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TurboRVB-workspace

- DFT: DFT calculations (prep.x)

- Compilation and Installation: Compilations

- VMC: Single-shot VMC, also Force calculations

- VMC-optimization: Optimizations

- LRDMC: LRDMC.

- Turbo-Genius: Turbo-Genius python wrappers

- User manuals and Tutorials.

Others??
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A typical workflow in TurboRVB (in detail)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

LRDMC with the optimized WF.

= Workflow =

makefort10.x

prep.x

turborvb.x

turborvb.x

4. VMC Do a VMC run. turborvb.x

Day1

Day1

Day2

Day3

Day4
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What the VMC optimization does?

The variational principle

This integral is evaluated using the MCMC method.

Variational parameters!

e.g.,
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Ansatz Hierarchy

Slater determinant: the most straightforward ansatz

Linear combination of the slater determinants.

c.f. P.W. Anderson

More complex.

should be anti-symmetric under exchange of electron positions.

Geminal functions (i.e., considering pairs of electrons.)

Fermi-net (i.e., anti-symmetric neural network.)

Backflow functions (i.e., increase in the effective masses of electrons.)

The more complex an ansatz is, the better energy we could get. However, the computational cost also increases.

One should increase the number of variational parameters, considering “physics”.
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Ansatz hierarchy in TurboRVB
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Pfaffian ansatz

The most general ansatz is represented as the Pfaffian.
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Considering only different spins
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Pairing function and fort.10 fortmat

Paring functions are parametrized:

They are variational parameters, and written in fort.10!!

They are not indices for the electrons, but for the basis!!
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JAGPs

Coefficients of the Determinant part (JAGPs case) 

is a symmetric matrix!
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JAGPu

Coefficients of the Determinant part (JAGPu case) 

- is symmetric for the singlet part

- is skew-symmetric for the triplet part
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JPf/JAGP

The most general paring function (Pfaffian ansatz).

We have 4 basis for each C atoms.
=> 16 * 16 matrix

From index 9 to 16 -> spin-dn
From index 1 to 8 -> spin-up
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JPf/JAGP

The most general paring function (Pfaffian ansatz).

We have 4 basis for each C atoms.
=> 16 * 16 matrix

From index 9 to 16 -> spin-dn
From index 1 to 8 -> spin-up
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Jastrow matrix elements

Coefficients of the Jastrow part (spin-independent Jastrow) 
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Onebody and Twobody Jastrows

twobody: 1B and 2B Jastrows: Various Jastrow types are implemented (see the manual.)

Typically:

-6: Open/PBC with pseudo potentials

-15: Open/PBC with all-electrons

-22: Open/PBC with JAGPu/JPf.

Only two-body parameter.

two-body and one-body parameters.

Only one-body or two-body and one-body parameters.

Spin-dependent Jastrow factors:i.e., electron-ion cusp conditions are enough.

Electron-ion (1b).

Electron-Electron (2b).

To satisfy the cusp conditions.
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Conversion tools (convertfort10.x, convertpfaff)
Input: convertfort.input, 
fort.10_in, fort.10_out Binary: convertfort10.x Output:fort10_new

Convergfort10.x is a tool for converting a WF type., e.g., 

Input: fort.10_in, 
fort.10_out Binary: convertfortpfaff.x Output:fort10_new

Convertpfaff.x is a tool for projecting a WF., e.g., 
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Hybrid orbitals (convertfort10)

Hybrid orbitals (90000):

Hybrid orbitals can be added by “convertfort10.x”. We can decrease the number of variational parameters.

In fort.10, 900000 indicates a hybrid orbital.

sp2, sp3, etc…

makefort.10.input
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Correlated sampling

Input: readforward.input, 
fort.10, fort.10_corr Binary: readforward.x Output:corrsampling.dat

readforward.x enables us to calculate the difference in two WF using the correlated sampling. 

- The difference in energies - The Overlap between the two WFs 
(the maximum is unity)

%cat corrsampling.dat

reference energy: E(fort.10)  -0.110045875E+02     0.252368934E-01
reweighted energy: E(fort.10_corr)  -0.110045875E+02     0.252368985E-01
reweighted difference: E(fort.10)-E(fort.10_corr)   -0.148834687E-07     0.316227766E-07
Overlap square : (fort.10,fort.10_corr)    0.999999998E+00 0.316227766E-07

If the overlap is unity, it means that the conversion has been done without losing any information.
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Main QMC engine: turborvb-(serial, mpi).x

Input: datas(min, vmc, 
fn).input, fort.10

Binary: turborvb-(serial, 
mpi).x Output:fort10

=VMC-opt, VMC, DMC, and LRDMC=

- Single-shot VMC run (itestr4=-2 in the &simulation namelist). 

- VMC optimization (itestr4=-4,-5,-8,-9 in the &simulation namelist). 

- Single-shot LRDMC run (itestr4=-6 in the &simulation namelist). 

turborvb.x is the main QMC engine in the turborvb package.

