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Spin Independent Hamiltonian, CSFs

fundamental property in QM

[Ĥ, Ô] = 0

⇒
implies common eigensystems
blocking of representations
governs term symbols, e.g., 3Σ−g

in the spin independent picture it is

[Ĥ, Ŝz] = 0 → easy

[Ĥ, Ŝ2] = 0 → not so easy

eigenequations for spin

Ŝz|Ψ〉 = Sz|Ψ〉
Ŝ2|Ψ〉 = S(S + 1)|Ψ〉

ain the following we use Sz = M
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Symmetric Group Approach (SGA)a (1)
Ansatz

idea:

ΦSGA
n = |λ, S,M, k〉,= Â

N∏

j=1

φMO
n(j)(~rj) ·ΘS,M

k (ω1, . . . , ωn) (1)

with spin eigenfunctions ΘS,M
k , k degeneracy index

degree of degeneracy with ν open shells

fSGA
S,ν =

(
ν

1
2ν − S

)
−
(

ν
1
2ν − S − 1

)
. (2)

expansion of spin eigenfunctions into primitive strings of α and β [?]:

ΘS,M
k =

∑

i

γi
∏

j

Ωij(ωj). (3)

aR. Pauncz, ”Spin Eingenfunctions, Construction an Use”, Plenum Press, New York, 1979
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Symmetric Group Approach (SGA) (2)
Matrix Elements

matrix elements between two CSFsa:

〈ΦSGA
n |Ĥ|ΦSGA

m 〉 =

1

N !

∑

P̂∈Sn

(−1)P

〈
n∏

j=1

φMO
n(j)(~rj)

∣∣∣∣∣ĤP̂
∣∣∣∣∣
N∏

j=1

φMO
m(j)(~rj)

〉

︸ ︷︷ ︸
spatial part

· 〈ΘS,M
l (ω1, . . . , ωN ) |P̂ |〈ΘS,M

k (ω1, . . . , ωN )〉︸ ︷︷ ︸
spin part
(U)kl

(4)

U : representation of P̂ in basis of spin eigenfunctions
to allows for generation of a whole block of matrix elements for one spatial interaction
(4) may be reformulated into interaction cases (→ lineup permutations), discrimination by
orbital interaction cases (similar to Slater-Condon rules)
direct calculation of representations possible using Young-Tableaus

aW. Duch und J. Karwowski, Comp. Phys. Rep. 2 (1985) 93, Int. J. Quantum Chem. 22 (1982) 783,
”Symmetric Group Approach to Configuration Interaction Methods”, North-Holland - Amsterdam, 1985
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Symmetric Group Approach (SGA) (3)
Relation to Determinants

linear combination of Slater determinants of same spatial part

ΦS,Mi =
∑

j

κS,Mij Â

n∏

k=1

φMO
ηi(k)(~rk) · Ωη̃ij(k)(ωk) (5)

a configuration with ν open shells at multiplicty of 2S + 1 corresponds to

fSlater
S,ν =

(
ν

1
2ν − S

)
(6)

Slater determinants.
⇒ great savings from CSFs, particularly for many open shells

achievement of spin adaption:
Slater determinants: first anti-symmetrize then linearly combineto spin eigenfunctions
Symmetric group approach: first linearly combine to spin eigenfunctions then
anti-symmetrize
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Spin Adaption and Spin Completeness

spin adaption

Ŝ2|Ψ〉 = S(S + 1)|Ψ〉

spin completeness (for one configuration)

V S,MN = ls
k

ΘS,M
k (ω1, . . . , ωN )

application of SGA to

CI theory is straight forward
CC theory is not possible (no way to define reasonable product, since spin degeneracy
increases with number of open shells)
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Relevance of Spin Symmetry (Spin Adaption)

governs total energy (also for non-spin dependent H) by anti-symmetry

spin contaminated WFs deliver energies from mixed multiplicities
→ error depends on distance of spin states

spin related properties expected to be sensitive

targeting states selectively (particularly in case of many open shells)

→ illustration
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Spin Projection Errors in SO-Based MRCI and MRCC

given an expansion into determinants |i〉
|Ψdet〉 =

∑

i

ci|i〉 assuming 〈Ψdet|Ψdet〉 = 1

introduce projector onto a CSF basis

P̂S,SzCSF =
∑

i′

|i′〉〈i′| with |i′〉 a CSF according to |i′〉 = ξηi′ Â|ηi′〉|S, Sz, νi′〉

η a configuration (spatial orbital occupation pattern),
Â the antisymmetrizer,
ξη a normalization constant
|S, Sz, ν〉 a spin eigenfunction with total spin S, z projection Sz
degeneracy index ν
ξη and the valid values for ν depend on the number of open shells and the total spin S

spin projection error

ε =

√
1− 〈P̂S,SzCSF Ψdet|P̂S,SzCSF Ψdet〉

→ is stronger than the evaluation of the Ŝ2 expectation value
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Spin Projection Errors in SO-Based MRCI and MRCC: Results on N2
a
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a
see text

a
A. Engels-Putzka, M. Hanrath, Mol. Phys., 107 143 (2009)
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Aproaches From Literature

• spin projected [1, 2]

• spin restricted [3, 4, 5, 6, 7, 8, 9, 10, 11, 12]

• UGA

– orthogonal [13, 14, 15, 16, 17, 18, 19, 20,
21]

– non-orthogonal [22, 23]

• normal ordered exponential

– without T̂ contractions [24, 25, 26, 27]

– with T̂ contractions (COSCC) [28, 29, 30,
31, 32, 33, 34]

→ no high spin state high substitution rank implemen-
tations reported
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Spin Orbital vs. Spin Free Formalism

Spin Orbital Spin Independent

Substitution
Operators

τ̂p1...pnq1...qn =

n∏
ν=1

N∑
µ=1

|χpν (~xµ)〉〈χqν (~xµ)|

=

n∏
ν=1

a†pνaqν

Êp̄1...p̄nq̄1...q̄n =
n∏
ν=1

N∑
µ=1

|φp̄ν (~rµ)〉〈φq̄ν (~rµ)|

=

n∏
ν=1

(a†p̄ν↑aq̄ν↑ + a†p̄ν↓aq̄ν↓)

Cluster
Operators

T̂ν =
∑

i<j<...

a<b<...︸ ︷︷ ︸
ν times

tab...ij... τ̂
ab...
ij... T̂ν =

∑
ī≤j̄≤...
ā , b̄ , ...︸ ︷︷ ︸
ν times

tāb̄...īj̄... Ê
āb̄...
īj̄...

Symmetries
τ̂ P̂ pq...
Q̂ rs...

= (−1)P (P̂ )(−1)P (Q̂)τ̂pq...rs...

tP̂ pq...
Q̂ rs...

= (−1)P (P̂ )(−1)P (Q̂)tpq...rs...

ÊP̂ āb̄...P̂ īj̄... = Êāb̄...īj̄...

tP̂ āb̄...P̂ īj̄... = tāb̄...īj̄...
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T̂ vs. Ê Operators: Pros and Cons

T̂

− [T̂ , Ŝ2] 6= 0

− non-minimal parametrization

+ [T̂ , T̂ ′] = 0 (for standard CC)

Ê

+ [Ê, Ŝ2] = 0

+ potentially minimal parametrization

− [Ê, Ê′] 6= 0

− spin completeness not automatically guaranteed

− possibly linearly dependent

− spectator orbitals

ν ητ̂ν ν! ησ̂ν
1 2 1 1
2 6 2 2
3 20 6 5
4 70 24 14
5 252 120 42
6 924 720 132
7 3432 5040 429
8 12870 40320 1430
9 48620 362880 4862

10 184756 3628800 16796

ν: substitution level

ητ̂ν ; # Sz conserving spin-orbital
substitutions

ν!: # spatial orbital permutations

ηÊν : # linearly independent
substitutions (for singlet, closed
shell reference)
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Previous Attempts

based on

SGA (initially, 1999): fail, no reasonable product at hand

commutators of Ê operators (2012): partial success, too expensive, not implemented

spin integration of spin orbital equations (2014): success, not implemented

permutation operators and Löwdin projectors (2020): success, implemented
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CC and Spin

Two major problems with CC and spin
Spin adaption
Eigenfunction spanning

Illustration

Θ1

Θ2

Ψspin = a1Θ1 + a2Θ2
Ψ = b1β1 + b2β2 + b3β3

β3

β2

β1

(Θ1,Θ2) plane

Not spin adapted

Spin eigenfunction space Determinantal space

Spin adapated, but not spanning
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Ê Spanning Spin space: Closed shell case

Closed shell case, single excitation:

Ê3←1|11̄22̄〉 = |31̄22̄〉+ |13̄22̄〉
= −|1̄22̄3〉+ |122̄3̄〉

2 open shells, singlet ⇒ 1 spin eigenfunctions, 1 independent Amplitude t3←1 ⇒ spin space
complete

Closed shell case, double excitation:

Ê43←21|11̄22̄〉 =

Ê4←2Ê3←1|11̄22̄〉 = Ê4←2[|31̄22̄〉+ |13̄22̄〉]
= |31̄42̄〉+ |13̄42̄〉+ |31̄24̄〉+ |13̄24̄〉
= −|1̄2̄34〉+ |12̄3̄4〉+ |1̄234̄〉 − |123̄4̄〉

Ê34←21|11̄22̄〉 =

Ê3←2Ê4←1|11̄22̄〉 = Ê3←2[|41̄22̄〉+ |14̄22̄〉]
= |41̄32̄〉+ |14̄32̄〉+ |41̄23̄〉+ |14̄23̄〉
= +|1̄2̄34〉 − |12̄34̄〉 − |1̄23̄4〉+ |123̄4̄〉

4 open shells, singlet ⇒ 2 spin eigenfunctions, 2 independent Amplitudes t43←21 and t34←21 ⇒
spin space complete
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Ê Spanning Spin space: Open shell case

Open shell case, single excitation:

Ê3←1|11̄2〉 = |31̄2〉+ |13̄2〉
= |1̄23〉 − |123̄〉

3 open shells, doublet ⇒ 2 spin eigenfunctions, 1 independent Amplitude t3←1 ⇒ spin
space incomplete
Furthermore: What about |12̄3〉? It is missing!!!

Open shell case, double excitation:

Ê43←21|11̄22̄5〉 =

Ê4←2Ê3←1|11̄22̄5〉 =

...
5 open shells, doublet
⇒ 5 spin eigenfunctions, 2 independent Amplitudes t43←21 and t34←21

⇒ spin space incomplete
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Spin Degeneracy vs. Spatial Orbital Permutations
Open Shells Created From Substitutions

Reference Substitution rank
ν = 1 ν = 2 ν = 3

S = 0 f a(2, 0) = 1 f(4, 0) = 2 f(6, 0) = 5

S = 1
2 f(3, 1

2 ) = 2 f(5, 1
2 ) = 5 f(7, 1

2 ) = 14

S = 1 f(4, 1) = 3 f(6, 1) = 9 f(8, 1) = 28

f(o, S) =

(
o

o
2 − S

)
−
(

o
o
2 − S − 1

)
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Löwdin’s Projector Operator Method and Particle Permutations

Löwdin projection operator methoda

ΘS,Sz (ω1, . . . , ωN ) =
∏

K 6=S

Ŝ2 −K(K + 1)

S(S + 1)−K(K + 1)
︸ ︷︷ ︸

ÔS

ΘSz (ω1, . . . , ωN )

it is

[ÔS , P̂ ] = 0

complete (non-orthogonal) set of spin eigenfunctions {ΘS,Sz
k }, k ∈ [1 . . . f(o, S)] may be

generated from

ΘS,Sz
k = P̂0→kΘS,Sz

0

aP.-O. Löwdin Phys. Rev. 97, 1509, (1955), Rev. Mod. Phys. 36, 966, (1964)
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Finding Suitable Spatial Permutations on Ê ...
... (1)

recall the SGA approach

|ΨΦ,0〉 = A
[
Φ(~r1, . . . , ~rN ) ·ΘS,Sz

0 (ω1, . . . , ωN )
]

apply spatial substitution

|ΨΦ′,0〉 = A
[(
Êq1...qνp1...pνΦ(~r1, . . . , ~rN )

)
·ΘS,Sz

0 (ω1, . . . , ωN )
]

introduce spin permutations and propagate to spatial permutations

|ΨΦ′,k〉 = A
[(
Êq1...qνp1...pνΦ

)
· P̂Θ

0→kΘS,Sz
0

]

= AP̂0→kP̂k→0

[(
Êq1...qνp1...pνΦ

)
· P̂Θ

0→kΘS,Sz
0

]

= AP̂0→k
[(
P̂Φ
k→0Ê

q1...qν
p1...pνΦ

)
· P̂Θ

k→0P̂
Θ
0→kΘS,Sz

0

]

= (−1)p(P̂0→k)A
[(
P̂Φ
k→0Ê

q1...qν
p1...pνΦ

)
·ΘS,Sz

0

]
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Finding Suitable Spatial Permutations on Ê ...
... (2)

further steps

back mapping of spin permutations to spatial permutations

→ not bijective due to doubly occupied spatial orbitals

introduce prototypes, e.g., Êabcciijk or Êabccviijkv to cover full spin space

⇒ non-orthogonal but simple setup of complete spin space in terms of Ê......
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Diagrammatic vs. Algebraic Equivalence: Spin Orbital Picture
The Battle For Storing No Irrelevant But Also Sufficient Information In Diagrams

symmetry
τ̂ P̂ pq...
Q̂ rs...

