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Chapter 1

L] [

U000 ISSPMathLibrary OO0 OKrylovOOOOOOOOODODOODOODOODOODOODOOOODOO0O0 Kw
gbooooooboooob.oboooob,obooo)yooooooo

Gij(z) = (il(zI = H)'j) = ¢} - (z] = H) ' (L.

O, KrylovOOOOOQOOQOOOODODODODODODODOOO.O000 forran0O000O.OO0,BLASODOO 1
goooooooo.




Chapter 2

HRERERERERE

00000000,H000 2000000000000000000,004000000000000 (A
gboboobOobooooobooo,0boboooooboon).

«HO 0O00ODODODDOOO : Shifted Bi-Conjugate Gradient(BiCG) O [/]

« HOODOD 0000000 : Shifted Conjugate Orthogonal Conjugate Gradient(COCG) O /2]
« HOODOOO 2000000 : Shifted Conjugate Gradient(CG) 0 (D0 OO0 0)

«HO 0000DO00ODOD : Shifted Conjugate Gradient(CG) O (DO ODO0O)

OO0O0O0D000 Seedswitching /2/000.000000 N, DO, 000000 NgO@OOOD 10)O0OO
gbo.00,00b000b000b000ob0o0.

2.1 Seed switch 0 0 Shifted BiCG [

Gij(zx)=0(i=1---Np, j=1---Ng, k=1---N,)
doj=1---Ng
=9
F=00,rM =71 =9
pir=0i=1---Np, k=1---N,), mp=7ndd=1(k=1---N,)
p=00, @ =1, Zgeed =0
do iteration
c0O00o0ono
Pl R
B =p/p°
q = (2sccal — H)r
aold:a,azw
oOOOOO
dok=1---N,
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,ﬂ_;ew = [1 + a(zk - Zseed)]ﬁk - (ffalﬁd(

doi=1---Ng

old
ﬂ—k —

7Tk)

1d__old
I T Th )
Dik = 7P T+ ) Bpik

Gij(zx) = Gij(zr) + %Oépik

77]3( = Tk, T = 772
end d() 1
end d() k

0= (Zoeal = )7, a= (14 26 ) 7 — a*q — 29, 7o

o Seed switch

7| 000000 k000, = Zeeds Teceds T,
- old _ .old/_old =~ _ =/ % ~old __ ~old /__oldx
T = r/ﬂ'seeda re=r /Wseedv r= r/ﬂ-seeda ro=r Tseed

o= (WSeISd/Wsccd)av pP= p/(”?égdﬂgégd)

{7k = T /Tsced, TR = 7P /w0
if( |r| < Threshold) exit
end do iteration

end do j

2.2 Seed switch 0 0 Shifted COCG [

BiICGOOOOOODODO,r=r* 74 =pld*gpopooooon.

Gij(z) =0(G=1---Ng, j=1---Ng, k=1---N,)

doj=1---Np
r:ij,TOId:O

pik=06=1---Np, k=1---N,), m =74 =1(k=1---N,)

p=00, a=1, zseea =0

do iteration

o000O0O00
pPlh=p p=r-r

B =p/p™

q= (Zseedf - ﬁ)’“

ol = a, a= r'q—pﬁ’p/a
c000O0O0
dok=1---N,

:’F"f‘:q

2.2. Seed switch O O Shifted COCG O
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,ﬂ_;ew = [1 + a(zk - Zseed)]ﬂk - (ffalﬁd(

doi=1---Ng

old
ﬂ—k —

7Tk)

1 « 7_l_;‘:)ld zld
Pik = 7o -7+ ik

Gij(zx) = Gij(zr) + %Oépik

k ‘ k> Tk k
end d() 1

end do k
q= (1+(;"T€1)r—aq—%r°1d, rilfd=r r=gq
o Seed switch

M| 000000 k000 — Zseed, Tsceds Tol

seed

old
seed

o= (W;?égd/ﬁseed)a’ pP= p/(”?égdﬁgelgd)
{mh = Tk /Toeed, TR = 7 /T

if( |r| < Threshold) exit

r = r/ﬂ-seedv ,rold — ']”Old/ﬂ'

end do iteration

end do j

2.3 Seed switch O O Shifted CG O

BiCGOOOODOODODO,r=r, 74 =pdopoooooon.

Gij(zr) =0(i=1---Np, j=1--Ng, k=1---N.)
doj=1---Ng

r= <pj,r°1d =0

pik=00@=1---Np, k=1---N,), Wk:ﬁgldzl(kzl...

p:oo,a=1, Zseed = 0

do iteration

c0O0Ooono

P =y p=—pt g

B =p/p*

q= (Zseedf - ff)’“

0 — o = W
c0O0oOO
dok=1---N,

TReW = [1 + a2 — Zseed)| Tk — ;Olﬁd (ﬂ'gld — k)

doi=1---Ng

Chapter2. 0O0OOO0O
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old

2
Pik = %kﬂPf T+ (iﬁA ) Bpik

Gij(zx) = Gij(zr) + ,:g%apik

7 =y, T = mhew
end do ¢
end do k&
- (14_%)1"_0[(1_%7“0111’ rold=p r=gq
o Seed switch

Im,| 000000 k000, = Zeed, Toced, oy

r= r/ﬂ-seed7 ,’,.old — ,’,.old/ﬂ.;)égd

2
a = (ﬂ—gégd/ﬁsccd)a’ p= P/Wgéceid
{7 = 7/ Tscea, TR = TR/ 7eca

if( |r| < Threshold) exit
end do iteration

end do j

2.3. Seed switch O O Shifted CG O 5



Chapter 3

Jooobobon

31 000000

gbooobooooobobooog.

