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The general theory of quantum
mechanics is now almost com-
plete. --. the whole of chemistry
are thus completely known, and
the difficultly is only that the exact
application of these laws leads to
equations much too complected
to be soluble.

[Dirac 1929] “Quantum Mechanics of Many-Electron Systems.”
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e ‘00 2-RDM O N-rep.d ?”0 QMA-complete
00O 0O NP-hard [Deza 1997][Liu et al. 2007]

e O OOO

P, Q-0 0 [Coleman 1963]

G-0 0 [Garrod et al. 1964]

T1, T2-00 [Zhao et al. 2004], [Erdahl 1978]
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[Garrod et al 1975, 1976] [Nakata et al. 2001,

2002], [Zhao et al. 2004] [Mazziotti 2004]
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000000 (+[Zhao et al 2004] [Nakata et al. 2002])
N-rep. Do0o0o0oood (%) oodd
POG 100 ~ 120% yes

POGTI1T2 100 ~ 101% yes
CCSD(T) 100 ~ 101% no
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J. Chem. Phys 128, 164113 (2008),
“Variational calculation of second-order reduced density
matrices by strong N-representability conditions and an

accurate semidefinite programming solver”
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[Nakata, Braams, Fujisawa, Fukuda, Percus, Yamashita, and Zhao, J. Chem. Phys. 2008]

System State N r | AEgrir2 | AEgriry | AEccspay A Enr Erci
C 3p 6 20 || —0.0004 | —0.0001 +0.00016 +0.05202 -37.73653
(@] 1p 8 20 || —0.0013 | —0.0012 +0.00279 +0.10878 —74.78733

Ne 1S 1020 || —0.0002 | —0.0001 | —0.00005 +0.11645 —128.63881
O;' M, 1520 || —0.0022 | —0.0020 | +0.00325 +0.17074 —148.79339
BH Iy+ 624 || —0.0001 | —0.0001 | +0.00030 +0.07398 -25.18766
CH -, 724 | -0.0008 | —0.0003 | +0.00031 +0.07895 -38.33735
NH IA 8 24 || —0.0005 | —0.0004 | +0.00437 +0.11495 —54.96440
HF I¥+ 14 24 || -0.0003 | —0.0003 | +0.00032 +0.13834 —100.16031
SiHy '4; 18 26 || —0.0002 | —-0.0002 | +0.00018 +0.07311 —290.28490
F- 1§ 10 26 || —0.0003 | —0.0003 | +0.00067 +0.15427 —99.59712
P 4§ 1526 || —0.0001 | —0.0000 | +0.00003 +0.01908 —340.70802
H,O !A; 1028 || —0.0004 | —0.0004 | +0.00055 +0.14645 -76.15576

GT1T2 : 00ooooooo (RQ,G,T1,T200)

GT1T? : 0O0ooOoooooo (Re,G,TL,T2 00)

CCSD(T) : Coupled cluster singles and doubles with perturbational treatment of triples
HF : Hartree-Fock

FCI : FullCl
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http://sdpa.indsys.chuo-u.ac.jp/

The ground state energies of 1D Hubbard model
0000,000:4,000:4,0000

Uit SDPA (double) SDPA-GMP (PQG) fullCl
10000.0 0 —1.1999998800000251 x 10~3 —1.199999880 x 10~
1000.0 -1.2x 1072 —1.1999880002507934 x 1072 —1.1999880002 x 102
100.0  —1.1991 x 10! —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
0000,000:6,000:6,0000
Uit SDPA (double) SDPA-GMP (PQGT1T2) fullCl
10000.0 0 —1.7249951195749525 x 103 —1.721110121 x 10~3
1000.0 -1x 1072 —1.7255360310431304 x 1072 —1.7211034713 x 10~2
100.0 —1.730 x 10! —1.7302157140594339 x 10!  —1.72043338097 x 10!
10.0 -1.6954 —1.6953843276854447 -1.664362733287

1.0 -6.6012 —6.6012042217806286 —6.601158293375
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SiH4, 'A,, STO-6G PQGT1T2 26 5.1 days 16
H,0, 'A,, double-¢ POG 28 2.2 hours 8
H,0, 'A,, double-{ PQGT1T2 28 20 days 8
H,O0, 'A,, double-{ PQGTIT2 28 24 days 8
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