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1. Introduction  

 
BROWFLEX is a computer program, belonging to the SIMUFLEX package, 

devised for Brownian dynamics simulation of bead/atom-and-connector/bond models 
for flexible molecules and nanoparticles. The model consists of an array of beads, which 
act as flexible elements, joined by connectors. The connectors can be of various classes 
and variable flexibility degree, and the topology of the connections is arbitrary, so that a 
wide variety of situations can be represented. A number of different intramolecular 
interactions are considered, including not only those corresponding to the 
connectors/bonds connecting the beads/atoms, but also, bending of the angles between 
neighbour connectors, torsions or internal rotations, etc. This way, BROWFLEX can 
handle from coarse grained bead and connector models to real molecules constructed 
with atomic-level information. That is why we speak indistinctly of beads or atoms, 
connectors and bonds.    

 
The program may also consider external agents. The present version permits 

simulation in a flowing solution. Versions to be released next will include provision for 
electric fields, effects of wall (confinement) or obstacles, and other (special agents). The 
internals of BROWFLEX are devised so that modules for these features can be 
integrated.  
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The purpose of BROWFLEX is the generation of a Brownian trajectory of the 

model. The SIMUFLEX suite includes another program, ANAFLEX that can analyse 
the trajectory in a variety of ways. 

 
BROWFLEX is driven by data files, which will specify all the actions, options 

and data for the simulation. Input and output quantities are in CGS units. Thus, lengths 
are in cm, energies in erg and time in s. Units for other quantities are derived from the 
primary ones.  

 
The main literature reference for BROWFLEX is 
 

J. García de la Torre, J. G. Hernánndez Cifre, A. Ortega,  R. Rodríguez Schmidt, M. X. 
Fernandes, H. E. Pérez Sánchez, and R. Pamies, “SIMUFLEX: Algorithms and tools for 
simulation of the conformation and dynamics of flexible molecules and nanoparticles in 
dilute solution”, J.  Chem. Theor. Comput. 5, 2606-2618 (2009). 
 
 New features, intended for models of particles with rigid cores and flexible 
linkers or tails, have been added, as described in 
 
D. Amorós, A. Ortega, J. Garcia de la Torre “Prediction of hydrodynamic and other 
solution properties of partially disordered proteins with a simple, coarse-grained model” 
J.  Chem. Theor. Comput., 9, 1678-1685 (2013). 
 

  
The simulation engine is either the first order Ermak-McCammon algorithm,  

 
• D.L. Ermak and J.A. McCammon, “Brownian dynamics with hydrodynamic 

interactions”, J. Chem. Phys., 69:1352–1360, 1978  
 

or, alternatively, the predictor-corrector modification of this algorithm 
 

• A. Iniesta and J. García de la Torre, “A second-order algorithm for the 
simulation of the Brownian dynamics of macromolecular models”, J. Chem. 
Phys., 92:2015–2019, 1990. 

 
In the present version, the factorization of the diffusion tensor is carried out by the 
Choleski method, as originally proposed by Ermak and McCammon, with details given 
by Allison and McCammon: 
  

• S.A. Allison and J.A. McCammon, “Transport properties of rigid and flexible 
macromolecules by Brownian dynamics simulation”, Biopolymers, 23:167–187, 
1984. 

 
After launching the program, it asks for the main input file name (see below). 
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2. Input 
 
2.1. Main input file  
 
A number of different cases can be performed successively in a single run. Thus, the 
main input file will have one or more blocks of nine lines, one block for each case, with 
the following information: 
 
• logfile (C30),  file for the report of progress of simulation and some 

preliminary results (may be the same or different for each case).  
• trajfile (C30),  trajectory file (there must be one for each case). 
• moleculefile molecular data file (can either be the same or different for each 

case). 
• initfile (C30),  file with the initial conformation/s (can either be the same or 

different for each case).  
• flowfile (C30),  file with data on the steady of time-dependent flow (can either 

be the same or different for each case). If there is no flow (flowfile not 
provided), give a “-” as the first and only character in this filename.  

• elecfile (C30),  file with data on the steady of time-dependent electrical 
properties. This feature is not enabled in the present version of BROWFLEX, 
therefore supply a “-” as the first and only character in this filename. 

• wallfile (C30),  file with data on hard walls or boundary conditions. This case 
is not enabled in the present version of BROWFLEX, therefore supply a “-” as the 
first and only character in this filename. 

• specfile (C30), file with special data. If there are not special data (specfile 
not provided), give a “-” as the first and only character in this filename. (Note: use 
this file in order to define non-moving beads). 

• browfile (C30),  file with the data for the Brownian dynamics simulation. 
 
As commented previously, succesive blocks of data for several cases can be contained 
in the same main inputfile. The end of file will be indicated with an * in place of the 
new logfile. 
 
The filenames are character strings with 30 characters (C30). The filenames 
(eventually including their path, if they are not in the working directory) may be shorter, 
but in some platforms it is required that they are followed by a sufficient number of 
spaces as to fill the 30 characters. 
 
