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Implementation and performance evaluation of iterative solver for multiple linear systems that have a common
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Capacity computing is a promising scenario for improving performance on upcoming exascale supercomputers.
Ensemble computing is an instance and has multiple linear systems associated with a common coefficient matrix.
We implement to reduce load cost of coefficient matrix by solving them at the same time and improve performance
of several iterative solvers. The maximum performance on SPARC64 XIfx on a node of FX10 was 6.8 times higher
than that of naive implementation. Finally, to deal with the different convergence processes of linear systems, we
proposed control methods to skip the calculation of already converged vectors and conduct more acceleration.
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AFDRZEDTTH BEHNRT Y v IiRAD KAGE R

1 Copyright (©) 2015 by JSFM



© o N o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

© 0 N oA W N

W W oW NN NN N NNNNN R B R R e R R e e
D F O ©® ® N & A W N RO © ® N O oA W N H O

ndag_n = bp(3,i,j,k)! n

ndag_s = bp(4,i,j,k)! s

ndag_t = bp(5,i,j,k)! t

ndag_b = bp(6,i,j,k)! b

dd = bp(7,i,j,k)! diagonal

ac = bp(8,i,j,k)! active

dx = 1.0 / ac

do 1=1,1x

pp = p(1,i,j,k)

bb = b(1,i,j,k)

ss = ndag_e*p(l,i+1,j ,k )&
+ ndag_w*p(l,i-1,j k)&
+ ndag_n*p(l,i ,j+1,k )&
+ ndag_s*p(l,i ,j-1,k )&
+ ndag_t*p(l,i ,j ,k+1)&
+ ndag_b*p(l,i ,j ,k-1)

dp = ((ss-bb)*dx-pp)*omg

pn = pp + dp*ac

p(l,i,j,k) = pn

de

dble (bb-(ss-pn*dd))

res(l) =
end do
end do

end do
end do

res(l) + dexde * ac

List 2: Pseudo code of SOR using Outer loop.

e
w

n

s

t

b
diagonal
active
ko ,1)&
ko ,1)&
sk ,1)&
ko ,1)&
L,k+1,1)&
,k-1,1)

do 1=1,1x
do k=1,kx
do j=1,jx
do i=1,ix
ndag_e = bp(1,i,j,k)!
ndag_w = bp(2,1i,j,k)!
ndag_n = bp(3,i,j,k)!
ndag_s = bp(4,i,j,k)!
ndag_t = bp(5,i,j,k)!
ndag_b = bp(6,i,j,k)!
dd = bp(7,i,5,k)!
ac = bp(8,i,j,k)!
pp = p(i,j,k,1)
bb = b(i,j,k,1)
ss = ndag_ex*p(i+1,]j
+ ndag_w*p(i-1,j
+ ndag_n*p(i ,j+1
+ ndag_s*p(i ,j-1
+ ndag_t*p(i ,j
+ ndag_b*p(i ,j
dp = ((ss - bb)/dd-pp)*ong
pn = pp + dp*ac

p(i,j,k,1) = pn

de

dble (bb-(ss-pn*dd))

res(1l) =
end do
end do
end do
end do

res(1l) + dexde * ac
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Tab. 1: Characteristics for two types of implementa-
tions.

Grid Size = 1283  Outer Inner(RHS=1x < 4)
Load & Store 4+2 442 x1x
Arithmetic 30 8423 x 1x

F/B 1.25 1.29 ~ 2.08

Grid Size = 1282 Inner(RHS=1x >4) Inner(RHS=128)

Load & Store 6+ 2 x1x 6+2x 128
Arithmetic 8423 X 1x 8 423 x 128
F/B 2.08 ~ 2.81

List 3: Pseudo code of Red-Black SOR using Inner loop.

do color=0,1

do k=1,kx

do j=1,jx

do i=1+mod(k+j+color,2),ix,2
ndag_e = bp(1,i,j,k)! e

ndag_w = bp(2,i,j,k)! w
ndag_n = bp(3,i,j,k)! n
ndag_s = bp(4,i,j,k)! s
ndag_t = bp(5,i,j,k)! t

