST NRU
G0 TO 410 ERU
405 ETOP = A(LOCIE + ME + IEL - 1) NRU
410 T1E = LOCIE + RE + IE1 NRU
oD 470 INA=1,KAK ERD
12 = LOCIB + HE + IE2 - i NRU
IST = LMAY - 8 HRD
YEITE (I0,1170) IEP.I, (AFUMB(IFR},IPR=IST,LMAK) L LAL
. 1170 FORMAT (A1, 11HDETECTOR MO ,I13,6X,31EFLUENCE(COSINE,ENERGY ,DETECTOR)NRU
1,11,1048) RRO
IF (Ha-8) 415,415,420 FRU
815 TP = I82 KRU
' 420 II o LOCIB + ¥E + KHE NEU
ESAV = ACTL) KRU
' IF (MHE .LT. IE! .OA. MNE .GE. IE2) 6D TO 435 XRU
A(I1} = EGTOP BR
425 IF (I1E .LE. I2} GO TO 430 NRU
NRITE (I0,1149) ETOP WERl
GO0 TO 435 HRY
430 WRITE (10,1140) ETOP,(4(IP), IP=I1E.I2] KR
' 435 L{IX} = ESaV¥ WRU
12 =T2 + 1 WRU
T21 = (INA-13#1T7 + 1  [:1)]
IF {INA-1) 440,440,445 KRV
40 FNI = -1.0 | FA)
CD TO 450 KRU
A4E FM1 = A[LDCCD + IAl = 1) ¥aU
: 450 WRITE (I0,1180) (A(IP),IP=I1E, 12} KRU
O 1160 FORMAT (5X,THCOSINES,5X,1P10E10.3) ¥RU
: WRITE (I0,1180) FM1 Ny
1180 FORKAT (2X,F12.8)}
IF (INA-WAK)} A5E,4B0,460 ERU
456 IaZ = Ii1 + 16 FRU
GO TO 46E 1)
480 TAZ = Ni TR
" 105

2470
2480
2490
2500
2510
2820
2530
2500
2550
2580
2570
2580
2590
2600
2510
2620
2630
2840
2850
2880
2570
2680
26B0D
2T00
2710
2r
2720
2730
2750
2rh0
2¥50
27re
2780
2780
2800
2810
2820
2830
2040
Z2BEQ
ZB80
I8TQ
2BR0
BB
2900
2910

2430
2040
29E0
2080



458

470
478

1200

480

a

- IS I O

1111

_——— e —_——_—" . - . _

D0 470 Ta=Ial, Ia2

ICO = LOCCO + T4

TAB1 = (I-1)*N4NE + (IE1-1)#NA + IA & LOCOAE + NANEND
IAEZ = IAE1 + (IEZ-IE1}wNi

WRITE (I&,10T0) (R{IP),IP=IAE1,IAEZ B4}

IaE1l = I4E1 + WANEED

IAE2 = T4E? + NANEED

WRITE (I0,1080) (4(IPF),IP=IAE1,JAEZ WAl
WRITE (I0,1100} 4(ICO)

IF (MEIRD) 490,490,480

QUTFUT EXITRA AREAYS OF LEEGTH HD = * * # «
WRITE {I0,12007

FORMAT (2?GHIEXTEA ARRLYS OF LENGTH ¥D/)
D0 &BE I=1, NEXND

3Tk = 0.0

CALL INSERT(3TR,1,4,43EXTR}

CALL IRTECD(I, DUM,L)

LF=E =1L

CALL INSERT(STR,LF, L DUN)

IST = LOCID + {5+IJeKD + 1

CALL AELPER(AL(IST),1.9D,5TR,IQ}

CALL ENDRUK

RETDRN

ENT

SUBRDUTIKNE CUTFT(XEY)
TBI5 VERSIDN OF OUTPT IS5 FOR MORSE-CGA * # # =

THIS ROUTIME CONTROLS CALCULATION AED OUTPUT OF AVERAGE VALUES OF
SOUVACE PARANETERS (XKEY=1) ,TEE COLLISION COUNTERS AT TEE END OF

EACH BATCH (KEY=2}, AFD OUTPUTS TEE COUNTERS FOR KUMBER OF
SCATTERINGS,ETC. , AT EED OF RUE (KEY=3)

ERD 2870
HRI 20BC
NRD 2880
ERY 3000

FRU 3020

NEU 3030¢

ERT 3050
NRUR * =
¥RU 3060
ERU 307¢
BRU 3080
FRU 3080
¥RU 3100
¥RU 3110
NRU 3120
HRU 3130
HRU 3140
NRU F160
FRU F160
ERLI 3170
BRU 3180

QUTPT

OUTPT
QUTFT
OUTFT
OUTFT

COMMON /NUTRON/ WAME, NaMEX,.IG,IGO,NWMED,MEDOLD, EREG,U,¥,W,UO0LD, VOLDOUTPT
1 ,¥0LD,X,¥,Z,X000,Y0LD, Z0LD, WATE , OLDWT , WTBC  BL2ZFT ,BLZON , ACE ,OLDAGECUTRT

COMMON fAPCELOS AGSTART,DDF,DEADWT(G) ,ETA ETATH ETAUSD,UINE,VINF,

1 WIWP,WTSTRT,ISTRT,YSTRT,ZSTAT,TCUT,ITRA(10),

ouTPT
OUTPT

2 10,71 MEOIA,IADIH, ISRIAS,ISOUR,ITERS, ITIME, ITSTR,LOCWTS,LOCFUL, DUTPT

3 LOCEPR,LOCHSC, LOCFSN,MAXGF ,MALTIN, MEDALE , NGPREG ,KXREG, NalB,
4 ADEAD{A) , NEWKK,NCEOM, HGPOT1, RGPOT2, AGPOTS, NEPGTE , NGPOTH, X1TS,
5 WKCALC,NEILL,MLAST ,EMEN ENGP , ¥ND5ST , KKTG , NOLEAR , RORMF ,KPAST,
& NPSCL{13),NQUIT, NKSIGL, F50UR,NSPLT,RSTRT BXTRALL0)

