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Penosntopuii koga

Mpumep (Ccbinka)

https: // github. com/kirill-terekhouv/mipt-solvers



https://github.com/kirill-terekhov/mipt-solvers

<

Q@ =®* _ O x

<

) «irill-terskhow/mipt-sol. X +

I

@ ¢ @ githubcom kirill-terekhov/mipt-solvers: Supplementar... M % nepeckasars A% nepesec 1 | (B
O kirill-terekhov / mipt-solvers Q Type [/ to search > +- O

Code (D Issues I% Pullrequests (® Actions [ Projects [ Wiki (@ Security |~ Insights 3 Settings

mipt-solvers ' Public 2 Pin @Unwatch 1 ~ % Fork 1 - Y Star 6~

¥ main ~ F © Q Go tofile t |+ About ]

Supplementary material for MIPT course

kirill-terekhov Update READMEmd 2165541 9 months ago ) 15 Commits “Practical methods for system solutions”
[ README.md Update README.md 9 months ago [ Readme
A Activity
I README 7 7 6stars

@ 1watching
% fork

mipt-solvers

Dalascac

Puc. 1: Caiit penosutopusi



Cozep>xnMoe B BETKaxX penosnTopus

lect0 TMpumepbl cMCTEM NMHERHBIX YPaBHEHNA N FEHEPATOPOB CUCTEM.

lectl MeTog conpsieHHbIX rpagneHTos n npegobycnaennsaTtens
Yebbiwera.

lect2 MeTog HenonHoii dpakTopusauum Kpayta ¢ oueHkoii Yucna
obycnoeneHHoCcTy obpaTHbIX PakTOPOB.

lect3 TMpumep reomMeTpu4eCcKOro MHOrOCETOYHOrO METOAA B OLHOM
M3MepeHUN.

lect4 Anrebpaunyeckuii mHorocetouHblli metog Pyre-LLITiobeHa co
crnaxusaTenem Yebbiwesa.

lects Anrebpaundeckuii MHorocetouHblii meTog Pyre-LLITiobena co
crnaxusaTeniem Akobu n [aycca-3eiigens.

lect6 S-Bepcusi MHOrOypoOBHEro MeTofa HEMoJsiHON bakTopr3aLun.



Cozep>xnMoe B BETKaxX penosnTopus

lect7 M-Bepcusi MHOrOYpOBHEr0o MeToAa HenoaHOMN chakTopM3aLuu.

lect8 [MepemaciTabupoBaHue u nepeynopsagounBaHne B METOAAX HEMOJHON
dhakTopusauun.

lect9 MepemacwTabuposaHue n nepeynopsigodnsarve B S u M Bepcusx
MHOrOYPOBHEBOI hakTOpU3auun.

lectl0 MeTog conpsixeHHbix rpaguentos bpambna-llaceska ana cepnosbix
cncTem.

lectll MHorowaroesle MeToabl Ans 3agad uabTpaLuyM U NOPOYNpPyrocTy.

lect12 TMpumep ucnonbsoeatus metoga Hototona u metoga CPR-AMG ans
pelleHunst 3a8a4n AByxdHa3HOro CMELLIMBAEMOTO BbITECHEHUS.

lect13 MeTog pedbnaunii Ans nomcka MHOrMX peLleHNi B HENUHENHOR 3aaaue
Kappuepa.



[Mpumepbl cuctem

Copepxumoe BeTku lect0, roTosbie cuctemsl B chopmaTe .mtx:

poisson 10 3apada lNyaccoHa Ha perynspHoii ceTke
10 x 10 x 10.

poisson 40 3apgaya [lyaccoHa Ha perynsipHoii ceTke
40 x 40 x 40.

two wells tpfa 3agaua aHnsotponnoii andppysun c apyms
ckBaxkuHamu, guckpetusauns MKO ¢ geyxTodedHoii
annpokcnMauueldi noToka.

two_wells mfd 3agaqa anusoTponHoii auddysnu ¢ gByms
CKBaXKMHAMUN, SUCKPETU3aLMSI METOLOM OMOPHBIX ONepPaTOpPOB.

two _wells saddle darcy 3agaua aHusoTponHoii gudbdysum ¢ geyms
CKBa)XMHAMWN, AUCKPETU3aLUNA CUCTEMBI B CELN0BOIA dhopMe.

norne tpfa 3agauya aHusoTponHoii andpcpysun ¢
NCnoNnb30BaHNEM AAHHbIX MECTOPOXAEHUA HopHa.



