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tRBYa)RR: KfFPoissonFTE

ERAEREERE S , » Ll e s at [+ o0
u(z:) = —|ulzi-1) —2u(z;)+ ulz; + O(h
—u"(z) = f, z € (0,1) ! hi? : a ’ ah
u(z) =0, x=0,1 ~ a2 )
rp T1 T2 PN r. , N —_ . N
0 @ o v % F=(s) = (@) |
0 h 1 \-
ST = afiE:
o THEREAM: HERERER, B8 T RSEENAIIMERFHE ® Eiftix, LU
® WAEE iZ: Heat conduction, fluid flow, porous-media flow, ...... ® FFT
® |OJERRMEUK: FHEEMNBRI¥ o kELER, ill-conditioned ® CG

o L AHaR: HRFRME. BEIXFRE. IHIRKEE. ... ® Multigrid
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Algorithm 1: Iterative solver

TRIEHIEN:

= W N =

4]

end

[=>)

$% Given a nonsingular matrix AeR™", beR", and an initial guess z9 € R";

for ¢+ = 0 : MaxIter or converged

Compute 7; « b— Ax;;
Solve the error equation Ae; =r; approximately;

Update ;41 « z; + €;;

|z < =+ S(b— Az)

® wlacobigfGSTEE:
o EFIEEEER

(=] (=] (=] (=1

' ' ' '
(=] (=1 (=] (=
— oo =N EN ) =} [§) ES =) =3 —_

C.-S. Zhang, AMSS
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R EREEREEBE

mEMEHEZE (TG) :
® Step 1. BB (%ﬁl\g{ﬁff)
< z+ S(b— Azx)

® Step 2. fHZSAIRIE ( CGC)

z « z + PA;'R(b— Az)

AERE G EREEEET:
Erg = (I -11,)(I — SA)

= (I — PA_'RA)(I — SA)
(RfERECEIERIRER MABCHEREMIRE, FIFRHEMNERIECCCHMREIMIRE

C.-S. Zhang, AMSS
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Z ERtEVv-TBIA s

1 (%% For any level £, give a nonsingular matrix Ay and prolongation P;
2 | %% Compute the residual r¢ of the current iteration;
3 |z¢ «— Sre; %% pre-smoothing

4 |if £>0 %% not the coarsest level yet

5 re «—1rp— Axp; %% form residual

6 re—1 «— Plry; %% restriction

7 ee—1 — V(Ag-1,7¢-1,Pi—1,£—1); %% recursive call

8 e¢ — Pres_1; %% prolongation

9 Ty «— Ty +€; %% correction

10 re «— 1 + Aeg; %% update residual (optional)

11 mgi—:l:z'f'STre; %% post-smoothing (optional)

12 | end

13 | return z;

C.-S. Zhang, AMSS
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1D Poisson /1 IGMG:
® FDMAREDTEIR
o EEERKEIMIFE

ARSI G E, EE
A=%umth24)ﬂ_ﬂ,)
=g ——L 0 = (L3
1 gy
=0 — ) — ho=(3)'
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| need a geometric multigrid solver for the Poisson's equation in 2D. Can you write a MATLAB code for me?

function gmg_poisson_2d() function u = mg_step(u, f, h, level)
% Grid parameters % Multigrid recursive V-cycle step
n = 64; % Number of grid points (must be power of 2) if level ==
L = 1; % Length of the domain % Coarsest level: solve directly
h u = solve_coarsest(f, h);
else
% Pre—smoothing
u = gauss_seidel(u, f, h, 3);

=L/ (n-1); % Grid spacing

% Generate grid
[x, y] = meshgrid(@:h:L, @:h:L);
% Compute residual
% Define the right-hand side residual = f - laplacian(u, h);
f = sin(pi * x) .* sin(pi * y);
% Restrict residual to coarse grid
% Initial guess residual_coarse = restrict(residual);
u = zeros(size(f));
% Zero initial guess for error on coarse grid
% Solve using GMG error_coarse = zeros(size(residual_coarse));

num_cycles = 10; % Number of V-cycles

u = v_cycle(u, f, h, num_cycles); % Recursively solve for error

h_coarse = 2 % h;

