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1. MOHATUE PA3SPEXEHHON
MATPULDI
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1. NMoHATHe pa3pexeHHOU MaTpuULbl
1.1 Anrebpa pa3pexeHHbIX maTpuu

O Anrebpa paspexeHHbIX MaTpuy (Sparse algebra) — BaxHbI pasgern
BbIYMCINUTENBHON MAaTEMATUKN, UMEIOLLIMIA O4EBUOHOE NPAKTUYECKOE NPUMEHEHME.

O PaspexeHHble MaTpuLbl BO3HUKAKOT €CTECTBEHHBIM 06pa3oM Npu NOCTaHOBKE U
peLlleHnn 3agay N3 pasHblX HayYHbIX U UHXEHEPHbIX obnacTen:
— lpwn nocTtaHoBKe 1 pelleHnn oNTUMMN3aLUMOHHbIX 3a4au.
— lNpwn yncneHHoM peLueHun andodepeHumanbHbIX YpaBHEHNN B YaCTHbIX NPON3BOLHbLIX.
— B Teopumn rpadoos.
— lpn mogennpoBaHun ceTeN.
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1. lNoHATUe pa3pexeHHON MaTpuULbl
1.2. BapunaHTtbl onpegeneHus

0 Bctpeyatotcs pasHblie opMYnNPOBKU:
— Pa3pe>KeHHOIZ Ha3blBAlOT MaTpuuy, MMeoLLyto ManbIn NPOUEHT HEHYJIEBbLIX 3J1IEMEHTOB.

— MaTtpuua pasmepa N X N HasbiBaeTCH paspeXXeHHON, ecnuy KONUYEeCTBO ee HEHYNEBbIX
anemeHToB ecTb O(N).

— W3BecCTHbI U apyrue onpeaenexHus.

a an/IBeD,eHHbIe BapunaHTbl ABJIAKOTCA HE BMNOJIHE TOYHbIMU B MaTEMATUYECKOM
CMbICJ1€e.

0 Bonpoc: kakoe onpeaeneHne Bam KaxeTcs Hanbonee NornyHbIM?
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1. lNoHATUe pa3pexeHHON MaTpuULbl
1.3. OnpepeneHue

O Ha npaktuke knaccmdumkayma maTpulbl 3aBUCUT HE TOSBKO OT KONMMYeCcTBa
HeHyneBbIX 3f1IEMEHTOB, HO U OT:
— pasmepa MaTpuLbl,
— pacnpeneneHusi HeHyneBbIX 3NIEMEHTOB,
— apPXUTEKTYPbl KOHKPETHOW BbIYUCIIUTENBHOW CUCTEMbI U UCMOMb3YEMbIX anropuTMoB

Q MaTpuuy nMeeT CMbIC NPeACTaBNATb B CNeunanbHOM pa3pexeHHoOM ¢hopmame B
TOM crny4yae, ecrnim 3TO MNO3BONSAET 9KOHOMUTbL NaMATL/YCKOPATb 00paboTKy Ha
KOHKPETHOWN BbIYNCIUTENBHON CUCTEME NPU PELLEHNN oNpeaeieHHOro Krnacca

3agaud
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1. lNoHATUe pa3pexeHHON MaTpuULbl
1.4. NMpobnema BbIOOpPa

0B psage cnyyaeB matpuua UMeET PerynsipHyto CTPYKTypy (Hanpumep, NeHToYHas
mMaTpuLa), YTo NO3BONSET pa3paboTaTb CNeunanmu3MpoBaHHy CTPYKTYPY
XpaHeHus.

QO Horga pasmMepHOCTb MaTpuLbl TakoBa, YTO ee NII0THOE NnpeacTaBlieHne
NoNpoCTy He ybnpaeTcda B NamMATb.

Q Ecnu n paspexeHHoe, 1 NoTHOE NpeacTaBieHne AoNyCTUMbI, a KONMYeCcTBO
HEeHYIeBbIX 31IEMEHTOB HEBESNMKO, HEODXOAMMO NpPOaHanM3npoBaTb, Kakas
CTPYKTYpa XpaHeHusi byaet bonee adPeKTUBHON B paMKax UCNONb3yeMbIX
anropuTMoOB N KOHKPETHOW apXUTEKTYPbI.

