REEDHM

« 1ICPURI)T7ZILT7T)r— 3> M54k (Flat MPI)

MPIHZ &K ABHEHT7 T H5r— 3 VRAR RIS T — RO EER
- WHFTYr—aEERALESIAL—2a D EIEE—E
81 AN M) et
PR (T —4, S E)
_am

e g e TN _
ERAPHHRESEL S .

h 5 HE L ESNEIC LB ERMEE R O—
_ o BB I (CGH) =k BT — R RAE
HEEBHLTHIY M= TOTSI T HE S ()

200947H2H
A2 —)L(FFE) B =
.+ 1300~1415 BE, —RTRMEERHTTOISLOBRE o [T2KA—To R/, TRERRA—/8—aE1—4]
 1415~1545  WMHIT—SWENFAS SEOERELEC, KEBIHLIaL—Sar~DHiF
.« 1600~1630 — REMEEBTTOY S LOAFIE X, BEFIZBWLWT—EBEFE->TLVS,
« 1630~ £=E

o MBNEFEHEFE LT =OIZIE, THHNTOTS3ID5 )
DEBHILUETHD,
— WHIHEREFENIAT, TT—2ao 9 BORRE, Kilts
Y=p7

Jul2009
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FEEERSE- T AMBER
709 5L (EEXE)
o ER21FEEMNSEN
— FR20FE EXFHIIARIZER
- BEIIAAMRFSAVEED
- MKRERFERICBITAEBTIATSLNETIL

ITEREAEH

FRREERE-IF
AMERITOT 5L

TR AR (FRAEEIFR) SBEORTL
BEE FE o A—
&R ) (SRR 5—

ASEI A5 BB R
[4>(MS|:System, Stage, Status, Style (2/2)
. Status:4L )LD A#

MRETTR
Bz

HER R

Jul2009

— A% :TSMASH | - CHE:TsM 1
- BHTOSSLEBNER (AR - BEIOYSLOI—Y—
1k, BUESATS)ZERC) — SEN(RIBD AH#)
— BE!:TSMAS | « ABNCINZT---

© S4T5Y, BRAEMIEICER
« BEICTHEMZE~HERBZE IRME
[SRIDIMEFRE A
~ ELALISRHIELERETOY S
LERBTIIENEE

« THPC-MW | FRFEREICKYI
7055 LEB AR
s A—TUY—Ra—FBEHHRR

« Style:#xR %R
- #5-RT £T#ESE GER#TR, e-Learning
- BARBINYIT T IR DRHEE DS =— IR
- BEBOQBEEHEOIL: AVHELD RO

4SE N\ B B

[4DMS]:System, Stage, Status, Style(1/2)

+ System - Stage:4DDEXME
— SMASH - WHTOTIIT~DE
BT EOE _OBBLEE, N ORBER
o BRIE7 L TY R Lduly GERR B
ES)
A | YRSl s
v

m @ REHMTEEERS - EE
(SUBRRHT - TO5 S5 3 2T DERE)

T CICELEE

Software

Hardware

Jul2009 8

X

S EHHECOEI=E 112 at=
WHEEITOTSIVTHE

- TIHFNEHETOTSIYT ), TEinEtERESI-
c REXKF IRBRERFER(FY.2004~)

o THIBRS SaL—FCRBEIND IS KRB GG EHELE
WIHL, REBROBBIZFrLUPLTIKESHMEEE
BRTAENEELZBHIEZEND—DTHS,

« INET, STEHRBPEEMELANEE(IH L TR
L —ar=onNHTas ST EifiE AR
HZHBREIL, BATIIEETHo-.

« SEOFENBIEICOHBARIZEN
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wE-EZoER A=

s BB EICBITAHRALFE-7ILO) X LEEEEL,
BZIWIAYVALIZEWTHHHEEZSIEHITHRARABIRET D
CEDEEN, ITERFEL:
—FTTDRT7ITVr—2av DR H (FILTYRX L, BE)NK<HH-TLY

nIE, THF L JITEEL AT
— MPIQOBE#ZEM->TWASIELEETIEIHAH, RBEELDILIIE
DB T —AEE 1 ELDZERETT S

o PILTYARLEHZBEITTEHL, TAT33053b6 008
A 1=

Jul2009 1"

WHTATSI09 ~0DE
1 @ HERUTS—
A JOgS5sV5EE

m @ Rt AR - ES
(BB - TO5 S5 S I OER)

C CIZELNE

|

I

K

- QNEETHSHN, TRUSZVITHFRIFEAEERSN
TULVELY

Jul2009 10

L
&5 41 ¢ M
« BATFER(ERE ARERZES) 20 088_%2
— BRAFEE(HOR-J)—2R) 50 @%—8 500
- g

« KEMFEBERERE ANIMNLESE)
- BERER%X:FY.2004, 2005
— FIFRIRYEE FY.2006, 2007
- &1751

« BBIEWNYITSIURDRBEANDER
- BB KREE, XX, WE, IZR BREIF%R
~ FORTRAN, C

REARTOAYTSIUY)EFENIZIX?

« TOSIVTRENEDITREDIZIE, BELTET IV r—
30— FDYV—REFRL IBENEDITHIENEE FFIC
SPERAE ~ KPR #0ER)

- K EXDEHNZEL

« HHFHBETRELGOEMPIFEDXETEAL, E5)T—518

EFDEET HERT TV r—2ay, TILTVXLITHT HIR
WERNBESQONEE

« CNFETOREBRTHRILHEE
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— LTV ZXLDRPELVN—RITED EETER

- BnEHEX

AHE DA

« FFIFICPURDI)FZILT ) r—ara— R HEIRMR

s FA)—2a | BLE-LHEED-ODT—41EE (=B

R T—58E) EE A5

s BN TULVAFORTRANTHESRL TLVET A, CEEBRDT T
Yr—a bR, FEAERITRRTHDT, RYXEL

|NATLELD

Jul2009

—REMEEFER (1/3)

XEEAERX  HED-HEMEER=1

2
d ?+BF=O, ¢=0@x=0,ﬁ20@x=xmax
X X
1
¢=—EBFx2+BFxmaxx
— (AR S 3 BF

$=0

ERIFUTORILGEERILZLTVSDTIEADBE

¢

It

WrEh&AEoT
WADIEZnm,
LMUEBREFEE
=y (A A

Jul2009

F—H # =

— R EAIEREENE
B —RAEXDAEE
REEIZDOLNT

— #EDFEE(CG) %

— ATALEB|ZDINT

HEOREEFEAL-— R EREZFTTOS
SL[ZDL\T

Jul2009

—REREEEHERN (2/3)
ARAT AR

WAL Ao T
WADIXZDm,
LALEREXE
INIELN (X=X 00

1
¢=—5BFx2 +BF x__ x

- 0

i—e
°
°
°
°
°
°
°

°
°
°

¢
X

0

Ax=1.d0, Ay 2$=50, £33, X,,,=49.5,
O D) A DXFERZ(349.06%5, BF=1.0d06F 5@ TORET

1
¢ = —5492 +49.5x49 =-1200.5+9850.5=1225
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J7AI)LaE— JO45SL0OaAV NIV, BTk

° > = L
$ cp /home/t25001/1dheat.tar . TRISLOBHYH

$ cd <$1DH>/single $ cd <$1DH>/single
$ tar xvf ldheat.tar $ 1ls heat _cg.f $ 1ls heat_cg.c
$ cd ldheat
~ O [== il
DT ALYRJE<SIDE> EFEA AV AL, RATIE
$ cd <$1DH>/single $ cd <$1DH>/single
$ £90 heat_cg.f -o cg $ cc heat_cg.c -o cg
$ 1s $ ./cg $ ./cg
data parallel single
input.dat
50 N Aviah
1.d0 1.e0 dx, BF Ay, RERHRE
5000 ITERmax KR8 [E 5
l.e-7 EPS TR E