. error_coarse = mg_step(error_coarse, residual_coarse, h_coarse, level - 1);
% Plot solution = g_step — ’ . » h_ ’ H

figure;

surf(x, y, u, 'EdgeColor', 'none');
title('Solution to Poisson Equation');
xlabel('x");

ylabel('y'); % Post-smoothing
zlabel('u'); u = gauss_seidel(u, f, h, 3);
colorbar;

% Prolongate error to fine grid and correct
error_fine = prolong(error_coarse);
u =u + error_fine;

C.-S. Zhang, AMSS
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function u = v_cycle(u, f, h, num_cycles) function u fine = prolong(u)
% Perform multigrid V-cycle -

for cycle = 1:num_cycles % Prolongation operator (bilinear interpolation)
u = mg_step(u, f, h, log2(size(u, 1)) - 1); n_fine = 2 % (size(u, 1) - 1) + 1;

u_fine = zeros(n_fine);

for i = 1:size(u, 1)

end
end

function u = gauss_seidel(u, f, h, num_sweeps) for j = 1l:size(u, 1)
% Gauss-Seidel relaxation u_fine(Z*i—l, 2*]'_1) = u(i, j);
end

n = size(u, 1);
for sweep = 1:num_sweeps
for i = 2:n-1 end
for j(= 2”)1-1 * " : ( ) : ( ( ) for i = 1:size(u, 1)-1
u(i, j) = 0.25 % (h*2 % i, j) + u(i-1, j) + u(i+1, j) + u(i, j-1) + u(i, j+1)); 9 — oed
end for j = l:size(u, 1)-1
end u_fine(2%i, 2%j-1) = 0.5 % (u(i, j) + u(i+l, j));

end u_fine(2%i-1, 2%j) = 0.5 *x (u(i, j) + u(i, j+1));
end u_fine(2i, 2j) = 0.25 * (u(i, j) + u(i+l, j) + u(i, j+1) + u(i+l, j+1));

function res = laplacian(u, h)
% Compute the discrete Laplacian of u
res = (circshift(u, [-1, 0]) + circshift(u, [1, @]) + circshift(u, [@, -1]) + circshift(u, [0, 1]) - 4 % u) / h"2;

end end

function u_coarse = restrict(u) function u = solve_coarsest(f, h)

% Restricti tor (full-weighti ) ) .
cs T con operator i iy % Solve on coarsest grid using direct method
n_coarse = (size(u, 1) - 1) / 2 + 1;

u_coarse = zeros(n_coarse); n = size(f, 1);
for i = 2:n_coarse-1 A = gallery('poisson', n - 2) / h"2;

for j = 2:n_coarse-1 _ . s . - .
u_coarse(i, j) = 0.25 * u(2xi-1, 2%j-1) + ... f_vec = reshape(f(2:end-1, 2:end-1), [I, 1);

0.125 % (u(2xi, 2%j—1) + u(2%i-2, 2%j-1) + u(2ki-1, 2%j) + u(2xi-1, 2%j=2)) + ... u_vec = A\ f_vec;
0.0625 * (u(2%i, 2xj) + u(2%i, 2%j-2) + u(2%i-2, 2x%j) + u(2%i-2, 2%j-2)); u = zeros(n);

u(2:end-1, 2:end-1) = reshape(u_vec, n-2, n-2);

Why do you still write a code like an ancient man? Why do you still write a code anyways?

@® Canyou tell which code is better when you see it? Can you tell Al what kind of code you need?