0 B 3aBncuMocTM OT pe3ynbTaToB 3TOrO aHanmsa MOXHO paccMmaTpuBaTb MaTpULy
nMBO Kak paspexxeHHyo, NGO Kak NIIOTHY!O.
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1. lNoHATUe pa3pexeHHON MaTpuULbl
1.5. NMpumepbl paspexeHHbIX MaTpuL,

O MaTpuubl 13 Konnekunn yHmsepcuteta dnopuabl (B HacTosiLee BpeEMS —
Konnekumst SuiteSparse)

Q
https://sparse.tamu.edu/
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https://sparse.tamu.edu/

2. AIICMOPUTMbI U TTIPOITPAMMHBbIE
CPEACTBA
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2. AnroputmMmbl 1 nporpamMmMHble cpeacTBa
2.1. OCHOBHbI€ anropnuTMblI

Q basosble onepauun:
— TpaHcnoHupoBaHue MaTpuLbl
— YMHOXeHne maTpuLbl Ha NNOTHbLIN BEKTOP
— YMHOXEHNe ABYX pa3peKeHHbIX MaTpuy
QO PelweHne cuctem nNUHEnHbIX ypaBHeHUU Ax = b:
— Mpsamble meTtoabl (LLT, LU, LDLT, QR pa3snoxeHus),
— WtepaumoHHble meToabl (CG, GMRES, Yebbiwesa n gp.)
O PelweHne 3agayn Ha cO6CTBEHHbIE 3HAYEHUS, 3a4a4YM HAUMEHbLUMX KBaapaToB

— UTepaunoHHble meToabl
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2. AnroputmMmbl 1 nporpamMmMHble cpeacTBa
2.2. Buonuorteku

a Kommepyecknn pewartens Intel MKL gnga obwen namaTtn, pacnpegeneHHou
namaTtu: Sparse BLAS, MKL PARDISO, FEAST

O AkagemMnyeckne npamele pewiaTtenu:
— MUMPS, SuiteSparse, SuperLU, SPRAL, PaStiX...

0 Akagemunyeckne ntepaumoHHble peluaTenu:
— PETSc, SOL, PARALUTION, Lis, HYPRE...

0O Akagemundeckune peluatenu 3agayn Ha CoObOCTBEHHbIE 3HAYEHUS:
— SLEPc, BLOPEX, FEAST, PRIMME...

QO AkTyanbeHbin 0630p MO: http://www.netlib.org/utk/people/JackDongarra/la-sw.html

WWWWWW
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3. POPMATbI XPAHEHUA
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3. PopmaTbl XpaHeHUs
3.1. CnoXxHocTb 3apgayumn

0 3P deKTUBHbIE METOAbI XPaHEHUA U 0OPabOTKM pa3peXeHHbIX MaTpuL, Ha
NPOTSXKEHUM NOCHEAHUX OECATUNETUN BbI3biBAOT NMHTEPEC Y LLUMPOKOro Kpyra

nccnegoBaTtenen.

Qlna ydeTa paspeXeHHON CTPYKTYPbl MPUXOANTCS CYLLECTBEHHO YCIOXHATb Kak
METOAbl XPaHEeHUd, Tak U anroputMmbl 06paboTKn.

0 MHorne TpuBmManbHbl€ C TOYKM 3PEHUS NPOrPaMMMUPOBaHNS anropuTMbI B
pa3pexxeHHOM CIy4yae CTaHOBSATCH BECbMa CMOXHbIMMU.

EI,D,J'IFI onTnMmmn3aunn npomn3BoanNTENbHOCTU NMPUXOONTCA paspa6aTb|BaTb
HEeTpuUBMalribHbl€ afifTOPUTMbl N NCMNMOJ1Ib30BATb BO3MOXHOCTH COBpeMeHHOVI

annaparypbi.
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3. PopmaTbl XpaHeHUs
3.2. KoopauHaTtHbIK hopmaTt (COO)

0 OnemeHTbl MaTpuLbl U €e CTPYKTypa XpaHATCS B TPEX MaccmBax, coaep KaLlmnx
HeHyrneBble 3HavyeHnda Values, nx Homepa ctpok Row u ctonéuos Col.

