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subroutine dd_add(ch,cl,ah,al,bh,bl)
implicit none

double precision ch, cl, ah, al, bh, bl
double precision pl, p2, sl

pl = ah + al

p2 = pl - ah

cl = (ah -(p1-p2)) + (bh - p2)
ch = pl

cl = cl +al + bl

sl = ch + cl

cl =cl - (sl -ch)

ch =s1

end

() 0000000 (C=A+B)

subroutine dd_mul(ch,cl,ah,al,bh,bl)
implicit none

double precision ch, cl, ah, al, bh, bl
double precision ul, pil, p2, rl, r2, si
ch ah *bh

ul = 134217729.0%ah

pl = ul - (ul - ah)

p2 = ah - pl

ul = 134217729.0%bh

rl = ul - (ul - bh)

r2 = bh - r1

cl = ((pil*ril-ch) + plxr2 + p2*rl) + p2*r2
cl = cl + (ah * bl +al * bh)

sl = ch +cl

cl =cl1 - (s1 -ch)

ch =s1

end
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call dgemm(TRANSA,TRANSB,M,N,K,
& ALPHA,A,LDA,B,LDB,BETA,C,LDC)

(a) 000 BLAS(DGEMM)

call ddgemm(TRANSA,TRANSB,M,N,K,
& ALPHAH, ALPHAL, AH, AL, LDA,BH,BL,
& LDB,BETAH,BETAL,CH,CL,LDC)

(b) 0000 BLAS (DDGEMM)

0 2 BLASO QPBLASUOOOOOODOODOO (dgemm OO0
ddgemm) 000000000000 QPBLASOODO™H
000’ *» 000000oooooooooooooooo
goooopoopoopooobooo

02 000dooooooooo.
(a) Intel/ Windows
Intel AMD
Intel Core2 Duo
E8400 (3.0GHz)
oS Windows XP Professional
Intel Fortran 10.0 TA32

Processor

Compiler

b) AMD / Linux

Dual Core AMD Opteron
Processor 2800 (2.4GHz)
oS Cent OS 4.4

Compiler

Processor

gfortran 4.1.0

gboboooooboobobooooooboboobooo
gboboooooboobobooooooboboobooo
ood

O 3(d) 0 DDDOTOODOOOOOOOOOOOODO
0000000000000 0Intel(Windows) 00O (/00,
/02, /03) 0 0 AMD(Linux) 0 0 (-00, -02, -03) 00
gbobooooobooboboboooooobooobgoboo
gbobooooobooboboooooooboboboo
O (Intel 0O /02, /03000 /0p(Lunix 0 0-mp OO 0O)
000000O0) 0000000 DbDbDbOTOOOOOOO
gbooooooboobobobooooooboboboo
ooOoO0 AMDOOOOOOOOOOUODOOUODDODODOO
OooooobboToOOOUOOUOOOOO 3(h)OOOO
OO0O0D0OO0ODO0OC0O0O0O00OO0OD00OO0OODOD0Od Intel
OO0 1400AMDOOO30000000000O0ODOO
O00o0ooDOo0o0oOoooooooooOobDbOTOOOOO
Ontel00O0 AMDODOO 40000000000000O
DDDOTOUOOOOOODO AMDOOUOOOOOOOOO
obobooooo

O0OODDGEMV(TRANS="N’)0 000000 40000
oobobooooobobooo 200b0000000obOoo
OO0O0DO0OO0O000oDOOIntelDOOODDODOOOOO
O0000000O0ooObGEMVOOOOOOOO Intel
Oo0oooo3noo 8so0oAMDOOD 60D0O0OODOODO
O DGEMVDO AMDUOOOOOOOOOOOOOOOO

© 2012 Information Processing Society of Japan

Vol.2012-ARC-202 No.23
Vol.2012-HPC-137 No.23
2012/12/14
0 00 0DDGEMM(TRANSA="N’, TRANSB="N’)0 00
00 500000000000000000300000
00000000000000000000000000
O0D0Intel D00000000000000000000
OODGEMMOOOOOOOOO GEMVOOOOOOO
000000t 000003000 800AMDOO 6
0ooooooo
000000000 (GEMM)OOOO0O (FLOPS) O
0 60000000000000000 O3(Intel) 100
O2(AMD)000000040000000000000
00000000000000000000000000
00000040000000000000000000
00000000000040000000000000
00000000000000000000OIntelD00
0000000000000000