C.-S. Zhang, AMSS 8



NA7Z = RItEERISCER

7CiEPFEGMGEEI A :
o FEENIBERE, RP>ARFERE

o TIXIHRILSEEH/ A, BB cacheHhE

® FIXIER DRI TR EF T
RS GMGEEIRAYEFATE:
o ETHEAEMFIZHIHT, EAMERE
o SRHUZEMITE (AMG) HIZEHIEME]
® AREEEFIZEE (WSpMVAZ)

C.-S. Zhang, AMSS

Aliy:lu=—Txu;—1 +2%u;—1 % ujyq

Fixed stencil computation

u=u+wD ' (f - Au)
u=u+ P(RAP) 'R(f — Au)




MGMGEIAMG

GMGTESERR R PRI :

® MISIRFIZ : MMM T EMUHREIIZEMBINER, SEFRN AT MEEETEREEK

¢ BREASE: EFEAEEXN (HEF)

, EHEcase-by-casetthigitFik

o WHHREK: 1RMENFEESSHRGISEAHISEPR A

(] (] (] (N N AN
L/ / ” NN VAN
I (% (] N AN N
L/ L/ ” AN VAN
£ [ (] (N (N N
L/ T/ % vV v Y

> REUBERTLAIGR—ME (RNEEARATN) |
> AliRIEIRRE SRR AR D ER.,
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XIFRIAER =2 FTAE, IEXIFRAE 2> ERE]
fdiEoperator-dependent/giA @ REZEMIEIE
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Strong n-coupling: —a; j > Oy | ming a; x|
— A= (ai;) € RV*¥ is an M-matrix
— G = (V, E) is the corresponding graph of A
- Si:= {j € N; : j strongly coupled to z}
- Sl = {j €V: i€S;}, setaffected by

1 |U<V, C—0, F<0;

while U# O
Xi < 2|ISTOF|+ ST NV|, ieU;
k <« argmax{\;,i € U};
C— CU{k}, U< U\{k};
F—FUSi, U« U\S;;

N O ot s W N

end

C.-S. Zhang, AMSS

A A, W
A — Ir I pP.—
Acf Acc I

a;;€; + E (L,;j@j — O, 1 € F.
JEN;

a;;€; -+ 8 %] E az-jej = 0,

J€EN;NC
. ZkENi Aik
ZkENiﬂC Aik

. —1

W —_ dlag(Afclc) Afc.

Direct Interpolation

where & :

11
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® Tentative prolongation (1 O\
1 0
10
1, 1€ A,
1 0 11110000
P = P := , R:= PT =
0, 1¢ A 0 1 00O0O0OT1T1T1:1
01
01
\0 1/

® Coarser problem matrix

A.:= RAP = PTAP

o SARIENER, (BUEIEZEIF
® FIFEGIBERETTIASA-AMG
o FIFEEHEAICGCHI%: W-cycle, AMLI-cycle, Krylov-cycle

C.-S. Zhang, AMSS 12



HERVBNEERZ: RiEPoissonfFiLEaS

K& E 5o 643 1283 2563 5123 10243
B R

NN 0.25M 2M 16M 135M 1024M

\ %?*
P TTEZEL | 8x1 | 16x1 | 32x1 16x8 16x64 16x512 16x1024
eit=ER o

Sf#ERGA) | 5.38s | 3.86s | 3.26s | 59.78s 999.46s / /
GMG@CPU 3 E] 0.030s 0.303s 2.815s 23.54s /
GMG@GPU | K#ZHYA] 0.013s 0.026s 0.045s 0.097s 0.715s

=#tpPoisson5TE (WM TRESIE) MEIEEESENLL, WIRERE S Intel MKL Pardiso (ILTREBR=HBE)
JUAZERFEIEFASP (SEICAEERX. nVidia A100) : ZREEATEEL, 20205, JtRER=ITEFOASDXEALinpackillli

MEBE3.74PFlops, FREHPC TOP100FEEASE = NMIBFACPUE HE— ., BT SEiMEN324%ZAMD EPYC7452, 256GBATE.