= (−1)P (P̂ )(−1)P (Q̂)τ̂pq...rs...

it is
vijabt

ab
ij −vijabtabji = vijabt

ab
ij −vijabtbaij = vijabt

ab
ij vijabt

ba
ji = vijabt

ab
ij

{p†q†sr a†b†ji}

OO

��

{p†q†sr a†b†ji}

OO

��

{p†q†sr a†b†ji}

OO

��

{p†q†sr a†b†ji}

OO

��

�� �� �� ��

h=2 l=2

��

h=2 l=1

��

h=2 l=1

��

h=2 l=2

��
(−1)(h+l)︸ ︷︷ ︸

1

vijabt
ab
ij (−1)(h+l)︸ ︷︷ ︸

−1

vijabt
ab
ji = vijabt

ab
ij (−1)(h+l)︸ ︷︷ ︸

−1

vijabt
ba
ij = vijabt

ab
ij (−1)(h+l)︸ ︷︷ ︸

1

vijabt
ba
ji = vijabt

ab
ij
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Diagrammatic vs. Algebraic Equivalence Hugenholtz: Spin Orbital Picture

→ ←
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Diagrammatic vs. Algebraic Equivalence: Spin Free Picture
The Battle For Storing No Irrelevant But Also Sufficient Information In Diagrams

symmetry

ÊP̂ ab...
P̂ ij...

= Êab...ij...

introduce anonymous cluster line

→

it is, e.g.,

j b ia i a b j

v v≡ 6≡ j
a b i i

ab j
v v

≡
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Diagrammatic vs. Algebraic Equivalence: Spin Free Picture
The Battle For Storing No Irrelevant But Also Sufficient Information In Diagrams

however: too much information lost, fix by enumerating lines on anonymous cluster linea

∑

i<j,a<b

〈Ψ0|V̂N tabij Êabij Ψ0〉 → 1 1 2 2 + 1 1 2 2 =
∑

i<j,a<b

(
4oijab − 2oijba

)
tabij

∑

i<j,a<b

〈Ψ0|V̂N tabji Êabji Ψ0〉 → 2 1 1 2 + 2 1 2 1 =
∑

i<j,a<b

(
−2oijab + 4oijba

)
tabji

→ restores missing information

note: indices are local to anonymous cluster line

aoijab: spatial integrals (not anti-symmetric)
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Implementation Stages

1 operator representation in FCI basis (”foolproof”, hopefully), just matrix-matrix
multiplications

→ ”determinant approach”

2 tensor contractions, not correctly scaling

→ ”algebraic/diagrammatic approach”

3 tensor contractions, correctly scaling, term at a time

4 currently missing (for spin free implementation): global optimization
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Results

Molecule S = Sz
Ecorr (SASC CC)a Ecorr (spin orbital CC) b

SD % FCI SD % FCI

OH

1/2 −0.169 503 9 98.80% −0.169 317 6 98.70%
3/2 −0.137 953 2 99.07% −0.137 626 0 98.83%
5/2 −0.102 096 6 99.14% −0.101 896 8 98.95%
7/2 −0.026 192 9 99.65% −0.026 191 8 99.64%
9/2 −0.018 330 0 99.85% −0.018 330 0 99.85%

BH2

1/2 −0.088 862 6 98.40% −0.088 739 8 98.26%
3/2 −0.089 152 4 98.11% −0.088 266 3 97.13%
5/2 −0.029 326 7 99.06% −0.029 325 2 99.05%
7/2 −0.021 532 5 99.15% −0.021 532 5 99.15%

CH2

0 −0.138 223 7 96.34% −0.138 223 7 96.34%
1 −0.120 937 9 98.44% −0.120 576 8 98.14%
2 −0.114 401 0 97.40% −0.113 109 0 96.30%
3 −0.036 432 9 99.24% −0.036 430 9 99.24%

aN. Herrmann and M. Hanrath J. Chem. Phys. 156, 504111 (2022)
bQ. Sun, J. Comput. Chem. 30, 1664 (2015), Q. Sun, T. C. Berkelbach et. al. WIREs Comput. Mol. Sci. 8,

e1340, (2018)
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Number of Diagrams

Comparison: number of generated diagrams spin orbital vs SASC CC

CC method
BCH truncation ∑

0 1 2 3 4

Spin orbital
S 1 4 4 1 – 10

SD 2 15 22 8 1 48

SASC
S 7 92 401 735 432 1 667

SD 42 12 913 628 378 2 660 888 2 866 668 6 168 889
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Current Limitations

creation of redundant terms by Wick contractions

→ filtered out by diagrammatic analysis

annihilator and creator index coupling

→ more difficult non-redundant tensor addressing

factorization: term at a time, global optimization currently missing (in spin free
implementation)

code generated: code blow

large executables (filesize >2 GByte, linkage trouble)

→ e.g. CCSD, S = Sz = 4, BCH truncation after 4-fold commutator: 16,037,596 LOC

compilation time

nevertheless: general and correct scaling
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Implementation Pipeline

unsigned  long  long   f2(Data const & d)
{
unsigned  long  long   l = 0;

for ( int  HoleLoop1_irrep_1=0 ; HoleLoop1_irrep_1<=3 ; ++HoleLoop1_irrep_1 )
{
int  HoleLoop1_totalIrrep_1 = HoleLoop1_irrep_1;
  for ( int  HoleLoop1_irrep_2=0 ; HoleLoop1_irrep_2<=HoleLoop1_irrep_1 ; ++HoleLoop1_irrep_2 )
  {
  int  HoleLoop1_totalIrrep_2 = d.irrepTab[HoleLoop1_totalIrrep_1][HoleLoop1_irrep_2];
  bool  HoleLoop1_irrepLess_2 = HoleLoop1_irrep_1>HoleLoop1_irrep_2;
    // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
    for ( int  HoleLoop1_spin_1=0 ; HoleLoop1_spin_1<=1 ; ++HoleLoop1_spin_1 )
    {
    int  HoleLoop1_totalSpin_1 = 1 * (HoleLoop1_spin_1*2−1);
    int  HoleLoop1_idxOffset_1 = d.offset[0][HoleLoop1_irrep_1][HoleLoop1_spin_1];
      for ( int  HoleLoop1_spin_2=0 ; HoleLoop1_spin_2<=(HoleLoop1_irrepLess_2 ?  1 : HoleLoop1_spin_1) ; ++HoleLoop1_spin_2 )
      {
      int  HoleLoop1_totalSpin_2 = HoleLoop1_totalSpin_1 + 1 * (HoleLoop1_spin_2*2−1);
      bool  HoleLoop1_spinLess_2 = HoleLoop1_irrepLess_2 || HoleLoop1_spin_1>HoleLoop1_spin_2;
      int  HoleLoop1_idxOffset_2 = d.offset[0][HoleLoop1_irrep_2][HoleLoop1_spin_2];
        // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
      int  HoleLoop1_idx[2];
      int  HoleLoop1_NEnd_1 = d.nOrbs[0][HoleLoop1_irrep_1][HoleLoop1_spin_1] + HoleLoop1_idxOffset_1;
        for ( HoleLoop1_idx[0] = HoleLoop1_idxOffset_1 ; HoleLoop1_idx[0]<HoleLoop1_NEnd_1 ; ++HoleLoop1_idx[0] )
        {
        int  HoleLoop1_NEnd_2 = (HoleLoop1_spinLess_2 ? d.nOrbs[0][HoleLoop1_irrep_2][HoleLoop1_spin_2] + HoleLoop1_idxOffset_2 : HoleLoop1_idx[0]);
          for ( HoleLoop1_idx[1] = HoleLoop1_idxOffset_2 ; HoleLoop1_idx[1]<HoleLoop1_NEnd_2 ; ++HoleLoop1_idx[1] )
          {
          int  HoleLoop1_h1_tableOffset = 0;
          void  const * HoleLoop1_h1_tableP = 0;
          {
          int  HoleLoop1_h1_tableIdx = HoleTree::idxHole(HoleLoop1_idx, d.p, Int2Type<2>());
            HoleLoop1_h1_tableOffset = d.vHTE[HoleLoop1_h1_tableIdx].offset;
            HoleLoop1_h1_tableP = d.vHTE[HoleLoop1_h1_tableIdx].p;
            }
            // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

            for ( int  ParticleLoop1_irrep_1=0 ; ParticleLoop1_irrep_1<=3 ; ++ParticleLoop1_irrep_1 )
            {
            int  ParticleLoop1_totalIrrep_1 = ParticleLoop1_irrep_1;
              for ( int  ParticleLoop1_irrep_2=0 ; ParticleLoop1_irrep_2<=ParticleLoop1_irrep_1 ; ++ParticleLoop1_irrep_2 )
              {
              int  ParticleLoop1_totalIrrep_2 = d.irrepTab[ParticleLoop1_totalIrrep_1][ParticleLoop1_irrep_2];
              bool  ParticleLoop1_irrepLess_2 = ParticleLoop1_irrep_1>ParticleLoop1_irrep_2;
                if ( d.irrepTab[HoleLoop1_totalIrrep_2][ParticleLoop1_totalIrrep_2]!=0 ) continue;
                // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                for ( int  ParticleLoop1_spin_1=0 ; ParticleLoop1_spin_1<=1 ; ++ParticleLoop1_spin_1 )
                {
                int  ParticleLoop1_totalSpin_1 = −1 * (ParticleLoop1_spin_1*2−1);
                int  ParticleLoop1_idxOffset_1 = d.offset[1][ParticleLoop1_irrep_1][ParticleLoop1_spin_1];
                  for ( int  ParticleLoop1_spin_2=0 ; ParticleLoop1_spin_2<=(ParticleLoop1_irrepLess_2 ?  1 : ParticleLoop1_spin_1) ; ++ParticleLoop1_spin_2 )
                  {
                  int  ParticleLoop1_totalSpin_2 = ParticleLoop1_totalSpin_1 + −1 * (ParticleLoop1_spin_2*2−1);
                  bool  ParticleLoop1_spinLess_2 = ParticleLoop1_irrepLess_2 || ParticleLoop1_spin_1>ParticleLoop1_spin_2;
                  int  ParticleLoop1_idxOffset_2 = d.offset[1][ParticleLoop1_irrep_2][ParticleLoop1_spin_2];
                    if ( HoleLoop1_totalSpin_2 + ParticleLoop1_totalSpin_2!=0 ) continue;
                    // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                  int  ParticleLoop1_idx[2];
                  int  ParticleLoop1_NEnd_1 = d.nOrbs[1][ParticleLoop1_irrep_1][ParticleLoop1_spin_1] + ParticleLoop1_idxOffset_1;
                    for ( ParticleLoop1_idx[0] = ParticleLoop1_idxOffset_1 ; ParticleLoop1_idx[0]<ParticleLoop1_NEnd_1 ; ++ParticleLoop1_idx[0] )
                    {
                    int  ParticleLoop1_NEnd_2 = (ParticleLoop1_spinLess_2 ? d.nOrbs[1][ParticleLoop1_irrep_2][ParticleLoop1_spin_2] + ParticleLoop1_idxOffset_2 : ParticleLoop1_idx[0]);
                      for ( ParticleLoop1_idx[1] = ParticleLoop1_idxOffset_2 ; ParticleLoop1_idx[1]<ParticleLoop1_NEnd_2 ; ++ParticleLoop1_idx[1] )
                      {
                      int  ParticleLoop1_p1_tableOffset = 0;
                      void  const * ParticleLoop1_p1_tableP = 0;
                      {
                      int  ParticleLoop1_p1_tableIdx = HoleTree::idxHole(ParticleLoop1_idx, HoleLoop1_h1_tableP, Int2Type<2>());
                        ParticleLoop1_p1_tableOffset = d.vHTE[ParticleLoop1_p1_tableIdx].offset;
                        ParticleLoop1_p1_tableP = d.vHTE[ParticleLoop1_p1_tableIdx].p;
                        }
                        // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

                        for ( int  HoleLoop2_irrep_1=0 ; HoleLoop2_irrep_1<=3 ; ++HoleLoop2_irrep_1 )
                        {
                        int  HoleLoop2_totalIrrep_1 = HoleLoop2_irrep_1;
                          for ( int  HoleLoop2_irrep_2=0 ; HoleLoop2_irrep_2<=HoleLoop2_irrep_1 ; ++HoleLoop2_irrep_2 )
                          {
                          int  HoleLoop2_totalIrrep_2 = d.irrepTab[HoleLoop2_totalIrrep_1][HoleLoop2_irrep_2];
                          bool  HoleLoop2_irrepLess_2 = HoleLoop2_irrep_1>HoleLoop2_irrep_2;
                            // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                            for ( int  HoleLoop2_spin_1=0 ; HoleLoop2_spin_1<=1 ; ++HoleLoop2_spin_1 )
                            {
                            int  HoleLoop2_totalSpin_1 = 1 * (HoleLoop2_spin_1*2−1);
                            int  HoleLoop2_idxOffset_1 = d.offset[0][HoleLoop2_irrep_1][HoleLoop2_spin_1];
                              for ( int  HoleLoop2_spin_2=0 ; HoleLoop2_spin_2<=(HoleLoop2_irrepLess_2 ?  1 : HoleLoop2_spin_1) ; ++HoleLoop2_spin_2 )
                              {
                              int  HoleLoop2_totalSpin_2 = HoleLoop2_totalSpin_1 + 1 * (HoleLoop2_spin_2*2−1);
                              bool  HoleLoop2_spinLess_2 = HoleLoop2_irrepLess_2 || HoleLoop2_spin_1>HoleLoop2_spin_2;
                              int  HoleLoop2_idxOffset_2 = d.offset[0][HoleLoop2_irrep_2][HoleLoop2_spin_2];
                                // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                              int  HoleLoop2_idx[2];
                              int  HoleLoop2_NEnd_1 = d.nOrbs[0][HoleLoop2_irrep_1][HoleLoop2_spin_1] + HoleLoop2_idxOffset_1;
                                for ( HoleLoop2_idx[0] = HoleLoop2_idxOffset_1 ; HoleLoop2_idx[0]<HoleLoop2_NEnd_1 ; ++HoleLoop2_idx[0] )
                                {
                                int  HoleLoop2_NEnd_2 = (HoleLoop2_spinLess_2 ? d.nOrbs[0][HoleLoop2_irrep_2][HoleLoop2_spin_2] + HoleLoop2_idxOffset_2 : HoleLoop2_idx[0]);
                                  for ( HoleLoop2_idx[1] = HoleLoop2_idxOffset_2 ; HoleLoop2_idx[1]<HoleLoop2_NEnd_2 ; ++HoleLoop2_idx[1] )
                                  {
                                  int  HoleLoop2_h2_tableOffset = 0;
                                  void  const * HoleLoop2_h2_tableP = 0;
                                  {
                                  int  HoleLoop2_h2_tableIdx = HoleTree::idxHole(HoleLoop2_idx, ParticleLoop1_p1_tableP, Int2Type<2>());
                                    HoleLoop2_h2_tableOffset = d.vHTE[HoleLoop2_h2_tableIdx].offset;
                                    HoleLoop2_h2_tableP = d.vHTE[HoleLoop2_h2_tableIdx].p;
                                    }
                                    // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