Jul2009 19 Jul2009 20

S DF=t- - ENZOT B LR ELER

« #E4%i%:Finite Difference Method « X (1&i+1DHR) ITHITEHMAFRE
* NORGHD e Y bivt
- WA REERIENIERS 2T % ® o——o (@j P
Ax Ax dax )i Ax
* UTFD&IBE—RTREEAD Ax—0ERBEMS RHDEEZDED
bi 4 s Giiq « ilZ jDH'é B 'ﬁ'ﬂl \1?!'3;;&

AX Ax ( j ( ¢j P09, _¢i_¢i 1
w2 \dX )i _ M Ax ¢;+1 2¢ +4.,
Ax
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Bi# 7 E S Taylor BRI (1/3)

T o; O
® @ ®
Ax Ax
pmon{E) (2] w20
ox 21 L ox 31 ox
sl
X 21 ox 31 {ox

Jul2009
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Bi# 7S Taylor BRI (3/3)

d)i—l (I)i ¢i+l

RRES, RILER ¢ Ax ® Ax o
" =¢,-+Ax(%j +@(MJ +@(%j

ox ), 21\ ox . 3! X ),
¢i—1 :¢Z_Ax(%j +M[QJ _(AX) (63_?]

ox), 20 \ax*) 3 (&)

b.—0. (04 2x(&x)(d'¢)  semumEs

2Ax ‘(axjf 3 (xJ BE

Jul2009

22

B S Taylor BRI (2/3)

(I)i—l d)i ¢i+1
¢.,.=9 +Ax(%j +(Ax) (ﬁj +(Ax) {83—?)
ox ), 2! X" ). 3! X" ).
b=t _(04) , (Ax)(2%) , (Ax) (0 159y A
Ax _(6xl+ 2! [aﬁ}f A o) T
®BRES
meeof) (52 81
- x ) 20 lax? ) 3 e )T
6-6., (04) (&x)(0°¢)  (Ax) (2’9 Y EEN
Ax _(axl+ ! [le+ 3 \ad) T T

Jul2009

24

RHEER  REXZRBE--oT-

bi s (T
e @ o
Ax Ax
2 2 3 3
RRRIE L (%J a2} (%]
X Jiv1/2 2! Ox 2 3! Ox 1
2 2 3 3
¢I-=¢,-H/2—Ax/2(@j ,(ax/2) (%] _(ax/2f (5_25}
OX )i 2! Ox i 3! ox i
b9 [5(/5) +2><(Ax/2)2 {a%j ;»TAgt)](LJ)),,;;;g
= & - . | =3 oo (Ax)?2 —H—
Ax 0% Jsuara 3t ox’ i+1/2 (ZREEE)

ZHBOREATIREE, TNUND A TIE—REE--- LS EHTES,
AxDE—TRWNEELREBDOIENERIS,



— R R EHEN (3/3)
BEREMOBRIHER

« ERERICKHBERRIE

d’¢
dx? .

d’¢

dx2

Jul2009

EII—RXEFERX N=8SDIEFE

dx ji+1/2 (

i

d¢
dx

jil/Z —

¢i+l _¢i _¢i _¢H

25 Jul2009 26

B —RAENX :N=8DIHFS
RAMS, HEXDHS

A, ()xg() + 4, (1) x#(2) = BE(1)
A, (2)xp() + Ap (2)x §(2) + 4, (2) x (3) = BF (2)

Ax Ax  _ $0—20,+4,
2

Ax

+BF =0 =8>

1
E ¢i+1 -

%wm):o (I<i<N)

- BERISHBIIRBAERGUT OLIHMIHS

2
At

1

2
Ax Ax 3:4,3)%4(2)+ A,(3)x $(3) + A, 3)x (4) = BF (3)
4: 4,(4)xP(3)+ Ay (H)x §(4) + A4, (4)x $(5) = BF (4)
=5: 4,(5)x () + 4, (5)x §(5) + 4,(5)x $(6) = BF(5)
6:4,(6)x $(5)+ A, (6)x $(6) + 4,(6)x §(7) = BF (6)
7: 4,(Nx$(6)+ Ay (T)x J(7) + A,(T)x $(8) = BF (7)
8

2 A, 8)x¢(7)+ A,(8)x #(8) = BF (8)

1

2 Pt BF()=0 (1<i<N)

A (D)x @+ Ay ()3 + A ()x ¢, = BF (i) (1<i<N)

. 1 . 2 . 1
AL(Z):EaAD(Z):_EaAR(Z):E

Jul2009

27 28

ZRE1T AL ERTT S (Sparse Matrix)

BREEDREBDOHIZELARSS (£1732) [ BRITSI

1

2

3

4

5

6

7

8

AD1

AR1

AL2

AD2

AR2

AL3

AD3

AR3

AL4

AD4

AR4

AL5

AD5

AR5

AL6

AD6

AR6

AL7

AD7

AR7

0 N O a A O N -

AL8

AD8

A, () xd(i=1)+ A, () x p(i) + A, () x p(i+1) = BF (i) (1<i<8)

AL(i)=§,AD<z‘>:—§,AR<i)=

2

1

sz

¢ 0%
s EEORDDHERLETSHE

— Compressed Row Storage, CRS (#it)
o BITHIEHE L TRYKRULA EEE

« SOFRIGTEHRIZ T ZRE
ETHEIL—RABRAZRELS

[Al{x}={b}

Jul2009
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—REBMCEARIEXREENE
EI—RAERDAEE
REEIZDONT

- £ R QL (CG) &
— BT (2D T

R QB EFFERAL-— Rz ERETTOY
SL[ZDL\T

31

(Z1751)
=REEE S, SHEEHEOEEERAHY
BREREK ARTMLE, MDi%

Jul2009 30

HEFRMEEICH T 5 XBRERER
ARRADEE

« ZLOMFERMEFTREIE, ZBEMICKRRER AEXA=DZHE
KCEITRBESIND THRREEY L/ —]
— important, expensive
o 7TV —2a Il LTHRRGBFENMRESN TS
— BR1T%I (sparse), 175 (dense)
— B (direct), k18 (iterative)
o REZ-EE CEETI, RIEEZEITOVTERS,
« 175 (dense)
- JaO—N\IIVEHEERSHY :BEM, AXRJKLiE, MO, MD (RiR)
« BR1T%|(sparse)
- O—HLEAEEER FEM, FDM, MD (&), &% % E18 R {FBEM

Jul2009 32

(BRATAI)
S SR OD 24 & D AR PR

=0k ARERE

OE%SO
O
OEEOOO
OOOOEEO

Q)

OO 0O OO
O OO O
OEEO

()

O OO OO

OO0 OO0 OO0 0
OO 0O OO O
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B &% (Direct Method) = 18:% (Iterative Method)

« GaussMDHEE, sE2LUNFE - T (stationary) i%
- HITHIAZEEKRDD - REFED, BARINLUNDERIIELET
— SOR, Gauss-Seidel, Jacobifi&
- Flm ~ BLTEW

- RE, BEWTT)r—av @R

- Partial Pivoting « JEFEE (nonstationary) i%
— BR1TH, BITHIWT iz E AT EE _ %ﬁ{tﬁﬁﬁgf;g,