C.-S. Zhang, AMSS 13
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Communication Time = Latency + Num of Bytes Moved =+ Bandwidth

Not big enough to store
the whole problem Serial Case Distributed Case

Communication Memory access Network access

Sufficiently large but
slow memory (assume

it can’t be used for FP BIALY) @IF (2

arithmetic)

I3
o
o
=
>
S
o
S
)
=
3
o
)
i
(%)
©
L

Ref: CS267 lecture notes on J. Demmel’s webpage: https://people.eecs.berkeley.edu/~demmel/

C.-S. Zhang, AMSS 14
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=59

NCMIS

XEHEREFESSHH XFHEEREFESSHE IXFHEREHTR XIRHEREFESHHI XIFFHERES S FHEMRHKF A
FH1TRGPURCIES FITRIF0E, %EF  GPU/DCUNCES FITRGPURIC++EE,  FITRGPURIC++E, TR IS BRI
AEELINLA AR, & 2008.2% %, F2012.1 =BETF2010410FFK PETScHRIFRFRAF, Sandia3t3& Z= Trilinos 8EE, XEFoHh
B 3F2000.1.14FFR % (3.0hR) MWREEEH  m010, HFTRE B Mark Adams % MEN—&RD, &RT FIHEZRIC++FE,

%, BERE2.30.0 TAH, SFIRE4.2.2 2.8.7 %, 201265 IE 20141057 (HIE BERTF2018EREH,

PETSc 3.3

1112k )

BRISHRZ1.0

FASP
| D
I

—
SR GPURIS ST, B 9

PythonfE, HNathan

Bel. Luke Olson SHSHEIHHTRIC Steven Dalton. Nathan e STRHE SHHRIT

) ) . s . 7 p - i
Jacob Schroder#Q] FE, HILRENUFRSIRE Bell=F% HEF zﬁ\ﬁgﬁéﬂfﬁ; BOCs+SLT P R
Ben SouthworthFfk, — AFE&EHA, BT 2010.7.10%50.1.04%, e % H7 &} 5 B 49 Denis

2014.5.15&%hR41.0,

¥BF2008F, F 20095FFHaE5, & EERkRE20155 758 Srie s 40 Demidov # & , F
2013.7.104832 7 2.1h% h22.0 0.5} AR 2017.5.312% 7 0.9.0

iRZGitHub, S#ThR
2144

ZGitHub, Z#hii2E
5.0.1
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HigkEEzSFASPIRE ‘éNCMI;

http://www.multigrid.org/fasp
https://github.com/FaspDevTeam/faspsolver
https://gitee.com/faspdevteam/faspxx

( N\ 11 4 N N .
Complex Physical Problems )| Obtaining Information from Physics FAS P&*E %ﬁlﬁ&iﬁtbﬁ E .
\ J 11\ J
N N . : : I I N \ N N
MMOdelmg/snmphﬁcatmn/reductlonl : ﬂ . fa S pSOIVe r 1 F;}g&{tﬁ;%ﬁglﬁ E
e N1 ( '
Computable Mathematical Models  [~1-1)

>y

Stabilizationﬂnnearization/ discretization

M ® faspdcuda, FHRGPUREA=8INHE

Multilevel Iterative Methods
® faspadcu, FHREF-GPUfEZ=SINE

e N

Discrete Linear Systems
- J

i

|
|
|
|
|
|
Preconditioning Continuous Problem l N s
L J 1 ® faspans, FHRMIANRAZSSINE
|
|
|
|
|
|
|

Iterative/direct Solution

-

7 \I
4 N

General Algebraic Solvers % General-purpose Preconditioners ® fasp4blkoil, Fﬂ?iﬁﬂﬁﬁﬂﬁ%ﬁ%ﬁi B
I ’
: 4 ' 4 e faspx, FHETEREEERE
Sparse Linear Z\Igebra Libraries
i ¥ o ¥ “| @ StructMG, IRIMEMURIEKFEEIE
[ .
Hardware lA{'chltecture ® SemiStructMG, HEEHIY IR SKIREETIE
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http://www.multigrid.org/fasp
https://github.com/FaspDevTeam/faspsolver
https://gitee.com/faspdevteam/faspxx

faspsolverfRRRERIFEITT

faspsolver project Fast Auxiliary Space Preconditioning (FASP) Solver Library:
README