- Single-shot DMC run (itestr4=-5 in the &simulation namelist), but not maintained. 
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The number of MCMC steps

Relation between ngen and nweight

Each iteration

xi

E

E

x1 x2 x3 x4 xn=

var E( )

s1 s2 s3 s4 sn !  !

nweight × nw

Optimization

steps

Total optimization steps:
ngen

nweight
(default: the num. walker = the num. of MPI process )
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Implemented optimization methods

Implemented optimization algorithms

-4, -8): Linear method with the natural gradient

-9, -5): Stochastic reconfiguration (natural gradient method)

In both cases, the most important parameters in practice are

1. tpar:

2. parr:

Acceleration parameter (learning rate.)

Regularization (c.f. LASSO)

tpar = 3.5d-1, and 1.0d-3 for -4 and -9, respectively.

Depending on the accuracy your need. parr =  ~ 1.0d-3

e.g.,

e.g.,

C.J. Umrigar, et al., Phys. Rev. Lett. 98, 110201 (2007).

S Sorella, et al., J. Chem. Phys. 127, 014105 (2007).
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The most difficult part in practice

3. VMC Optimize wavefunctions and VMC run.

e.g., however, the optimization sometimes is stuck in a local minimum if the initialization was wrong etc…

Jastrow factor =

Electron-ion.

Electron-Electron.

Anti-symmetric part =

A wavefunction reads
Anti-symmetric part. Jastrow factor. To satisfy the cusp.

No effect on the nodal surface!!

Determines the nodal surface. Its initial guess is taken from a DFT calculation!! 

Stable nodal surface optimization Unstable nodal surface optimization

Only the Jastrow part is optimized.Both parts are optimized. 

Independent of an initial DFT guess!? Dependent on an initial DFT guess!!

TurboRVB: Other QMC codes:
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Practical Optimization Procedure

Practical recommended optimization procedure. Avoid local minima…

1. Put a reasonable two-body Jastrow parameter (typically ~ 1.0 for twobody = -6, -15, -22),

iesfree=1, iesd=1 in the &parameters seciton.
twobodyoff=.true. and iesdtwobodyoff=.true. in the &optimization section.

2. Optimize homogenous and inhomogeneous one-body Jastrows (two-body and three-body are fixed), 

3. Optimize three-body Jastrow part (two-body still fixed),

Remove !twobodyoff=.true.

%vi fort.10

4. Optimize two-body Jastrow part.

remove !twobodyoff=.true. and !iesdtwobodyoff=.true.

iessw=1 Opt. the determinant part.

iesup=1

+ Opt. the exponents (Det). / itestr4=-8/-5

iesm=1 Opt. the exponents (Jas).

Opt. the hyb. orbitals. / itestr4=-9/-4

The other options
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Optimization Criteria

Optimization criteria

At least, ``devmax`` should be smaller than 4.0 after optimization. However, we also have 
experienced that this simple criteria is sometimes not sufficient to obtain a converged result.

The definition of ``devmax`` is:

where represents the estimated error bar of a general force 
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Plotting Graphs (TurboRVB)

plot_Energy.sh plot_devmax.sh
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Plotting Graphs (Turbo-Genius)

%turbo-genius.sh -j vmcopt -post -am interactive_detail
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Averaging parameters (TurboRVB)

readalles.x enables us to visualize and average the latest several optimization steps.

% readalles.x < read.in

% cat read.in
1 1 0 1
0
10
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Averaging parameters (Turbo-Genius)

turbo-genius.sh -j vmcopt -post -am interactive_detail

Averaged!
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Tutorials
Ansatz Level

JDFT JsAGPs JAGPu JAGP(JPf)

1. 
H2-dimer

H2

01
DFT

Day1

02
VMCo
Day2,3

03 
VMC
Day3

04 
DMC
Day4

06 
Conv.
Day2

08 
VMCo
Day2,3

09
VMC
Day3

10
DMC
Day4

NA NA

2. 
C2-dimer

C2 01-01 
01-05
DFT

Day1

01-06 
VMCo

Day2,3

01-07
VMC

Day3

01-08 
DMC

Day4

02-01 
Conv.

Day2

02-02 
VMCo

Day2,3

02-03
VMC

Day3

02-04
DMC

Day4

03-01 
03-03 
DFT

Day1 03-04
Conv.
Day2

03-05
VMCo
Day2,3

03-06
VMC
Day3

03-06
DMC
Day4

04-01
Conv.
Day3 04-03

VMCo
Day4

04-03
VMC
Day4

04-03
DMC
Day4

C
03-01
DFT

Day1

04-02
Conv.
Day3

3. 
H2
on 

graphene

H2
+

Graphene

01
DFT

Day1

02
VMCo
Day2,3

03
VMC
Day3

04
DMC
Day4

NA NA NAGraphene
05

DFT
Day1

06
VMCo
Day2,3

07
VMC
Day3

08
DMC
Day4

H2

09 
DFT

Day1

10
VMCo
Day2,

3

11
VMCo
Day3

12
DMC
Day4
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