* ﬁ(,'f—il \ o . — KrylovEh 5> 22fE (subspace) ~D BB ZEKLLTHERT 5710,

- REZEIVLAEY, it EREELEETD KrylovEB 3 ZEfiEELFIEN D

: ”'ﬁ‘”i'{?iﬁ%’ O(N?)G;er%E — CG(Conjugate Gradient: & G&t %)
) j?igtﬁzioﬁ;l;?ggéf(‘)im‘tg@#ﬁ% — BICGSTAB (Bi-Conjugate Gradient Stabilized)

T ; — GMRES (Generalized Minimal Residual)

Jul2009 35 Jul2009

& 18:% (Iterative Method) (#5=)

c PR ST T FE o 2 4\
_EEEELEBLT, AEUERE, HEEADEL, ‘ f”f“{ﬁ%ﬁ*iig‘?§” A
— WHEHEZLELTLNS, EIT—RAERADHEE
RIEEIZDOINT
* R _ #{BHELE (CO) &

- WD, TIVT—Lay, BREHOEEERITPTL,

— BTALEE (preconditioning) A EE, — BIALIE[ZDINT

HEOREEFEAL-— R EREZFTTOS
SL[ZDLNT
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KRG REE: ARDEE

- Conjugate Gradientix, B8LTICGJi%

- RLRAKRMLGIETE IREE
« XA IE EEFT5 (Symmetric Positive Definite : SPD)

- FEDORIML I LT T[A] x>0

- xS >0, £EFME>0, £8H 1T >0LREE

- (AS—Fik) BnE, H#E, 1LY : Ko—FDIFEHSPD
« LYK L

— A& T % (Steepest Descent Method) D Z#&

— x0=x0-D + g p

o xO0: IR, pV ERARIML, o BH)
- BEREVETDHEE A ZRINETBESE (N ERD

Do
- RENBNEET HENE DO RETICR (RFFAOHREDTE
- FMIESEXHSR

o BIZIE: ARIERTEUEREANT (F2hR) | (31 HhR)

Jul2009 39 Jul2009

HEQAEEDTILT) X L

Compute r@= b-[A]x(® ,— o +
for i= 1, 2, .. ° 1T§|J’\7|‘)|/$ﬁ
Z(i-1)= p(i-1)
p, ;= rl-h zG-1)
if i=1
pM= 70
else
Bi= Pi—;/Pi—z
pi= zGD + B p
endif
()= (1) D IEEAN
q [alp® x 1) RIKM)L
a; = py,/PPat —
xW= g1 4 g p o ijj_
rifl= ri-1 - g g

check convergence |r]|

D
=
oL,

(D
(o}

(D
(o}

HEQAEEDTILTIX L

Compute r(®= b-[A]x(

i=1, 2, . s FTHIRNIRILIE
T « RORILPIH
[ o RNJLILTEEE DR
pM= z©
else
Bisi= pioa/Pisy
pW= zGD 4+ B pd
endif
g@= [Alp@ % (1 ,\‘Ol\)[/
o; = pi,/pPg —
xW= xi-1 + g p@ (xi Xj]?-
ri= pG-1 - g g

check convergence |r|

HEQNEEDTILTIX L

Compute r(®= b-[A]x(
for i= 1, 2,

z (-1 = p-1) N =3
L e « NUMLREE
if i=1

pl= z©

else

Bisi= pioa/Pisy
pl= zG1 4 g p@

endif

()= (i) 1) A

a [alp® x (1) T RIR)L
o, = p,,/pHq® _
xW= x(-1 4 g p@ (o ij7_
rd)= -1 - aiq(i)

check convergence |r|
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HEDEEDTILTIX L B0 (preconditioning) &1%?

forin1, 2, o + REEOWRIGHERITIIOEA ES Ik
e - BEHER AN DEL MDUTAWNIEWRRANRL (BEHL1THI)

piy= r7t 20 R o sp for = — &% (condition number) HFFIERE) =R AR/NEBED L

= o RO EREO WS ¢ REEEASELESREL AT

e « LEDFREITH [A] ICTREF-RTLIEITHI M1 ZBERT 5

Pl(S: 2 i-1) 1;2Bi—1 p@ [CE->TRBESHERET D,

endif o e — BILERATHI [M] (2L TRDAEK (2] (x}={b}%E

A x i ATRIL (27 ] (x )={b’ | ~NEEWT B, 2T (A7 ]=(M] L [A],

x(0= x(f—ﬁ) + ap® oy  ANT— {b’}=[M]{b} THb,

oot e (3l - (A7 ]=[M] ! [A) ABEMEFHISETAIERL, EWSTEITHD,
snd o TRTRLEE | (EEATH, BRATHIEBICEHERAT B, L& LBRITS

ERRITTHIENSLY,

Jul2009 43

AL EHEOEEDOTILTIX L ILU(0), 1C(0)

Compute r(®= b-[A]x(0) ° BEs_'c:BJ:tiHE‘*LTL‘éﬁﬁMfE(ﬁﬁ'ﬁ”ﬁﬁ)
for i= 1, 2, .. - FREELUL iR

solve [M]z(-D= p(-1) * Incomplete LU Factorization

44

p, = rG-h gD

if i=1 - FELALRAF—7fE
pi= 7 » Incomplete Cholesky Factorization (x¥51T51)
else *
Bi—‘]_: pl—_l/pi—z ‘ —_ s
_BUI= 2B g, pt - FRENEREE
e — HEDTFIHBETH, BTFIFBEFBSEL,
a; = Pifl/P(i)q(” - f|”'|n
x(i)= x(-1) 4 o .pli) . o T N
= pli-1) _ Zf{“’ - {;t@?ﬁ'ﬁ”tlﬁ]l:gli‘t’D/\/)_l—>(fl"-ln#@b)%*#?fb‘%)a)b\
check convergence |r| ILU (0), |C(0)

(D
5
[N

Jul2009
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KBERIZ YV ILN—DE ]

« RIEEENKYLLFERASNDELIIZHEYDDOHD
— 10007 %BAHL OB KRB H O R T LTITEE LTI HEEEA
HAZW: #F [CZNKY NS FNIEEREETHEOKEWNS ZEIZHS,
— BT RIEETHRIESILBRA L LEIN TS,
« BITHEEDOEWTEEEONDIILTILTY X LD
- BIE% E18REMH (Fast Multipole)
— BANSDHREISRAZ)YT, HBNTER
- BE1751
o AEY—RT—FT )L TIEEL
. BIALER{tE 18 5% (preconditioned iterative solvers)
- RELRILEOLEH
— BEL-AILIE(IBIL Tr ik 54E | AN E 3
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BU—RaRM=EHFER (1/3)
XEAER  BMEEE=1(—H)

d’¢ d¢

~+BF =0, ¢=0@x=0,—=0@x=x,,
x dx
= —lBsz +BF x__ x
2 max
—BIATERE BF
¢=0 g

UTFO&ILTHBIE (BERP O TREEREER)ZL VSO TEENDE

< BREAEEST

® WADIEZnm,

N LAOLEBREFEE
=y (A A

It

¢

Jul2009

s —RIAMMEAEBREENE
o EIL—RAEBKXDEEE
o RIEEIZDOINT

— #EDFEE(CG) %

— ATALEB|ZDINT

- HEEQEEFFERAL-—XRTBCERZHFTTOY
S5L(ZDUVT

Jul2009 48

—REREEEHERN (2/3)
ARAT AR

WAL Ao T
WADIXZDm,
LALEREXHE

1
¢ = —EBFxZ +BF x,__ x
SR (X=X a0 o

?..........