                                    for ( int  ParticleLoop2_irrep_1=0 ; ParticleLoop2_irrep_1<=3 ; ++ParticleLoop2_irrep_1 )
                                    {
                                    int  ParticleLoop2_totalIrrep_1 = ParticleLoop2_irrep_1;
                                      for ( int  ParticleLoop2_irrep_2=0 ; ParticleLoop2_irrep_2<=ParticleLoop2_irrep_1 ; ++ParticleLoop2_irrep_2 )
                                      {
                                      int  ParticleLoop2_totalIrrep_2 = d.irrepTab[ParticleLoop2_totalIrrep_1][ParticleLoop2_irrep_2];
                                      bool  ParticleLoop2_irrepLess_2 = ParticleLoop2_irrep_1>ParticleLoop2_irrep_2;
                                        if ( d.irrepTab[HoleLoop2_totalIrrep_2][ParticleLoop2_totalIrrep_2]!=0 ) continue;
                                        // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                        for ( int  ParticleLoop2_spin_1=0 ; ParticleLoop2_spin_1<=1 ; ++ParticleLoop2_spin_1 )
                                        {
                                        int  ParticleLoop2_totalSpin_1 = −1 * (ParticleLoop2_spin_1*2−1);
                                        int  ParticleLoop2_idxOffset_1 = d.offset[1][ParticleLoop2_irrep_1][ParticleLoop2_spin_1];
                                          for ( int  ParticleLoop2_spin_2=0 ; ParticleLoop2_spin_2<=(ParticleLoop2_irrepLess_2 ?  1 : ParticleLoop2_spin_1) ; ++ParticleLoop2_spin_2 )
                                          {
                                          int  ParticleLoop2_totalSpin_2 = ParticleLoop2_totalSpin_1 + −1 * (ParticleLoop2_spin_2*2−1);
                                          bool  ParticleLoop2_spinLess_2 = ParticleLoop2_irrepLess_2 || ParticleLoop2_spin_1>ParticleLoop2_spin_2;
                                          int  ParticleLoop2_idxOffset_2 = d.offset[1][ParticleLoop2_irrep_2][ParticleLoop2_spin_2];
                                            if ( HoleLoop2_totalSpin_2 + ParticleLoop2_totalSpin_2!=0 ) continue;
                                            // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                          int  ParticleLoop2_idx[2];
                                          int  ParticleLoop2_NEnd_1 = d.nOrbs[1][ParticleLoop2_irrep_1][ParticleLoop2_spin_1] + ParticleLoop2_idxOffset_1;
                                            for ( ParticleLoop2_idx[0] = ParticleLoop2_idxOffset_1 ; ParticleLoop2_idx[0]<ParticleLoop2_NEnd_1 ; ++ParticleLoop2_idx[0] )
                                            {
                                            int  ParticleLoop2_NEnd_2 = (ParticleLoop2_spinLess_2 ? d.nOrbs[1][ParticleLoop2_irrep_2][ParticleLoop2_spin_2] + ParticleLoop2_idxOffset_2 : ParticleLoop2_idx[0]);
                                              for ( ParticleLoop2_idx[1] = ParticleLoop2_idxOffset_2 ; ParticleLoop2_idx[1]<ParticleLoop2_NEnd_2 ; ++ParticleLoop2_idx[1] )
                                              {
                                              int  ParticleLoop2_p2_tableIdx = ParticleTree::idxParticle(ParticleLoop2_idx, HoleLoop2_h2_tableP, Int2Type<2>());
                                                cout << HoleLoop2_h2_tableOffset << "   " << ParticleLoop2_p2_tableIdx << endl;
                                                // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                                ++l;
                                                // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                              }
                                            }
                                            // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                          }
                                        }
                                        // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                      }
                                    }
                                    // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                                  }
                                }
                                // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                              }
                            }
                            // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                          }
                        }
                        // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                      }
                    }
                    // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
                  }
                }

[Â†
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n=∞
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2 · exp

n=∞
({−1/1T̂1 + −1/1T̂2 + −1/1T̂3 + −1/1T̂4}) · ({1/1V̂N +

1/1F̂N}) · exp
n=∞

({1/1T̂1 + 1/1T̂2 + 1/1T̂3 + 1/1T̂4})]
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〈ij||ab〉taI tbJ tAB
ij + P̂−(I|J) ·

P̂−(B|A) ∑
ijab

〈ij||ab〉taI tBi tAb
Jj − ·P̂−(I|J)

∑
ijab

〈ij||ab〉taI tbi tAB
Jj − 1

4 · ·P̂−(B|A) ∑
ijab

〈ij||ab〉tBi tAj tabIJ +

·P̂−(B|A) ∑
ijab

〈ij||ab〉tBi taj tAb
IJ − 1

4 · P̂−(I|J) · P̂−(B|A) ∑
ijab

〈ij||ab〉taI tbJ tBi tAj )

3

[Â†
3 · exp

n=∞
({−1/1T̂1 + −1/1T̂2 + −1/1T̂3 + −1/1T̂4}) · ({1/1V̂N +

1/1F̂N}) · exp
n=∞

({1/1T̂1 + 1/1T̂2 + 1/1T̂3 + 1/1T̂4})]

total= (− · P̂−(I|JK) · P̂−(C|BA)〈JK||AB〉tCI + P̂−(IJ |K) · P̂−(CB|A)〈IJ ||BC〉tAK −
·P̂−(IJ |K) · P̂−(CB|A)〈K||A〉tBC

IJ + P̂−(I|JK) · P̂−(C|BA)〈I||C〉tAB
JK − ·P̂−(I|JK) ·

P̂−(CB|A)∑
a
〈Ia||BC〉tAa

JK − ·P̂−(IJ |K) · P̂−(C|BA)
∑
i

〈IJ ||iC〉tAB
Ki + ·P̂−(C|BA)

∑
a
〈a||C〉tABa

IJK +

1
2 · ·P̂−(CB|A)∑

ab

〈ab||BC〉tAab
IJK − ·P̂−(I|JK)

∑
i

〈I||i〉tABC
JKi − ·P̂−(I|JK) ·

P̂−(C|BA)
∑
ia

〈Ia||iC〉tABa
JKi + 1

2 · P̂−(IJ |K)
∑
ij

〈IJ ||ij〉tABC
Kij +

∑
ia

〈i||a〉tABCa
IJKi − 1

2 ·

·P̂−(C|BA)
∑
iab

〈iC||ab〉tABab
IJKi − 1

2 · P̂−(I|JK)
∑
ija

〈Ia||ij〉tABCa
JKij − 1

2 · P̂−(I|J |K) ·

P̂−(C|B|A)〈K||A〉tCI tBJ + P̂−(I|J |K) · P̂−(C|B|A)〈J ||B〉tCI tAK − ·P̂−(I|J |K) ·
P̂−(C|BA)

∑
a
〈Ja||AB〉tCI taK + P̂−(I|JK) · P̂−(C|B|A)∑

i

〈iB||JK〉tCI tAi − ·P̂−(I|J |K) ·

P̂−(CB|A)∑
a
〈Ia||BC〉tAJ taK − 1

2 · P̂−(I|J |K) · P̂−(C|B|A)〈I||C〉tBJ tAK + P̂−(IJ |K) ·

P̂−(C|B|A)∑
i

〈IJ ||iC〉tBK tAi + 1
2 · P̂−(I|JK) · P̂−(CB|A)∑

ab

〈ab||BC〉tAI tabJK − ·P̂−(I|JK) ·

P̂−(C|B|A)∑
a
〈a||C〉tBI tAa

JK − ·P̂−(I|JK) · P̂−(C|B|A)∑
a
〈a||B〉tCI tAa

JK − 1
2 · P̂−(I|JK) ·

P̂−(C|BA)
∑
ab

〈AB||ab〉tCI tabJK − ·P̂−(I|J |K) · P̂−(C|BA)
∑
i

〈i||J〉tCI tAB
Ki − ·P̂−(I|J |K) ·

P̂−(C|B|A)∑
ia

〈iB||Ja〉tCI tAa
Ki − 1

2 · P̂−(I|JK) · P̂−(C|BA)
∑
ij

〈ij||JK〉tCI tAB
ij + P̂−(I|JK) ·

P̂−(C|BA)
∑
a
〈a||C〉taI tAB

JK − ·P̂−(I|JK) · P̂−(CB|A)∑
ab

〈ab||BC〉taI tAb
JK + P̂−(I|J |K) ·

P̂−(C|B|A)∑
ia

〈Ia||iC〉tBJ tAa
Ki − ·P̂−(I|J |K) · P̂−(C|BA)

∑
i

〈I||i〉tCJ tAB
Ki − ·P̂−(I|J |K) ·

P̂−(C|BA)
∑
ia

〈Ia||iC〉taJ tAB
Ki + 1

2 · P̂−(IJ |K) · P̂−(C|BA)
∑
ij

〈IJ ||ij〉tCKtAB
ij − ·P̂−(IJ |K) ·

P̂−(CB|A)∑
a
〈A||a〉taK tBC

IJ + P̂−(IJ |K) · P̂−(CB|A)∑
i

〈i||K〉tAi tBC
IJ + P̂−(I|JK) ·

P̂−(C|B|A)∑
ia

〈Ia||iC〉tBi tAa
JK − ·P̂−(I|JK) · P̂−(C|BA)

∑
i

〈I||i〉tCi tAB
JK − ·P̂−(IJ |K) ·

P̂−(C|BA)
∑
ij

〈IJ ||ij〉tCi tAB
Kj + P̂−(IJ |K) · P̂−(CB|A)∑

ia

〈iA||Ka〉tai tBC
IJ − ·P̂−(I|JK) ·

P̂−(C|BA)
∑
ia

〈Ia||iC〉tai tAB
JK + 1

2 · P̂−(I|JK) · P̂−(C|B|A)∑
iab

〈iC||ab〉tBI tAab
JKi +

1
2 · P̂−(I|JK) ·

P̂−(C|B|A)∑
iab

〈iB||ab〉tCI tAab
JKi − 1

2 · P̂−(I|J |K) · P̂−(C|BA)
∑
ija

〈ij||Ja〉tCI tABa
Kij −

·P̂−(I|JK)
∑
ia

〈i||a〉taI tABC
JKi − ·P̂−(I|JK) · P̂−(C|BA)

∑
iab

〈iC||ab〉taI tABb
JKi − 1

2 · P̂−(I|J |K) ·

P̂−(C|BA)
∑
ija

〈Ia||ij〉tCJ tABa
Kij + 1

2 ·P̂−(I|J |K)
∑
ija

〈Ia||ij〉taJ tABC
Kij − 1

2 ··P̂−(C|B|A)∑
iab

〈iC||ab〉tBi tAab
IJK−

· · P̂−(C|BA)
∑
ia

〈i||a〉tCi tABa
IJK − ·P̂−(I|JK) · P̂−(C|BA)

∑
ija

〈Ia||ij〉tCi tABa
JKj +

·P̂−(C|BA)
∑
iab

〈iC||ab〉tai tABb
IJK + P̂−(I|JK)

∑
ija

〈Ia||ij〉tai tABC
JKj − 1

2 · P̂−(I|JK)
∑
ijab

〈ij||ab〉taI tABCb
JKij − 1

2 ·

4

·P̂−(C|BA)
∑
ijab

〈ij||ab〉tCi tABab
IJKj+

∑
ijab

〈ij||ab〉tai tABCb
IJKj − 1

2 ·P̂−(IJ |K) ·P̂−(C|BA)
∑
iab

〈iC||ab〉tAB
IJ tabKi+

1
2 · P̂−(IJ |K) · P̂−(CB|A)∑

iab

〈iA||ab〉tBC
IJ tabKi +

1
2 · P̂−(IJ |K) · P̂−(CB|A)∑

ija

〈ij||Ka〉tBC
IJ tAa

ij −

·P̂−(IJ |K) · P̂−(C|B|A)∑
iab

〈iC||ab〉tBa
IJ t

Ab
Ki + P̂−(IJ |K) · P̂−(C|BA)

