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X:[O (0] 0]
0 0 G

VT 4y 6 4§ — s — Sy +668 -6
le—l“kl+'y’k§l+'y;6‘k 726; 0y, +6,6,—066000000
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ODO0O0000000O00D00O0O0OO [Nakata et al 2008]

System State N r | AEgrirz2 | AEgrir» | AEccspay A Enr Ercr
C 3P 6 20 || —0.0004 | —0.0001 +0.00016 +0.05202 -37.73653
(0] ) 8 20 || —0.0013 | —0.0012 | +0.00279 +0.10878 -—74.78733
Ne g 10 20 || —0.0002 | —0.0001 —0.00005 +0.11645 —128.63881
O;' Zl'Ig 15 20 || —0.0022 | —-0.0020 | +0.00325 +0.17074 —148.79339
BH Iy+ 6 24 || —0.0001 | —0.0001 +0.00030 +0.07398 -25.18766
CH 7, 7 24 || —0.0008 | —0.0003 | +0.00031 +0.07895 -38.33735
NH 1A 8 24 || —0.0005 | —0.0004 | +0.00437 +0.11495 -54.96440
HF Iy+ 14 24 || —0.0003 | —0.0003 | +0.00032 +0.13834 —100.16031
SiHy 1A, 18 26 || —0.0002 | —0.0002 | +0.00018 +0.07311 —290.28490
F- g 10 26 || —0.0003 | —0.0003 | +0.00067 +0.15427 -99.59712
P 48 15 26 || —0.0001 | —0.0000 | +0.00003 +0.01908 —340.70802
H,O A, 10 28 || —0.0004 | —0.0004 | +0.00055 +0.14645 —76.15576

GT1T2 The RDM method (P, Q, G, T1 and T2 conditions)

GT1TY The RDM method (P, Q, G, T1 and T2’ conditions)

CCSD(T) Coupled cluster singles and doubles with perturbation treatment of triples

HF Hartree-Fock

FCI FullCl
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o N, Uoooooooooo ooooooooo.
[Nakata-Nakatsuji-Ehara 2002]

Potential curve for N2 (STO-6G)

-108.5

-108.55 |

-108.6

-108.65 |

Total energy(atomic unit)

-108.7

e
! ! ! !

-108.75

NAKATA, Maho (O O :ACCC)
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000000
Nrep. 0000000 (%) 0000
POG 100 ~ 130% yes(?)

POGT1T2? 100 ~ 101% yes(?)

CCSD(T) 100 ~ 101% no

([Nakata-Nakatuji-Ehara-Fukuda-Nakata-Fujisawa 2001] [Nakata et
al.2002][Zhao et al. 2004][Mazziotti et al. 2002,3,4,5,6,7,8,9][Eric et al
2006][Fukuda et al 2007][Nakata et al 2008] )

UooobooboobbOobibodt100%. 0obobodn 0%.
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# of constraints
r constraints block
24 15018 2520x2, 792x4, 288x1,220x2
26 20709 3211x2, 1014x4, 338x1, 286x2

O0o00o0bobooobnD SDPA/SDPARA7.3.1000
gobobbs~tooognd

Elapsed time using Itanium 2 (1.3GHz) 1 node 4 processors.

System, State, Basis N-rep. r Time # of nodes
SiH,, 'A;, STO-6G  PQGT1T2 26 5.1 days 16
H,O0, 'A,, double-¢ POG 28 2.2 hours 8
H,0, 'A,, double-{ PQGT1T2 28 20 days 8

H,0, 'A;, double-{ PQGT1T2 28 24 days 8
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‘size’ 00O 0OOOODO

Who Year Size N-rep. system
Garrod et al. 1976 ? POG Be
Erdahl 1979 ? POG He,
Nakata etal. 2001 8 POG H;0*
Nakata et al. 2002 8 POG C,,CO, N,
Zhao et. al 2004 10 POGT1T2 H;0*
Mazziotti 2004 14-18 POG N,, Hg
Gidofalvi et.al. 2005 8(?) POG N,, C,
Eric et. al 2006 15 POG NH;
Hammond et. al 2006 14 POGT2 Hubbard model
Fukudaetal. 2007 13 POGT1T2 CH;N
Nakata et al. 2008 14  POGTI1TY H,0

