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CoaoepxaHue

PasnoxeHne Xoneuykoro

[locTaHoOBKa 3agavyn MMHUMU3ALUKX 3anonHeHNs akTopa
MeToabl nepeynopsaaoyeHns

MeTo BrnoXXeHHbIX cedeHunm

Cxema nepeynopagoyvyeHns B8 MORSy

[TapannenbHasa Bepcusi a4ns CUCTEM C 0bLLen NamMATbIO
Pe3ynbTaTbl akcnepumeHToB. CpaBHeHue ¢ ParMETIS
3aKkro4veHne
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PasnoxeHune Xoneukoro (1)

Q lNycTb fgaHa cuctema NMMHENHbIX YpaBHEHUN:
Ax = Db (1)
A — pa3pexeHHas cuMMeTpUYHasa NonoXMTesrnbHO
onpeneneHHas matpuua, b— NNIOTHbIN BEKTOP, X — BEKTOP

HEN3BECTHbIX.
Q lNpamon meToa pelleHns — pasnoXXeHne Xoneukoro:
A= LL" (2)
L — HWXXHEeTpeyronbHaa MaTtpuua, HasblBaemMmasa gpakmopom
MaTpuubl A
Q lNepexon K peLlleHmnto TpeyrofbHbIX CUCTEM
Lx =b, L'y =x (3)
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PasnoxeHune Xoneukoro (2)

Q OcoBeHHOCTb pa3noXeHUsa B pas3peXXeHHOM criyyae —
3arosiHeHuUe (CHUXeHMe paspeXeHHOoCTn) doaktopa L:

XXX X]| X XXX X]|X
X XIX|X| X| X
X X XX X|X]|X
X X XX X| X|X
X X XX X| X]| X

A Cnocob CHM3UTL 3arnoSfIHEHNE — NepeynopaaoyeHmne CTPOK
MaTpULIbI: (PAP")(Px) = Pb

Mepexop k cucteme Ax = b (4)

P — maTpuua nepecTtaHOBKMU

x
XX X]X]|X
X
XX X]X]|X

X
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[TlocTaHOBKa 3agavn MMHMMMN3aL UM 3aMNOSIHEHUSA

dakTopa (1)

Q ['pap mampuubl A = (a;) pasamepan X n: G = (V,E), roe
— Ka)kgaqa BeplumHa v; U3 V. cOOTBETCTBYET CTPOKE L.

— Kaxxpgoe pebpo (v, v;) U3 E COOTBETCTBYET INIEMEHTY
a; + 0,1 # j. Apyrux pedep HeT.
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[flocTaHOBKa 3ag4ayvM MMHUMU3ALMU 3aNOJTHEHUSA
dakTopa (2)

Q UckrnrovyeHue BePLINHBbI v U3 rpada:

— BepuwmnHa uckniovaeTtcs BMecTe ¢ ucxogawmmmy U3 Hee
pebpamu

— MHOXeCTBO CMEXHbIX v BEPLUMH CTAaHOBUTCA KITUKOW

1 == 2 1 =— 2
4<| | 4<|/|
Q —— 3 = § Q =— §
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[locTaHOBKa 3agavymM MMHMMU3aUMN 3anNOSTHEHUSA
cdakTopa (3)

a lyctb © = (wy,m,, ..., T,) — NEPECTAHOBKA MHOXECTBa
BEpLUnH V.

Q 3arnosniHeHue, NopoxoeHHoe rnepecmaHoekou m, F(m) —
MHOXXECTBO pebep, JobaBrieHHbIX NpyY NocneaoBaTefibHOM
MCKITIOYEHUN BEPLUVH T4, TT,, ..., TT,..

O 3apgava: HanuTu NepecTaHoBKy ™, Takyto, 4YTo |F(m*)| - min.

