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Annotation Abstract: The paper describes the methods and algorithms used for
realization of special functions computing with arbitrary precision in the
environment of .NET Framework. .NET Framework C# is used as a tool, with the
help of the MPIR library. An example is demonstrated, with a program, using the
current state of the special functions library realization. Some perspectives for future
development are outlined.
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Introduction: Arbitrary precision computations are not a self-purpose. They
are related to receiving precise values when solving mathematical models in different
areas, including, for instance, non-linear dynamic systems. But due to their essence,
similar calculations are not intended for direct real time control of quickly running
technological processes, i. €., widely spread industrial production processes. The
present paper describes the first stage of the realization of a system for arbitrary
precision computing in the environment of .NET Framework, concerning special
functions calculations. The used methods and algorithms for their realization are
described The library MPIR [19] is used as a tool. It is a detached version of the
arbitrary precision mathematical calculations library, based on GMP (GNU MP —
library for arbitrary precision mathematics of GNU). X-MPIR ensures interface in
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NET 33 Framework C# to a library of previously compiled functions of MPIR,
realized in C. To our knowledge the latest overview of the special functions
calculation is given in Chapter 4 of [1]. In monograph [2] there is a detailed list of
sources, which may be used for contingent check up. It is to be noted that
intentionally preference is given to the methods, using quickly convergent series in
the present realization of the special function library, wherever this is possible and/or
practical. In most cases alterative methods exist such as continued fractions, integral
presentation, using of iterative relations, and so on. But for computing with arbitrary
precision the possibility for simple error evaluation is crucial. The approach adopted
is not free of its specific requirements, for instance ensuring consistency of the main
series and asymptotic presentation. About the specificity of the asymptotic
presentation with divergent series see also [3]. Nonetheless this approach seems to
be simpler in the arbitrary precision context, which is anyway apriori specified and
should be easily calculated.

Realization and methods used: The realization of the functions, at present, is
for a real argument. A basic version of a program-calculator is created implementing
immediate usage of the library for the purpose of testing the functions. It is described
in details in section 3 “Testing calculator”. The generally accessible sources used for
the methods realized are [1- 6]. Reference [4] is most intensively used although even
there the references “Methods of computation™ are not always sufficient, but this
does not belittle the exclusive value of the writing for any calculator. Sites [20-22]
provide good initial references. Possible sources about specific special functions and
constants, as well as respective computational methods when they are non-standard,
e.g. power series and asymptotic presentations, are given in place in this section.
Many of the functions in the library are internally used to express other functions,
e.g. in a respective range or an index type, and some of them, as well as calculating
the numerator and denominator in the Bernoulli numbers, are not still represented in
the calculator. The special cases of the hyper geometric function are a typical
example: () ()()()() !5, 0111 1nzbbaazbbaaFnnnngnnpqgppq) ©
==K KL K. Only the special cases are used in the representations below, where p
=0,g=1,andp=1,qg=1, atwhich (p <q + 1) series is everywhere convergent, if
b = Dbl is not a negative integer.

http://web-journal.ru/ 143 Yacmb-19_ Tom-3_Anpens -2024



http://web-journal.ru/

ISSN:

JAYUYIIUE HHTE/IVIEKTYAJ/IBHBIE HCCIIE/JOBAHHA

3030-3680

'sr Special Functions

Functions  Help

’ 1.85407467730137191843385034719526004621759882352176690558592804505602177683811
997835727186165037189727777187103745980237249125974465527391753386971436798580
9471637411313296651990823927642033466719467

Mod ‘ ain =inh | 1n | Loga MC | M= M3 M+ | [

coa cosh Logw | x° - | }esD P | y

|
|
Log: " Vx 7 | 3 | 3
|
l

| i
| | | |
b 4 tan I canh |_ | / ‘ %
@ || ®ain || asish || exp  —— 4 5 | | /%
¥ | acca || acesh | 0 x? 1 2 3 | - \ £
8ET PR. | atan | [ atanh | 2 Ix F | + |
ac M2z | m2m || M2 | m2eo. || p2ent
rix) || ovlaex) || ria,x) || Bix,yl | Erfix) Exfoix) | Cix) || B(x= [ cidxr || 8itx)
A (oo B om0

Cavim | xvix | [ xvixr [ ®vea [ adim | [ Biie |

Ll 1‘

Fig-1

The testing process, as it is well known, is the most time and labor-consuming
operation for a computer program. This of course is valid to even greater degree
when calculating special functions. It includes several stages and is not still
completed. The main checks are for previously known values of a given function
with exactly defined argument/s. An even better test is the possibility of comparing
a given result when it could be expressed by different functions, thus using different
methods. For checking with big arguments values where asymptotic presentations
are used, this is crucial. Adding more functions assists this type of tests. There are in
the net a lot of on line calculators for different types of special functions which are
convenient for initial adjustment. But most of them are of limited precision. A natural
opportunity is the parallel using of another program, using e.g. mpmath in Python. It
IS anyway convenient to have an interactive program for testing. For this purpose a
prototype of a calculator is realized. It allows dynamic change of the precision used.