COMNON /FISBNK/ WFISTE,FFISEN,RFISH,FTOTL,FUATE, VATEF

CONMOR /OUTE/ SWATE.LAVE,YAVE,ZAVE,EAVE.UAVE,VAVE,WAVE, AGEAYE
COMMOF WTZ(1)

DIMEFSION ECC1)

EQUIVALENCE (MTS(1),HC({1})

REAL*B RANDONM

DATA FER/F0.0F, FESUMFO.0/, VARK/O0.0/, FNXFW/0.0/, FEFW/ 0.0/
DATA NITSY/0/

GO T0 (1111,2222,3333), KEY

FBATCE=NITS-ITEAS+1

ing

oUrTeT
OUTPT
OUTPET
OUTFT
OUTPT
4STOR
OUTPT
oUTPT
OuUTPT
oureT
OUTPT

10

* ® 5 »

g
a1
&0
41
42
43
L3
45
45
50
40
Y
T4
B

= [y

DUTP 100
OUTE 110
OUTE 120

COMISSAG NAC.CN/L CE ENEKGIA NUCLEAR/SP + IPEN




IF (FRATCH-1] 20,15,20 OUTE
16 ITCUT = i QUTE
FAKFW =0. CUTE
FEFW =0. OUTF
20 FNKT = EMEK oUTP
FEKFW = FEKFV + FEXT OUTE
IF(SWATE.EQ.¢.J GO TO 30 oUTE
YAVE=IAVE/SWATE OIrTE
YAVE=YAVE/SWATE QUTF
ZAVE=ZAVE/SVATE oUTP
EAVE=EAVE/SWATE oUTP
UAYE=UAYE/SWATE DUTP
YAVESVAVE/SWATE ouUTP
WAVE=NAVE/SWATE DITTP
AGEAVE=AGEAVE/SWATE oUTP
a5 WAITE (I0,1010) nlly v
1010 FORMAT (*  WTAVE ILVE UAYE VAYE WAVE ILYE OUTP
i YAVE EAVE AGEAVE*) ouTr

WRITE £I0,1011}SWATE EAVE , UAVE,VAYE WAVE,ZAVE ,YAVE, ZAVE, AGEAVE OuTP
1011 FORMAT{iH ,1PE10.3,21,0FFT.2,2X,3(F7.4,11),11,3{1PE1}.3,1X) 1X, OUTP

1E10.3) ouTP
RETTRE oQUTP

2222 WRITE(IC,1030) ouTP
1430 FORMAT(/35HCEUMBER OF COLLISIORES OF TYPE NCODLL/31,8H500RCE,1X, QuTP

{1 SESPLIT(D)},4X EHFISEY,3X,6HGAMGEN,1X ,8EAEALCOLL ,3X,S6HALEBEDD,4I,0UTP

< BHBDRYX.3I1,8HESCAPE, 4%, BHE-CUT,1I SATINERILL ,1K,BHR B KILL,1X, OUIP

3 §HR R SURY, 2I,THGAMLDST) OUTF
WRITE [I0,1040) (RPSCL(I),I=1, 13} 1)y o

1040 FDRMAT(13I9) ouTP
LERGTH = © oUTP
CALL TIMER(LENGTH, ITEA} auTP
WRITE (I0,19%07 (ETRA{I),T=1,LENGTH) airTe

1050 FORMAT {43BOTIME REQUIRED FOR THE PRECEDING BATCE WAS ,1044) QuUTP
IF (ITCUT) EO,EO0,40 OUTP

4) IF (NPSCL(10)} EO,E0,45 oUTE
45 ITCUT = O OUTE
E0 DD 55 I=1,13 ouTe
55 EPSCL(I)=0 oUT?
IF (NORMF} B5,B5,60 ouTe

&3 FKFN = FKFW + FRRT*FTOTL/SWATE ouTE
IF (NFISE) 65,856,656 oyTP

85 ESTE = FKFY/FNEKFWsIFISH/MSTRT QoTP
IF (ESTK) B5,65,70 ouTP

70 DD 75 I=1,MIREG agTe
75 WIS{LOCFWL+I) = WTS({LOCFWL+I}+ESTK auTe
WTCHNG = FWATE/YFISH/SWATE+FEKT oUTP

151 = LOCWTS+1 OUTF

WG2 = LOCWTS+3=MGPREG QuUTF

DO 80 I=NG1,RG2 OUTF

83 WIS{I) = WIS{I}*¥TCHEG QuTF
88 IF (NECALC) 10E,105,90 OuUTF

110

13¢
1480
150
180
17¢
18D
+30
240
S50
3080
470
480
490
)
E10

540
554
580
-1}
b2
kA3
BTG
EBD
580
SO0
a1i
520
830
G40
850
a0
aTo
BBO
2111
TOO
L
T2¢
730
T4G
750
T&Q
KR LY
TEG
ToO
200



B0  FKT = FIOTL/SWATE ouTP
IF (FEATCH .LT. NMKCiLc .OR. ITCUT .EQ. 0) 60 TO 95 OUTP
FHSUN = FESUM + FEETFKT ouTE
VARK = VARK + FEETSFET+FET ouTP
FEE = FEK + FEKT ouTe
BITSK = BITSK + 1 DUTP
G0 TO 100 OUTP

