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CNMBOJIBHO-HYNCNEHHbIE BbIHNCNEHNA

MapannensbHble NporpaMmbl NOALEPXKMBAIOT
YUNCIEHHbIE BbIYNCIEHNS.

CoBpeMeHHaa MaTeMaTuMKa - 3TO CUMBOJIbHAS MaTEMaTIKa,
3EMEHTapHbIMN OBBEKTaMM BLICTYNAIOT HEe 4ncaa, a pyHkuun,
onepaTopbl, B 4aCTHOCTK, (DYHKLMOHAIbHbIE MAaTPULBl 1 pyrie

0D BEKTHI.

MNapannenbHble NporpaMmbl AO/MKHBI NOAAEPXKMBATD
CMMBOJIbHO-HMCJIEHHbIE BbIYUCEHNS.
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Y10 umeercs cerogHs B Intel MKL:

Y10 nmeerca cerogHs 8 Intel MKL:

- nuHelinas anrebpa: nnothble matpuubl (BLAS, LAPACK, ScaLAPACK);
- NuHeiiHasn anrebpa: pa3spexeHHble MaTpuLbl (NpsiMble/nTepaTUBHbLIE
pewartenu, Sparse BLAS);

- BoicTpoe Mpeobpazosatne Pypre (SMP n MPI);

- BeKTOpHasi MatemaTuyeckas bubnnoreka (VML);

- BEKTOpHas cratucTuyeckas bubnunoreka(VSL);

- (pyHKuMM pacmpenHoii Tounoctn (GMP);

- meTogpl ontumusauuu (TRS).

Bce 310 uncnenHble meToabl.
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Math Symbolic Library

EcrecteeHHbim npogosxkeHuem Math Kernel Library gonxHa crars
Math Symbolic Library - Gubnvorteka "nakeros napannensHoii
cumBonbHoi marematuku" (MSL).
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TEKYLLME 3a4a41 NPOEKTA NapasnesbHON KOMMNbIOTEPHON

anrebpb

Mbl 3aHMMaemcs cneayrwmnuMn CMMBOJIbHO-YUCIEHHBIMUA
BbIYUC/ICHUSAMMN:

- BbIYUCJIEHNS C NMOJIMHOMAMU MHOTUX MEPEMEHHBIX,

- BbIYNC/IEHNE C CUMBOJIbHBIMU KOMMO3ULMSAMU SNEMEHTAPHBIX (PYHKLNT,
- CUMBOJILHOE MHTErpupoBaHue u guddepeHumnpoBaHue,

- TPUrOHOMETPUYECKME, NOKA3aTENbHbIE 1 Norapudmmnyeckne
YNpOLLEHNS,

- PELLEHNE HEKOTOPbIX KNaccoB AnddepeHLnanbHbIX YpaBHEHNT 1 NX
CNCTEM B CUMBOJILHOM BUAE,

- FFT ans nonvHOMOB v Lenbix Yncen n anropuTMbl YMHOXKEHUS HA
ocHose FFT,

- BbIYUC/IEHNS| C MAaTPULAMU HAA MOJNHOMAMU MHOIMX MEPEMEHHbIX 1
HaZ KOMMO3UUMAMMN PYHKLNI,

- BblYMC/IEHNE, OOPaTHOW, NPUCOESMHEHHON N 3LIESIOHHOW MaTpULbl,
A4pa NMHENRHOro onepaTtopa,

- BbIYMC/IEHNE XaPaKTEPUCTNYECKOrO NOJIMHOMA, ONPEeAeNnTENsl, CNEKTPa
onepaTopa.
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The project Parallel Computer Algebra have been started in Tambov
University in 2003 in collaboration with Al 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 defined by the value of
dynamical fields 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 fields in this class but all
possible operations for the main types of usually used algebraic structures
with one and two binary operations must be defined in this class of
Elements.

G.1.Malaschonok e-mail: malaschonok®@ya.ru Tambov State Univ  Project of Parallel Computer Algebra



The computational paradigm

The computational paradigm

Il. 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 R"C™Zk
algebraic space.

2. To carry out some symbolic-numerical computations we have to fix the
algebraic space. A set of mathematical expressions which are defined 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 fix some algebraic space. All
expressions at the one page are considered as functions on this space.

3. To map this algebraic space V; into another algebraic space V, we
have to make the map from this page into another page, which has it
algebraic space V,. We may perform this map in another way. We have
to fix the direct product V; x V; as a algebraic space of page and then
we may take any map from Vi to V5 in the same page.

