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Introduction

� Mathpar is a web service which situated at http://mathpar.com.

� The handbook of Mathpar and many help pages of this on-line
mathematical service may be found in this website.

� The Mathpar language is some active TeX language, which admits to
do operations and to write procedures and functions in TeX.
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Environment for mathematical objects

To select the environment you have to set the algebraic structure.

By default, a space of the three real variables is de�ned

R64[x , y , z ].

This is ring of polynomials with coe�cients in the ring of real numbers.
The variables are separated
The variables are arranged in order from left to right.
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User can change the environment:
For example the space

Q[x , y , z ]

may be suitable to solve many problems of school mathematics.

The installation command should be the follow: SPACE = Q [x, y, z];
Moving a mathematical object from the previous environment to the
current environment, as a rule, should be performed explicitly, using the
function

toNewRing()

In some cases, such a transformation to the current environment is
automatic.
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All other names which are not listed as a variables can be chosen
arbitrarily by the user for any mathematical object.
For example

a = x + 1, f = \sin(x + y)− a.

The rule:

If the object name begins with a capital letter such object is an element
of a noncommutative algebra.
If the object name begins with a lowercase letter such object is an
element of a commutative algebra.
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Numerical sets with standard operations

Z � the set of integers Z,
Zp � a �nite �eld Z/pZ where p is a prime number,
Zp32 � a �nite �eld Z/pZ where p is less 231,
Z64 � the ring of integer numbers z such that −263 6 z < 263,
Q � the set of rational numbers,
R � approximate real numbers with arbitrary mantissa,
R64 � standard �oating-point 64-bit numbers
R128 � �oating-point 64-bit numbers, equipped 64-bit for the order,
C � complexi�cation of R,
C64 � complexi�cation of R64,
C128 � complexi�cation of R128,
CZ � complexi�cation of of Z,
CZp � complexi�cation of Zp,
CZp32 � complexi�cation of Zp32,
CZ64 � complexi�cation of Z64,
CQ � complexi�cation of Q.
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Examples of simple commutative polynomial rings:
SPACE = Z [x, y, z];
SPACE = R64 [u, v];
SPACE = C [x].

ACA2012



Several numerical sets

The ring Z [x , y , z ]Z [u, v ,w ], which has two subsets of variables, is the
polynomial ring with variables u, v ,w with coe�cients in the polynomial
ring Z [x , y , z ].

C [z ]R[x , y ]Z [n, m]

allows to have the �ve names of variables, which de�ned in the sets C, R
and Z, respectively. It has the properties: If the polynomial does not
contain the variables z , x , y , then it is a polynomial with coe�cients in
the set Z. If the polynomial does not contain the variable z , then it is a
polynomial with coe�cients in the set R.
Examples:

SPACE=Z[x, y]Z[u]; SPACE=R64[u, v]Z[a, b]; SPACE=C[x]R[y, z];
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Group algebras

The de�nition of the group algebra has the form KG , where K is a
commutative ring of scalars and G � is a group of noncommutative
operators with �nite number of generators. Names of these generators
should begin with capital letters.
For example, the following group algebras may be de�ned:
SPACE = Z [x , y ]G [U,V ]; (generators U, V),
SPACE = R64[u, v ]G [A,B]; (generators A, B),
SPACE = C []G [X ,Y ,Z ,T ]; (generators X, Y, Z, T).
Each element of such algebra may be considered as a sum of terms with
functional coe�cients.
R64[t, y ]G [X , Y , Z ] � is the free group algebra over a function �eld of
two variables t, y over the �eld R64 with three noncommutative
generators X, Y, Z. For example,
A = (t2 + 1)X + sin(t)Y + 3X 2y3 + (t2 + 1)XY 3X 2Y−2X 2 �is an
element of such algebra.
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Constants

ACCURACY � an amount of exact decimal positions in the fractional
part of a real numbers of type R in the result of multiplication or division
operation.
FLOATPOS �an amount of decimal positions of the real number of type
R or R64, which you can see in the printed form.
ZERO_R � a machine zero for R and C numbers.
ZERO_R64 � a machine zero for R64, R128, C64 and C128 numbers.
MOD32 � the module for a �nite �eld of the type Zp32, its value is not
greater than 231.
MOD � the module for a �nite �eld of the type Zp.
To set the machine zero 1/109 (i.e. 1E − 9), you can use the commands
ZERO_R = 9 or ZERO_R64 = 9.
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Example.