The display field adds automatically a vertical slider for scrolling, if needed,
when required by the current computing precision. The format of the numbers
displayed is automatically changed depending whether the result needs exponential
format. Appropriate rounding is carried out. Indication is available for a pending
argument for functions with more than one argument. Digits, decimal point and
arithmetic operations may be also entered from the keyboard. There is not yet
overflow check.
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The problem is specific for the MPIR library also where the floating point
numbers exponent is fixed. For 32-bit systems from 68 719 476 768 to 68 719 476
736, depending on the machine word but not equal to it. For a 64-bit system, for
which the present special functions library is being developed this range is larger and
this brought to underestimation of the problem initially. This overflow check will be
probably executed at the level of functions. Some change will be probably necessary
at that level of the special functions reaction with regard to non valid argument. In
this realization when the argument is non valid they issue a message and return the
input and do not cause an exception just for convenience at testing in interactive
environment. The adequate approach for the function behavior in an independent
environment is to be considered. There the responsibility of entering an admissible
argument does not lie on the calling program. The alteration of the current model
will require additional efforts for the program-user and namely processing of specific
exceptions. The calculator for the moment is in a form that allows easy adding of
new functions. The project presumes the ‘calculator’ to be transformed in a source of
references for the used special functions and graphical representations An example
follows with a calculator with 200 digits precision.

The first one is faster under the condition that the specified precision is not
changed in the frame of the given calculation or the constants are computed with
sufficiently high precision, which would not be overridden at computation. The
second method is used for the moment After accurate realization of elementary
functions constantsz , e, In2, In10, log2, log e, roots and powers of integers and their
various combinations including arithmetic operations are available. The constant
with the current precision of computing is returned at calling the respective functions.
The algorithm proposed by Brentand M c M illan in [7] is used for Euler’s
constant vy . Brent and McMillan algorithm: Suppose we want to compute Euler’s
constant y with precision up to d decimal digits. If we choose n to be the greatest
integer which is less than ¢ + (1/4) In10d with an appropriate constant c, then where

U (n )

prreame (1 I

U(n) and V(n) are computed as follows: Define ‘ Vin)
Fig-2
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It may be stored by MS and after entering 2, , 1/x, K(x), the left one is received.
No illustration is given since the result is the same. Additional facilities are added
for easy testing when the equivalent expression is more complicated: storing in a
second register (M2S) and M , and <~ D M , which changes the places of the last
received and last stored in the 2 <> D respective auxiliary register results.

Consecutive entering: 4, 1/x, I'(xX), 2 X, MS, =, , 1/x, /, 4, =, *, MR, =, yields
the right hand side of the equation (Fig. 6).
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Conclusion: The main problem in the realization of a similar project is in its
range — a highly labor-consuming job. As mentioned in the introduction the purposes
are in essence carried out to a great degree in other specialized products or packages
in other programming languages environment. Leaving away the issue that the
greater part of them are paid commercial products, and those which are not require
more programming by the user, e.g. for the graphical interface, we reckon that the
possibility of arbitrary precision computations combined with the other exclusively
rich features of .NET Framework is worth the efforts. The completed environment
for arbitrary precision computations, including also methods of the numerical
calculus, provides the base for an easy graphical interface which is the next logical
step of the project. Probably new types will appear in the future in .NET Framework
as continuation of Biglnteger but this does not seem happen soon. A calculator of
arbitrary precision can by found in web with a limited set of functions, which is based
on Biglinteger only. This approach is not a good perspective for the present project.
The type Biglnteger is not designed for this purpose and real numbers calculations
based on it is not efficient enough. A more straightforward approach is writing an
own class representing floating point numbers with arbitrary precision. But this
moves the aims a step aback without mentioning the technical difficulties - writing
in C style with mandatory modifiers ‘unsafe’ that returns to the beginning. So the
main problem remains - time and labor consumption. So for the full realization of
the project besides adherence to the theme and some financial support confidence in
its utility and value is necessary.
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