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Packages: TurboRVB and Turbo-Genius

K. Nakano et al., in preparation (2022)

K. Nakano, C. Attaccalite, M. Barborini, L. Capriotti, M. Casula, E. Coccia, M. Dagrada, 
Y. Luo, G. Mazzola, A. Zen, and S. Sorella, J. Chem. Phys. 152, 204121 (2020)

QMC engines (DFT, VMC-optimization, VMC, LRDMC)

User friendly python wrappers.

© Kosuke Nakano (SISSA/JAIST)
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Wavefunction ansatz

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 mass 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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C2 molecule

Wavefunction C atom (Ha) C2 molecule (Ha) Binding (eV)

Jastrow Slater −37.82966(4) −75.8672(1) 5.656(3)

Jastrow Geminal
(Singlet)

−37.8364(1) −75.8938(2) 6.01(1)

Jastrow Geminal
(Singlet + broken sym.)

−37.8364(1) −75.8935(2) 6.00(1)

Jastrow Geminal
(All-pairing, Pfaffian)

−37.8363(1) −75.9045(2) 6.31(1)

Estimated exact -37.8450 −75.9045(2) 6.44(2) (Exp.)

C.G, T.S, K.Nakano, and S.S. J. Chem. Theory Comput. 16, 6114 (2020)

S. Shaik, et al. Nat. Chem. 4 195–200 (2012)

DMC gives a more accurate result than CCSD(T) for the challenging molecule!

More complex.

Double-bond?? Quadruple-bond??, spin-singlet.

CCSD(T) with the V5Z basis = 6.24 eV

DMC results
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TurboRVB paper

K. Nakano, C. Attaccalite, M. Barborini, L. Capriotti, M. Casula, E. Coccia, M. Dagrada, Y. Luo, G. Mazzola, 
A. Zen, and S. Sorella, J. Chem. Phys. 152, 204121 (2020)
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What we can do with TurboRVB?

Please visit our website :-) All the papers and Ph.D thesis using TurboRVB are listed here.

© Kosuke Nakano (SISSA/JAIST)
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SISSA Gitlab server

Where can we download TurboRVB and Turbo-Genius?

For the  time being, turborvb and turbo-genius are inhouse codes, so please DO NOT distribute to the public.

Within a year, all the codes will be public under an appropriate license (maybe BSD) :-)

From SISSA-gitlab server.

https://git-scm.sissa.it

A request: to kousuke_1123@icloud.com 
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TurboRVB/Turbo-Genius manual and tutorials

From SISSA-gitlab server.

https://git-scm.sissa.it

They are composed by sphinx. All the tutorial in this school is included here.

Any contributor is welcome!!!
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TurboRVB/Turbo-Genius manual and tutorials

If you want to see the userguide, please let us know. We will give you the permission.

git clone git@git-scm.sissa.it:sorella/turborvb_userguides.git

Open  /turborvb_userguides -> build -> html -> index.html
Any contributor is welcome!!!

- User Manuals.

- TurboRVB tutorials.

- Turbo-Genius tutorials (for the hands-on session).

# on your local comp. (for the TREX summer school).
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Compilation (TurboRVB)

We strongly recommend Intel, IBM, and Fujitsu Fortran compilers. (Not gfortran).  

1. Legacy make:

2. Modern CMake:

Copy a config file: config/make_XXX.inc make.inc

Copy a make.txt file: src/make.txt_standard src/make.txt

Compile TurboRVB: ./makeall (serial) or ./makeall-mpi

If you want to clean it: make cleanall

mkdir build
cd build
cmake -DXXXX = YYYY etc...
make install # copy generated binaries to ./bin directory.

