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Mporpamma gns BHYMCHEHMA BepOATHOCTEN
B oBobueHHOM ypHOBON cxeme

Hamucana nporpamma Ha Assike GOPTPAH-L ANA BHUYMCAEHUA
rpoMo3pkux popMyn ofobueHHol ypHoBOR cxems. C ee MOMOLLb IO
NONy4alTca COOTBETCTBYOWME BEPOATHOCTH ANA 33aHHX NapamMeT-
poOB Mogenu. lpakTuueckoe npumMereHue NPOFPaMMsl OrpaHKuYeHo
TpeboBaHMeM MawvHHOro BDEMEHM , KOTOPOE MPH onpegeneHHuX
SHAYEHWAX NapaMeTpoB CWALHO Boapacraert. lporpamma HanMcada
AMA pacyeToB ¢ Makcumymom 10 ysetamu u 30 BubOpamMu W3 ypHo-
Boro "aumka''. ilpuBegeH wANKCTPayYrOHHDIN npuMep pacueTta ¢
2 uBetamm 1 10 sulGopamu,

- PaboTa eunonHena B NaBGopatopun TeopeTuueckor Prankn
OuAU.

Coobwenne QGbenuHeHHOro RHCTHTYTa SOEDHBIX HCCHeROBaHWM. Dy6ua 1979

BEtdk E. Ell - 12817

Program for Probabilities Calculation Within
the Generalized Urn Model

A FORTRAN-4 program is written for evaluation of te-
dious formulae of the generalized urn model. |t yields the
corresponding probabilities for given values of the model
parameters. The practical use of the program is limited
by the required machine time, which grows seriously for
some sets of parameters. The program is written for calcu-
lations with maximally 10 colours and 30 draws from the urn.
A sample calculation with 2 colours and 10 draws }s presen-
ted for an illustration.

The investigation has been performed at the
Laboratory of Theoretical Physics, JINR.

Communication of the Joint Institute for Nucleor Research. Dubne 1979
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1. INTRODUCTION Thirty years ago, Friedman 1’
developed the so-called urn mo-
del, which is capable to describe

a wide group of probability distributions with possible
physical interpretations. Some commonly used distributions
{like binomal, Poisson's and Pclya's ones) can be -Obtained
as special cases within such a model (see ref. 2/ for de-
tailes). Friedman's model has been recently generalized
and discussed by Blazek /. The urn model can be presented
as follows: Let us consider a "box", filled with a set of
objects (like nuclecons, quarks, etc.}, commonly referred
to as balls throughout this paper. These balls are not
identical, but they differ by some property, say colour.
There are ! colours, and a; balls ((j =1,2,...,F ) of each
kind closed in the box. A ball of the f-th colour is drawn
at random and put back. Then lcg}j=q,. r new balls are ad-

ded into the box, all the balls are mixed together and

a next draw may occur. We are interested in the probability
PYila},fch, £, 1] that the ball of the f-th colouxr is drawn
just K times in total of N draws (0 <K <N, N>1). This pro-
bability is 2/
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where the set of integers TdiS given by

{rg) =r ) =K {2)

To ‘min T Tgmy’ o ‘max
for = 1,2,..., N~ K, and the symbol X’ means summation
over i from 1 to T,

For calculations of expressicns (1)} a computer program
has been written. This paper gives the program listing and
its description.

2. BASIC CHARACTERISTICS The program is written in
OF THE PROGRAM FORTRAN-4 ¥/ and runs suc-
cessfully at SIEMENS 4004
at Bratislawva and CDC 6500
at Dubna. Here the CDC version is presented. Calculations
at computers with lower precision (32 bit machines, like
EC, IBM and SIEMENS) require the use of double precision.
Also at 48 bit machines the double precision is suitable.
The program is very modest in memory; but the time require-
ments can grow tremendously for more colours and/or large
N. The program is limited to I £10, N <30; but these
limits can easily be changed by simple adjusting the dimen-
sions of the arrays. The sample run for two distributions
with I =2, N=10 (K running from O te 10), and the [ fun-
ction values produced by the subroutine GAMMA from ref. /4/,
needs 4 secondscompilation and 106 seconds execution time
at CbC 6500 (the degree of optimalization OPT =1).

3. NOQTATION, INPUT "Notation throughout the pro-
AND OQUTPUT gram basically follows that
of formulae (1) and (2}. All
, the important variables are
placed into the (unlabelled) COMMON block. Most of the
notations are self-explanatory; the remaining ones are:

IJ Array of the subscripts 5] 1‘ in the multiple sum-
mation of (la);

IT Array lIr, i

IF,IR Denoted as f and r within the formulae;

IND Control variable. See the description of QQQ and
XOW below. :



QQQ,XOW Limits in overflow control for the I' function.
If the argument of the I function is larger than
QQQ or cleoser to negative integer than XQW, the
calculation is interrupted and the control variable
IND is set equal to 1 and the corresponding value
of P¥ is not produced. The values of XQW and QQQ
are preset in the program listing to 0.000001 and
100.0, respectively.

J1, J2 J3 Some values of subscripts which are to be transfer—
red from one subroutine to another. :

Input is formed of four cards for one parameter get:

Card No.1 IR, IF Dimension r and the selected colour f
for the calculation. IR.LE.Q causes
the stop of the program.

Card No.2Z N,IKK N is the number of draws, and the
calculation is Sone for all values of
K from IKK(1) to IKK(3) with the step

IKK(2).
Card No.3 AL Initial numbers of balls.
Card No.4 ¢ Array of c-coefficients.

Any desired number of card sets can be combined within the
single program run.

Output starts by stating which values XOW and QRQ are used
through the calculation. Then the input variables are prin-
ted in two groups. The first one repeats the values from
the input cards Nos. 1,2 and 4 {in the same order); the
second one contains the values of N and K . To each com-
bination of parameters the resulting value of P%:is prin-
ted just after the corresponding K value. For K = N, also
the sum %{PE is given,

4. PROGRAM UNITS The program is splitted into
a number of subroutines. The
main program reads in the input
data, calls the subroutine GAMA2 and finally prints the re-
sults.

Subroutine GAMAZ evaluates the first line of the r.h.s.
of (1). The rest of calculation is done by subroutine
GENER.

Subroutine GENER prepares the multiple summation in the
second line of the r.h.s. of (1). Then it gives the control
to subroutine MASTER.

Subroutine MASTER evaluates the factor on the second line
of the r.h.s. of eq. (1).
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The tandem of subroutines GENSUM and SUMM calculates the
rest of the r.h.s. expression in eq. (1).

Two little subroutines ORDER and ORDER1 are self-expla-
natory from their listings.

The last subroutine presented in the listing is GAMAC.
It calculates the (complex) value GF of the logarithm of
the I' function of the parameter X. This is preferred to the
values of I' function, as the logarithms can {sometimes)
overcome the limited range of numbers within the computers,
especially for IBM- like machines. The values are supplied
here by the function GAMMA from refuﬂf, where the reader
is referred to.

The program listing is given in the appendix.

5. TEST RUN INPUT As all the input values are
AND OUTPUT repeated as a part of the out-
put, only a copy of the latter
is represented.

The author is indebted to Dr. M.Blazek for peinting out
this theme.
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