- 0

T=0
X=0

Ax=1.d0, Ay a$=50, £33, X,,,,=49.5,
O ) S DXFERZ(349.06%5, BF=1.0d06T 5@ TOIRET -

1
¢ = —5492 +49.5x49 =-1200.5+9850.5=1225
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—RaBM=EAHEK (3/3)
EIT—RAER
. EMKICKBEESE
dﬂ (d¢) $u=b_b-b.

(sz(d A )ivs _ A A _Pa—28+4,
dx? )

Ax Ax Ax?

s FERICETAREABRKELUTOLSILGHICES
- ThE#1E& 48 % (Conjugate Gradient%) THE<

%wm):o (I<i<N)

2
aé ?+BF:0 —
dx 1 1

2 . .
Eﬁ+l—g¢i+g¢i_l+BF(l)=0 (ISISN)

A,()x b, + Ay ()%, + A (D)%, = BF(i) (1<i<N)

. 1 . 2 . 1
AL(Z):E, AD(Z):_Ey A () = A

N=8Di5 & B —RAFER
B EZ DA AL OS5I

1 2 3 4 5 6 7 8

1 |Ao|Ax() E A, () x (1) + 4, (1) x $(2) = BF (1)

2 |A2)|Ax2)|Ax(2) E A (2)x¢()+ Ay (2)x #(2) + 4 (2) x $(3) = BF (2)
3 AL(3)[Ax(3)|A(3) % A4, (3)*xp(2)+ A, (3)x $(3) + 4, 3) x $(4) = BF (3)
4 AL(4) | Ap(4)| Ax(4) % A, (H)xg(3) + A, (4) x ¢(4) + 4, (4) x §(5) = BF (4)
5 AL(5)|Ao(5)|Ax(5) 8 E - A (5)xg(4)+ 4, (5)x §(5) + 4, (5) x ¢(6) = BF ()
6 AL(6)|An(6)|Ax(6) % A, (6)x (5)+ A, (6)x $(6) + A, (6)x §(7) = BF (6)
7 A7) |Ao(T)|A(7) % A, (1) x¢(6) + Ay () x §(T) + A, (T)x $(8) = BF (7)
8 a@AE |06 A,®)%G(T) + 4,(8) < h(8) ~ BF(8)

INDEX T )

DIAG(i)x PHI())+  >.|AMAT(k)x PHI(ITEM (k))]= RHS(i), (i=1,...,N)
*{I’ﬁﬁ‘zﬁ k=INDEX (i-1)+1 3}5;«}@5}2%

Jul2009 50
A DA 2
FREATH DA
1 2 3 4 5 6 7 8
1 |AD1|AR1
%gil:j‘s[*éﬁiﬁZﬁ*Eﬁ 2 |AL2|AD2|AR2
A1+ Ap(@) <+ Ay x4 = BF() (1SisN) ||
1 5 1 4 AL4 |AD4|AR4
A,()=—7,4,(0)=———, 4 ()= 5 AL5|ADS5|ARS
sz sz sz 6 AL6 |AD6|ARG
7 AL7|AD7|AR7
8 AL8|AD8
KU —ARENZE R TR IR T HL- - -
INDEX (i)
DIAG(i)x PHI (i) + Z[AMAT(k)xPH[(ITEM(k))]: RHS(i), (i=1,...,N)
R RN ety
Jul2009 52

BEITIN DEIRAZ (1/8)

FELOMS DHEEMN, BITHMITAE
Compressed Row Storage (CRS)

DIAG(i)x PHI (i) + 1 2 3 4 5 6 7 8
INDEX (i) 1 |ag(1)] Ax()
ZTAMAT(k)xPHI(JTEM(k))]z
k=INDEX (i-1)+1 AL(2)|An(2) (AR(2)

RHS(i), (i=1,...,N)

AL(3) [Ao(3)[AR(3)

AL(4)|Ap(4) Ar(4)

DIAG (i) XA (EH, i=1,N)

INDEX (i) JERARSHIZET H—RTES
(BH, i=0,N)

ITEM (k) JERARSDERGNES
(2%, k=1, INDEX(N))

AMAT (k) JERARS
(%4, x=1, INDEX(N))

AL(5) |An(5) [AR(5)

AL(6) |Ap(6)|Ar(6)

A7) [Ao(7) | AR(7)

o N O o A W N

AL(8)|An(8)




AT - BR1T 5
o REB:NEETHE
- BT NMEADR S =BT DB EHY

- BATH: EEO0DEMAEIFEEINE, —
RITEREDZEINBE DR THEC

¢ N=100LL L E DR EREEE
— 175
+ 8x106x106=8 x 10"2= 8TB

— {75 (1218 DINDEX, ITEMtEE)
* 8§X3%X106+4 x 3 x106= 36 %X 106= 36MB

Jul2009

THIRIFIILEREADER

53

SEEORST DHZEMM, BRITHIE 75

55

DIAG (i) j{:}ﬁﬁzﬁj\(iﬁ’ iZI,N) DIAG(i)x PHI (i) +
INDEX (1) FERBRAMIBITB—RIEI "M {inuar(h)x PHIGTEM ()= RES(), (i=1.....N)
(%ﬁ, i=O,N) k=INDEX (i-1)+1
ITEM (k) JERBRSDERGNDES
(8%, x=1, INDEX(N)) 1.2 3 4 5 6 7 8
AMAT (k) JEXARS 1 |Ax(1)]Ax(1)
(%, k=1, INDEX(N)) 2 Inolaire
{Y}= [A]{X} 3 AL(3)|Ao(3)| Ax(3)
doi=1, N 4 AL(4) | Ao(4)| Ax(4)
Y(i)=D(i)*X(i) 5 AL(5) [Ag(5)| Aq(5)
do k= INDEX(i~1)+1, INDEX(i) 6 PR PO
Y(i)=Y(i) + AMAT (k) *X (ITEM(k)) .
enddo ALD) |An(7) Ag(?)
enddo 8 A8)|Ao(®)

Jul2009

54

THRIVE - BITH=>LTLHEE

Jul2009

ap ap a N AN X N
ay ay a N a, y X, Va2
Ay Ay Ayan-1 Avan | | Xy Y-
| 9v1 Gy Ayn-a Ay | [ XN Yy
{Y}= [A]{X}
do j=1, N
Y(j)= 0.d0
doi=1, N
Y()=Y(@U) + AG, j)*X(i)
enddo

enddo

56

BEITI DFEIRAZ X (2/8)

x5 :DIAG

DIAG(i)x PHI(i) +
INDEX (i)
> [AMAT (k) PHI(ITEM (k))] = 1 2 3 45 6 7 8
k=INDEX (i-1)+1 1 1lA "
RHS(i), (i=1,...,N) i
2 |afa2fAx2)
DIAG(i) HARKS (EH, i=1,N)
3 A A RA3)
DIAG (1)= A, (1) 4 AL(AIA(4lA(4)
DIAG(2)= A, (2)
DIAG(3)= A, (3) 5 A (5] (5)Ax(5)
6
DIAG(8) = A, (8) A ©E)fAElA(6)
7 AMIARARD)
8

ALB)AL(8
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1

2

BEITI DIEIRAZ X (3/8)

3 4

INDEX, AMAT@@FF‘

5 6 7 8 2 3 4

Ap(1)

Ar(1)

5 6 7 8

1

Al2)

Ap(2)

Ar(2)

IN
|

AL3)

Ao(3)|AR(3)

4

[3,]

AL(4)[Ap(4)|Ar(4)

[<2)

AL(S) [Ap(5)|Ar(5)

I~

[©

AL(6)|Ap(6)| AR(6)

AL(7)[A(7) | AR(T)

©® N O g b O DN =

0w N o o PN N -
/oo

AL(8)(Ap(8)

Jul2009

INDEX (2) =3,

INDEX (3) =5

ITEM(4)=2, AMAT(4)= A, (3)
ITEM(5)=4, AMAT(5)= A_(3)

FHBATH DR :‘:t (4/8)

DIAG(i)x PHI (i) +

INDEX (i)

FEX ARG |

> [AMAT (k) x PHI(ITEM (k))]= 1 2 3

k=INDEX (i~1)+1

RHS(i),

ITEM (k)

AMAT (k)

(i=1,...

