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COMPARATIVE ANALYSIS OF THE COMPUTING
OPPORTUNITIES OF THE OPTIMIZATION PROCEDURES FOR
DIFFERENT MATHEMATICAL PROCESSORS ON THE
PROBLEMS OF THE SPLITTING MIXTURES OF
PROBABILISTIC DISTRIBUTIONS

Tuluchenko H., Starun N., Malomuzh T.

In this paper, we compare the computing opportunities of
optimization procedures for the package Optimization of the Maple
mathematical processor, the package Direct Search, which is compatible
with the MP Maple, and package Search of Solutions from the table
processor Excel for the problems solving of the splitting of mixtures from
normal and log-normal probability distributions. The test cases show the
advantages of the procedures for the Direct Search package.

Keywords: mixture of probability distributions, optimization,
Maple, Direct Search package.

Formulation of the problem. When describing heterogeneous data it
Is expedient to use mixtures of probabilistic distributions as mathematical
models. Often, for estimating the parameters of the distribution of the
mixture, use the method of maximum likelihood, which is to find the global
maximum of the objective function of likelihood. Formal solution to this
problem can be used as standard optimization methods, so problem-
oriented EM-algorithm. The complexity of the problem lies in the fact that
In the general case the likelihood function has many local maxima. Because
of this, known standard methods of optimization and EM-algorithm in real-
world tasks are not sufficiently effective.

Analysis of basic research and publications. An overview of the
methods of splitting mixtures of probabilistic distributions is given, for
example, in a monograph [2]. The capabilities of the Direct Search package
for resolving the nonlinear conditional optimization problems described in
[1]. The DirectSearch package is compatible with Maple Computer
Mathematics.

Formulating the goals of the article. Show the benefits of using the
Search Search package of Direct Search when solving the problems of
splitting the mixtures of logarithmically normal probabilistic distributions
in comparison with other procedures of modern optimization packages.

Main part. Let the investigated random variable X have an empirical
distribution, which is shown in Fig. 1. Sample volume N =175.
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Fig. 1. Histogram of empirical absolute frequencies

From Fig. 1 it is obvious that the investigated distribution law is a
mixture of three logarithmically normal distribution laws:

X<0

x>0’ (@)

Inx—a-(i,
F0=1 3 1 (inx-aj)

j——" 2
where w; — specific weight j-th components in the mixture; w;=>0,

3 _
_Z wj =1 j=13;
j=1
a;— mathematical hope;

o j —Mmean square deviation.

The effectiveness of procedures from different mathematical
packages will be compared when solving two optimization problems with
target functions:

logarithm of maximum likelihood function:

InL=_ZS:In( Xjif(x)de:max, (2)

=1 \xi—1
observed value of the Pearson criterion:

e
=> = min,

l =
i n imeop (3)

where s — number of partial intervals; nf*", n/"” — absolute experimental
and theoretical frequencies respectively; xq = —0; xg = +o0; .

When solving problems (2) and (3) we use the initial approximations
from the Table 1 and restrictions:
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oj =0 wj=0, Ele Li=t (4)
Table 1
Initial approximations for distribution mix parameters (1)
J aj Ij w;
1 2,9 0,7 0,40
2 3,6 0,5 0,45
3 4,0 1 0,15

To solve the described optimization problems we use:

1) conjugate gradient method (MSG), which is part of the Excel
Processor Tablet Decision Solution Package;

2) the NLPSolve function, which is part of the Optimization
package of the Maple Mathematical Processor, and implements
a number of methods that are focused on solving nonlinear
conditional optimization problems;

3) the Search function, which is part of the Direct Search package,
and is focused on locating an extremum for a nonlinear
conditional optimization problem with given search point origin
coordinates;

4)  GlobalSearch, which is part of the Direct Search package, and is
focused on finding a global extremum for a nonlinear
conditional optimization problem without assigning an initial
search point.

The method of conjugate gradients will be implemented with the
parameters: estimates - quadratic; differences - central; All other settings
are the default.

Conclusions In the test cases, the complexity of the target functions
(2) and (3) exceeded the capabilities of the GlobalSearch procedure and the
conditional global extremum for them was never found.

