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1. Dongarra RIEIR3Z, FIENRE

BIJLK, Jack Dongarra ##%5c3k 2021 FEIREK, HXK, EEZRSIAKEBEFH 7 =#F1 Dongarra
HIRNES, EESUNFRENE () SEUETERXTIENABAXNEEREIEN. HA,
tERENES, thil XNFEE., EXMIFERTE, XMEEEERESIRR T —Y(ES
BENE®R, HfbESRT —LRTHNEE, KEoEHTANE (IERZERERRT, HER
ETER, ERMEICXERERR, EEEEARAEHE) . XNERBANEEFEEATHRA:

1. MES HRARZLMERERIFHTEZEEEMESD 2 Communication-avoiding &
%, FERBARIames Demmel #d5%%. Jack Dongarra BIERFHY SLATE iXfhs
MR ELREENRERZ CA BRE,

2. Top500 A9 LINPACK ENN@—MNEHAXKALHHES . SCEREMASERRLATGERE

B ELHAY.

ERMEREIREEN. A2, BERNEZEATERHEEUFE IR MERIRBRIFAE
. TEHITRANRI—TXEMNMER.

2. Fi—HTEEZIECEIE SLATE

Z3 7N HFNRRE, BESESEEETHEEAFNE LB TRENEED BLAS #1 LAPACK, Ff
BA netlib KBNS ELI. MEDHINAFNES L, PBLAS (Parallel BLAS) #1 ScaLAPACK
(Scalable LAPACK) EAARER X LAY REREO, (BRESL FAYREREO. BTROBARIRER
PBLAS, i ScaLAPACK BHENMRALUEH BT 7 PBLAS, #EA I —RRAIIX ot RFR ScaLAPACK,
ScalLAPACK 9&% LI 2F Fortran By, B&E&AREIT 20 FHNF&EHET. —/5E, ScaLAPACK
BRENEHEEEXAE; B—AME, ScalAPACK itz #HMXXEm MPI H17, TERIFSHIAY
£ GPU itET A,
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BM Exascale Computing ##2 F&H, Dongarra SRSHBEIAFFIa 2 BT R FT—RRIFF1TEL
(ELMECEUZE SLATE, Software for Linear Algebra Targeting Exascale. SLATE SREE THICHY C++ #0
OpenMP SRECEIZMEMAEEEL (BB ELLE ScalAPACK B/NT—NER) , HEMZRKT
T 20 FREELMENHEZRTFRR. RERZIAJ SLATE SERANEEERZ Demmel A—E
CA &%, At Dongarra EHFHTHIERBEZ LREFIREIBAKR, HANGEENTICRIHEIXMNTHE
—EE, BIEAASEAKRN. iLK11REE SLATE B2EAIR.

HELXUERHETEGRLEEL: BEFRA. LU 5 Cholesky 2. QR £, FHIHESHRED
B, BAIBEMTIE.
BSERENTGE. BT BI—RXE PN E T T2 MEMRSRERZE, HPEHET Demmel

#9 Communication-Optimal 2.5D &iELAKRER TIBEEEIC TR CARMA &%, AT SLATE XA
2 SUMMA &% [1], %0 ScaLAPACK —#¥, XJitt,, SLATE AUMBRRRE:

The current emphasis in SLATE is on simplicity and robustness. More advanced
algorithms are up for consideration in the future.

P52 LU 71 Cholesky i, XD EEESERIL, LIRSS LU 5. 76,
B [2] PEET —ERABEKIRIE LU SREERTA:
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23 LU 9SREZX

FAEET HPL SRS, (EF LU 3877 IZ0oR MM TR, LU 7
{E =R771%, right-looking, left-looking I crout-looking, ALK A YR A 5 BT
{THLRY right-looking B3 7714231, X 2.2 Z5H right-looking LU 73 iRV EEFEIR

Ay Aps L 0 U U
[ 1,1 1.2] _ [ 1,1 ] [ 11 Ui (22)
! 4 Azqn Agp Loy Lap 0 Uy
Rainmaker's Notebook
[KAVARDROfRET 2 S THEEUE DA 2 BAR S i
BWEARIUR, RN TFZIRE 1) Apy 4 LygUsy, Agy < Loy Usy
FEMOERG. | — (REAASE
e 2) Ao < L11Us2
3D
3) Ago  Aso — Lo1Ui
4) Agg < LooUsp
e € 2.1 Sty T NSRRI T R T, SR
WAEH, BUIEMENR D E— M x NB BIERE, X4
Archives WSMEIK) NB BIEEREFR A panel, NB EFILMMAS : N
About 8, FEMINSCHF HPL dat H¥EE, S—% 20 NBFI, M L ‘
Citexc (THOREREEAT MR, 193 iy Upy R Loy, X—FWH2z | M| ™ b‘“ﬂg
Ite submairix
4 panel 73fi# (panel factorization), TEZ7rfZidFEH, [FIES v
RAAAT panel WIIE ETCHRME, FREERETIRTE; & NB

BT MR RER (rsm), 1B3FIU,,; HEHEN Tﬁ“ %EFEAHﬁLU

(M — NB) x (M — NB) BIF|= T/ (trailing submatrix)
HATHERHT (gemm), FEIRFAERT LysUs oo

E2.1
vay. i)