$ ./configure —--prefix=install_dir

Jdoo00,00000000000000DO0000000Do0DOooooOgd,MakefiledODOOODO. O
00 install dir0dd0ddodooo0ooooodoobooboboo0(@oooooooobboooooao
00o00).0oobooOodgodn /use/local/OOOOO,000 make install O /usr/local/lib 0
do0ooooooooo(@bbOo0,000000oooooD install_ dir00000000000O0O
Odo0o0). configuredOOODOOODDOOOOOODOOO,0000000D0000O0O000O0OO0O3
ooooo.00o00 configured 00000 ODOO.

configure DO OOOODODODOO,MakefileOOOODODOOO
S make
O00oOO0ooO000o0O0o00oo0o0ooooOoo.o0boooboOooboooo

&

$ make install

O000,000000 install dir/lib 0, 000000 install dir/bin O0O0O0O0. make
install 000000, 00000000000O0000O0O0CO000DOOOOO0OO0OOOOODOOOAO
o000, 0000000000.

obobOobobooboobooboboobOobobobOOobOoooooobo0,b00d LD_LIBRARY _PATH O
KwOOOODOOOOODOOOOooooooo.

$ export LD_LIBRARY_PATH=${LD_LIBRARY PATH}:install dir/lib

3.2 configureJ O OO OO

configunre 0 0 O000O0O0ODOOOOOOOO, 0000000000 O0O0OD.ODOOO0OOObOOOoLODOO
gboooaoo.

$ ./configure --prefix=/home/komega/ --with-mpi=yes FC=mpif90
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gboogoooooooo.
—-——-prefix

OO0000: ---prefix=/usr/local/. 0000000000000 0O0O0O0O0OOOOOO0O
ooogo.

——with-mpi

00000: ——with-mpi=noMPIOOOOO). MPIOOOODO (-—with-mpi=yes), 0000
ooo.

—-with-openmp

ooooo: ——with-openmp=yes (OpenMP 0O O O O). OpenMP O OO OODODO
(-——with-openmp=no) 00 0O0O0O.

——enable-shared

OO0000: -—enable-shared. 0O 0O0O0O0OO0OOOOOOOOO
—-—enable-static

UO00O0ODO: -—-enable-static. 000O0O0O0OOOOOOOOOO.
——disable-zdot

O0000: --enable-zdot. MacOSX OO OO BLASOODO,ZDOTCO OO zDOTU O OO DO
gbogbooobg,oobooboobooboooooooboobo.

——enable-threadsafe

OO0O0D00: --disable-threadsafe. 000 OpenMPOO0OOODODODODOODODD KwOD
uboooo(@uboboboooooooobooobooo)bobo,obobobobooon (@©

ao).

FC
00000:000000000000000D0 fortran0000D0OODOOODOO,000000
O00.--with-mpiP 00000000000 DOODODOODO (mpifo00)00000O0DOODOO
O00. configure 0OOOO0OO0O0OO0D0 PCO0OODODODODODODOODODOODODODO./configure
FC=gfortran 0O OOOOOOODO.

—--help
000000O0o0OO00o00bOOoo,00000b0bO0oo0oo0DbO,b0b00D0o00o00bOooooa
ooooo.

3.2. configure DO O OO0 7



Chapter 4

[]
[]

Jooboboboboooobobboodd
L] [

0000 N;OOOODOOOOO (00000000000000000000).00 Gy4(%)00000
N,00O N, 00000000 x,0000.

oboooooboooobooboooooooo.

komega_bicg_init, komega_cocg_init, komega_cg_c_init,komega_cg_r_init
00000ooOoDo00O0(@oOoooooooono)ooO Allecate DO O0O0OOoOOO.

komega_bicg_update, komega_cocg_update, komega_cg_c_update,
komega_cg_r_update

Iteration 000 0O0000D0.00000000000COO.

komega_bicg_finalize, komega_cocg_finalize, komega_cg_c_finalize,
komega_cg_r_finalize

Allocate 00O OOO0OOO0OOODOOOOOOODO.

komega_bicg_getcoef, komega_cocg_getcoef, komega_cg_c_getcoef,
komega_cg_r_getcoef

O iteration 0000000 a, B, 2seeq, r- 00000

komega_bicg_getvec, komega_cocg_getvec, komega_cg_c_getvec,
komega_cg_r_getvec

r,rod Fopdopoponon.

komega_bicg_restart, komega_cocg_restart, komega_cg_c_restart,
komega_cg_r_restart

0000000 «O00ODOO,000 000000D0. 00000000 komega_bicg_init,
komega_cocg_init, komega_cg_c_init,komega_cg_r_init 000000 OO0OOOOOOO
Oo0o0ooo.

oooO:

komega_x_init 0O00O0OO000OD0O0O0 NgOOOOOO 20 BiICGOUODOO 40)Allocate 00 0ODO.
ubogbuoo-gobgbobooboobogboobgoooboan.
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O0O0O0O0O0 AllecateDOD0O0O. 000, 0000000000000 NygOOODDDODO.OODODO
oo NOOO.Oo0o@)bOobobobo peO0 N, OO N ODODOOOOOODOO.OO0ODOO
Ny OOoooooooo NyDOOoOOooooboo/[mobooboooooooobooooobooo.

rL:I:)Tr7 PE(‘PU""LPNL)

komega_~*_update 000 status U0 0O0O0O0OO0OO0OOOOOOOOOO,OD000O0O0,00000
O0000000D0.00000 status(1l) < 0o0000000O0O0O0OOOOOO.

komega_x_update 000000000, 00000000000002-00000000.00010,
0b000o0O0bO00obOOobob0oOon 20000 thresholdOOOO0OO0O0O0OODOOOOOOODOO.