Petroleum Fluid Structure Smoothed

Reservoir Interaction BElindo SIICI [ntroduction
Simulation Hydradynamics

The FASP package is designed for developing and testing new efficient solvers and preconditioners for discrete
partial differential equations (PDEs) or systems of PDEs. The main components of the package are standard Krylov

methods, algebraic multigrid methods, and incomplete factorization methods. Based on these standard techniques,
fasp4blkoil fasp4ns fasp4elastic fasp4SPH L we build efficient solvers, based on the framework of Auxiliary Space Preconditioning, for several complicated
applications. Current examples include the fluid dynamics, underground water simulation, the black oil model in

reservoir simulation, and so on.

Install

)
0.

FASP Basic Solvers/Preconditioners

To compile, you need a C99 compiler (and a F90 compiler if you need Fortran examples). By default, we use GNU

gcc/gfortan, respectively.

Standard Preconditioning Methods Configuring and building the FASP library and test suite requires CMake 2.8 or higher

GMG, AMG, ILU, Schwarz, ... . .
The command to configure is:

$ mkdir Build; cd Build; cmake ..

\ £

4 )
Standard Iterative Methods N . .
CG, MINRES, BiCGstab, GMRES, GCR, GCG, ... After successfully configing the environment, just run:
o J
$ make // to compile the FASP static library
e ~ ™
Basic Sparse Linear Algebra Modules [0. Conversion To install the FASP library and executables, run:
Serial, OpenMP, MPI, CUDA ’

\ J $ make install

C.-S. Zhang, AMSS 17



faspsolver®

3
I3
*=H
=
oy

NCMIS

C.-S. Zhang, AMSS

v FASPSOLVER

v

>
>
>
>
>
>
>
>
>
>
>
>
>
>

base
benchmark
pulld

data

8 doc

include

g log
Z modules

B Ex k>

= [J D0 & ~ [ &

test

tutorial

util

vs19

xcode
.gitignore
CMakelists.txt

FASP_GUI_help.txt
FASP_install.tcl

FASP.mk.example
un

INSTALL

License

README.md

CMakelLists.txt

cmake_minimum_required (VERSION 2.8.12)

include(CheckFunctionExists)
include(CheckIncludeFile)
set(GDB 1C
set (OPENMP 0
set (USE_MUMPS 0

t (USE_UMFPACK @
set (USE_SUPERLU @
set (USE_PARDISO @ C

t (USE_DOXYGEN @ CAC

"debugging or not")
"Openmp use")
"MUMPS use")
"UMFPACK use")
"SUPERLU use")
"PARDISO use")
"Doxygen use")

18
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C.-S. Zhang, AMSS

#include "fasp.h"
#include "fasp_functs.h"

\brief

int main (int argc, const char x argv[l)

{

input_param
ITS_param
AMG_param
ILU_param

printf("\r

inparam;
itparam;
amgparam;
iluparam;

printf("\n||

)
FASP: PCG example -- C version &

printf("\r

\n\n");

fasp_param_set(argc, argv, &inparam);
fasp_param_init(&inparam, &itparam, &amgparam, &iluparam, NULL);

SHORT

t SHORT

t SHORT
INT

t REAL

print_level = itparam.print_level;
pc_type itparam.precond_type;
stop_type itparam.stop_type;
maxit itparam.maxit;

tol = itparam.tol;

dCSRmat A;

dvector b, x;

char filenamel[512], xdatafilel;
char filename2[512], xdatafile2;

memcpy (filenamel, inparam.workdir, STRLEN);
datafilel="csrmat_FE.dat"; strcat(filenamel, datafilel);

memcpy (filename2, inparam.workdir, STRLEN);
datafile2="rhs_FE.dat"; strcat(filename2, datafile2);
fasp_dcsrvec_read2(filenamel, filename2, &A, &b);
if (print_level>PRINT_NONE) {