Q 3agadva HaxoxaeHus Takon nepectaHoBkn NP-ronHaga
(Yannakakis, 1981).
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MeToAbl nepeynopsgovyeHuns rpadoB
pa3peXxeHHbIX MaTpuL

[MepeynopsgoyeHne
pa3pexeHHOU MaTpuLbl

V 4 [ \

VGl KomMbuHnpoBaHHbIE Heran -

BINOXEHHbIX MUHUManbHON

ceyeHun (ND) O ctenenn (MD)
aBTOMaTU4YecKne 0000LLEHHbIN MHOXECTBEHHbIN
BNOXEHHbIE 6 y
ceveHnd MHOIOypOBHEBbIN el st

5 : CTONOLIOBbIN
KOOPAMHATHbIN CneKTparnbHbIi MPUGIIVOKEHHbII

N3BecTHble nakeTbl: METIS, Scotch, Chaco;
nepeynopagoynsaTenu B coctase pewarernen (MUMPS,
MKL, SuperLU...).

[TapannenbHblie Bepcun: ParMETIS, PT-Scotch
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MeToA4 BNOXEHHbIX CeYeHUN

pasgenuTtenb 1 \ pasgenuTtenb 2 pasgenuternb 3
N
Vll V21
[pa
mMarpuua pacp 7
A MaTpuLbl, v, s Vv, Vs, |Si| s,
G
V12 V22
3arnosrnHeHne aktopa L:
Vll Vll
Su Su
Vl VlZ V12
S, Si Su S, V,, s,
Va Siz
V, S, Vo,
V22
S12 S12
Sl Sl S12 S12 511 511
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[lochepoBaTenbHasa Bepcus

O MORSYy — cB0604HO pacnpocTpaHsaseMasda Kpocc-
nnatdopmMeHHasa bubnunoTeka ansa nepeynopsiaoveHns
rpaoB CUMMETPUYHbBIX pa3peXeHHbIX MaTpuL

http://hpc-education.unn.ru/en/research/overview/sparse-
algebra/morsy

QO OcHoBaHa Ha MHOroypoBHEBOM MeETOAE BINOXXEHHbIX CEYEeHUN
C MogmnduKaunammn otaenbHbIX cTagnn
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| Cxema nepeynopsago4vyeHnsa B MORSy

['pad matpuubl, G,

Cxatb CTpYyKTYpYy G,

Moka ecTb He3aHyMepoBaHHble _ 9a
BEPLUVHbI
Hem
Ecnu Tekywuii rpagp G,  9a
OOCTaTO4YHO DOOSIbLLION

Hem BbiaenuTtb pasgenutens no
[MepeynopsagounTb MHOrOypOBHEBOU CXEME
rpad apyrum
METOO0M HymepoBaTb 1 yoanutb
(aBTOMAaTU4YECKMX BEPLUMHbI pasgenmTens
BINOXEHHbIX
ceueHmin) BbliaenuTtb HoBble noarpadb!

[MepecTtaHoBKa rpada G
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namAaTb0. Ucnonb3oBaHue oyepeau 3apnau (1)

Q TexHonornga OpenMP
QO OcobeHHOCTU NapannesnibHoOro anropmuTMma:
— ObLwas oyepenb 3agau
— 1 3agava = HanTun pasgenuTens B nogrpade

— HoBble 3aga4yum nonagatoT B oMepeb Nocne BbiNOSIHEHUS
NOTOKOM TeKyLlen 3agaydu
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namaTbl0. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

Gy
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namATblo. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

G,

G,

d Hl
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namATblo. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

G: |Gs |G, |G,

~~

Ge

/

G, G,

G/ 0\G
1\ Pc
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namATblo. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

Gs

G,

Gl3

G4

Gy

Gg

/

G,

G,

G/
~—

O\G
7

L
/6

GlB

\

Gl4
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namATblo. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