3. 00000000000 DO0O QPEigenK

3.1 QPEigenKOO0O
0o0d0ooodboooooooboooooooooon
0000000 (1), [J000000000000000
375000000 0000000D0DODODOOOOODOOOO
goddddooooooooooooboboboboooooa
gooodooobooooobooboobooooooa
DDDDDDDDEigenKDDDDDDDDD“B]DDD
Figen K OOODODODOOOOODOODODOOODODO
goddddoooooooooooooboooooooo
godddoooooooo3gooooooooboooda
godo3bbooooboooooooooooooog
goddddoooooooooobobobobooooooog
goododooooobobobobooosbobobooooood
goddddoooooooooobobobobobobooooog
O0o0000o0o0ooo0oOooooooooooo 9o
dooodoooooooobobobobooooooaoa
0000 1o0o0obboooooobbooooooo ed
00o0doooobooooooo@moooooooooa
gddddooooooooooboobobooboooooo
goddddoooooooooooboobobooooooa
0000O00D00D00D EegenK OOODOODOO 3000
00000000 QPBLASOCOOOODOOOOOOOO
O [5)JD 0000OBLASOOOOOOOlapack, scalapack O
00 MPIOOOODODOODOOODOOOODOODOOO

3.2 QPEigenKOOOOOOO
0000000000000 PRIMERGY BX900 O

*I JSTOOO CRESTODDOOOOOO0OOOOODDOOOOO
gooooOooooOoOoOo0oooooOOoOooooOoOo0oOoomOo
goo000 180100000240 100000000000
ooooooo



gooooooooo

Vol.2012-ARC-202 No.23
Vol.2012-HPC-137 No.23

IPSJ SIG Technical Report 2012/12/14
0.14 Intel 00 ® AMDOO
0.12 Intel 02 ® AMDO2 40
2 0.10 intel 03 & AMDO3 i Intel 00 ® AMDOO
& & 30 Intel 02 ® AMDO2
&= 0.08 8 Intel 03 * AMDO3
£ 0.06 = 20
i 0.04 ] : g 4
0.02 " — ' = 10 . ., .
0.00=+ = " " it . : :
0 200000 400000 600000 800000 1000000 0 200000 400000 600000 800000 1000000
BEH R T B3R T
(a)dddot DO OODO (b)dddot 0 dddot 0O DO ODDOO
03 400000000dddetDOOODODO.
0.6 2
=~ 05 Intel 00 ® AMDOO #20
= 0.4 Intel 02 ® AMDO2 =
g Intel 03 » AMDO3 %’15 Intel 00 *  AMBOO
# 0.3 = Intel 02 ® AMDO2
J{* 0.2 ﬁ]o Intel 03 * AMDO3
U3 . . ﬂ* 5 . ry .
0.1 . - . i s H H ] H H ] '
T
0 500 1000 1500 2000 0 500 1000 1500 2000
E25IRT BEHIR T
(a)ddgemv 0O OO0 (b)ddgemv O dgemv 00000000
04 40000000000 (ddgemvOOOOOQO.
140 25
120 Intel 00 ® AMDOO g
- nte 4 = 20
@00 Intel 02 ® AMDO2 g Intel 00 ® AMDOO
oz 80 Intel 03 4 AMDO3 = 15 Intel 02 ® AMDO2
60 # Intel 03 4 AMDO3
#a40 1)
20 . oL - e
Q== = . £ 5 : - - ]
0 500 1000 1500 2000 0 500 1000 1500 2000
BEI R T Be5RT
(a)ddgemm 0O OO0 (b)ddgemm O dgemm 00000000
05 400000000 (ddgemmOO0O000O0O.
0000 QPEigenK OODOODOOOODODODBX900
DGEMM-Intel
goododog 3obobbooououououoouooooon 20 DDGEMM.Intel
UO0-Kfast OO OOODDODODOOOOOODOOODOOOO g e DGEMM-AMD
215 s DDGEMM-AMD
-Knoeval 00 O00O0O0O0OODOOOOOOODODODODOOO S - . . . . . . .
000000 Frank 00 0O0DOO00OOCODODOOODOODOO ﬁl.o'
goboodobobooboooo g;n_'n_f to.
B 0.5 . . . .
)\i _ )\’L . . . .
Error = max q abs = , 0 500 1000 1500 2000
i Ai Be 5 R T