00000 ,8,f*0000000,000000000000000000 itermax0 000000
ooog.

4.1 Shifted BiCGO O OOOODODOOOOO

L, _
Allocate v12, V13, V2, V3, {X}, I~ vy = P

komega_bicg_init (N_H, N_L, N_z, x, z, itermax, threshold) start

Allocate v, vs, {m}, {7219}, {px}

Copy {zx}

itermax #0000 o, 4, r*0000000000O000O.
vy =v500),v3=v5=0,

pr=xc=00k=1---N,), my=ndd =1(k=1---N.)
p=00, @ =1, Zgeed =0

old

(ve =1, v3 =74 v, =7, v5 =7°4)

komega_bicg_init finish

do iteration

I'L = PT’UQ
viy = Hvg, v14 = lﬁlv4[(v12,v14) = ﬁ(vg,m) ooooo]

komega_bicg_update(v_12, v_2, v_14, v_4, x, r_small, status) start

0000000
PP =p, p=vi v
B=p/p

— ok
V12 = ZgeedV2 — V12, V14 = Zg5eqV4 — V14

d _ P
a’d =q, o= T —Brla
ocOOOOO
dok=1---N,
TV = [1 + a2 — Zseed)| Tk — ;ﬁffd (W,‘gld — k)

old _old
_ 1.L T Tk
Pr = T+ 2= fpy

4.1.

ShiftedBiCGO OO OOOOOOOOO 9



KwOOOOO,0000 2.0.0

X, = Xp + ?Zé“w apg
k
d _ _
TS = T, Tl = RO
end do k

o « af _ _
vy = (1 - a—ﬁ) vy — vy — 25 Vs, v3 = va, V2 = V12

* n%

_ a*pr a’p _ _
Vig = (1 + W) Vg4 — Q14 — Gla Vs, Us = Vg, Vg = V1
o Seed switch

M| 000000 k000 — Zseed, Tsceds ToS

seed

— — old _ * _ oldx*
Vo = 'U2/7Tseeds V3 = ’v3/ﬂ-seed’ Vy = v4/7Tseed’ V5 = v5/7Tseed

o= (Wgégd/ﬂsccd)a’ p= P/(Ws‘igdﬂgégd)

{mk = Tk /Tscea, TR =M /A
komega_bicg_update finish
if(status(1) <0 (O OO |vg| < Threshold DO 000 OO0 0OO)) exit

end do iteration

komega_bicg_finalize start
Deallocate vy, vs, {7}, {7219}, {p}

komega_bicg_finalize finish

4.2 Shifted COCGUO D ODOODOODOOOOO

Allocate vy, v, {x3}, " v2 = @,
komega_cocg_init (N_H, N_L, N_z, x, z, itermax, threshold) start
Allocate v3, {7}, {wzld}, {pr}
Copy {z1}
itermax #0000 o, 64, r*000000000000O.
v3 =0,
pr=%=0k=1---N,), my=nd =1(k=1---N.)
p=00, a=1 =0, Zeea =0
(ve =71, v3 =7°)
komega_cocg_init finish
do iteration
rl = PTvg
vy = Ho,
komega_cocg_update(v_1l, v_2, x, r_small, status) start

oOODOOOO

1d _
pre=p, p=v2- 02

B =p/p°

10 Chapter4. 0000000000 OOOOOOOOOO
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V1 = ZseedV2 — U1

d _ _ p
Q% = @, &= vo-v1—fBp/a
ocOononong
dok=1---N,
T = [1 4+ a2k — Zsced)] Tk — aoffd (o — )

old__old
_ 1 .L Tk Tk
Pr = T+ 2= Fpy

Xp = X + ;}E%Oépk
old __ __ .new

T = Tk, T = Ty

end do k
— af af

U1 = (1—}-@)1]2—04’01—@’03
V3 = V2, V2 = V1
o Seed switch

Im,|000000 k000, = Zeed, Tsced, oy

_ _ 1d
V2 = v2/77seed’ V3 = v3/ﬂ-§c(cd

a = (ﬂ-;igd/ Tseed )t p = p/ (ﬂ-s(igdﬂggceid)
{mr = T/ Toeea, TR =19 /m300

komega_cocg_update finish

if(status(1) <0 (0 OO |vg| < Threshold DD 000000 OO)) exit

end do iteration
komega_cocg_finalize start

Deallocate vs, {7y}, {7014}, {pr}

komega_cocg_finalize finish

4.3 ShiftedCGO 00O O0O0DOOOOOO

cocGgooo.

