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— R E A ERRE Ax = ABXx , A:fEFEXIFR, B:EXFRIEEIE

Step MIEBAR E & EEE MPI1E I

# (r8¥a %)

1 |JLAF—52f | B=LU 1/3N"3 Scalapack

2 | EEE L C=L"AL" 2N"3 (?) AX = ABX — L AL LT x = AL x

3| NHRBIHZESE | T=HeH 16/3N"3 | @B | I/FHHEERER O
CEE) EREIE

4 | FEHR H =(ﬁHkJI, H, =(1—auu’) | 4N"3 #5{R7F EHMEIR2

5 | Schur$ fi# T=QDQ'V =QH O(N"2) X BERETDIZE.
N 2B 5| FER AT

6 | ZEKA x=LTv,v=V (@i=1..n) N2 (1) )
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Scalapack B4 =& E ULILE
CALL PZSYTRD(UPLO, N, A, 1A, JA, DECSA, D, E, TAU, WORK, LWORK, INFO, MAJOR)

518 i) /0 | ERk FEEIE
UPLO Char | ‘L(T=ZA)DHEEA
N,A(*,*) Int, C*16 | 1,170 | £{K1T5IRTTH, #7175 175 D588 % (F Scalapack#E#L
1A, JA Int | AFEEBT LA, (1,1)DHEE R
DESCA(9) int | TAADUTA, B)(6)DTOVDEDHESh [1+8%1]
D(N),E(N) C*16 o) 3EXAITII(RA,BIXTA) £JOCATHE
TAU(N) C*16 o) RGBT HBERY £J70CATHE
WORK(LWORK) | C*16 - Ve 81
INFO Int 0 I5—3—F
MAJOR Char | JALARYTAR’C or ‘R’ CZERESCED
CEXiEEEIEND

TOLATYTERFITH D EEEDOMPI rankE S D207V L—F EADIYT AR, (FEMIE[3]4T51578R)
‘C’:Column major H ’R’:Row major h & E T 3.
EEoNDHICRE T NIESIED LRIV THENTES,

CEERES)
ANIARIAZEHRTIE, QRIEADE B ANY MLOWEREFER LIZLMERREL TV, ([4])5E:)
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_
FF;;Q{[— §|J NB % NB@’]‘TT?IJ
7[3127\7‘\/7 /I T WAN-: = Mt s
. 7] n'JU)Bi/J‘$ﬁL < .
‘ * lol4|81200]4]8]120] 4] 8|12l0] 4] 8|12l o) 4]8]12
?;‘2}§ MPI rank# 1[5]9l13[1]5]9]13l1]5]913/1]5]9]13[1]5]9]13
>Tel10114 2610142610114 2| 6|1014]2] 6 [10[14 2] 6 [10]14
3171115 3711115317 (1115 3711111513 | 7|11]15( 3] 7 [11]15
0481200 48|12 0[4|8|12l0]4|8]12l0f4|8]12
. 1[5]91301 [B]9[13[1[5]9l131]5]9[13l1h5]9]13
Column major 26[1011412] 6 [10[14 2| 6 |[1014| 2| 6 [10[14] 2] 6 [10]14
3711151371115 3171111503 | 7[11]1503] 7 [11]15
o1 1213 0481200148112 0l 4l 8l12l0l4l8]12l0f4[8]12
4151617 115911301 [5]9l13l1 5] 91311151 9]13[1)5]9]13
31911011 2161011421 610114 2] 6 [1d14]2] 6 [10[14 2] 6 [10]14
1211311415 37111151317 [11]15:3 [ 711115/3 | 7|11]15{ 3] 7 [11]15
olalgli2l0(4]8l12 ol 4l 812l o4l 812l o) 4[8]12
. 1]5]9l13l1 15[ 91311 5] ol13l115] 9]13[1d5|9[13
Row major 26 liof142 (610142 [6[10l1402 | 6 [iol141 2 6 [10[14
3[71[1s 3] 7111503 71111153 | 7|1 115( 3] 7 [11]15
v Lolal8li2lol4l8 12 0[4[812l0 4|8 12l 004812
1151913111519 11311]5]913111519113.115]913
261011426 101142 |6 [10[14]2] 6 [10[142 [ 6 [10]14
3[7 1115437 [11/1543 |7 [11]15/3| 7 [11]15/3| 7 [11]15
JOtEAYYT HBETHETOVIREIL, 070[0]0[0
o o N rank 0 [0]0[0]ojo
ZRETD TOLAIYFICHE2D cycliclZs 81 #R43455) [0l00[olo
Ak7] 0[0[0[0]0
010]/0]0]0
[MPI%I£91] (175 %1%91] (175 #1%92])
EAHD13A2RF JOYDEINBIL8LL E{E % ZEITHIE T = A EB IR

hoftfE L&
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O )FRDHSI3EXF ABITHDSchurH fE TEEE0ON ) 2B ENI MU E
=>N=50,0009 BEEFAD MLDESHI(E16N"2 = 40GbyteihE

