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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 defined
R64[x, y, z].

This is ring of polynomials with coefficients 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

Qlx,y, 7]

may be suitable to solve many problems of school mathematics.

The installation command should be the follow: SPACE = Q [x, v, 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 finite field Z/pZ where p is a prime number,
Zp32 — a finite field Z/pZ where p is less 231,
764 — the ring of integer numbers z such that —253 < z < 263,
Q — the set of rational numbers,
R — approximate real numbers with arbitrary mantissa,
R64 — standard floating-point 64-bit numbers
R128 — floating-point 64-bit numbers, equipped 64-bit for the order,
C — complexification of R,
C64 — complexification of R64,
C128 — complexification of R128,
CZ — complexification of of Z,
CZp — complexification of Zp,
CZp32 — complexification of Zp32,
CZ64 — complexification of Z64,
CQ — complexification of Q.
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Examples of simple commutative polynomial rings:
SPACE = Z [x, Y, z];

SPACE = R64 [u, v];

SPACE = C [x].
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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 coefficients in the polynomial
ring Z[x,y, z].

ClzIRIx, y1Z[n, m]

allows to have the five names of variables, which defined 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 coefficients in
the set Z. If the polynomial does not contain the variable z, then it is a
polynomial with coefficients 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 definition 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 finite number of generators. Names of these generators
should begin with capital letters.

For example, the following group algebras may be defined:

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 coefficients.

R64[t,y]G[X, Y, Z] — is the free group algebra over a function field of
two variables t, y over the field R64 with three noncommutative
generators X, Y, Z. For example,

A= (2 +1)X +sin(t)Y +3X2y3 + (£2 + 1)XY3X2Y2X? —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 finite field of the type Zp32, its value is not
greater than 23!,

MOD — the module for a finite field of the type Zp.

To set the machine zero 1/10° (i.e. 1E — 9), you can use the commands
ZERO R =9 or ZERO R64 =0.
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Example.

SPACE=Zp32[x, y];
MOD32=T7;
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 infix operations can be used for
operations in tropical algebra: min, max, addition, multiplication.

Each numerical sets R, R64, Z has two additional elements oo and —o0,
and they have different elements, which is play the role of zero and unit.
We denote these sets ]IA%, I@64, Z, 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 defined for the numerical set R64.
RMaxPlus, RMinPlus, RMaxMin, R64MinMax, RMaxMult, RMinMult are
defined for the numerical set RR.

ZMaxPlus, ZMinPlus, ZMaxMin, ZMinMax, ZMaxMult, ZMinMult are
defined for the numerical set Z.
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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 +2xx+ 11.

For each algebra we defined elements 0 and 1, —oco and oc.

For each element a we defined the operation of closure: a*, i.e. the
amount of 14 a+ a? + a% + .... For the classical algebras this operation is
equivalent to (1 — a)71, 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;

echelonFormPar — computation of the matrix echelon form;
inversePar — computation of the inverse matrix;
detPar — computation of the determinant of the matrix;

charPolPar — computation of the characteristic polynomial;

)
)
)
7) kernelPar — computation of the kernel of a linear operator;
)
) multiplyPar — calculation of the matrix product;

)

10

multiplyPar — computation of the product of polynomials.



Before applying any of these functions, the user must specify the
parameters that define 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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PE3HOME

LUenbto npoekta Mathpar sagnserca cosgaHne obuiegocTynHoro
maTemaTuyeckoro Beb-cepeuca «Matematuyeckuii MapTHep», KOTOpLIiA
npegHa3Ha4eH Ansa peweHnsa CTaHAAPTHbIX MAaTEMATUYHECKUX 3adaY.
Peanm3al_w|ﬂ MNPOEKTA MOXKET NPUBECTU K KAYECTBEHHO HOBOMY
(bYHKLMOHMPOBaHMIO MAaTEMATMYECKOrO 3HaHNA B obLecTee.
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(1) B obpasoBaHun.

Vcnonb3ys akTusHyto cpeay Beb-cepBuca, MOXHO ByneT ocBauBaThb
MaTEMATUKY N BCE €CTECTBEHHbIE JNCLUNNJINHBI CO 3HAYNTENBHO 60ﬂbLUe|7|
3(PPEKTUBHOCTLIO, Yem TpaguumnoHHeiM nyTem. OcBoboxaeHme ot
PYTUHHbLIX BbIKJAAOK MO3BOJINT COCPEAOTOUNTLCA HA MPUHLMNNANBHBIX
BOMPOCax ecTecTBeHHbIX gucuunavH. CtaHeT apdekTmnBHee npouecc
OTPaXKeHNsi 3HAHWU YHEHUKOM 1 MPOLECC KOHTPOJISt €ro 3HaHMii
yuutenem. CokpaTuTcs pa3pbiB B 0Opa30BaTENbHOM YPOBHE B Pa3HbIX
y4ebHbIX 3aBeeHNAX 1 B pasHbIX CTpaHax.
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(2) B HayyHOMm obBpasoBaHun n KynbType.