95 WAITE(ID, 1080) DUTP

1080 FORMAT(83E —-—— K FOR TEIS EATCE WILL BOT BE USED IN AVERAGE K CALCOUTP

1ULATIOR ) auTe

100 WAITE (IO, 10703 FET FTOTL ,FWATE , EFISH ouUTF

1070 FORKAT(1EO/3H K=,F@.6,15X,B8FTOTL=,E13.6 5% ,6HFWATE=,E13.E, ouTP

161, BENFISE=, IE) otird

106 RETURY OuUTP

3333 WRAXTE (I0,1080) {NDEAD(I} ,DEADNT(I},I=1,4] CUTF

1050 FORKAT{1GELFEUTRON DEATHS, 20X ,8ANUNBER, 16X ,8BWEIGET/ OuUTF

127HOKILLED BY RUSSIAK ROULETTE.eX.I6, 9X.E13.5/ OUTF

26E ESCAPED,27X.16, #K.E13.E/ ouTe
322% REACEED EXERGY CUTOFF,13I.I6, $X,E13.5/20H REACHED TIME CUTDFFOUOTE

4 15X,16, 3K,E13.E) OUTF
IF(MEDIAJ126,125, 117 OUTF

117 WRITE(IC, IGO0} OUTF
1080 FORMAT{1EC/22H0NUMBER OF SCATTERINGS) oUTF
OUTF

WAITE(IO,1100) OUFTF

1100 FORMAT{THOMEDIUM 131,GENUMBER) QUTE
E123=0 ouTR
DO 115 WMED=1,MEDIA auT
1 = LOCKSC + B«NMTG+MIREG + NMED ouUT
H123=E123+AC(N1) ouT

316 VRITE(IO,1110)NMED,WTS(E1] ouT

1110 FORMAT {(I5,10I,1I7) oUT
WRITE {I0,1112) X123 ouUT

1112 FDRMAT {* TOTAL', 9I,IT) oUT

120 WRITE {I0,1i2¢) ouUT

1120 FORMAT (°iREAL SCATTERING COUETERS') ouT
1 = LOCASG + 1 ouT
GALL QUTFIZ(WTS(N1),NC{Ni} ENTG ,MXREG,IC) oUT

128 IF (MERALB-TTYTY 130,135,130 oUT

130 WRITE (I0,1130) ouT

1130 FORMAT (*1ALBEDD SCATTERING COUNTERS') oUT
W1 = LOCKSC + 2«NMTG*MIREG + 1 ouUT
CALL QUTPT2(WTS(N1}, NC(N1} NMMTG MXREG,IC) ouT

135 IF (MFISTP)} 145,145,140 ouT

140 WRITE (IO, 1140) ouT

1140 FORMAT ('1FISSION PRODUCTION COUNTERS') ouT
E1 = LOCHSC + 4*EMTG+HINEG + 1 ouT
CALL DUTPT2{¥T15(¥1),BC{¥1), NKTG MXAES,IQ]} ouT

145 IF (EGPOQTE+NGPOQTGY 160,1E5,150 auT

150 WRITE (10,11540) oot

1150 FORMAT (*1SECD¥DARY PRODUCTION COUNTERS (BOTH TEE GROUPS CAUSING POUT

111

Bic
820
8430
840
450
aad
- FiY
3.1
E2): 1)
£11H)
ok
f10
B11
820
B30
B4
B4 1
B2
B4
P
255
1)
080
214
280

an0
985
1006
1010

1029
1034

1089
1080
1070
1080
1090
1100
1110
1120
1130
1140
1150
1180
1170
1180
11890
1200
1210



155
180
11ia0

117a

146
170
1180

1183

17TE
180

1RODUCTIOR ARD RESULTING FROM PRODUCTION')

1 = LOGESC + G*ENTGeNEREG + 1

CALL OUTPTZ(NTS(N1) NG(N1), WMTE MIREG, IO}

IF (ESFLT) 185,145,160

WRITE(IO,1180)

FORMAT(21H1NUMBER OF SPLITTINGS)

11 = LOCWTS+4+KGPREG+1

CALL OUTPTZ{WIS(N1} ,MC(N1)  MAIGP,MXRES, 1D}
WRITE (10,1170}

FORMAT(4THINUMSER OF SPLITTINGS PREVENTED BY LACK OF RDOM}
§1 = N1 + 2eHGPREG

CALL OUTPTZ{NTS(N1}  EC{N1) MAZGP,MXNEG,ID)
IF{¥KILL} 176,175,170

WRITE(IC,1180)

FOEMAT( 33H1MUKBER OF RUS5IA¥ ROULETTE EILLS)
¥l = LOCWTS + 8+MGPRES + 1

CALL DUTPTZIWTS({N1) HC{¥1) MAXGP MXHES,I1G}
WRITE{IC,11580)

FORMAT{ 37TE1NUNBER OF RUSSIAN ROULETTE SURVIVALS)
Nt = N1 + 2+MGPRES

CALL OUTPTZ(WTS(N1) ¥C{N1) ,MAXGP MEREG,IC)
IF(SKCALC)18E, 185, 180

VARK = VARKSFNK

FESUM = FKSUM/FXK

YARK = SQRT (({VARK-FKSUX+*2)/(NITSK-1)}
WRITE{IQ,1200) FESUM, ViRK NITSK

ouUT
auT

ouT
our
aoT
ocoT
ouT

aur
auT
auT
auT
auT
o
ouT
auT
OuT
ouT
ouT
ourT
ouT
ouT
ouT
out
ouT
oot
ouT

1211
1220
1230
1240
12h0
1260
1279
1280
1290
1308
1316
1328
1330
1340
13E0
1360
1314
1380
1380
140G
1410
1420
1430
14&0
1450
1440

1200 FORMAT{11R1AVERAGE K= E15 .4, 10X 14HSTANDARD DEY.=,E15.4,5X,3HEFOR,.I0VUT 1470

136

1210

14 ,8H BATCHES)

FEE= 0.

FESUN=0 .

