Vol.2012-HPC-135 No.19
oooooooooo 2012/8/2

IPSJ SIG Technical Report

1. 0000
oo ouonuod 000000 Sequoia 00 000000000000 O0O0COO 1000000000007Y.
O00000000000000o0Oo0oooonn 0000000000000000000000000000000000000000,

goooboboooooooboooooooboooobooboooooooboobOoooooon
gobobbodoobooooboooobooooobooobooboOoooboboOoOooOooOoobooo

1,12,14 71 71
L R R 00000000000000000000 Eigen-K” 0001000000000000

i1 13,14 13,14

O 0o 0o H o0 D0000000D00000000000,00000,000000000000000
D000000000000.000000000,00000000000000000

Ooooo0o0o0000boboo0000000 Eiegen-KOOOOOOOOODOO 0 f0000,000000000000000000000000001/f00000
0D000000000000000000000000000. 000000, 00
00000000000000,00000000000000000000000 D000000.000000000 1/p0000p»000000000000,0000
oobooo,00000000000000000000000000000,000 O0000o0ODO0Ob0 o0D0DOO0OD0O0000. Eigen-KOOOO,O0OOODODOODDOO,
ooo0o0o0oooboO0o0o0ooO0O0o000o0. 00000o000000000000 1)000000,2)0000,3) 000000 00000,
ooo0ooooooo,000docob0o0ooooooboo0ooooooooonoo 9
00000, 0000D.0000000 FX1000000000000. 0000?00,1)02)0000000000000000000000000000

gooboooooobooooboooooooobobooobooooobo.0oo0,000o000D00
goooboooooooooooo,0oo000obobo0ooobbooobooooooooooonn
gooooooooooooooobooo.oboo,0000oobooooooobooboooon,
goooboobooooobooooooooooboooobooooobboooooDo. o
goooo,0b0o00oo0oooboooobooooboo,0obooooooooooDooboDo
gooooboooooboobooooooboooooooboob0. booooooobooo
goooooobooooboooo,b0booooboooobbo0obooboooboooo.ooooDo
goboboooooooobooooo,obobobo0uoobo0oobooooooooooonn
gob.0ooood,oooocdooocoooooboooobooooooooooonn
gobo.ooboooobobodoooooboooooboooboooo,b0ooo0oonn

High Performance eigenvalue solver
accelerated with a auto-tunner mechanism
concering with multicore communication hiding

ToSHIYUKI IMAMURA, 1214 TAKEHIRO YOSHIDA, !
Ryovya Tamura, ! Hirokl KoNpo, !
SusuMU YAMADAT? and Masaniko MacHIDA T34

We have recently introduced a communication and computation hiding opti-
mization technique for the eigenvalue solver Eigen-K developed for K computer.
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1: for i:=1to N step M do
2: U + [wi, Wig1,- -y Uit M—1]-

3: S < diag™*(Bs, Bi+1, - - - Bitr—1) + Lower(UTU).

©  Z+U"X.

& V«USs™

5: X« X-VZ

6: end for
0 1 Householde OO0
Fig.1 Householder back-transformation
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1 U+ [ui,ug,...,un].

2: for i:=1 to N step M do

3: if i+ M < N then

4: UM e Uit My Wit M1 - - > Uit 2M—1)-
5: end if

6: S <« diag™ (B, Bit1, - - -
n Z«UTX.

8: V«Uss.

9: X+ X-VZ

10: s+ 1—s

’Bi+M71) + LOWEI‘(USTUS).

11: end for
0 2 Householde 00D (DDDOOODDO)
Fig.2 double-buffered Householder back-transformation
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1: do parallel in a thread fashion
2. if ismaster() then
3: U’ + [ui,uz,...,uml.
4: end if
5: barrier
6: for i:=1 to N step M do
7: S « diag ™ (Bs, Bix1, ..., Bira—1) + Lower(U°TU?).
s Z+«UTX.
9: V«Uss—h

10: if ismaster() then

11: if i+ M < N then

12: U~ « [Wit My Wik M1y - - -5 Uig2M—1].
13: end if

14: else

15: X+—X-VZ

16: endif

17: barrier

18: s<1—s

19: end for

20: end do parallel

0 3 Householde 00D (DOOO0ODDODOODO)
Fig.3 Householder back-transformation with asynchronous broadcast
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No overlap Level one overlap