INDEX (i) FEXARSEICEET 5 —RITES
(B#, i=0,N)
EHARTDERFNES
(BH#, k=1,
EXRAR S
(=¥, k=1,

INDEX (0) =0
INDEX (1) =1

ITEM(1)=2, AMAT(1)= A (1)

N)

IN
(%)

[

(3}

[2]

INDEX (N) )

(o)

[©

INDEX (N) )

©® N O o A O N -

57

59
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BEITI DFEIRAZ X (3/8)

INDEX, AMAT@@FF‘

1 2 3 4 5 6 7 8 2 3 5 6 7 8
1 |Aay()|Ax(1) 1 1
2 A @)|A2)|Ax2) 212 3
3 A 3o 3 4 )
4 A(4) |Aq(4)| Ac(4) 4 6 7
5 AL(5)| Ao(5) | Ax(5) 5 8 9
6 A,(6) [ Ao(6)|Ac(6) 6 100 (11
7 AL(T)|Ao(?)| Ar(7) 7 12| (13
8 A8)|An(8) 8 14
INDEX (2) =3, INDEX(3)=5
ITEM(4)=2, AMAT (4)= A, (3)
ITEM(5)=4, AMAT (5)= A, (3)
Jul2009
REITHI DAL K (5/8)
FEXF RS - =2
DIAG(i)x PHI(i) +
INDEX (i)
> [AMAT (k) x PHI(ITEM (k)))= 1 2 3 4 5 6 7 8
k=INDEX (i-1)+1 1 1
RHS(i), (i=1,...,N) I3 = =
INDEX (i) FEXARSBICETS—RTESI 3 - -
(&%, i=0,N) 4 5
ITEM (k) FXHEARSOERG)ES 4 6 7
(B#, k=1, INDEX(N)) — —
AMAT (k)  FERFERS 5 8 9
(%%, k=1, INDEX(N)) 6 10 |11
INDEX (1) =1 7 12| |13
INDEX (2) =3 8
ITEM(2)=1, AMAT(2)= A, (2) 14

ITEM(3)=3, AMAT(3)= A (2)

58

60
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BEITI DR (6/8)

IEX AR :i=3

DIAG(i)x PHI(i) +
S AMAT () x PHIGTEM (k)] =

k=INDEX (i~1)+1

RHS(i), (i=1,...,N)

INDEX (i) FEX AR BIZEAT 55— RIS
(B#, i=0,N)
EHARTDERFNES
(¥, k=1, INDEX(N))
EXAR S

(2%, k=1, INDEX(N))

ITEM (k)

AMAT (k)

INDEX (2) =3

INDEX (3) =5
ITEM(4)=2, AMAT (4)= A (3)
ITEM(5)=4, AMAT(5)= A, (3)

Jul2009

BEITII DIE#RAZ K (8/8)

©® N O o b O N -

61

|—

IN

|

[~

(3}

[2]

N

(o)

[©

IEXT AR :i=8

DIAG(i) PHI(i)+
S AMAT () < PHIGTEM (k)] =

k=INDEX (i~1)+1

RHS(i), (i=1,...,N)

INDEX (i) JEX AR EIZEAT 55— RIS
(¥, i=0,N)
EHARTDERFNES
(B, k=1, INDEX(N))
EXRAR S

(2%, k=1, INDEX(N))

ITEM (k)
AMAT (k)
INDEX (7)=13

INDEX (8)=14
ITEM(14)=7, AMAT(14)= A, (8)

©® N O o A O N -

63

|—

IN

|

[

(3}

[2]

(o)

[©

Jul2009

FREITH DR (7/8)
AR R :i=T

DIAG(i)x PHI(i) +
S TAMAT ()< PHIGTEM (k)] =

k=INDEX (i-1)+1

RHS(i), (i=1,...,N)

INDEX (i) JEXARSHICET 5—RtER5
(8%, i=0,N)

ITEM(k) FHARSTOERG)ES
(B#, k=1, INDEX(N))

AMAT (k) FEXRARS

(2%, k=1, INDEX(N))

INDEX (6)=11

INDEX (7)=13
ITEM(12)=6, AMAT (12)= A (7)
ITEM(13)=8, AMAT (13)= A,(7)

Jul2009

5 6 7 8

|

N
|

[
lon

[<2]
I~

[o¢] ~ (2] [6)] BN w N -
|co
|[©

12] |13

CGEICLH—RRREEHFIEN
AHETRTSL

« AL {FERZDEE
— Preconditioned Conjugate
Gradient Method

— X FRIEE 175 H
« BRI —1)>% (Diagonal
Scaling)

- [A] DN ABERDTDHIDIEHITHNE

HBILERITH (M] &T B,

- B (S RRBICLAVE A TERLLY),
— B4 3E (Point Jacobi) BTALIEE 4

EHEY (%

Compute r®= b-[A]x(
for i= 1, 2, .
solve [M]zG-l= r@E-1)
p;_,= rb zG-D
if i=1
pl= z©
else
Bisi= Pi1/Piss
pi= zGED + B p@
endif
q¥= [A]p®
0“1 = pl_l/p(i)q(i)
xW= xE-1 4+ o p@)
r= rG-1) - o gt
check convergence |r]|
end

62

64
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AR r—)J, RYAEHLE

s AILIEETTHIELT, £EDTHDOX AR DAHZERYH LT
THZERILIELTSI [M] £F 5,
- ART—12Y, BArat (point-Jacobi) B LI

D, 0 .. 0 0
0 D, 0 0
[M]=
D,, 0
0 0 .. 0 D]

« solve [M]zG-D= rG-DEWNIGEITHEITHEHEIK
HBHEMNTES,

Jul2009 67

CGEIZLBH—RTBMCEHTERK
TOTSLBREQIT)

2 3 4 5 6 7 8

allocate (PHI(N), DIAG(N), AMAT (2*N-2), RHS(N)) 1 [l
allocate (INDEX(0:N), ITEM(2*N-2), W(N,4))
PHI= 0.d0 2 |a@|A@]|A2)
BuAT= 1.d0/ax 31 |ae|aeae
DIAG= -2.d0/dX
RHS= -BF * dX 4 )|
5 A,(5) Ao(5) A
6 7)Ao
7 2,(7) [ Aol) | An(T)
d? d
94 pr=0, ¢=0@x=0.2-0@x=x,2
dx dx
L —20.+ ¢
(—QH ('75’2 by xV +BFxV =0
Ax
EXRARS ORI 2]

1=12L, i=1, i=ND&ZEIL 1]

Li=A>T, ERBERMS D#RBIEI2*N-2]

Jul2009

Jul2009

1€
Ic
@
1C

1€

1€

66

CGEIZEB—RITHEEHRER
IO5S5LBEMIT)

1D Poisson Equation Solver by
CG (Conjugate Gradient) Method

d/dx (dPHI/dx) + BF = 0
PHI=0€x=0

program CG_poi
implicit REAL*8 (A-H,0-%)

integer :: N, ITERmax
integer :: R, Z, P, Q, DD

real (kind=8) :: dx, OMEGA, RESID, dPHI, dPHImax, BF, EPS
real (kind=8), dimension(:), allocatable :: PHI, RHS

real (kind=8), dimension(: ), allocatable :: DIAG, AMAT
real (kind=8), dimension(:,:), allocatable :: W

integer, dimension(: ), allocatable :: INDEX, ITEM

IC-—- INIT.

