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Îáçîð



Ðåïîçèòîðèé êîäà

Ïðèìåð (Ññûëêà)

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

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


Ðåïîçèòîðèé êîäà

Ðèñ. 1: Ñàéò ðåïîçèòîðèÿ



Ñîäåðæèìîå â âåòêàõ ðåïîçèòîðèÿ

lect0 Ïðèìåðû ñèñòåì ëèíåéíûõ óðàâíåíèé è ãåíåðàòîðîâ ñèñòåì.

lect1 Ìåòîä ñîïðÿæåííûõ ãðàäèåíòîâ è ïðåäîáóñëàâëèâàòåëü
×åáûøåâà.

lect2 Ìåòîä íåïîëíîé ôàêòîðèçàöèè Êðàóòà ñ îöåíêîé ÷èñëà
îáóñëîâëåííîñòè îáðàòíûõ ôàêòîðîâ.

lect3 Ïðèìåð ãåîìåòðè÷åñêîãî ìíîãîñåòî÷íîãî ìåòîäà â îäíîì
èçìåðåíèè.

lect4 Àëãåáðàè÷åñêèé ìíîãîñåòî÷íûé ìåòîä Ðóãå-Øòþáåíà ñî
ñãëàæèâàòåëåì ×åáûøåâà.

lect5 Àëãåáðàè÷åñêèé ìíîãîñåòî÷íûé ìåòîä Ðóãå-Øòþáåíà ñî
ñãëàæèâàòåëåì ßêîáè è Ãàóññà-Çåéäåëÿ.

lect6 S-âåðñèÿ ìíîãîóðîâíåãî ìåòîäà íåïîëíîé ôàêòîðèçàöèè.



Ñîäåðæèìîå â âåòêàõ ðåïîçèòîðèÿ

lect7 M-âåðñèÿ ìíîãîóðîâíåãî ìåòîäà íåïîëíîé ôàêòîðèçàöèè.

lect8 Ïåðåìàñøòàáèðîâàíèå è ïåðåóïîðÿäî÷èâàíèå â ìåòîäàõ íåïîëíîé
ôàêòîðèçàöèè.

lect9 Ïåðåìàñøòàáèðîâàíèå è ïåðåóïîðÿäî÷èâàíèå â S è M âåðñèÿõ
ìíîãîóðîâíåâîé ôàêòîðèçàöèè.

lect10 Ìåòîä ñîïðÿæåííûõ ãðàäèåíòîâ Áðàìáëà-Ïàñüÿêà äëÿ ñåäëîâûõ
ñèñòåì.

lect11 Ìíîãîøàãîâûå ìåòîäû äëÿ çàäà÷ ôèëüòðàöèè è ïîðîóïðóãîñòè.

lect12 Ïðèìåð èñïîëüçîâàíèÿ ìåòîäà Íüþòîíà è ìåòîäà CPR-AMG äëÿ
ðåøåíèÿ çàäà÷è äâóõôàçíîãî ñìåøèâàåìîãî âûòåñíåíèÿ.

lect13 Ìåòîä äåôëÿöèé äëÿ ïîèñêà ìíîãèõ ðåøåíèé â íåëèíåéíîé çàäà÷å
Êàððèåðà.



Ïðèìåðû ñèñòåì

Ñîäåðæèìîå âåòêè lect0, ãîòîâûå ñèñòåìû â ôîðìàòå .mtx:

poisson_10 Çàäà÷à Ïóàññîíà íà ðåãóëÿðíîé ñåòêå
10× 10× 10.

poisson_40 Çàäà÷à Ïóàññîíà íà ðåãóëÿðíîé ñåòêå
40× 40× 40.

two_wells_tpfa Çàäà÷à àíèçîòðîïíîé äèôôóçèè ñ äâóìÿ
ñêâàæèíàìè, äèñêðåòèçàöèÿ ÌÊÎ ñ äâóõòî÷å÷íîé
àïïðîêñèìàöèåé ïîòîêà.

two_wells_mfd Çàäà÷à àíèçîòðîïíîé äèôôóçèè ñ äâóìÿ
ñêâàæèíàìè, äèñêðåòèçàöèÿ ìåòîäîì îïîðíûõ îïåðàòîðîâ.

two_wells_saddle_darcy Çàäà÷à àíèçîòðîïíîé äèôôóçèè ñ äâóìÿ
ñêâàæèíàìè, äèñêðåòèçàöèÿ ñèñòåìû â ñåäëîâîé ôîðìå.

norne_tpfa Çàäà÷à àíèçîòðîïíîé äèôôóçèè ñ
èñïîëüçîâàíèåì äàííûõ ìåñòîðîæäåíèÿ Íîðíà.