MoebicuTcs oOWM KYNLTYPHBIA ypoBEHb ODLIECTBaA B pe3yibTaTe
CyLLECTBEHHO BO3POCLUErO YPOBHSI MAaTEMATNYECKOro obpa3oBaHus,
NpocToTe 1 3(PPEKTUBHOCTMN €ro NPUMEHEHUSI C UCMOSb30BaHUEM
Beb-cepeuca. VrnybneHme MaTeMaTUYECKOrO 3HAHMS NPUBEAET K
YCKOPEHWIO Pa3BUTUS BCEX ECTECTBEHHbIX HayK. OcobeHHO cusibHO
M3MeHeHUs1 3aTPOHYT Hay4HOe obpa3oBaHue.
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(3) B pa3BuTun ectecTtBeHHbIX HayK ”

TexHOo/1I0rnn.

OTpenbHOM 4acTbio NPOEKTA SIBASIETCA MHCTPYMEHTapUiA PeLueHmnst
MacLuTabHbIX MaTeMaTMYECKMX 3a4ay Ha cynepkoMmnbioTepe. Hanuune
TaKOro MOLLHOro obLeJOCTYNHOrO MaTEMaTNHECKOrO NHCTPYMEHTA
CKaXETCS Ha TEMMNAX HAay4YHO-TEXHNYECKOro pa3BuTuMsi ODLLeCTBa.
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(4) B nHdopmMaLmnoHHbIX TEXHOMOIUSX.

Beb-cepsuc moxet cyHkumonuposats kak RESTful Web Services. Mpu
3TOM N0D0E KNMEHTCKOE NPUIIOXKEHNE CMOXET CHOPMYNMPOBATL 3adaHune
1 0bpaTuTbCs K Beb-cepBucy. PesynbTat BbiNONHEHUs 3agaHus,
NoJIyYeHHbIli OT Beb-cepBrUca, MOXET DbITb Cpasy WCMOJb30BaH 3TUM
MPUIOKEHNEM [J151 PELLEHNSI KOHKPETHOW NPUKAAAHON 3ajauqn.
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Pabora nopaepxana PO®PU (rp. 12-07-00755).
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@ G. 1.Malaschonok, Project of Parallel Computer Algebra, Tambov
University Reports. Series: Natural and Technical Sciences. 15.
Issue 6. (2010), 1724-1729.

[d G. 1.Malaschonok, Computer mathematics for computational network
Tambov University Reports. Series: Natural and Technical Sciences.
15 Issue. 1. (2010), 322-327.

[3 G.1.Malaschonok, On the project of parallel computer algebra,
Tambov University Reports. Series: Natural and Technical Sciences.
14 Issue. 4. (2009), 744-748.
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'MATH PARTNER

aTeMaTMUECKH
AHCTPYMEHTOB

www.mathpar.com

PNy
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THANK YOU !

Now | can show the Mathpar on-line at http://mathpar.com.
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™ pic - malaschonok@amai.« ' 1™ sic - malaschonok@amail % | 00 Math sartner

/[ Matn pertner

€ - C ff []mathparcom

MATHEMATICAL PARTNER
"Mathpar" b

will help you to solve problems using mathematics. You could use it at school, at
university and at work. You can save the problem and its solution in the form of text or in
the form of image.

mathematical workb

Acquaintance and first steps

4

Construction of 2D and 3D plots Environment for mathematical

« Input data and run the calculations + Plotting functions 1 obiects
o Actions vith functions « Plots 3D of explict functiors
+ Soluton of the algearaic equation o Setting of environment
« Vectors and matrices « Namericel sets vith standard operations
+ Generation of rzndom elements o Several rumerical ets
+ Group algebras
+ Consiants .
piczp W

38071OUA...JPQ N
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Cp. miek. 521:30:49 L gennadi %

™ pic - malaschonok@amai.« ' 1™ sic - malaschonok@amail % | 00 Math sartner [ Matn pertner

€

C # [ mathparcom
Functions of one and several
variables

+ Mathemetical functions

+ Calculation of the value of a function n a point
« Substitution of functions instezd of ring variables
« Calculation of the limit of a furction

+ Difetentation o functions
+ Integation of the compositons of elemertary functicns