open (11, file='input.dat', status='unknown')
read (11,*) N
read (11,%*)
read (11,*) ITERmax
read (11,%*)

close (11)

68

CGEIZLH—RTBEEHERX
TOTSLBREQIT)

allocate (PHI(N), DIAG(N), AMAT(2*N-2), RHS (N))
allocate (INDEX(0:N), ITEM(2*N-2), W(N,4))
PHT= 0.d0
AMAT= 1.d0/dx
DIAG= -2.d0/dX
RHS= -BF * dX

2 3 4 5 6 7 8

[Ao(1) | Ax(1))

A,(2)|Ax(2)| Ax(2)
(2) [Ao(2) | A

A(3)|Ao(3)|Ax(3)

A, (6)| An(6)| Ax(6)|
'o(6) | Ax(6)

A7) [Ao(7) | Ag(T)

1
2
3
4
5 A5)|Aof5)| Ax(5)
6
7
8

AL(8) Ao(8)

[—"jﬂ' _sz"””ijJrBFxV:o

(ijm+BFXAXZO

AXZ

JExt AR DFUKI2]
1=12L, i=1, i=ND&ZE[L 1]

Li=A'oT, e AR DREIKI2*N-2
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CGHEIZLBH—RTBMCEHTERK
TOTSLBREQIT)

69 Jul2009

INDEX= 2
e

2 3 4 5 6 7 8 !C-- CONNECTIVITY

1

CGEIZKB—RITHIGEHER
70455 LEEE(3/7)

2 3 4 5 6 7 8

Ao(1)

Ax(1))

A(2)

Ao(2)| Ac(2)
Ao(2)| Al

A(3)|Ao(3)|Ax(3)

A, (4) |Ag(4)|Ag(d)
(4) [Ao(4) |Ar(:

A(5)| Ao(5)| Ax(5)

SEX RS DHLT2 ]

A(6)]

AL(6)|A
ol

=120, i=1, i=ND&EIE 1]

AT) AR(7)

0w N o o ~ W N

A8)|As(8)

AL(8)| Ap(!

CDJIL—ILIZH->TI INDEX |

70455 LEE (3/7)

1

CGEICKH—RRABEHIENX

2 3 4 5 6 7 8

Z

Ax(1))

Ay(2)

AL(2)
Ao(2)| Al

A(3)|Ao(3)|Ax(3)

A,(4) | Ag(4) | Ag(d)
(4) [Ao(4) |Ar(:

A(5)| Ao(5)| Ax(5)

A(6)]

A(6)|A(6)!
'o(6) | Ax(6)

A7) [Ao(7) | Ag(T)

0w N o o ~ W N

A8)|A
AL(8) | Ao

BREH (i=1) &b

EREHE (i=N) :SORDEELREL

allocate (PHI(N), DIAG(N), AMAT(2*N-2), RHS(N)) 1 |ag(h)|A(1) INDEX (0)= 0
allocate (INDEX(0:N), ITEM(2*N-2), W(N,4)) INDEX(1)= 1
PHI= 0.d0 2 |AL2)|Ax2)|Ax(2) INDEX (N)= 1
AMAT= 1.d0/dX 3 P P ey .
DIAG= -2.d0/dX do i=1, N ) )
< e 4 P e INDEX (i)= INDEX (i) + INDEX(i-1)
enddo
5 A (5) | Ao (5)| Ax(5)
6 A (6)|A(6)| Ag(6) do i=1, N
¢ 1_2¢ +¢ . 7 JjsS= INDEX(l*l})]
i+ i i— —_ ALT) | Ao(T)| AR(T) if (i.eq.1l) then
3 xAx+BF xAx=0 8 ol ITEM(3S+1)= i+1
AX AMAT (§S+1)= 0.d0
DIAG(i )= 1.d0
— RHS (i )= 0.d0
¢i+1 2¢1 +¢i—1 _ 1 ¢ _ 2 ¢ 4 1 ¢ _ —BFXAX else if ﬂiﬁﬁ
- i—1 i i+l T & (i.eq.N) then
Ax Ax Ax Ax ITEM(jS+1)= i-1
. . . . DIAG(i )= -1.d0/dX
AL(l) AD(l) A’R(l) RHS(l) else
ITEM(§S+1)= i-1
IR ARTOHIE2] ITEM(3S+2)= i+1
o = 1= I if (i-l.eq.1l) then
1=12L, i=1, i=NOQ&E(E 1] e e
endif
Li=AtoT, SER RS OREITI2*N-2] e
Jul2009 7 Jul2009
EICKE—RABCEAER
A3 —
CG%IC REBIEAER
JRJ 5 LEE(3/7)
INDEX= 2 1 2 3 4 5 6 7 8 INDEX= 2
Ic Ic
1C-- CONNECTIVITY 1 1 1C-- CONNECTIVITY
INDEX (0) = O 22 3 INDEX (0) = 0
INDEX (1)= 1 £ 2 INDEX (1)= 1
INDEX (N)= 1 3 4 5 INDEX (N) = 1
do i= 1, N & 6 7 do i= 1, N
INDEX (i)= INDEX (i) + INDEX (i-1) 5 8 9 INDEX (i)= INDEX (i) + INDEX (i-1)
enddo = = enddo
6 10 11
do i= 1, N 7 12 13 do i= 1, N
jS= INDEX (i-1) “£ |29 jS= INDEX (i-1)
if (i.eq.l) then 8 1_4 if (i.eq.l) then
ITEM(jS+1)= i+l ITEM(jS+1)= i+l
AMAT (jS+1)= 0.d0 AMAT (jS+1)= 0.d0
DIAG(iI )= 1.d0 INDEX(0) =0 DIAG(i )= 1.d0
RHS(i )= 0.d0 INDEX (1)=1 _ _ RHS(i )= 0.dO
else if @ ITEM(1)=2, AMAT(1)= ARl else if
& (i.eq.N) then o _ _ & (i.eq.N) then
3 ; ITEM(2)=1, AMAT(2)= AL2 3 -
ITEM(3S+1)= i-1 ITEMH:_,) AMAT§3;= a2 ITEM(3S+1)= i-1
DIAG(i )= -1.d0/dX INDEX (3) =5 ¢ DIAG(i )= -1.d0/dX
else ) ITEM(4)=2, AMAT(4)= AL3 else )
ITEM(jS+1)= i-1 ITEM(5)=4, AMAT (5)= AR3 ITEM(jS+1)= i-1
ITEM(jS+2)= i+l ITEM(jS+2)= i+l
if (i-l.eq.1l) then INDEX (N-1)= 2*N-3 if (i-1.eq.1l) then
AMAT (jS+1)= 0.d0 ITEM(2*N-4)= N-2, AMAT (2*N-4)= AL (N-1) AMAT (jS+1)= 0.d0
endif ITEM(2*N-3)= N , AMAT(2*N-3)= AR(N-1) endif
endif INDEX (N) = 2*N-2 endif
Rk e ITEM(2*N-2)= N-1, AMAT (N*N-2)= AL (N) enddo
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CGHEICLH—RRBEEHIEX