43. ShiftedCGOOODOOOOOOOOO

11



Chapter 5

HRERERE

gooooOdobOoO0ooOOobOobooOoooboobooooobo,
« 0DOD0O0O (*_init)
- 000000 (*_update)
- (DDOD0ODHDODODOUODOOOOOOO. (*k_getcoef, *_getvec)
« 0000 (*_finalize)
oooooooOooooboo,oobooo0ooo.bo,00oboobooooooboo
- 0000D000DOD0O0OD0ODOODO0ODOODOO0n (*_restart)
e JOOOOO (*_update)
- (J00O0DD)OUOODUODDODDODOOOOOOWO. (*_getcoef, *_getvec)
« 0O0O0 (* finalize)
gooooooo.

O00: KwOOODODODOD OOOO OO,00000000000 OpenMPOOODODOOOOODOODOO
ooobooogooob.oogboobobobobo00boUDbD KwOOooobob(@mboboobooobo
000DbO0bO0bO0)Ob0obOd, configure0OOOOO —-enable-threadsafe 0 O0OUOO (configure
goooooon).0oboooooboboooooboooo.

fortran 00 0000O00O0O0O0O

USE komega_cg r ! O00O0O0OO0O0OOOOOOOO
USE komega_cg_c !/ 00000O0DOODODODOO
USE komega_cocg ! O0OOOD0OOOO

USE komega_bicg ! O00OOO0OO

gobooboobobooobob(@obuooobobobuoobobobobo,obooboboobobooo
oooo).
cC+000O00boooboobobooooobooon

#include komega.h

gbobooboodabouogbogoboobobobobbobbooboobooboobooonn

OOoMP/OOOOOOOOOOOOOOODODOOOOOOOOOOODOOOO,00000 C/C+00O00a
fortran 00O 000000

12
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comm_f = MPI_Comm_c2f (comm_c);

51 00000000

5.1.1 *_init

00000000000 0000O0O000000O0.0000000000000,00000000A0.
oo
Fortran

CALL komega_cg_r_init(ndim, nl, nz, x, z, itermax, threshold, comm)
CALL komega_cg_c_init(ndim, nl, nz, x, z, itermax, threshold, comm)
CALL komega_cocg_init (ndim, nl, nz, x, 2z, itermax, threshold, comm)
CALL komega_bicg_init(ndim, nl, nz, x, z, itermax, threshold, comm)

C/C++

komega_cg_r_init (&ndim, &nl, &nz, x, z, &itermax, &threshold, &comm
komega_cg_c_init (&ndim, &nl, &nz, x, z, &itermax, &threshold, &comm
komega_cocg_init (&ndim, &nl, &nz, x, z, &itermax, &threshold, &comm
komega_bicg_init (&ndim, &nl, &nz, x, z, &itermax, &threshold, &comm

oooood

INTEGER, INTENT (IN) :: ndim

gobooobo.gobboobboobboobboobbool ndimgdonOoOo
ooooooo.

INTEGER, INTENT (IN) :: nl

gobooobooobooooboo.oboobboobbooboooboooooobooobonlO
oooooooboooo.

INTEGER, INTENT (IN) :: nz

gobooob.obooobooobooobboobboobobooboob nzgb0ooooo

goo.
REAL (8) , INTENT (OUT) :: x(nl%nz) ! ("CG_R_init", "cg_ c_init" OJO0O)
COMPLEX (8) , INTENT (OUT) :: x(nlxnz) ! (@J0OUODO)

gooobO.oobooboooon.

REAL (8) , INTENT (IN) :: z(nz) ! ("CG_R_init", "cg_ c_init" OO0O0)
COMPLEX (8) , INTENT (IN) :: z(nz) ! (ODOOO)

agoono.
INTEGER, INTENT (IN) :: itermax

oboboooboooooooooooooooboobo.coocobOobOobObOobOon
gboboobOobooooo@uobobooooobooooboooooooon)

REAL (8) , INTENT (IN) :: threshold

51. 00000O0O0OO 13
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ooooooboO0.00bobooooooooboooo 220000000000 00DO

goooboooog.

INTEGER, INTENT (IN) , OPTIONAL

comm

oooooooOo.MPIDODOOODDOO (MPI_COMM WORLDOD)DODDD. KwDO
OO0 MP/Hybrid DO DDODOOO0DO0OOOO0.CO000DOOO00O0O0DOO NULLDO

goo.

5.1.2 *_restart

oooooooooono *nr00000000.000000000000O000O000O0O0O00O0O0O0.000
gboooboooooo,booocoboooo.

