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ñèìâîëüíî-÷èñëåííûå âû÷èñëåíèÿ

Ïàðàëëåëüíûå ïðîãðàììû ïîääåðæèâàþò
÷èñëåííûå âû÷èñëåíèÿ.

Ñîâðåìåííàÿ ìàòåìàòèêà - ýòî ñèìâîëüíàÿ ìàòåìàòèêà,
ýëåìåíòàðíûìè îáúåêòàìè âûñòóïàþò íå ÷èñëà, à ôóíêöèè,
îïåðàòîðû, â ÷àñòíîñòè, ôóíêöèîíàëüíûå ìàòðèöû è äðóãèå

îáúåêòû.

Ïàðàëëåëüíûå ïðîãðàììû äîëæíû ïîääåðæèâàòü
ñèìâîëüíî-÷èñëåííûå âû÷èñëåíèÿ.
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×òî èìååòñÿ ñåãîäíÿ â Intel MKL:

×òî èìååòñÿ ñåãîäíÿ â Intel MKL:

- ëèíåéíàÿ àëãåáðà: ïëîòíûå ìàòðèöû (BLAS, LAPACK, ScaLAPACK);
- ëèíåéíàÿ àëãåáðà: ðàçðåæåííûå ìàòðèöû (ïðÿìûå/èòåðàòèâíûå
ðåøàòåëè, Sparse BLAS);
- áûñòðîå Ïðåîáðàçîâàíèå Ôóðüå (SMP è MPI);
- âåêòîðíàÿ ìàòåìàòè÷åñêàÿ áèáëèîòåêà (VML);
- âåêòîðíàÿ ñòàòèñòè÷åñêàÿ áèáëèîòåêà(VSL);
- ôóíêöèè ðàñøèðåííîé òî÷íîñòè (GMP);
- ìåòîäû îïòèìèçàöèè (TRS).

Âñå ýòî ÷èñëåííûå ìåòîäû.
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Math Symbolic Library

Åñòåñòâåííûì ïðîäîëæåíèåì Math Kernel Library äîëæíà ñòàòü
Math Symbolic Library - áèáëèîòåêà "ïàêåòîâ ïàðàëëåëüíîé
ñèìâîëüíîé ìàòåìàòèêè"(MSL).
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òåêóùèå çàäà÷è ïðîåêòà ïàðàëëåëüíîé êîìïüþòåðíîé

àëãåáðû

Ìû çàíèìàåìñÿ ñëåäóþùèìè ñèìâîëüíî-÷èñëåííûìè
âû÷èñëåíèÿìè:
- âû÷èñëåíèÿ ñ ïîëèíîìàìè ìíîãèõ ïåðåìåííûõ,
- âû÷èñëåíèå ñ ñèìâîëüíûìè êîìïîçèöèÿìè ýëåìåíòàðíûõ ôóíêöèé,
- ñèìâîëüíîå èíòåãðèðîâàíèå è äèôôåðåíöèðîâàíèå,
- òðèãîíîìåòðè÷åñêèå, ïîêàçàòåëüíûå è ëîãàðèôìè÷åñêèå
óïðîùåíèÿ,
- ðåøåíèå íåêîòîðûõ êëàññîâ äèôôåðåíöèàëüíûõ óðàâíåíèé è èõ
ñèñòåì â ñèìâîëüíîì âèäå,
- FFT äëÿ ïîëèíîìîâ è öåëûõ ÷èñåë è àëãîðèòìû óìíîæåíèÿ íà
îñíîâå FFT,
- âû÷èñëåíèÿ ñ ìàòðèöàìè íàä ïîëèíîìàìè ìíîãèõ ïåðåìåííûõ è
íàä êîìïîçèöèÿìè ôóíêöèé,
- âû÷èñëåíèå, îáðàòíîé, ïðèñîåäèíåííîé è ýøåëîííîé ìàòðèöû,
ÿäðà ëèíåéíîãî îïåðàòîðà,
- âû÷èñëåíèå õàðàêòåðèñòè÷åñêîãî ïîëèíîìà, îïðåäåëèòåëÿ, ñïåêòðà
îïåðàòîðà.
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History

The project Parallel Computer Algebra have been started in Tambov
University in 2003 in collaboration with A.I.Avetisyan group of ISP RAS.