0 O0bem Heobxogmumon namaTu (M):

— lMnoTHoe npeactaenexHne: M = 8 N 2 6anT.
— B koopanHaTtHoMm doopmaTte: M =8 NZ + 4 NZ + 4 NZ = 16 NZ 6aunT (npegnonaraeTcs,
yto N < 232; B NPOTUBHOM Crny4Yae Heob6xoauMo ncnonb3oBaTb 64-O0UTHbLIA BapuaHT

6e33HaKoBOro Lienoro Ansi XxpaHeHus UHOEKcoB).
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3. PopmaTbl XpaHeHUs
3.2. KoopauHaTtHbIK hopmaTt (COO)

[Mpumep:

A CrpykTypa XpaHEeHHSA:
1 2 112314 (85716
314 Value
OO0 |11 |3 |3 |5|5]|5
8 > Row
O14|2(3 |3 |5|12]5
71 6 -
Col
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3. PopmaTbl XpaHeHUs
3.2. KoopauHaTtHbIK hopmaTt (COO)

A KoopauHaTtHbIN GoopMaT MOXHO MCNOMNb30BaTh

— Kak B ynopsiaoMeHHOM Buae, Korga B maccmee Value XpaHaTca aneMeHTbl MaTpuLbl
NOCTPOYHO (HanpuMep, crieBa HanpaBo, CBEPXY BHU3),

— TaK ¥ B HeynopAaAao4eHHOM.
0 HeynopsgodyeHHoe npeacTaBneHne CyLecTBEHHO YnpoLLaeT onepauum
BCTaBKWU/yaaneHnst HoBbIX 3N1IEMEHTOB, HO MPUBOAUT K NepebopHbIM NMomcKam.

0 YNopsaoYeHHbI BApUaHT NO3BOSSIET ObICTPEe HAaXOANTb BCE ANEMEHTbI HY>KHOW
CTpoku (cTonbua), Ho NPMBOAUT K NepenakoBkam Npu BCTaBKkax/yaaneHusx
SNEeMeHTOB.
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3. PopmaTbl XpaHeHUs
3.3. PaboTa c koopauHaTHbIM hopmaTom

a lMpumep: y = Ax.

// NopAnOK 2N1eMeHTOB He BaXeH
for (i = 0; 1 < NZ; i++)
{
y[Col[i]] += Value[i] * x[Col[i]];
}
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3. PopmaTbl XpaHeHUs
3.3. PaboTa c koopauHaTHbIM hopmaTom

a lMpumep: y = Ax.

// SNemMeHTbl ynopAfoYeHbl Mo CTpoOKaMm

J = 0;
for (i = ©; i < N; i++)
{
sum = 0;
while ((j < NZ) & & (Row[j] == 1))
{
sum += Value[j] * x[Col[j]]; j++;
}
y[i] = sum;
}

WBEPCy
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3. PopmaTbl XpaHeHUs
3.3. PopmaTt CRS (CSR)

Q dopmart xpaHeHna CSR (Compressed Sparse Rows) unn CRS (Compressed Row
Storage), npu3BaH yCTPaHUTb HEKOTOPble HEQOPADOTKM KOOPAMHATHOIO
npeacTaBlieHUs.

Q [Ons xpaHeHns HeHYNeBbIX 35IEMEHTOB NUCMNOSb3YOTCHA TP MaccuBa:

— MaccuB Values xpaHUT 3HaYeHUS HEHYMNEBLIX 3NIEMEHTOB MNOCTPOYHO (CTPOKMU
paccmaTpuBaloTCs Mo NOPsIAKY CBEPXY BHU3),

— MaccuB Col xpaHUT Homepa cTonbLUoB AN Ka)Kaoro arieMeHTa,

— MaccuB Rowlndex xpaHUT MHAEKCHLI Havarna aneMeHTOB KaXaoWm CTPOKM B MaccmBe
Col.

