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Performance Evaluation of the Gram-Schmidt Orthogonalization Library
with Numerical Policy Interface on Heterogeneous Platforms

KEN NaoNoO,t MI1TsuyosHI IGAItt and HIROYUKI KIDACHIt

We have proposed the method of the matrix library with numerical policy interface. The
method executes multiple algorithms that have the same function but have a different accu-
racy and a different computation time, and returns the result that is executed fastest and
satisfies the required accuracy of a numerical policy given by user. In this paper, we evaluate
the method on the heterogeneous platforms. We especially treat the Gram-Schmidt orthogo-
nalization that was originally executed in small size computations on PCs and that, however,
often attains poor performance in large scale computations on supercomputers. Performance
evaluation shows that the method of the matrix computation library with numerical policy
achieves about 4 times better performance on a supercomputer than the method only tuned

in small size computations on a PC.
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do M =1, JMAX
call single_orthogonal(V(1,M), V, M)

enddo

000000 1000 single_orthogonal 0 000
00 1000b0o0o0db0o0oboooooobooo
000000 Classical Gram-Schmidtd0 0 CGSOO
00000000000 D000000 Modified Gram-
SchmidtO 0 0 MGSOO O 0O 00O 0O O Daniel-Gragg-
Kaufman-Stewart 000000000000 DGKSO
000000 00030000000000000
goobbooo0ooooooobooooooooo
go0oooDoooooo 30bo0oboooooon

Aug. 2005

ooooobobooooooobobooooooooo
oooooboooooooooboooooooooo
ooo

000000200 cGSoooooooooon

oooooo 20
subroutine single_orthogonal (W,V,M)
do j =1, M-1
s = 0.0d0
doi=1, N
s =s + V(, j)*xw(d)
enddo
hr(j) = s
enddo
doi=1,N
s = 0.0d0
do j =1, M-1
s = s + V(i, j)*hr(j)
enddo
w(i) = w(d) O s
enddo
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subroutine single_orthogonal (W,V,M)
do j=1, M-1
s = 0.0d0
do i =1, N
s =s + V(i, j)*xw(d)
enddo
if (s .ne. 0.0d0) then
do i=1, N
w(i) = w(i) O s*V(i, j)
enddo
endif

enddo
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Fig.1 Use case of the conventional orthogonal libraries

on heterogeneous platforms.
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Table 1 Platform specification for numerical experiments.
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Fig.2 Execution time of CGS, MGS and DGKS on PC.

goboooooooboobooooooooooboooo
000 N=1000000 300000 C0C0C0COO0OMGSOO
00o00ogogoooo cGSObGKSoooooooo
o000 so000 00000000 CcGSOOOOO
oo0oooo MGSODGKSOOOoOOOooooooo
0o00o0ooOoooocGSOoOoo bGKSOoOooOd
gboooboobooooboobooooooboooooobooo
MGSOOOOOOOOO 4000000000000
000000000oo0oo0oo0oo0oo0oo0O0MGS O BLASI
gooooOopCO L20000000O0O00O0C0OOO
goooooo

0O 3 O SR11000 O 1CPU OO0 CGSOMGSO
DGKSOOOOOODOOOoOOoOoo 400 SR11000
O 16eCPUODODO CGSOMGSODGKSOOOOO
obooooooood

1cpUDOOOOODOOOOOOOOOOOOO0OO
o000 cGSOOoooooooouo MGSODGKS
oooOoooooooglecpPUDOOOODOOOO
00o0o0o0ooooOo DbGKSOOoOoooooooo
gboooooooooooobooooooooo 1o
00000 CcGSO MGSOOOOooooooooo
g0d0 100000 MGSO cGSOooooooo
goobooooobbooboblleooboOooOoDOo



Vol. 46 No. SIG 12(ACS 11) gooooooooooooooooooboOooooooobooOooboOoOoo 283
BB (B) EHERE (Ortho) ROMLE
10 0 20000 40000 60000 80000 100000 120000
DGKS (fI#82) 1.008+00
s e CGS (AT
_x 3"~ DGKS (fiR1) 1.00E-03 p— _e e
B %).;H /MSS(@!QEZ) : gg:g: —

NG (i)

Z CGS (FE2)
el /o3
& _,z"‘xﬂ_,ﬁrf*"\ces(mmﬁn

9
8
7
6
5
4
3
2
1
0

0 50000 100000 150000 200000 250000 300000 350000

~IMVER
0 8 SRlioo0O01CPUDODOO CGSOMGSODGKSOOO
oo
Fig.3 Execution time of CGS, MGS and DGKS on
SR11000 (1 CPU).
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Fig.4 Execution time of CGS, MGS and DGKS on
SR11000 (16 CPU).
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Fig.5 Orthogonal error of CGS, MGS and DGKS on PC.
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Fig.6 Orthogonal error of CGS, MGS and DGKS on
SR11000 (1CPU).

00000000000 D000D000D000000
000000000000 00000D0000000n
0oo0oooOoooo

050 PCOOO CGSOMGSODGKSOOOO
0000000000000000000 1000
ooCcGSOO0O0ONO0OoOoOoOoOoOooooooon
010°%0000000000000000000MGS
0000000000000000000DGKS O
107 000000000000000000000
00000000 200000CGsSO 107 0ooo
0000000000000 D00D0O0O0000000
MGSOOO DGKSOODOOOOOOOO0OOOO0O
0000000000000CGSO MGSOOOO
00000000000000DGKSOOOOOO
00000000 0ooooon

0O0O0OO0 6 O SR1100001CPUOO OO CGSO
MGSODGKSOOOOODODOOODOOOO00000
000000 100000CcGsS0ooooooon
MGSOOOOOODOO0OD000O000000010~80
0000000000000030000000000
0000000000000000000000DGKS



284 jo00o0oooooooooooooooog Aug. 2005

B 183 (Ortho) ROMLVE S —

0 50000 100000 150000 200000 250000 300000 350000 7_:—9 — 'ﬂf')“/—ﬁﬁ{b‘ e 5
100400 ASHRE [AEEA b)Y (ESAEET) |
1.00E-01 ———
ooe.n e CGS (BiRE1) T
1.00E-03 e ﬁ
1.00E-04 ' 1 l
1.00E-05
1.00E-06 EX{bnE CGS MGS DGKS
1.00E-07 AL | |ALERREAE| | ALERHEAE| | LIBHEEE
1.00E-08
1 006-00 MGS (BigE1) |
1.00E-10 KNM& — |
LO0E-11 e AR S R T
1.00E-12
1.006-13 MGS (fI#82) — rer e )
L00E-14 et . T8 | ML (ESHER) |
00615 DGKS (#1#1) DGKS(Hl82)..... HAHEE CEEmE 1

0 7 SR11000016CPUOOOO CGSOMGSODGKSOOO
ooo
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