@Iﬁi@ﬁ]— RTIE, NIDARIAZE AT TQRIEDFNHISChurAD ML E £ R
>ENoDFEEHLIAT)S HEEHED R THENE,

|n|t_|(H H Hn)'Hk:(I_auku-kr) Iﬁjz;k]_F
|n|t (H H Hn)lv Hk = (I _auku-kr) :I E?{;]_ F ZE’TB@%*@T'V(;E iéjﬂﬁ

Q@EI BRI FWIEFIRD FILOEEV={V,,V,,...,V TN, EEEHELEHEIVD
F|BEGIDIEHMEZET D, VeI BEALICHEBSE T NIEMPIAE S| {EZHER K,

~

@Schurf fFEQA FEFZNRDNEVND, T—AREUETHETODAE)RYD(F
ﬁ*/ﬁtgé

= BEBANDMNWOEREIF 17O0CALETEINDEHECELET HH
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Scalapack T3 1THI D HECEICRE T3 1R HMETA ADYTREESEHIICTEEL TS,
SEOEETEISHREECETIHFINONIARIAZT AN TERTI0ETOVDRDHELED,

DESCA(9) : int array : Scalapackffi—{t#k

(1)
(2
(3
(4

(6

(7
(8
9

)
)
)
(3):
)
)
)
)

block_cyclic_2D : k{&FH

CTXT : RMEA
‘M : R{EH
: N . R{FEH

MB : MB=NB
: NB : MB=NB
: RSRC : R{FEH
: CSRC : R{EH
. LLD : R{EHA

A

[1751%1%91]
JOYDENBIZ8LL LB %]
ANSY 125 B Ph]

[175%%92]
FREBUTIE T =H TR (CHEHH
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HEZRAE =3
[EHRERETIE1] J-a17)
NIARIVIE DS | B H(ICTOLAIY T ARZEANSHE DD | 4.1.PZSYTRD5| %k
(‘C’:Column major F7z[3 ' R’:Row major h&i8ET3) TtHzSHE
<FHR EBONDOHREITNIES I BRI TEENTES, >
[EFEFKFEIE2](1) J=a17)5. IEHET{S’J
NIARNAERTEARD M ADEIMEER (# 2 #) UL MER: | DLONDARILE S
T, DEELTTIE S, Schurp RETCENDMDEE % H IO ;%?&ZEI’; ;1%

FHFETILD,

(ZiasEE2](2)

B RD MO ERBRTIN, 7558, SIAYMLOT0Y)
SEITLID, #EEOSChur 5 BRI OEE K M5 RERE T
MPIT3h,

JZ17)3.3.EF
NI MVT—=3D 5
TN HBERFRAIS R
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measurement condition

machine : SR16000 model M1
Compiler : HITACHI F90
Compile option : -Os -64 -model=M1 -parallel -i,L

Table1. Result of a measurement time-GFLOPS (SR16000/M1)

(Power7 3.83GHz)

size Original PZSYTRD, PZSYGHR (MAJOR=‘R’, NB=8)
N 1SMP 1MPI1-1SMP 4MPI1-1SMP 16MPI-1SMP 64MPI-1SMP
CPU GFLOPS CPU GFLOPS CPU GFLOPS CPU GFLOPS CPU GFLOPS
[sec] [sec] [sec] [sec] [sec]
1000] Householder 4.6 1.1 0.8 6.3 0.3 18.6 0.2 32.5 0.2 33.5
Inv-house 5.0 0.8 0.6 6.3 0.2 16.5 0.1 57.6 0.0 107.3
Total 9.7 1.5 0.5 0.2 0.2
2000} Householder 50.7 0.8 6.5 6.6 1.9 22.8 0.6 66.3 0.4 102.5
Inv-house 46.8 0.7 5.0 6.4 1.8 17.3 0.5 62.4 0.2 176.7
Total 97.5 11.5 3.7 1.2 0.6
4000] Householder] 489.0 0.7 46.2 7.4 12.9 26.4 3.8 89.6 1.5 235.2
Inv-house] 502.9 0.5 40.4 6.3 14.2 18.0 3.7 69.6 1.2 217.2
Total] 991.9 86.6 27 .1 7.5 2.6
8000] Householder|] 5133.3 0.5] 358.9 7.6 89.4 30.5 25.0 109.1 8.5| 322.7
Inv-house| 6659.1 0.3] 320.8 6.4 111.2 18.4 28.7 71.2 8.1 252.4
total] 11792.4 679.6 200.6 53.8 16.6
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8. ERMMITHIAHIEX AL MEZERA)