WBEPCyp
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3. PopmaTbl XpaHeHUs
3.3. PopmaTt CRS (CSR)

[Mpumep:
A CTpyKRTYpa XpAHCHHA:
1 2 1121348 |5]7|1]6
314 alue
O/ 412313 [(5]1[2]5
8 > Col
’ RowlIndex
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3. PopmaTbl XpaHeHUs
3.3. PopmaTt CRS (CSR)

Q KonuyectBo anemeHToB MaccnBa RowlIndex pasHo N + 1.
Qi-bI 35IeMeHT MaccmBa RowIndex ykasblBaeT Ha Havaro i-O CTPOKMW.
O 9nemMeHTbl CTPOKK | B MaccmBe Value HaxogaTcst no nHaekcam ot RowlIndex[i] go

RowlIndex]i + 1] — 1 BKNOYNTESLHO.

0 T.0. obpabaTbiBaeTCs cnyyam NycTbiX CTPOK, a Takke 400aBNAeTCa «ITULWLHUNY
anemMeHT B MaccmB RowlIndex — ycTpaHsieTcss 0cOGEHHOCTb NMpuU AOCTYNe K

arnemMeHTam nocnegHen ctpokn. Rowlindex[N] = NZ.

WBEPCyrp
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3. PopmaTbl XpaHeHUs
3.3. PopmaTt CRS (CSR)

0 O6bem HeobXxoaMMOU NamMATw.
— lNMnoTHoe npeacTtaeneHne: M = 8 N2 6anr.
— B koopaguHaTtHoM doopmaTte: M = 16 NZ Ganr.
— B popmate CRS:M=8NZ+4NZ+4(N+1)=12NZ+4 N+ 4,

QB yacTto BcTpevarowemcs cnydae, korga N + 1 < NZ, gaHHbIn doopmaTt sSBnseTcA
bornee adpPEKTUBHLIM, YEM KOOPAUHATHBIN, C TOYKN 3peHns obbema
NCNonb3yemMon namsTu.

uuuuuu
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3. PopmaTbl XpaHeHUs
3.3. PopmaTt CRS (CSR)

a lMpumep: y = Ax.

// Unkn no cTpokam maTpuubl A
for (i = 0; 1 < N; i++)
{
// BblMUCNAEM i-10 KOMMNOHEHTY BeKTopa Yy
sum = 0;
j1 = RowIndex[i];
j2 = RowIndex[i + 1];
for (J = 31; J < j2; j++)
sum = sum + Value[j] * x[Col[j]];
y[i] = sum;
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3. PopmaTbl XpaHeHUs
3.4. ®opmat CRS (CSR) — moaudpukauumn

0 Bo3mMoXxHa nHaekcaums Kak ¢ Hyns, tTak u ¢ eanHuubl (C/Fortran).
0B 6a3oBom BapunaHTe CRS cTpokn paccmaTpmBatoTca rno nopsaaky, HO afieMeHTbI
BHYTPU KaXXgoM CTPOKM MOryT ObITb Kak ynopsigoYeHbl Mo HOMepy cTonbua, Tak u

He ynopsago4veHsbl.
QO Mogudukaums CRS ¢ yeTblpbMs MaccuBaMmn. YeTBepTbI MacCuUB XpaHUT

NHOEKCLI aneMeHToB MaccuBa Col, cCOOTBETCTBYOWMX NOCNEQHEMY INEMEHTY

CTpokn. CTPOKM MOTYyT He DObITb YNOpsiAoYeHbl — ObICTpasa nepecTaHOBKa.