Greenman et al. 2009 8 POGT2 CAS(Benzene etc.)
Greenman etal. 2009 12-24 POG CAS(Pentacyne etc.
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o NDUOOOLODLODLDOUOOOLDLDLDbDOOOO
guoouooboooooboood

o IO UULLILOIDUUOOLLLOLbUOOU
gooobod

e UUUOO(()N-representability0 0 000 OOOMO
gooodoodooodoodo
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o IO UULLILOIDUUOOLLLOLbUOOU
gooobod

e UUUOO(()N-representability0 0 000 OOOMO
gooodoodooodoodo

e (2000D0O0DO0DODD;00000O0DOO
000000000000 (100~100000000
0oooo)
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[Nakata et al. 2001, 2002] P, Q, G- 0 000000 OO

J. Chem. Phys. 114, 8282 (2001), J.Chem. Phys. 116, 5432 (2002).
¢ ououoouoooon
19900 0 0000000000000 0OooO (sbpPydd
O0o0bDoOoooooosbPAOODOOODODOOOODOO
oooooosSbPOODOOOOOOODOOO

@ G-UI00O0O0ODODAGPOODDOODOODO (MODO
OO0O0o0d 100%~130%)

@ P OUD0DUODLOOCIODLDOODO 200 ~ 800%)

O oo uoobuoobouoood

@ In 2000 Erdahl and Jin:“The poor quality of the second-order
estimates is consistent with the work of Mihailovic and Rosina...”

@ In 2001, Mazziotti and Erdahl: Lipkin model. Table IV: OO0 00O O
000 P,Q,GO0O0O 478-5238% (in 2005 silently corrected by
Hammond, Mazziotti and Erdahli(?)).
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[Zhao-Braams-Fukuda-Percus-Overton 2004] 71, 72-[0 [

J. Chem. Phys. 120, 2095 (2004).

e 71, T200000O

e JODOOODOCCSD(MIbOuOOoODOODO
e OODOOOOOMN
e UUODLDDOOOO

@ 00 SDPODOODOO
gogoboboooooobogoo

e uugobbboooobbobuooogbbbod
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ERERE

@ JJ0OOsSbPOOODODODODODOODO?

@ 2006000 OODLDODLDUODDOJavall D ODOOODO
ggbbobuoooobbbouoooobobod

° OOoo0o00 SbPAOOOO SebuMiDODOOO0OOOOO

e I00DODODDONDDOODOOD
[2006DDDDDDDDD SDPA O SDPA-GMPDDDDDDJ

NAKATA, Maho (O O :ACCC) OO0000000000000000000 2009/7/22SCOPE0O0OOOO 34/49



E——_—
ODo0oboo0obodnSDPA-GMPL O O

NAKATA, Maho (O O :ACCC) OO0000000000000000000 2009/7/22SCOPE0O0OOOO 35/49



E——_—
ODo0oboo0obodnSDPA-GMPL O O

@ J0000ODDODOO double precision (IEEE754) 0 O 00 16
ooooooo

NAKATA, Maho (O O :ACCC) OO0000000000000000000 2009/7/22SCOPE0O0OOOO 35/49



E——_—
ODo0oboo0obodnSDPA-GMPL O O

@ J0000ODDODOO double precision (IEEE754) 0 O 00 16
ooooooo
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@ J0000ODDODOO double precision (IEEE754) 0 O 00 16
ooooooo

e s bOUbOoOoboOooosbPODOOOODODOD
@ Nugubobbuoooobbooa
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@ J0000ODDODOO double precision (IEEE754) 0 O 00 16
ooooooo

e s bOUbOoOoboOooosbPODOOOODODOD
@ Nugubobbuoooobbooa

@ GMP (GNU multiple precision) 00O 0O OO0 OO
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@ J0000ODDODOO double precision (IEEE754) 0 O 00 16
ooooooo

e s bOUbOoOoboOooosbPODOOOODODOD
@ Nugubobbuoooobbooa

@ GMP (GNU multiple precision) 00O 0O OO0 OO
@ double (16 ) 1 + 0.00000000000000001 ~ 1
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ODo0oboo0obodnSDPA-GMPL O O

@ J0000ODDODOO double precision (IEEE754) 0 O 00 16
ooooooo

e s bOUbOoOoboOooosbPODOOOODODOD
@ Nugubobbuoooobbooa

@ GMP (GNU multiple precision) 00O 0O OO0 OO
@ double (16 ) 1 + 0.00000000000000001 ~ 1