measurement condition

machine : SR16000 model M1
Compiler : HITACHI F90
Compile option : -Os -64 -model=M1 -parallel -i,L

(Power7 3.83GHz)

Table2. Result of a measurement time-acceleration (SR16000/M1)

size Original PZSYTRD, PZSYGHR (MAJOR=‘R’, NB=8)

N 1SMP 1MPI1-1SMP 4MPI1-1SMP 16MPI-1SMP 64MPI1-1SMP
CPU | Accel | CPU | Accel | CPU | Accel | CPU | Accel | CPU | Accel
[sec] | [times]] [sec] | [times]| [sec] |[[times]| [sec] |[times]| [sec] [ [times]
1000} Householder 4.6 0.8 1.0 0.3 3.0 0.2 5.1 0.2 5.3
Inv-house 5.0 0.6 1.0 0.2 2.6 0.1 9.1 0.0 16.9
Total 9.7 1.5 1.0 0.5 2.8 0.2 6.3 0.2 7.5
20001 Householder 50.7 6.5 1.0 1.9 3.5 0.6 10.1 0.4 15.6
Inv-house 46.8 5.0 1.0 1.8 2.7 0.5 9.8 0.2 27.6
Total 97.5 11.5 1.0 3.7 3.1 1.2 10.0 0.6 19.3
4000] Householder] 489.0 46.2 1.0 12.9 3.6 3.8 12.1 1.5 31.8
Inv-house] 502.9 40.4 1.0 14.2 2.8 3.7 11.0 1.2 34.2
Total] 991.9 86.6 1.0 27.1 3.2 7.5 11.6 2.6 32.9
8000] Householder|] 5133.3 358.9 1.0 89.4 4.0 25.0 14.3 8.5 42.4
Inv-house] 6659.1 320.8 1.0 111.2 2.9 28.7 1.2 8.1 39.5
total| 11792.4 679.6 1.0 200.6 3.4 53.8 12.6 16.6 41.0
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measurement condition
machine : SR16000 model M1 (Power7 3.83GHz)

Compiler : HITACHI F90
Compile option : -Os -64 -model=M1 -parallel -i,L

=t e INEE (2) HITACHI
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N=4000 acceleration

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
Mumber of MPI processors

—+—householder —e—inv-householder —s—total

Fig.1 Result of N=4000 acceleration(SR16000/M1)
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measurement condition

machine : SR16000 model M1 (Power7 3.83GHz)
Compiler : HITACHI F90
Compile option : -Os -64 -model=M1 -parallel -i,L
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N=8000 acceleration

NMumber of MPI processors

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

—+—householder —e—inv-householder —s—total

Fig.2 Result of N=8000 acceleration(SR16000/M1)
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1CPU:  30.64GFLOPS
4CPU : 122.56GFLOPS
16CPU : 490.24GFLOPS
64CPU : 1960.96GFLOPS
Householder .VS. RPeak
30.0%
25.0% L L
— ——r—————‘""____________'_________-——— P
L 20.0% —
m - 1
2 —
e 15.0% #—
. i
<
" 10.0%
-
5.0% )
0.0% I
1000 10000
Size N
—+— 1MPl —e—4MPl —=—16MPI 64MPI

Fig.3 Householder .VS. RPeak (SR16000/M1)
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-SR16000 model M1 RPeak

1CPU:  30.64GFLOPS
4CPU : 122.56GFLOPS
16CPU : 490.24GFLOPS
64CPU : 1960.96GFLOPS

Inv-householder .VS. RPeak
30.0%
25.0%
L 20.0% T L * —
0
i
& 15.0% «———— % —
g :___
*10.0%
5.0% -
D.D% | | | | | | | | |
1000 10000
Size N
—+— 1MPl —»—4MPI —=—16MPI 64MPI

Fig.4 Inv-householder .VS. RPeak (SR16000/M1)
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