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Brief Introduction on This Course
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Agenda NCMIS
v Arnoldi v TG v ' SD
@ Lecture 1: Large-scale numerical simulation
v LU v MG v' Newton
@ Lecture 2: Fast solvers for sparse linear systems v CG v AMG v’ Broyden
@ Lecture 3: Methods for non-symmetric problems v GMRES v' DDM v TR
v' PGMRES v’ MSC v’ Dogl
@ Lecture 4: Methods for nonlinear problems ogles
v' FGMRES v SSC v' FP/MP
@ Lecture 5: Mixed-precision methods
P v' GMRES-DR v PSC v' MatMul
@ Lecture 6: Communication hiding and avoiding v" GMRES-IR v RSC v  ECC
@ Lecture 7: Fault resilience and reliability v’ MP-GMRES v FAS v CP/R
v' CA-GMRES v ASPIN .
@ Lecture 8: Robustness and adaptivity .

v FT-GMRES v' MSPIN *

C.-S. Zhang, AMSS 2



Topics

Direct Methods

Linear Solvers

Iterative Methods

Nonlinear Solvers

Method

Solver-Friendly
Methods
Accuracy

Scalability

Algebraic Solvers

Reliability

Robustness

Performance
Models Implementation

C.-S. Zhang, AMSS



Goals &

NCMIS

Complexity is important, What are the blind spots for

but it is only part of the mathematicians (or software

picture on modern

engineers) when they design

computers . solvers

Discuss some old and new methods,

available tools, things to watch out, etc

C.-S. Zhang, AMSS 4



Styles

Relevant US DOE Pre-Exascale and Exascale Systems for ECP

NCMIS

Theorem (Leray 1932-34)

Forevery T>0 there exists a weak solution
(in the sense of distribution) of the
Navier-stokes equations, which also satisfies

Boiling Some Water Cardiovascular Diseases (CVDs) NeMIS

e i —

i y
! @:m
Tl 4
o @ Copiae ° It

Future Exascale Systems Mechanisms of Heat Transfer

i € C,([0,T], )N L ([0, T], H'(C)

The unigueness of weak solutions in the three
dimensional Navier-Stokes equations case is
still an open question.

Source: https://wws

ECP applications target national problems in DOE mission areas
Results

National security Earth system

Noxt genoraton, | | Turine wind pant Aadtive | |Gosmologicatprovs| | Aseursts ogonal
stockpile officioncy manufacturing of the slandard model| | impact assessments.
stowarishg does | | oo S iaame | |t paricic s | | " Eash et
tewardship Code Design ana e
P e Retavie e s e | | oo + Chongsheng Cao and E.S.T. (2003)
simulation . analysis and catalylic.
Nuclear fission Plasma wakefield conwersion
Mitpysics sonce aoestrstor a5 || of o v
Smitoneerngh. | materias desgn e
anargy denshy Light sourco-ona * . .
physice concons | Suburaco s analysis ofprotsin  Metagenomics the uniqueness of weak solutions
3 d molscular for analysis of
pelroleum exdraction, structure and design bicgeechemical % . .
s iose Findt,preac, s, cmote the global existence of the strong solutions for
g e initial data in '
combuston engine remeciaion any initial data in

Pradict and conirol
‘magnetical

* existence of the global attractor.

e sk
Scale up of clean

At Demyaiiy originaf * upper bounds for the dimension of the global
attractor.

chemical clements

Biofuol calalyst
design

ECP ST SDKs will span all technology areas _ . . Bénard Convection Porous Medium
Toans e BT s Communication Performance Model Nemis IEEE754 Single-Precision Numbers s -
MR Core 117) Teshncioay (711 arelSupsect {7} 8OK 1161 ardRechcion ] Creciowntiewtar H2) g (12) (7 —t+i+Vp—RIk =0
poamn L [Feairew B N m Decimal Value | Shift-127 Value ot
Parua M aaine Pt Cutire, e T - . . =
— —)— —_ — — — | Single Communication Time = Latency + Num of Words Moved + Bandwidth | Reserved INF/NAN 1111,1111 255 128 2 ‘DE_B V-u=0
agin o [ —, = [ 1042 oue + 01111111 127 o - AR i) =
Ko g Calon Uty Tiime ﬂv Hors s Gl ‘”ni'iﬁai“i.“fﬁc‘;‘“"" e 5 o & T —wAT + (i -V)T =0
s ean Gy ay sunpins el Porai e nee Reserved for L - . . . -
s s s Toont RGLONFGRIGAE] FETSATAO ASCENT saios Fsen Small Fast Memory 0.0 (all bi | Subject to certain physical boundary conditions.
.0 (all bits 0000,0000 0 X . : : .
Pamarc T [ — Giame B [rpp— are 0) Underflow = P. Fabrie [1986] Global Existence & Uniqueness
o o sTRLERCK RoveR. unmcr coan < i " Network IM-126)
e = - = — g | | TR T ([ “HV.Ly EST.(1998] (r=0)
e [ Fartdinas s P .
BOLT SLATE HAHIM = Sufficiently large but 1.f# 200000000 3 o zero g Same result based on Galerkin numerical procedure.
slow memary [assume No!l Need special —— o nonzero subnormal . . : P "
o - e - net b oo o 7P DRAMeliiBM ot | = This gived leads to Spatial Analyticity, and exponential rate
Spanit Wiath Ltrares: {Copond)]  Tesnaton Each colurmn e s SDI a8 defined In the Il rasksean arithmetic) 1254 anything normal Q: What do we of convergence of the Galerkin procedure.
i) et ard Vs N process using criteria developed for choosing logical end 255 ero INE doifa number
— sffeciive groupings based on experenca vith tha xSOK, falls out of the =M. Oliver and ES.T. (¥ >0)
Envsysteme e deliey oo the 8T for See lecture nates an 1. Demmel's webpage: hi le mec 255 nonzero NaN )
. 16 Spatial analyticity of the attractor.
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Left-outs

r

NCMIS

Method

/

Now we consider a descent direction method with scarch direction pi™), i.e.
T ——y (2.22)