VARE=(,

KITSK=0

CALL ANDOUT{RANDOM)

WRITE {I0.1210) BANDOM

FORMAT('O »s YEIT RANDOM AUMBER IS °,Z12)
EETURN

END

SUBRDUTINE SCORTE

THIS ROUTIEE READS TINFUT DATA FOBR THE ANALYSIS MODULE w» =

T
aoT
ooT
onT
ouT
QuT

ouTt
ant
auT
auT

1471
1480
1494
1500
1610

1520
1530

SCORI 10

¥ ¥
[ ]

* ¥
*

LI W

REAL = & 55, LNE!

COMMOR /USER/ AGSTRT,WTSTRT,.EISTRT, YSTRT,ZSTRT,DFF,EBUTY,EROTEG, SCORI 20
1 TCUT,I0,I1,IADIK NGPQTi NGPQT2,.NGFOT3 NGFOTG,NGPOTH ,NITS,BLAST, SCORI 21
2 MLEFT,¥MGP ,NNTG,NSTRT SCORI 22

COMMOX /FDET/ ND,MME_RE,NT.XA, ¥RESP,HEX ,EEXED, NEWD,RKD¥R ,FTHK,RTNE,SCORI 20
1 WAME,NTRDNR BTNEND ,NAREND ,LOCRSP LOCED  LOCIB,LOCCO,LOCT,LOCUD,  SCORI 21
2 LOCSD, LOCQE,LOCOT LOCOQTE ,LOCQAE, LNAX, EFIRST ,EGTOP SCORI 32

COMMON BELNK{1) SCORI 40

COMMON /5257 55(1)

112



DIRENSION L¥E(1),LoK1(1)},IBOL{20) ,I6F(6), AL}, IBP(6)

’ EOUIVALENCE(BLYR(1) LEK(1}),{85(1),LEE1(1))
bAT4 IEOLE,IAF,IEA/LH ,4BPRIM,4HARY ,4FEYER,4BGY B,4HIES 1B ,
1 4ESECO,4BEKDAR,43Y EX¥, 4HERGY,4E BIE,1ES/,JUB/3BUPF/, JLO/3ELOY/

Cxese YILSOE JURE 2, 1965 wens
c LOCUD = LOGT + Z2«ND=IT
LoD = ¢
Casan WILSOR JURE 2, 1989 wwsw
LOCSD = LOCUD + 3I=HEDRR
Cesde YILSOR  APRIL 15,1089 wess
c LOCQE = LOCSD + 3«NDER + 20
LOCQE = LOCSD + J4«NDER + Z0
Ceamww YILSOR  APRIL 18,1589 wees

RETURE
EWD

SUBROUTINE STBTCE {NBAT)

c THIE ROUTINE IS CALLED AT THE START OF EACE BATCH
c TEIS ROUTINE ZEROES THE ARRAYS USED TO ACCUMULATE ESTINATED
C QUANTITIES DURING 4 BATCE .
c AT THE START OF THE FIAST BATCE, THE ARRAYS WHICH ACCUMULATE
* c ESTIMATES AND SQUARED ESTIMATES ARE ALSO ZEROED . - *
T REAL = 8 BL

SCOAT &9
SCORI &0
SCORI TO
SCORI Ti

KOR 1150
SCOR 680
SCOR 680
NOR 1150
SCOR 690
MOR 1150
SCOR 700
SCOR 700
MOR 1150

5CO 3330
S5C0O 3244

STRTC 10
STETC
STRTC
STETC
STETC
STETC

+ & & ¥

: COMMOF /PDET/ KD,NEE,FE,¥T i, NRESP,¥EY NEXWD XEXD, KDYR,NTHR,KTHE,STBTC 30

1 FAJE,NTEDER,NTNEED, NANEND ,LOCRSF LOCID LOCIB LOCCD, LOCT, LOCUD,
2 LOCSD,LODCEE,LOCGT, LOCYTE , LOSQAE, LMAY  EFIRST  EGTOP
COMMON /5557 BL(1)
IF L(HBAT) 10,206,150
10 CALL ERADR
20 IA =L0OCID + 1
Cevsw WILSOE  AFRIL 15,1068 whks
c IE = Th + Ge¥DHR - 1
IR = TA +17«NDNR - 1
Cwnsn WILSON  APRIL 13,1588 +»e+r
0 30 I=]4,IB
30 BLLI} = 0.0
IF (FE} 60,60 ,40
40 IA = LDEQE + &
IB = IA + B=JERAD - {
DD B0 I=Ii,IE
_ ¢ BL(I) = 0.9
i éx IF {NT) 119,110.,70

T 1A = LDCQT + 1
IE = I4 + 3+ETHDRR - 1
DG BO I=Ik,IB

8¢ BL(I) = 0.9
IF {¥E) 145,140,050

90 Ik = LOCQTE + 1

113

ETETC 31
STBTC 32
STBTC 40
STBTC BO
STETC 60
STBTC TO
HOR 11B0
STBTC BO
STETC B0
MOR 11560
STBETC 90
STET 100
STET 110
STET 120
STBET 130
STBT 140
STET 150
S5TRT 180

5TBT 1%0
STET 140
STAT 180
STET 200
STAT 210
STRT 220



L B & ]

100
110
120

130
140
160

210
00

180

iro
180

1940

IB = IA + I«FTREND - 1
DO 100 I=IA,IR

BL{I) = 0.0

IF (NA=NE} 140,140, 120
IA = LOCQAE + 1

IR = JA + 3wNANEND - 1
DO 130 I=IA,IB

BL(I} = 0.0

RETURN

IA = LOCSD

1] = LOSSD + 4+HCER

IV = LOCSD + 5+EDHR
oo 2a6 I=1,KD

DD 210 K=1,KAEEF

I = [& + 1

1= I3+ 1

IV=TV + 1

BLCIA}
BLEIY)
8L{IV)
CONTINUVE
CONTINUE
SETIIAN
EXD

i inn
OO0
o oo

SUBROUTINE STPART

TEIS ROUTINE IS CALLED AT THE START OF Ei&CH SOURCE PARTICLE
TEIS ROUTINE ZEROES THE ARRAYS USED TO ACCUMULATE ESTIMATED
QUANTITIES DURING 4 BATCH .