printf("A: m = %d, n = %d, nnz = %d\n", A.row, A.col, A.nnz);

printf("b: n = %d\n", b.row);
fasp_param_solver_print(&itparam);

precond *pc = fasp_precond_setup(pc_type, &amgparam, &iluparam, &A);

fasp_dvec_alloc(A.row, &x);
fasp_dvec_set(A.row, &x, 0.0);

fasp_solver_dcsr_pcg(&A, &b, &x, pc, tol, maxit, stop_type, print_level);

fasp_amg_data_free(((precond_data *)pc—>data)->mgl_data, &amgparam);

if (pc_type!=PREC_NULL) fasp_mem_free(pc->data);
fasp_mem_free(pc);

fasp_dcsr_free(&A);
fasp_dvec_free(&b);
fasp_dvec_free(&x);

return FASP_SUCCESS;




faspsolverigIEREil (FortramES

read(iufile,*) n
allocate(ia(1:n+1))
read(iufile,*) (ia(i),i=1,n+1)

nnz=ia(n+1)-ia(1)
allocate(ja(1:nnz),a(1:nnz))
read(iufile,x) (ja(i),i=1,nnz)
read(iufile,*) (a(i),i=1,nnz)

close(iufile)

program test
open(unit=iufile,file="../data/rhs_FE.dat"')

implicit none

read(iufile,*) n
double precision, dimension(:), allocatable :: u,b allocate(b(1:n))
double precision, dimension(:), allocatable :: a read(iufile,x) (b(i),i=1,n)
integer, dimension(:), allocatable :: ia,ja

close(iufile)
integer :: iufile, n, nnz, i, prt_1lvl, maxit
double precision :: tol

forall (i=1:n+1) ia(i)=ia(i)-1
printx, "" forall (i=1l:nnz) ja(i)=ja(i)-1
write(x,"(A)") "
write(x," (A)") "|| FASP: PCG example —— F90 version []"
write(*,"(A)") "=== ==="
printx, ""

allocate(u(1:n))
u=0.0do

prt_lvl = 3
call fasp_fwrapper_dcsr_krylov_amg(n,nnz,ia,ja,a,b,u,tol,maxit,prt_1lvl);

maxit = 500

tol = 1.0d-6

iufile = 1
deallocate(ia,ja,a)

deallocate(b,u)

end program test
open(unit=iufile,file="../data/csrmat_FE.dat"')

C.-S. Zhang, AMSS
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

e e E L %
% parameters for multilevel iteration %
e e D e T e %
AMG_type =C % C classic AMG

% SA smoothed aggregation
% UA unsmoothed aggregation

AMG_cycle_type =V % V V-cycle | W W-cycle

% A AMLI-cycle | NA Nonlinear AMLI-cycleA
AMG_tol = le-8 % tolerance for AMG
AMG_maxit = 100 % number of AMG iterations
AMG_levels = 20 % max number of levels
AMG_coarse_dof = 500 % max number of coarse degrees of freedom
AMG_coarse_scaling = OFF % switch of scaling of the coarse grid correction
AMG_amli_degree = 2 % degree of the polynomial used by AMLI cycle
AMG_nl_amli_krylov_type = 6 % Krylov method in NLAMLI cycle: 6 FGMRES | 7 GCG
e R e L PR %
% parameters for AMG smoothing %
e e L P %
AMG_smoother = GS % GS | JACOBI | SGS

% SOR | SSOR | GSOR | SGSOR | POLY
AMG_ILU_ levels =0 % number of levels using ILU smoother
AMG_SWZ_levels =0 % number of levels using Schwarz smoother
AMG_relaxation =1.1 % relaxation parameter for SOR smoother
AMG_polynomial_degree =3 % degree of the polynomial smoother
AMG_presmooth_iter =2 % number of presmoothing sweeps
AMG_postsmooth_iter =2 % number of postsmoothing sweeps
e e L L e e e L e %
% parameters for classical AMG SETUP %
e e E L L P %
AMG_coarsening_type =1 % 1 Modified RS