70455 LHBE(3/7)

1c

Jul2009

73

INDEX= 2 A2 3 4 56 78
|C—- CONNECTIVITY (90
INDEX (0) = 0 2 el
INDEX (1)= 1 \o(2) A
INDEX (N)= 1 3 20| A A
do i= 1, N & Aofd) Ax(4)
INDEX (i)= INDEX (i) + INDEX(i-1) 5 e e
enddo
6 )|
doj;: ilimgx(i—l) 7 AT Aol?) A7)
if (i.eq.l) then 8 A(8)|Ag(8)
ITEM(jS+1)= i+l
TG BREH (1=1) : b
RHS(i )= 0.d0
lse if
& © S(?..;q.N) thgn ¢
IR R NI 17 57 5 (i=N) : SORDEFERL
else
ITEM(jS+1)= i-1
—Eﬁ'“{;::“:;_l; J.::hen %nu% -
AMAT (35+1)= 0.d0 BEEBEFREGEVMEESNTVDIRE
Jondit AR ELTHELO>TWDIES
enddo 3'5*‘1%&9?\%'&':‘7')7?_60
75
WREHOWLE =1 (1/4)
EREHEONE =1 (1/4
ITEM(jS+1)= i+l
AMAT (3S+1)= 0.d0
DIAG (i )= 1.d0
RHS (i )= 0.d0 2 3 4 5 6 7 8
1 0
¢:0@x:0:¢1:0 2 2a| a
3 a |-2a| a
= (0)¢2 +(1)¢1 +(0)¢0 =0 4 a|2) a
DIAG RHS 5 a |2 a
6 a |-2a| a
—_ - el p— s -
CNTIEFRBITIARFREGE 7 a|2a|a
- ~ 4JL N N -
IO HEREEINEZ 8 a|-a
A A 1
a=—

Jul2009

BREHDONIE: =N

i=N
jS= INDEX (i-1)

ITEM(jS+1)= i-1
AMAT (jS+1)= +1.d0/dx TI#4JLME

DIAG(i )= -1.d0/dx
@:0@x:xmax :)M:O
dx Ax
[¢N+1 _2¢]Z +¢N—IJXAX+BF><AX=0
Ax

:(—_qj’;jﬁwjxmwmm:o

-1 1
= (0)¢N+1 + (Ej@v +(E)¢N_l =—BF xAx

RHS

DIAG(i) AMAT (jS+1)

Jul2009

i=N" i=N+1

B 5 CHTEAS AV RS
TBHLHIZIE, ¢o,,=0,F
VoY i BRSO VAS [ § Y DA
ENHHLEMENRL

BREHDWNIE: i=1(2/4)

ITEM(jS+1)= i+l
AMAT (jS+1)= 0.d0
DIAG(i )
RHS (i )

do
0.d0
p=0@x=0=>¢ =0

= ()¢, +(1)g, +(0)g, =0

DIAG RHS

CNTIXEREBITIN IR ER
SRV O RBRUEENEZ
AYAR

©® N O o »~ W0 N

2 3 4 5 6 7 8
0
-2a| a
a [-2a| a
a |-2a| a
a (-2a| a
a |-2a| a
a |-2a| a
a | -a
1
a=—
Ax



Jul2009

BREHONEE:i=1(3/4)
o i=2212B1F5HFERK

1 2 3 4 5 6 7
(a), +(~2a)p, +(a)p, = RHS, 1110
_ 2| a|-2a| a
. ::’Gq)lliﬂﬁiﬂa)ﬁﬁ ) 3 z 2a| a
4 a [-2a| a
5 a |-2a| a
6 a |-2a| a
7 a |-2a
8 a
1
a=—
Ax

Jul2009

EEREAEHDLE:HE

i=kk®D B CPHIXDEIZEE SN TULNSEE

do i= 1, N

if (i.eq.kk) then

DIAG(i)= 1.d0

RHS (i)= PHIx

do j= INDEX(i-1)+1, INDEX (i)
AMAT (j)= 0.d0

enddo 'E a 7 U 7

endif

endif

do i= 1, N

if (i.ne.kk) then

do j= INDEX(i-1)+1, INDEX (i)

jj= ITEM(J)
if (jj.eq.kk) then
RHS (i)= RHS (i) - AMAT (j)*PHIx
AMAT (j)= 0.d0
endif
enddo
enddo

enddo

ITTTTITETTTTTT]

7

79

Jul2009 78

BREGDNIE i=1(4/4)
o i=2[12HITHAER
(alp, + (~2a)p, +(a), = RS,

1 2 3 4 5 6 7 8

1110
« JCTYIIEREIDIE 4 z - 2 P
(a) 3+(_2a) 2+( ) RHS (Cl)¢1 4 a|-2a| a
5 a |-2a| a
. :0)’7_ Z@%A(i 51 O—Chﬁ a [-2a| a
67‘——&) E (RHS)O)ﬂxIE[j: 7 a|-2a| a
Tg(%éo 8 a | -a

Jul2009 80

EEERFHDINE HE

i=kk®D B TPHIXDEIZEE SN TWS5E

+asu7

do i= 1, N
if (i.eq.kk) then

DIAG(i)= 1.d0
RHS (i)= PHIx
do j= INDEX (i-1)+1, INDEX (i)
AMAT (j)= 0.d0
enddo
endif
endif

[TTETTTTTTI

do i= 1, N
if (i.ne.kk) then
do j= INDEX(i-1)+l, INDEX (i)
jj= ITEM(J)
ifmfxgj '(('e?'kgr)-xs%}'l?n AMAT (§) *PHI
i)= i) - 3j x P BE s N =
e e s 4 B PR CIEPHIX )| <8 4
endif FTHELOMN0E-F-DOTIDHEIAD
enddo MBERETH I,

enddo

[TTTT




Jul2009

EERAEHONIE  BRp]
Al CEEEREHEZERALTVRLENETS ¢6=4
1 2 3 4 5 6 7 8

| =

T T T T T T TTTTT]

0 N o Ol A~ W N =

i=4, k=2 &3 3B&
DIAG,$, + AMAT, ¢, + AMAT, ¢, = RHS,
DIAG,$, + AMAT,¢, + AMAT, ¢, + AMAT,.¢, = RHS,

Jul2009
KIC & B—RITIMEE AR
, —
CGEICKD—RBMCESFIES
7075 LBE(4IT)
e
I€ fr===——c========= +
IC | CG iterations
IC sfemmmmemmmmem=== +
|C===
R=1
z =2
Q=2
P =3
DD= 4
doi=1, N _ RHE RS O (FTLER)
e ZDEE, BEEZTHEHED
ic B8, FOESIITHEHN
IC-- {x0}= {b} - [A]l{xini} |
do i= 1, N
W(i,R) = DIAG(i)*PHI (i)
do j= INDEX(i-1)+1, INDEX (i)
W(i,R) = W(i,R) + AMAT (j)*PHI (ITEM(J))
enddo
enddo

BNRM2= 0.0DO
do i= 1, N
BNRM2 = BNRM2 + RHS (1) )
W(i,R)= RHS (i) - W(i,R)
enddo

1 Q% o & ok ok ok ok o ok ok K ok K ok ok ok K ok K ok ok ok K ok K ok ok ok ok ok o K ok ok ok ok ok ok K ok K ok ok ok K ok K ok ok ok ok Kk K ok ok ok kK kK ok
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Al CTEEEREHEEALTLSHEDETS 6=4
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N
k & 3
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- 5
| 6
- 7
=4 k=2 T BE 8

DIAG, ¢, + AMAT, ¢, + AMAT, $, = RHS,
DIAG,$, + AMAT,,, + AMAT, i, + AMAT,,¢, = RHS,

)