EEAL = £ BL

5TET
5TET
STBT
5TET
STBT
STBT
STET
STET
STBT
STET
5TEY
STRT
STRET
STET
STET
STRT
STET
ETRT
ETBT
ETBT
STBT
STBT
STET

230
240
250
280
¥ )
280
280
k{114
310
330
a3g
330
380
430
450
4E0
450
470
70
270
aED
BE0
dEq
a6d

S5TETC 10

STBTC =+

STETIC
STETC

COKMON /PDET/ ED,EHE,RE, KT, ¥4 MRESP NEX NEXND HEND BLHR, NTHK XTHE.STETC 30

1 FANE,FTNCKR,NTRERD, BANERD,LOCREP, LOCXD,LOCIE  LOCCE, LOCT , LOCUD,
2 LOCSD,LOCQE,LOCOT, LOCOTE, LOCQAE, LMAX ,EFIRST, EUTOP

COMMOE /8557 BL{1)

Ii = LDCUD

IJ = LOCSD + 3+EDFR
IC = LOCOE

ID = LOCOT

IE = LOCOTE

IF = LOCQAE

PO 290 I=1,ND
IF {¥E) 180,180,180
bo 170 J=1,NE

Ic = IC+ 1
BL{EC) = 0.0

D0 210 N=1,9RESP
I = IA + 1

11 =11+ 1
BL{TA) = 0.0
BLI{LI) = 0.0

IF {NT) 210,210,100
00 200 X=1,RT

114

STETC 31

STBTC 32
STATC 40

STET
STRET
S5TBT
5TRT
STRT
5TRT
STRT
ZTET
STET
STBT
STET
STET
STBT
STET
ST8T
STET
STET

320
33¢
340
3B0
389
v
380
480
4040
410
430
430
440
4E0
280
AT0
480

STET 490



0y o 00

200
210

220

270
280
290

10
ik

20
25
30

In=31D+1
BL{ID)} = 0.0
CONTINUE

IF (KE)} 280,280,220
D0 280 J=1,EE

IF (H'T) 260,260,230
DO 240 E=i,KT

IE = IE + 1

BL{IE) = 0.0

IF (K4} 2BO,2680,260
bo 270 L=1,Ka

IF = IF + 1

BL{IF] = 0.0
CORTINUE

COETINUE

RETURN

END

SUBROUTIEE TEETW

THIS VERSION OF TESTW IS FOR MORSE-CGA » * +
THIS ROUTINE TESTS WHETHER RUSSIAM ROULETTE CR SPLITTIRG OPTIORS
4RE IN EFFECT AND THEN PERFORMS TEE SFLITTING OR ROVLETTE
SPLITTING IS PERFGRNEDR UNTIL TEE WEIGHT FALLS BPELOW WTHIR

ETET BOO
STET E1D
ETRT E£20

STET E3D
STET &40
STET BbO
5TAT 560
STBT 57D
5TBT EaD
STET E90
STBT &00
STBET 610
STBT 620
STBT 830
ETRT 8440
STET 850
STET Q€0

TEETH

TESTW
TEETH
TESTW

COMMDN /NUTRON/ WAME,KAMEX,IG,IGO,EMED,MEDOLD,KREG,U,V,W,U0LD, VOLOTESTY
1 ,WOLD,E,¥,Z,X0LD,YOLD,Z0LD, WATE,OLDNT , WTBC, BLZNT,BLZOR , AGE, OLDAGETESTY

COMMDE /APOLLO/ AGSTRT ,LDF ,DEADMT(G) ,ETi ETATE,ETAUSD UINP, VIKF,
WIKF ,WTSTRT,ISTRT,¥STHT,Z5TRT , TCUT, ITRA{10)},

TESTW
TESTW

10,I1,MEDIA,IADJK, ISBIAS, ISOUR, ITERS , ITIME, ITSTR,LOCWTS , LOCFWL, TESTW

1

2

3 LOCEPR,LOCKSC,LOCFSK,MAIGP, ATTIM,MEDALE, MGPREG , NXREG,NALD,
4 WDEAD(S},NEWNM,KGEOK,RGPOT1, ¥GPQT2, RGPATS, RGPQTG  RGPQTA,RITS,
5 NKCALC,NKILL,ELAST,H¥MEM,¥MGP, WNOST,ENTG,ECLEAK , BORMF,NFAST,
& EPSCL{13),NQUIT,¥SIGL,FSOUR,¥SPLT, WSTRT. WETRAC10)

COMMOK /B5/ HS

COMKOR AWTS(1)

DINERSION WTS(1)

EQUIVALENCE (WWTSLL) ,WTS{1))
IF (Ic-MAXSP) 10,1065

IF (WKILL+N5PLT) £5.85,15

NWT = (NHEG-1)+MAXGP+IG+LOCWHTS
WTHIR = WES(HNT)

RWT = ENT+MCPRER

WTLOR = WTS(NWUT)

HWT = BNT+NGPREG

WTAVR = WTS(EVY)

IF [ERILL)} 45,4E, 34
IF(WTLOR-ABS (WATE))40,40,25
IF(FLTRMF{RARG Y#WTAYR-ABS {WATE})}35,3E,30
WATE=0.