04 D0O0O0O0O0OODODOOO (OODO 1)
Fig.4 Schematic diagram of communication overlapping (level 1)
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Level one overlap
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05 0000000DDODOD (OO0 2)
Fig.5 Schematic diagram of communication overlapping (level 2)
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ooooooo.0ooOo, e, 0oooooooooooo,o0n, f=d/(d—-1)000.
tg +t1 + t2 level 0

Co = tg+ti/f+t2 level 1 (5)
tg+ (t1 +t2)/f level 2
min{tp,t1f} +t2 level 0
Ch = min{tp,t1} +t2  level 1 (6)
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Co 1= min{tg,t1 +t2f} level 1 (7)

min{tp,t1 + t2} level 2
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Table 1 Hardware specification of FX10 housed at Tokyo University

ooo 000000 (0O0): 1(16)
ooooo 32GB/node
goooo CPU: SPARC64 IXfx (1.848GHz)
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6.2 0000O0O0OOOOOOOOOOOOOO
020,000000000000000000000000000000000000
000O00.00000000,00000000000000000 30000, TYPEL,
TYPE2, TYPE3OOOOO. 0O0,00000000000000 TYPEOOOO,OOO
000000000.00000NOODOOOOO,00000000000000000
0000000000000000,NOO0O0O0O0O0O00000000000.0600 8
000,00000000000000000000000O0O0O0O0O0O0O. 000000
1,002,003, 00400000000000,1,2,300000. 00000000
0,00000000000000000000000000000000000O0000
oo.

e 00000OOOOOOOOOOOOD,0000C0C0C00OOO.

e 0000O0OOOOOOCOOOOOOOOODOO.

e 00000000 OOOOOOOOOOOOOOOOOODOO.
00000NOOOOOOOD,000000000000000000000000000

Vol.2012-HPC-135 No.19
2012/8/2

03 TYPE3OOOOOO (DO:0000,00:0000000000)
Table 3 Selected level on TYPE3 (Upper: #step, Bottom: level of overlapping)

ooooo
64 209 465 593 849 1361 2385 4433 8529 16721 33105 65873
2 1 1 1 1 1 1 1 1 1 1
256 209 465 977 2001 4049 8145 16337 32721 65489
2 2 2 2 2 2 2 2 2
1024 209 465 977 2001 4049 8145 16337 32721 65489
2 2 2 2 2 2 2 2 2
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02 0D0000000000000 (TYPEO: 000000000, TYPEL: 00 (1) 00, TYPE2: 00 (2) 00, TYPE3: 00 (3)00)
Table 2 Elapsed time with asynchronous collective communication (TYPEOQ; without overlapping, TYPEL: (1) is selected, TYPE2: (2) is
selected, TYPE3: (3) is selected)

N=20000 N=30000 N=40000
oooo TYPE 0 TYPE 1 TYPE 2 TYPE 3 TYPE 0 TYPE1 TYPE2 TYPE3 TYPE 0 TYPE1 TYPE2 TYPES3
32 5.38 4.95 5.10 4.97 15.17 14.28 14.28 14.28 33.14 31.91 32.58 32.47
64 3.51 3.10 3.11 3.22 9.34 8.45 8.67 8.54 18.73 17.43 17.43 17.43
128 3.05 2.17 2.18 2.18 6.37 4.93 4.93 4.86 12.64 10.61 10.68 10.58
256 2.27 1.80 1.79 1.79 4.35 3.20 3.25 3.25 8.16 6.48 6.48 6.48
512 2.31 1.36 1.37 1.37 3.80 2.76 2.77 2.73 14.29 5.86 5.84 6.29
1024 4.29 1.45 1.43 1.41 4.69 2.79 2.83 2.81 5.64 4.58 4.64 4.53
N=80000 N=130000
oooo TYPE 0 TYPE1 TYPE2 TYPES3 TYPE 0 TYPE1l TYPE2 TYPE3
32 231.10 233.98 235.76 235.85 938.06 952.98 953.39 —
64 123.26 123.38 124.96 123.36 486.42 498.13 497.84 497.62
128 69.39 65.14 65.51 65.38 259.20 255.55 254.25 253.38
256 41.35 37.07 37.18 37.40 145.07 139.52 139.52 138.60
512 33.87 24.62 24.71 24.64 98.91 77.32 75.70 75.82
1024 19.69 16.26 15.83 15.42 62.28 48.16 45.45 45.36
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Fig.7 results(Top: N=30000, Bottom: N=40000)
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