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TOMASZ GARBULINSKI *

ON THE USE OF SOME APPROXIMATION METHODS
IN MDRS SYSTEM OF WATER POLLUTION CONTROL

Various distribution functions of measurable parameters need different methods
of their approximation to make approximation error as low as posible. This statement
holds, particularly when looking for the efficient methods for approximation of the
values of concentration as a function of flow. The author presents several approximation
methods applied in MDRS system.

1. INTRODUCTION

The ability of electronic computers to supply reliable information depends,
to a high degree, on the methods used in the information processing and on
the selection of appropriate algorithms for information exchange.

The Matrix Description of River Structure (shortly MDRS system), as
a system of water resourses management and control, contains in its software
package some approximation procedures. One of the tasks done by this package
is to give the analytical forms of the curves for the values of measurable para-
meters obtained in the given cross-section located on the catchment area of
the Bobr river. This problem consists in finding an analytical form of concentra-
tion as a function of flow. In the MDRS system thirteen kinds of parameters
having different distribution functions are analysed, therefore finding of one
optimal approximation method for all the parametres is a much complex
problem.

This was the reason for selecting by the designer of MDRS system several
approximation procedures not often used in practical applications. The re-
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sulting approximation module contains (besides standard procedures) five
special procedures and program controlling the choice of the procedure which
is most appropriate to a kind of distribution of the concentration values. Three

. of those special procedures are presented below.

2. PADE’S METHOD OF APPROXIMATION

Padé’s method of approximation is one of the most powerful methods
of rational approximation. It can be presented as follows:
Let
f(@)~ay+ o+ ax®4-..., + =0

be a power series, f(z) being a concentration of physicochemical parameter
where 2z denotes flow. Then, it is possible to determine polynomials p, (») and
¢, () such that
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equals always 1.

If there exists the rational fraction, it is unique and is called Padé approxi-
mation of order (n, m).

If we use polynomials, we cannot guarantee good approximations for in-
finite intervals. In these cases we perform the approximation by reducing,
ag far as possible, the leading term in

gm(w) f(ﬁ) _pn(m) 2

Based on the approximation errors it may be stated that the rational ap-
proximation is in general not better than the polynomial ones. The experience
gained in MDRS system seems to show, however, that in cases of some functions
(completely smooth), the efficiency of rational approximation is higher than
that of polynomial approximation.

3. APPLICATION OF THE ORTHONORMAL FRANKLIN SYSTEM

Neglecting the details of the basis construction in the Franklin system,
we can define the following system of functions {g,}n_;:
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For this system each function fe 4 (4 is the space of analytic functions)
has a convergent expansion:
f = Za’ngn'
n=1

Data processing in the MDRS system have shown that in some cases the
application of the orthonormal Franklin system is more efficient (smaller ap-
proximation error).

4. PARAMETRIC APPROXIMATION OF CONVEX FUNCTIONS

Since most of the concentration functions processed in the MDRS system
are convex, a special class of approximation methods for convex functions
must be applied. The general idea of parametric approximation is given below.

P, — denotes the set of all algebraic polynomials of order smaller than
or equal to n. We define the set P, :

~{p/_pEPﬁl7_p( )=0,ze€a, bl, p(a a) =a,p(b h—b}

Then, for every function f continuous in the interval [a, b]1 we may obtain
the best unique parametric approximation E,, .(f) of order (m, n) for the func-
tion f, and

Em,n (f) = inf inf max ff(]’ (x)) - Q(x)l .
peﬁm qeP,  ze[ab)

In some cases this method is better, in the sense of approximation error,
than that of polynomial or rational approximation.

Results obtained should be subject to statistical analysis. Statistical methods
for analysis of results are characterized by accuracy and precision. Deviation
of approximated values from the real ones can be presented in form of random
or systematic error. Random error is present in every measurement and is
characterized by the dispersion of deviation from the real value described by
normal distribution. The standard deviation has been largely used as a mea-
sure of precision. This should give a reliable estimate sinee it is an essential
parameter of the theoretical distribution of error.

From statistical point of view the approximation methods shown above
“work” properly in MDRS system.

REFERENCES

[1] CiESIBELSKI Z., Approximation and funetion spaces, PWN, 1981.

[2] GarBULINSKI T., M DRS-Water Pollution Control System (in press).

[3] HILDEBRAND F. N., Introduction to numerical analysis, New York 1956.

[4] “\IAEHLY H. J., Methods of fitting rational approximation, I. Journ. Assoc. Comput.
Mach., 7 (1960), pp. 150-162.




T. GARBULINSKI

WYKORZYSTANIE KILKU METOD APROKSYMACYJNYCH
W SYSTEMIE MDRS — STEROWANIA POZIOMEM ZANIECZYSZCZEN
WODY

Réznorodnogé funkeji rozkiadu mierzalnych parametrow wymaga zastosowania 10z-
nych metod w procedurach aproksymacji tych parametréw. Sens tego stwierdzenia znaj-
duje swoj wyraz w poszukiwaniu efektywnych metod aproksymacji wartosei stezen jako
funkeji przeptywu. Autor prezentuje kilka metod aproksymacji zastosowanych w systemie
MDRS.

DIE AUSNUTZUNG EINIGER APPROXIMIERUNGSMETHODEN
IM MDRS-STEUERUNGSSYSTEM DER GEWASSERVERSCHMUTZUNG

Die verschiedenartige Verteilung der mefbaren Parametern, verlangt die Anwendung
von unterschiedlichen Approximierungsmethoden. Dies wird bei der Suche von effektiven
Methoden zur Konzentrations-bestimmungen, die als Funktionen des Durchflufles vor-
kommen, bestitigt. Der Verfasser stellt einige Methoden vor, die im genannten MDRS.
System angewandt wurden.

MCITOJIB30BAHUE HECKOJIBKUX ATIITPOKCUMATUBHBIX METOJOB
B CUCTEME MATPUYHOI'O OIMUCAHUS CTPYKTYPbI PEKUN —
VIIPABJIEHUSI YPOBHEM 3ATPSI3HEHUI BOJIbI

Pa3H006pa3HOCTb (GYHKUMH PACTPENENICHHAS N3MEPHMBIX MApaMETPOB TpebyeT NPUMEHCHHA pamny-
HBIX METOIOB B IPOLIEAYPAX ANMPOKCMMALIUK ITHX NMapaMeTpoOB. D10 yTBEPKISHHE HAXOIMT CBOE 0TOOpa-
KeHWe NIPY TIOUCKaxX 3Q(PEeKTHBHBIX METO/IOB AMMPOKCHMALIAN 3HAYEHMI KOHLEHTpAUMi KaK QYHKLUHA BEK-
TOPHOTO TOJs. ABTOD NpEICTaBISET HECKOJBKO METONOB anmpoOKCUMALMK, TPAMEHEHHBIX B CHCTEME
MATPHYHOTO ONHMCAHMS CTPYKTYPbI DEKH.




