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A Parallel AMG Algorithm Based on Domain Decomposition

AKIHIRO FuJir,t AKIRA NISHIDA' and YOSHIO OYANAGI

In this paper, we have developed a parallel algorithm for Algebraic Multigrid method based
on Smoothed Aggregation. We concentrate on data creation of the next coarser level after
aggregate creation. We have tested three-dimensional Poisson problems with up to 15 million
nodes (250 x 250 x 250) on a Myrinet cluster, and we have analyzed our method by comparing
with ICCG (Localized ILU preconditioned CG mehod). The proposed method is about three
times as efficient as ICCG in execution time on the large scale problem with 15 million nodes.
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Fig.1 Geometric and Algebraic MG method.
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/* Input : A1, z1,b1 */
/40000000 */
/¥ A, 00 Ag,...,Argver O */
/¥ Py,... Popypr 00000 */
for lev=1to LEVEL —1 do
clev =lev+1
/40000000 */
Aoy = filter(Aiev)
/400000000 %
Py = aggregation(ﬁlev)
/40000000000 */
Priey = smooth(Peey)
Actev = PloyAles Petew

end for

/¥*00000 (v cycle) */
/% Siey 000D lev 0 DO*/
/¥000o0oooooo */
for iterent =1 to MAXCOUNT do
for lev=1to LEVEL —1 do
clev =lev+1
Stev(Alev, biev, Utev)
betev = Py (biev — Alevticy)
end for
SLeveL(ALEVEL, DLEVEL, ULEVEL)
for lev=LEVEL—1to1do
clev=1lev+1
Ulev = Ulev + PelevUclev
Siev(Atev, biev, Uiev)
end for

end for

0 2 Smoothed Aggregation MG OO0 000
Fig.2 Algorithm of Smoothed Aggregation MG.

MAXCOUNT ODOOOODODODODODOOOOOO
00000odooooooog S..,00000 A0
000000 b 00 e, 0000 lev OO0OOO
lev—1 00000 prolongation00 OO P, 000D
leod0O000O0OCOODOODOOOOOOOODODODO
dooooooooouooooooo

ooooooo Ayvwvqa = 0000000000
000000 0oooooooooooooooog
oo0odoOooOo0o0ooooboooogooo vo
oooooog

ooooooooo Ae., D000OO0OOOOOOO
Ace, 00000O0A., 000000000 0OO0OOO



Vol. 44 No. SIG 6(ACS 1)

0000000000000000000000000
0000000000000 cev0000 lev0000
00 Pue, 00000000 Acey = P, Atey Petew
oooooo

0000000 0000 AO0O0ODO0OO0O0O0O0
00000000000

Ajer = filter(Ajey)
000000 filter() 0000000000 0000
00000000000000 af < 60?x|au * |aj,]
00000000000000 #0000 1000
000000000000 ¢=006000000
00000000 Aev000000000O0
ooooo 4., 00000000000000000
000000000000000000000000
00000000000000000 1000000
000000000000000000000000
000000000000000000000000
0100000000000000000
00000000000000000000000
0ooooooog

e JIDIDDDOOOOODDOOOODOOO
e 00ODDDDOIODOOOIOODODDOO
0000 50000000000000000000
0000000000000 50000000000
0 P4, 00000000000000000000
000000000000000000000000
ooooo

o 1 00iedDOOO0 j
Paeu(1,3) =19 ooooooo

go0o0oooo0ooono Oooooooooon
DDDDDDDDDDE;GUDDDDDDDDDDD
O0o00o000b0O0o0o0ooooooooooooaoa
0000 1000000000000000000O0 0O
0000000000000 000o0b000b0d0w
0000D., 000 4., 0000000

Pueo = (I —wDj .y Atey) Peteo (1)

goooo

goooo 0OOoOoMGOOOODOOOOoooo
goodooOo 20000000000

0000000 10000 Si(41,b1,w) 0000
Oo0o0o0oonbo 2000000000000000
000000000 by =P (by—Ajw) 00000
0200000 S2(Az2,b2,u2) 000000ue, OO
000 1000000000000 0000000O
000000000 10000000000000

ooooooooo AMGOOOOOO 11

00000 wu =wmi+Puw 000000 10000
S1(A,b,u) 00000000 O0OOOOOOO
gobooooooooobooooooooooboooo
gobooooboooooooobboooboono
ooboobooooooocobooooooooooo
oooooooooooooooooboooon

3. 0O0ooOooao

oooboooooooobobooooooooooo
gboooooooooooooooooao

obooooobooooooboobooooobooobo
gooooooOoO0OoO0 pEOODOOOOOOODO
goboooooooooboooooooboooobooboon
gobobobooooooooooooobooooboooon
gooooooooboooooooooooooao
gooooo

ooobOprPEOOOOOOOOOOOOOOODO
goood

oooooo boooooo peEOOOOCOOO
oooooooooooobooboooogon w
gooooob poobocOobOOo0Ooooboooo

w,.,s=1,...,p0000000000

P
w; = U Wi, s,
s=1

0000w, Nwi,g =¢, V¢ #s,s,q=1,..,p 00
0000000000000 N, =|w, 00001
oo00000sO PEODOODODOO

goodooo ooooodo w,,ooggooo
0oo0o0o0ooo PEOOOOOOOOOCODO f10O
p00000D000 fi.,s=1,...,p00000

fi,s ={klk € fi, In € wi s : n € nodes(k)}

nodes000000000000O0O0000O0O0OOC

oooooooooooooo 00000 sOood
goooo f,, 0000000000 W,,0000
Wi Dw,, 0000000000 NP, =|W.| O
goooooooooono s00 N, 000000
0 (NP,.-N,) 0OODOODDOOOODOOOOOODO
oo

oooo0O OpPeEOCOOCOOOOCOOOOOOOO
gooooO0oO0O00 PEOOOOOOOCOOOOOOO
00 NP,,xNP,0000O

PEOD sOOO0OODOOOOOOODOOOD
oogd
neibPE(:)
send(:, )

