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PROGRAM SUMMARY

Title of program: BASES /SPRING

Catalogue number: AAFW

Program obtainable from: CPC Program Library, Queen’s Uni-
versity of Belfast, N. Ireland (see application form in this
issue)

Computer for which the program is designed and others on which
it is operable: FACOM, HITAC, IBM and others with a
FORTRAN77 compiler

Computer: FACOM-M382, HITAC-M280; Installation: Na-
tional Laboratory for High Energy Physics (KEK), Tsukuba,
Ibaraki, Japan

Operating system: OSIV /F4 MSP (FACOM), VOS3 (HITAC)
Programming language used: FORTRAN77

High speed storage required: 145 Kwords each for BASES and
SPRING

No. of bits in a word: 32

Peripherals used: terminal or card read for input, disc and line
printer for output

No. of lines in combined program and test deck: 2750

Keywords: Multidimensional numerical integration, Monte
Carlo simulation, event generation and four momentum vector
generation

Nature of physical problem

In high energy physics experiments, it is necessary to generate
events by the Monte Carlo method for the processes of interest
in order to know the detection efficiencies. It is desirable to
have such a program that can generate events efficiently once
we have the differential cross section of any process. It will be
a very powerful tool for the high energy physics experimenta-
list.

Method of solution

A pair of program packages BASES and SPRING is developed
for solving such a problem. By BASES, the differential cross
section is integrated and a probability distribution is produced.
By SPRING, four momentum vectors of events are generated
according to the probability distribution made by BASES.

Typical running time

The running time depends especially on the complexity of the
function program which gives the differential cross section for
the process. If we take the process ete™ — (Z%) — v¥y as an
example, the integration takes 11 s and the generation rate is
4500 events/s on the FACOM M382 computer.
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LONG WRITE-UP

A Monte Carlo event generator designed to be
suitable for high energy particle physics is devel-
oped, by which events of any processes with 10
variables in maximum are generated efficiently.
The program consists of two sets of packages, one
is a numerical integration package BASES pre-
paring a probability distribution and the other is
an event generation package SPRING. The central
part of the paper describes how to use the pro-
gram packages in details.

1. Introduction

In high energy physics, when we get physical
results from experimental raw data, it is necessary
to know detection efficiencies for the processes of
interest. We generate many events, consisting of
the four momentum vector of particles produced
in these specific processes by the Monte Carlo
method, pass them through a detector simulation
program to produce artificial raw data and analyze
the data by the same analysis program as used for
the real data.

For generation of Monte Carlo events there is
no general method suitable for any process. It is
always necessary but not easy to find a method
appropriate to the process being considered. For
example, efficient generation of events for radia-
tive Bhabha scattering or that for two photon
processes is difficult, because these processes have
many sharp peaks due to singularities in their
differential cross sections. To generate events by
the Monte Carlo method, we normally look for a
function, whose value is always greater than that
of the differential cross section and whose gener-
ating function has an inverse function. When we
find fortunately such a function, we can generate
the events efficiently. The generation efficiency
depends on the difference between values of the
function and the differential cross section. When
we fail to find any such a function, we are forced
to be satisfied with lower efficiency and waste
much CPU time in some cases.

A pair of program packages BASES and
SPRING has been developed to solve this prob-

lem. Roughly speaking, the method is to construct

the generating function by a histogram with varia-

ble bin size, which is determined by the height of
the differential cross section. Generation proceeds
with the following two steps:

(a) By BASES, a probability distribution (gener-
ating function) is calculated by integrating the
differential cross section over the phase space
and saved in a file with parameters needed in
the next step.

(b) By SPRING, events are generated by the
Monte Carlo method according to the above
distribution.

The numerical integration program package
BASES contains also several facilities, as de-
scribed in section 4.3, which are helpful for the
user who wants to integrate singular functions.
The integration method we adopt, is the algorithm
of VEGAS [1], devised by Lepage, which has been
proved to be very useful for integration of singular
functions appearing in the calculation of the
radiative QED processes.

The next section contains a brief description of
the integration method. In section 3 the genera-
tion method is presented. In sections 4 and 5, how
to use these program packages is explained with
an example.

2. Integration method of BASES

We adopt the integration method of VEGAS.
Since a detailed description of the algorithm is
given in ref. [1], we review it here briefly.

For simplicity, we consider the following one-
dimensional integral as an example:

1=f01f(x) dx, (1)

where the integrand f(x) must be non-negative
for the sake of event generation.

We divide the integration volume (0, 1) into Ng
regions and each of them into m subregions.
Namely, the whole integration volume consists of

N, subregions, i.e.
Nd

Ny=Nym and ) Ax, =1, (2)

J=1
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where Ax; represents the size of the subregion j.
We define the probability density p, for the subre-
gion j as

Nd

1
P =N A and ) p, Ax;=1. (3)

J =1

We sample N,, points in each region to estimate
the integral, such that the total number of sam-
pling is

N all = NpgNg' (4)

(&

The estimated value of the integral I is given by

1 Neait f(xi) 1 Nean
S=N by =N Zf(x)NdAx (5)

call ;=1 Pj call j—1

where the subregion j is that region which con-
tains x,. The variance o? of the estimate S is given
by

o = (ﬁ){g X ()

} ’ (6)
where

F/(xk)zf(xk) ijNd (7)

and x, € subregion j C region /.

To obtain the final result of the integration,
BASES makes n estimastes of the integral { S, }5_,,
each of which is calculated by the above method.
These n estimates are combined to give a cumula-
tive estimate S:

Nog

Z F/(xk)

k=1

n Sa
I=S=0>) = (8)
a=1 Oy
and
n
1
Z = 9)
G a= lx
where o is a variance of the ath estimate S,.

In BASES, the den51ty pj» namely Ax , is mod-
ified so as to minimize o2 for each 1terat10n of the
estimation. In the first estimation, uniformly dis-

tributed random points are chosen (i.e., in de-
termining ;). The information about the behav-
ior of f(x) obtained in this first sampling is used
to define a new density p; which reduces o2 in the
next iteration of the estimation for S,. After each
subsequent iteration, the density p; is again re-
fined for the next one. Namely, sizes of subregions
Ax; are adjusted after each iteraction.

In order to prepare the probability distribution
for the event generation, the following procedure
1s taken:

(1) Grid defining step
To determine the optimum density p; (ie.,
sizes of subregions Ax;), several iterations of
the estimastion are performed until the esti-
mated error given by eq. (9) becomes less than
the specified value, or the number of iterations
reaches its upper limit or the fluctuation of the
accuracy becomes less than 1%.

(2) Accumulation step
By using the grids optimized by step (1), itera-
tions of the estimation are carried out until the
estimated error becomes less than the required
value or the number of iterations reaches its
given upper limit. In this step the probability
distribution is calculated.

(3) Resulting probability distribution is saved in a
disc file.

3. Method of event generation

In the N dimensional integration, we have N
independent variables. We divide a region spanned
by each variable into N, regions and each of those
N, regions into m subregions. Therefore, the whole
integration volume is divided into (Ng)N hyper-
cubes by a rectangular grid of N, subdivisions
along each axis. A further subdivision defines a
new grid m times finer on each axis and results in
(N,m)" sub-hypercubes. Each hypercube has m"
sub-hypercubes.