Nnntoctpaunn npumepos

’H

264872

153046

;;;;;

Puc. 2: 3agava ¢ aByms ckBaxkuHamu (cneea). 3agada Ha faHHbBIX
mectopoxaenus Hopra (cnpaga).



[Tpymepbl reHepaTOpoOB CUCTEM

Copepxumoe Betkn lectQ, reHepaTopbl cucrem:
poisson.cpp 3agaua lNyaccoHa Ha perynsiproii cetke N x N.
stokes.cpp 3agaua Crokca Ha perynsapHoii cetke N x M.
biot.cpp 3agaua buo na perynapHoii cetke N x M.

deadoil.cpp 3apaua peyxdpasHoii punsTpauum ¢ ABYMS CKBXXUHAMU Ha
cetke N x M.

biharmonic.cpp Ouckpetnsaynst BurapmMoHUYecKoro ypaBHEHNUS Ha CETKe
N x N.

Nudbopmauuto o napaMmeTpax MOXXHO NOAyYUTb NPU 3aNyCKe UCMOSHSIEMOro
chaiina 6e3 napameTpos.



Twnbl ypaBHeHMiA

—Ap=b (poisson.cpp)
—puAT+Vp=hb
tokes.
{ div(d) = 0 (stokes.cpp)

—uAd — (p+ \)Vdiv(d) + aVp =b _
(biot.cpp)

Ot (Cp+ adiv(d)) — kAp =g

{ $0:S — div(SkVp) = qo
@0¢(1 —S) —div((1 — S)kVp) = qu
—A’p=b (biharmonic.cpp)

(deadoil.cpp)

+ FPaHU4YHbIE U HaYasibHbIE YC/IOBUA.



[Mprmepbl Ang BU3yannsauuy peLleHus

Copepxumoe BeTku lect0, cospanune daiina .vtk:

scalar _grid.cpp Busyanusauns pewenus npumepos poisson.cpp u
biharmonic.cpp.

stokes grid.cpp Busyanusauus pewenus npumepos stokes.cpp u biot.cpp.
deadoil grid.cpp Busyanuzauns pewenus npumepa deadoil.cpp.

Nudopmanuio o napameTpax MOXKHO MONYHUTL MPU 3aMyCKe UCMOJHSIEMOrO
chaiina 6e3 napamerpos. [ns eusyanusauun ainos .vtk MOXHO
NCMNOAb30BaTh WWW.paraview.org.


www.paraview.org

Busyanusaunsa pelerus

M ParaView 5.11.0
File Edit View Sources Filters Extractors Tools Catalyst Macros Help

BEELZEd DRO e FEGE KA P > mb o S
g B eSS - moy ~ || Magritud: ~ | | sice - x :'w BRI - ABE S
RO EL G b Bk SR &
Pipeline Browser B Meyout=1® |+
B buiti: @ B m @ (%= ALY @ 4 R »Resteniews |0 B[] ®
@
|
Properties | Information
Properties @ @
o
Apply D Reset % Delete ? ' ].59+00§
search ... (use Esc to dear text) -1 g
=
- M " = a=
Properties (grid.vtk) g _05 =
» . B 8
Slteky trimcrio B0 4 - I 60e02 9
- w
« b >

x ‘ | DESKTDP-SRME?‘HE‘ 12.3 GiB/30.9 GiB 39.8%

Puc. 3: NMpumep Bulyanusaumm peweruns 3agadu stokes.cpp ¢ N =50 npu
MOMOLLYM NPOrpaMmsl paraview.




Komnunsaunsi nporpamm




Heobxoanmbie MHCTPYMEHTbI

o [Iporpamma cmake: www.cmake.org
e Komunstop C++:

e Linux: g++, clang, intel compiler
e Windows: microsoft visual studio, clang, windows subsystem for linux,
cygwin, intel compiler


www.cmake.org

[Mprmep komnunsymm

@ git clone
https://github.com/kirill-terekhov/mipt-solvers.git
mkdir mipt-solvers-build

cd mipt-solvers

git checkout lect0

cd ../mipt-solvers-build

linux van linux-nogobHele komnuasTopsl B windows:
o cmake ../mipt-solvers -DCMAKE_BUILD _TYPE=Release
e cmake —build .
o lcnonusiembie daiinbl NosBsaTCA B TekyLel narnke.

e windows c komnunsTopom n3 Visual Studio:

o cmake ../mipt-solvers

e cmake —build . —config Release

o Vicnonnsiembie dalinel nosisaTtcs B nanke Release.