Fugaku, Hokusai (RIKEN)

Marconi, Marconi100 (CINECA)

Kagayaki (JAIST)

SISSA-cluster (SISSA)

You do not have to do this for the hands-on session!!!
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A typical workflow in QMC

(Input)

(Output)

WFT (Gaussian16, PySCF) 
or DFT (Quanaum Espresso)

Atomic positions, basis sets, pseudo potentials…

The obtained one-particle WFs 

QMC (TurboRVB, etc…)

Many-body WFs, its energy,  forces, etc…

1) Pre-process:

2) Post-process:
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A typical workflow in TurboRVB (TurboGenius)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

= Workflow =

makefort10

prep

4. VMC Do a VMC run. turborvb

LRDMC with the optimized WF. turborvb

turborvb
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A typical workflow in TurboRVB (TurboGenius)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

= Workflow =

makefort10

prep

4. VMC Do a VMC run. turborvb

LRDMC with the optimized WF. turborvb

turborvb
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Wavefunction (makefort.10.x)

Input: makefort10.input Binary: makefort10.x Output:fort10_new

makefort10.x is a tool for generating JAGP WF(fort.10) from makefort10.input.

Structural information.

Basis-set information.
makefort10.input file Wavefunction file (fort.10)

makefort10.x
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Wavefunction file (fort.10)

All the information (except for pseudo potential info.) is included in a single file, named “fort.10”

“fort.10” can be generated by 
“makefort10.x” (see later).
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fort.10 Header

Header:
Nelup: The number of spin up electrons in the system.

Jas 2body: Onebody and Twobody Jastrow types

The total number of Jastrow variational param.

The total number of determinant variational param.

The number of atomic forces.

Nel: The total number of electrons in the system.

Ion: The number of nuclei in the system.
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Structure

Coordinates:

- N: Atomic number

- Z: The number of valence electrons

- xn, yn, zn : atomic positions (Bohr)

Pseudo potential case N != Z

If you want to use a H-pseudo potential, 
please put N=1.0, Z=1.00001 (dummy).
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Basis set in makefort10.input/fort.10

Basis set for the determinant part:

Shell codes: 16 -> s orbital
36 -> p orbital
68 -> d orbital
48 -> f orbital
51 -> g orbital
72 -> h orbital
73 -> i orbital
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Single Slater-determinant (convertfort10mol.x)

Input: convertfort10mol.input, 
fort.10_in Binary: convertfort10mol.x Output:fort10_new

convertfort10mol.x is a tool for adding molecular orbitals to fort.10_in.

This is used for converting a JAGP WF to a JSD WF.

DFT (prep.x) works only with molecular orbitals!! So, one should convert a WF from the JsAGPs to JSD.

with

Slater Determinant
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The generated fort.10 -> JAGPs

Coefficients of the Determinant part (JAGPs case) 

is a symmetric matrix!
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fort.10: details

Molecular orbitals (100000):

Molecular orbitals can be added by “convertfort10mol.x”. DFT works only with molecular orbitals.

In fort.10, 1000000 indicates a molecular orbital.
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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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DFT Grids

Input: prep.input, fort.10 Binary: prep-(serial, mpi).x Output:fort10_new

Box and mesh sizes are so important for obtaining converged results in practice !!

If you have enough memories, we recommend 
L ~ 20 Bohr for the safety.

# Lz = cell length for a periodic system. Automatically set.

For a calculation with PPs, a~0.10 bohr is small enough.

For an all-electron calculation, a < 0.05 bohr is needed. 
The double-grid algorithm should also be helpful.

L (lbox)

a (grid)

   H = T̂ +Vele-ion

!r( ) +Vele-ele

!r( ) +VXC

!r( )
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Built-in DFT code (prep.x)

Input: prep.input, fort.10 Binary: prep-(serial, mpi).x Output:fort10_new

prep.x is a built-in DFT code!!

Why built-in?

We are also implementing converters for several QC codes (e.g., Gaussian) via TREX-IO. 

As mentioned before, the modified gaussian orbital is used.

So, we cannot exploit the analytical integration even though we employ the Gaussian 
primitive orbitals.

The CRYSTAL basis + cusp. for PBC cases.
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A typical workflow in TurboRVB (TurboGenius)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

= Workflow =

makefort10

prep

4. VMC Do a VMC run. turborvb

LRDMC with the optimized WF. turborvb

turborvb
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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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What the VMC optimization does?

The variational principle

This integral is evaluated using the MCMC method.