SPACE=Zp32[x, y];
MOD32=7;
f=37x+42y+55;
g=2*f;
\print(f , g );
The results:

f = 2x-1;
g = 4x+5.
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Idempotent algebra and tropical mathematics

User can uses the idempotent algebras. In this case the signs of
"addition"and "multiplication"for the in�x operations can be used for
operations in tropical algebra: min, max, addition, multiplication.
Each numerical sets R, R64, Z has two additional elements ∞ and −∞,
and they have di�erent elements, which is play the role of zero and unit.
We denote these sets R̂, R̂64, Ẑ, correspondingly. The name of tropical
algebra is obtained from three words: (1) a numerical set, (2) an
operation, which corresponding to the sign plus and (3) an operation,
which corresponding to the sign times.
The algebras R64MaxPlus, R64MinPlus, R64MaxMin, R64MinMax ,
R64MaxMult, R64MinMult are de�ned for the numerical set R̂64.
RMaxPlus, RMinPlus, RMaxMin, R64MinMax, RMaxMult, RMinMult are
de�ned for the numerical set R̂.
ZMaxPlus, ZMinPlus, ZMaxMin, ZMinMax, ZMaxMult, ZMinMult are
de�ned for the numerical set Ẑ.
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For example, for the algebra ZMaxPlus you can do the following
operations.

Example.

SPACE=ZMaxPlus[x, y];
a=2; b=9+x; c=a+b; d=a*b+y;
\print(c, d);
The results: c = x + 9; d = y + 2 ∗ x + 11.

For each algebra we de�ned elements 0 and 1, −∞ and ∞.
For each element a we de�ned the operation of closure: a×, i.e. the
amount of 1+ a+ a2 + a3 + .... For the classical algebras this operation is
equivalent to (1− a)−1, for |a| < 1.
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The calculations on a supercomputer

In order to solve computational problems that require large computation
time or large amounts of memory, the system has special functions that
provide the user with resources of supercomputer. These functions allow
you to perform calculations not on a single processor and on a dedicated
set of cores supercomputer. The number of kernels ordered by the user.
You have the following functions ( parfunctions) that apply to
supercomputer:

1) gbasisPar � computation of Grobner basis;

2) adjointPar � computation of the adjoint matrix;

3) adjointDetPar � computation of the adjoint matrix and determinant
of the matrix;

4) echelonFormPar � computation of the matrix echelon form;

5) inversePar � computation of the inverse matrix;

6) detPar � computation of the determinant of the matrix;

7) kernelPar � computation of the kernel of a linear operator;

8) charPolPar � computation of the characteristic polynomial;

9) multiplyPar � calculation of the matrix product;

10) multiplyPar � computation of the product of polynomials.
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Before applying any of these functions, the user must specify the
parameters that de�ne the parallel environment:
TOTALPROCNUMBER � total number of processors (cores), which
provides for the computations,
NODEPROCNUMBER � number of cores on a single node,
CLUSTERTIME � maximum time (in minutes) execution of the
program, after which the program is forced to end.
To set the number of cores on a single node the user must know what a
cluster is used and how many cores it is available on the node. By default,
the TOTALPROCNUMBER and NODEPROCNUMBER installed so that
all the cores were used per node, and CLUSTERTIME = 1.
The user can change the number of cores in a single node. This is an
important feature, since the memory on a single node is used by all cores
in this node. Consequently, the user can regulate the size of RAM that is
available to one core.
Only users of the cluster of Tambov State University can perform parallel
computing for today.
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ÐÅÇÞÌÅ

Öåëüþ ïðîåêòà Mathpar ÿâëÿåòñÿ ñîçäàíèå îáùåäîñòóïíîãî
ìàòåìàòè÷åñêîãî âåá-ñåðâèñà ¾Ìàòåìàòè÷åñêèé Ïàðòíåð¿, êîòîðûé
ïðåäíàçíà÷åí äëÿ ðåøåíèÿ ñòàíäàðòíûõ ìàòåìàòè÷åñêèõ çàäà÷.
Ðåàëèçàöèÿ ïðîåêòà ìîæåò ïðèâåñòè ê êà÷åñòâåííî íîâîìó
ôóíêöèîíèðîâàíèþ ìàòåìàòè÷åñêîãî çíàíèÿ â îáùåñòâå.
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(1) Â îáðàçîâàíèè.