The probability distribution is prepared by
BASES. By this we mean that both average and
maximum values of probabilities

F(xy, X5,...,%y)

N
=f(x,, X5,.-, xy )NV TT Ax,, (10)
i=1
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for each hypercube, as well as sampling intervals
both for the hypercube and the sub-hypercube, are
saved in a disc file.

For generation, a hypercube is chosen accord-
ing to the average probability and a point in a
sub-hypercube in the hypercube is sampled with
the density p;. F(x;,...,xy) is calculated at the
point and its value is compared with the maxi-
mum value of probabilities F,, = max
[F(xy,...,xxy)] of the hypercube. If F/F, . 1is
greater than a uniform random number between 0
and 1, then this trial is accepted as a generated
event. If not, a new sub-hypercube is sampled and
tried until it succeeds.

If the probability F(x,,..., x,) is almost uni-
form in each hypercube, the generation efficiency
is close to 100%. This is the reason why we took
VEGAS'’s algorithm to optimize the size of subre-
gion so as to make the probability uniform. How-
ever, the actual probability is not always uniform
resulting in a long loop of sampling a sub-hyper-
cube in some case. To avoid this loop, SPRING
has a user controllable parameter defining the
maximum number of trials for one event genera-
tion. If the number of trials reaches the specified
maximum, this loop is forced to terminate and a
new hypercube is sampled for the next generation.
If this happens so many times in a job, however,
generated events cannot reproduce the behavior of
the differential cross section. This situation occurs
when singularities of the differential cross section
are not sensed appropriately in the grid defining
step. It is necessary to submit BASES again with
more sampling points.

4. Program package BASES
4.1. Flow of the integration Job

As mentioned in section 2, the integration con-
sists of two steps, i.c., the grid defining step and
the accumulation step. In the grid defining step,
grids are optimized by several iterations of the
estimate. After defining the grid, the accumulation
step starts where iterations of the estimate are
carried out with the fixed grids. For both steps, if
the accuracy of the integration reaches a required

value or the number of iterations reaches the
specified maximum, the integration is terminated.
In the grid defining step, if fluctuation of the
accuracy becomes less than 1%, the integration is
also terminated. The maximum iteration numbers,
ITMX]1 for the grid defining step and ITMX2 for
the accumulation step, can be given by the user in
the user initialization routine USERIN (default
numbers of ITMX1 and ITMX2 are 15 and 100,
respectively). After termination of the integration,
the rsults (e.g. integrated value and required histo-
grams) are printed out.

The integration step may take time, for instance,
when the integrand needs a long computation. It
might happen that a job is terminated before
reaching the above normal termination due to lack
of CPU time. To prevent this occurrence, the
routine watches the remaining CPU time and when
it is not enough for the next iteration, all tem-
porary information is stored on disc before the job
is ended. The integration can be continued by
submitting next job. We define an input flag
IFLAG as follows:

IFLAG =0: First trial of the grid defining step,
= 1: First trial of the accumulation step,
= 2: Continuation of the grid defining

step,
= 3: Continuation of the accumulation
step.

At the beginning of an integration job, IFLAG
= 0 should be set. If the job is terminated due to
lack of CPU time, the input flag for the next job is
printed out. When the next job is submitted with
this flag, the integration is continued further. The
flow of the integration job is shown in fig. 1.

4.2. Program structure and its components

Program structure of the integration package
BASES is shown in fig. 2. The program compo-
nents of BASES, which concern users, are briefly
described in the following. An explanation of the
other components is given in appendix F. The
routines marked by ** should be prepared by
user.

MAIN routine **
The main routine is used just for BASES to know
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| START |
If IFLAG=0 IFLAG= 1,2,3
Initialization Read previous results
CALL'USERIN from disk fl‘ile
yes |
| Initialize BASES | T ————————— <IFLAG =2 ? >
< ———+  + >
BASES Samples NDIM ’ BASES samples NDIM
random numbers random numbers
| Compute Integrand | | Compute integrand |
| Fill histograms | | Fill histograms |
| No No
< End of iteration ?>----- + +--——< End of iteration 7>
Change Crid .
According to the result
No No
+—= GUE, ime < Enough CPU time ?>-—--+
No No
< Normal termination >-—--+ 4'-———< Normal termination >
+

| Print out result |

| Print otlxt result l

Next flag 3

Next flag 1 or 2
|

Next f‘}ag 0

save result into disk file

| End |

Fig. 1. Flow of the integration job.

the name of the integrand function program pre-
pared by user. An example of the main routine is
shown in appendix A, where the name of the
function program is FUNC.

SUBROUTINE BSMAIN (FUNC)

Purpose: To control the flow of program package
BASES according to the input flag IFLAG and
to set default parameters. This is called by
main program.

FUNC =: Name of integrand function.

SUBROUTINE USERIN **
Purpose: To initialize parameters in a labelled

common /BASE1l/ and user’s function and to
define histograms by XHINIT and DHINIT.

Comment: This routine is called by BSMAIN at
the beginning of the integration job.

SUBROUTINE USROUT **

Purpose: To print the result in the format written
by user.

Comment: This routine is called at the end of
accumulation step, only when the print flag is
set equal to zero.

FUNCTION DRN (IQ)
Purpose: To get double precision uniform random
number.
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Aok ok A K

* MAIN =
ko
+-—- BSMAIN
-~ BSTIME
-~ BSUSRI
[
+-—+ USERIN *
*  |--—— XHINIT &

% +-—- DHINIT =

okt ol R bk ek kb ok ok o

+--- DRNSET
+--- BASES
--- BSINIT )
+-—- DRNSET
--- BSTIME
+--— CLOCK
~-—- BHRSET
-—— DRN
okt otk fek b ok ok ok
-——x FXN (= FUNC ) «
*  +-—- XHFILL *
*  +--- DHFILL *

otk ok kR kR ok
-—— BHUPDT
-—— BSGDEF
+--— BHPLOT
+-—— XHPLOT
+--~ XHRNGE
| +--- XHORDR
+-—— XHSCLE
+--- DHPLOT
R
—-—# USROUT *
Koo kAo ok
+-—— BSWRIT
+--~ DRNSAV

Fig. 2. Program structure of BASES. The routines marked by
* are to be prepared by user.

IQ =: Dummy argument.

FUNCTION FUNC (X) **

Purpose: To calculate the integrand.

Comment: This function is prepared by user. Any
name can be given to this function, but the
name must be declared in the main routine by
an external statement. If histograms are re-
quired, histogram-filling routines XHFILL and
DHFILL should be called in this function pro-
gram.

X =: Real * 8 dimensional array of the indepen-
dent variables.

FUNC =: Resultant value of the integrand.

SUBROUTINE XHINIT (ID, XMIN, XMAX,
NBIN, TITLE)

Purpose: To initialize a histogram.

Comment: This routine should be called in
USERIN, if a historgram is required.

ID =: Histogram identification number.

XMIN =: Lower boundary of the variable.

XMAX =: Upper boundary of the variable.

NBIN =: Number of bins of the histogram (maxi-
mum = 50).

TITLE =: Title of the histogram, which is a char-
acter string up to 62 characters.