00 PEODO{r|w.sNW;, # ¢}
00 PED0OOOOOOOOOOOO



12 gooooooooooooboOoOooooooooo

PEQ PE3
25 36
20

B5
15

B4
10

B3

PE1 PE2

neibPE(:

send(:, 1

345

send(:,2
10, 15, 20, 25
6,27,28,29,30

send(:,3

1,2
1,2
5
5,
2

)
)
)
)
)
)

31
recv(:, 3) = 32,33, 34, 35, 36

recv(:, 2

(:
€
€
recu(:, 1
(:
(:

03 PEOOOODODOOOOOOOOO
Fig.3 Nodes and communication tables of PEO.
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Fig.4 Matrix P with aggregates in node number order.

A oval means non-zero elements.
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/40000000 */

for lev=1to LEVEL —1 do
/¥ Alev, s€ndicy, recve, 00 */
[* Actew, sendciew, r€CUclen, Peicy 00 */
clev =lev+1
Alew = filter(Ajev)
Prew = aggregation(ﬁizev)
Puiew = smooth(Peev)
/4000000000 */
newtable = create_table(sendicy, recvicy)
/400000000000 %/
/¥0000000oooooog */
sendrecv_P(Peiey, ag-table, newtable)
Actev = local rap(Ajew, Peiev)
/* Aue, 0000DDD0ODO */
/4000000000%
/¥000000000000og */
sendrecv_A(Aciev, ag-table)
/* Aue, 000000000000 %/
/4000000000000%
assign_external_nodes(Aciev)
/¥O0000000oooooog */
sendrecv_table(ag-table, sendcie, T€CUCIev)
/¥0000000000O00oooag */
sendrecv_D(Acies)

end for

06 DOO0ODOOOOOOOOOOO
newtable 000 0000000000000 000000O
O00ag-table 0000000000000 Osendje, O
000 lev 0000 SENDOODOO0OO A, 0000
0oooOooooooooooooooooooon
Fig.6 Parallel algorithm of matrix creation:
newtable is a communication table for exchange of
aggregates, sende, is send table on level lev. Alev
is filtered matrix by elements’ value.
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Fig.7 Relative residual: 125PE, 250 x 250 x 250: verti-

cal axis is logarithm of 2-norm of relative residual,

horizontal axis is number of iterations.
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01 AMGCGOOOOODOOOOOoO
Table 1 Execution time and iteration number of AMGCG.

ooooooooo AMGOOOOOO 15

02 AMGCGO ICCGUOOOOoOoooO
Table 2 Execution time of AMGCG and ICCG.

PE O ooooo oooo ooooo PE O AMGCG | ODO0O0D00O0AMGCGO | ICCG
2PE 50 x 50 x 100 25 60.8 2PE 60.8 37.8 66.8
4PE 50 x 100 x 100 28 65.7 4PE 65.7 42.8 85.7
8PE 100 x 100 x 100 31 73.4 8PE 73.4 48.4 99.2
12PE 100 x 100 x 150 33 78.0 12PE 78.0 52.5 124
18PE 100 x 150 x 150 35 83.3 18PE 83.3 57.0 145
27PE 150 x 150 x 150 35 84.5 27PE 84.5 57.9 158
32PE 100 x 200 x 200 36 86.0 32PE 86.0 59.4 176
48PE 150 x 200 x 200 36 87.7 48PE 87.7 60.7 203
64PE 200 x 200 x 200 36 88.4 64PE 88.4 61.3 212
125PE | 250 x 250 x 250 37 95.1 125PE 95.1 66.5 303
30

(sec)

15

time

2 4 8

09 ODoOOOOOB0OoOO

12 18 27 32 48 64 125
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Fig.9 Each function’s time in hierarchical matrix creation. Three elements in un-

der part are main communication time. local_-rap and smooth spend most

of the execution time.
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Fig. 10 Time of matrix product RAP for each level. It

doesn’t include communication time.

03 DOOOooOooOooOoooooo
Table 3 Rate of own nodes on each level.

PE O levell level2 level3 leveld
2PE 0.980 0.885 0.671 0.484
4PE 0.961 0.785 0.451 0.222
8PE 0.942 0.738 0.345 0.117
12PE 0.924 0.689 0.277 0.081
18PE 0.906 0.640 0.220 0.068
27PE 0.889 0.604 0.194 0.049
32PE 0.906 0.640 0.213 0.055
48PE 0.889 0.603 0.193 0.045
64PE 0.888 0.601 0.192 0.044
125PE 0.888 0.601 0.192 0.041
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