∑
ia

〈i||a〉tCa
IJ t

AB
Ki − 1

2 ·

P̂−(IJ |K) · P̂−(C|BA)
∑
iab

〈iC||ab〉tabIJ tAB
Ki − 1

2 · P̂−(I|JK) · P̂−(CB|A)∑
ija

〈Ia||ij〉tBC
JK tAa

ij − 1
2 ·

P̂−(I|JK) · P̂−(C|BA)
∑
ija

〈Ia||ij〉tCa
JK tAB

ij + P̂−(I|J |K) · P̂−(CB|A)∑
ija

〈Ia||ij〉tBC
Ji tAa

Kj +
1
2 ·

P̂−(IJ |K) · P̂−(C|BA)
∑
ijab

〈ij||ab〉tCa
IJ t

ABb
Kij + 1

4 · P̂−(IJ |K)
∑
ijab

〈ij||ab〉tabIJ tABC
Kij + 1

2 · P̂−(I|JK) ·

P̂−(CB|A) ∑
ijab

〈ij||ab〉tBC
Ii tAab

JKj + P̂−(I|JK) · P̂−(C|BA)
∑
ijab

〈ij||ab〉tCa
Ii t

ABb
JKj +

1
2 ·

P̂−(I|JK)
∑
ijab

〈ij||ab〉tabIi tABC
JKj + 1

4 · ·P̂−(CB|A) ∑
ijab

〈ij||ab〉tBC
ij tAab

IJK + 1
2 ·

·P̂−(C|BA)
∑
ijab

〈ij||ab〉tCa
ij tABb

IJK + 1
2 · P̂−(I|J |K) · P̂−(CB|A)∑

ab

〈ab||BC〉tAI taJ tbK − 1
2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
a
〈a||C〉tBI tAJ taK − ·P̂−(I|J |K) · P̂−(C|B|A)∑

a
〈a||B〉tCI tAJ taK − 1

2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
a
〈A||a〉tCI tBJ taK + 1

2 · P̂−(I|J |K) · P̂−(C|B|A)∑
i

〈i||K〉tCI tBJ tAi + 1
2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
ia

〈iA||Ka〉tCI tBJ tai − 1
2 · P̂−(I|J |K) · P̂−(C|BA)

∑
ab

〈AB||ab〉tCI taJ tbK − ·P̂−(I|J |K) ·

P̂−(C|B|A)∑
ia

〈iB||Ja〉tCI tAKtai + P̂−(I|J |K) · P̂−(C|B|A)∑
i

〈i||J〉tCI tBKtAi + P̂−(I|J |K) ·

P̂−(C|B|A)∑
ia

〈iB||Ja〉tCI taKtAi + 1
2 · P̂−(I|JK) · P̂−(C|B|A)∑

ij

〈ij||JK〉tCI tBi tAj + 1
2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
ia

〈Ia||iC〉tBJ tAKtai − ·P̂−(I|J |K) · P̂−(C|B|A)∑
ia

〈Ia||iC〉tBJ taKtAi + 1
2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
i

〈I||i〉tCJ tBKtAi − 1
2 · P̂−(IJ |K) · P̂−(C|B|A)∑

ij

〈IJ ||ij〉tCK tBi t
A
j + 1

4 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
iab

〈iC||ab〉tBI tAJ tabKi − ·P̂−(I|J |K) · P̂−(C|B|A)∑
iab

〈iC||ab〉tBI taJ tAb
Ki +

1
2 · P̂−(I|JK) ·

P̂−(C|B|A)∑
iab

〈iC||ab〉tBI tAi tabJK − ·P̂−(I|JK) · P̂−(C|B|A)∑
iab

〈iC||ab〉tBI tai tAb
JK + 1

2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
iab

〈iB||ab〉tCI tAJ tabKi +
1
4 · P̂−(I|J |K) · P̂−(C|B|A)∑

iab

〈iA||ab〉tCI tBJ tabKi +
1
4 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
ija

〈ij||Ka〉tCI tBJ tAa
ij − ·P̂−(I|J |K) · P̂−(C|B|A)∑

iab

〈iB||ab〉tCI taJ tAb
Ki +

1
2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
ija

〈ij||Ja〉tCI tBKtAa
ij − 1

2 · P̂−(I|J |K) · P̂−(C|BA)
∑
ija

〈ij||Ja〉tCI taKtAB
ij + 1

2 · P̂−(I|JK) ·

P̂−(C|B|A)∑
iab

〈iB||ab〉tCI tAi tabJK − ·P̂−(I|J |K) · P̂−(C|B|A)∑
ija

〈ij||Ja〉tCI tBi tAa
Kj + P̂−(I|JK) ·

P̂−(C|BA)
∑
ia

〈i||a〉tCI tai tAB
JK − ·P̂−(I|JK) · P̂−(C|B|A)∑

iab

〈iB||ab〉tCI tai tAb
JK + P̂−(I|J |K) ·

P̂−(C|BA)
∑
ija

〈ij||Ja〉tCI tai tAB
Kj − 1

2 · P̂−(I|J |K) · P̂−(C|BA)
∑
iab

〈iC||ab〉taI tbJ tAB
Ki + P̂−(I|JK) ·

P̂−(C|B|A)∑
iab

〈iC||ab〉taI tBi tAb
JK − ·P̂−(I|JK) · P̂−(C|BA)

∑
ia

〈i||a〉taI tCi tAB
JK − ·P̂−(I|JK) ·

P̂−(C|BA)
∑
iab

〈iC||ab〉taI tbi tAB
JK + 1

4 · P̂−(I|J |K) · P̂−(C|B|A)∑
ija

〈Ia||ij〉tCJ tBKtAa
ij − 1

2 · P̂−(I|J |K) ·

P̂−(C|BA)
∑
ija

〈Ia||ij〉tCJ taKtAB
ij − ·P̂−(I|J |K) · P̂−(C|B|A)∑

ija

〈Ia||ij〉tCJ tBi tAa
Kj + P̂−(I|J |K) ·

P̂−(C|BA)
∑
ija

〈Ia||ij〉tCJ tai tAB
Kj − ·P̂−(I|J |K) · P̂−(C|BA)

∑
ija

〈Ia||ij〉taJ tCi tAB
Kj − ·P̂−(IJ |K) ·

P̂−(CB|A)∑
ia

〈i||a〉tAKtai t
BC
IJ + P̂−(IJ |K) · P̂−(CB|A)∑

ia

〈i||a〉taKtAi t
BC
IJ + P̂−(IJ |K) ·

P̂−(CB|A)∑
iab

〈iA||ab〉taKtbi t
BC
IJ + P̂−(IJ |K) · P̂−(CB|A)∑

ija

〈ij||Ka〉tAi taj tBC
IJ + 1

2 · P̂−(I|JK) ·
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P̂−(C|B|A)∑
ija

〈Ia||ij〉tCi tBj tAa
JK − ·P̂−(I|JK) · P̂−(C|BA)

∑
ija

〈Ia||ij〉tCi taj tAB
JK + 1

4 ·

P̂−(I|J |K)
∑
ijab

〈ij||ab〉taI tbJ tABC
Kij − ·P̂−(I|JK) · P̂−(C|BA)

∑
ijab

〈ij||ab〉taI tCi tABb
JKj +

P̂−(I|JK)
∑
ijab

〈ij||ab〉taI tbi tABC
JKj − 1

4 · ·P̂−(C|B|A) ∑
ijab

〈ij||ab〉tCi tBj tAab
IJK +

·P̂−(C|BA)
∑
ijab

〈ij||ab〉tCi taj tABb
IJK + 1

4 · P̂−(I|JK) · P̂−(C|BA)
∑
ijab

〈ij||ab〉tCI tAB
JK tabij − 1

2 · P̂−(I|JK) ·

P̂−(CB|A) ∑
ijab

〈ij||ab〉taI tBC
JK tAb

ij − 1
2 · P̂−(I|JK) · P̂−(C|BA)

∑
ijab

〈ij||ab〉taI tCb
JKtAB

ij + P̂−(I|J |K) ·

P̂−(CB|A) ∑
ijab

〈ij||ab〉taI tBC
Ji tAb

Kj − 1
4 · P̂−(IJ |K) · P̂−(CB|A) ∑

ijab

〈ij||ab〉tAKtBC
IJ tabij + 1

2 · P̂−(IJ |K) ·

P̂−(CB|A) ∑
ijab

〈ij||ab〉taKtBC
IJ tAb

ij + 1
2 · P̂−(IJ |K) · P̂−(CB|A) ∑

ijab

〈ij||ab〉tAi tBC
IJ tabKj − 1

2 · P̂−(IJ |K) ·

P̂−(C|BA)
∑
ijab

〈ij||ab〉tCi tAB
IJ tabKj − ·P̂−(IJ |K) · P̂−(C|B|A) ∑

ijab

〈ij||ab〉tCi tBa
IJ t

Ab
Kj − 1

2 · P̂−(IJ |K) ·

P̂−(C|BA)
∑
ijab

〈ij||ab〉tCi tabIJ tAB
Kj + P̂−(IJ |K) · P̂−(C|BA)

∑
ijab

〈ij||ab〉tai tCb
IJ t

AB
Kj + 1

2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
iab

〈iC||ab〉tBI tAJ taKtbi +
1
2 · P̂−(I|J |K) · P̂−(C|B|A)∑

iab

〈iC||ab〉tBI taJ tbKtAi + P̂−(I|J |K) ·

P̂−(C|B|A)∑
iab

〈iB||ab〉tCI tAJ taKtbi +
1
2 · P̂−(I|J |K) · P̂−(C|B|A)∑

iab

〈iA||ab〉tCI tBJ taKtbi +
1
2 · P̂−(I|J |K) ·

P̂−(C|B|A)∑
ija

〈ij||Ka〉tCI tBJ tAi taj + 1
2 · P̂−(I|J |K) · P̂−(C|B|A)∑

iab

〈iB||ab〉tCI taJ tbKtAi + P̂−(I|J |K) ·

P̂−(C|B|A)∑
ija

〈ij||Ja〉tCI tBKtAi t
a
j +

1
2 · P̂−(I|J |K) · P̂−(C|B|A)∑

ija

〈ij||Ja〉tCI taKtBi t
A
j + 1

2 ·

P̂−(I|J |K) · P̂−(C|B|A)∑
ija

〈Ia||ij〉tCJ tBKtAi t
a
j +

1
2 · P̂−(I|J |K) · P̂−(C|B|A)∑

ija

〈Ia||ij〉tCJ taKtBi t
A
j + 1

2 ·

P̂−(I|JK) · P̂−(C|BA)
∑
ijab

〈ij||ab〉tCI tai tbjtAB
JK − 1

2 · P̂−(I|J |K) · P̂−(C|BA)
∑
ijab

〈ij||ab〉taI tbJ tCi tAB
Kj +

1
2 · P̂−(I|JK) · P̂−(C|B|A) ∑

ijab

〈ij||ab〉taI tCi tBj tAb
JK − ·P̂−(I|JK) · P̂−(C|BA)

∑
ijab

〈ij||ab〉taI tCi tbjtAB
JK −

1
2 · P̂−(IJ |K) · P̂−(CB|A) ∑

ijab

〈ij||ab〉tAKtai t
b
jt

BC
IJ + P̂−(IJ |K) · P̂−(CB|A) ∑

ijab

〈ij||ab〉taKtAi t
b
jt

BC
IJ )
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[Â†
4 · exp

n=∞
({−1/1T̂1 + −1/1T̂2 + −1/1T̂3 + −1/1T̂4}) · ({1/1V̂N +

1/1F̂N}) · exp
n=∞

({1/1T̂1 + 1/1T̂2 + 1/1T̂3 + 1/1T̂4})]

total= (− · P̂−(IJ |KL) · P̂−(DC|BA)〈KL||AB〉tCD
IJ + P̂−(IJ |KL) · P̂−(DC|BA)〈IJ ||CD〉tAB

KL +

P̂−(IJK|L) · P̂−(DCB|A)〈L||A〉tBCD
IJK − ·P̂−(I|JKL) · P̂−(D|CBA)〈I||D〉tABC

JKL + P̂−(I|JKL) ·
P̂−(DC|BA)

∑
a
〈Ia||CD〉tABa

JKL − ·P̂−(IJ |KL) · P̂−(D|CBA)
∑
i

〈IJ ||iD〉tABC
KLi +

·P̂−(D|CBA)
∑
a
〈a||D〉tABCa

IJKL + 1
2 · ·P̂−(DC|BA)

∑
ab

〈ab||CD〉tABab
IJKL + P̂−(I|JKL)

∑
i

〈I||i〉tABCD
JKLi +

P̂−(I|JKL) · P̂−(D|CBA)
∑
ia

〈Ia||iD〉tABCa
JKLi + 1

2 · P̂−(IJ |KL)
∑
ij

〈IJ ||ij〉tABCD
KLij − 1

2 · P̂−(I|J |KL) ·

P̂−(D|C|BA)〈KL||AB〉tDI tCJ + P̂−(I|JK|L) · P̂−(D|CB|A)〈JK||BC〉tDI tAL − 1
2 · P̂−(IJ |K|L) ·

P̂−(DC|B|A)〈IJ ||CD〉tBK tAL − ·P̂−(I|JK|L) · P̂−(D|CB|A)〈L||A〉tDI tBC
JK + P̂−(I|J |KL) ·

P̂−(D|C|BA)〈J ||C〉tDI tAB
KL − ·P̂−(I|J |KL) · P̂−(D|CB|A)∑

a
〈Ja||BC〉tDI tAa

KL − ·P̂−(I|JK|L) ·

P̂−(D|C|BA)
∑
i

〈iC||JK〉tDI tAB
Li − ·P̂−(I|J |KL) · P̂−(DC|B|A)∑

a
〈Ia||CD〉tBJ tAa

KL − ·P̂−(I|J |KL) ·

P̂−(D|C|BA)〈I||D〉tCJ tAB
KL + P̂−(I|J |KL) · P̂−(DC|BA)

∑
a
〈Ia||CD〉taJ tAB

KL − ·P̂−(IJ |K|L) ·

P̂−(D|C|BA)
∑
i

〈IJ ||iD〉tCK tAB
Li + P̂−(IJ |K|L) · P̂−(DC|B|A)〈K||B〉tAL tCD

IJ − ·P̂−(IJ |K|L) ·

P̂−(DC|BA)
∑
a
〈Ka||AB〉taLtCD

IJ + P̂−(IJ |KL) · P̂−(DC|B|A)∑
i

〈iB||KL〉tAi tCD
IJ − ·P̂−(IJ |KL) ·

P̂−(D|C|BA)
∑
i

〈IJ ||iD〉tCi tAB
KL− 1

2 · P̂−(I|JKL) · P̂−(DC|B|A)∑
ab

〈ab||CD〉tBI tAab
JKL+ P̂−(I|JKL) ·

P̂−(D|C|BA)
∑
a
〈a||D〉tCI tABa

JKL + P̂−(I|JKL) · P̂−(D|C|BA)
∑
a
〈a||C〉tDI tABa

JKL + 1
2 · P̂−(I|JKL) ·

P̂−(D|CB|A)∑
ab

〈ab||BC〉tDI tAab
JKL − ·P̂−(I|J |KL) · P̂−(D|CBA)