SUBROUTINE DHINIT (ID, XMIN, XMAX,
NXBIN, YMIN, YMAX, NYBIN, TITLE)

Purpose: To initialize a scatter plot.

Comment: This routine should be called in
USERIN, if a scatter plot is required.

ID =: Scatter plot identification number.

XMIN =: Lower boundary for the horizontal axis.

XMAX =: Upper boundary for the horizontal
axis.

NXBIN =: Number of bins for the horizontal axis
(maximum = 50),

YMIN =: Lower boundary for the vertical axis.

YMAX =: Upper boundary for the vertical axis.

NYBIN =: Number of bins for the vertical axis
(maximum = 50).

TITLE =: Title of the plot, which is a character
string of up to 62 characters.

SUBROUTINE XHFILL (ID, X, FX)

Purpose: To fill the IDth histogram.

Comment: This routine should be called in the
user function program. Before calling this
routine, the routine XHINIT should be called
with the same ID number.

ID =: Histogram identifcation number.

X =: Variable.

FX =: Value of the integrand.

SUBROUTINE DHFILL (ID, X, Y, FX)

Purpose: To fill the IDth scatter plot.

Comment: This routine should be called in the
user function program. Before calling this
routine, the routine DHINIT should be called
with the same}‘ ID number.

ID =: Plot identification number.

X =: Variable for the horizontal axis.

Y =: Variable for the vertical axis.

FX =: Value of the integrand.
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In order to prepare the routine USERIN, it is
necessary to know the contents of the labelled
commons /BASE1 / and /BASE2/. Some of these
parameters for BASES should be set by user and
transferred to the routine BASES. The contents of
/BASE1/ and /BASE2/ are as follows:

COMMON /BASE1,/XL(10), XU(10), NDIM,
NOCUB, NTRIAL

COMMON /BASE2/ACC1, ACC2, ITMX1,
ITMX2 -

'XL(i): Lower boundary of ith integration varia-
ble.

XU(i): Upper boundary of ith integration varia-
ble.

NDIM: Dimension of the integration (up to 10).

NOCUB: Maximum number of hypercubes (de-
fault and maximum numbers are 6000 and

17000, respectively).

NTRIAL: Number of sampling points per hyper-

cube (default is 2).

ACC1: Required accuracy in the grid defining

step (default value is 0.2%).

ACC2: Required accuracy in the accumulation

step (default value is 0.01%).

ITMX1: Maximum number of iterations in the

grid defining step (default number is 15).
ITMX2: Maximum number of iterations in the

accumulation step (default number is 100).

At least XL(7), XU(i) and NDIM should be given
in the routine USERIN.

There are relations among the dimension of the
integration NDIM, number of hypercubes N_,,.,
number of grids per axis N, and maximum num-
ber of hypercubes NOCUB. The relations are

Table 1
Relation among NDIM, N,, Ny and N,

NDIM N, N, Ny,
1 25 50 25
2 25 50 625
3 18 36 5832
4 8 43 4096
5 5 50 3125
6 4 48 4096
7 3 48 2187
8 2 50 256
9 2 50 512

10 2 50 1024

Nogoe = (N,)"™™ < NOCUB( = 6000) < 17000,
(11)
Ny=Nm<50 and 2<m<25. (12)

The number N, is defined by the largest of those
which satisfy the above relations. Then the actual
number of total sampling points is

Nean = (N,)""™NTRIAL. (13)

[of

The numbers N_,. and N, are automatically
determined according to NDIM and NOCUB.
Table 1 shows these numbers with the default
value 6000 of NOCUB varying NDIM from 1 to
10. The only way to change the number of sam-
pling points N, is to change NTRIAL. The
description of the other labelled commons is given
in appendix F.

4.3. Use of bases

We take the process e*e™ — (Z°) — v¥y as an
example through this article. The physical condi-
tions for the integration are taken to be the same
as those of ref. [2] (the e* e~ center of mass energy
W =105 GeV and the polar angle cut for the final
photon 165° > #vy > 15°), except for the energy
threshold of the photon Ey>1/W GeV.

4.3.1. Preparation for BASES

Before using BASES user should prepare JCL,
main program, user initialization routine USERIN
and integrand function.

JCL and Main program for FACOM machine
at KEK are shown in appendix A. In a file
BASES.LOAD, the load modules of the BASES
package are stored. Input parameters are the loop
control parameters L1 and L2, print option flag
NPRINT, input flag IFLAG described in section
4.1 and CPU time limit CTIME (real number in
unit of minute) of the job. As described in section
4.3.3, the loop parameters and print flag for stan-
dard use are

L1=12=1 and NPRINT=5. (15)

If the integration is not finished in this CPU time,
the job is terminated after all information is saved
in a file @BASES.DATA of the unit number 23.

An example of USERIN is shown in appendix
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B, where labelled commons /BASE1/, /BASE2/
and /KINEM/ are included. In the common
/KINEM/, constants necessary to calculate the
integrand function are stored. The upper half part
of this USERIN is used for setting common
parameters and the lower half for initializing
BASES parameters and histograms. Those BASES
parameters which are not defined in this routine
are set equal to relevant default values. In this
example two histograms and one scatter plot are
defined.

Appendix C shows an example of integrand
function FUNC. After calculating the function,
histogram filling routines XHFILL and DHFILL
are called. It is noted that ID numbers of histo-
grams and scatter plots should coincide with those
of initialization calls.

4.3.2. Output from BASES :

Output from the BASES is printed out on
papers and saved in a disc file. The former output
consists of the following items:

(1) At the beginning of the job, job parameters
are printed out.
* %k %k k % ¥ ¥ % % % * & X *

*
= Input Parameters for this JOB =
* *

E ]
*

I
—

* Current Loop Count
* Maximum Loop Count

I
—

* Print Flag = 5=
* JOB Input Flag = 0 *
« CPU Time Limit =2.000 »
* *

* £ k % % % *k * % % %k ¥ kX % %

When user’s own parameters are printed out in
USERIN, they appear before this list.
(2) Main parameters for BASES are printed out.

% ok & %k X & % Kk %k k % ¥ & X % % %k ¥ * ¥ k Kk &
*  Input Parameters for BASES *
* *
+ NDIM = 2 *
« ITMX1 = 151TMX2 = 50 *
* ACC1 = 0200 ACC2 = 0.500E-01 =
*+ NCALL = 3125 ND = 50 *
* NG = 25 *
* XL(1) = 0.250000E-01 *
« XU@) = 20.0000 *
« XL(2) = -0965926 *
« XU@Q2 = 0.965926 *
* *
#* ok %k % ok k % k %k &k Kk % ¥ Kk x %k ¥ k % * x k ¥

(3) Histogram which shows convergence behavior
of the integration. Its contents are as follows:

IT = Iteration number.

Time = Current CPU time in seconds.

Eff. = Efficiency of the sampling points.
R—-Neg = Percentage of sampling points at

which the function is negative.

Result = Estimate of the integration upto the
current iteration.

St-Dev = Standard deviation upto the current
iteration.

T-Res = Estimate of the current iteration.

T-Acc = Accuracy of the integration for the
current iteration in percentage.

Acc = Accuracy of the integration upto the

current iteration in percentage.

The last value Acc is drawn in the histogram.