We carried out experiments on cluster of ISP RAS, then on Myrinet-IBM
cluster of Tambov University and 8000-processors cluster of Joint
Supercomputer Center (JSCC RAS).

In 2008 we have started the ParCA-2 project [1] and this year we plan to
realize the main part of ParCA-3 system.
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Structure of ParCA-3 system

Structure of ParCA-3 system

Three parts of the ParCA-3 system are Front End, Kernel and Parallel
part. Each part consists of several packages.
(1) The Front End part consists of two packages: frontend and
showGraph. The frontend package is a collection of classes which support
the low-level notebook programming for users of ParCA system. The
showGraph package is devoted to the visualization of functions,
(2) The Kernel part consists of four packages: number, polynom, func,
and matrix. These packages support corresponding mathematical objects:
numbers, polynomials, functions and matrices.
(3) The Parallel part consists of two packages: parjava and parca. The
parjava package is a Java-MPI interface. The parca package consists of
all parallel programmes of the ParCA system.
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The computational paradigm

The computational paradigm
I. Principles of algebraic structures

1. Each mathematical object is an element of some algebra (algebraic
structure).
2. Each algebra is represented by some class in corresponding package.
Therefore each element of algebra may be de�ned by the value of
dynamical �elds of their class and each operation of this algebra is
represented by some method of their class.
3. In the top of the algebraic hierarchy we put some abstract algebra and
call it �element�. The algebraic hierarchy is represented by the
corresponding class hierarchy with Element class in the top. Each class
which represents some real algebraic structure has to extend this abstract
class of Elements. There are no dynamical �elds in this class but all
possible operations for the main types of usually used algebraic structures
with one and two binary operations must be de�ned in this class of
Elements.
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The computational paradigm

The computational paradigm
II. Principles of working context
1. The direct product of several numerical algebras we will call an
algebraic space. For example we can say about the follow RnCmZk

algebraic space.
2. To carry out some symbolic-numerical computations we have to �x the
algebraic space. A set of mathematical expressions which are de�ned on
one algebraic space we call the page. A set of pages we call a notebook.
3. Page is a class. To create some page, or more correct, to create an
instance of the page class, we have to �x some algebraic space. All
expressions at the one page are considered as functions on this space.
3. To map this algebraic space V1 into another algebraic space V2 we
have to make the map from this page into another page, which has it
algebraic space V2. We may perform this map in another way. We have
to �x the direct product V1 × V2 as a algebraic space of page and then
we may take any map from V1 to V2 in the same page.
4. To �x the algebraic space we must de�ne the set of numbers and the
names of variables, for example: V1 = {u, v ∈ C, x , y , z ∈ R, n, m ∈ Z}.
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Current algebraic objects

Current algebraic objects

There are de�ned standard numerical algebras: Z, Q, Cz, Cq, Zp and
Zp32. We denote Cz = {a + ib : a, b ∈ Z , i2 = −1} and
Cq = {a + ib : a, b ∈ Q, i2 = −1}, Zp=Z/pZ, with arbitrary prime
number p ∈Z and Zp32 = Z/pZ , with prime number p less than
maximal positive number of 32-bite word.
Several approximate numerical algebras are de�ned for rounded sets of
numbers: R, C , R64, C64, R128 and C128. The R64 is a standard 64
bit-length �oating point real number, R is an arbitrary-length real
number, R128 is a pare of a 64 bit-length �oating point real number and
an additional 64 bit-length word for an order. Three complex classes C ,
C64 and C128 are obtained from the classes R, R64 and R128,
consequently.
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Current algebraic objects

Current algebraic objects

The polynomial package consists of the classes of polynomials
(polynom) of many variables, rationals (Rational), rationals in factoring
form (FactorPol), and sum of factoring rationals (FactorPolSum). The
class Ring of polynomial package de�nes the algebraic space in the form
of polynomial ring. The algebraic space
V1 = {u, v ∈ C, x , y , z ∈ R, n, m ∈ Z} is de�ned by the ring
R1 = C[u, v ]R[x , y , z ]Z[n, m].
The func package contains the class of functions (F). Each function of
this class contains two dynamical �elds: name � for title of this function
and X � for the array of elements, which are the arguments of this
function. Therefore this class permits to construct any composition of
transcendental and rational functions.
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Current algebraic objects