Èëëþñòðàöèè ïðèìåðîâ
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Ðèñ. 2: Çàäà÷à ñ äâóìÿ ñêâàæèíàìè (ñëåâà). Çàäà÷à íà äàííûõ
ìåñòîðîæäåíèÿ Íîðíà (ñïðàâà).



Ïðèìåðû ãåíåðàòîðîâ ñèñòåì

Ñîäåðæèìîå âåòêè lect0, ãåíåðàòîðû ñèñòåì:

poisson.cpp Çàäà÷à Ïóàññîíà íà ðåãóëÿðíîé ñåòêå N × N.

stokes.cpp Çàäà÷à Ñòîêñà íà ðåãóëÿðíîé ñåòêå N ×M.

biot.cpp Çàäà÷à Áèî íà ðåãóëÿðíîé ñåòêå N ×M.

deadoil.cpp Çàäà÷à äâóõôàçíîé ôèëüòðàöèè ñ äâóìÿ ñêâàæèíàìè íà
ñåòêå N ×M.

biharmonic.cpp Äèñêðåòèçàöèÿ áèãàðìîíè÷åñêîãî óðàâíåíèÿ íà ñåòêå
N × N.

Èíôîðìàöèþ î ïàðàìåòðàõ ìîæíî ïîëó÷èòü ïðè çàïóñêå èñïîëíÿåìîãî
ôàéëà áåç ïàðàìåòðîâ.



Òèïû óðàâíåíèé

−∆p = b (poisson.cpp){
−µ∆u⃗ +∇p = b

div(u⃗) = 0
(stokes.cpp){

−µ∆u⃗ − (µ+ λ)∇div(u⃗) + α∇p = b

∂t (ζp + αdiv(u⃗))− κ∆p = q
(biot.cpp){

ϕ∂tS − div (Sκ∇p) = qo

ϕ∂t(1− S)− div ((1− S)κ∇p) = qw
(deadoil.cpp)

−∆2p = b (biharmonic.cpp)

+ ãðàíè÷íûå è íà÷àëüíûå óñëîâèÿ.



Ïðèìåðû äëÿ âèçóàëèçàöèè ðåøåíèÿ

Ñîäåðæèìîå âåòêè lect0, ñîçäàíèå ôàéëà .vtk:

scalar_grid.cpp Âèçóàëèçàöèÿ ðåøåíèÿ ïðèìåðîâ poisson.cpp è
biharmonic.cpp.

stokes_grid.cpp Âèçóàëèçàöèÿ ðåøåíèÿ ïðèìåðîâ stokes.cpp è biot.cpp.

deadoil_grid.cpp Âèçóàëèçàöèÿ ðåøåíèÿ ïðèìåðà deadoil.cpp.

Èíôîðìàöèþ î ïàðàìåòðàõ ìîæíî ïîëó÷èòü ïðè çàïóñêå èñïîëíÿåìîãî
ôàéëà áåç ïàðàìåòðîâ. Äëÿ âèçóàëèçàöèè ôàéëîâ .vtk ìîæíî
èñïîëüçîâàòü www.paraview.org.

www.paraview.org


Âèçóàëèçàöèÿ ðåøåíèÿ

Ðèñ. 3: Ïðèìåð âèçóàëèçàöèè ðåøåíèÿ çàäà÷è stokes.cpp ñ N = 50 ïðè
ïîìîùè ïðîãðàììû paraview.



Êîìïèëÿöèÿ ïðîãðàìì



Íåîáõîäèìûå èíñòðóìåíòû

Ïðîãðàììà cmake: www.cmake.org

Êîìèëÿòîð C++:

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

www.cmake.org


Ïðèìåð êîìïèëÿöèè

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 èëè linux-ïîäîáíûå êîìïèëÿòîðû â windows:
cmake ../mipt-solvers -DCMAKE_BUILD_TYPE=Release
cmake �build .
Èñïîëíÿåìûå ôàéëû ïîÿâÿòñÿ â òåêóùåé ïàïêå.

windows ñ êîìïèëÿòîðîì èç Visual Studio:
cmake ../mipt-solvers
cmake �build . �con�g Release
Èñïîëíÿåìûå ôàéëû ïîÿâÿòñÿ â ïàïêå Release.

Åñëè ñîçäàòü ïàïêó ñ ðåçóëüòàòîì êîìïèëÿöèè âíóòðè ïàïêè
mipt-solvers, òî ïðè ïåðåêëþ÷åíèè íà ìàòåðèàë äðóãîé ëåêöèè ìîãóò
âîçíèêíóò êîíôëèêòû â git.