(4) Histograms defined by user
In our example two histograms are defined in
USERIN. One of them is shown in the test
run output, where histogram with “ * > mark
is given in linear scale and that with “O”
mark in logaritmic scale.

(5) Scatter plot defined by user
Our example requires one scatter plot, shown
in the test run output. With this plot we can
easily see how singular points are distributed
in the two dimensional plane. To display the
height of the distribution we divide relative
height in each two dimensional bin into ten
grades from 1 to 9 and #*. If a bin has
non-zero positive value but less than grade 1,
we show this bin with “.”. If a bin has zero
value, this bin is blank. If a bin has a negative
value, this bin is indicated by “~”. It should
be noted that the negative value of the in-
tegrand is taken into account for estimate of the
integration. But for the event generation, the
negative value is not allowed.

(6) Print message at the job termination
If the job is terminated by the CPU time limit,
the following message is given:

* # * * * * * CPUTimeout* * * * * *
Next Loop Count = 1
Next Input Flag = 3

When the next job is submitted with the loop
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count 1 and the input flag 3, the integration is
continued further.

If the job is terminated by convergence of
integration or by reaching the maximum itera-
tion number, the following message is printed
out.

* % * x + End of BASES Loop * * * * x *
Max. Loop Count= 1

In each of the grid defining step or the accumu-
lation step, output of the above six items is ob-
tained. If the job is terminated with flag 3, then its
output consists of two sets, one is from the grid
defining step and the other from the accumulation
step. The next job, submitted with the input flag 3,
gives only one set.

4.3.3. Remarks on using BASES
The numerical integration program package

BASES has the following facilities which are use-

ful to integrate a singular function.

(1) Watching remaining CPU time in a job
When we integrate a new function, we do not
know how much CPU time it needs. If a job is
terminated by the CPU limit, no information
can be obtained from the job. This is just a
waste of CPU resource. To avoid this occur-
rence, BASES watches the remaining CPU
time in the job and if it is too short for the
next iteration, all temporary information is
saved on disc. By using this information on
disc, the next job can continue further the
integration.

(2) Histogramming package
BASES has histogramming facilities in itself,
which allows the user to draw 10 histograms
and 10 scatter plots in maximum. The integra-
tion variables should be carefully chosen so as
to converge the integration faster. Normally,
phyical variables can be transformed to rele-
vant integration variables by an appropriate
one-to-one mapping. It may happen that the
mapping is not unique, i.e., an integration
variable corresponds to two or more fold val-
ues of a physical variable. When we want to
take a histogram with respect to such a physi-
cal variable, special care should be taken. For

3

example, if a value x; of an integration varia-
ble x corresponds to two values y; and y, of a
physical variable y, a histogram for the varia-
ble y should be filled by calling XHFILL two
times in the function program. An example is
the following: Let FNX(Y) be a function and
FUNC, the sum of F1 and F2, give the in-
tegrand value. YJACB1 and YJACB2 are
Jacobians.

F1 =FNX(Y1) * YJACB1

CALL XHFILL(ID, Y1, F1)

F2 = FNX(Y2) * YJACB2

CALL XHFILL(ID, Y2, F2)

FUNC=F1+F2

Loop option

As an example, we take the integration of the

cross section for the process e*e™ — (Z°) —

vvy. When we want to know the CM energy

dependence of the cross section, we must in-

tegrate the cross section at several energy

points. The loop option is designed for such a

case.

To use the loop option,

(a) change USERIN: Insert the following
statements into the list of appendix B:

COMMON /LOOP0,/LOOP

REAL * 8 WCM(6)

DATA WCM,/40.0, 60.0, 70.0, 105.0, 150.0,
260.0/

IF(LOOP.LE.0.OR.LOOP.GT.6)STOP

W = WCM(LOOP)

(b) change the loop parameters and print flag
of the input parameters in JCL as follows:

1,6 Current loop count, Max. loop count
1 Print flag
0 Input Job Flag

10.0 CPU time in minutes

(c) submit job: If the job is terminated due to
lack of CPU time, the next loop count and
input flag are given at the end of the job
(see section 4.3.2). When the next job is
submitted with these flags, the integration
can be continued. As the print flag is 1
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Table 2
Definition of the print flag

Print flag What is printed out?

0 nothing

1 only the final result of the integration

2 final result and histograms at the end of the accu-
mulation step '

3 convergence behavior and histograms only for the
accumulation step

4 convergence behavior both for the grid def. and
accum. steps and histograms for the accumulation
step

=35 all

here, the only final results are given as a
table. The meaning of the print flag is
given in table 2.
(4) Scatter plots
By taking scatter plots in various combina-
tions of variables, we can easily see how singu-
lar points distribute in each two variable plane.
It should be noted that if singular points dis-
tribute along a diagonal line on this plane, the
integration will converge very slowly or will not
converge. This is attributed to the integration
algorithm. If this happens, the integration
variables should be changed to avoid such
situation.

5. Program package SPRING
5.1. Flow of the generation job

Fig. 3 shows the flow of the generation job. To
initialize parameters necessary for calculating the
function, the routine USERIN is called at the
beginning of the job, which should be exactly the
same routine as used in BASES, and after that the
routine BSREAD is called to read the results of
BASES. The results of BASES include also histo-
gram data. We call those histograms, which are
created at BASES program, the “original histo-
gram”.

If the user wants to have additional histograms
in this job, one should define them in the routine
SPINIT. To make additional histograms, the user

l Start l

| To initialize, CALL USERIN |

| Read Prob. Dist. from disk file |

‘ To initialize additional
histograms, CALL SPINIT

Choose a hypercube according Koomm e +
to Prob. dist. and set NTRY=0

my:tirm‘{m S *
FGhoose—e—peint in the hypereube—|

Calculate Probability F
at the point by function routine

e < F/Fmax > Random number ? >

No
< NTRY > Max. trial number ? >--—---—- +

Yes +-->- -+

To fill additional histograms.
+-->--| to compute four-vectors and
output them into a file,
CALL. SPEVNT

0K
< Check CPU time & No. of events >—---—-—-—— +

i

[ END |

Fig. 3. Flow of the event generation job.

can use not only the internal histogram package

XH=* = » + and DH=* * * * but also any ex-

ternal histogram packages like HANDYPACK and

HBOOK.

The event generation loop proceeds in the fol-
lowing steps:

(1) A hypercube is chosen by uniform random
number according to the probability distribu-
tion.

(2) A point in a sub-hypercube in the hypercube
is sampled with the density p;.

(3) Probability F(x,,..., xy) is calculated at the
point and its value is compared with F,
max{ F(x,,..., xy)} of the hypercube.

4 If F/F_,, is greater than or equal to a uni-
form random number, this trial is accepted as a
generating event. The routine SPEVNT is called

ax
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to handle the accepted event, which is prepared
by the user. The SPEVNT calculates the four
momentum vector (VECTOR(/)) of generated
particles from kinematical variables and out-
puts them into a file. If additional histograms
are required, they are filled in this routine.
After call of SPEVNT, go to step (6).

(5) If the number of trials is less than the number
defined by the user main program, go to step
2).