A bnoyHbin CRS (BCRS) paccmatpuBaeT MaTpuLy Kak COBOKYMHOCTb MSIOTHbIX
6rnokoB (006bIYHO Manoro pasmepa)
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3. PopmaTbl XpaHeHUs
3.4. ®opmat CRS (CSR) — moaudpukauumn

0 B HEKOTOPLIX MCTOYHMKAX PpaCCMOTPEHHLIN doopMaT yrnomMmmHaeTca Kak Yale format,
B HEKOTOPbIX — Kak AlJ.
Q VHorga npumeHsieTca mogmdumkaumns, CoOCTodawad B TOM, YTO MacCuBbl XPaHATCA B

NnamaTy B APYromM nopsiake.
QO Bce, 4TO ObINIO ONMMCAHO BbllEe, MOXET OblTb C PaBHLIM YCNEXOM MPUMEHEHO He K
CTpoOKaMm, a K ctonbuam. B ntore nonyvaetca cronduyosbin dopmat CSC (CCS)

BMecTo cTpoyHoro CSR (CRS).
Qlna psga anropntmoB 6onee yaobeH cTpoyHbin oopmart, ans psaga —
CTONOLIOBbIN.
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3. PopmaTbl XpaHeHUs

3.5. ®opmat CCS

Q MNpumep:

11111111111

A

CTpykTypa XpaHeHHUS:

1

1|7(3]1]|4|8]2

Value

0O(5/1|{5|11|3(0
S Row

o|1]2]4]6]7 9:
6 ColIndex

H. Hoeropop, 2022

OnTUMM3aumMsa CTPYKTYp AaHHbIX Npu paboTe ¢ paspexeHHbIMU MaTpuLamm

27/46



3. PopmaTbl XpaHeHUs
3.6. PaboTa ¢ ¢popmaTtom CCS

a lMpumep: y = Ax.

for (1 = 0; 1 < N; i++)
y[i] = 0.0;

// Unkn no ctonbuam maTpuupl A
for (1 = 0; 1 < N; i++)
{
jl1 = ColIndex[i];
j2 = ColIndex[i + 1];
for (3 = j1; j < j2; j++)
y[Row[j]] += Value[]j] * x[1i];

) G’;{"r
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3. PopmaTbl XpaHeHUs
3.7. NMpobnembl cTaHAapTHbLIX chopmaToB

Q Huskas apudpmeTnyeckas MHTEHCUBHOCTb
O HeperynapHbin 4OCTYN K NamMaTn B 00MbLWINMHCTBE Da30BbIX anirOpUTMOB
QlMpobrembl C BEKTOpU3aLMeEN pacyHeToB (pasHas AfniMHa CTPOK...)

Q TpygHoCTM pacnapannenuBaHus anropntMmoB (banaHCcUpoBKa Harpyskm)

QMpumep: y = Ax, A B popmate CRS
O Bonpoc: Hanaute npobnemsl, BblYUCIINTE apUPMETUYECKYH MHTEHCUBHOCTb

WBEPCu
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3. PopmaTbl XpaHeHUs
3.7. NMpobnembl cTaHAapTHbLIX chopmaToB

Q Huskas apudpmeTnyeckas MHTEHCUBHOCTb
O HeperynapHbin 4OCTYN K NamMaTn B 00MbLWINMHCTBE Da30BbIX anirOpUTMOB
QlMpobrembl C BEKTOpU3aLMeEN pacyHeToB (pasHas AfniMHa CTPOK...)

Q TpygHoCTM pacnapannenuBaHus anropntMmoB (banaHCcUpoBKa Harpyskm)

Q UTor: HM3Kasa 9 PEeKTUBHOCTb NCMNOSb30BaHNS COBPEMEHHbIX MPOLECCOPOB C
BOMbLUNUM YNCIIOM S4EP U LUMPOKUMN BEKTOPHBLIMU PErUCTPamm

O HanpaBneHue paboT. pa3zpaboTka HOBbLIX OOpPMaTOB, Nyylle NPUCNocobIEHHbIX
OJ19 COBPEMEHHbIX 1 DyOyLLNX apXUTEKTYP

WBEPCu
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3. PopmaTbl XpaHeHUs
3.8. dopmar Ellpack

Q dopmat ELLPACK nipeanoxeH ons apdekTMBHOro npeacraBfieHNA paspexXeHHbIX
MaTpuL, Ha rpadpuyecKkux yCKopuTenax

QB cpaBHeHun ¢ CRS:
— yrnydlleHa NokKanbHOCTb AaHHbIX,
— [OaHHbl€ BbIPOBHEHbI B MNaMATU