DIAG,$, + AMA, $, = RHS, — AMAT, 4,
¢ = &t

Jul2009

(= b2 — o e e i e FE =
CGEICLAHA—RITBEEREX
N —
7055 LEE(4I7)
1 ;
IC | CG iterations | Compute r(®= b-[A]x(
R * for i= 1, 2, .
R=1 solve [M]zG-l= r@-1)
é Z § p, = rG-l zi-n
P =3 if i=1
DD= 4 pM= 70
do i=1, N ‘ else
engéé,DD)— 1.0D0 / DIAG (i) B pia/p,
plil= zl-D) 4+ B p@
WG, 1= W(i, R = {r) s =
W(i,2)=W(i,2) = {z} o, = p,,/pPqi)
Wi, 2= W(i,0) = fa] o= X0y ape)
. . = (1) i
VV( |, 3) = VV( |, P) = {p] r (1) r ) (xiq( )

check convergence |r|

(D
=)
[oR

W(i,4)= W(i,DD) = 1/DIAG
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T CGEIzEBZ—REEMMEEAESX 000 CGEIcLBZ—RaBMEEAE: 0
045 LEEE (4/7) J055 LEEE (5/7)

Ic do iter= 1, ITERmax
€ dfm=========—==== + Ic
IC | CG iterations | Compute r(®= b-[A]x(® IC-- {z}= [Minv]{r} Compute r(®= b-[A]x(®
IC $m—m e . .
e ! for i=1, 2, . @ fm il T for i= 1, 2,
R=1 solve [M]z@-D= r@-1) W(i,Z)= W(i,DD) * W(i,R) solve [M]z(@E-1= p@E-1)
é - g p, = ri-l zG-D enddo p, = Tl z@E-1
P=3 if i=1 Ic if i=1
DD= 4 pi= z© IC-— RHO= {r}{z} pi= z(©
do i= 1, N else RHO= 0.d0 else
W(i,DD)= 1.0D0 / DIAG (i) _ do i= 1, N _
enddo Bi-1= Pi-1/Pio ‘ RHO= RHO + W(i,R)*W(i,2) Bia= Pi1/Pi-; ]
:g—— {r0}= {b} - [A]{xini} | pW=z0 + B, p® enddo pd= zG1 + B, p@)
' endif i endif
do i= 1, N _ _ gi= [A]p® 1C—— {p} = {z} if ITER=1 gil= [A]p®
W(i,R) = DIAG(i)*PHI (i) B 8D o ] !C  BETA= RHO / RHOl otherwise _ 9
do j= INDEX(i-1)+1, INDEX (i) a; = p;,/pPq a; = p;,/pq
g{gi,R) = W(i,R) + AMAT (j) *PHI (ITEM(J)) x= g0 4 q.p ifd( ;tei.equ.l ) then x= x(-1) ¢ g .p
enddo ) L . o i= 1, . L
et ri= p@-1) — ulq(l) W(i,P)= W(i,Z) ri)= -1 — aiq(l)
check convergence |r| enddo check convergence |r|
BNRM2= 0.0DO else
do i= 1, N end BETA= RHO / RHOL end
BNRM2 = BNRM2 + RHS (i) **2 do i= 1, N
W(i,R)= RHS(i) - W(i,R) BNRM2: UNERHIER W(i,P)= W(i,Z) + BETA*W(i,P)
enddo enddo
endif
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CGEIZEB—RTBEEREX CGEIZLBD—RTBMEEREX
095 LBEE(6/7) 7055 LBE(TI7)

c DNRM2 = 0.0
!C-- {gl= [Al{p} do i= 1, N
Compute r®= b-[A]x(® DNRM2= DNRM2 + W(i,R)**2 Compute r(®= b-[A]x(®
P P
do i= 1, N s enddo =
W(i,0) = DIAG(i)*W(i,P) for i= 1, 2, .. . . for i= 1, 2,
do j= INDEX (i-1)+1, INDEX (i) solve [M]z@-D= r@-1) RESID= dsqrt (DNRM2/BNRM2) solve [M]z(i-l= r@-1)
W(i,Q) = W(i,Q) + AMAT (J)*W(ITEM(]),P) _ (i-1) o (i-1) _ (i-1) o (i-1)
enddo py = rtH 2zt write (*, 1000) iter, RESID pi= Yz
enddo if i=1 1000  format (i5, lpel6.6) if i=1
(1)= (0) (1)= z(0)
ic p Z if ( RESID.le.EPS) goto 900 p Z
!C-- ALPHA= RHO / {p}{q} else RHO1 = RHO else
Cl= 0.d0 Bioi= Pioi/Piss enddo Bisi= Pisa/Piss
do i= 1, N (i) = Z(i—l) 4L . (i) 1Ok o K ok ok ok ok ok ok ok ok ok ok ok ok ok kK ok ok ok kK ok ok ok kK ok ok ok Kk ok ok ok Kk ok ok ok Kk ok ok ok ok ok ok ok (1) = Z(ifl) + (1)
Cl= Cl + W(i,P)*W(i,Q) I;f Poa P S £ b ¥
enddo enalt _ IER = 1 gnal _
ALPHA= RHO / C1 g@= [A]p@ ‘ qi= [A]pW
@ = / (1) er (1) 900 continue @ _ / (1) (1)
1c i Pi-1/P'A 1C=== i pi-1/PH'q
IC-— (x)= {x} + ALPHA*(p} xW= x(-1 4 qp® xW= xE1 + o;p®
e (=)= =) = AmEEny{e) ()= p(-1) (1) ic (1= p(i-1) 1)
BEVES &5 - uq IC-~ OUTPUT ri= r - o9
do i=1, N check convergence |r| do i= 1, N check convergence |r|
PHI (i) = PHI(i) + ALPHA * W(i,P) write (*,'(i8, 1pel6.6)') i, PHI (i)
W (i,R)= W(i,R) - ALPHA * W(i,Q) end enddo end
enddo

end program CG_poi
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CGEICLH—RRREEHIEX REEDINRHIE
0TS LBE(T17) EzEonf=] EWWSHE

RS B0 BNRM2: $ERITILICfER
DNRM2= DNRM2 + W(i,R)**2 Compute r(®= b-[A]x(® > ~ | = 2 250 5
for i- 1, 2, . TG « EGEHDOLET, i=it | DTALRERY R
RESID= dsqrt (DNRM2/BNRM2) solve ([Mﬂ)z(i(_l): ré=n x @ 7:&(:&:’3'(, X(i)[d:IELL\ﬁg':J‘IE;EL—CL\<O
L i = r o Z o
1000 |[IT b_EA]xz e iglizl l(i) 3 23t 7
ENRMZNRMZ;:;:Z joto 900 plti= z @ x = xz‘ * [A]{X}:{b}&L\j?i*iitéﬁq;b\fb\é@?’
e 3 Ib-Ax[~OEH AN ZURK L= AT ZENTED,
PP io(=ioi= (| = /(])o)]| pl(_iiz l;l(-i{l)l):z B, p xn(l)

58 - 1 endif o BEE| TRRITELEIEE/ILLINFDH
509 coneinue T g BRELIME ¢ KYNSLTFHITURLT=E
- x?l’= xl‘il’ + o;pd) J"t;j_o 50)1@'*%*3“6%%':;’3(;7‘;60

2 n
b= (Sl f

Ic ) ) )
IC-- OUTPUT W= gl = Gt ﬁ%/)b-&;
do iftl, (Ij L8, 1pel6.6) ') i, PHI () check convergence |r|
write i pelé6. i i i
enddo ! ' ’ end ||b — AX( )||

) n
end program CG_poi "b” <¢ ||b - AX (1)" = \/z

J=1

n
%)
by =2 aux,
k=1