Polynomial computations
+ Calculation of the value of a polynomial at the point
+ Geometrc progression. Summation of polynomia with

fespect to the variables
« Groebne basis of polynomal idea

Operators of control. Procedural

programming

piczp i 3BOOUNA...JDY

Series

o Series

Matrix functions

Calouation of the transaosad maiix
The calculation of adjoint and nverse maices
Calculation of the matrix detemminant

Calcuation of the conjugats et

Calculation of the generalzed inverse matrix
Computation of the kemel and ectielon form
Caloulating the characterisic polynomial of matris
Caloulating LDU-decompositon of the malrix
Calculatng Brunt deccmpasiton of the matrx

The calculations on a

supercomputer

Solution of differential equations

» Solution of diferential equations
‘» Solution of systems of differental equations

The functions of the probability
theory and statistics

« Functions of the discrete rzndom quantity
« Function for sampling
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™ pic - malaschonok@amai.« ' 1™ sic - malaschonok@amail % | 00 Math sartner 3] [ watwpartely

€ - C # [) mathparcom/en/help/o4funkivarhtmlzs &

5.5 Differentiation of functions

To differentiate a function f(x,y7 z) with lowest variable z, you have to execute one of commands D(f), D(fx) or D(f,x{ widehat{ } 1)}. To fine the second derivi
variable y, you have to execute the command D(f,y{ \widehat{ } 2)}. And so on.

Tofind a mixed first-order derivative of the function f there is a command D(f, [x, y]), to find the derivative of higher order to use the command D(f,[x { \widehat{
{Jwidehat{ } n]})}, where k,m, n indicate the order of the derivative.

B SpacE = 7[x, y1;
f = \sin(x"2 + \tg(y’3 + x));
h = \D(f, y);
\print(h);

:‘ SPACE = Z[x, Y],
f = \sin(x*2 + \tg(y"3 + x));
h = \D(f);
\print(h);

’: SPACE = 2[x, y, 7];
f = xA8yrzr9;
g = \D(f, [xA2, yr2, ZA2]);
\print(g);

>

piczip i 3BOOUNA...JDY N ¥ showall downloads.. X
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GoogleChrome PEe B ES | S Cp. aek. 521:34:05 2 gennadi ¢

™ pic - malaschonok@amai.« ' 1™ sic - malaschonok@amail % | 00 Math sartner 3] [ watwpartely
€ - C # [) mathparcom/en/help/o4funkivarhtmlzs 5 =
variable y, you have to execute the command D(f,y{ \widehat{ } 2)}. And so on. .

To find a mixed first-order derivative of the function £ there is a command D(f, [x, y]), to find the derivative of higher order to use the command D(f,[x { \widehat{
{ Jwidehat{ } n])}, where k, m,n indicate the order of the derivative.

SPACE = Z[a,y;

f=sin(z? +tg(y* +2));

h=D, (f )?

print(h);

out

h=3y2 - cos(z? +tg(y® +2))/(cos(y® +2));

SPACE = Z[a,y;
f=sin(z? +tg(y* +2));

& I E |

out @
9=48384:Ty%",

>

piczp i 3BOOUNA...JDY N ¥ showall downloads.. X

T
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[ MatparHelp X

1, N
[-10, 10, -10, 10]);

Construction of various plots of functions in one coordinate system

To construct the plots of functions defined in different ways, you must first build a plct of each function and then execute the command showPlots([f_1, f_2

You can specify the signature of the axes of the graph and its caption. Its enough to run showPlots([fL, f2, f3, f4], [x', 'y, 'tide"]), instead of specifying 'x' — signature on the axis OX,
instead of 'y’ —signature on the axis OY, instead of the 'ttle’\, — the header graphic. Cefaultis [x', 'y, .

B = \plot(\eg(x), [-20, 20, -20, 20]);
f2=\tablePlot(

[0, 1, 4,9, 16, 25],
[0,1,2,3,4,5]
L
[-10, 10, -10, 101);
3 = \paranPlot([\sin(x), \cos(x)], [-10, 101);
4 = \tablePlot(
[
[0, 1, 4,9, 16, 251,
[0, -1, -2, -3, -4, -5]
L
[-10, 10, -10, 10]);
\showplots([f1, f2, f3, f4],
['x','y', 'The functions f1, f2, f3, f4, f5']);

E» i

E

(19

piczp i 3BOOUNA...JDY
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Google Chrome HEEEE IR Cp. aek. 521:35:56 2 gennadi ¢

I pic - malaschonok@amai.« # ' [ oic - malaschonok@amail: %, oo Mathparkelp

€ & C f @ httpsy/iborisov.ru/mathpar/en/help/o2plot htmlz1 b

Tabnuz 000 [ (420 (93] (164 i i H
25,5 { | i | I

W e

p

«3 =)