G4

Gy

Gg

Gg

GlO

Gll

GlZ

/

G,

/G
A\

G,

/

/GO\G
' P

L

/\

G

GG
13

Gl4
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MapannenbHasa Bepcusa Ans CUCTeM C obLien

namATblo. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

Gg

GlO
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[MapannenbHasa Bepcua AN cUCTeM C ooLlen
namATblo. Ucnonb3oBaHue oyepeau 3apgav (2)

Ouepenb 3agav

GO Gl GZ GS GG GB G4 Gl3 Gl4 G? GS Gg GlO Gll GlZ

G/O\G
AN PN
SN /N /N /N
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[MapannenbHasa Bepcusa Ans cUMCcTeM C odoLen
namaTtblo. Mcnonb3oBaHue 3agady OpenMP

Q 1 3agada = HaUTK pasgenuTtens B noarpade
O PekypcuBHbIM anropntm obxoaa gepesa 3agad
Q 3agayn 3anyckarTca AUMpeKTMBoON omp task
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TecTOoBble MmaTpuubl

0 Konnekunsa yHneepcuteta dnopuabi:

Ha3BaHue

Mopsapok, N

Yucno
HeHyneBbIX
anemeHToB, NZ

OnucaHue

pwtk 217 918 11 524 432 | structural problem
msdoor 415 863 19 173 163 | structural problem
parabolic_fem 525 825 3 674 625 | fluid dynamics problem
tmt_sym 726 713 5 080 961 | electromagnetics problem
boneS10 914 898 40 878 708 | 3D structural problem
Emilia_923 923 136 40 373 538 | 3D structural problem
audikw_1 943 695 77 651 847 | 3D problem

bone010 986 703 47 851 783 | 3D problem

ecology?2 999 999 4 995 991 | 2D structural problem
thermal2 1228 045 8 580 313 | unstructured FEM
StocF-1465 1465 137 21 005 389 | fluid dynamics problem
Hook 1498 1 498 023 59 374 451 | 3D structural problem
Flan_ 1565 1 564 794 114 165 372 | 3D structural problem

O
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TecToBas MHdpaCcTpyKTypa

Q NapameTpbl TECTOBOIO OKPYXEHUS:

[Mpoueccop [1Ba 4-agepHbIX npoleccopa
Intel® Xeon L5630 (2.13 GHZz)
MNamaTtb 24 GB

OnepaumoHHasa cuctema Windows Server SP2

Komnnnsartop

Intel C++ Composer (Intel Parallel Studio XE
2013)

Q CpaBHeHMe:

— MORSYy, napannensHas sepcua (OpenMP)
— ParMETIS 4.0.3 (MPI)

d Hl
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CpaBHeHMe KayecTBa nepeynopsanoveHus
oTHocutenbHoO METIS

pwtk

G3_circuit 1 msdoor

1 .
Flan_1565 ‘ ‘ parabolic_fe
A oW

d
-

Hook 1498 ,,A) \\‘

ook __ > tmt_sym
".é%‘ " —ParMETIS 1 process

StocF-1465 boneS10

A/

" (‘ —ParMETIS 8 processes
thermal2 ~ ' Emilia_923 parallel MORSy best

quality
ecology2 audikw_1 —parallel MORSy
compromise quality

HHI bone010
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CpaBHeHMe BpeMeHU padboTbl OTHOCUTENbHO
ParMETIS. Acnonb3oBaHue ovepeau

msdoor
paraboli
c_fem
tmt_sym
——MORSy 1 thread /
boneS10 ParMETIS 1 process
—MORSy 2 threads /
ParMETIS 2 processes
milia 9 MORSy 4 threads /
23 B ParMETIS 4 processes
——MORSy 8 threads /
— ParMETIS 8 processes
ecology? 1 ——unit circle

bone010
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| CpaBHeHMe macuTabupyemMocTu

npuv padote B 8 NOTOKOB / npoLeccoB
pwik

_ 0
G3_circuit > msdoor

e TN e
_ ','g,@ S\

.
0.0
T
StocF-1465 ‘

thermal2 ‘,’