4. To fix the algebraic space we must define the set of numbers and the
names of variables, for example: V; = {u,v € C,x,y,z € R,n,m € Z}.
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Current algebraic objects

Current algebraic objects

There are defined standard numerical algebras: Z, Q, Cz, Cq, Zp and
Zp32. We denote Cz = {a+ib:a,be Z,i> = —1} and
Cq={a+ib:abec Q,i*>=—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 defined for rounded sets of
numbers: R, C, R64, C64, R128 and C128. The R64 is a standard 64
bit-length floating point real number, R is an arbitrary-length real
number, R128 is a pare of a 64 bit-length floating 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 defines the algebraic space in the form
of polynomial ring. The algebraic space

Vi={u,veC,x,y,ze R, n,me Z} is defined by the ring

Ry = Clu, 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 fields: 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 field of integer
number on the base of p-adic lifting.
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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 different scalability
for different problem size. So for the best efficiency 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 defined problems.
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BbinonHeHme onepauunii B napannenbHoil cucteme

KOMMNbIOTEPHON anredpsi

NuTtepdpeiic npunoxenusi ParCA peanusosan kak Web-npunoxenue. B
paMKax 3TOro npoekta cobpaHbl nssectHole Web TexHosnorum, Takme Kak:

@ JavaScript — gns Bkntodenus koga B \Web-npunoxenue;

© Kackagnbie Tabnnubl ctuneii CSS — pnsa onpenenenuns crunei
sanementoB Web-cTpaHuubi;

© Java Servlet — BbinonHeHue cueHapues cepeepa;

© DOM — poctyn k obbekTam nHTepdelica;

@ XMLHttpRequest — ansi aCMHXPOHHOrO B3aMMOZLERCTBUA C

CepBepomM;

Q XML;

@ Ajax.
B ponu Web cepsepa ucnonssyerca Apache Tomcat. B kauectee CYB/]
soictynaet MySQL.
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Cucrtema ParCA obecneunBaeT ynpasfeHune 3anyckoM 3ajay Ha
KNACTEPHbIX CNCTEMaAX. rlpep'yCMOTpeHbl cnep,ylou.me MHCprMeHTbI:

© 3anyck 3agaum ¢ dhopmbl,

3anycKk 3agaym n3 paiina 3arpy)KeHHOro Ha cepsep,
NoJlyyeHne pesynbTaTa B peXUMe peasibHOro BpeMeHu,
ynpasnaeHne o4epenbio 3anyLleHHbIX 3a4a4,
ynpasJsieHne pesysibTaTamu,

3arpy3ka palifioB Ha cepeep,

©000O0O0

ynpaBnexue alinamu, 3arpy>eHHbIMI Ha CEPBEP.
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AyTeHTndukauus

Mpexae Yem npuctynutb K pabote, Heobxognmo BoliT B cucTemy. [dns
3TOro Hy>kHo BeecTu B nons Username n Password Bawm pgaHHble
ayTeHTUdrKaLMM, KakK NOKa3aHO HA PUCYHKE HUXKE.

Authentication
ername Razuvaeva

Ok

YT100bI NOATBEPANTL KOPPEKTHOCTL BBEAEHHBIX AaHHbIX, Haxxmute OK.
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3anyck 3agaqn

[ns 3anycka 3agay cnegyer BbINOAHWTL CAEAYHOLUNE LIATHA:

© 3anonHenmne rnagHoii popmbl.
@ 3anonHenne opMbl NapaMeTpoB 3anycka 3agayn.

© 3anyck 3agaun.

Project of Parallel Computer Algebra
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3anyck 3aa4m MOXKHO OCYLLIECTBUTL ABYMsI cnocobamu: 3anyck 3ajayu C
cdopmbl 1 3anyck 3agayn u3 daiina. B nepeom cnyyae cnepyet BBecTu
TUN 33Ja41M U TEKCT 3aga4m (BXOAHbIE JAHHbIE) HA rNaBHYO hOpPMY, Kak
NMOKA3aHO Ha PUCYHKE HIXKE.

In:ghasis

Xyzu -1

YZIU £XZU +XyU +Xy7
ZU XU )T +XY

U +Z +Y +X

Out:
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Ha gaHHbIi MOMEHT MO/Ib30BaTENb MOXET BBECTM OfAHY W3 BOCbMW TUMOB
3agay:

@ gbasis — Bbiuncnerme 6azuca I'pebHepa;
© adjoint — BbluMCNEHNE NPUCOEANHEHHON MATpULbI;

@ adjointDet — BbIYMCAEHME NPUCOEAMHEHHON MATPULbI 1
onpegennTenss MaTpuLbl;

@ echelonForm — Bbiumcnenme crynenyaToro Buaa matpuubl;
© inverse — BbluMCNeHNe OOpaTHON MaTpuLbI;

Q det — BbluNCNEHNE ONpeaennTENs MaTPULbI;

@ kernel — BbluncneHne sgpa NMHERHOrO OnepaTopa;

@ charPol — BbluncneHne xapakTepucTMYeckoro noAVHOMA.
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[ns 3anycka 3agaum u3 cpaiina Hy>KHO B none rnasHol hOpMbl BBECTH
uUMs CyulecTeytowero daiina Ha CepeBepe B BUAE CNEAYIOLER CTPOKU:
filename=uwms daiina.

Cuctema ParCA paeTt BO3MOXHOCTb 3anycka HECKOJIbKUX 33a[1a4 C OfHOM
dopmbl.