000000000ONDOO00 0000040000
coobOooobOooOooboooOooOoOoOoOooOoboOooono

070000000000 EigenKOOO 40O00O0OO
0000 QPEigenKOOODO FrankOOODOOOOODO
toboooobooboocooobOOooocooooocoooon
oooooosooootooooonooooooooednn
coooobOooooobo40000CO0O000D00 250
coboooooobooooOoobOOobOocOoboOooooooon
cooooooooooooocoOooboocoooooooon
coooooooobooboobo40c0000000bOb0O000

© 2012 Information Processing Society of Japan

0 6 D000O0OOO (dgemm)I0O000000O0OOOddgemm0O
ooooooooo

uoboooooooooao

0000 sOOob0O0oO0b0O0o 4000000000DOO
OOOOOEigenKOOO QPEigenKOOOOOOOOO
ooboooooboocooooocoOobooooooboooon
OO0OO0O0OQPEigenKOOOOOOOOOOOOOOOOO
oobooocoooo40000000C0CO000O0O00O00O
ooboooooobooooooocoOoooooobooboOooon



gogoooooood
IPSJ SIG Technical Report

0 3 000 PRIMERGY BX9000O0O.

BX900

Processor

Intel Xeon X5570
Quad core (2.93GHz)

Number of processors

per each node

2 (8 cores)

Number of total nodes

2134

Network

InfiniBand QDR

Bandwidth(inter-node)

8.0GB/s full-duplex

Compiler

Compile option

Fujitsu Fortran Compiler

-Kfast,noeval

SSL II V3.2
Library BLAS, LAPACK
ScaLAPACK
1.00E-01
1.00E-04
1.00E-07 /
1.00E-10
;6 . / -
g 1.00E-13 — EigenK —
= 1.00E-16 PEicenk |
1.00E-19 QPEigenK |
1.00E-22
1.00E-25 /_/
1.00E-28 S S S S
S & & N\ Q \
&S &S \Q@
THDORT
0 7 EigenKO00O0O QPEigenK OOO Frank OO00OO0O000O0O
oooo
1000 .
T 4R
...... 1000
100
N - — . _ - = 2000
L === 5000
B 10 - -
e e -+ - 10000
L ="
L = T — - 20000
......................... — 50000
0.1 . : - .
128 256 512 1024
3t 51| %4
(a) EigenK OO OODO
100000 ——
THYA4X
10000 ...... ]000
~ - = 2000
£ 1000 —= — = 5000
'&_“' 100 e - =+ = 10000
§?‘E _____________________ =+ 20000
L — — 50000
P IO st e

128 256 512 1024

(b) QPEigenK 00000

0 8 EigenKO00O0O QPEigenKOOO Frank 00000000

goooooood

© 2012 Information Processing Society of Japan

Vol.2012-ARC-202 No.23
Vol.2012-HPC-137 No.23

2012/12/14
04 ODOOODOODODOOODOOOO.
(a)EigenK DO OO0
Dim. of GFLOPS(DDODOOD)
Matrix 128PE 256PE 512PE 1024PE
1000 22.15 15.52 14.59 8.21
(15%) | (05%) | (02%) | (0.1 %)
2000 58.78 48.96 42.29 18.25
(39%) | (1.6%) | (0.7%) | (0.2%)
5000 197.66 198.05 140.43 95.82
(132%) | (66%) | (23%) | (0.8%)
10000 343.88 456.97 397.58 294.34
(229 %) | (15.2%) | (6.6 %) | (2.5%)
20000 489.97 754.80 887.58 860.45
327 %) | (256.2%) | (14.8%) | (7.2 %)
50000 564.32 1041.76 1533.46 1980.84
(37.6 %) | (34.7%) | (25.6 %) | (16.5 %)
100000 — — 1739.16 2882.22
(— %) (— %) (29.0 %) | (24.0 %)
(b)QPEigenK 00000
Dim. of GFLOPS(DODODOOD)
Matrix 128PE 256PE 512PE 1024PE
1000 123.00 107.72 100.86 53.44
(82%) | (36%) | (1L.7%) | (04 %)
2000 213.51 235.85 247.20 137.52
(142 %) | (79%) | (41%) | (1.1 %)
5000 332.11 487.13 628.77 459.97
(22.1 %) | (16.2 %) | (10.5 %) | (3.8 %)
10000 390.14 638.78 1009.21 1069.57
(26.0 %) | (21.3 %) | (16.8 %) | (8.9 %)
20000 407.00 726.30 1302.51 1867.36
271 %) | (242 %) | (21.7 %) | (15.6 %)
50000 — 765.74 1386.80 2582.56
(— %) (25.5 %) | (23.1 %) | (21.5 %)

