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1. fREA1512% Hermitef 151 (A = AH) DBy
« 22 A)0di%  (Conjugate Gradient method: CGik)
« JERFR 2L (Conjugate Residual method: CR%)
- /&2 (Mininal Residual Method: MINRESH)
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Xy is an initial guess,

Compute ro = b — Ax,

Set py = ro,

Fork=0,1,..., until ||r¢]l> < eroLl|bll> do :

Gk = Ape. < FTIIRZ FOURG |
(e, 1)
- (Pk»quc)’
Mt TREOPe (30 P Lol & )

[¢73

k1 = Tk — @G,
Di+1 = Tkl +ﬁkpk’ <ﬁ&7 ]‘}I/@ﬁﬁﬁ%kll"ﬁl

End for
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Xy is an initial guess,

P >
Compute ry = b — Axo, 75X FVhi
Choose rj, such that (rj, ro) # 0, Pt
Set po = ro and pj, = r,

Fork=0.1,....until [rilly < eroplBla do: | N7 TIVOIERHE &N

9 = Api, q; = A'p}. |
(T Te)
Q@ = — >
(pk7 qk)
Xi+1 = X + P,
Tesl = T — Qi Teo = T~ qys
By = ("Z+1J'k+1)’
(g, 1)
‘le = el Bkl Pryy = T +ka,t,‘
End for
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- HIEIREAIALHE  (Conjugate Residual Squared: CGSiE)
WO A2 2L (BICG Stabilization: BICGSTAB)
— o aEERED G, RAHGIED U

BREDBNEAED & B I h 58
o —fLIEREFR 2T (Generalized Conjugate Residual: GCRi)
- kiM% (Generalized Minimal Residual: GMRESH)
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Xy is an initial guess,
Compute ry = b — Axy,
Set py = rp and qo = 59 = Ary,

Fork=0,1,..., until |7l < eroLllbll2 do :
o = (x> 1)
(g0 1)’

Xir1 = Xp + QP

Tl = Tk — QG

Skl = Arges
(Gis Skr1) .
= —, (i=0,1,..., k
ﬁk,t (qisAqi), ( )

Pisl = Tial +i,3k,ipi’ TR 2 PRI EDH 7= 11

S " ROMHERZ 5 2% < 0 2 Y L

i=0 cYRAFZ— MK ETEE XEY) B2

End for
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Xy is an initial guess,

Compute ry = b — Axy,

Set po = ro,

Fork=0,1,..., until [|r]l> < eroLllbll> do :

G = Ape. <Tpem IR Y LA |
_ (Fro)
RN TAPAY

Xi+1 = Xg + QP

ris1 = g — Q4. <\'::&7 ]‘}bo)%ﬁf_—%khnﬁl

S
Dk+1 = Tir1 + Bibro <#'\7 VD EBUS &bﬂﬁ.

End for
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3. RBATHINBIENITH] (A=A" 2 A") DBy

« MRS A TR

(Conjugate Orthogonal Conjugate Gradient: COCGi%)
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Compressed Row Storage (CRS) JE\
HEFLER 2T FICHRE

i ? ;’f 2 2 val: JEREFRZEMNT 5
aclo 5 3 0 o coloind: JEBEKDIES & i

0 0 7 8 0| rowptr: &f1DEHDIEFEELEIIKM

010 3 9 INTV 352 L3yl

val :[T]3]2]1]4[6]2]5]3 [7[8 1[5 ]9]

coliind : |1 [3[5[2[4|5]1[2[3[3[4[2]4]5

rowptr :| 1|47 101215 | JEFHEHEE+ 24 ik i< ]
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fIHlA EXZ PV x DRy = Ax

yi ap ap ... iy X1
Y2 az; ax ... X2
Yn apl p2 ... Qup Xn

Fortran Code

do i=1,n
y(i) = 0.0D0
do j=row_ptr(i),row_ptr(i+l1)-1
y(1) = y(i)+val(j)*x(col_ind(j))
end do
end do

-19 -

CCS HPC seminar 2008

BT DRI S
Compressed Column Storage (CCS) B
FEF LR 2 5 I BRR

val: JERBEEZEMNT 205
row_ind: JEFRUEFDITH T2 MM

col_ptr: #HDJEAD IR EHE DN
INT LG 2H Lasdidsl

>

I
SO N O -
—_O W = O
O N WO W
W oo OO
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val :[T]2] 151337483 [2]6]9]

row_ind :[1[3[2[3[5[1[3[4]2[4[5[1[2]5|

colptr :[1[3[6[9]12] 15| JEFEERM+1 DA% MM
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CCSIEADITHNT PV &
fINA LR FILx DR y=Ax