∑
i

〈i||J〉tDI tABC
KLi − ·P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
ia

〈iC||Ja〉tDI tABa
KLi +

1
2 ·P̂−(I|JK|L) ·P̂−(D|CBA)

∑
ij

〈ij||JK〉tDI tABC
Lij −·P̂−(I|JKL) ·

P̂−(D|CBA)
∑
a
〈a||D〉taI tABC

JKL + P̂−(I|JKL) · P̂−(DC|BA)
∑
ab

〈ab||CD〉taI tABb
JKL + P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
ia

〈Ia||iD〉tCJ tABa
KLi − ·P̂−(I|J |KL) · P̂−(D|CBA)

∑
i

〈I||i〉tDJ tABC
KLi − ·P̂−(I|J |KL) ·

P̂−(D|CBA)
∑
ia

〈Ia||iD〉taJ tABC
KLi − 1

2 · P̂−(IJ |K|L) · P̂−(D|CBA)
∑
ij

〈IJ ||ij〉tDKtABC
Lij + P̂−(IJK|L) ·

P̂−(DCB|A)∑
a
〈A||a〉taLtBCD

IJK − ·P̂−(IJK|L) · P̂−(DCB|A)∑
i

〈i||L〉tAi tBCD
IJK − ·P̂−(I|JKL) ·

P̂−(D|C|BA)
∑
ia

〈Ia||iD〉tCi tABa
JKL + P̂−(I|JKL) · P̂−(D|CBA)

∑
i

〈I||i〉tDi tABC
JKL − ·P̂−(IJ |KL) ·

P̂−(D|CBA)
∑
ij

〈IJ ||ij〉tDi tABC
KLj − ·P̂−(IJK|L) · P̂−(DCB|A)∑

ia

〈iA||La〉tai tBCD
IJK + P̂−(I|JKL) ·

P̂−(D|CBA)
∑
ia

〈Ia||iD〉tai tABC
JKL − 1

2 · P̂−(I|JKL) · P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCI tABab
JKLi − 1

2 ·

P̂−(I|JKL) ·P̂−(D|C|BA)
∑
iab

〈iC||ab〉tDI tABab
JKLi− 1

2 ·P̂−(I|J |KL) ·P̂−(D|CBA)
∑
ija

〈ij||Ja〉tDI tABCa
KLij +

P̂−(I|JKL)
∑
ia

〈i||a〉taI tABCD
JKLi + P̂−(I|JKL) · P̂−(D|CBA)

∑
iab

〈iD||ab〉taI tABCb
JKLi − 1

2 · P̂−(I|J |KL) ·
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P̂−(D|CBA)
∑
ija

〈Ia||ij〉tDJ tABCa
KLij + 1

2 · P̂−(I|J |KL)
∑
ija

〈Ia||ij〉taJ tABCD
KLij − 1

2 ·

·P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCi tABab
IJKL − · · P̂−(D|CBA)

∑
ia

〈i||a〉tDi tABCa
IJKL + P̂−(I|JKL) ·

P̂−(D|CBA)
∑
ija

〈Ia||ij〉tDi tABCa
JKLj + ·P̂−(D|CBA)

∑
iab

〈iD||ab〉tai tABCb
IJKL −

·P̂−(I|JKL)
∑
ija

〈Ia||ij〉tai tABCD
JKLj + 1

2 · P̂−(IJ |KL) · P̂−(DC|BA)
∑
ab

〈ab||CD〉tAB
IJ tabKL+ P̂−(IJ |KL) ·

P̂−(D|CB|A)∑
a
〈a||D〉tBC

IJ tAa
KL + 1

2 · P̂−(IJ |KL) · P̂−(DC|B|A)∑
ab

〈ab||CD〉tBa
IJ tAb

KL − ·P̂−(IJ |KL) ·

P̂−(DC|B|A)∑
a
〈a||B〉tCD

IJ tAa
KL− 1

2 · P̂−(IJ |KL) · P̂−(DC|BA)
∑
ab

〈AB||ab〉tCD
IJ tabKL− ·P̂−(IJ |K|L) ·

P̂−(DC|BA)
∑
i

〈i||K〉tCD
IJ tAB

Li − ·P̂−(IJ |K|L) · P̂−(DC|B|A)∑
ia

〈iB||Ka〉tCD
IJ tAa

Li − 1
2 · P̂−(IJ |KL) ·

P̂−(DC|BA)
∑
ij

〈ij||KL〉tCD
IJ tAB

ij + P̂−(I|JK|L) · P̂−(D|CB|A)∑
ia

〈Ia||iD〉tBC
JK tAa

Li + P̂−(I|JK|L) ·

P̂−(DC|BA)
∑
i

〈I||i〉tCD
JK tAB

Li + P̂−(I|JK|L) · P̂−(D|C|BA)
∑
ia

〈Ia||iD〉tCa
JK tAB

Li + 1
2 · P̂−(IJ |KL) ·

P̂−(DC|BA)
∑
ij

〈IJ ||ij〉tCD
KLt

AB
ij − 1

2 ·P̂−(IJ |K|L) ·P̂−(DC|BA)
∑
ij

〈IJ ||ij〉tCD
Ki t

AB
Lj − 1

2 ·P̂−(IJ |KL) ·

P̂−(D|CB|A)∑
iab

〈iD||ab〉tBC
IJ tAab

KLi +
1
2 · P̂−(IJ |KL) · P̂−(DC|B|A)∑

iab

〈iB||ab〉tCD
IJ tAab

KLi − 1
2 ·

P̂−(IJ |K|L) · P̂−(DC|BA)
∑
ija

〈ij||Ka〉tCD
IJ tABa

Lij − ·P̂−(IJ |KL) · P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCa
IJ t

ABb
KLi +

P̂−(IJ |KL) · P̂−(D|CBA)
∑
ia

〈i||a〉tDa
IJ tABC

KLi − 1
2 · P̂−(IJ |KL) · P̂−(D|CBA)

∑
iab

〈iD||ab〉tabIJ tABC
KLi +

1
2 · P̂−(I|JKL) · P̂−(D|CB|A)∑

iab

〈iD||ab〉tBC
Ii tAab

JKL − ·P̂−(I|JKL) · P̂−(DC|BA)
∑
ia

〈i||a〉tCD
Ii tABa

JKL+

P̂−(I|JKL) · P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCa
Ii t

ABb
JKL − ·P̂−(I|JKL) · P̂−(D|CBA)

∑
ia

〈i||a〉tDa
Ii tABC

JKL + 1
2 ·

P̂−(I|JKL) · P̂−(D|CBA)
∑
iab

〈iD||ab〉tabIi tABC
JKL + 1

2 · P̂−(I|JK|L) · P̂−(DC|BA)
∑
ija

〈Ia||ij〉tCD
JK tABa

Lij +

1
2 ·P̂−(I|JK|L) ·P̂−(D|CBA)

∑
ija

〈Ia||ij〉tDa
JKtABC

Lij + P̂−(I|J |KL) ·P̂−(DC|BA)
∑
ija

〈Ia||ij〉tCD
Ji tABa

KLj+

P̂−(I|J |KL) · P̂−(D|CBA)
∑
ija

〈Ia||ij〉tDa
Ji t

ABC
KLj + P̂−(IJK|L) · P̂−(DCB|A)∑

ia

〈i||a〉tAa
Li t

BCD
IJK − 1

2 ·

P̂−(IJK|L) · P̂−(DCB|A)∑
iab

〈iA||ab〉tabLit
BCD
IJK − 1

2 · P̂−(IJK|L) · P̂−(DCB|A)∑
ija

〈ij||La〉tAa
ij tBCD

IJK +

1
2 ·P̂−(I|JKL)·P̂−(DC|BA)

∑
ija

〈Ia||ij〉tCD
ij tABa

JKL+
1
2 ·P̂−(I|JKL)·P̂−(D|CBA)

∑
ija

〈Ia||ij〉tDa
ij tABC

JKL+

1
2 · P̂−(IJ |KL) · P̂−(D|CBA)

∑
ijab

〈ij||ab〉tDa
IJ tABCb

KLij + 1
4 · P̂−(IJ |KL)

∑
ijab

〈ij||ab〉tabIJ tABCD
KLij − 1

2 ·

P̂−(I|JKL) · P̂−(DC|BA)
∑
ijab

〈ij||ab〉tCD
Ii tABab

JKLj−·P̂−(I|JKL) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDa
Ii tABCb

JKLj −
1
2 · P̂−(I|JKL)

∑
ijab

〈ij||ab〉tabIi tABCD
JKLj + 1

4 · ·P̂−(DC|BA)
∑
ijab

〈ij||ab〉tCD
ij tABab

IJKL + 1
2 ·

·P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDa
ij tABCb

IJKL + 1
2 · P̂−(IJK|L) · P̂−(DC|BA)

∑
ijab

〈ij||ab〉tCDa
IJK tABb

Lij − 1
4 ·

P̂−(IJK|L) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDab
IJKtABC

Lij − 1
2 · P̂−(IJ |KL) ·

P̂−(DCB|A) ∑
ijab

〈ij||ab〉tBCD
IJi tAab

KLj +
1
2 · P̂−(IJ |KL) · P̂−(DC|BA)

∑
ijab

〈ij||ab〉tCDa
IJi tABb

KLj − 1
6 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)〈L||A〉tDI tCJ t
B
K + 1

2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)〈K||B〉tDI tCJ t
A
L − 1

2 ·
P̂−(I|J |K|L) · P̂−(D|C|BA)

∑
a
〈Ka||AB〉tDI tCJ t

a
L + 1

2 · P̂−(I|J |KL) ·

P̂−(D|C|B|A)∑
i

〈iB||KL〉tDI tCJ t
A
i − ·P̂−(I|J |K|L) · P̂−(D|CB|A)∑

a
〈Ja||BC〉tDI tAKtaL − 1

2 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)〈J ||C〉tDI tBKtAL + P̂−(I|JK|L) · P̂−(D|C|B|A)∑
i

〈iC||JK〉tDI tBL t
A
i − 1

2 ·
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P̂−(I|J |K|L) · P̂−(DC|B|A)∑
a
〈Ia||CD〉tBJ tAKtaL + 1

6 · P̂−(I|J |K|L) · P̂−(D|C|B|A)〈I||D〉tCJ tBKtAL +

1
2 · P̂−(IJ |K|L) · P̂−(D|C|B|A)∑

i

〈IJ ||iD〉tCK tBL t
A
i − 1

4 · P̂−(I|J |KL) ·

P̂−(DC|B|A)∑
ab

〈ab||CD〉tBI tAJ tabKL + P̂−(I|J |KL) · P̂−(DC|B|A)∑
ab

〈ab||CD〉tBI taJ tAb
KL − 1

2 ·

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
a
〈a||D〉tCI tBJ tAa

KL+ P̂−(I|J |KL) · P̂−(D|C|BA)
∑
a
〈a||D〉tCI taJ tAB

KL+ 1
2 ·

P̂−(I|J |KL) ·P̂−(D|CB|A)∑
ab

〈ab||BC〉tDI tAJ t
ab
KL−·P̂−(I|J |KL) ·P̂−(D|C|B|A)∑

a
〈a||C〉tDI tBJ t

Aa
KL−

1
2 · P̂−(I|J |KL) · P̂−(D|C|B|A)∑

a
〈a||B〉tDI tCJ t

Aa
KL − 1

4 · P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
ab

〈AB||ab〉tDI tCJ t
ab
KL − 1

2 · P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
i

〈i||K〉tDI tCJ t
AB
Li − 1

2 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ia

〈iB||Ka〉tDI tCJ t
Aa
Li − 1

4 · P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
ij

〈ij||KL〉tDI tCJ t
AB
ij + P̂−(I|J |KL) · P̂−(D|C|BA)

∑
a
〈a||C〉tDI taJ t

AB
KL − ·P̂−(I|J |KL) ·

P̂−(D|CB|A)∑
ab

〈ab||BC〉tDI taJ t
Ab
KL + P̂−(I|J |K|L) · P̂−(D|C|B|A)∑

ia

〈iC||Ja〉tDI tBKtAa
Li −

·P̂−(I|J |K|L)·P̂−(D|C|BA)
∑
i

〈i||J〉tDI tCKtAB
Li −·P̂−(I|J |K|L)·P̂−(D|C|BA)

∑
ia

〈iC||Ja〉tDI taKtAB
Li +

1
2 ·P̂−(I|JK|L)·P̂−(D|C|BA)

∑
ij

〈ij||JK〉tDI tCL t
AB
ij −·P̂−(I|JK|L)·P̂−(D|CB|A)∑

a
〈A||a〉tDI taLt

BC
JK+

P̂−(I|JK|L) · P̂−(D|CB|A)∑
i

〈i||L〉tDI tAi t
BC
JK + P̂−(I|J |KL) · P̂−(D|C|B|A)∑

ia

〈iC||Ja〉tDI tBi t
Aa
KL −

·P̂−(I|J |KL) · P̂−(D|C|BA)
∑
i

〈i||J〉tDI tCi t
AB
KL− ·P̂−(I|JK|L) · P̂−(D|C|BA)

∑
ij

〈ij||JK〉tDI tCi tAB
Lj +

P̂−(I|JK|L)·P̂−(D|CB|A)∑
ia

〈iA||La〉tDI tai t
BC
JK−·P̂−(I|J |KL)·P̂−(D|C|BA)

∑
ia

〈iC||Ja〉tDI tai t
AB
KL+

1
2 · P̂−(I|J |KL) · P̂−(DC|BA)