RWT = HWT + G4MGPREG

HNTS(RWT) =MNTS{AWT)+1

NNT = WWT + MGPREG

TESTW
TESTW
TESTW
TESTW
GSTOR
TESTW
TESTW
TESTW
TESTY
TESTW

TEST
TEST

1qQ

LT
LT
LT
20
21
o
a1
3z
53
34
35
a6
&0
40
B0
a0
TO
80
a0
igo
118
120
130
140
1BD
180
170
180
109
200
210

COMISSAD MAC.LNIL CE ENERGI2 &UCLFAR/SP . PEK




VTS(IWT) = WTS(NWT} + OLDWI

C VYEIGET KILLED EXTERING COELLISIOR IS SCORED

[ ]

B

[ ]

35

£ WEIGHT EWTERING COLLISION (BUT BELOW WTLOR) AND SURYIVING IS SCORED

<
c R

&0
45
5¢
BE

C

FPSCL(11) = FPSCL{11) + 1

CALL Ea¥ER{11) FOR A R KILL AMALYSIS
R XILL

RETURE

W1=VATE

VATE=SIGN (WTAVE,W1)

EWT = NNT + S«MGFREG

WUTS(ANTI=NWTS (AWT ) +1

¥wT = KT + KGPREC

¥TS(NWT) = WTS[EWI) + Wi

¥PSCL(123 = NPSCL{12} + 1

CALL PANKR(12) FOR E E SURV ANALYSIS
R SURVIVAL

OLCYT=WLTE

RETURN

IF (WSFLT} &E,GE.4E

IF(WTREIR-ARS [WATE)) 50, 85, &5
IF{FNQST-NS) 60,8Q,55

¥E=N5+1

NEVAK=YEWaM+1

WATE=WATE+.E

RAME1=NAKE

NAME=XEVEN

CILL STORNT(NS,1)

NPSCLC2) = FPSCLEZ) + 1

CALL BANKR(2) FOR SPLI7 DLUGHTER ANALYZIS

C SPLITD

NAME=NAME1

OLDNT=¥ATE

BWS = EWT+2+NGPREG
ENTS{NES) = ENTS(EWS)+1
EWs = NNS + MGFREG
RTS{NWE) = WTS(EWS) + WATE

C WEIGHY AFTER SPLITTING IE SCOKED

80

GD TO 46

E¥5 = NWT + 4+MGFREG’
EWTS(NWE) = NWTS{EVS)+1
WS = WS + MGPREG

¥TS{ENS) = WT5(NW=S) + WATE

¢ WEIGHT WAICE COULD HAVE SPLIT IS SCOAED

E5

RETORK
END

SUBRQUTINE FIRSTISX, 5Y,5Z,M1,M2 HELT,KPiR)

NRAT IS TEE N0. OF INDEPEEDENT BATCEES

BFiR IS TEE TOTAL NUMBERA OF FARTICLES FROCESSED

TEST
TEST

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

TEST

TEST
TEST
TEST
TEST
TEST

TEST
TEET
TE=ET
TEET
TEET
TEST
TEST
TEST
TEST
TEET
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

TEST
TEST

Vah2
VARZ
YARZ

230

2440
230
240
Zr0
280
250
ang
310
320
230

350
310
320
390
39¢
404
410
420
430

460
£60
L
480
60
450
&80
B20
530
540
LBEC
660
BTO

590
a00
210
&0
€30

50
&40

10
20
an

IT IS ASSUMED TEAT TEE SUMSE ARRAY HAS ACCUNULATED THE KUMBER OF PARTICLES
TIMES TEE SQULRE CF TEE BATCH AVERAGE {THIS IS OBTAINED BY DIVIDIAG
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PP

c

nn

b

0 O 00

(st T E T ]

19

c24

Cas1

P

29

CHnks

15

20

THE SQUARED BATCHE SUN BY THE NUMBER OF PARTICLES STARTING THE BATCH)

REAL » 2 &%, =¥, %2,aW, LI, AJF SSR,8SW,S8T
TIKENSION ST{N1.M2), SY(M1 M2}, SZ{M1 N2}
A7 = FPLR
AL = FEAT
A1 = ANFAT
o0 28 I=1,K1
oo 2% J=1,K2
588 = A1+  SX(L, JI/AJ-SZ{1, J)*+2/A1 4K}
S5T = SY(I,J) - SI{I,J}ex2/iN
854 = Z5T - SSH

EYEI,I) = (SSB/(AT-1.})/(S8W/(AT=(AT-1.33)
sY{I,1) = DSQRT{SSR/(AI-1.)/ AR}/ (BZ{I T}/ AR)
BY(L,2Y = DSQRTESSH/CAT#(A)-1 . ))/AF)/(SZ(I,I}/aM)
S¥{I,2) = DSgQRT(SST/ (ANM-1._)/40)/(8Z{1, J)/4N)
COETINUE

HETURA

END

SURROUTINE TARZ(SI,5XI2,M1 K2 NBAT NFiR)
KBAT IS THE FO. OF IEDEFERNDERT BATCEES
EPAR IS TEE TCOTAL NUNEER CF PARTICLES FROCESSED

VARS

TiR2
ViR

ViR2
YaRD
VaRZ

-1

TO

240
250

10
20
30

IT 15 ASSUMED THAT THE SUMSH ARRLY HAS ACCUNULATED THE NUMBER OF PARTICLES
TIMES THE SQUAKE OF TRE BATGCH AVERAGE (THIS IS CBTAINED EY DIVIDIKG
THEE SQUARED BATCE SUM BY THE FUMEER DF PARTICLES STARTING TEE BATCH)

REAL *+ 8§ SI, SI2, &N, CUM, BN, CN
DIMENSION 2SX{M1,M2),SI2(M1, K2}

IF (FRAT-1) &,6,15

VILS0K  APRIL 20,1909 wens

4% = KPAR

DO 29 I=1.M1

DO 28 J=1,K2

IF (5%(1,3)}) 24,19,24

SX2{I,I) = 3.4

G0 TD 29

WEITE(S.851) SX{I.J).SXZ(I,1).A0

FORMAT(1H ,3(2K,1FE10.3)}

DUN = SIZ{I,J}/AN - (SI(I,J)/amW)*s2
SX2(I,)] = DSORT(DABS(DUN}/AN)/{SE{I, J)/AN)
WRITE(,861) SK(I,J),3I2(I.]).DUNM
CONTINUVE