Ecan co3pgaTtb nanky ¢ pesynbTaToM KOMNUASILAM BHYTPU Nanku
mipt-solvers, To npu nepekntoyeHnn Ha mMaTepuan Apyroi NeEKLUN MOryT
BO3HUKHYT KOH(NUKTLI B git.


https://github.com/kirill-terekhov/mipt-solvers.git

[Mprmep komnunsymm

3 Vindows Powershell

Windows Powershel |
(C) Kopnopaus Maikpocot (Microsoft Corporation). Bce npasa saumueni.

NonpobyiiTe Hosylo KpoccnnatdopmenHyio obonouky Powershell (https://aka.ms/pscore6)

Ps C:\Users\kiril\Docunents\Code\prak> git clone https: //github. con/kiril1-terekhov/mipt-solvers. git
cToning into ‘mipt-solvers’

remote: Enumerating objec

renote: Counting objects: wo/ (10/10), done.

remote: Compressing objects 9/93, done.

Temote: Totai 46 tdatie 33 R 0), pack-reused 486

receiving objects: 100% (496/496), 6.87 Mig | 6.97 mis/s, done.
Resolving deltas: 100% (293/293), done.
PS°C:\Users\kiri 1\Docunentsicodelpraks. mkdir mipt-solvers-build

Katanor: C:\Users\kiril\Documents\Code\prak

prode LastwriteTime Length Name

19.02.2024 15:37 s e 1]

PS C:\Users\kiril\Documents\Code\prak> cd mipt-solvers

S C:\Users\iri1\Documents\Code\prak\mipt-solvers> git checkout lect0

switched to a new branch

P D e o) e ‘origin/lect0’.

s C:\users\kiril\Docunents\Code\prak\mipt-soivers> . /mipt-solvers-buil

PS C:\Users\kiril\Documents\Code\prak\mipt-solvers-| R e - /mipt- o

- Building for: Visual Studio 17 2022

cvake warning (dev) at cMakeLists.txt:1 (project):
cake_minimun_required() should'be called prior to this top-level project()
call.” Please see the cmake-commands(7) manual for usage documentation of
both commands .

this warning is for project developers. Use -Wno-dev to suppress it.

-~ Selecting Windows SDK version 10.0.22000.0 to_target Windows 10.0.19045.
-~ The C compiler identification is MSVC 19.38.331
e X comper Saenti Facation. is Wove 13.38.33139.0
- Detecting C compiler ABI info
-~ Detecting C compiler ABI info - dor
Working ¢ compilers C:/program Files/Microsoft Visual Studio/2022/Community/VC/Tools/MSVC/14.38.33130/bin/Hostx64/x64/c1. ex

C compile features
C compile features - done
CxX compiler ABI info
CXX compiler ABI info - done
working CXX compiler: C:/Program Files/Microsoft Visual Studio/2022/Community/VC/Tools/MSVC/14.38.33130/bin/Hostx64/x64/c1.
-— Dete(twng CXX compile features
g CXX compile features - done

s
-~ Build files have been written to: C:/Users/kiril/Documents/Code/prak/mipt-solvers-build

Puc. 4: TMpumep komnunsiumm Ha windows.




[Mprmep komnunsymm

Users\kiri1\Documents \Code\prak\mipt-solvers-build> cmake
epcin MSBut1d. 17.8. S+hS2630F3/ Ann- :NET Framework