WBEPCy
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3. PopmaTbl XpaHeHUs
3.8. dopmar Ellpack

Q 1nsg Kaxxgou CTPOKM MaTpulbl XpaHUTCA OANHAKOBOE YUCIIO HEHYIEBbIX
9NEMEHTOB
Q 1ng XxpaHeHa HeHyneBbIX 3JIEMEHTOB NUCMNOSb3YTCA ABa MaccuBa:
— MaccuB Values xpaHuUT 3Ha4YeHUst HEHYNEBbIX 3NIEMEHTOB NMOCTPOYHO (CTPOKM
paccmaTpuBalOTCs MO NOPSAKY CBEPXY BHU3),
— maccuB Col xpaHuT Homepa CTondLOB AN KaXaoro afemMeHTa,
— €CI KONUYEeCTBO 3NTIEMEHTOB B CTPOKE MeHbLLE MakcumanbHoro, Maccmebl Values u Col

AOMOJTHAKTCA HYINAMU

WBEPCu
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3. PopmaTbl XpaHeHUs

3.8. dopmar Ellpack

Q MNpumep:

11111111111

A

CTpyKTypa XpaHCHUS:

1

1(2|0

3|14|0

0O|0]|O

5 8| 5|0

0O|0]|O

6 711|6
Value

0|4]|0
213|0
0O|0]|O
3|5|0
0|0]|O
1(2|5
Column
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3. PopmaTbl XpaHeHUs
3.8. dopmar Ellpack

0 O6bem HeobXxoaMMOU NamMATw.
— lNMnoTHoe npeacTtaeneHne: M = 8 N2 6anr.
— B koopanHaTtHoM cpopmaTte: M = 16 NZ Ganr.
— B popmate CRS:M=8NZ+4NZ+4(N+1)=12NZ+4 N+ 4,

— B dopmate ELLPACK:
M=4KN+8KN=12 K N, K- MakcumanbHOe 4YNCIIO 3/IEMEHTOB B CTPOKEe

wwwwww
rrrrrrrrr
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3. PopmaTbl XpaHeHUs
3.8. dopmar Ellpack

a lMpumep: y = Ax.

“aEPCuT
3 ¥gsRuEaciq,

O

}

// Unkn no cTpokam maTpuubl A
for (i =

@; 1 < N; i++)
{

for (j =
sum += Value[i * K + j] * x[Col[i * K + j]];
y[i] = sum;

// BblMUCNAEM i-10 KOMMNOHEHTY BeKTopa Yy
sum = 0;

9; j < K; j++)
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3. PopmaTbl XpaHeHUs
3.9. ®opmar Ellpack — moaundpmkaummn

O ELLPACK adhdekTuBEH AN MaTpuu, cogepxxawmx 6yin3koe Konnyectso
HeHyneBbIX 3J1IEMEHTOB BO BCEX CTPOKaXx.

a Mogudomkauum ELLPACK opneHTMpoBaHbl Ha COKpaLlleHue Yymcna SONOSTHEHHbIX
9N1EMEHTOB:
— Sliced ELLPACK (SELL-C) pasgenseT maTpuuy Ha rpynnbl CTPOK, Kaxgas rpynna

xpaHutcsa B opmate ELLPACK

— Sliced ELLPACK c coptupoBkon (SELL-C-0) gononHutenbHO BBOAUT obnacTu
COPTUPOBKM TakMM 06pasoM, YTO CTPOKU C BIIU3KUM YMCITOM HEHYNEBLIX 3SIEMEHTOB

B6yayT cobpaHbl B 0ogHOM 6r10Ke
— BHyTpun 6n10Ka anemMeHTbl XpaHATCA No cTonéuam
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3. PopmaTbl XpaHeHUs

3.10. ®opmar Sliced ELLPACK (SELL-C)

Qllpumep: C =2
A

1 2

Value

WBEPCy C .l.?I
1"\Dﬁwzac“0r5r o

CrpyKrypa XpaHeHHS:

112 0|4
314 213
0|0 0|0
IS5 315
0|0 0|0 |0
711 1215
Value Colummn
SlicePtr 0|48 |14
113121410 510 7
o1214]310|3(0(5]0]1

o "o
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3. PopmaTbl XpaHeHUs
3.10. ®opmar Sliced ELLPACK (SELL-C)

a lMpumep: y = Ax.