LSPARC64 IXfx TlF, MIEFEE% 1fop, K% 8fops ELTHY Y+
T2
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ndag_b = bp(6,i,j,k)! b

dd = bp(7,i,j,k) ! diagonal
ac = bp(8,i,j,k) ! active
dx = 1.0 / dd

do 1=1,1x

pp = p(1,i,j,k)
bb = b(1,i,j,k)

ss = ndag_e * p(l,i+1,j ,k )&
+ ndag_w * p(l,i-1,j sk )&
+ ndag_n * p(l,i ,j+1,k )&
+ ndag_s * p(l1,i ,j-1,k )&
+ ndag_t * p(l,i ,j ,k+1)&
+ ndag_b * p(l,i ,j ,k-1)

dp = ((ss-bb)*dx-pp)*omg

pn = pp + dp*ac

p(l,i,j,k) = pn

de = dble(bb-(ss-pn*dd))
res(l) = res(l) + dexde * ac
end do
end do
end do
end do
end do
3.1 EfTitsE

Outer loop & Inner loop DMIZEEEIZD\WT, Tab. 2
127”9 SPARC64 IXfx (FX10) TOVEREFEli % Tab.
3 DINFG R =X Tlirote, HILEDOYERE LD 72 8 —
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&, (1) ERUCHEZED 3 Xt BMZENE V2o = 0
% Dirichlet/Neumann 535 5 T C [/, & X O
SRILDOF Y ET 4 70 —REHEZ P, FHRITHEKE
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F— oo AR T T 5. av 4 AT ay

l¥-Kfast,parallel,ocl,preex,array private,auto
-Kopenmp, simd=2,uxsimd T®H 5.

Tab. 2: Specification of a computing node of FX10.

CPU SPARC64 XIfx
Clock 1.65 GHz

Core 16

Ideal peak performance 211.2 GFlops
Cache 12 MB
Memory 32GB
Bandwidth 85 GB/s

Tab. 3: Investigated parameters.

Solver SOR method,
Red—Black SOR method
Grid size 323, 643, 1283, 2563

1 to 16
1,2, 4, 8, 16, 32, 64, 128

Number of threads
Number of pressure vectors

SOR % & R-B SOR IEDZERXFEITIRDIEREZ Fig. 11
AR, Outer loop DFEEIF SOR %, R-B SOR LD/
ELHEIART PIZ X S THRI—ETH S Z E23bd
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(b) R-B SOR method

Fig. 1: Comparison of sequential performance with a
problem size 1283.
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Fig. 2: Threading performance of SOR method with a
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Fig. 3: Threading performance of R-B SOR method
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L3 . Loop of iterative computation
X(:Cl,$2,-~- axl) do k=1,kx
" do j=1,jx
Sorting do i=1,ix
A ., do I=l,|x‘ m
X(x_ia ,f[,l';) » X(z1,- -, T, 25)
Making loop length short engpdiranons‘..
end do
end do
end do
(a) Exchanging vectors.
L= . Loop of iterative computation
X(xlvxzv"' 7371) do k=1,kx
do j=1,jx
‘ Reshaping do i=1,ix
~ do I=1,Ix
X(:E_i7 xg? e 7£l) S X(I_i~x_53, o 7fl)
X* .T;) en(j;;eoratlons.“
end do
end do
end do

(b) Reshaping arrays.
Fig. 4: Two types of control methods.
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Algorithm 1 BiCGstab algorithm

1: Start with an initial guess xg

2: Compute 79 = b — Axg

3: Choose an arbitrary vector r{ such that pg = (r§ -
r9) # 0, e.g., vy =79

4: Po =To

5: k=0

6: repeat

. q= Apy

& o= p/(rg-q)

9. S=7T—aq

10: t=As

1 w=(t-s)/(t-¢t)

12: Ti+1 = T + api + ws

13:  Tpy1 =8 —wt

W prp1 = (75 Trt)

15 B = (a/w)(pr+1/pr)

16:  Pry1 = Tre1 + B(Pr —wq)

172 Pk < Pk+1

18: k++

19: until [|7g41]l2/||bll2 < €

Aeb-m
‘H-H-B

Fig. 5: Rotating memory space of arrays.
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Fig. 6: Comparison of average time with a problem size
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Fig. 7: Comparison of the performance of control meth-
ods with a problem size 1283.
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