[anee cnepyet 3anonHuTs popMy napamMeTopoB 3anycka 3ajaqu.

| E——
3anonHuTe popmy
Task Name auta Add
2 Clear
Time 5
ok Cance
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Ecnn & 3a4a4y HY>XHO nepefaTtb JONOJIHNTENbHbIE NAPAMETPLbI, TO
BbINOJIHAEM Cnefyrowme warnm:

@ Haxumaem kHonky Add.
© B nosiBuBwemcs okHe BBOAMM MMsi MapameTpa:

Caption
nput text ring -

[o]3

© lNopteepxgam ums napamerpa Haxatuem kHonku Ok.
Q B obHoeuBLEeca dopme BEOAUM 3HAYEHME HOBOrO NapameTpa:
)
Fill in a form

Task Name auto Add

Numbe r nodes 2 Clear
Number of nodes 1
Time 5
ing Z[xy.z,p,u]
Ok Cance
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[lpocmoTp o4vepeau

[ns npocmoTpa cTaTyca 3anyLieHHbIX NOMb30BaTeNeM 3agad, Bbibepute
B MeHto Queue. lNepep Bamn nosiBuTcst hopma, NokasaHHasi Ha PUCYHKE

HIUXKeE!:
1
Queue
lobid Name User  Time Use 5 Queue
15723.master makc_auto23 parca  00:00:00 R workq
15725.master makc_auto231 parca 0 R workqg
15726.master makec_ghn parca 0 R waorkqg

Ki Refresh Ok
JTa cbopma AA€T BO3MOXXHOCTb NOJIb30BATENHO BbINONHNTL ABe d)yHKLI'VIVIZ

© npeaoCTaBUTL AKTYabHYHO HA TEKYLLMIA MOMEHT MHMOPMaUMIO O
BCEX 3anyLLEHHbIX NOJb30BaTENEM 1 PAbOTAIOWMX NN HAXOASALLNXCS
B O4epeamn 3apadax;
© yaanuTb OfHY UM HECKOJIbKO 3a4ay M3 o4epeau.
[Ona ypanenus 3ajay u3 oyepean BblJeNUTE B JIEBOI KOJIOHKE Te,
KOTOpbIe CleayeT yaananTb n Haxxmute kHonky Kill,
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[lpocmoTp cnucka pesynbTaToB

[ns npocmoTpa Cnncka pesynbTaToB BbIYUCIEHNIA BLIOEPUTE B MEHIO
pasgen Show Result. Tepepn Bamu nosiButcst hopma, nokasaHHasi Ha
PUCYHKE HUNXKeE!:

Result List

Task Name Show Save Delete

__________ %
Lo
Lol
[a]
Lol
&
#h
&
4
&

[a]

Lol
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[MpocmoTp cnucka daiinos

[ns npocmoTtpa cnucka haiinos 3arpy>eHHbIX BaMu Ha cepeep
BblbepuTe B MeHto nyHKT Show Files. lNepen Bamu nosisutcs cpopma,
NOKAa3aHHAA Ha PUCYHKE HUNXKE:

Result List

Task Name Date Show Save Delete

default

Ll

Thu lan 01 b4

Thu Jan 01 03:00:0 b4

Thu lan 01 0 b4

Thu Jan 01 b4
Thu Jan 01 b4
Thu Jan 01 03:00:00 M b4

ANAA RAT

Thu Jan 01 03:00:00 MSK

(==

L]
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3arpyska daiina Ha cepeep

[ns 3arpy3ku daiina Ha cepBep HYXKHO BbINMOMHUTL CIEAYIOWME WaArH:
@ Bubibepute Ha navenu Upload File. Tepen Bamu nosisutcsi hopma,
MOKa3aHHasi Ha PUCYHKE HUKE:

File Upload
O6zop.

Upload Cance

© Haxmure kHonky O630p. MNepen Bamu NOSBMTCSA AMANOrOBOE OKHO
OTKpbITUs palina.

(@ 3arpys«a daiina =
@vvl » Komnstotep b Sony (D:) » ParCa » - |&¢‘ [ Mouck: Parca p|
¥Ynopagoquts ¥ Hogaa nanka =~ [ L@l
it Vsbpariioe [ ] o i Tun e

old Manka c ¢

4 Bubnuorexn ParCA Manka c «
ParCA3 Manka c ¢

18 KomnsroTep ParCa3_gi Manka c ¢
£, Noxansweii gnck (C ParCaAndrey Manka c ¢
—a Sony (D3) Sacira Manka c ¢
ca VAIO (H:) . test Manka ¢ ¢
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Bbivncnernne npncoegnHeHHOR MaTpuLbl U ONpeaennTens .
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Invitation

International Conference "Parallel Computer Algebra"

29 June - 3 July 2010
Tambov, Tambov State University,

Conference Co-Chairs:
Gennadi Malaschonok, Gene Cooperman, Stephen Watt

Extended deadline for paper submission - 21 April 2010
URL  http://parca2010.parallel-computer-algebra.org

or
http://tsutmb.ru/imfi/parca
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