Èñïîëüçóÿ àêòèâíóþ ñðåäó âåá-ñåðâèñà, ìîæíî áóäåò îñâàèâàòü
ìàòåìàòèêó è âñå åñòåñòâåííûå äèñöèïëèíû ñî çíà÷èòåëüíî áîëüøåé
ýôôåêòèâíîñòüþ, ÷åì òðàäèöèîííûì ïóòåì. Îñâîáîæäåíèå îò
ðóòèííûõ âûêëàäîê ïîçâîëèò ñîñðåäîòî÷èòüñÿ íà ïðèíöèïèàëüíûõ
âîïðîñàõ åñòåñòâåííûõ äèñöèïëèí. Ñòàíåò ýôôåêòèâíåå ïðîöåññ
îòðàæåíèÿ çíàíèé ó÷åíèêîì è ïðîöåññ êîíòðîëÿ åãî çíàíèé
ó÷èòåëåì. Ñîêðàòèòñÿ ðàçðûâ â îáðàçîâàòåëüíîì óðîâíå â ðàçíûõ
ó÷åáíûõ çàâåäåíèÿõ è â ðàçíûõ ñòðàíàõ.
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(2) Â íàó÷íîì îáðàçîâàíèè è êóëüòóðå.

Ïîâûñèòñÿ îáùèé êóëüòóðíûé óðîâåíü îáùåñòâà â ðåçóëüòàòå
ñóùåñòâåííî âîçðîñøåãî óðîâíÿ ìàòåìàòè÷åñêîãî îáðàçîâàíèÿ,
ïðîñòîòå è ýôôåêòèâíîñòè åãî ïðèìåíåíèÿ ñ èñïîëüçîâàíèåì
âåá-ñåðâèñà. Óãëóáëåíèå ìàòåìàòè÷åñêîãî çíàíèÿ ïðèâåäåò ê
óñêîðåíèþ ðàçâèòèÿ âñåõ åñòåñòâåííûõ íàóê. Îñîáåííî ñèëüíî
èçìåíåíèÿ çàòðîíóò íàó÷íîå îáðàçîâàíèå.
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(3) Â ðàçâèòèè åñòåñòâåííûõ íàóê è
òåõíîëîãèé.

Îòäåëüíîé ÷àñòüþ ïðîåêòà ÿâëÿåòñÿ èíñòðóìåíòàðèé ðåøåíèÿ
ìàñøòàáíûõ ìàòåìàòè÷åñêèõ çàäà÷ íà ñóïåðêîìïüþòåðå. Íàëè÷èå
òàêîãî ìîùíîãî îáùåäîñòóïíîãî ìàòåìàòè÷åñêîãî èíñòðóìåíòà
ñêàæåòñÿ íà òåìïàõ íàó÷íî-òåõíè÷åñêîãî ðàçâèòèÿ îáùåñòâà.
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(4) Â èíôîðìàöèîííûõ òåõíîëîãèÿõ.

Âåá-ñåðâèñ ìîæåò ôóíêöèîíèðîâàòü êàê RESTful Web Services. Ïðè
ýòîì ëþáîå êëèåíòñêîå ïðèëîæåíèå ñìîæåò ñôîðìóëèðîâàòü çàäàíèå
è îáðàòèòüñÿ ê âåá-ñåðâèñó. Ðåçóëüòàò âûïîëíåíèÿ çàäàíèÿ,
ïîëó÷åííûé îò âåá-ñåðâèñà, ìîæåò áûòü ñðàçó èñïîëüçîâàí ýòèì
ïðèëîæåíèåì äëÿ ðåøåíèÿ êîíêðåòíîé ïðèêëàäíîé çàäà÷è.
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Ðàáîòà ïîääåðæàíà ÐÔÔÈ (ãð. 12-07-00755).
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THANK YOU !

Now I can show the Mathpar on-line at http://mathpar.com.
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