(6) If the residual CPU time is enough for next
event generation and the number of generated
events is less than the required one, then go to

Aok ok K

* MAIN
ok ok ok ok
+--- SPMAIN
-—- BSTIME
+~-- CLOCK
skt ook bk ok ko Rk
---+ USERIN *
*  |--- YHINIT =«
*  +--- DHINIT =
shokokk bk bk kb Rk ok ok
-—— BSREAD
okkok ok ko ok
———% SPINIT *
Aotodok ok ook
--~ XHINIT
-—— DRNSET
--— SHRSET
--- SPRING
--- DRN
otk kb b ok oo ok k
—— FXN (= FUNC ) x
*  +-—- XHFILL *
*  +-—— DHFILL «
kbR Ak kR K
+--- SHCLER
--- XHFILL
Hokokok otk
~-——% SPEVNT
ook Aok ok
--— SHUPDT
--- SHCLER
--- SHPLOT
+--— XHRNGE
+--- XHORDR
--- XHSCLE
+--— XHPLOT
+-~— XHRNGE
+--— XHORDR
+-—~ XHSCLE
+--- DHPLOT
ok ek kb ko
+-——+ SPTERM *

Aotk ok fkok

Fig. 4. Program structure of SPRING. The routines marked by
* are to be prepared by user.

(1). Otherwise this job is terminated after cal-

ling SPTERM.

If additional histograms were defined by using
an external histogram package, its printout routine
should be called in the SPTERM.

5.2. Program structure and its components

Program structure of the generation package
SPRING is shown in fig. 4. The program compo-
nents of SPRING, which concern users, are briefly
described in the following. The other components
are listed in appendix F. The routines marked
by ** should be prepared by the user. Several
routines listed below are identical to those in
section 4.2.

MAIN ROUTINE **

The main routine is used for SPRING to know the
name of the user function and the number of
maximum trials for one event generation, which is
prepared by user. An example is shown in appen-
dix D.

SUBROUTINE SPMAIN (FUNC, MXTRY)

Purpose: To control the flow of program package
SPRING.

FUNC =: Name of the user function.

MXTRY =: Maximum number of trials for one
event generation.

SUBROUTINE USERIN **

Purpose: To initialize parameters for user function
and to define the original histograms.

Comment: This routine must be identical with
that used in BASES.

SUBROUTINE SPINIT **

Purpose: To initialize additional histograms.

Comment: If internal histogram package is used,
ID number of these histograms should not be
duplicated with the original histograms. An ex-
ample is shown in appendix E. If an external
histogram package is used, its library file should
be included in JCL.

FUNCTION DRN (Q)
See section 4.2.
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FUNCTION FUNC (X) **
See section 4.2.

SUBROUTINE XHINIT (ID, XMIN, XMAX,
NBIN, TITLE)

Purpose: To initialize an additional histogram by
using the internal histogram package.

Comment: For each additional histogram, this
routine should be called in SPINIT. Descrip-
tion of the arguments is given in section 4.2.

SUBROUTINE DHINIT (ID, XMIN, XMAX,
NXBINM, YMIN, YMAX, NYBIN, TITLE)
Purpose: To initialize an additional scatter plot by

using the internal scatter plot package.
Comment: For each additional scatter plot, this

routine should be called in SPINIT. Descrip-

tion of the arguments is given in section 4.2.

SUBROUTINE XHFILL (ID, X, FX)

Purpose: To fill the IDth histogram.

Comment: For each additional histogram, this
routine should be called in SPEVNT. Descrip-
tion of the arguments is given in section 4.2.

SUBROUTINE DHFILL (ID, X, Y, FX)

Purpose: To fill the IDth scatter plot.

Comment: For each additional scatter plot, this
routine should be called in SPEVNT. Descrip-
tion of the arguments is given in section 4.2.

SUBROUTINE SPEVNT **

Purpose: To calculate four momentum vectors of
generated particles in the event and write them
into a file. If additional histograms or scatter
plots are required, the filling routines should be
called here.

SUBROUTINE SPTERM **
Purpose: To terminate an external histogram
package.

5.3. Use of SPRING

5.3.1. Preparation for SPRING

Before using SPRING the user should prepare
JCL, main program, initialization routines
USERIN and SPINIT, user function, event han-

dling routine SPEVNT and termination routine
SPTERM.

JCL on the FACOM machine and an example
of the main routine are given in appendix D. In
this main routine the maximum trials of one event
generation is set to be 50. In our example, four
momentum vectors of generated events are written
into a file named @NUPAIR.EVENT.DATA.

The routine USERIN and function are already
prepared for BASES and they must not be changed
from those used in BASES. Since we required an
additional histogram of the photon transverse en-
ergy, it is necessary to prepare SPINIT and
SPEVNT. Examples of SPINIT and SPEVNT are
shown in appendix E. In this SPEVNT four
momentum vector of the generated photon is
calculated, because the function is given by the
formula which is already integrated over neutrino’s
phase space. Since we do not use any external
histogram package, the routine SPTERM is just a
dummy.

5.3.2. Output from SPRING
Output from the SPRING is as follows:

(1) Number of generated events

* % K ok Kk k Kk k K k k Kk ok

END OF SPRING
No. of Generated events
100000
Net CPU time for generation
12.507 seconds

GO time
22.077 seconds

*O¥ K X K K X K X K ¥ ¥
* K ¥ K K K K ¥ X X *

* %k ok %k k k sk ok %k Kk 3k %k

The net CPU time indicates the used CPU time
only for the generation, which does not include,
for instance, that for filling and printing histo-
grams.
(2) Original histograms defined in BASES

Our example contains two original histograms.
One of them is shown in the test run output. In
these histograms the distribution of generated
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events are indicated by “0” on the histogram of
BASES result.

(3) Additional histograms from the internal histo-
gram package
We required only one additional histogram in
this example, which is shown also in the test
run output

(4) original and additional scatter plots
The output format for the original and ad-
ditional histograms is identical to that in sec-
tion 4.3.2.

(5) Additional histograms and scatter plots from
an external histogram package
If an external histogram package is used, their
output is printed at this step.

(6) Frequency distribution of trials
A histogram of number of events versus num-
ber of trials to get an event is obtained.

If the frequency distribution has a sharp peak
at the first bin, the generation efficiency is very
high. On the contrary, if it is very broad and the

number of unsuccessful trials (overflow bin) is
large, the generation efficiency is very low. In the
latter case, the grid sizes of subregions were not
well optimized at the grid defining step of BASES.
To improve the efficiency, it is recommended to
submit BASES from the beginning with a larger
number of NTRIAL or ITMX1, or with the smaller
value of ACCI1.
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Appendix A. Example of JCL and MAIN program for BASES on FACOM machine at KEK

// JOB-ID JOB CLASS = §
// EXEC FORTTCLG,

// PARM.FORT =‘OPT(3), S, GOSTMT, NONUM’,
// PARM.LKED =‘NOMAP, NOLIST’
// FORT.SYSIN DD DSN = User-ID. NUPAIR.FORT(MAINB), DISP = SHR
// DD = DSN = User-ID. NUPAIR.FORT(USERIN), DISP = SHR
// DD DSN = User-ID. NUPAIR FORT(USROUT), DISP = SHR
// DD DSN = User-ID. NUPAIR. FORT(FUNC), DISP = SHR
// LKED.SYSLIB DD
// DD DSN = User-ID. BASES.LOAD,DISP = SHR
// GO.SYSIN DD =*