@ GMP (600 ;000ODODOONO)
1 + 0.000000000000000000000000000000000000000000000000000000000001 = 1
00000000000 SDPA-GMP
http://sdpa.indsys.chuo-u.ac. jp/sdpa/ GNU Public
License O O OO (2008/4 0 0)
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SDPA-GMP O Hubbard O O [

000 HubbardD OO DO OO OO0 |U/t] = co:00 0
000000000 [JCP2008]0
Hubbard OO0 O0OOO0O0OOCOOOO

PBC, # of sites:4, # of electrons: 4, spin 0
SDPA-GMP (60 digits) fullCl
-1.199999880 x 10~3

Ut SDPA (16 digits)
10000.0 0 —1.1999998800000251 x 10~3
1000.0 -1.2x 1072 —1.1999880002507934 x 10~2  —1.1999880002 x 102
100.0 -1.1991 x 1071 —1.1988025013717993 x 10~1  —1.19880248946 x 10~!
10.0 -1.1000 —1.0999400441222934 —-1.099877772750
1.0 -3.3417 —3.3416748070259956 —3.340847617248
PBC, # of sites:6, # of electrons: 6, spin 0
Ut SDPA (16 digits) SDPA-GMP (60 digits) fullCl
10000.0 0 —1.7249951195749525 x 103 —1.721110121 x 1073
1000.0 -1x1072 —1.7255360310431304 x 1072 —1.7211034713 x 1072
100.0 —-1.730 x 107! —1.7302157140594339 x 10~ —1.72043338097 x 10!
10.0 -1.6954 —1.6953843276854447 -1.664362733287
1.0 —6.6012 —6.6012042217806286 —6.601158293375
36/49

OO00000000000000000000 2009/7/22SCOPE 00OOOO
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SDPA-GMP U OO O OO

o OOUOOOODO
o DUOOOOODLODLOOOOO

e 3000 ~90000 0O OO SDP
(Waki-Nakata-Muramatsu submitted)

@ Kissingnumber 0D OO OO0 O0O0OOUOognd
000 (00, Milttelman)

e ill-posed 000 (0O SDPLIBOOOODOOO)

0DD0D0DDD0D0DO000D0000000000]
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QDU O OO000O SDPA

e GMPLOUDUUDODODLUODUOUOUDUODDODO
0000 SbPADOOMO

e DD 4800UIUIUIL:400U IEEE754 double
goosuuonogoggd

A= (a09 a, a, a3)

@ Dekker, Knuth, Priest, Shewcheck D O O 0O OO0

@ Double-Double and Quad-Double Arithmetic; by Y.
Hida, Xiaoye S. Li, David H Bailey.

@ http://www.eecs.berkeley.edu/ yozo/

e SDPA-QD,SDPA-DD (DO 80 000,00 400
0o)
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QDU O OO000O SDPA

e GMPLOUDUUDODODLUODUOUOUDUODDODO
0000 SbPADOOMO

e DD 4800UIUIUIL:400U IEEE754 double
goosuuonogoggd

A= (a09 a, a, 613)

@ Dekker, Knuth, Priest, Shewcheck D O O 0O OO0

@ Double-Double and Quad-Double Arithmetic; by Y.
Hida, Xiaoye S. Li, David H Bailey.

@ http://www.eecs.berkeley.edu/ yozo/

e SDPA-QD,SDPA-DD (DO 80 000,00 400
O00)=2009/30 0

htti : “’.sdia. indsys.chuo-u.ac. jp/sdpa/
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000000 MPACK(MBLAS/MLAPACK) [

http://mplapack.sourceforge.net/
e SDPA BLAS/LAPACKO O OO

e SDPA-GMPOODOCDODODODOOODOODO
000 (SDPA-GMPs; 00000 ODO)

o JUDOUOLUOLUUOULDLOLOLUOLUON
goooobboggn

e SDPA-GMPLUIUIDDOOODOOODO
o OO LULDLODLUOOOLLLUubOOOO

o OO UOLLDLDLUOOLOLLLbLUOOO
gooooood

e QD,DDIUDUODDOO; 0D SDPA-QD, DD O
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MPACK (MBLAS/MLAPACK)U O 0O OO

o OO ODLDLODLOOOOO
goooobboooood
FORTRANO O C++0 000
goooobodoooobboogad

O00O0OdoubleD 0D DODO0OODODOODODOOO
goouobooooon

o JUDOUOLUOLULUOLDLOLODLUOLUONO
ERERN

o JJUIIODODODOMO GNU Lesser General Public
LicenseJ O O O
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BLASO O ?