oo
Fortran
CALL komega_cg_r_restart(ndim, nl, nz, x, z, itermax, threshold, status, &
& iter_old, v2, vl12, alpha_save, beta_save, z_seed, r_1_save, comm)
CALL komega_cg_c_restart (ndim, nl, nz, x, z, itermax, threshold, status, &
& iter_old, v2, vl12, alpha_save, beta_save, z_seed, r_1_save, comm)
CALL komega_cocg_restart (ndim, nl, nz, x, z, itermax, threshold, status, &
& iter_old, v2, vl12, alpha_save, beta_save, z_seed, r_1_save, comm)
CALL komega_picg_restart (ndim, nl, nz, x, z, itermax, threshold, status, &
& iter_old, v2, vl12, v4, vl4, alpha_save, beta_save, &
& z_seed, r_1_save, comm)
C/C++
komega_cg_r_restart (&ndim, &nl, &nz, x, z, &itermax, &threshold, status, &
& &iter_old, v2, v12, alpha_save, beta_save, &z_seed, r_1l_save, &comm);
komega_cg_c_restart (&ndim, &nl, &nz, x, z, &itermax, &threshold, status, &
& &iter_old, v2, v12, alpha_save, beta_save, &z_seed, r_1_save, &comm);
komega_cocg_restart (&ndim, &nl, &nz, x, z, &itermax, &threshold, status, &
& &iter_old, v2, vl12, alpha_save, beta_save, &z_seed, r_1l_save, &comm);
komega_bicg_restart (&ndim, &nl, &nz, x, z, &itermax, &threshold, status, &
& &iter_old, v2, v12, v4, vl14, alpha_save, beta_save, &
& &z_seed, r_1_save, &comm);
gooooa
INTEGER, INTENT (IN) ndim
INTEGER, INTENT (IN) nl
INTEGER, INTENT (IN) nz
REAL (8) , INTENT (OUT) x (nlxnz)
REAL (8) , INTENT (IN) z(nz) ! ("CG_R_restart", "cg_ c_restart” OUO0O)
COMPLEX (8) , INTENT (IN) z(nz) ! (@Oooagd)
INTEGER, INTENT (IN) itermax
REAL (8) , INTENT (IN) threshold
INTEGER, INTENT (IN) , OPTIONAL comm
*nird QO gd.
INTEGER, INTENT (OUT) status (3)
goooooooo.
0000 (status (1))
14 Chapter5. 0000
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obogoboo,bcoboboooboobooboobooooooboooobn
oboobooooboo.booboobobooobooboooo(@oobooobo
Ob00)oOOO00O0. status (1) OO0O00O0OO0O0OO0OODOODODO.00O
oooobooooboobooooooboooboooog.

0000 (status (2))

itermax 000000, 00 itermax 000000000 O0OOOOODOO
O0100000.«000000000 200000.meeq 00000003
O00 300000. coCG_restart OO0 BiCG_restart O0,0000
dddddddddddd0o0ooodOo0 4000O0O.0D0OoOoDOoO0O0
OoDoOooOooag.

0000 (status(3))
00000 indexOOOODO.
INTEGER, INTENT (IN) :: iter_old
Oooooooooooon.

REAL (8), INTENT (IN) :: v2(ndim) ! ("CG_R restart™ O0O0)
COMPLEX (8) , INTENT (IN) :: v2(ndim) ! (D O0O0O)

gobooboobooooboooboooon.

REAL (8) , INTENT (IN) :: v12(ndim) ! ("CG_R restart” O0O0O0)
COMPLEX (8) , INTENT (IN) :: vl12(ndim) [/ (DOOO)

ooooooooooDooo 2000000000,

REAL (8) , INTENT (IN) :: alpha_save(iter_old) ! ("CG_R restart", "cg c _restart"000)
COMPLEX (8) , INTENT (IN) :: alpha save(iter_old) ! (@0O0On0o)

ooooooooooooo Gpyccooooooon o

REAL (8) , INTENT (IN) :: beta_save(iter_old) ! ("CG_R _restart", "cg_ c_restart"000)
COMPLEX (8) , INTENT (IN) :: beta_save (iter_old) ! (@OO0O)

goooooOoOoOoOoOOO @GBpcGoOOoOoOoOoOODO B.

REAL (8) , INTENT (IN) :: z_seed ! ("CG_R restart", "cg c_restart"O0O0O)
COMPLEX (8) , INTENT (IN) :: z seed ! (@O0O0O0O)

gboooooobooooooboon.

REAL (8) , INTENT (IN) :: r_1_save(nl,iter_old) ! ("CG_R restart"OO0)
COMPLEX (8) , INTENT (IN) :: r_1 save(nl,iter_old) !/ (@OOO)

obooooOoooooobobooobooboooogon.

REAL (8) , INTENT (IN) :: v4(ndim) ! ("CG_R restart” OU0O)
COMPLEX (8) , INTENT (IN) :: v4(ndim) ! (@O0 04)

BiCG_restart U0 0OU0OO0OOO.000000000O0O00O0O00DODOO0ODO.

REAL (8), INTENT (IN) :: vl14(ndim) ! ("CG_R restart™ O0O0)
COMPLEX (8) , INTENT (IN) :: vl14(ndim) [/ (DO0O0O)

BiCG_restart U0 0O0000.000000000DDD200000000000.
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5.1.3 *_update

Ogfdoooooooooooooboooooooooon.
00
Fortran

vliz2, v2, x, r_1, status)
vlz, v2, x, r_1l, status)
v1lz2, v2, x, r_1l, status)
v1iz, vz, vl14, v4, x, r_1, status)

CALL komega_cg_r_update
CALL komega_cg_c_update
CALL komega_cocg_update
CALL komega_bicg_update

C/C++

v1l2, v2, x, r_1, status

komega_cg_r_update ) ;
vlz2, v2, x, r_1l, status);
)i
14

komega_cg_c_update

komega_cocg_update (v12, v2, x, r_1l, status

komega_bicg_update(vl2, v2, vl14, v4, x, r_1l, status);
gooooad

REAL (8) , INTENT (INOUT) :: v12(ndim) ! ("CG_R_update" O0O0N0)
COMPLEX (8) , INTENT (INOUT) :: vl12(ndim) [/ (ODOOO)

oooooooob (v 0O00O0.000,00000000DDODO 2-0000,0

ocooooooooo@uoobooooooooooobooooooogn).