The matrix package

The matrix package contains the classes of dense and sparse matrices in
two forms: in-core and out-of-core. The out-of-core form of matrices is
necessary for very large matrices, which cannot be disposed in core. The
main matrix methods are: �adjoint�, �det�, �kernel�, �toEchelonForm�,
�inverse�.
Computation algorithms for symbolic-numerical matrices are the most
interesting objects for parallelization.
The following matrix algorithms were obtained in parallel form:
1. Matrix multiplication.
2. Computation of adjoint, inverse and echelon form of matrix.
3. Computation of determinant and kernel.
4. Computation of matrix characteristic polynomial.
5. Computation of adjoint matrix for the polynomial matrix on the base
of polynomial FFT algorithm.
6. Solving system of linear equations in the fraction �eld of integer
number on the base of p-adic lifting.

G.I.Malaschonok e-mail: malaschonok@ya.ru Tambov State University Ïðîãðàììà ¾Óíèâåðñèòåòñêèé êëàñòåð¿ Êîíôåðåíöèÿ "Îáëà÷íûå âû÷èñëåíèÿ: îáðàçîâàíèå, íàó÷íûå èññëåäîâàíèÿ, ðàçðàáîòêè" Ìîñêâà, ÐÀÍ, 15-16 àïðåëÿ, 2010Project of Parallel Computer Algebra



Current algebraic objects

The polynomial algorithms

The most complicated and important problem among the polynomial
problems is the Groebner basis computation.
Therefore the next polynomial algorithms were obtained in parallel form:
1. Polynomial multiplication.
2. Computation of the Groebner basis for given ideal.
Would be nice to do parallel algorithms of polynomial GCD later ....
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On-line access to the website with ParCA

On-line access to the website with ParCA

The universities and research institutes of the Academy of Scienses wich
participated in the programm "Universitetski Cluster"will have on-line
access to the Cluster with ParCA System. Any browser may be used for
this access.
First experiments showed that system demonstrates di�erent scalability
for di�erent problem size. So for the best e�ciency the number of
processors have to be chosen according to the problem size. Future
experiments let us make a table which shows how many processors are
needed for the de�ned problems.
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Âûïîëíåíèå îïåðàöèé â ïàðàëëåëüíîé ñèñòåìå

êîìïüþòåðíîé àëãåáðû

Èíòåðôåéñ ïðèëîæåíèÿ ParCA ðåàëèçîâàí êàê Web-ïðèëîæåíèå. Â
ðàìêàõ ýòîãî ïðîåêòà ñîáðàíû èçâåñòíûå Web òåõíîëîãèè, òàêèå êàê:

1 JavaScript � äëÿ âêëþ÷åíèÿ êîäà â Web-ïðèëîæåíèå;

2 Êàñêàäíûå òàáëèöû ñòèëåé CSS � äëÿ îïðåäåëåíèÿ ñòèëåé
ýëåìåíòîâ Web-ñòðàíèöû;

3 Java Servlet � âûïîëíåíèå ñöåíàðèåâ ñåðâåðà;

4 DOM � äîñòóï ê îáúåêòàì èíòåðôåéñà;

5 XMLHttpRequest � äëÿ àñèíõðîííîãî âçàèìîäåéñòâèÿ ñ
ñåðâåðîì;

6 XML;

7 Ajax.

Â ðîëè Web ñåðâåðà èñïîëüçóåòñÿ Apache Tomcat. Â êà÷åñòâå ÑÓÁÄ
âûñòóïàåò MySQL.
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Ñèñòåìà ParCA îáåñïå÷èâàåò óïðàâëåíèå çàïóñêîì çàäà÷ íà
êëàñòåðíûõ ñèñòåìàõ. Ïðåäóñìîòðåíû ñëåäóþùèå èíñòðóìåíòû:

1 çàïóñê çàäà÷è ñ ôîðìû,

2 çàïóñê çàäà÷è èç ôàéëà çàãðóæåííîãî íà ñåðâåð,

3 ïîëó÷åíèå ðåçóëüòàòà â ðåæèìå ðåàëüíîãî âðåìåíè,

4 óïðàâëåíèå î÷åðåäüþ çàïóùåííûõ çàäà÷,

5 óïðàâëåíèå ðåçóëüòàòàìè,

6 çàãðóçêà ôàéëîâ íà ñåðâåð,

7 óïðàâëåíèå ôàéëàìè, çàãðóæåííûìè íà ñåðâåð.
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Àóòåíòèôèêàöèÿ

Ïðåæäå ÷åì ïðèñòóïèòü ê ðàáîòå, íåîáõîäèìî âîéòè â ñèñòåìó. Äëÿ
ýòîãî íóæíî ââåñòè â ïîëÿ Username è Password âàøè äàííûå
àóòåíòèôèêàöèè, êàê ïîêàçàíî íà ðèñóíêå íèæå.