X1

X2 n
y=lana,...,a)l| . |=) ax
. i=1

Xn

Fortran Code

do i=1,n
y(i) = 0.0D0

end do

do j=1,n
do i=col_ptr(j),col_ptr(j+1)-1

y(row_ind(i)) = y(row_ind(i))+val(i)*x(j)

end do

end do Z20-
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* CRSIEADEHD y = Ax DR

Proc. 0

Proc. 1

Proc. 2

Proc. 3

A X Yy

%7t 2Tt £THO7at A MPI Gather T
LCTF—%%20F7 5% TR 5 Proc.0 120 5
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xy) =) xy;
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Proc. 0 Proc. 1 Proc. 2 Proc.3

9

] Il Il 1l
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MPI_Reduce T Proc.0 ICHED B
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MPI22 — R4l

program main
include 'mpif.h’

9

n
(x,y) =Y X
=1

call mpi_init(ierr)
call mpi_comm_size (mpi_comm_world, nprocs, ierr)
call mpi_comm_rank (mpi_comm_world, myrank, ierr)

tmp_sum = (0.0D0, 0.0DO)

do i=istart (myrank+1l), iend(myrank+1)
tmp_sum = tmp_sum + conj(x(i)) * y (i)
end do

call mpi_reduce (tmp_sum, sum, 1, mpi_double_complex,
mpi_sum, 0, mpi_comm_world, ierr)

call mpi_finalize(ierr)
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X7 VRS Lot S

y=y-+ax
a % MPI_Bcast TE270X Ak S

Proc.0 Proc. 1 Proc. 2 Proc. 3

x| | | | |
y | | | | |
v —kARRoNE S

FRBUTHN A 25T 5 i eEk
A~ KK, = K;'AK;' ~ I
ChzwT
Ax = b = (K;'AK; " )(Krx) = K;'b

WA A1 23089 5 Hif LBIE
AxM ' AM~1I, MA~1
InZzHWT
Ax =b & MAx = Mb
¥/ Ax=b = AM)M 'x)=b
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* "2 DPower Processor Element (PPE) & Ul D
Synergistic Processing Element (SPE) %> & )ik
* PlayStation 3 IZHfi I, —MRITHERL T3,

25.6Gflops. PS3TIZ6MDSPEDMIE Z 5 728, 153.6Gflops.
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Xy is an initial guess,
compute ro = pp = b — Axo,
choose rj; such that (r, ro) # 0,

fork=0,1,..., until ||r¢]|> < €]|b||; do:
begin
HURERHR
v = Auy,

= (1, 1)/ (rg, v,
ty = e — gy,
P
qr = Asyg,
& = (0 t)/ (k> qi)»
Xpel = X + Qg + $iSi
1 = b= GGy
Br = (a/&) - (rys rie1)/ (1, 1o,
Pi+1 = Tir1 + Br(pr — &evi),

end R

i LB R o
Ui = Mpk, S = Mtk
% DFRRPLHE

|
/

BERSY 7a—F

. BALBIEHERAY

) BRI TR
. ZOMOEWS

Y )
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HiWLBEA} 2 BiCGSTABE S

FERi L

ARiLEE

X is an initial guess,
compute ry = py = M(b — Axy),
choose r{ such that (rg, o) # 0,

fork=0,1,..., until ||r|l> < €]|b]], do:
begin
u. = Apy, Hij LR 43
Vi = Muy,

ay = (ry, ro)/(ry, vi),
ty = ry— vy,
s = Aty,
qr = Msy, |
& = (q 8t/ (qr 1),

Xir1 = X+ appr + ity

vl = b — G
Br = (/&) - (ry, i) [ (1, 1),

P+t = Tre1 + Bi(Pr — Sieved),

end

_+ U = MP 7|

X i8 an initial guess,

compute ro = po = b — Ax,

choose rj such that (rg, ro) # 0,
fork=0,1,..., until ||r¢]|> < €]|bl], do:
begin

Ve = Auy,
= (15, 1)/ (1, Vi),
N ty = ry— vy,

Sk = Mty |
qx = Asy,

& = (ot /(e o),
Xpsl = Xp + aply + §iS,
Tl = b — G
Br = (/&) - (ry, ris1)/(rgs i),
DPi+1 = Tie1 + Br(Pr — Seve),
end L 34 -
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R DR (EniLe) S

Bk 2T v 7 DWW

u = Apy,
[1] v = M,
ar = (ry, 1)/ (ry, vi),
[2] & = re— v,
sy = Aty,
3] qx = Msy,
& = (0 t)/ (ks qi)»
[4]%ke1 = Xk + Py + ity
Il = b= Gqrs
Br = (aw/&) - (rg, rie1) [ (rgs re),
Pr+1 = Tir1 + B — Livi)s