QILSON  APRIL 20,1969 #sas

SETIRE

¥ = HFAR

BE = RBAT

CN = DSQRTIEN - 1.)

pe 3o I=1,M1

Do 39 J=1,M%

IF (5X{I,J}) 25,20, 25
SI2(1,J) = Q.0
o To 30

I

ViRZ
VARZ

§0
&0

Fo
B0

MOR 1160

VAR
VARZ
VARZ
VARZ
VARZ
VARZ

VAR2
YaR2

ViR2

130
160
170
184
140
200

210
220

230

KCR 1150

YiR2
VAR2
ViR2
ViRZ
VARZ
VARZ
VARZ
VARZ
VaRZ

120
130
140
150
180
170
180
190
200



25

30

a0 haf

oo n

1%

24

10

1E

20

28

30

DU = SIZ{I, J)wi¥ - SE{I,]}we2 VARZ 2i0

E12 (I,J) = DEQHT{DABS(DOW IVSCSE(T, 2)eCH) YARZ 220
CONTINVE VARZ 230
RETURN VARZ 240
EAL} VARZ 260
EIFBROUTINE VARI{SX, 512 M1, M2 N3, KBAT, NPART) VAR3 10
NBAT IS THE ¥O. OF ISDEFERDENT BATCHES ViR3 20
FPART I3 THE TOTAL NUMRER OF FARTICLES PROCHRSSED YAR3A 30

IT IS ASSUMED THAT THE SUMSD ARRAY HAS ACCUMULATED THE NUMBER OF FARTICLES
TIMES THE SQUARE OF TEE BATCE AVERAGE (THIS IS ORTAINED BY DIVIDING 50
TEE SQUARED EATCH SUM BY THE EUMBER OF PANTICLES STARTING THE BATCH) 60

REAL »= & 5K, 5I2, DUN

DIMERSIDR SE(¥1,M2 MW3), SE2(M1 N2 N3] YARI TO
CALL ERRSET( 208,300,-1,1,1,208)

IF (NBAT-1] E,E,1E V4R3I 80
DO 10 I=1,K1 VAR3 a0
DO 16 J=1,K2 VAR 100
Do 10 K=1,M3 VARI 110
IF (3Iz(I,J1.E)) 24, 19,24 YAR2 110
SI2(I,1,K) = 0.0 VAR3 120
G0 TO 10

DuUK = SX2(T, 7, EY/AN = (SE(I,) K}/ dl}ws2 YiR2 210
5X2(I,1.E) = DSORT(DARS (DUM)/AN)/(SE(T,J K)/00) YARZ 220
CONTINUE VaR3 130
RETURN VaR3 130
DO 30 I=1,Mi ViR3 140
DO 30 J=1 M2 ViR3 150
DO 30 K=1_M3 Vii3 180
IF (5I(I,J,K)) 25,20,3E YAR3 170
2X3(I,1,E) = 0.0 ¥Yii3 180
€0 TO 30 ViR3 100

SE(I.I.EY = (SXI2(I, 1, K} EPART={SE(I, 1, E)/NPART w2}/ (RBAT-1.} VAR3 200
IF {SXz{1,J,K).LT.1.BE=-70) GO TO 30

EX2{I,1,X} = DSQRT(DABS{SE2(X,J E}})/8X(X, ¥ KEIsNFART VAR3 210
CONTINYVE VAR3 220
CALL ERRSET( 208, 10,-1,1,1,208)

RETURF Vik3 230
EED . ViRa 240
SUBADUTINE VAR4(SX,552,5X3,5I4,516,516, ViR2Z 10
sM1, K2 KBAT,FPART,IFL)
NEAT IS THE N0. OF INDEPENDENT EATCHES YARZ 20
FPART 15 THE TOTAL MUMBER OF PARTICLES PRDCESSED TARZ 30

IT IS ASSIMED TRAT TRE SUMSD ARRAY HaS5 JCCONULATED THE NUMBER OF PARTICLES
TINES THE SQUARE OF TEE BATCE AVERAGE {THIS IS OBTLINED BY DIVIDING Lo
TEE SQUARED BATCE SUK BY THE WNUMBER OF PARTICLES STARTING THE BAICE) &0

REAL « 8 &N, X1, X2, X3, 14, DUM2, DUN4, DUKEZ

REAL « 8 35K, SX2, 5X3, SX4, 5X&, SX8

REAL *= 8 BETA, BETAJ, 52, 54, AJ, V252, W2SL

DIMENSION SX{K1,M2),5X2(M1 M2} ,5K3(M1, M2} 5X4(N1, M2} ,SE6(ML, M2) VARZ TO
» SIG(M1 M2}
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Cwwen JYILEOR

18

24

() |

29

APRIL 20,1989 wwew

AN = NEART
Al = NPART/EL,

D0 28 I=1,X¥1

DO 28 }=1,N2

IF {8X(I,3)) 2¢,19.,2%

SIZEI, I = 0.0

SER(L,J} = 0.0

GO TO 29

I1 = [1./0X)*8X(1, 1)

Iz = 1. /AR)®EXR(I, )

33 = [t /aM)e3X3(1,1)

14 = [y, AaR)esXalI, 03

52 = X7 = T1%42

54 = X4-3. *X10E3+8 X1k 2aX2-4, s 11kkd-T2xx2
54 = X&=4 wX1#%3+6. aXixe2a]2-3 *T1%24
BETA = E4/52¥x2

BETAJ = BETAAAZ + 3.+(AT-1.)/u]

vasz = 1./51.#(BETA) — 48./50.)