∑
ab

〈ab||CD〉taI tbJ tAB
KL − 1

2 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
ia

〈Ia||iD〉tCJ tBKtAa
Li + P̂−(I|J |K|L) · P̂−(D|C|BA)

∑
ia

〈Ia||iD〉tCJ taKtAB
Li −

·P̂−(I|J |KL)·P̂−(D|C|B|A)∑
ia

〈Ia||iD〉tCJ tBi tAa
KL+P̂−(I|J |KL)·P̂−(D|C|BA)

∑
ia

〈Ia||iD〉tCJ tai tAB
KL−

1
2 · P̂−(I|J |K|L) · P̂−(D|C|BA)

∑
i

〈I||i〉tDJ tCKtAB
Li − ·P̂−(I|J |KL) · P̂−(D|C|BA)

∑
i

〈I||i〉tDJ tCi t
AB
KL −

·P̂−(I|J |KL)·P̂−(D|C|BA)
∑
ia

〈Ia||iD〉taJ tCi tAB
KL−·P̂−(IJ |K|L)·P̂−(DC|B|A)∑

a
〈a||B〉tAK taLt

CD
IJ − 1

4 ·

P̂−(IJ |K|L) · P̂−(D|C|BA)
∑
ij

〈IJ ||ij〉tDK tCL t
AB
ij + P̂−(IJ |K|L) · P̂−(D|C|BA)

∑
ij

〈IJ ||ij〉tDK tCi t
AB
Lj −

1
2 · P̂−(IJ |K|L) · P̂−(DC|BA)

∑
ab

〈AB||ab〉taK tbLt
CD
IJ − ·P̂−(IJ |K|L) ·

P̂−(DC|B|A)∑
ia

〈iB||Ka〉tALtai tCD
IJ + P̂−(IJ |K|L) · P̂−(DC|B|A)∑

i

〈i||K〉tBL tAi tCD
IJ + P̂−(IJ |K|L) ·

P̂−(DC|B|A)∑
ia

〈iB||Ka〉taLtAi tCD
IJ + 1

2 · P̂−(IJ |KL) · P̂−(DC|B|A)∑
ij

〈ij||KL〉tBi tAj tCD
IJ − 1

2 ·

P̂−(IJ |KL) · P̂−(D|C|BA)
∑
ij

〈IJ ||ij〉tDi tCj t
AB
KL + 1

4 · P̂−(I|J |KL) ·

P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI tBJ tAab
KLi − ·P̂−(I|J |KL) · P̂−(D|C|BA)

∑
iab

〈iD||ab〉tCI taJ tABb
KLi − 1

2 ·

P̂−(I|JKL) · P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI tBi tAab
JKL + P̂−(I|JKL) ·

P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCI tai tABb
JKL + 1

2 · P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI tBJ t
Aab
KLi +

1
4 ·

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iB||ab〉tDI tCJ t
Aab
KLi − 1

4 · P̂−(I|J |K|L) ·

P̂−(D|C|BA)
∑
ija

〈ij||Ka〉tDI tCJ t
ABa
Lij − ·P̂−(I|J |KL) · P̂−(D|C|BA)

∑
iab

〈iC||ab〉tDI taJ t
ABb
KLi − 1

2 ·

P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ija

〈ij||Ja〉tDI tCKtABa
Lij + 1

2 · P̂−(I|J |K|L) ·
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P̂−(D|CBA)
∑
ija

〈ij||Ja〉tDI taKtABC
Lij − 1

2 · P̂−(I|JKL) · P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI tBi t
Aab
JKL −

·P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ija

〈ij||Ja〉tDI tCi t
ABa
KLj − ·P̂−(I|JKL) · P̂−(D|CBA)

∑
ia

〈i||a〉tDI tai t
ABC
JKL +

P̂−(I|JKL) · P̂−(D|C|BA)
∑
iab

〈iC||ab〉tDI tai t
ABb
JKL+ P̂−(I|J |KL) · P̂−(D|CBA)

∑
ija

〈ij||Ja〉tDI tai t
ABC
KLj −

1
2 · P̂−(I|J |KL) · P̂−(D|CBA)

∑
iab

〈iD||ab〉taI tbJ tABC
KLi − ·P̂−(I|JKL) ·

P̂−(D|C|BA)
∑
iab

〈iD||ab〉taI tCi tABb
JKL + P̂−(I|JKL) · P̂−(D|CBA)

∑
ia

〈i||a〉taI tDi tABC
JKL + P̂−(I|JKL) ·

P̂−(D|CBA)
∑
iab

〈iD||ab〉taI tbi tABC
JKL − 1

4 · P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ tCKtABa
Lij + 1

2 ·

P̂−(I|J |K|L) · P̂−(D|CBA)
∑
ija

〈Ia||ij〉tDJ taKtABC
Lij − ·P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ tCi t
ABa
KLj+P̂−(I|J |KL)·P̂−(D|CBA)

∑
ija

〈Ia||ij〉tDJ tai t
ABC
KLj −·P̂−(I|J |KL)·

P̂−(D|CBA)
∑
ija

〈Ia||ij〉taJ tDi tABC
KLj + P̂−(IJK|L) · P̂−(DCB|A)∑

ia

〈i||a〉tALtai tBCD
IJK − ·P̂−(IJK|L) ·

P̂−(DCB|A)∑
ia

〈i||a〉taLtAi tBCD
IJK − ·P̂−(IJK|L) · P̂−(DCB|A)∑

iab

〈iA||ab〉taLtbi tBCD
IJK − ·P̂−(IJK|L) ·

P̂−(DCB|A)∑
ija

〈ij||La〉tAi taj tBCD
IJK − 1

2 · P̂−(I|JKL) · P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDi tCj t
ABa
JKL +

P̂−(I|JKL) · P̂−(D|CBA)
∑
ija

〈Ia||ij〉tDi taj t
ABC
JKL + 1

4 · P̂−(I|J |KL)
∑
ijab

〈ij||ab〉taI tbJ tABCD
KLij +

P̂−(I|JKL) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉taI tDi tABCb
JKLj − ·P̂−(I|JKL)

∑
ijab

〈ij||ab〉taI tbi tABCD
JKLj − 1

4 ·

·P̂−(D|C|BA)
∑
ijab

〈ij||ab〉tDi tCj t
ABab
IJKL + ·P̂−(D|CBA)

∑
ijab

〈ij||ab〉tDi taj t
ABCb
IJKL − 1

2 · P̂−(I|JK|L) ·

P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCI tAB
JK tabLi − ·P̂−(I|JK|L) · P̂−(D|C|B|A)∑

iab

〈iD||ab〉tCI tBa
JKtAb

Li − 1
2 ·

P̂−(I|JK|L) · P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCI tabJKtAB
Li − 1

2 · P̂−(I|JK|L) ·

P̂−(D|C|BA)
∑
iab

〈iC||ab〉tDI tAB
JK tabLi−·P̂−(I|JK|L)·P̂−(D|CB|A)∑

ia

〈i||a〉tDI tBC
JK tAa

Li +
1
2 ·P̂−(I|JK|L)·

P̂−(D|CB|A)∑
iab

〈iA||ab〉tDI tBC
JK tabLi +

1
2 · P̂−(I|JK|L) · P̂−(D|CB|A)∑

ija

〈ij||La〉tDI tBC
JK tAa

ij −

·P̂−(I|JK|L) · P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI tBa
JKtAb

Li − 1
2 · P̂−(I|JK|L) ·

P̂−(D|C|BA)
∑
iab

〈iC||ab〉tDI tabJKtAB
Li − 1

2 · P̂−(I|J |KL) · P̂−(D|CB|A)∑
ija

〈ij||Ja〉tDI tBC
KLt

Aa
ij − 1

2 ·

P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ija

〈ij||Ja〉tDI tCa
KLt

AB
ij + P̂−(I|J |K|L) ·

P̂−(D|CB|A)∑
ija

〈ij||Ja〉tDI tBC
Ki t

Aa
Lj +P̂−(I|JK|L)·P̂−(D|CB|A)∑

iab

〈iD||ab〉taI tBC
JK tAb

Li +P̂−(I|JK|L)·

P̂−(DC|BA)
∑
ia

〈i||a〉taI tCD
JK tAB

Li +P̂−(I|JK|L)·P̂−(D|C|BA)
∑
iab

〈iD||ab〉taI tCb
JKtAB

Li − 1
2 ·P̂−(I|J |KL)·

P̂−(D|CB|A)∑
ija

〈Ia||ij〉tDJ tBC
KLt

Aa
ij − 1

2 · P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ tCa
KLt

AB
ij +

P̂−(I|J |K|L) · P̂−(D|CB|A)∑
ija

〈Ia||ij〉tDJ tBC
Ki t

Aa
Lj + 1

2 · P̂−(I|J |KL) ·

P̂−(DC|BA)
∑
ija

〈Ia||ij〉taJ tCD
KLt

AB
ij − 1

2 · P̂−(I|J |K|L) · P̂−(DC|BA)
∑
ija

〈Ia||ij〉taJ tCD
Ki t

AB
Lj + 1

2 ·

P̂−(IJ |K|L) · P̂−(DC|B|A)∑
iab

〈iB||ab〉tAKtCD
IJ tabLi + P̂−(IJ |K|L) · P̂−(DC|B|A)∑

ia

〈i||a〉tBKtCD
IJ tAa

Li −

·P̂−(IJ |K|L) · P̂−(DC|BA)
∑
ia

〈i||a〉taK tCD
IJ tAB

Li −·P̂−(IJ |K|L) · P̂−(DC|B|A)∑
iab

〈iB||ab〉taKtCD
IJ tAb

Li +

1
2 · P̂−(IJ |K|L) · P̂−(DC|B|A)∑

ija

〈ij||Ka〉tBL tCD
IJ tAa

ij − 1
2 · P̂−(IJ |K|L) ·

P̂−(DC|BA)
∑
ija

〈ij||Ka〉taLtCD
IJ tAB

ij + 1
2 · P̂−(IJ |KL) · P̂−(DC|B|A)∑

iab

〈iB||ab〉tAi tCD
IJ tabKL +
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P̂−(IJ |KL) · P̂−(DC|B|A)∑
ia

〈i||a〉tBi tCD
IJ tAa

KL−·P̂−(IJ |K|L) · P̂−(DC|B|A)∑
ija

〈ij||Ka〉tBi tCD
IJ tAa

Lj −
1
2 · P̂−(IJ |KL) · P̂−(D|C|BA)

∑
iab

〈iD||ab〉tCi tAB
IJ tabKL − 1

2 · P̂−(IJ |KL) ·

P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCi tBa
IJ t

Ab
KL−·P̂−(IJ |KL) · P̂−(D|CB|A)∑

ia

〈i||a〉tDi tBC
IJ tAa

KL+ P̂−(I|JK|L) ·

P̂−(D|CB|A)∑
ija

〈Ia||ij〉tDi tBC
JK tAa

Lj +P̂−(I|JK|L)·P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDi tCa
JKtAB

Lj +P̂−(IJ |KL)·

P̂−(D|CB|A)∑
iab

〈iD||ab〉tai tBC
IJ tAb

KL − ·P̂−(IJ |KL) · P̂−(DC|B|A)∑
iab

〈iB||ab〉tai tCD
IJ tAb

KL +

P̂−(IJ |K|L)·P̂−(DC|BA)
∑
ija

〈ij||Ka〉tai tCD
IJ tAB

Lj −·P̂−(I|JK|L)·P̂−(DC|BA)
∑
ija

〈Ia||ij〉tai tCD
JK tAB

Lj −
1
4 · P̂−(I|JK|L) · P̂−(D|CB|A) ∑

ijab

〈ij||ab〉tDI tBC
JK tAab

Lij − 1
4 · P̂−(I|JKL) ·

P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDI tabij t
ABC
JKL + 1

2 · P̂−(I|JK|L) · P̂−(DC|BA)
∑
ijab

〈ij||ab〉taI tCD
JK tABb

Lij + 1
2 ·

P̂−(I|JK|L) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉taI tDb
JKtABC

Lij + P̂−(I|J |KL) ·

P̂−(DC|BA)
∑
ijab

〈ij||ab〉taI tCD
Ji tABb

KLj + P̂−(I|J |KL) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉taI tDb
Ji t

ABC
KLj + 1

2 ·

P̂−(I|JKL) · P̂−(DC|BA)
∑
ijab

〈ij||ab〉taI tCD
ij tABb

JKL + 1
2 · P̂−(I|JKL) ·

P̂−(D|CBA)
∑
ijab

〈ij||ab〉taI tDb
ij tABC

JKL + 1
4 · P̂−(IJ |K|L) · P̂−(DC|B|A) ∑

ijab

〈ij||ab〉tBKtCD
IJ tAab

Lij − 1
2 ·

P̂−(IJ |K|L) · P̂−(DC|BA)
∑
ijab

〈ij||ab〉taKtCD
IJ tABb

Lij + 1
4 · P̂−(IJK|L) ·

P̂−(DCB|A) ∑
ijab

〈ij||ab〉tALtabij tBCD
IJK − 1

2 · P̂−(IJK|L) · P̂−(DCB|A) ∑
ijab

〈ij||ab〉taLtAb
ij tBCD

IJK − 1
2 ·

P̂−(IJK|L) · P̂−(DCB|A) ∑
ijab

〈ij||ab〉tAi tabLjt
BCD
IJK + 1

2 · P̂−(IJ |KL) ·

P̂−(DC|B|A) ∑
ijab

〈ij||ab〉tBi tCD
IJ tAab

KLj − 1
2 · P̂−(IJ |KL) · P̂−(D|CB|A) ∑

ijab

〈ij||ab〉tDi tBC
IJ tAab

KLj −

·P̂−(IJ |KL) · P̂−(D|C|BA)
∑
ijab

〈ij||ab〉tDi tCa
IJ t

ABb
KLj − 1

2 · P̂−(IJ |KL) ·

P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDi tabIJ t
ABC
KLj + 1

2 · P̂−(I|JKL) · P̂−(D|CB|A) ∑
ijab

〈ij||ab〉tDi tBC
Ij tAab

JKL +

P̂−(I|JKL) · P̂−(D|C|BA)
∑
ijab

〈ij||ab〉tDi tCa
Ij t

ABb
JKL + 1

2 · P̂−(I|JKL) ·

P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDi tabIjt
ABC
JKL+P̂−(IJ |KL)·P̂−(D|CBA)