% 3 Compatible Relaxation
% 4 Aggressive
1 % 1 Direct | 2 Standard | 3 Energy-min
0.6 % Strong threshold
0.4 % Truncation threshold
0.9 % Max row sum

AMG_interpolation_type
AMG_strong_threshold
AMG_truncation_threshold
AMG_max_row_sum

L |

C.-S. Zhang, AMSS

Problem | DOF | RS-V-CG | UA-NA-CG | hypre | AGMG

2D Spt IM 1.79 1.43 1.96 1.73

2D 5pt | 4M 8.71 6.04 8.45 6.61

2D 9pt IM 1.82 2.07 225 2.24

2D9pt | 4M 7.63 8.39 8.88 9.42

3D7pt | 1M 1.05 0.37 1.83 0.43

3D7pt | 2M 10.86 3.28 19.04 | 3.71

3D27pt | 1M 2.09 0.94 3.26 1.79

3D 27pt | 2M 20.0 8.53 34.54 | 20.29

Test Device: Intel Core i5 2.6GHz, 8GB RAM, gcc
4.9.2 -02. Software ver: FASP 1.7.0, hypre 2.10.0b,
AGMG 3.2.0 (default parameters). Computing time
(seconds) of the AMG-preconditioned CG method.
We solve the 2D/3D Poisson equation with one
processing core. Stopping criteria: relative residual
is less than 1E-6.
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® A flexible and extensible package of iterative solvers/preconditioners: https://gitee.com/faspdevteam/faspxx

® Features: Parallel (MPl/OpenMP) support; a unified design for solver/precond/smoother design, KSM: CG,

BiCGStab, GMRES(m), FGMRES-DR, ...; controls via a JSON file

) demo.json

"""""""""""""""""""""" MPI ¢ —
! — — - - : CSR |«——> PCSR
. Fast Auxiliary Subspace Preconditioned, fleXible and eXtensible . .
! SOlvers (fastX) Y, : block size block size
1
: ( Petroleum ) : \ 4 MPI \ 4 direct solver for co: level
I v FH Poisson Reservoir Elasticity . BSR PBSR ) e 1 e Supens
I L Simulation ) 2 = -
[ 1 ) : . -
I Preconditioners: AMG, BAMG, ILU, BILU I Matrix Format :
1 | BiE Krylov methods: CG, GMRES, FGMRES, FGMRES-DR, BiCGStab I ~
I BCG, BGMRES, BFGMRES,BBiCGStab I - | - mE
1 1 . .
1 1 | H | JF
1 1 [ [ ]
1 EHiE MAT IT™M LS I ] - +
1 1 Tl I i
! | J l ?L Jr
: : - J: L{F \ ++
1 1 =
L RER CSR, BSR, PCSR, PBSR MPL, OpenMP JSON I . Eme . +
[ 1 S
o \
L ¢ | s )

C.-S. Zhang, AMSS 22
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Total Speedup