[1] v, W IEHTLPER S TREDSRA
Vi = Vi + OV, OV v, DiftFe
[2] &, b, 5, S HFFEDRA
@ = @, te = b, Sk = Sk
[3] g, (T IXHTLBITRIT TRAEDIRA
gk = g + 0qk, 0qr : q, D%
[4] &y Xy ps Tpy IS D BFEDEA

Gk = G Xkr1 = Xia1, Tia1 = Fran

Al T FEAERA L2 AT
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5 () BHOBERY PV

Fret = b — G
=ri— &Gy — Zk‘h?
=i — & + Vi) — Glqr + 6q1)
= ri — a(MApy + 6v;) — L(MAT, + 6q1)
=M [b — A(x + @y + Zkik)] — v — Lo qu ?
= M(b - ARr) - — Lioqr <)

W re &E IR DEARZ 7 = Vb= Ax). ) D3l S4L7s0 |
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wE D (hniust) S

B (k+1) TJHOEAR Y P L

Fret = B — G
=ry — Qg — Zk%?
= 1y — MAdy — [AS, 3
= b — A(xy + &y + §80)

=b - AXy <£

Wre E IR DEIRA i = b= Ax D3t S 415
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5k AR5 v TOHILR [1] u, W IRTRLBRER 3 TR DS A

1 " iy = uy + ouy, ouy : u;, D
U, = Pk 2 ]
— v: = Auklf [2] vy oy, I D BEDRA

[2] @ = (rg, r)/(ry,ve),

Vi = Vi, @ = Qi, i = Ek
ty = ri— QgVi,

3] s = M, [3]s, I X RTLBINE 7 TR A
qr = 1(451(, " ) Sk = Sk + 0S8k, OSg - sk@?,—%ﬁ
& = (qr 8/ (qr> q0) 5 5

4 xpr = xi+ g + LSk, (4] 41> S X1 Thay a:f) HOEDRA

Ter1 = b — GkGrs

9k = Gr, Sk = Sk
Br = (/&) - (rg, riee1) [ (rg, 1),

Xpe1 = X Tyl = F
Pkl = Trer + Be(Dr — Gvi)s k+1 k+1s Th+l k+1
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Cell Broadband Engine S
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PPU
PXU

L1 Cache
64KB

PPSS

L2 Cache
512KB

Main Memory
256MB
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S LD 7= DTk =
FH LD T DDTFIE : 7NNy 77 ) v Z QL
CBETIE, 7—% Dk Ll Rz HFICHrTE 5
SYTNNY 7 7 DEGE

Buf: O % 1 [d57 1 i 2 [dhsn 2 sk 3 ik 3 g 4

E&

4

FITNNY 7 7 DGH

Buf: 0 W% 1 [qh41 1 ik 3 [k 3 A HEIRE D

Buf: 1 W% 2 |5 2 sk 4 4
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e LD 7 DTk S
SIMDfi 5 DFIH

SIMD : Single Instruction / Multiple Data
1D TEBD T — % Z BT E 5

SIMDfi 4% L SIMDfi 5 ®H h
al0]f + Db[0] c[0] alo] b[0] c[0]
al1]f + b[1] c[1] al[1l] b[1] c[1]
+ =)
al2]f + b[2] c[2] al2] b[2] c[2]
a[31l + b[3] c[3] a[3] b[3] c[3]

\[E\2) (i@ PR e s A & S s i B )
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Quantum Chromodynamics (QCD) “THiiL % #Iv. — R

MY —XGEN  Ax=b
REATH A

Doy Do
A=1I,—«
[ Dy Dy ]

1, - nXWEATA,
K:AANT—=NFIRA=5.
£ix7 BV b

. Small  Large ‘ b=[54,54,...,54]"

Fig. ADIEFHH§IEIX. (conf5.4-0018x8-1000).
YA R 49,152, JEFEFEEL : 196, 6080, k= 0.182. 46 -
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FLRE S

Sony PlayStation 3 (PS3)

PowerPC Processor Element (PPE)
CPU Synergistic Processor Element (SPE)
on PS3 3.2GHz

Memory 256MBytes (XDR DRAM)
oS Fedora Core 5
Compiler ppu-gfortran, ppu-gcc

Experimental conditions

Solver BiCGSTAB
Preconditioner | SSOR + Polynomial (X%(5)
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L b i 4
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INF 4 V702 & ) SIMD 4 HSHH vl g
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