& I E |

% Download
u https://ibarisov.ru/mathparfen/help/02plot.html# oR
ticzp N 3BOTIOUNA..J00 N ¥ showall downloads... X
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I pic - malaschonok@amai.« # ' [ oic - malaschonok@amail: %, oo Mathparkelp

€ & C f @ httpsy/iborisov.ru/mathpar/en/help/o2plot htmlz1 %

You can build 3D graphs of the functions that are defined explicty. To obtain the plot 3D of an explicitfunctionyf = f(z, y) the command plot3dl(, [x0, x1, Y0,
[20,21] is an interval on the axis OX. [y0,y1] is an interval on the axis O

The obtained plot can be rotated and to increase or decrease.

Maving the mouse holding down the left “mouse” button causes the rotation of the coordinate system of schedule. After stopping the movement of the “mouse
in the new rotated coordinate system. Moving the mouse halding down the left mouse button while pressing $ Shit$ button leads to a change in image scale. Al
movement of the “mouse” graphics are redrawn in the new scale.

f=xh2 /20 + yA2 / 20;
\plot3d(f, [-20, 20, -20, 20]);
’f \plot3d([x / 20 + yA2 / 20, xA2 / 20 +y / 20], [-20, 20, -20, 20]);

Back to the table of contents

>

piczip i 3BOOUNA...JDY ¥ showall downloads.. X
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[} Matrparelp

>
m

Google Chrome
I pic - malaschonok@amai.« # ' [ oic - malaschonok@amail: %, oo Mathparkelp

C | & htepsy/iborisov.ru/mathpar/en/help/o2plot htmlz1

€

>

¥ showall downloads.. X

https://ibarisov.ru/mathpar/en/help/02plot. html#

3BOOUNA...JDY

piczp

ACA2012




GoogleChrome EEEE T

5 M pic - malaschonok@amai.« % [ oic - malaschonok@gmeil: % o0 Mathparkelp
€ CH A Jibari hpay html# %

L 7.2 Solution of systems of differential equations

I
Procedure of salving a system of differential equations (SDE) consists of four parts. b
1. To set the ring (SPACE).
2. To set a system of equations (systLDE).
3. To set initial conditions (initCond).
4.To get solution of SDE (solveLDE).
& SPACE=R64[1t];
g=\systLDE(\d(x, t)-y+z=0, -x-y+\d(y, t)=0, -x-z+\d(z, t)=0);
f= \initCond(\d(x, t, 0, 0)=1, \d(y, t, 0, 0)=2,
\d(z, t, 0, 0)=3);
E h= \solvelDE(g, f);
- \print(h);
% SpACE=R6A[t]:
F g=\systLDE(\d(x, t, 2)+\d(x, t)-\d(y, t)=1,
> \d(x, t)+x-\d(y, t, 2)=1+4\exp(t));
f=\initCond(\d(x, t, 0, 0)=1, \d(x, t, 0, 1)=2,
Jul \d(y, t, 0, 0)=0, \d(y, t, 0, 1)=1);
==\ h= \solvelDE(g, f);
- \nrint/h)- 2
) y
ticzp i 38070UA...JD0 N ¥ showall downloads... X
L
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GoogleChrome

I pic - malaschonok@amai.« # ' [ oic - malaschonok@amail: %, oo Mathparkelp
€ - C f A httpsyibori hpay html# %%

>
m

Procedure of salving a system of differential equations (SDE) consists of four parts.
1. To set the ring (SPACE).

2. To set a system of equations (systLDE).

3. To set initial conditions (initCond).

4. To get solution of SDE (solveLDE).

E4
s SPACE= R64[f];

zi-ytz = 0
g={-z-y+y; = (;
—z—:+z;¢ =0
zt:)U 1
= 2 b
R
h=solveLDE(g, /);

print(h);
out:
R=1((~2)+5.00- ¢ +(-1.00-€")-t), (2 +(~1.00- €)), ((-2) + 4.00 €' +(~1.00- ') - t)];

b (DI\FE*PEAF*]‘ -
https://ibarisov.ru/mathparfen/help/06d ion.html# .