REAL (8) , INTENT (INOUT)
COMPLEX (8) , INTENT (INOUT)

:: v2(ndim) ! ("CG_R_update" 0O0O0O)
: v2(ndim) ! (ODOOO)

gbooobOoboo.cooobobooooboobon.

REAL (8) , INTENT (IN)
COMPLEX (8) , INTENT (IN)

: vld(ndim) ! ("CG_R_update" OUOO)
:: vld(ndim) ! (@OOO0O)

goooboooo (v4boooa.

REAL (8) , INTENT (INOUT)
COMPLEX (8) , INTENT (INOUT)

:: vd(ndim) ! ("CG_R_update" 0OO0O)
:: vd(ndim) ! (OOO0O)

oboooOooboooo.ooboooooboobooooooo.

INTEGER, INTENT (OUT) :: status(3)

ooooooooo.
0000 (status (1))

oobooboo,cobobooobooboobooboooo0oooboOooonn
oboobooooboo.bobobooboboooboboooo(@oobobo
OO00)00000. status(1) ODO0O0O0OO0DOOODOOOOOOO.00O
gooobooooboobooooooboboooog.

0000 (status (2))

* 00000, itermax000000,00 itermax000000O000O0O
000000000 100000.000000000 200000. Teeea I
o000D0O0OD0O0O00O 300000. coCcG_updated O OO BiCG_update
O, 000o0boddd0ooooboooooobo oo 4a0b0o0ooo.oga
gooooooooooo.
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0000 (status (3))
00000 mdexOOOODO.

5.1.4 *_getcoef

oobooobOooobOoobooooboooboOooo. booobooboooobooooobog, *dnedo0b00d
itermax 00 0000OO0O0OO0OCOOOOO.

O0,0000000000000000 (iter_old)O *update D00 statusO0O0O00DO0OO000OOO
ooog.

iter_old = ABS(status (1))

oo
Fortran
CALL komega_cg_r_getcoef (alpha_save, beta_save, z_seed, r_1_save)
CALL komega_cg_c_getcoef (alpha_save, beta_save, z_seed, r_1_save)
CALL komega_cocg_getcoef (alpha_save, beta_save, z_seed, r_1_save)
CALL komega_bicg_getcoef (alpha_save, beta_save, z_seed, r_1_save)
C/C++
komega_cg_r_getcoef (alpha_save, beta_save, &z_seed, r_1_save);
komega_cg_c_getcoef (alpha_save, beta_save, &z_seed, r_1_save);
komega_cocg_getcoef (alpha_save, beta_save, &z_seed, r_1_save);
komega_bicg_getcoef (alpha_save, beta_save, &z_seed, r_1_save);
gooooa

REAL (8) , INTENT (OUT) :: alpha_save(iter_old) ! ("CG_R restart", "cg c restart"O00)
COMPLEX (8) , INTENT (OUT) :: alpha_save(iter_old) !/ (O0O0OO)

ooodoo @ycecuooooood a
REAL (8) , INTENT (OUT) :: beta_save(iter_old) ! ("CG_R _restart", "cg_ c _restart"OOO)
COMPLEX (8) , INTENT (OUT) :: beta_save(iter_old) !/ (ODO0O0O)

ooooo @gyccouoooooono g.
REAL (8) , INTENT (OUT) :: z_seed ! ("CG_R restart", "cg c restart"O0OO)
COMPLEX (8) , INTENT (OUT) :: z_seed ! (ODOODO)

ogooooad.
REAL (8), INTENT (IN) :: r_ 1 save(nl,iter_old) ! ("CG_R restart"O0)
COMPLEX (8) , INTENT (IN) :: r_1_save(nl,iter_old) ! (@OoGono)

gboooboooboooboobon.

5.1.5 *_getvec

gbooooOoboooooboboooooboooooboooo.oocobooobooooobooboon,*mir00g
U0 itermax 00 0ODOOO0OO0OOOOOOCOODO.

go
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Fortran

CALL komega_cg_r_getvec (r_old)
r _old)
r_old)

r_old, r_tilde_old)

CALL komega_cg_c_getvec
CALL komega_cocg_getvec

CALL komega_bicg_getvec

C/C++

komega_cg_r_getvec (r_old);
komega_cg_c_getvec (r_old);
komega_cocg_getvec (r_old);
komega_bicg_getvec (r_old, r_tilde_old);

ogooooo
REAL (8) , INTENT (OUT) :: r_old(ndim) ! ("CG_R _getvec”" OUO0N)
COMPLEX (8) , INTENT (OUT) :: r_old(ndim) !/ (ODOOD)

ooooooooooDooo 2000000000,

COMPLEX (8) , INTENT (OUT) :: r_tilde_ old(ndim)

BiCG_getvecODUODOUOOOO.00000C0O0O00O0O0O020000000000A0.