In this case, the “optimal” stepsize from the exact line-search is

Qo 1= (2.23)

(m) plm) :
(P, plm) 4
‘We notice that the residual after one iteration is

) ) _ gy g(m)

In order to keep the iteration going, we wish to construct a new search direction which is

orthogonal to the previous search directions. This motives us to define
P = g g g0 such that (pO, D) =0

By simple calculations, we get the weight

. (Ar{m 1] pim))
B == (Ap™ pim)

This is basically the so-called conjugate gradient (CG) method

-

(2.24)

Algorithm

L A

e o ®m o~ @ W

10

Convergence analysis

Writing a solver code

Specific hardware architectures

%% Given an initial guess u and a tolerance g;

T

whi

end

~

f—Au, p—r;

le ||r|>¢

a < (r,r)/(Ap,p);

U +—u+ap;

Fe—r1—adp;

B« (F,7)/(r,r);

p—7+PBp;

Update: u <« i, T« T, p+« P;

Implementation

++numIter;

A—=Apply(pk, ax);

tmpb = ax.Dot(pk);

if (fabs(tmpb) > CLOSE_ZERO * CLOSE_ZERO)
alpha = tmpa / tmpb;

else {

x.AXPY{alpha, pk);
rk.AXPY(-alpha, ax);

resAbs = rk.Norm2();
resRel = resAbs / denAbs;
if (resRel > params.relTol && resAbs > params.absTol) {
FA JEH
ROR_DIVIDE_ZERO;

X.AXPY(alpha, pk);
rk.AXPY(-alpha, ax);

® Numerical Analysis, Numerical Linear Algebra, ...

—

® Computer Architectures, Parallel Computing, ...

® Data Structures, Software Engineering, MPI, ...

Practical usages of numerical packagesl ® User Manuals, Technical Descriptions, ...

C.-S. Zhang, AMSS
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Final Project NCMIS

® At the end of each lecture, you will be given some papers to read.

® There will be some questions related to the papers.

® All the questions are simple but open-ended (do not expect uniform answers).

® You can read at least three papers (you are welcome to extend your reading).

® You can answer some of the questions or you can raise more questions to yourselves.

® You will need to attend all lectures and hand in a final report (in the format of article/essay).
® \Write your own understandings, not what papers told you.

® For extra credit, answer questions online and catch bugs/typos offline.

C.-S. Zhang, AMSS 7



Schedule

25

NCMIS

06/18 (Sat), 06/19 (Sun), 06/25 (Sat), 06/26 (Sun),
07/02 (Sat), and 07/03 (Sun)
13:30—17:00, 20 hours in total

Lecture 1
£INET(E): 2022/06/18 13:30-17:30 (GMT+08:00) Jt52A ]
https://meeting.tencent.com/dw/yJOTfCfgHeaO
BTSN 580-936-725, 2IXERS: 1234

Lecture 2
£V ATE]: 2022/06/19 13:30-17:30 (GMT+08:00)3 L E=AT(8]
https://meeting.tencent.com/dw/QlpW4J4HOnpS
BBIASIN . 169-573-566, &iY 200 1234

+ BIERMSBHIE:

* MARZYE:

B MZE T =

THEEMT4R
¢ REFTE(Webinar) 2BRSIGEHN—REELCE, ARSN. TLESFEHERNAFZINTR;
» BEEEANEN, SHANES, ENEEPESETRASEZEESNERNATEEN;

o AEEASN, NEFISERERQFNZHT, BRETE. fE, BEEE:

C &Rl REET, FUEHENTE, BRESE, UARE;
C =¥ RWHRFEE, #FHa, BELD;

O &fa: B, HEEWRE;

o BkiR. BURESZF2ABARENSSE;

s MEMIESRNEZR/E I, MEFABEAT, HfxFwebE.

fERFMG

O Bf&iYEM(https://meeting.tencent.com/user-center);
O Windows/macOS BBz App;

O i0S/Android F4/lif 2.20 M ERRFAIEERSNAPp (7 Android4.

O Windows/macOS HE IR AN App;
O i0S/Android FHlif 2.14 I ERRAAOEEASIN App

O BNaREIER.

C.-S. Zhang, AMSS



Contact Me

® Office hours: Mon 14:00—15:00
® Walk-in or online with appointment

® zhangcs@Isec.cc.ac.cn

® http://Isec.cc.ac.cn/~zhangcs

My sincere gratitude to:

Jinchao Xu, Tao Cui, Xiaowen Xu, Weifeng Liu, Wei Xue, Hehu Xie, Huayi Wei

C.-S. Zhang, AMSS 9
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