000000000 QChbOooooooooooood

1 DOOO

QChDUUOO0DO00DO0OODOODDOOOUDO 100, M. BrezinaOOODODO 20040000
000 oSAD [2]00000,QCDOOOOOOOOOOOOOOODOD. ODO,00000
0000000000000. 0000,eSAOD0ODOODOOOOOOOO, D0 [1J0000D0
gobooobogooboobooooog.

2 oSAO0000O0OO0OO
00000000000
Az =b, AcC™" =z,becC"
0000 AMGOO,000,00000000 AZ2=5b00000 A0D0O0O0O0O00 RO
A=RAP, R=p"

000 200000000000000000000000. Ay =b;0000 AMGOODO
000 @+ AMGy(z,b) 0000, @ + AMGy(z,b),l=1,2,...,N, -1 00000000
Algorithm 10000000. 00O, Pre/Post-Smoothing 0 00 0000000000000
O0000000oO0oOooO, 000 Jacobi O, Gauss-Seidel 0, SOROOODOOO0OOOOOOO
goo.

000,AMGOO0 Ae~00000000000D0000OO (DODOOODOOO)OO,
gooooooodooooooO0ooOo pO0O0OO. 0000 RODOOODOOO,

e C/F Splitting: 10 0000000000000000000000000000 PO
0000;0 1(a)00.

e Aggregation: 000000, 0000000000 (000000)0000,0000
0000000 AO00OO0:0 1(b)00.

0200000000000000A0.
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(a) C/F Splitting (b) Aggregation

0 1 C/F Splitting O Aggretation 00000

Algorithm 1 x; < AMG(x;, b;)

1: Pre-smoothing: Apply v iterations of pre-smoothing to A;x; = b;

2: Coarse-grid correction:

a: bl+1 = ]DZH(bl — Al:cl)

b: IF I+ 1 < N Then

c:  Set x4 =0

d:  Solve (approximately) the coarse grid problem

e Az = b, A = PRAPR

f: by T+l < AMG;+1(wl+1, bl+1)

g: Else
h Solve the coarse grid problem directry

i: End If

j: Correct the solution on the level I: x; + x; + Pix;41
3: Post-smoothing: Apply p iterations of post-smoothing to A;x; = b;

aSA OO0, Aggregation 00 AMGOUOOOOUOOD,00000000 (homogenous system)
Az =0 (1)

0000000000000 AMGOOOOOOD (DODOD)0D0DDO0O0,0000 RODOODO
oooooooogo.

3 QChoooooooooooog

00000000000000 N, 0000000000 N,, 00000000 N,, O
0000 Nge D00. 000,00 10000000000 B O,000 600 Step O
k=1,2,...,N,000000000000000O.



Step 1: J00O0O0O00D0O (1)D00000 xe00000,0000000000 P, 000
AMG OO Ny 00000, 000 v =ay,, 000. 000, k=100, AMG O
0 pre/post-smoothing 0000000 .

Step 2: Vi = [Vig 1,05 €C™F000. 000,V =0, 000000,
Step 3: 00000, 0000000000000 N,00000000000000000.
Doo,oo0o0o0000 A% 0
n/Ng

A9 naAl) =0, ooo | AV =1{12...,n) (2)

s=1

00000O00.00DO0O0oDO,00 1)oo,

In lattice QCD, the systemis discretized on a uniform hypercubic lattice and the
link matrices, U¥, belong to SU(3). This motivates the use of regular hypercubic

coarsening, e.g., 4* blocking.
gogoooooo.

Step 4: V;, 0000 N, OO0OOO0OO (OODOO0)000ODO0O,00W,,000000000

o0d:
Wi = VLV, Vi) e erntbin, 3)
4 k)z S E .A(S)
V(s)i': (Vik)i Lk s=1,2,...,n/N,. 4
R / o
Step 5: V) 0 QRO O:
1(74:) - Qgslz:Rgsl)g? s = ]-a 25 L 7n/Na (5)

H
0,00000 QY eCc™* Q¥ @) =r000000 RY) eC**po0* 0O,

*100000 QROOO Gram-Schmidt 000000 Householder 0000000000000, 000
LAPACK O0*GEQRF 0000000000, 00,V 0QROO (5)0,Vy 0 AP oooooooo
D00 Nex k0000000000 QROODOOOOOODOOO00.



k k n(k/Na)
—
=1 Na{ N
4 B QRS E
n > —> <
Vik Wik P Vog
k k n(kﬂ/&):’
i=2 S QRS §
n(k/Nq) E s s
Vo Wo i P Vag

D2 00000000000000000 P,00000000. 000, A =
{1,2,...,Na}, AP} = {Na+ 1, Na +2,...,2N,},...000.

P, Vo, O0OOO0

1
Ry
EPNC N R?i)c
Py = [Qg,l)c’ g}l’?ank/ a)] e crnb/Ne) vy ) = .’ e C(k/Na)xk
Ry’

(6)
ogoooo.ooo,
Vig=PiiVor, P Pe=1

goobogoo.

Step 6: Step 300 Step 500000000, 000000000 Pyg,l=1,2,...,N,—10
O000;0200.

000000 Algorithm 20000000000,

4 00 [1]000000000O0O0O0OOOO

OO0 [1)0000000,000000000 1000000000000 00DO.



Algorithm 2 QCDOO0O0O0OOOOO0OOOOODODOOO AROOO

1: O

gbooooo

a: 00000000000 : N, 000O0O0O0O00O: N,, 000O0C000: N, 0000 Niger
2. 0goooo

a

: Fork=1,2,..., N, Do:

b: ggoobtbo o OO booooboobo.
¢ N 0OOD AMGOODOD,000 v, 000: v, < AMGiter (2, 0).
ooo,000000000000 P 0000,
d: Vig = [Vik-1,vk]
e Forl=1,2,...,N, —1 Do:
f 0 (2)0000000,000000 A% 0000C.
g 0 (3)000 (6)0000,0000 P,00000 Vi, O0ODODO.
h: End For
i: End For
3: 00
a: Pl%.PlyNU,l:].,l...,NL*l
01 ObooOoooooo
ogoooo aad
goooboooooo Np 3
000000000 N, 44
ooooooo N, 20
oooo Nyer OOO0O0OD0OOOOODOO
Pre-smoothing od
Post-smoothing 4000 GMRESD (0000000 w=0.9)
KrylovOOOGOQO GCR(8) O
aooog
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