Variational parameters!

e.g.,
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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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The most difficult part in practice

3. VMC Optimize wavefunctions and VMC run.

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!! 

1st Step 2nd Step
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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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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 (Turbo-Genius)

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

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

Averaged!
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A typical workflow in TurboRVB (TurboGenius)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

= Workflow =

makefort10

prep

4. VMC Do a VMC run. turborvb

LRDMC with the optimized WF. turborvb

turborvb
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VMC input file

ngen is the total number of Monte Carlo steps.

Default: nw is the number of MPI processes.

One-shot VMC

xi

E

x1 x2 x3 x4 xn=

var E( )

 !

ngen× nw



2022/6/28© Kosuke Nakano (SISSA/JAIST)39

All information

e(L), etc… -> written in fort.12
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Reblocking

pip0.d=energy

forcevmc.sh “bin”, “init”, “pulay”, or “bin”: the length of reblocking size

“init”: the length of equilibration steps (init * bin)

“pulay”: the ratio of the pulay term (1 is OK)

forcevmc.dat=forces

turbo-genius.sh –j vmc -post -reb “bin”, -eq “init”
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fort.10: Forces

Ionic Forces:

F1,z for the first atom will be calculated. 

# The number of forces,    atom index,     direction

F1,x  and F2,z will be calculated, assuming, F = F1,x  = - F2,z.  

The output value (forcevmc.dat) is the sum of two forces, i.e., (F = F1,x  - F2,z. )  

If you want to calculate forces, please set “ieskin=1” in the &parameter section in your VMC input.
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forcevmc.dat

forcevmc.dat=forces

Force (total)

Der Eloc: 2*(<OH> - <O><H>)

where, J is the Jacobian of the warp transformation.

The output value (forcevmc.dat) is the sum of two forces, i.e., (F = F1,x  - F2,z. )  

S Sorella, L Capriotti, J. Chem. Phys. 133, 234111 (2010).

(Hellmann-Feynman term) (Pulay term)
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How to choose basis set for Force calc.? (PBC)

TurboRVB employs the CRYSTAL periodic basis for PBC calculations:

-PBC, pseudo potential:

-PBC, all-electron:

Unfortunately, provided basis sets for open systems are redundant for periodic cases, so we 
recommend that one should cut several smaller exponents, typically, smaller than 0.10. 

The same for all-electron cases. Basis sets provided for open systems such as Basis set exchange 
[https://www.basissetexchange.org] are usually redundant for a periodic case, so we 
recommend that one should cut several smaller exponents, typically, smaller than 0.10. 

One can also use all-electron basis sets optimized for periodic systems such as ones provided in 
the CRYSTAL DFT code [https://www.crystal.unito.it/basis-sets.php].

https://www.basissetexchange.org/
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Basis set redundancy for periodic cases

● Diamond: Total Energy (E) ● Diamond: Force (F)

Large <- Lin. Dep. -> Small Large <- Lin. Dep. -> Small

Linear dependency = the condition number of the overlap matrix (S).

Only one C is displaced

K. Nakano et al., Phys. Rev. B 103, L121110 (2021)
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Recent progress: Phonon dispersion calculations

● Diamond: the conventional 2x2x2 supercell with the experimental lattice parameter

DFT-LDA

VMC

Exp. 40.35 THz

40.65(38) THz

38.55 THz

K. Nakano et al., Phys. Rev. B 103, L121110 (2021)

** These are harmonic frequencies

● The frozen phonon method implemented in Phonopy package. 
A. Togo and I. Tanaka, Scr. Mater. 108, 1 (2015).

* including anharmonic corrections.

Raman Freq. (optical phonon at Γ)
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Importance of the Space-warp coordinate transformation

K. Nakano et al., J. Chem. Phys. 156, 034101 (2022)

(𝜎!/𝜎")# scales as  𝑍~#.& without SWCT,

QMCPACK group shows that the scaling 

does not change even with SWCT…

consistent with QMCPACK group’s paper

No, the ratio is independent of 𝑍 !! 