1,1 Current loop count, Max. loop count

5 : Print Flag

0 Input Flag

1.0 CPU time limit in minutes
/S *

// GOFT23F001 DD DSN — User-ID.@BASES.DATA, DISP = (NEW,CATLG),

// SPACE = (TRK,(10,2),RLSE)

If the data set @BASES.DATA exists already, the last DD statement should be replaced by the following

one:

//GO.FT23F001 DD DSN = User-ID.@BASES.DATA,DISP = SHR
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List of main program MAINB:

EXTERNAL FUNC

CALL BSMAIN (FUNC)

STOP
END

Appendix B. Example of the USERIN subprogram
SUBROUTINE USERIN

IMPLICIT REAL * 8 (A—H, 0-Z)
COMMON /BASE1/ XL(10),XU(10),NDIM,NOCUB,NTRIAL
COMMON /BASE2/ ACC1,ACC2,ITMX1,ITMX2

COMMON /KINEM/ W,EM,ZM,ZGAM,CZ,CV,CA,FACTOR XK, COSTH
DATA PI/ 3.1415926D0/, ALP,/137.036D0/
DATA GEVNB/ 0.38927D6/, GENER/ 3.0/

W =105.0
EM =0.511E-3
M =90.0

WM =7897
ZGAM =26

ALPHA=1./ALP
RAD =PI/180.0
SQ =SQRT(ZM * *2-WM * = 2)
CZ =ZM * = 2/(2. * WM * SQ)
CA =05+CZ
CV =2.xCA*(—05+2.%SQ* *2/ZM * *2)
FACTOR = GENER = CZ * %2+ ALPHA * *3/12. + GEVNB

Initialize BASES parameters
COSMIN =15.0

COSMAX = 180.-COSMIN
XKMIN =1./W

XL(1)  =XKMIN

XU1) =05+W

XL(2)  =DCOS(COSMAX * RAD)
XU(@2) =DCOS(COSMIN * RAD)
NDIM =2

NTRIAL =5

ITMX2 =50

ACC2 =0.05
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C Initialize Histograms

CALL XHINIT (1, XL(1),XU(1),40, ‘PHOTON ENERGY")
CALL XHINIT (2, XL(2),XU(2),50, ‘COS(THETA) of PHOTON’)
CALL DHINIT (1, XL(1),XU(1),50, XL(2),XU(2),50,

‘PLOT FOR PHOTON ENERGY - COS(THETA) OFPHOTON")

RETURN
END

Appendix C. Example of the user function program
REAL FUNCTION FUNC * 8(X)

IMPLICIT REAL * 8(A—H, 0-2)
DIMENSION X(10)
COMMON /KINEM /W,EM,ZM,ZGAM,
CZ,CV,CA,FACTOR,XK,COSTH

REZ(S) =S-ZM * *2
Z2S) =(REZ(S)) * *2+ (ZM * ZGAM) * * 2

FUNC =0.

XK =X(1)

S =W W

S1 =W (W-2. » XK)

E =W/2.

PP =SQRT(E » * 2-EM * *2) COSTH = X(2)
D1 = XK = (E + PP » COSTH)

D2 = XK * (E-PP * COSTH)

C...... MATRIX ELEMENT SQUARE STARTS

ANSI =S » * 2« CA* *2+S* 2 *xCV*x x2-2 *S*W=xXKx*xCAx *2-2 %8 =
W XK *CV s x2—-3 xS*CA* *2+*EM=#* x2—-3 S+ CVa* *2xEM=* 242 »
-WaxXK*CA* +2+«EM=#* «2+2 * W« XK *CVax**x2xEM=#* x2)/D1+S1 % (—S *
- * 2% CA% x2S * *2*xCV*+2+10.«S*CA**2+«EM=* x2-2 %S *CV* 2
-*EM * % 2-16. * CA* * 2 * EM * * 4+8 x CV * 2 * EM * * 4) /(2. *x D1 *
-D2)+(—S* #3 %« CA*x *2—-S* x3+CVar x2+2 xS+ x24+Wx*xXK=*CA* *2+2
- xSk x2x Wx XK *CV* +24+2 S * x24+CA* x2*EM=#* *2+2. %S * %2+ CV
-k # 2 « EM* x2-4 S+ W XK*CAx*x *x2+*EM#* *2—4 xS+ Wx* XK *CV* x2
- * DI *D2)— (D2 *S1 * EM* x2) * (CA* *2+CV * x2)/D1 % * 2+ D2 * EM * * 2 *
(—s*CA* *2-S*xCV*x*x2+2 *Wx*XK*Ax**24+2 W= XK=*CV=* x2)/Dl *
-*2+S1*EM* 2« (S*CA* *24+S*xCVx x2—-8 *xCA+**x2+EM=* *2+4 +CV
-x * 2+ EM * x2) /(2. « Dl * * 2)+S*EM * * 2 % (S*CA* *2+S*CV* x2—-2 W
-x XK * CA * x2-2. W x XK * CV * * 2) /(2. » D1 * * 2)
TAU=—(D1 *S1) * (CA * *2+CV* x2)/D2+D1 * (—S* CA* *2—-S» CV % % 2+2,
<% W XK «+ CA*x2+2. W+ XK * CVx*2+2 x CAx*x2 « EM* x2+2 % CV * *
“2+EM * *2)/D2— (D1 * S1 * EM * % 2) * (CA * * 2+ CV * x 2)/D2 * * 2+ D1 x EM
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- x2x (=S *CA*x *2-S*+CVa* 242 *+ W% XK=*CAx*x *x24+2 W XK=*CV *x x
-2)/D2 x 244 x EM * 2 %« (CA* *24+CV x *x 2)4+S1 x (S* CA* *2+S * CV x =
c2=3.*CA* *2+EM»* *»2-3 +CV*+2+EM=**2)/D2+(S* 2+ CA=* x2+85 =
- *x2xCVx 22 xS *WxxXK*xCA**2-2 *S«*Wx*xXK*xCVx*«x2-3 *Sx*CA
-k x 2 x EM* +2-3 S« CV* 2+ EM=* x2+2 W=+ XK x*CA=* +2 % EM=* *
2242+ W XK *CVx x2«EM=* x2)/D2+S1 + EM * « 2 % (S* CA *x *2+8S x CV
- % 2—8. x Ca*x*2 * EM*x24+4 « CV*xx2 » EM#* x2)/(2. * D2+ *2)+S * EM * * 2
- (S*CA*x224+S *CVxx2—-2 W x XK * CAx*2—-2 %« WxXK*CV=* *2)/(2 *
-D2 % % 2)— (D2 * S1) * (CA* *2+CV * +2)/D14+D2 % (=S * CA*x *2—-S % CV *
2242+ W XK+ CA* 242 « W+ XK *xCVax*x %242 «CAx**2+xEM=**2+2
-CVx + 2+« EM=»* x2)/D1+S1 * (S*CA * *2+S*CV x x2-3 % CA=x*x *2xEM *
-2=3. % CV % 2 x EM * = 2)/D1 + ANS1

* ¥ *

DSDX = -FACTOR * TAU * XK /(E *Z2(S1))
FUNC = DSDX/E

CALL XHFILL(1,XK,DSDX)

CALL XHFILL(2,COSTH,DSDX)