IF(IFL .GT.0)} G0 1D Bi

T25L s {1, /AR)+(BETA-(AR-3.)/(AR-1))

5%E {I,J} = DSQRT{DABRS{V252/4.))

512 {I,J} = DSQRT{DABRS( S2)/AE)/(SX{I,IJ/AN}
512 (I,J) = DSGRT(DABRS] S2/RNV/(SK{I,JI/AM}
516 [I,J) = DSOQRT(DABS({¥25L/4.))

CONTINUE

BETURN

END

114

MOE 1150

ViR2

ViR2
VARZ
ViR2
VaR2

VARZ

ViRZ

VaRz
VAR2

YARZ
ViR2
YAR2

130

160
170
180
190

200

210

2320
220

230
240
250



Appendix D

Derivation of Some Equations of
Chapter 2

The derivations i this appendix are found in Hansen, Hurwitz, and Madow [7].
D.1 Derivation of Equation 2.38

Equation 2.38 in Section 2.4 is given by

a1 N-3
vh =5 (A-5=1) (D.1)
where
8= ;‘:}!, (D.2)
o Lsh, ap D.3)
o _-ﬁg{x,—z], (D.
and
N
He = %Z[z.— -z (D.4)
1=1
Proof.

The relative variance of the variance is given by

a2,

2
VS} —3 (-Eg—ji, [D-&)
By definition
E(8"-ES?Y E(§?-a? E§*-q
Vi = (E57)2 = (o?)? =T (D-.6)
120
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To evaluate £ .54 the following transformation is used;

Ii— =3z _ (n.7)
F— =7, (DB}
which gives
N =272
4 _ ¥ (7 —F)
ES*=E -1 ] . _ (0.9}
e 1 u 243 =2 A 2 7
ES - WE [{Z{:El} —2N7 Zzi + Nz ] ' {Dlﬂ]
where
N 2
(Z(z,?) Zz +Z Zal, {D.11)
£y
h‘ 1 W N .
z z: gf = e Zz +EEZ zJ+Zzzzz+ z FET N (D.12)
i#3 i#i Ak
and
N N
+32zzzz+ﬁ z drn+ Y. Hnmam). (DA3)
I i#3 i gk ik i gl i

For sampling with replacement, independent samples, and using the fact that £z; =0,

when i # i # k # m it follows that

Ea?z? = EZ2E2], {D.14)
Eziz; = E22Ez; = 0, (D.15)
Ezlz;zy = E2x}E2;Eze = 0, (D16}
and
Ezfzjzkzm = EI?EZJ;EZ_J,EI,“ ={. (D.17)
Therefore

N 2

E ():(zf) = Npg + N(N - 1)a*, (D18}
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E'*Z - [Np., 3 N(N - 1)o'], {D.19}

and

EF = o3 [N,u.. +3N(N — D)ot (D.20)

Substituting equations D.18, D.19, and D.20 in Equation D.6, subtracting and dividing
4

by o

vz = L (ﬁ— N—?) . (D.21)

D.2 Derivation of Equations 2.46 and 2.47

For I random groups of J elements

ri _l( _f_—_3)
‘[vs.g_lr 3z 7-1) (D.22)
where
_E f__l
ﬁJ_J+3 T iD.23)
FProof

T
Y (@~ 3R (D.24)

Ve = -(?“)LT {D.25)
Similar to Equation D.6
VE = E—S%}‘i (D.26)
Using the following transformation:
Ti—p=T (D.27)
I-p=%, (D.28}



Equation D.24 can be written as

which gives

aT

ESt=

The first term of Equation 12.31 is given by

i ? i I
p(#) =sy+ sy,

i#h

“ [(E{EE) - 47 ii'z'? + I“E‘] .

12h

which gives
A e HJ -1 o
-2

£(7) =1 [ M 0 -0

The second term in Equation D.31 is given by

£ (o 37) -m[(zf-) &, }

h-.]h:
.ﬂ""_""\.

which becomes

(w—’zfz) =2 [“‘ MGt )4 ﬁl)" ] + 21 - 1}3—;

The third term in Equaticn I}.31 becomes

Ers = FE(i ,-)‘I ——E (Z +32"H),

iEh

which gives

J’B

1 b 3{J - 1)t ol
EIEE.':F{I _'l'—T_ “|‘3I(I-‘1]F .
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E( : E?i) :EZ(%) +EZ (EJJ 13) (EJJ ;.&) ,

(D.29)

(D.30)

(D.31)

(D.32)

(D.33)

(D.34)

(D.35)

(D.36)

(D.37)

{D.38)



Substituting equations .34, .36, apd D.38 in Equation 1).31 Esf will be given by

. B 3I-1) , o243,
Ba=pt ot - or ©

Subsstituting Equation D.39 in Equation D.26

1Tlpe 3(J-1) I-3
2_— — — —
st-f[JUq+ 7 71l

1[4 MJ-1) 1-3]
A Fad -
V5§_I[J+ J I-1]

ar finally

D.3 Derivation of Equation 2.48

In terms of the relative variance Equation 2.48 in Section 2.4 can be written as

'[,.'2
2_rs
vi= -2
Proof:
Since
E{§ ~ o) = E§* - 2aES + ¢* = 2ale — ES),
then

v§=z(”‘E5),

Using the expansion

S—-‘.r__- {52—02}_[52—U2]2+[Sz—t!2]3_

a 22 Rt 1646
it follows that
c—FE5 1 2 _ 22 1 2 _ 733
~ _Ba‘E{S a*) 150‘5E(S a)y+...
Since
Fii _o- ES
2 o
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(1.309)

(D 40)

(D.41)

(D.42)

(D.43)

(D.44)

(D.45)

(D.46)

(D47}

(D.48)



4

Equation [3.47 becomes

2 2
i _ta Lpe g9,

9 &  l6o®

Finally for sufficiently large &
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