00000000000050,000000000 102400
00000000000000000 EigenK O 16.5%0
QPEigenK 0 21.5%00000000040000000
0000000000000000000*000000
000O0D0000QPEigenK 000000 EigenK 00 12
00000000000000000000000000
00000000000000 17.5(=(11424)/2) 000
00000000000EigenK O 100,000000000
000000000 24.0%000050,0000000000
00 QPEigenK 000000000000000000
000000000000000000000 QPEigenK
00000000000000000000000000
0000000000000000000

4. OO0

00000000000 0000 4000 BLASOOO

*2 000000 4000000000000000000000O0
ooooo



gogoooooood
IPSJ SIG Technical Report

00000000000 4000000000 QPEigenK
gobooboobooboboooboobo40bO0o0on
0 Bailey O double-double 000000000 OOOOO
O000QPBLASOOO0OO0OOODODDOODOOOOOO
goobobobogo ooobbbboouooobob40b0b
gobooboobobooboobuooboobboob
o000 50000000 FrankODOODOOODOODO 60
00000000000 0QPBLASODOOOOOODODO
0004000000000 QPEigenKOODOODODO
gobobobi1oobooboobg 200bgobooon
gobooboobobooboobuoobooobobooo
gobooboobobooboobuoobobooboon
gobooboobboooboobuoobobooboon
gobodobooobboooboobuoobobooboon
goboooboboobooooga

40000000000000O0 QPBLAS O
http://ccse.jaea.go.jp/ja/download /qpblas.html O 0 0O O
200 BSDOOoOoooooooooOo eloooao
QPEigenK 00 D0OO0O00D0D0OOOODOOOODO
goboobobobobbooboboboooboboooo
00000000000 0DOO0O00000D0 EigenK O
http://ccse.jaea.go.jp/ja/download /eigenk.html O O O O
200 BSDOOOOoOoOooOooooo [8).

OO0 O0OOO0OO0OOO0OOCREST(JST)OOOOOOOO
oooOo0OcOOnO 235000560 00000000000

oooo

[1] S. Yamada, T. Imamura, T. Kano, and M. Machida,
High-Performance Computing for Exact Numerical Ap-
proaches to Quantum Many-Body Problems on the
Earth Simulator, Proc. of SC06 (2006)

2] goooboboooobuoooooboooboooo
0oo0oooooooooooo SSE200000000
000000000 ODOoOoOoobOoO0DooOOoodoVol.
1, No. 1, pp. 73-84 (2008)

[3] The MPACK; Multiple precision arithmetic BLAS
(MBLAS) and LAPACK (MLAPACK)
http://mplapack.sourceforge.net.

[4]  High-Precision Software Directory.
http://crd-legacy.lbl.gov/~dhbailey /mpdist/.

[5] T.Imamura, S. Yamada, M. Machida, Preliminary Re-
port for a High Precision Distributed Memory Parallel
Eigenvalue Solver, Poster Presentation in SC12 (2012).
http://scl2.supercomputing.org/schedule/
event_detail.php?evid=post236.

[6] QPBLAS 0O O O O Basic Linear Algebra Subrou-
tines(online)O
000 (http://ccse.jaea.go.jp/ja/download/qpblas.html)
(2012.11.05).

[7] Imamura, T., Yamada, S., and Machida, M., “ Devel-
opment of a high performance eigensolver on the peta-
scale next generation supercomputer system” , Progress
in NUCLEAR SCIENCE and TECHNOLOGY, Vol. 2,
pp.643-650 (2011). [CD-ROM]

© 2012 Information Processing Society of Japan

8]

[9]

Vol.2012-ARC-202 No.23
Vol.2012-HPC-137 No.23
2012/12/14

0o0O0ooDoooooooooooooooo
EigenK (online)d

000 (http://ccse.jaea.go.jp/ja/download/eigenk.html)
(2012.11.05).

Y. Hasegawa, J. Iwata, M. Tsuji, D. Takahashi, A. Os-
hiyama, K. Minami, T. Boku, F. Shoji, A. Uno, M.
Kurokawa, H. Inoue, I. Miyoshi, M. Yokokawa, First-
principles calculations of electron states of a silicon
nanowire with 100,000 atoms on the K computer, Proc.
of SC11 (2011)