CALL DHFILL(1,XK,COSTH,DSDX)

RETURN
END

Appendix D. Example of JCL and MAIN program for SPRING on FACOM machine at KEK

// JOB-ID JOB CLASS = S
// EXEC FORTTCLG,

//
//
//

/7
/7
/7

PARM.FORT =‘OPT(3),5S,GOSTMT,NONUM’,

PARM.LKED =‘NOMAPNOLIST’

FORT.SYSIN DD DSN = User-ID. NUPAIR.FORT(MAINS),DISP = SHR
DD DSN = User-ID. NUPAIR.FORT(USERIN),DISP = SHR
DD DSN = User-ID. NUPAIR. FORT(FUNC),DISP = SHR
DD DSN = User-1D. NUPAIR.FORT(SPINIT),DISP = SHR
DD DSN = User-1D. NUPAIR.FORT(SPEVNT,DISP = SHR
DD DSN = User-ID. NUPAIR. FORT(SPTERM),DISP = SHR

LKED.SYSLIB DD
DD DSN = User-ID. BASES.LOAD,DISP = SHR

GO.SYSIN DD =

100000 Number of generating events

1.0 CPU time limit in minutes

*

GO.FT23F001 DD DSN = User-1D. @BASES.DATA,DISP = SHR

GO.FT20F001 DD DSN = User-ID.@NUPAIR . EVENT.DATA, DISP = SHR

List of main program MAINS:

EXTERNAL FUNC
MXTRY = 50
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CALL SPMAIN(FUNC, MXTRY)
STOP
END
Appendix E. Example of SPINIT and SPEVNT
SUBROUTINE SPINIT
CALL XHINIT(5, 0.0, 4.0D1, 40,
‘PHOTON TRANSVERSE ENERGY")

RETURN
END

SUBROUTINE SPEVNT

IMPLICIT REAL = 8§ (A-H, 0-Z)
REAL * 4 VECTOR(4)

COMMON /KINEM /W EM,ZM,ZGAM,CZ, CV,CA,FACTOR XK ,COSTH

DATA TWOPI, ONE/ 6.2831853D0, 1.0/

PHI =TWOPI * DRN(IDUM)

SINPH =SIN(PHI)

COSPH = COS(PHI)

VXY =XK * SQRT(1.0-COSTH * COSTH)

VECTOR(1) =VXY » COSPH
VECTOR(2) = VXY * SINPH
VECTOR(3) =XK * COSTH
VECTOR(4) =XK

WRITE(20) VECTOR
CALL XHFILL(5, VXY, ONE)

RETURN
END

Appendix F. Descriptions of program components
and labelled commons of BASES and SPRING

SUBROUTINE BSTIME (TIME,IFLG)

Purpose: Interface routine to get used CPU time
from FORTRAN Library routine CLOCK, etc.

Comment: We use FORTRAN library routine
CLOCK for this purpose. This routine should
be replaced by a relevant routine in other sys-
tem. (Used by BASES and SPRING.)

TIME=: Used CPU time in second.
IFLG=: Input flag. If IFLG =0, initialize clock
routine, otherwise return the used time.

SUBROUTINE BSUSRI

Purpose: To check the BASES parameters given
by USERIN.

Comment: In this routine USERIN is called. (Used
by BASES)
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SUBROUTINE BSREAD

Purpose: To read parameters for BASES and tem-
porary results of the previous job from unit
number 23.

Comment: This routine is called after USERIN
when IFLAG=>0. (Used by BASES and
SPRING.)

SUBROUTINE BASES (FXN)

Purpose: To integrate the user function FXN and
to control the integration.

FXN=: User function name.

SUBROUTINE BSINIT

Purpose: To initialize BASES program only for
the case of IFLAG=0.

Comment: In this routine, the numbers of hyper-
cubes and small-hypercubes are defined and
the uniform grid for them is assumed. (Used by
BASES.)

FUNCTION DRN (IQ)

Purpose: To get double precision uniform random
number.

IQ=: Dummy argument.

SUBROUTINE DRNSET (X1, X2)
Purpose: To set seeds of random number.
X1, X2=: Seeds of random number.

SUBROUTINE DRNSAYV (X1, X2)
Purpose: To get current seeds of random number.
X1, X2=: Seeds of random number.

SUBROUTINE BSGDEF

Purpose: To adjust the grid for the next iteration
according to the current distribution obtained
by the previous iteration.

Comment: This routine is called only in the grid
defining step. (Used by BASES.)

SUBROUTINE BSWRIT

Purpose: To write parameters for BASES and
temporary results onto a file of unit number 23.

Comment: This routine is always called before
terminating the job. (Used by BASES))

SUBROUTINE BHINIT
Purpose: To reset the histogram and the plot.

Comment: This routine is used only for use of the
loop option.

SUBROUTINE BHRSET
Purpose: To reset data of the histogram and plot.
Comment: This routine is used only once before

starting the accumulation step. (Used by
BASES.)

SUBROUTINE BHUPDT (WGHT)

Purpose: To update the contents of histograms
and plots.

Comment: The routines XHFILL and DHFILL
identify the bin to be updated. This routine
updates the content of the bin with the weight
of F x WGHT. (Used by BASES.)

WGHT=: Inverse of the probability for selecting
the sub-hypercube.

SUBROUTINE BHPLOT

Purpose: Interface routine to print histograms and
scatter plots, where routines XHPLOT and
DHPLOT are called. (Used by BASES.)

SUBROUTINE SPRING (FXN, MXTRY,
NTRY)

Purpose: To generate the event (SPRING).

FXN =: Name of the user function.

MXTRY =: Maximum number of trials defined
by main routine.

NTRY =: Number of trials for generating the
current event.

SUBROUTINE SHRSET

Purpose: To reset the data of histograms and plots

Comment: This routine is called only once before
starting the event generation (SPRING).

SUBROUTINE SHCLER

Purpose: To cancel the update of histograms and
plots in case where the trial was not accepted as
an event.

Comment: This routine is called prior to call
SHUPDT, when the trial is rejected. (Used by
SPRING).

SUBROUTINE SHUPDT
Purpose: To update the contents of histograms
and plots.
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Comment: The routines XHFLL and DHFILL
identify the bin to be updated. This routine
update the content of the bin with unit weight
(SPRING).

SUBROUTINE SHPLOT

Purpose: To print histograms and scatter plots
defined by XHINIT and DHINIT, respec-
tively.

Comment: For a histogram, there are two types of
outputs, one is for the original histogram and
the other is for the additional one. For the
original histogram, the generated events is
shown with “O” mark on the histogram of
BASES result to make comparison easy. For
the additional histograms, the generated results
are shown both in linear and logarithmic scales.
(SPRING).

SUBROUTINE XHPLOT (IFLG, ID)

Purpose: To print histograms defined by XHINIT.
(Used by BASES SPRING.)

IFLG=: Flag which indicates whether it is called
by BASES or SPRING.

ID =: Histogram ID number.

SUBROUTINE DHPLOT
Purpose: To print scatter plots defined by
DHINIT. (Used by BASES SPRING.)

COMMON /BASED /SETIME,UTIME,
IFLAG,NPRINT

SETIME=: CPU time set by user, converted into
second unit.