∑
ijab

〈ij||ab〉tai tDb
IJ t

ABC
KLj −·P̂−(I|JKL)·

P̂−(DC|BA)
∑
ijab

〈ij||ab〉tai tCD
Ij tABb

JKL − ·P̂−(I|JKL) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉tai tDb
Ij t

ABC
JKL +

P̂−(IJK|L) · P̂−(DCB|A) ∑
ijab

〈ij||ab〉tai tAb
Lj t

BCD
IJK + 1

4 · P̂−(IJ |KL) ·

P̂−(D|C|BA)
∑
ijab

〈ij||ab〉tDa
IJ tCb

KLt
AB
ij − ·P̂−(IJ |K|L) · P̂−(D|CB|A) ∑

ijab

〈ij||ab〉tDa
IJ tBC

Ki t
Ab
Lj − 1

4 ·

P̂−(IJ |K|L) · P̂−(DC|BA)
∑
ijab

〈ij||ab〉tabIJ tCD
Ki t

AB
Lj − 1

4 · P̂−(I|J |K|L) ·

P̂−(DC|B|A)∑
ab

〈ab||CD〉tBI tAJ taKtbL − 1
6 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑

a
〈a||D〉tCI tBJ tAKtaL + 1

2 ·

P̂−(I|J |K|L) · P̂−(D|CB|A)∑
ab

〈ab||BC〉tDI tAJ t
a
KtbL − 1

2 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
a
〈a||C〉tDI tBJ t

A
KtaL − 1

2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
a
〈a||B〉tDI tCJ t

A
KtaL − 1

6 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
a
〈A||a〉tDI tCJ t

B
KtaL + 1

6 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
i

〈i||L〉tDI tCJ t
B
KtAi + 1

6 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ia

〈iA||La〉tDI tCJ t
B
Ktai − 1

4 ·

P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ab

〈AB||ab〉tDI tCJ t
a
KtbL − 1

2 · P̂−(I|J |K|L) ·
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P̂−(D|C|B|A)∑
ia

〈iB||Ka〉tDI tCJ t
A
Lt

a
i +

1
2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑

i

〈i||K〉tDI tCJ t
B
L t

A
i + 1

2 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ia

〈iB||Ka〉tDI tCJ t
a
Lt

A
i + 1

4 · P̂−(I|J |KL) ·

P̂−(D|C|B|A)∑
ij

〈ij||KL〉tDI tCJ t
B
i t

A
j + 1

2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ia

〈iC||Ja〉tDI tBKtALt
a
i −

·P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ia

〈iC||Ja〉tDI tBKtaLt
A
i + 1

2 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
i

〈i||J〉tDI tCKtBL t
A
i − 1

2 · P̂−(I|JK|L) · P̂−(D|C|B|A)∑
ij

〈ij||JK〉tDI tCL t
B
i t

A
j − 1

6 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ia

〈Ia||iD〉tCJ tBKtALt
a
i +

1
2 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
ia

〈Ia||iD〉tCJ tBKtaLt
A
i + 1

6 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
i

〈I||i〉tDJ tCKtBL t
A
i + 1

4 ·

P̂−(IJ |K|L) · P̂−(D|C|B|A)∑
ij

〈IJ ||ij〉tDK tCL t
B
i t

A
j + 1

12 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI tBJ tAKtabLi − 1
2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑

iab

〈iD||ab〉tCI tBJ taKtAb
Li +

1
4 ·

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI tBJ tAi tabKL − 1
2 · P̂−(I|J |KL) ·

P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI tBJ tai tAb
KL − 1

2 · P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCI taJ tbKtAB
Li +

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI taJ tBi tAb
KL − ·P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
iab

〈iD||ab〉tCI taJ tbi tAB
KL + 1

4 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI tBJ t
A
KtabLi −

·P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI tBJ t
a
KtAb

Li +
1
2 · P̂−(I|J |KL) ·

P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI tBJ t
A
i t

ab
KL − ·P̂−(I|J |KL) · P̂−(D|C|B|A)∑

iab

〈iC||ab〉tDI tBJ t
a
i t

Ab
KL + 1

4 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
iab

〈iB||ab〉tDI tCJ t
A
KtabLi +

1
12 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
iab

〈iA||ab〉tDI tCJ t
B
KtabLi +

1
12 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑

ija

〈ij||La〉tDI tCJ t
B
KtAa

ij − 1
2 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
iab

〈iB||ab〉tDI tCJ t
a
KtAb

Li +
1
4 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
ija

〈ij||Ka〉tDI tCJ t
B
L t

Aa
ij − 1

4 · P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ija

〈ij||Ka〉tDI tCJ t
a
Lt

AB
ij + 1

4 ·

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iB||ab〉tDI tCJ t
A
i t

ab
KL − 1

2 · P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
ija

〈ij||Ka〉tDI tCJ t
B
i t

Aa
Lj + 1

2 · P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ia

〈i||a〉tDI tCJ t
a
i t

AB
KL − 1

2 ·

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iB||ab〉tDI tCJ t
a
i t

Ab
KL + 1

2 · P̂−(I|J |K|L) ·

P̂−(D|C|BA)
∑
ija

〈ij||Ka〉tDI tCJ t
a
i t

AB
Lj − 1

2 · P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
iab

〈iC||ab〉tDI taJ t
b
KtAB

Li +

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
iab

〈iC||ab〉tDI taJ t
B
i t

Ab
KL − ·P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
iab

〈iC||ab〉tDI taJ t
b
i t

AB
KL + 1

4 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ija

〈ij||Ja〉tDI tCKtBL t
Aa
ij − 1

2 ·

P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ija

〈ij||Ja〉tDI tCKtaLt
AB
ij − ·P̂−(I|J |K|L) ·

P̂−(D|C|B|A)∑
ija

〈ij||Ja〉tDI tCKtBi t
Aa
Lj + P̂−(I|J |K|L) · P̂−(D|C|BA)

∑
ija

〈ij||Ja〉tDI tCKtai t
AB
Lj −

·P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ija

〈ij||Ja〉tDI taKtCi t
AB
Lj − ·P̂−(I|JK|L) ·

P̂−(D|CB|A)∑
ia

〈i||a〉tDI tALt
a
i t

BC
JK + P̂−(I|JK|L) · P̂−(D|CB|A)∑

ia

〈i||a〉tDI taLt
A
i t

BC
JK + P̂−(I|JK|L) ·

P̂−(D|CB|A)∑
iab

〈iA||ab〉tDI taLt
b
i t

BC
JK + P̂−(I|JK|L) · P̂−(D|CB|A)∑

ija

〈ij||La〉tDI tAi t
a
j t

BC
JK + 1

2 ·

P̂−(I|J |KL) · P̂−(D|C|B|A)∑
ija

〈ij||Ja〉tDI tCi t
B
j t

Aa
KL − ·P̂−(I|J |KL) ·
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P̂−(D|C|BA)
∑
ija

〈ij||Ja〉tDI tCi t
a
j t

AB
KL − 1

2 · P̂−(I|J |KL) · P̂−(D|C|BA)
∑
iab

〈iD||ab〉taI tbJ tCi tAB
KL + 1

12 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ija

〈Ia||ij〉tDJ tCKtBL t
Aa
ij − 1

4 · P̂−(I|J |K|L) ·

P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ tCKtaLt
AB
ij − 1

2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
ija

〈Ia||ij〉tDJ tCKtBi t
Aa
Lj + 1

2 ·

P̂−(I|J |K|L) · P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ tCKtai t
AB
Lj − ·P̂−(I|J |K|L) ·

P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ taKtCi t
AB
Lj + 1

2 · P̂−(I|J |KL) · P̂−(D|C|B|A)∑
ija

〈Ia||ij〉tDJ tCi t
B
j t

Aa
KL −

·P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ija

〈Ia||ij〉tDJ tCi t
a
j t

AB
KL − 1

2 · P̂−(I|J |KL) ·

P̂−(D|C|BA)
∑
ija

〈Ia||ij〉taJ tDi tCj t
AB
KL + P̂−(IJ |K|L) · P̂−(DC|B|A)∑

iab

〈iB||ab〉tAKtaLt
b
i t

CD
IJ + 1

2 ·

P̂−(IJ |K|L) · P̂−(DC|B|A)∑
ia

〈i||a〉tBKtALt
a
i t

CD
IJ − ·P̂−(IJ |K|L) ·

P̂−(DC|B|A)∑
ia

〈i||a〉tBKtaLt
A
i t

CD
IJ + 1

2 · P̂−(IJ |K|L) · P̂−(DC|B|A)∑
iab

〈iB||ab〉taKtbLt
A
i t

CD
IJ +

P̂−(IJ |K|L) · P̂−(DC|B|A)∑
ija

〈ij||Ka〉tBL tAi taj tCD
IJ + 1

2 · P̂−(IJ |K|L) ·

P̂−(DC|B|A)∑
ija

〈ij||Ka〉taLtBi tAj tCD
IJ − 1

2 · P̂−(I|JKL) · P̂−(D|CBA)
∑
ijab

〈ij||ab〉tDI tai t
b
jt

ABC
JKL − 1

2 ·

P̂−(I|J |KL) · P̂−(D|CBA)
∑
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〈ij||ab〉taI tbJ tDi tABC
KLj − 1

2 · P̂−(I|JKL) ·

P̂−(D|C|BA)
∑
ijab

〈ij||ab〉taI tDi tCj t
ABb
JKL + P̂−(I|JKL) · P̂−(D|CBA)

∑
ijab

〈ij||ab〉taI tDi tbjt
ABC
JKL + 1

2 ·

P̂−(IJK|L) · P̂−(DCB|A) ∑
ijab

〈ij||ab〉tALtai tbjtBCD
IJK − ·P̂−(IJK|L) ·

P̂−(DCB|A) ∑
ijab

〈ij||ab〉taLtAi tbjtBCD
IJK + 1

8 · P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ijab

〈ij||ab〉tDI tCJ t
AB
KLt

ab
ij − 1

4 ·

P̂−(I|JK|L) · P̂−(D|CB|A) ∑
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〈ij||ab〉tDI tALt
BC
JK tabij + 1

2 · P̂−(I|JK|L) ·

P̂−(D|CB|A) ∑
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JK tAb
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2 · P̂−(I|JK|L) · P̂−(D|CB|A) ∑
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JK tAb
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∑
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AB
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∑
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∑
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∑
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8 ·

P̂−(IJ |K|L) · P̂−(DC|B|A) ∑
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IJ tabij − 1

2 · P̂−(IJ |K|L) ·

P̂−(DC|B|A) ∑
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〈ij||ab〉tBKtaLt
CD
IJ tAb

ij − 1
2 · P̂−(IJ |K|L) · P̂−(DC|B|A) ∑

ijab

〈ij||ab〉tBKtAi t
CD
IJ tabLj +

P̂−(IJ |K|L) · P̂−(DC|B|A) ∑
ijab

〈ij||ab〉tBKtai t
CD
IJ tAb

Lj − 1
4 · P̂−(IJ |K|L) ·

P̂−(DC|BA)
∑
ijab

〈ij||ab〉taKtbLt
CD
IJ tAB

ij − ·P̂−(IJ |K|L) · P̂−(DC|B|A) ∑
ijab

〈ij||ab〉taKtBi t
CD
IJ tAb

Lj +

P̂−(IJ |K|L) · P̂−(DC|BA)
∑
ijab

〈ij||ab〉taKtbi t
CD
IJ tAB

Lj + 1
4 · P̂−(IJ |KL) ·

P̂−(DC|B|A) ∑
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〈ij||ab〉tBi tAj tCD
IJ tabKL − ·P̂−(IJ |KL) · P̂−(DC|B|A) ∑
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〈ij||ab〉tBi taj tCD
IJ tAb

KL − 1
4 ·

P̂−(IJ |KL) · P̂−(D|C|BA)
∑
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〈ij||ab〉tDi tCj t
AB
IJ tabKL − 1

4 · P̂−(IJ |KL) ·

P̂−(D|C|B|A) ∑
ijab

〈ij||ab〉tDi tCj t
Ba
IJ t

Ab
KL + P̂−(IJ |KL) · P̂−(D|CB|A) ∑

ijab

〈ij||ab〉tDi taj t
BC
IJ tAb

KL + 1
6 ·

P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
iab

〈iD||ab〉tCI tBJ tAKtaLt
b
i +

1
4 · P̂−(I|J |K|L) ·
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P̂−(D|C|B|A)∑
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〈iD||ab〉tCI tBJ taKtbLt
A
i + 1

2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
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A
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b
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1
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a
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A
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P̂−(D|C|B|A)∑
iab
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A
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b
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1
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a
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2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
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1
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a
Lt

B
i t

A
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P̂−(D|C|B|A)∑
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A
i t

a
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1
2 · P̂−(I|J |K|L) · P̂−(D|C|B|A)∑
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B
i t

A
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1
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ija
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A
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a
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1
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B
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A
j + 1

4 · P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ijab

〈ij||ab〉tDI tCJ t
a
i t

b
jt

AB
KL −

1
2 · P̂−(I|JK|L) · P̂−(D|CB|A) ∑

ijab

〈ij||ab〉tDI tALt
a
i t

b
jt

BC
JK + P̂−(I|JK|L) ·

P̂−(D|CB|A) ∑
ijab

〈ij||ab〉tDI taLt
A
i t

b
jt

BC
JK − 1

4 · P̂−(I|J |KL) · P̂−(D|C|BA)
∑
ijab

〈ij||ab〉taI tbJ tDi tCj t
AB
KL +

1
4 · P̂−(IJ |K|L) · P̂−(DC|B|A) ∑
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〈ij||ab〉tBKtALt
a
i t

b
jt

CD
IJ − ·P̂−(IJ |K|L) ·

P̂−(DC|B|A) ∑
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A
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b
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CD
IJ + 1

4 · P̂−(IJ |K|L) · P̂−(DC|B|A) ∑
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B
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A
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IJ )
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144400
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34200
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5342800

534280
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t_i^B  t_j^A  t_IJ^ab 
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t_i^B  t_j^a  t_IJ^Ab 

2404260

380

380

t_i^a  t_j^b  t_IJ^AB 

31635

12021300

632700

2404260

126540

12021300

632700

2404260

126540
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2404260

126540

12021300

632700

2404260
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632700

632700

12021300

t_I^B  t_J^A  t_i^a  t_j^b 
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FactorizationFormula Generation (Codegeneration)
Contraction

∑
µ cµ〈ρ|Ĥ −E|eT̂ (µ)µ〉 = 0

〈ρ|e−T̂ ĤeT̂ 0〉 = 0

CCSD

Single Contraction

CCSDTQ

(Remapping Step)
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Algebraic / Diagrammatic Engine Capabilities

CI
〈ρ|(ĤN − Ecorr)(1 + Ĉ)Φ0〉

Coupled cluster expressions (unlinked form, linked form)

〈ρ|(ĤN − Ecorr)e
T̂Φ0〉, 〈ρ|e−T̂ ĤNe

T̂Φ0〉

Λ̂ equations

〈ρ|Λ̂e−T̂ ĤNe
T̂Φ0〉

Expectation values e.g.