Checking Build System

Building Custom Rule C:/Users/kiril/Documents/Code/prak/mipt-solvers/cMakeLists. txt

biharmonic. c|

biharmonic.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\biharmonic.exe
Building Custom Rule C:/Users/kiri1/Documents,/Code/prak/mipt-solvers /ciakel sts. txt

iot.cpp

biot.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\biot. exe

Building CuStom Rule C:/Users/kiril/Documents/Code/prak/mipt-solvers/cMakeLists. txt

deadoi].cpp

deadoil.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\deadoi

Building Custom Rule C:/Users/kiril/Documents/Code/prak/mipt-solvers/cMakeLists. txt
deadoil_grid.cpp

deadoil_grid.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\deadoil_grid.exe
Building Custom Rule C:/Users/kiril/Documents/Code/prak/mipt-solvers/cMakeLists. txt

poisson. cpp

poisson:vexproj > C:\Users\kiril\bocunents\Code\prakimipt-solvers-build\Release\poisson. exe
Building Custom Rule C:/Users/kiril/Documents/Code/prak/mipt-solvers/CMakeLists. tx

vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\scalar_grid.exe
Bui1ding Custom Rule C:/Users/Kkiri]/Documents/Code/prak,/miptosolvers/cMakeL ists. xt
stokes.c
tokes.vexproj —> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\stokes.exe
Building Custon Rule C: JUsers/kiri1/bocuments,/code/prak/mipt-solvers /ciakel 1ot  txt
stokes_gr
e T B A VST e S R
Building Custom Rule C:/Users/kiril/Documents/Code/prak/mipt-solvers/cMakeLists. txt
PS C:\Users\kiril\Documents\Code\prak\mipt-solvers-build> s .\Release\

Karanor: C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release

Length Name

33280 b\harmom( exe
bio!
s e
deadoi1
poisson. exe
scalar_grid.exe
: 5:38 stokes_exe
3:63: 2 33280 stokes_grid.exe

:\Users\kiril\Documents\Code\prak\mipt-solvers-build> _

Puc. 5: TMpumep komnunsiyym Ha windows.




ﬂpmmep KOMMNuaAaunn

Puc. 6: Mpumep komnunsauum Ha linux.




ﬂpmmep KOMMNuaAaunn

Puc. 7: Mpumep komnunsaumm Ha linux.




I_IepeKmoqume MaTEPNANOB NEKLU NN

@ cd ../mipt-solvers
e git checkout lectl
e cd ../mipt-solvers-build

o cmake —build . —config Release



I_IepeKmoquVle MaTEPNANOB NEKLU NN

11\Docunents\Code\; nipt-solvers> cd ..\mipt-solvers\
3 s\ki ocuments\(ode\plak\mvpt solvers> git checkout lectl
Switched to branch - le
Vour branch 15 up to date with origin/lectl’
Sere\ ria\DociinentS\Code\p rak\IpELsaivers>. cd ; \mipt-solvers-build
\Users\kiril\Documents\Code\prak\mi
C:/users/Kir:1/bocuments/Code/prak/mipt- bude/cMaker‘Wes/geneyate stamp is out-of-date.

rs/kiril/Documents/Code/prak /mipt-solve:
'C:/Users/kiril/Documents/Code/prak/mipt-solvers-| uuwld/(makeeres/genevate stamp. depend"

ake Deprecation Warning at CMakeLists.txt:1 (cmake_minimum_required):
Compatibility with CMake < 2.8.12 will be removed from a future version of

Update the VERSION argument <min> value or <max> suffix to tell
Ghake that the project. does not need Compatibility with older versions.

selecting Windows SDK version 10.0.22000.0 to target windows 10.0.19045

Configuring done
Sl i Tl
iles have been written to: C:/Users/kiril/Documents/Code/prak/mipt-solvers-build
oepoma MSbU1 14 17 5. S453265eF 57 ama NET Framenor

pp
CG.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\CG.exe

cmpvec. cpp
CMPVEC.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\CMPVEC. exe
conv.cpp

Convert.vexproj -> C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\Convert.exe

pcg.cpp
PCG. vcxploj > C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release\PCG.exe
symn. cp
SV vexproj -> C:\Users\kiri1\Docunents\Code\prak\mipt-solvers-build\Release\svm. exe
s Cr\Usergukd 11 \Documents\Code\prakumipe-solvers-build> 15 - \Release\

Katanor: C:\Users\kiril\Documents\Code\prak\mipt-solvers-build\Release

LastwriteTime Length Name
19.02.2024 33280 biharmonic.exe
-2024

-2024
-2024
~2024
02.2024
-2024
-2024
-2024
-2024
-2024 “exe
stokes_grid. exe

12024
12024 4 SYMM.

ps_c:\Users\kiril\Documents\Code\prak\mipt-solvers-build>

Puc. 8: Mpumep komnunsiumm Ha windows.