UTIME=: Used CPU time in second.

IFLAG=: Job input flag described in section 4.1.

NPRINT =: Print flag.

COMMON /BASE1 /XL(10),XU(10),NDIM,
NOCUB,NTRIAL
Description of parameters is given in section 4.2,

COMMON /BASE2 /ACC1,ACC2,ITMX1,
ITMX2
Description of parameters is given in section 4.2.

COMMON /BASE3 /SI,S12,SWGT,SCHI,
SCALLS,ATACCNSULIT

SILSI2Z.SWGT,SCHI=: Parameters by which
cumulative estimate of the integration is calcu-
lated.

SCALLS=: Total number of sampling points.

ATACC=: Accuracy of the previous iteration.

NSU=: Number of iterations whose accuracies
are within 5% of ATACC.

IT=: Current iteration number.

COMMON /BASE4 /X1(50, 10),DX(10),
XD(17000),DXP(17000),ND,NG,NPG,MA(10)

XI(50, 10)=: Sampling intervals of sub-regions
along each variable axis.
DX(10)=: Differences between the lower and up-
per limits of the integration for each variable.
DXD(i)=: Storage area for average probabilities.
DXP(i)=: Storage area for maximum probabili-
ties.

ND=: Number of subregions.

NG=: Number of regions.

MA(10)=: Parameters by which mapping betwen
hypercubes and addresses of storage area
DXD(i) and DXP(i) is done.

COMMON /BASES5 /TIME(100), EFF(100),
WRONG(100),RESLT(100),ACST(100),
TRSLT(100), TSTD(100),PCNT(100)

Labelled common /BASES/ is for saving the
convergence behavior from the beginning of the
step either grid defining or accumulation.

TIME(i)=: Used CPU time up to the ith itera-
tion.

EFF(i)=: Efficiency (=number of points used for
estimate/ total sampling points) for ith itera-
tion in percentage.

WRONG(i) =: Percentage of getting negative in-
tegrand function.

RESLT(i)=: Cumulative result of the integration
at the /ith iteration.

ACST(i)=: Accuracy of the cumulative result.

TRSLT(7) =: Result only from the ith iteration.

TSTD(i)=: Accuracy of TRSLT(}).

PCNT(i)=: Accuracy of the cumulative result in
percentage.

COMMON /BASES6 /D(50, 10)
D(50, 10) = Distribution of FUNC * * 2, pro-
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jected along each variable axis, by which new
subregion sizes are determined in BSGDEF.

COMMON /RANDOM /X1,X2
X1,X2 =: Random number seeds.

COMMON /BSRSLT /AVGI,SD,CHI2A,STIME,
ITF

Labelled common /BSRSLT/ is prepared for giv-
ing the result to user’s routine USROUT. This
routine is called at the end of the accumulation
step only if the print flag is set equal to zero.

AVGI=: Final result of the integration.

SD =: Standard deviation.

CHI2A =: Chi-square per iteration.

STIME =: Used CPU time.

ITF = Number of iterations performed.

COMMON /LOOP0/LOOPC

Labelled common /LOOPO/ is prepared for
giving the current loop number to the routine
USERIN.
LOOPC =: Current loop number.

COMMON /LOOP1/ LOOP,MXILOOP
Labelled common /LOOP1/ is for saving the
current and the maximum loop numbers in disk
file. The reason why we have two commons
/LOOP0Q/ and /LOOP1/ for the loop count is to
protect MXLOOP from accidental change by user.
LOOP =: Current loop number.
MXLOOP = Maximum loop number.

CHARACTER =* 64 TEXT,TITL
COMMON /PLOTO/ TEXT(10), TITL(10)
TEXT(i) =: Title of the ith histogram.
TITL(i) = Title of the ith scatter plot.

COMMON /PLOT1/ NHIST,

MAPP(10),IFBASE(10), MHIST, MAPD(10)

NHIST = Number of histograms defined.

MAPP(i) = Correspondence table between serial
number i and histogram ID number, i.e., ID =
MAPP().

IFBASE(i) = Flag which indicates whether the
ith histogram is defined for BASES or not. If it
is defined in BASES, a special histogram is
obtained for comparison between BASES and
SPRING at the end of SPRING.

MHIST =: Number of scatter plots defined.

MAPD(i) =: Correspondence table between serial
number i/ and scatter plot ID number, i.e.,
ID = MAPD()).

COMMON /PLOT2/ XLMAX(10),

XLMIN(10),NOBIN(10),DLS(10)

XLMAX(iy=: Upper limit for the ith histogram.

XLMIN(i)=: Lower limit for the ith histogram.

NOBIN(/) =: Number of bins for the ith histo-
gram.

DLS(i)=: Size of one bin of the ith histogram.

COMMON /PLOT3/ NPNT(10),

NXPNT(52, 10),XLS(52, 10)

NPNT(i) =t Number of total sampling points for
the ith histogram.

NXPNT(, i)= Number of sampling points for
the jth bin for the ith histogram.

XLS(j, i)=: Distribution of the ith histogram.

COMMON /PLOT4,/ XDMAX(10),XDMIN(10),
MXBIN(10),DXS(10), YDMAX(10),Y DMIN(10),

MYBIN(10),DYS(10)
XDMAX(i) =: Upper limit of X for the i th scatter
plot.

XDMMIN(i)=: Lower limit of X for the i/th
scatter plot.

YDMAX(i) =: Upper limit of Y for the 7th scatter
plot.

YDMIN(:) = Lower limit of Y for the ith scatter
plot.

MXBIN(i) =: Number of bins of X for the ith
scatter plot.

MYBIN(i) =: Number of bins of Y for the ith
scatter plot.

DXS(i) = Size of X bin of the ith scatter plot.

DYS(i)=: Size of Y bin of the i/th scatter plot.

COMMON /PLOTS/ MPNT(10),

XYDST(50, 50, 10)

MPNT(i) = Number of sampling points for the
ith scatter plot.

XYDST(k, j, i) = Distribution of the ith scatter
plots.

COMMON /PLOT6/ NOX(10),NTAG(5, 10),
XFX(5, 10),NOD(10),MXTAG(5, 10),MYTAG-
(5, 10),DFX(5, 10)
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NOX(i)=: Flag which indicates whether the ith
histogram is to be filled. If NOX(i) is zero, no
XHFILL was called. If NOX(i) is positive and
less than 6, XHFILL was called NOX(i) times.

NTAG(, i)=: The bin number, which is to be
updated by the weight XFX(, i), of the ith
histogram.

XFX(j, i)=: The weight of the jth calis of
XHFILL for the ith histogram.

NOD(i) =: Flag which indicates whether the ith
plot is to be filled. If NOD(i) is zero, no
DHFILL was called. If NOD(i) is positive and
less than 6, DHFILL was called NOD(/) times.

MXTAGT(j, i) =t The bin number of X, which is
to be updated by the weight DFX( j, i), of the
ith plot.

MYTAGC(/, i) =t The bin number of Y, which is
to be updated by the weight DFX(/, i), of the
ith plot.

DFX(j, i)=: The weight of the jth calls of
DHFILL for the ith histogram.
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Scat_Plot (ID = 1 ) for PLOT FOR PHOTON ENERGY (GEV) - COS(THETA) OF PHOTON
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