5.1.6 *_getresidual
000000000000002-00000000.0000000 *.4nit0 * finalize 0000000000
000000000.00,000000000000000000000000000.
00
Fortran

CALL komega_cg_r_getresidual (res)
CALL komega_cg_c_getresidual (res)
CALL komega_cocg_getresidual (res)
CALL komega_bicg_getresidual (res)
C/C++

komega_cg_r_getresidual (res);
komega_cg_c_getresidual (res);
komega_cocg_getresidual (res);
komega_bicg_getresidual (res);

gooood

COMPLEX (8) , INTENT (OUT) :: res(nz)

gbooooooooooboo2-000.

5.1.7 *_finalize

gboboobobooobooboooobooboooogn.
oo

Fortran
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CALL komega_cg_r_finalize /()
CALL komega_cg_c_finalize ()
CALL komega_cocg_finalize ()
CALL komega_bicg_finalize ()

C/C++

komega_cg_r_finalize();

komega_cg_c_finalize();

komega_cocg_finalize();
()

komega_bicg_finalize

I

5.2 Shifted BiCGU O D OOODOOODODODODODOOOOO

O0,00000000 ShiftedBiICGUOOOOOOO0OOOO0OOOOOOO.

PROGRAM my_prog
!

USE komega_pbicg, ONLY : komega_bicg_init, komega_bicg_restart, &

& komega_bicg_update, komega_bicg_getcoef, &
& komega_bicg_getvec, komega_bicg_finalize
USE solve_cc_routines, ONLY : input_size, input_restart, &

& projection, &

& hamiltonian_prod, generate_system, &
& output_restart, output_result

!

IMPLICIT NONE
!

INTEGER, SAVE :: &

& ndim, & ! Size of Hilvert space

& nz, & ! Number of frequencies

& nl, & ! Number of Left vector

& itermax, & ! Max. number of iteraction

& iter_old ! Number of iteraction of previous run
!

REAL(8),SAVE :: &

& threshold ! Convergence Threshold
!

COMPLEX (8) ,SAVE :: &

& z_seed ! Seed frequency

!

COMPLEX (8) , ALLOCATABLE, SAVE :: &

& z(2) ! (nz): Frequency

!

COMPLEX (8) ,ALLOCATABLE, SAVE :: &

& ham(:,:), &

& rhs(:), &

& v12(:), v2(:), & ! (ndim): Working vector

& v14(:), v4(:), & ! (ndim): Working vector

& r_1(:), & ! (nl) : Projeccted residual vector
& x(:,:) ! (nl,nz) : Projected result

!

! Variables for Restart

!

COMPLEX (8) , ALLOCATABLE, SAVE :: &
& alpha(:), beta(:) ! (iter_old)

5.2. ShiftedBiCGO OO ODOOOODOOOOOOOOOO 19
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!

COMPLEX (8) ,ALLOCATABLE, SAVE :: &

& r_1_save(:,:) ! (nl,iter_old) Projected residual vectors
!

! Variables for Restart

!

INTEGER :: &

& iter, & ! Counter for Iteration

& status(3)

!

LOGICAL :: &

& restart_in, & ! If .TRUE., sestart from the previous result
& restart_out ! If .TRUE., save datas for the next run

!
! Input Size of vectors, numerical conditions
!
CALL input_size(ndim,nl,nz)
CALL input_condition(itermax,threshold, restart_in,restart_out)
!
ALLOCATE (v12 (ndim), v2(ndim), vl14(ndim), v4(ndim), r_1(nl), &
& x(nl,nz), z(nz), ham(ndim,ndim), rhs(ndim))
!

CALL generate_system(ndim, ham, rhs, z)
WRITE (%, ) "##### CG Initialization #####"

IF (restart_in) THEN
!
CALL input_restart(iter_old, zseed, alpha, beta, r_1_save)
!
IF (restart_out) THEN
CALL komega_bicg_restart ( &

& ndim, nl, nz, x, z, itermax, threshold, &
& status, iter_old, v2, vl12, v4, v14, alpha, &
& beta, z_seed, r_1_save)
ELSE
CALL komega_bicg_restart( &
& ndim, nl, nz, x, z, 0, threshold, &
& status, iter_old, v2, v12, v4, vl14, alpha, &
& beta, z_seed, r_1_save)
END IF

!
! These vectors were saved in BiCG routine
!
DEALLOCATE (alpha, beta, r_1_save)
!
IF (status(l) /= 0) GOTO 10
!
ELSE
!
! Generate Right Hand Side Vector
!
v2(l:ndim) = rhs(l:ndim)
v4 (1:ndim) CONJG (v2 (1l:ndim))
!'v4 (1:ndim) = v2(1:ndim)
!
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IF (restart_out) THEN

CALL komega_pbicg_init (ndim, nl, nz, x, z, termax, threshold)
ELSE
CALL komega_pbicg_init (ndim, nl, nz, x, z, 0, threshold)
END IF
!
END IF
!
! BiCG Loop
!
WRITE (*, *)
WRITE (%, x) "##### CG Iteration ##H#H##"
WRITE (*, %)
!
DO iter = 1, itermax

!

! Projection of Residual vector into the space

! spaned by left vectors
!
r 1 (l:nl)
!

projection(v2(l:nl))

! Matrix-vector product

!

CALL hamiltonian_prod(Ham, v2, v12)
CALL hamiltonian_prod (Ham, v14)
!

! Update result x with BiCG
!

v4,

CALL komega_bicg_update(vl2, v2, v14, v4, x, r_1, status)

!