I_IepeKmoquVle MaTEPNANOB NEKLU NN

Puc. 9: Mpumep komnunsauum Ha linux.




Pazbop 3agannii



[Mprmepbl 3agaHmii

3apaHue:

@ CobpaTb CTaTUCTMKY NO METOZAM B 3aBUCUMOCTU OT pocTa pasmepa
3agayn N.



CraTtucrumka

Ncnonb3ysa reHepatopsl cuctem ¢ napamerpom N, cOCTaBUTH CTaTUCTUKY
no METOA4AM peLUeHUs:

© | - KOINYECTBO NINHERHBIX UTEPALNIA.
@ T - nosnHoe BpemMsi peLIeHne CUCTEMbI.

© M - 3aHuMaemasn B NpoLEcce PELUEHNS NAMSITh.



3anyck TecTa

@ windows:

o ./Release/poisson.exe 50
o ./Release/PCG.exe A.mtx b.txt

o linux;

e ./poisson 50
o ./PCG A.mtx b.txt



3anyck TecTa

—

" C:\Users\kiri 1 \Docunents \Coge\nipt -solvers-bui1a> - \Releasepoisson. exe
s c:\users\ciri2\Docurent\Cade\nizt solvers-builds |\Release\bcs. sxe

aserae n/

0760704 scc solve 0.798439 sec

2tk Dosaments\Code\mipt -solvers-but1a>

Puc. 10: 3anyck npumepa Ha windows u linux.




Puc. 11: anHbie B npumepe.

© / - KONNYECTBO NMHERHBIX UTEPALNIA.
© T - nosnHoe BpeMs pelUeHUE CUCTEMBbI.

© M - 3aHuMaemMas B npoLecce pelleHns namsTh.



CraTtucrumka

N 25 50 100 200 400 800
! 23 45 87 173 347 698
T 825.-107% 3.72-1073 254-1072 021 212 17.9
M 24 97 390 1562 6250 25000

Tabnuua 1: Mpumep Tabnuubl ana metoga PCG n cuctembl poisson



CraTtucrumka

N3meHsis cnocob u napameTp oTOpachiBaHus B METOAAX Ha OCHOBE
HENOMHOI dhakTOpU3aunn Ha PUKCMPOBAHHOI CUCTEME:

© / - KONIMYECTBO NNHERHBIX UTEPALNIA.
© T - nonHoe BpeMs pelUeHUE CUCTEMBbI.
© P - Bpems nocTpoeHus npepobycnaBnneaTens.

Q M - 3aHUMaemMast B npoLecce pelleHns namsiTh.

e\mipt-solvers-build> .

Puc. 12: [JaHHble B npuMepe.



13meHeHne napameTpos

Kak nomeHsiTb napameTpbi:

@ [Mpu 3anycke ncnonusiemoro daiina 6e3 napametpos cosgaetcs aiin
params default.txt.

o Vcnonnsemslii chaiin cumTeiBaeT napameTpsl U3 daiina params.txt.

") params_default - Enokwor - o X

©aiin Tpaeka @opmar Bua Cnpaska
Method:

dtol = le:le

maxiters = 5000

name = PCG
rtol = 1e-87
tol = 1le-18

true_residual = @

verbosity = 1

Preconditioner:
check = 8
diagonal perturbation = @
diagonal_tolerance = le-18
drop_tolerance = 0.1
inverse_estimation - @
name = ILDUC
premature_dropping = 1
verbosity = 1
write matrix = @

/

Cip1, a6 1 100%  Windows (CRLF) UTF-8

Puc. 13: NapameTpel PCG_ILDUC.exe



13meHeHne napameTpos

Kak nomeHsTs napameTpsl:
e drop_tolerance - napameTp oTbpaceisaHus 7.
e inverse estimation - ouenka obpaTHbIx hakTOpOBE.

| params_default - EaokroT - o X
®aiin Mposka Dopmar Bng  Cnpaska
Method:

dtol = 1e+10

mexiters = 5808

name = PCG

rtol = le-07

tol = le-10

true_residual = @

verbosity = 1

Preconditioner:
check = @
diagonal_perturbation = @
diagonal_tolerance = le-18
drop_tolerance = 8.1
inverse estimation = 8
name = ILDUC
premature_dropping = 1
verbosity = 1
write_matrix = @

/

Crp 1, €6 1 100%  Windows (CRLF) UTF-2

Puc. 14: NMapametpel PCG_ILDUC.exe



CraTtucrumka

T 0.1 0.01 0.001 0.0001 0
/ 65 30 15 7 1
T 0.11 7.5-1072 0.11 0.23 1.15
P 3.18-1072 4.17-1072 8.02-1072 0.21 1.16
M 1445 2645 5346 11421 25092

Tabnuua 2: Mpumep Tabnnupl ans metona PCG  ILDUC un cuctemsl poisson ¢
N =100 n inverse _estimation = 0.