S HEEE A
L 4 L 4 .
faspxxEI(J#‘[j' gellhiny, (C-AMGH%;ERS) NCMIS
Test 1. FEM for Poisson, grid: 2048x2048, dof: 4M, AMG-CG Test 2. FEM for Poisson, dof/np: 64,000, AMG-CG
BoomerAMG (default, 0C=2.24) FASPxx CAMG (OC=1.88) FASPxx CAMG (OC=1.72)
NP IT Setup (s) Solve (s) Total(s) IT Setup (s) Solve (s) Total (s) NP Mesh IT Setup (s) Solve (s) Total (s)
4 14 313.97 6.48 320.44 18 180.09 8.16 188.25 4 512x512 18 2.00 0.43 2.44
8 15 166.90 4.50 17141 18 85.45 5.43 90.88 16 1024x1024 21 4.35 0.67 5.02
16 15 64.76 2.58 67.34 18 30.43 3.18 33.60 64 2048x2048 23 5.79 1.38 7.17
32 15 22.50 1.52 24.02 18 10.36 1.87 12.23 256 4096x4096 26 7.58 6.36 13.93
64 15 8.36 1.13 9.48 18 3.93 1.43 5.36 1024 8192x8192 28 10.29 11.18 21.47
T = e Y RN o = oL i
35 [ FASPxx e 2 30 % 2147
&% 2 2 3 2000 ol
30 320 g 18 | 1500 1393
95 4 510 :\; 5 % ]
0 ‘ ; ; \ % ‘ E 1000 717
204 4 8 16 32 64 10 ‘ 50 =
¢ — HYPRE 5 ‘ ‘ 500 244 -
5, —— FASPxx -
—E; 4 ’ 4 16 64 256 1024 e 4 16 64 256 1024
@ A iz
Z 2
o | | | | Strong and weak scalability performance test for the
4 8 16 32 64

Number of processes

C.-S. Zhang, AMSS

64

Number of processes

discrete Poisson’s equation (finite element)
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faspxxHIFHTIEBEIN (A-AMGHRIZESR)

255

NCMIS

Test 3. FDM for Poisson, grid: 4096x4096, dof: 16 M, AMG-CG

AG-AMG (0C=1.14)

FASPxx UA-AMG (OC=1.14)

Parallel Pairwise aggregation method

@ Tentative prolongation

NP IT Setup (s) Solve (s) Total(s) IT Setup (s) Solve (s) Total (s)
1 50 569 2550 31.19 48 463 3327  37.90 P, ::{ Loied
2 50 2.76 13.20 15.96 51 2.52 19.58 22.10 0, A
4 50 1.40 7.10 8.50 82 1.59 15.27 16.86
8 50 074 343 417 80 085 760  8.45 ® Coarser matrix
16 82 0.44 3.17 3.61 80 0.51 4.34 4.85 Ac:= RAP = PTAP
32 85 0.34 2.34 2.68 80 0.39 2.84 3.22
EE= o N = e SR [=FE i
s B ] e For the discrete Poisson’s equation (finite
~ | H | differenece), strong scalability performance
| - | of the faspxx solver is similar to that of AGMG
T o st

Number of processes

C.-S. Zhang, AMSS

16

32

1 2

T T
4 8
Number of processes

16

1 2 4 8
Number of processes

16

32
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ZlERFERRA A RE=

Q: AR Multigrid’5:A3CER? BiR? itRFIR? ARPRE? A&6? BEEAREE?

Efficient, optimal, and scalable

ia 2 1% 2 A%

Robust, resilient, and reliable Applicable, user-friendly, and portable

C.-S. Zhang, AMSS 25
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P

NCMIS
A retnement T " ® AchiBrandt: “The optimal method might A
@‘ | ot Appreximeten S not be the fastest”
( caesadal | ® Standard Krylov subspace methods work
_ B fine, but don’t count on them
il | . ® Matrix-free implementation is preferred
Methods .
’ | ponsn when applicable
® lain Duff: “Real men use direct methods”
ca Use direct methods whenever possible
MinRes (only for moderate-size problems)
GMRES ® Think about your solution method as
BiCGstab early as possible for your simulation

C.-S. Zhang, AMSS
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&*: FEEH 2 —
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BRI RAGIE
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pardiso phase=22 SREERRHOERETFEARAR
g, FREREE, RELREMES) SEEFHAXOERMATRE, TRERE

Brief Introduction on This Cou
rse
Bk (EERE. EEEARASEI) RGN R BRI, BEEMILIGR
HEFEBA. BESHRESD, #ﬁﬁkﬁuﬁ?!ﬁ?ﬁ?&éaﬂ‘]mﬁﬁﬁ (BERHR
§), MIRITEEEH) . BRBEATRNERERONE, HRBNE (BE. BE. #R
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