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


Ïðèìåð êîìïèëÿöèè

Ðèñ. 4: Ïðèìåð êîìïèëÿöèè íà windows.



Ïðèìåð êîìïèëÿöèè

Ðèñ. 5: Ïðèìåð êîìïèëÿöèè íà windows.



Ïðèìåð êîìïèëÿöèè

Ðèñ. 6: Ïðèìåð êîìïèëÿöèè íà linux.



Ïðèìåð êîìïèëÿöèè

Ðèñ. 7: Ïðèìåð êîìïèëÿöèè íà linux.



Ïåðåêëþ÷åíèå ìàòåðèàëîâ ëåêöèè

cd ../mipt-solvers

git checkout lect1

cd ../mipt-solvers-build

cmake �build . �con�g Release



Ïåðåêëþ÷åíèå ìàòåðèàëîâ ëåêöèè

Ðèñ. 8: Ïðèìåð êîìïèëÿöèè íà windows.



Ïåðåêëþ÷åíèå ìàòåðèàëîâ ëåêöèè

Ðèñ. 9: Ïðèìåð êîìïèëÿöèè íà linux.



Ðàçáîð çàäàíèé



Ïðèìåðû çàäàíèé

Çàäàíèå:

Ñîáðàòü ñòàòèñòèêó ïî ìåòîäàì â çàâèñèìîñòè îò ðîñòà ðàçìåðà
çàäà÷è N.



Ñòàòèñòèêà

Èñïîëüçóÿ ãåíåðàòîðû ñèñòåì ñ ïàðàìåòðîì N, ñîñòàâèòü ñòàòèñòèêó
ïî ìåòîäàì ðåøåíèÿ:

1 I - êîëè÷åñòâî ëèíåéíûõ èòåðàöèé.

2 T - ïîëíîå âðåìÿ ðåøåíèå ñèñòåìû.

3 M - çàíèìàåìàÿ â ïðîöåññå ðåøåíèÿ ïàìÿòü.



Çàïóñê òåñòà

windows:

./Release/poisson.exe 50

./Release/PCG.exe A.mtx b.txt

linux:

./poisson 50

./PCG A.mtx b.txt



Çàïóñê òåñòà

Ðèñ. 10: Çàïóñê ïðèìåðà íà windows è linux.



Ñòàòèñòèêà

Ðèñ. 11: Äàííûå â ïðèìåðå.

1 I - êîëè÷åñòâî ëèíåéíûõ èòåðàöèé.

2 T - ïîëíîå âðåìÿ ðåøåíèå ñèñòåìû.

3 M - çàíèìàåìàÿ â ïðîöåññå ðåøåíèÿ ïàìÿòü.



Ñòàòèñòèêà

N 25 50 100 200 400 800

I 23 45 87 173 347 698
T 8.25 · 10−4 3.72 · 10−3 2.54 · 10−2 0.21 2.12 17.9
M 24 97 390 1562 6250 25000

Òàáëèöà 1: Ïðèìåð òàáëèöû äëÿ ìåòîäà PCG è ñèñòåìû poisson



Ñòàòèñòèêà

Èçìåíÿÿ ñïîñîá è ïàðàìåòð îòáðàñûâàíèÿ â ìåòîäàõ íà îñíîâå
íåïîëíîé ôàêòîðèçàöèè íà ôèêñèðîâàííîé ñèñòåìå:

1 I - êîëè÷åñòâî ëèíåéíûõ èòåðàöèé.

2 T - ïîëíîå âðåìÿ ðåøåíèå ñèñòåìû.

3 P - âðåìÿ ïîñòðîåíèÿ ïðåäîáóñëàâëèâàòåëÿ.

4 M - çàíèìàåìàÿ â ïðîöåññå ðåøåíèÿ ïàìÿòü.

Ðèñ. 12: Äàííûå â ïðèìåðå.



Èçìåíåíèå ïàðàìåòðîâ

Êàê ïîìåíÿòü ïàðàìåòðû:

Ïðè çàïóñêå èñïîëíÿåìîãî ôàéëà áåç ïàðàìåòðîâ ñîçäàåòñÿ ôàéë
params_default.txt.

Èñïîëíÿåìûé ôàéë ñ÷èòûâàåò ïàðàìåòðû èç ôàéëà params.txt.