3anyck TecTa

Ons ceanosbix lectl0, lectll n 6n04nbIx cuctem lectll

o [lna cucrembl Crokca:

o ./Release/stokes.exe N

o ./Release/BPCG_AMG _GS.exe N % (N + 1) %2 A.mtx b.txt
o [lna cuctemel buo:

o ./Release/biot.exe N

o ./Release/FIXED STRESS AMG.exe N x (N 4 1) 2 A.mtx b.txt
o [lna cuctemsbl apyxdpasHoii chunbTpauunu:

o ./Release/deadoil.exe N
o ./Release/CPR_*.exe N x N A.mtx b.txt (ans scex metogos CPR)



CraTtucrumka

BbIBOJJ,bI No CTAaTUCTUKE!

aKne N3 MeToO0B NyHLUE Bbl aTh ANSA KakKaon u3
oK AOB N1y 6 A A
pPacCMaTPUBAEMbIX CUCTEM?

@ Kakue ns meTosoB npuMeHUMbI K BIOYHBIM U CELJI0BLIM CUCTEMAM?!
© Kakune n3s meTogos NMEOT NNHENHYIO CIOXKHOCTb pelleHns?
o

Kak 3aBucuT 4ncno utepauyuii n BpeMs peLieHnsi oT napameTpa
oTbpackiBaHUA T B METOLE HenosHol hakTopusaymn?

© PesynbtaTthl B Tabinuax JoMKHBI NOLTBEPXKAATL BLIBOALI.



Bbibopka TecToB

nekuyms meTon poisson biot stokes deadoil biharmonic
lectl CG + + - - +
lectl PCG + + - - +
lect2 PCG_ILDUC + + + - +
lect2 BICGSTAB_ILDUC + + + + +
lect4 PCG_AMG_CHEB + - - - -
lect5 PCG_AMG_JAC + - - - -
lect5 PCG_AMG_GS + - - - -
lect6 MLILDUCS + + + + +
lect7 MLILDUCM + + + + +
lect8 MPT _ILDUC + + + + +
lect8 SYM_ILDUC + + + + +
lect MPT_WRCM_ILDUC + + + + +
lect8 SYM_WRCM_ ILDUC + + + + +
lectd MPT_WRCM_ MLILDUCS + + + + +
lectd MPT _WRCM __MLILDUCM + + + + +
lect10 BPCG_AMG_GS - - + - -
lect10 VANKA - - + - -
lect1l CPR_TS_ILU - - - + -
lect1l CPR_TS_GS - - - + -
lect1l CPR_TSGS_ILU - - - + -
lect1l CPR_TSGS_GS - - - + -
lect1l FIXED_STRESS_AMG - + - - -

Tabnuua 3: TecTbl METOLOB Ha POCT pa3Mepbl CUCTEMbI.

BapuanTbl ¢ £ MOryT He pelwaTbCsi MM 3aMETHO 3aBUCETb OT NApaMeTpoB
W pa3mepa CUCTEMBbI.



Mpumep (Komanabl B python)

scipy.sparse.csr__matrix — co3gate matpuuy s cpopmate CSR;
scipy.sparse.coo__matrix — cozgate matpuuy 5 hopmate COO;
scipy.io.mmread — cantats ¢paiin chopmarta it MatrixMarker;

matplotlib.pylab.spy — orpucosars “cneg” matpuysbi;

scipy.linalg.solve — pewunts cucremy (no ymonuanuto ucnonbsyercs
naket UMFPACK).

.

MoxHo nepesectn copmuposaHue cuctemsl B python.



	Обзор
	Репозиторий кода
	Содержимое в ветках
	Примеры систем

	Компиляция программ
	Необходимые инструменты
	Организация примеров

	Разбор заданий
	Формулировка заданий
	Сбор статистики