¥ showall downloads.. X

piczp i 3BOOUNA...JDY
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PEe B ES | S Cp. aek. 521:39:03 2 gennadi ¢

] o0 Mathparkelp

€ [¢] ﬂ a fiberi hpar/ ml# {3 =
,: SPACE=R64[1t]; I
g=\systLDE(\d(x, t)-8y+x=0, \d(y, t)-x-y=0);
f= \initCond(\d(x, t, 0, 0)=a, \d(y, t, 0, 0)=b);
| h= \solvelDE(g, f);
E \print(h);
w f SPACE=R64[1t];
g=\syStLDE(\d(x, t)+3x-4y=9(\exp(t))"2, \d(y, t)+2x-3y=3(\exp(t))A2);
F f= \initCond(\d(x, t, 0, 0)=2, \d(y, t, 0, 0)=0);
' h= \solvelDE(g, f);
\print(h);
m f SPACE=R64[1t];
g=\systLDE(\d(x, t, 2)+\d(y, t)=\sh(t)-\sin(t)-t, \d(y, t, 2)-\d(x, t)=\ch(t)-\cos(t));
s f-\initCond(\d(x, t, 0, 0)=2, \d(x, t, 0, 1)=0,
& \d(y, t, 0, 0)=0, \d(y, t, 0, 1)=1);
h=\solvelDE(g, f);
F \print(h);
o
.' 3: SPACE=R64[1];
B g=\systLDE(\d(x, t)+5y-4x=0, \d(y, t)-x=0);
s= - \initCond(\d(x, t, 0, 0)=0, \d(y, t, 0, 0)=1); I
Lz. I Dl
ticzp N 3BOTIOUNA..J00 N ¥ showall downloads... ¥
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»/ 0o Mathparkelp X

€ - C f B heepsyjibori hpay ml#1 g

£
s SPACE= 64l
i -8y+z = 0
9= ;

D W

yi—z-y =0
w 0 _
f:{zcﬂw = e
G = b
h=solveLDE(y, f);
print(h);
out
& h=[(((748.[)0-b)+24.00-u)/Sﬁ.OO-6’3‘00’+(48‘00-b+12.00-a)/36.00-ea'om)\(((fﬁ.oo-u)+12.00-b)/36.00-6’3'00t+(6.00-a+24.

iy

SPACE = R64[t];
i3 -dy = Q(Et)
Y +2-3y = S(Et)2
dly =2

" :

ye(zé =0

h=solveLDE(y, /);

print(h); _

out: |
h= [(ef +82.00()’(8L + (*1.00 _82.006):‘];

» ol

% SPACE=R64[t]; ’

b D}

riczp i 3807OLA...Pg 4 & showall downloads... X

L E‘i\ D
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9.8 Calculating LDU-decomposition of the matrix

To calculate the LDU-decomposition of the matrix A, you must run LDU(A).

The resultis a vector of three matrices L, D, U]. Where L is a lower triangular matrix, U7 — upper triangular matrix, D — permutation matrix. multiplied by the

matrix. If the elements of the matrix A are elements of commutative domain R, then elements of matrices L, D’l, U are elements of the same domain R.
’f SPACE=Z[x];
A=[[0, 1, 0], [4, 5, 11,01, 1, 1]1];
B=\LDU(A);
\print(B);

% SpACE=Z[x];
AL[1, 4,017, [4, 5,5,31,[1,2,2,2],[3,0,0,1]1;
B=\LDU(A);
\print(B);

% SpAcE=Z[x,y1;
A=[[\cos(y),\sin(x)], [\sin(y),\cos(x)1];
B=\LDU(A);
\print(B);
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9.8 Calculating LDU-decomposition of the matrix

To calculate the LDU-decomposition of the matrix A, you must run LDU(A).

The resultis a vector of three matrices L, D, U]. Where L is a lower triangular matrix, U7 — upper triangular matrix, D — permutation matrix. multiplied by the
matrix. If the elements of the matrix A are elements of commutative domain R, then elements of matrices L, D’l, U are elements of the same domain R.

SPACE = Z[al;
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" Aelcos(y), sin(0T, [sin(y), \cos (01 ;

B=\LDU(A);

\print(B);

9.9 Calculating Bruhat decomposition of the matrix

To calculate the Bruhat decomposition of the matrix A, you must run BruhatDecomposition(A).

The resultis a vector of three matrices [V, D, U]. Where V and U — upper riangular matrices, D — permutation matrix, multipiied by the inverse of the diago
elements of the matrix A are elements of commutative domain R, then elements of matrices V. D! , U are elements of the same domain R.

SPACE=Z[X];

A=[[1, 4,0,1], [4, 5,5,31,[1,2,2,2],3,0,0,11]:
B=\BruhatDecomposition(A);

\print(B);

v &

% SpACE=Z[x,y];
A=[[\cos(y),\sin(x)], [\sin(y),\cos(x)]1];
B=\BruhatDecomposition(A);
\print(B);
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elements of the matrix A are elements of commutative domain R, then elements of matrices V' D! , U are elements of the same domain R.
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