// Unkn no 6noKkam CTPOK maTpuubl A
for (i =0; 1 < N/ C; i++)
{
nb = (SlicePtr[i + 1] - SlicePtr[i]) / C;
for (k = 0; k < C; k++)
{ // Bbncnaem (i*C+k)-t0 KOMNOHEHTY BekTopa Yy
sum = 0;
start = SlicePtr[i] + k;
for (j = 0; j < nb; j++)
sum += Value[start + j * nb] *
x[Col[start + j * nb]];
y[i * C + k] = sum;

) ot"'r
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3. PopmaTbl XpaHeHUs
3.10. ®opmar Sliced ELLPACK (SELL-C)

a lNMpumep:

// Unkn no cTpokam maTpuubl A
for (1 =0; 1 < N; i += Q)
{
for (k = i; k < 1 + C; k++)
{ // Bbluucnsaem k-w KOMNOHEHTY BeKToOpa Yy
start = SlicePtr[i / C] + k - C;
end = SlicePtr[i / C + 1];
sum = 0;
for (j = start; j < end; j += Q)
sum += Value[j] * x[Col[j]];
y[k] = sum;
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3. PopmaTbl XpaHeHUs
3.11. T'mbpuaHble cpopmaTthl

QlMmbpuaHblie dopmMaThbl: YacTb ANIEMEHTOB XpaHuTca B popmaTte ELLPACK,
ocTasnbHble — B Apyrom dpopmarte. [Npumepsi:
— ELLPACK + koopauHaTtHbin hopmat (HYB)
— ELLPACK c BblgeneHnem maneHbKnxX NnoTHbIX 6510koB 1 X 2 unn 1 X 4

— ELLPACK c BblaeneHnem gnaroHanewu

uuuuuu
rrrrrrrrr
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3. DopmMaTbl XpaHeHUs
3.12. IkcnepumeHT (A. MupoHoBa, gunnom 6ak.)

MaTtpuua nlpkkt 240 (n = 27 993 600, nnz = 760 648 352); cynepKoMIib

«JlobavyeBCKUM>»
6000
5000
=
=L
=
=
5 4000
o
-
=
§ 3000
=
e
g 49%
2000 42%
CIQJ_ 36%
o 39% 71% 73% 58%
- I I I I I I
: Ill Ill I
Ellpack HYB Ellpack Column sell-C
® Mocneq. ckanapHaa MW lMocnes. BeKTopHasa ® 2 noToxka M4 noToka M8 noToKkoBE M 16 NOTOKOB ]
WWBEPCyrp

&

b oﬂueac,,g,_ﬂ
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4. SAKITIOYEHUE

WBEPCY
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4. 3aKknro4vyeHune

O Anrebpa paspexXeHHbIX MaTpuL, — BaXKHbIN MPUKIaaHOM pasgern BblYUCIIUTENbHON
MaTeMaTUKN: MHOTMe anropuTmbl ABNAKTCA Hanbonee BblYUCINTESIbHO-

TPYOOEMKUMN COCTaBNSAOWMMMN PACYETHLIX MPUITOXKEHUN

QO Bonpoc Bbibopa Nnogxoaauwmx CTPYKTYP AaHHbIX KparHe BaXKeH OS5 NPakTUYeCcKoro
NCNONb30BaHUS

O PaspaboTtaHo MHOro doopmMaToB XpaHEHUs1 paspeXeHHbIX MaTpuL

0 MNpwu co3paHnmn HoBbIX hopmaToB uaeT bopbOa 3a NpeoaoneHne OCHOBHbIX
npobnem: HeperynspHbIA JOCTYN K NamaTh, Manas 3ddekTUBHOCTbL BEKTOpM3aLImn

N pacnapannennuBaHus

WBEPCu
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