J. Tiihonen, et al. J. Chem. Phys. 154, 204111 (2021)
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Energy derivative v.s. Force

1. The system is already at a variational minimum.

2. The variational parameters are not allowed to vary with changing the atomic pos.

Additional terms!!

J. Tiihonen et al., J. Chem. Phys. 154, 204111 (2021)

○

？
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Carbon monoxide: PES v.s. Force
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All-electron calculations, VMC (JDFT). Jastrow factors were optimized for each C-O distance.

Basis = cc-pVDZ Basis = cc-pVQZ
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A typical workflow in TurboRVB (TurboGenius)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

= Workflow =

makefort10

prep

4. VMC Do a VMC run. turborvb

LRDMC with the optimized WF. turborvb

turborvb
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Lattice regularized DMC (LRDMC)

The projection technique to filer out the ground state from a trial wave function (typically, optimized by VMC).  

the projection filters out the ground state WF from a given trial WFSince

In TurboRVB, “etry” is the corresponding parameter. 

e.g., one can use a VMC energy for etry.

M. Casula et al., Phys. Rev. Lett. 95, 100201 (2005)
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Lattice discretization

To apply the GFMC method for continuous systems.

In TurboRVB, “alat” is the corresponding parameter.  The unit is bohr.

Since the Trotter-Suzuki decomposition is not needed in the LRDMC framework, the “time-step” error does not 
exist in LRDMC unlike DMC, but this “lattice-space” error exists instead. We need extrapolation for alat. (later)

M. Casula et al., Phys. Rev. Lett. 95, 100201 (2005)
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Fixed-node approximation

The Green’s function cannot be made strictly positive for fermions; therefore, the fixed-node (FN) 
approximation has to be introduced in order to avoid the sign problem.

The nodal surface never changes during the simulation! i.e., Only the amplitude is relaxed.

Projection.

Trial WF Fixed-node WF
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Input file for Lattice regularized DMC (LRDMC) 

Itestr4 = -6: LRDMC

ngen: The number of iterations (branchings)

tbra: Projection time

etry: Energy shift for the projection

alat: Coarser grid size (Bohr).

alat2: Denser grid size (Bohr).

Important parameters:

M. Casula et al., Phys. Rev. Lett. 95, 100201 (2005)
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LRDMC

alat extrapolation with funvsa.x
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dNa-Na = 3.0789 Å 

quartic:

quadratic:

The extrapolation behaves well unlike the standard DMC!!

K. Nakano et al., J. Chem. Theory Comput. 15, 4044-4055 (2019)
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Branching and related parameters

- The branching is done every τnbra steps. (tbra).

- “ngen” is the number of branchings! (ngen).

weights and positions are updated. Branching!!

Walkers!

too small tbra ->

too large tbra ->

The weights are not update.

Only few walkers survive.

ngen=1 ngen=2 ngen=3

Check your output! Av. num.  of survived walkers/ # walkers in the branching 0.99 > 0.90!

1. Set the new weights

2. Select the new walkers
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Reblocking

pip0_fn.d=energy

forcefn.sh “bin”, “corr”, “init”, “pulay”, or
“bin”: the length of reblocking (binning) size

“corr”: correcting factor

“pulay”: the ratio of the pulay term (1 is OK)

forcefn.dat=forces

turbo-genius.sh –j lrdmc -post -reb “bin”, -eq “init” -col “corr”

“init”: the length of equilibration steps (init * bin)

“corr”: correcting factor (p)

The average weights are stored and are set to 
one for all walkers after each branching. 
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A typical workflow in TurboRVB (TurboGenius)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

= Workflow =

makefort10

prep

4. VMC Do a VMC run. turborvb

LRDMC with the optimized WF. turborvb

turborvb
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The most difficult part in practice

3. VMC Optimize wavefunctions and VMC run.

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!! 

1st Step 2nd Step
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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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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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Workflow of the TREXIO-TurboRVB converter

This is because of the complication of the 
TurboRVB WF format.

First, the converter generates a TurboRVB WF file 
using only basis set and structure information 
stored in a TREX-IO file. 

Then, the converter writes the MO information 
stored in a TREX-IO file into the generated WF file.