Ðèñ. 13: Ïàðàìåòðû PCG_ILDUC.exe



Èçìåíåíèå ïàðàìåòðîâ

Êàê ïîìåíÿòü ïàðàìåòðû:

drop_tolerance - ïàðàìåòð îòáðàñûâàíèÿ τ .

inverse_estimation - îöåíêà îáðàòíûõ ôàêòîðîâ.

Ðèñ. 14: Ïàðàìåòðû PCG_ILDUC.exe



Ñòàòèñòèêà

τ 0.1 0.01 0.001 0.0001 0

I 65 30 15 7 1
T 0.11 7.5 · 10−2 0.11 0.23 1.15
P 3.18 · 10−2 4.17 · 10−2 8.02 · 10−2 0.21 1.16
M 1445 2645 5346 11421 25092

Òàáëèöà 2: Ïðèìåð òàáëèöû äëÿ ìåòîäà PCG_ILDUC è ñèñòåìû poisson ñ
N = 100 è inverse_estimation = 0.



Çàïóñê òåñòà

Äëÿ ñåäëîâûõ lect10, lect11 è áëî÷íûõ ñèñòåì lect11

Äëÿ ñèñòåìû Ñòîêñà:

./Release/stokes.exe N

./Release/BPCG_AMG_GS.exe N ∗ (N + 1) ∗ 2 A.mtx b.txt

Äëÿ ñèñòåìû Áèî:

./Release/biot.exe N

./Release/FIXED_STRESS_AMG.exe N ∗ (N + 1) ∗ 2 A.mtx b.txt

Äëÿ ñèñòåìû äâóõôàçíîé ôèëüòðàöèè:

./Release/deadoil.exe N

./Release/CPR_*.exe N ∗ N A.mtx b.txt (äëÿ âñåõ ìåòîäîâ CPR)



Ñòàòèñòèêà

Âûâîäû ïî ñòàòèñòèêå:

1 Êàêèå èç ìåòîäîâ ëó÷øå âûáðàòü äëÿ êàæäîé èç
ðàññìàòðèâàåìûõ ñèñòåì?

2 Êàêèå èç ìåòîäîâ ïðèìåíèìû ê áëî÷íûì è ñåäëîâûì ñèñòåìàì?

3 Êàêèå èç ìåòîäîâ èìåþò ëèíåéíóþ ñëîæíîñòü ðåøåíèÿ?

4 Êàê çàâèñèò ÷èñëî èòåðàöèé è âðåìÿ ðåøåíèÿ îò ïàðàìåòðà
îòáðàñûâàíèÿ τ â ìåòîäå íåïîëíîé ôàêòîðèçàöèè?

5 Ðåçóëüòàòû â òàáëèöàõ äîëæíû ïîäòâåðæäàòü âûâîäû.



Âûáîðêà òåñòîâ

ëåêöèÿ ìåòîä poisson biot stokes deadoil biharmonic
lect1 CG + + - - +

lect1 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 + ± ± ± ±
lect8 MPT_WRCM_ILDUC + ± ± ± ±
lect8 SYM_WRCM_ILDUC + ± ± ± ±
lect9 MPT_WRCM_MLILDUCS + ± ± ± ±
lect9 MPT_WRCM_MLILDUCM + ± ± ± ±
lect10 BPCG_AMG_GS - - + - -

lect10 VANKA - - + - -

lect11 CPR_TS_ILU - - - + -

lect11 CPR_TS_GS - - - + -

lect11 CPR_TSGS_ILU - - - + -

lect11 CPR_TSGS_GS - - - + -

lect11 FIXED_STRESS_AMG - + - - -

Òàáëèöà 3: Òåñòû ìåòîäîâ íà ðîñò ðàçìåðû ñèñòåìû.

Âàðèàíòû ñ ± ìîãóò íå ðåøàòüñÿ èëè çàìåòíî çàâèñåòü îò ïàðàìåòðîâ
è ðàçìåðà ñèñòåìû.



Python

Ïðèìåð (Êîìàíäû â python)

scipy.sparse.csr_matrix � ñîçäàòü ìàòðèöó â ôîðìàòå CSR;

scipy.sparse.coo_matrix � ñîçäàòü ìàòðèöó â ôîðìàòå COO;

scipy.io.mmread � ñ÷èòàòü ôàéë ôîðìàòà it MatrixMarker;

matplotlib.pylab.spy � îòðèñîâàòü �ñëåä� ìàòðèöû;

scipy.linalg.solve � ðåøèòü ñèñòåìó (ïî óìîë÷àíèþ èñïîëüçóåòñÿ

ïàêåò UMFPACK).

Ìîæíî ïåðåâåñòè ôîðìèðîâàíèå ñèñòåìû â python.
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