WRITE (%,’ (a,1,a,3i,a,el15.5)") "lopp : ", iter, &
& ", status : ", status(1:3), &
& ", Res. : ", DBLE(v12(1))
IF (status (1) < 0) EXIT
!
END DO
‘I
IF (status (2) == 0) THEN
WRITE (%, ) " Converged in iteration ", ABS(status(l))
ELSE IF (status(2) == 1) THEN
WRITE (%, ) " ©Not Converged in iteration ", ABS(status(l))
ELSE IF (status(2) == 2) THEN
WRITE (%, *) " Alpha becomes infinity", ABS(status (1))
ELSE IF (status(2) == 3) THEN
WRITE (»,*) " Pi_seed becomes zero", ABS(status(1l))
ELSE IF (status(2) == 4) THEN
WRITE (, ) " Residual & Shadow residual are orthogonal", &
& ABS (status (1))
END IF

!
! Total number of iteration
!

iter_old
!

ABS (status (1))

! Get these vectors for restart in the Next run

!

IF (restart_out) THEN
!

5.2. ShiftedBiCGO OO ODOOOODOOOOOOOOOO
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ALLOCATE (alpha(iter_old), beta(iter_old), r_1 save(nl,iter_old))

!

CALL komega_bicg_getcoef (alpha, beta, z_seed, r_1_save)
CALL komega_bicg_getvec(vl2,v14)

!

CALL output_restart (iter_old, z_seed, alpha, beta, &

& r_1_save, v12, vl14)

!

DEALLOCATE (alpha, beta, r_ 1_save)

i

END IF
!

10 CONTINUE

!
! Deallocate all intrinsic vectors
!
CALL komega_bicg_finalize ()
!
! Output to a file
!
CALL output_result(nl, nz, z, x, r_1)
i
DEALLOCATE (v12, v2, vl14, v4, r_1, %, z)
!
WRITE (%, *)
WRITE (%, «) "##### Done #####"
WRITE (%, *)
i

END PROGRAM my_prog

22

Chapter5. 0000



Chapter 6

HRERERERNRNRERNRN

61 000000000 Komegad OO 0O

KwODODODODODODOOO Lesser General Public License (LGPLY DD DD DOOO0OOOOODO0.O0O0O0DO0DODOO
oo0o0o0oooooooooo.

- gJ0bO00bOo0obO,0bb00bbobboobooboobbobbooboobooboo,ooon
uboogboogogogod.

- J000D0O0O0OOODOOOODOOOOOOODOOOODOOn.

- 000000000 b0 KwOOUOOoOo,00000O0OOODOOOOOOD,0000DO0OO0OO
LGPL/GPLOODOODO.

-0Ooboobooobooboooobooboobooobooooobooooboboooooon.

-00000oO00ooo0ooobo0ooooO,0bb00bb0 KwOOoOoOoOOoOooDoOOoOobOoOOoOo
LGPL/GPLODODDOO. 0000000000 @DDODD KwOODODOODOOOOOOOOOOO
OHooooooooooooooboooooo.

6.2 AutoconfU 000 KomegaO DO DO OO

000000000 Autotools (Autoconf, Aitomake, Libtool) 0 0 00 KwOOOOOOOO.OOOOGOGOGOd
0000000 KeOOOOOOO,AuteconfOOODOOOOODOOOOO,0000000 MakefiledO0O
ogoo@oood).

F90 = gfortran

FFLAGS = —fopenmp —-g -02 #-D_ MPI -D_ NO_ZDOT -D__ KOMEGA_THREAD
.SUFFIXES :

.SUFFIXES : .o .F90

OBJS = \

komega_cg_c.
komega_cg_r.
komega_cocg.
komega_bicg.
komega_math.
komega_vals.

~

O O O O O O
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all:libkomega.a

libkomega.a:$ (OBJS)
ar cr libkomega.a $(OBJS)

.F90.0:
$(F90) -c $< S$(FFLAGS)

clean:
rm -f x.0 *.a *x.mod

komega_cg_c.o:komega_math.o
komega_cg_c.o:komega_vals.o
komega_cg_r.o:komega_math.o
komega_cg_r.o:komega_vals.o
komega_cocg.o:komega_math.o
komega_cocg.o:komega_vals.o
komega_bicg.o:komega_math.o
komega_bicg.o:komega_vals.o
komega_math.o:komega_vals.o
goooooobono __wmpero, NO_ZDOT, KOMEGA_THREAD OO O OO configure DO OOOO

——with-mpi=yes, ——disable-zdot, ——enable-thread 00O 0OOO.

6.3 Lesser General Public License

© 2016- The University of Tokyo. All rights reserved.

This software is developed under the support of
“Project for advancement of software usability in materials science” by The
Institute for Solid State Physics, The University of Tokyo.

This library is free software; you can redistribute it and/or

modify it under the terms of the GNU Lesser General Public

License as published by the Free Software Foundation; either

version 2.1 of the License, or (at your option) any later version.

This library is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General Public
License along with this library; if not, write to the Free Software

Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

For more details, See ‘COPYING.LESSER’ in the root directory of this library.
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Contact

obooooOobooooobooo,00b,000bo0oboocobooboooooboobooooboon
oood

mkawamura_at_issp.u-tokyo.ac. jp

_at_ JeOubOOoooooo.
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