In tasks with the target function (2), the procedures NLPSolve and
Search resulted in the same solution, which provided a more accurate
approximation of the empirical distribution than the solution obtained by
the conjugate gradient method in Excel.

In problems with the objective function (3), all investigated
procedures led to different solutions. The solution obtained with the Search
procedure provided the best accuracy of the empirical distribution
approximation (Fig. 2).
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Table 2
Optimal values of the parameters of the mixture of distributions (1)

Function a as as o1 I o3 wp | W w3

Target function - logarithm of maximum likelihood function (2)

MSG

2,631 | 3,801 | 3,962 | 0,950 | 0,317 | 1,010 | 0,46 | 0,54 | 0,00
(Excel)

Maple | 2,260 | 3,468 | 4,000 | 0,976 | 0,423 | 0,155 | 0,296 | 0,438 | 0,266

Target function - observed value of Pearson criterion (3)

MSG 15 903 (3,797 | 3,958 | 0,749 | 0.250 | 0,978 | 0,41 | 0,59 | 0,00
(Excel)
N(k,lpjp‘}ge 2,329 | 2,000 | 3,781 | 0,763 | 0,266 | 0,223 | 0,14 | 0,71 | 0,15
Search
(i) | 2:984 3,693 | 4,069 | 0,778 { 0,169 | 0,062 | 0,46 | 0,40 | 0,14
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Fig. 2. A combined histogram of absolute empirical and theoretical
frequencies
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CPABHUTEJILHBINA AHAJIN3 BBIYNCJIUTEJBHBIX
BO3MOXHOCTEM IMPOLEJAYP OIITUMU3AIINA PA3SHBIX
MATEMATHYECKHX ITPOIECCOPOB HA 3AJJAYAX
PACHIEIVIEHUSI CMECEX BEPOSITHOCTHBIX
PACHPEJEJIEHUN

Tynyuenko I'.., Crapyn H.B., Manomyx T.B.

B pabome cpasnusaromcs evluucaumenvHovle 60IMOICHOCHU
npouedyp onmumuzayuu naxema Optimization mamemamuueckozo
npoueccopa Maple, nakema Direct Search, coemecmumozo ¢ MIT Maple,
u naxema Ilouck pewenunt maéoauunozo npoueccopa EXxcel npu
peuienuu 3a0au pacuienienus cmecell HOPMAabHLIX U J102apudmuiecKu
HOPMAIbHBIX ~ 8EPOAMHOCMHBIX  pacnpedenenui. Ha mecmogvix
npumepax nokazamnvl npeumyuwiecmea npouedyp naxkema Direct Search.

Kniouesvie cnosa: cmecv 6eposAmMHOCHMHBLIX — pacnpedeneHult,
onmumuzayusn, Maple, naxem Direct Search.

MOPIBHSIJILHUN AHAJII3 OBYUCJIIOBAJILHIX
MOJKJIMBOCTEM MPOLEYP ONITUMI3ALII PI3HUX
MATEMATHYHMX TPOLIECOPIB HA 3AJJAYAX
PO3IIENJIEHHS CYMIIEN HMOBIPHICHUX PO3ITO/ILIIB

Tynyuenko I'.4., Crapyn H.B., Manomyx T.B.

Y pooomi nopienwemovca oduucniosanvhi moxcaueocmi npoueoyp
onmumizauii nakemy Optimization mamemamuunoz2o npoyecopy Maple,
naxemy Direct Search, axuit cymicnuii i3 MII Maple ma nakemy Ilouwyx
po3e'azkie maoauunozo npouyecopy Excel npu poze’azanni 3adau
PO3uienyieHHa cymiuieil HOPMAAbHUX mMa 102apPUPMIUHO HOPMATbHUX
umogipnicHux poznooinie. Ha mecmoeux npuxkinaoax noxka3aui nepesazu
npouyedyp naxkemy Direct Search.

Knwuosi cnosa: cymiw iimosipuicHux po3nooinie, onmumizayis,
Maple, nakem Direct Search.