@ The BLAS (Basic Linear Algebra Subprograms)
are routines that provide standard building blocks
for performing basic vector and matrix operations.

@ The Level 1 BLAS perform scalar, vector and
vector-vector operations, the Level 2 BLAS p
erform matrix-vector operations, and the Level 3
BLAS perform matrix-matrix operations. [1]

o Levell:‘x-x,'x.y,etc.
@ Level2: Ax = b,"Ax = b, etc.
@ Level 3: aAB + BC etc.

http://www.netlib.org/blas/faq.html [1]
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MBLASO 00O

SDPA-GMP 7.1.2 0 sdpa_linear.cpp U U

if (scalar==NULL) {
scalar = &MONE;
// scalar is local variable

}

// The Point is the first argument is "Transpose".

Rgemm("Transpose", "NoTranspose",retMat.nRow,retMat.nCol,aMat.nCol,
*scalar,aMat.de_ele,aMat.nCol,bMat.de_ele,bMat.nRow,
0.0, retMat.de_ele,retMat.nRow) ;

break;

case DenseMatrix::COMPLETION:
rError("no support for COMPLETION");
break;

3

return _SUCCESS;
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MBLASO OO OO

e NetibOUDDDOODDDOOODDODO(M@MDOO
http://netlib.org/blas/drotg.f)

e JDDOOUDDO;ODDbOOGOTODOODO
gooobod

o UIUUULDLOLOOUOOLULO

e 200/ UUUUUogng

e FORTRAN77U DD UOUOUODDOOOODODOO
°

goouobodoooobbogooooon
god

000000000 0;MLAPACKO OO O |
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LAPACKO O ?

@ LAPACK provides routines for solving systems of
simultaneous linear equations, least-squ ares solutions of
linear systems of equations, eigenvalue problems, and
singular value problem s. The associated matrix
factorizations (LU, Cholesky, QR, SVD, Schur, generalized
Schur) are also provided, as are related computations such
as reordering of the Schur factorizations and estimating
condition numbers. Dense and banded matrices are
handled, but not general sparse ma trices. In all areas,
similar functionality is provided for real and complex
matrices, in both single and double precision.

(http://www.netlib.org/lapack/faqg.html O [J )
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MLAPACKO OO OO

LAPACK 3.000DODOO0O0OO

e NetibO D DD DODODDOOOOOUOOOO
dsyev.fO O
e f2cUUD FORTRAND O COOUODDOOODO
Oooooooocoodn
esed DO OODO
e 00O BLASO OO : dsyev — Rsyev [ U
e JIDOOODDOO..
e I00DDDO 20-3000 0 O/day

e UOUOOOO OODODO 10000 /day
e emacsOOODONO

[DoooDoDoDooO0O0O0000)
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MLAPACKO OO OO

e DD UUDDUUULDDUUUIEEE7540 0O
OOOOMLAPACKOOODODDODOO

o LAPACK3210UOUODOUOUIEEE7TS4 D00 DO O
O00OLAPACK3.0DDODOOOO
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MLAPACKO OO OO

gooooo.0.9

e 355000000000;3700000@0O00O0
ooooo)

SDPA-GMP7.1.210 MLAPACK/MBLAS 0 O O O
Rsyev.cpp, Rsterf.cpp: U O O ok

Rtrtri.cpp: U U U ok

Rpotrf.cop: D0 00O OO0 ok
LAPACKOOODOOO ilaenvO OO OO0
O00 FORTRANOOODOOODODDOOOO

NAKATA, Maho (O O :ACCC) OO00000000000000000000 2009/7/22SCOPE 00OOOO 47149



|
ogoooogdg/aod

e SDPA-GMP [ 00 O 100~10000 O
o JUOUOLOUOLODLOOOOONO

@ QD (C++/Fortran-90 double-double and
quad-double package) D D OO0 OO0 O 0O0OOO
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o UUUIUULLUDLUUOOLULLLbLUOOU
O0000-SDPA-GMPOODOOOODOOOO
goouooboooogoon

e SDPA-GMPLUOUIDDOODODOOODO
BLAS/LAPACKO O O O
MPACK(MLAPACK/MBLAS) D O OO0 O OOQOdO
goog

e GMPLUIDOUODOQDUIDLOODLDODODOO
SDPA-QD.DDO DD OOMPACKO DD OODDOO

[http ://mplapack.sourceforge .net/j
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