-

boneS10

, Emilia_923
—ParMETIS

ecology? audikw 1
bone010 —MORSy

(LS
™N
X
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CpaBHeHUe BpeMEeHMU

paboTbl OTHOCUTESILHO

ParMETIS. Acnonb3oBaHue 3apga4y OpenMP

pwtk

G3_circuit 2,0

7 O

msdoor

parabolic_fem

Hook 1498 \\D\ tmt_sym
!‘my _, ‘ —MORSy 1 thread /

StocF-1465 ' /i' boneS10 ParMetis 1 process

——MORSy 2 threads /
‘/ ' ParMetis 2 processes

thermal?2 \/ ' Emilia_923 MORSy 4 threads /
ParMetis 4 processes

ecology? audikw 1 —MORSy 8 threads /

ParMetis 8 processes

bone010

d Hl
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CpaBHeHMe macuTabupyemMocTu
npu pabdoTte B 8 NOTOKOB / NpoLieccoB

pwtk
G3_circuit >,0
4,0 _
Flan_1565 ',\‘ , parabolic_te
3 m
') @
Hook_1498 %0 tmt_sym
;r | !]% —ParMetis
StocF-1465 \ "‘ boneS10 —MORSy omp tasks
MORSy queue
.
thermal2 \\ o Emilia_923
ecology? audikw_1

bone010
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3aKknyeHue

O TekyLwiasa nocnegoBaTenbHaga nporpaMmMHas peanmsauus
nokasblBaeT pe3ynbTaTbl, 6Nn3kne no Ka4ecTBy U CKOPOCTU
paboTbl K Gubnunoteke METIS — ogHOW 13 nuanpyrowmx B
OaHHOM obnacTu.

Q Tekywas napannenbHada peanu3auma pabotaet ObicTpee,
yem ParMetis Ha 1 BbIYMCINTENIBHOM Y311e, Ha NOMOBUHE
TECTOBbIX MaTpuLy

O MacwTtabmnpyemMmocTb napannenbHOon peanm3aumm xapakrepHa
ON4a gaHHOro Knacca 3agad, ogHako yctynaet ParMETIS Ha
NoJfioBNUHE TECTOBLIX MaTpuL

O MORSYy goctyneH co cTpaHuubl:

http://hpc-education.unn.ru/research/overview/sparse-
algebra/morsy
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NanbHeuwune nuccrnegoBaHus

Q OcHOBHbIe HaNpaBreHns AanbHEULLNX UCCreaoBaHUN:

— Pa3Buntue nporpammHon peanmsaumm c LENbIO
YMEHbLUEHNS BPEMEHMN peLleHns 3adayn, yBenmieHus
MacLuTabnpyemocTu

— PaspaboTka rubpugHon MPI + OpenMP Bepcum
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Bonpochl

Q Bonipocbl?

Cnacub6o 3a eHumaHue!

lml
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MHoroypoBHeBO€ BblaerfieHne pasaenurens B
MORSYy

TekyLwnn noarpad, G,

lNMoka rpad HegocTaTovHO Man,
Oepy6_neHue CXKUMaTb €ero CTPyKTypy.
[Tonyynm nocnegoBaTesibHOCTb
rpadgoB G, ..., G,

MeToabl
CllydanHbIX NapocoyeTaHum,
NapOCOYETaHUN TsKENbIX pedep

BbigeneHne cepeanHbl ypOBHEN
CMEXHOCTU U3
ncesnonepugepnimnHon BepLUInHLI

pasdesneHue [TonyynTb Ha4YanbHOE pasgerieHne
rpadpa G, P,

[MpoeunpoBaTth pasgenenue P, Ha P, (Gy):
anai=m, ..., 1:
passepmaeigaHue
lpoeumposats P Ha P;; (G;.,) MoambuLmMpoBaHHbIii MeTop
QuwkpadTta—Slo (1994),
XeHapukcoHa—PoTbepra
(1999)

Ynyqwnts P, 4

pasgenutens rpada G,
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