SLATE 7&ff LU 5f#a9ATE, X4 panel factorization S2F8Y Communication-Avoding LU &i% [3].
7t panel factorization SepkLAfS, SLATE EREB CRIEEREAEARKITHE rank-k update LAEHT
trailing matrix, StfrE, XPMNEEZAARBERIVMNER. BESRIMUHNEEPAZE Demmel 12
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A9 2.5D LU [4], 5 2D LU #8tk, 2.5D LU HsCIFEFIRRR: A 2.5D FEMSREEITE trailing matrix
rank-k update,

BER QR 9%, XTF QR o, Demmel BFA™ CA HiX: TSQR #1 CAQR [5], SLATE X7 CAQR
[6]. TSQR £tX7 tall-and-skinny matrix, [RIRIXFRIEERFETITHS, B8NAEREETT, BEZ
XAFATA T E AR Householder QR 3%, CAQR 2/0@AEMRITHY, HEMERZES R
1£#9 Householder QR, 7EE panel factorization AYAT{Z, CAQR XF TSQR KEHX4F] panel Y
householder vectors, BE/EXT trailing matrix BI8EEF] ScaLAPACK FhdfiiET=e—, [5] I
Table 16 23§, Parallel CAQR #0 ScaLAPACK #fy Householder QR EERIMAVBEEZE, FI&E
LB S RERERHFELRS DT —EERE.

RS HENSREDH. XRMOBINEERESR, SRIFHIREMTA communication-avoiding
AIEE, SLATE RSCIItB 2 EEFRIIERT 1-stage # 2-stage 753% [7],

REE—T, SLATE XAETRS CA &%, BHFRELERA CA &%, Bid, EHXRAN CA EEALE0
BEE/IVEER CA &%, EinHBEE2YE L, SLATE 7] ScaLAPACK F&BEXE, BYAMmS,
SLATE {KEEEREULMAFIXT MPI + OpenMP {(ARIRF T FTEUBEL MR EURIER T B,

3. [MEMNEERERFZA]

£—53%¢ SLATE BEEMSREN LU SREENSHREZSE— AR M ATERBAZEECE
[EE7E TR 3D FBMSRAER? XFINERISAEMSEEN LU DR LUARIRAHNHEEERE
T

XMNARASRESTE B B RS PEAENKT . CARMA FI COSMA XESATIBICEBIEEAE
TRIGENTOEE:, ERESHERHNER, BENN, Scal APACK @it hi— EARTRA
T 2D block-cyclic (2DBC) HyEFH7 [8], FHEFENEFRETIX MERAT, LHIFHTRX
NRERMGEEH A, BRECFIEXOTIENG, SENNKREFRAT, ZHUXA
B, REASERENEEEEREMEESIE, MEXLSREENNGT, traling matrix SEZ,
KES RATHBIEES ), B—LoRATaETIZ0, B, A, 1m0 1D sid 2D MRS,
DR B ST IS RS RS (A trailing matrix (OIS, IATANSRERT47 trailing
matrix, MSREASRET AR, MREFHT trailing matrix, MBESERTHER, BEEE
5K, 2DBC MIEFRIETFEEM S TIIERMER, S MNHRIFER) trailing matrix K\ LFHER,
EBR— BN, FUTERIBENREAR ERIEN, MIYEMTEER COSMA, M
BIEAEMTR AR I 2 SR E a5 5, X MU RIS,
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HIER, FHTRELHENHEECRERETERNXER. BERE LU O QR SHEEELEIAT
ECBESERETRNEE, EXLEEEUR—AHEREES I TESE TE. SLATEER
PHRT SERIEHFTIEIRDIRIKIRES R, 10FLUSIMRALAGBERIT BNEREGINE—
HRTEFRIRIBURR, BBAREE SLATE RUFTEFIASEAN IR S ERE?

HHNEEIRNEERNE R, IREEFESMEAHEEALAET, HPL BRENBUARKATHESR.
R, EAHENRIFTESHE, EEEERERSABERRELMAET . RGN RER
Zmzg, BEFLETHRAEENEARATEREL SR (9], BEit, BEEEEEREFHTE
ENFRDAREEVEN., EF HPLINE, £EFIFERRLERBAZENEARRAIMSR, KBH
HPL AR SRFHIEKITENREEX TR, HYseRa. R pAREE TS ESHRS.
ZETF Top500 RRATBZMNBEFUEREM SEELE, IBAWA benchmark REXHIE? HPL
IEEEZERMEE, HPCG IEEEATE R (EErIUMIEEIRIFFUNH4EE, [10]) , Graph500
NEZLRAZAITEEEN, RERYSMEASD, BE3RevE. RES benchmark 7R8I
15, BBEFXIMHRAERIENGE. KeEHTE, Kaf Y.

£ig
E£EZRDRG SYSU-SCC KBRS XIREIRE/KEH T, BRINIECHK T AXIELE.
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1. Parallel BLAS Performance Report, link

2. HRESAI0EEE09 HPL-Al EECIIR ALK, link

3.

4. Communication-Optimal Parallel 2.5D Matrix Multiplication and LU Factorization

Communication Avoiding LU with Tournament Pivoting in SLATE, link

Algorithms, link

. Communication-Optimal Parallel and Sequential QR and LU Factorizations, link
. Least Squares Performance Report, link

. Implementing Singular Value and Symmetric/Hermitian Eigenvalue Solvers, link
. The Two-dimensional Block-Cyclic Distribution link

. Numerical Methods for Large Eigenvalue Problems, link

. Performance Modeling of the HPCG Benchmark, link

LinearAlgebra } { MathLibrary } { MPI
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