〈ρ|eT̂ †
ĤNe

T̂Φ0〉
Powers of Hamiltonian

〈ρ|eT̂ †
(ĤN )neT̂Φ0〉

3-body interaction Hamiltonians

〈ρ|e−T̂ (F̂N + V̂N + ŴN )eT̂Φ0〉
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〈0, S,D|e−T̂ ĤeT̂ |0〉, (48 Diagrams)
T̂ = T̂1 + T̂2, eT̂ =

∑∞
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〈0|eT̂ †ĤeT̂ |0〉, (319 Diagrams)
T̂ = T̂1 + T̂2, eT̂ ∼ 1 + T̂ + 1

2!
T̂ 2 (no termination)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

 0 

((1, [1, 1],t), nth=2)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)((1, [1, 1],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1  0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [1, 1],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [1, 1],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)((1, [1, 1],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)((1, [1, 1],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1  0 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1  1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1  1 

((1, [2, 2],t), nth=0)

 0 

 0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0  0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0  0 

 0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)((1, [1, 1],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  0 

 1 

((1, [1, 1],t), nth=0)((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [1, 1],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1  0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1  0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)

 1 

((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 1  0 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2) ((1, [2, 2],t), nth=0)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [1, 1],t), nth=2)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [1, 1],t), nth=2)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1  1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1  1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1  1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1  1 

((1, [2, 2],t), nth=0)

 0 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  0 

 1 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0) ((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [1, 1],t), nth=1)((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=1) ((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=1)

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1  0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0  0 

 0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [2, 2],t), nth=0)

 1 

 0  0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0)

 1  0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

 1 

((1, [1, 1],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0  0 

 1 

((1, [1, 1],t), nth=0)

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)((1, [2, 2],t), nth=2)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 0 

 0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 0 

 0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2) ((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

 0  1 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

((1, [2, 2],t), nth=1) ((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0  0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

 1 

 0 

 0 

 1 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0 

((1, [2, 2],t), nth=1)

 1 

 0 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((1, [2, 2],t), nth=0)

 1 

 0  0 

((1, [2, 2],t), nth=1)

 1 

((1, [2, 2],t), nth=2)((1, [2, 2],t), nth=3)

Theoretical Chemistry, Cologne University Spin Adaption in Coupled Cluster, ESNT Michael Hanrath June 8, 2023 36



〈0|eT̂ †Ĥ2eT̂ |0〉, (9410 Diagrams)
T̂ = T̂1 + T̂2, eT̂ ∼ 1 + T̂ + 1

2!
T̂ 2 (no termination)

. . .
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〈0|e−T̂ Ĥ2eT̂ |0〉, (58 Diagrams)
T̂ = T̂1 + T̂2, eT̂ =

∑∞
i=0

1
i!
T̂ i

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((0, [1, 1],f), nth=1)  0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 1 

((0, [1, 1],f), nth=1)
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 1 

 0 

((1, [1, 1],t), nth=0)((1, [2, 2],t), nth=0)

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0  0 
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 1 

 0 

((0, [2, 2],v), nth=1)

 0 

((1, [1, 1],t), nth=0)

 0 

 1  1 

((0, [2, 2],v), nth=0)
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 1 
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 0 

((1, [1, 1],t), nth=0)((1, [2, 2],t), nth=0)

 0 
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 0 
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 1 

 0  0 
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 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 1 

((0, [2, 2],v), nth=1)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1  1 

((0, [2, 2],v), nth=1)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1) ((1, [1, 1],t), nth=2) ((1, [1, 1],t), nth=3)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

 0 

 1 

((0, [2, 2],v), nth=1)

 1 

 0 
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 1 

 0 
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 1 

 0 
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 1 
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 0 
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 0 

 0 
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((0, [2, 2],v), nth=1)

 1 

 0 

((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 
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((1, [2, 2],t), nth=0) ((1, [2, 2],t), nth=1)
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Automatically Layouted Diagramsa

CCSDTQ

Variational CCSD

CCSD for H2
N

CCSDT for three-body HN3

aN. Herrmann, M. Hanrath, Theor. Chem. Acc. 138 (2019) 117
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Factorization
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Coupled cluster equations

Residual = . . .+
1

2

∑

iab

〈Ai||ab〉tabIi + . . .+
1

4

∑

ijab

〈ij||ab〉tai tAbIj + . . .
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Overview

Factorization means:

General → binary tensor contractions

∑

...

. . . x...... y
...
... z

...

... → . . .

(∑

...

x......

(∑

...

y...... z
...
...

))

Definition (choice) of suitable intermediates

Goal: Minimization of costs (operation count/memory)
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Possible optimizations

Contraction order of multiple products

a · (b · c) ↔ (a · b) · c

Factoring out
a · b+ a · c = a · (b+ c)

Reusage of intermediates
a · b, a · c
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Algebra and Graphs

Examples:
a · (b+ c) a · b+ a · c

*

+ a

b c

*

+

*

ab c

expansion−→
factoring←−(a+ b) · (c+ d) a · c+ a · d+ b · c+ b · d

*

+ +

a b c d

*

+

* * *

a bc d

Expansion: canonical form (
∑∏

. . .)

Factoring out: ambiguous (
∑
. . .
∏
. . .
∑
. . .
∏
. . . . . .)
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Algebra and Graphs
With result nodes

Examples:

a · (b+ c) a · b+ a · c

*

+

a

b c

* *

+

ab c

(a+ b) · (c+ d) a · c+ a · d+ b · c+ b · d

*

+ +

a b c d

* * * *

+

a bc d
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Optimization of Factorization

Order matters

ZAI =
∑

ijab

〈ij||ab〉tai tAbIj

Ops Mem Ops Mem

ZAI =
∑
jb

tAbIj
∑
ia

〈ij||ab〉tai︸ ︷︷ ︸
Xbj

n2
on

2
v nonv ZAI =

∑
ia

tai
∑
jb

〈ij||ab〉tAbIj︸ ︷︷ ︸
X
A,a
I,i

n3
on

3
v n2

on
2
v

=
∑
jb

tAbIj X
b
j n2

on
2
v — =

∑
ia

taiX
A,a
I,i n2

on
2
v —

Graphical representation

tAb
Ij

tai

tAb
Ij tai〈ij||ab〉

n2

on
2

v

n2

on
2

vn2

on
2

v

n3

on
3

v
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Factorization (Example from CCSDTQ)

Scaling

ZABCDIJKL =
∑
ijab

〈ij||ab〉tai tCDIj tABbJKL

(
no
4

)(
nv
4

)(
no
2

)(
nv
2

)
∼ n6

on
6
v

=
∑
b

tABbJKL

∑
j

tCDIj
∑
ia

〈ij||ab〉tai︸ ︷︷ ︸
Xbj

nonvnonv ∼ n2
on

2
v

=
∑
b

tABbJKL

∑
j

tCDIj X
b
j︸ ︷︷ ︸

YI
CD,b

no
(
nv
2

)
nono ∼ n3

on
2
v

ZABCDIJKL =
∑
b

tABbJKLY
CD,b
I

(
no
4

)(
nv
4

)
nv ∼ n4

on
5
v

Σ: ∼ n4
on

5
v

Color Legend:

external holes summed holes not yet summed holes

external particles summed particles not yet summed particles
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Nodes in Graph

Node hierarchy

Node

ContractionNode

OperationNode

SummationNode SourceNode

ValueNode

ResultNode IntermediateNode

Node notation

Operation nodes

.

.

.

Summation Node Contraction Node

Value nodes

.

.

.

Source Node

.

.

.

Result Node

.

.

.

.

.

.

Intermediate Node
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Ellimination of Equivalent Nodes
Value Aware Factorization Graph: ”Graph of Graphs”

 0 

 1 ((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 1 

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

*

 0 

 1 ((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 1 

*

*

+

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

*

 0 

 1 

 1 ((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

*

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

*

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 1 

 0 

((1, [1, 1],t), nth=1)

 1 
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Graph Transformation
”Graph of Graphs” with implicit contraction → graph with explicit contraction

 0 

 1 ((0, [1, 1],f), nth=0)

 1 

 0 

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 1 

 0 

 1 

((0, [2, 2],v), nth=0)

 1 

 0 

((1, [2, 2],t), nth=0)

*

 0 

 1 ((0, [2, 2],v), nth=0)

 1 

 0 

 0 

 0 

((1, [2, 2],t), nth=0)

 1 

 1 

*

*

+

 0 

 1 

((0, [1, 1],f), nth=0)

 1 

 0 

((1, [1, 1],t), nth=0)

*

 0 

 1 

 1 ((0, [2, 2],v), nth=0)

 1 

 0 

 0 

((1, [1, 1],t), nth=0)

*

 0 

 1  1 

((0, [2, 2],v), nth=0)

 1 

 0  0 

((1, [1, 1],t), nth=0) ((1, [1, 1],t), nth=1)

*

 0 

 0 

((1, [1, 1],t), nth=0)

 1 

 1 

 0 

((1, [1, 1],t), nth=1)

 1 

↓

0x17d7fa0  

 
 0x17dd7b0

 0x17d2440

0x17e1d60 (0 0)-(0 0)
(1 0)-(1 0)

  

 0x17cd9e0
(h+)
(p-)

0x17d8130 (0 0)-(0 0)
(1 0)-(1 0)

  

0x17d8080 (0 1)-(0 0)
(1 1)-(1 0)

(0 0)-(0 0)
(1 0)-(1 0)

 

 0x17d9720

 0x17d9a00
t

(h-)
(h-)
(p+)
(p+)

0x17ddcd0 (0 0)-(0 0)
(1 0)-(0 1)
(2 0)-(1 1)
(3 0)-(1 0)

  

0x17d7810  

(0 0)-(0 0)
(1 0)-(2 0)

(0 0)-(1 0)
(1 0)-(3 0)

 0x17da8e0

0x17ddd80 (0 0)-(0 1)
(0 1)-(0 0)
(1 0)-(1 1)
(1 1)-(1 0)

  

 0x17d5dd0
f

(h+)
(p-)

 0x17d2240
t

(h-)
(p+)

 0x17d7120
v

(h+ h+)
(p- p-)

 0x17d8b40
t

(h- h-)
(p+ p+)
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Graph before Factorization
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Complexity? Complexity = 1.27779 · 1036

Human being: complexity = 43·109 ∼ 101.8·109
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Efficient Parametrization of Factorization

Problem:
Find a compact and efficient parametric representation of the factorization problem
(including factoring out) that separates the combinatorical problem from actual algebraic
manipulations.
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Factor Ordering

Consider

tAi t
a
If

a
i + tAi t

a
I t
b
jv
ab
ij

Factor ordering

[tAi [taI [fai ]]] + [tAi [taI [tbj [v
ab
ij ]]]]

It is [tbj [v
ab
ij ]] = Xa

i

[fai ] and [Xa
i ] are compatible

Remaining factors tAi t
a
I same ⇒ we may write

[tAi [taI [fai +Xa
i ]]]

Not possible for
[tAi [taI [fai ]]] + [tAi [taBIJ [tbj [v

ab
ij ]]]]

On the other hand

[tAi [taI [fai ]]] + [tAj [tbI [t
a
i [vabij ]]]]
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Value node identification after ”+” movement

Consider factorization process (movement of ”+”)
1 x = 0
2 x← x+ fai
3 x← x+ tbjv

ab
ij

x contains fai + tbjv
ab
ij

Explicit storage in value node redundant

Graphical illustration of factoring out:

0x2648be0  

 
 0x2648ca0

 0x264cfe0

0x2646e60 (0 0)-(0 0)
(1 0)-(1 0)
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(p-)
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(1 0)-(1 0)
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(1 1)-(1 0)

(0 0)-(0 0)
(1 0)-(1 0)

 

 0x2656e20

 0x2652670
f

(h+)
(p-)

 0x2642b50
t

(h-)
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 0x2645fa0
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(h+ h+)
(p- p-)

↓

0x2691350 (0 0)-(0 0)
(1 0)-(1 0)
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Translation: Population Individuum → Factored Out Graph
Term: 〈0|e−T̂ ĤNeT̂ 0〉, T̂ = T̂1 + T̂2

Before factoring out
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After factoring out
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