×òîáû ïîäòâåðäèòü êîððåêòíîñòü ââåäåííûõ äàííûõ, íàæìèòå Ok.
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Çàïóñê çàäà÷è

Äëÿ çàïóñêà çàäà÷ ñëåäóåò âûïîëíèòü ñëåäóþùèå øàãè:

1 Çàïîëíåíèå ãëàâíîé ôîðìû.

2 Çàïîëíåíèå ôîðìû ïàðàìåòðîâ çàïóñêà çàäà÷è.

3 Çàïóñê çàäà÷è.
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Çàïóñê çàäà÷è ìîæíî îñóùåñòâèòü äâóìÿ ñïîñîáàìè: çàïóñê çàäà÷è ñ
ôîðìû è çàïóñê çàäà÷è èç ôàéëà. Â ïåðâîì ñëó÷àå ñëåäóåò ââåñòè
òèï çàäà÷è è òåêñò çàäà÷è (âõîäíûå äàííûå) íà ãëàâíóþ ôîðìó, êàê
ïîêàçàíî íà ðèñóíêå íèæå.
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Íà äàííûé ìîìåíò ïîëüçîâàòåëü ìîæåò ââåñòè îäíó èç âîñüìè òèïîâ
çàäà÷:

1 gbasis � âû÷èñëåíèå áàçèñà Ãðåáíåðà;

2 adjoint � âû÷èñëåíèå ïðèñîåäèíåííîé ìàòðèöû;

3 adjointDet � âû÷èñëåíèå ïðèñîåäèíåííîé ìàòðèöû è
îïðåäåëèòåëÿ ìàòðèöû;

4 echelonForm � âû÷èñëåíèå ñòóïåí÷àòîãî âèäà ìàòðèöû;

5 inverse � âû÷èñëåíèå îáðàòíîé ìàòðèöû;

6 det � âû÷èñëåíèå îïðåäåëèòåëÿ ìàòðèöû;

7 kernel � âû÷èñëåíèå ÿäðà ëèíåéíîãî îïåðàòîðà;

8 charPol � âû÷èñëåíèå õàðàêòåðèñòè÷åñêîãî ïîëèíîìà.
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Äëÿ çàïóñêà çàäà÷è èç ôàéëà íóæíî â ïîëå ãëàâíîé ôîðìû ââåñòè
èìÿ ñóùåñòâóþùåãî ôàéëà íà ñåðâåðå â âèäå ñëåäóþùåé ñòðîêè:
�lename=èìÿ ôàéëà.
Ñèñòåìà ParCA äàåò âîçìîæíîñòü çàïóñêà íåñêîëüêèõ çàäà÷ ñ îäíîé
ôîðìû.
Äàëåå ñëåäóåò çàïîëíèòü ôîðìó ïàðàìåòîðîâ çàïóñêà çàäà÷è.
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Åñëè â çàäà÷ó íóæíî ïåðåäàòü äîïîëíèòåëüíûå ïàðàìåòðû, òî
âûïîëíÿåì ñëåäóþùèå øàãè:

1 íàæèìàåì êíîïêó Add.
2 Â ïîÿâèâøåìñÿ îêíå ââîäèì èìÿ ïàðàìåòðà:

3 Ïîäòâåðæäàì èìÿ ïàðàìåòðà íàæàòèåì êíîïêè Ok.
4 Â îáíîâèâøåéñÿ ôîðìå ââîäèì çíà÷åíèå íîâîãî ïàðàìåòðà:
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Ïðîñìîòð î÷åðåäè

Äëÿ ïðîñìîòðà ñòàòóñà çàïóùåííûõ ïîëüçîâàòåëåì çàäà÷, âûáåðèòå
â ìåíþ Queue. Ïåðåä âàìè ïîÿâèòñÿ ôîðìà, ïîêàçàííàÿ íà ðèñóíêå
íèæå:

Ýòà ôîðìà äàåò âîçìîæíîñòü ïîëüçîâàòåëþ âûïîëíèòü äâå ôóíêöèè:

1 ïðåäîñòàâèòü àêòóàëüíóþ íà òåêóùèé ìîìåíò èíôîðìàöèþ î
âñåõ çàïóùåííûõ ïîëüçîâàòåëåì è ðàáîòàþùèõ èëè íàõîäÿùèõñÿ
â î÷åðåäè çàäà÷àõ;

2 óäàëèòü îäíó èëè íåñêîëüêî çàäà÷ èç î÷åðåäè.

Äëÿ óäàëåíèÿ çàäà÷ èç î÷åðåäè âûäåëèòå â ëåâîé êîëîíêå òå,
êîòîðûå ñëåäóåò óäàëèòü è íàæìèòå êíîïêó Kill.

G.I.Malaschonok e-mail: malaschonok@ya.ru Tambov State University Ïðîãðàììà ¾Óíèâåðñèòåòñêèé êëàñòåð¿ Êîíôåðåíöèÿ "Îáëà÷íûå âû÷èñëåíèÿ: îáðàçîâàíèå, íàó÷íûå èññëåäîâàíèÿ, ðàçðàáîòêè" Ìîñêâà, ÐÀÍ, 15-16 àïðåëÿ, 2010Project of Parallel Computer Algebra



Ïðîñìîòð ñïèñêà ðåçóëüòàòîâ

Äëÿ ïðîñìîòðà ñïèñêà ðåçóëüòàòîâ âû÷èñëåíèé âûáåðèòå â ìåíþ
ðàçäåë Show Result. Ïåðåä âàìè ïîÿâèòñÿ ôîðìà, ïîêàçàííàÿ íà
ðèñóíêå íèæå:

Ýòà ôîðìà äàåò âîçìîæíîñòü ïîëüçîâàòåëþ âûïîëíèòü ñëåäóþùèå
ôóíêöèè: ïðîñìîòðåòü ðåçóëüòàò âû÷èñëåíèé , ñîõðàíèòü ðåçóëüòàò
íà ëîêàëüíîì êîìïüþòåðå , óäàëèòü ðåçóëüòàò ñ ñåðâåðà .
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Ïðîñìîòð ñïèñêà ôàéëîâ

Äëÿ ïðîñìîòðà ñïèñêà ôàéëîâ çàãðóæåííûõ âàìè íà ñåðâåð
âûáåðèòå â ìåíþ ïóíêò Show Files. Ïåðåä âàìè ïîÿâèòñÿ ôîðìà,
ïîêàçàííàÿ íà ðèñóíêå íèæå:

Ýòà ôîðìà äàåò âîçìîæíîñòü ïîëüçîâàòåëþ âûïîëíèòü ñëåäóþùèå
ôóíêöèè: ïðîñìîòðåòü ñîäåðæèìîå ôàéëà , ñîõðàíèòü ôàéë íà
ëîêàëüíûé êîìïüþòåð êëèåíòà , óäàëèòü ôàéë ñ ñåðâåðà .
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Çàãðóçêà ôàéëà íà ñåðâåð

Äëÿ çàãðóçêè ôàéëà íà ñåðâåð íóæíî âûïîëíèòü ñëåäóþùèå øàãè:
1 Âûáåðèòå íà ïàíåëè Upload File. Ïåðåä âàìè ïîÿâèòñÿ ôîðìà,
ïîêàçàííàÿ íà ðèñóíêå íèæå:

2 Íàæìèòå êíîïêó Îáçîð. Ïåðåä âàìè ïîÿâèòñÿ äèàëîãîâîå îêíî
îòêðûòèÿ ôàéëà.

3 Âûáåðèòå ôàéë è íàæìèòå Îòêðûòü.
4 Íàæìèòå êíîïêó Upload è äîæäèòåñü ñîîáùåíèÿ îá óñïåøíîé
çàãðóçêå ôàéëà.
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Âû÷èñëåíèå ïðèñîåäèíåííîé ìàòðèöû è îïðåäåëèòåëÿ .
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