 
 
2.1.1. Contents of browfile 
 
(reminder: enter times in seconds) 
 
It will have twelve lines with the following information [(I) and(R) stand, 
respectively, for integer and real variables]: 
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• nmol(I), number of molecules (or subtrayectories of a single molecule; for 
different molecules different intial conformations must be entered in initfile) 

• tprev(R), previous “heating” time (per molecule) during which trajectory is run 
without any recording (but under the same conditions as the definitive trajectory) 

• ttraj(R), time of duration of the subtrajectory of each molecule 
• nconf(I), number of conformations (per molecule or subtrajectory) which are 

registered in the trajectory file. It must be an integer divisor of the total number of 
conformations available to be evaluated: ttraj /(deltat*npadif)  

• nscreen(I), number of times (per molecule) that a message appears on screen 
monitoring the advance of the trajectory and giving some instantaneous properties 

• deltat(R), duration of each simulation step. The total number of simulation steps 
is ttraj /deltat that must be an integer number. The value of the reduced time 
step (i.e. ∆t/ut) ranges usually between 0.0001 when hard interactions are present 
and 0.01 if only soft interactions are present  

• npadif(I), (only for Brownian dynamics with hydrodynamic interaction, 
inter=1 or inter=2), is the number of consecutive steps without recalculating 
the 3Nx3N diffusion tensor; a value of about 10 is recommended  

• inter(I), type of the simulation algorithm (see below) 
• iorder(I), order of the simulation algorithm (see below) 
• iseed(I), seed for random number generation (recommended five or six digits, 

more than six is not allowed) 
• icdm(I), flag that indicates whether the center of mass reference frame (icdm=1) 

or the lab reference frame (icdm=0) is used. If icdm=1, the recorded coordinates 
are referred to the center of mass, and the translational displacement of the molecule 
is lost, so that it will not be possible to compute quantities to which it is related (e.g. 
translational correlation function and some aspects of polarized light scattering) 

 
 
Valid values of inter and iorder are the following combinations 
 
inter 0 ; iorder 1 -- no-HI, EM  
inter 0 ; iorder 2 -- no-HI, IGT 
inter 1 ; iorder 1 -- Os, Chol, EM 
inter 1 ; iorder 2 -- Os, Chol, IGT  
inter 2 ; iorder 1 -- MOs, Chol, EM 
inter 2 ; iorder 2 -- MOs, Chol, IGT  
 
where: 
 
EM:  Ermak-McCammon 1st order algorithm 
IGT: Iniesta-García de la Torre predictor-corrector algorithm 
 
no-HI: HI is ignored 
Os - HI Oseen 
MOs - HI modified Oseen (Rotne-Prager-Yamakawa-García de la Torre – Bloomfield 
HI tensor) 
 
Chol: Choleski decomposition 
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2.1.2. Contents of the moleculefile 
 
(reminder: enter lengths in cm, energies in erg,  forces in erg/cm, spring constants in 
erg/cm2, angular force constants in erg) 
 
A series of lines with the following information: 
 
• t(R), temperature in centigrade  
• eta(R),  solvent viscosity, poise 
• M(R), molecular weight, dalton (g/mol) 
• Title (C30), name of the molecule 
• N(I), number of beads/atoms 
• the N following lines: values of beads hydrodynamic radii (σi) 
• nbonds(I), number of bonds (connectors) 
• a number nbonds of consecutive lines containing each one the following data: 
   1) index (I)of one of the bonded beads 
   2) index (I)of the other bonded bead 
   3) bond type (I); present values are 

1 – Fraenkel (“hard Hookean”) spring 
            2 – Hookean, Gaussian (“soft”) spring 
            3 – FENE (“finitely extensible non-linear elastic”) spring 
            6 – Hard-FENE (combination of “FENE and Fraenkel”) spring 
   4), 5), 6), ... etc  values (R) of the parameters. Present values: 
     * for Fraenkel (“hard Hookean”) spring: 
          4) Hookean force constant 
          5) Equilibrium distance 
     * for Hookean, Gaussian (“soft”) spring: 
          4) Hookean force constant 
     * for FENE spring: 
          4) Hookean force constant 
          5) Maximum elongation 
     * for Hard-FENE spring: 
          4) Hookean force constant 
          5) Equilibrium distance 
          6) Maximum elongation 
• nang(I), number of bending angles 
• a number nang of consecutive lines containing each one the following data: 
   1) index (I)of first involved bead/atom 
   2) index (I)of second involved bead/atom (central) 
   3) index (I)of third involved bead/atom 
   4) type (I)of angular force; present value is: 
       1 – angular force derived from the quadratic potential V = (1/2)Q(α -α0)

2, where α 
is the suplementary angle to the bending (internal) angle subtended by the three beads 
(in radian).   
   5), 6), 7), ... etc  values (R)of the parameters. Present values are: 
        * for bending angle type 1:  
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        5) equilibrium angle, α0 (suplementary; zero instead of π for straight 
conformation), in radian.  

        6) angular force constant, Q 
• ntors(I), number of torsion restrictions (proper dihedral angles) 
• a number ntors of consecutive lines containing each one the following data:  
   1) index (I)of first involved bead/atom (i) 
   2) index (I)of second involved bead/atom (j, central) 
   3) index (I)of third involved bead/atom (k, central) 
   4) index (I)of fourth involved bead/atom (l) 
   5) type of torsional force (I). In the following, φijkl is the instantaneous dihedral 
angle (in radians) subtended by the two planes defined by beads i,j,k and beads j,k,l 
(φijkl=0 if beads i and l are in “trans”, φijkl=2.094 if beads i and l are in “gauche+”, 
φijkl=4.189 if beads i and l are in “gauche-” conformations). Present types are: 
       1 – force derived from torsional potential Vijkl(φijkl) =c0 + c1cos(φijkl)

 + c2cos2(φijkl)
 + 

c3cos3(φijkl)
 + c4cos4(φijkl)

 + c5cos5(φijkl). It is used when the torsion is performed around 
a bond between carbon atoms sp3-sp3. For further information see Ryckaert and 
Bellemans Chem. Phys. Lett. 30: 123-125, 1975; Rey et al. J. Chem. Phys. 97, 1240-
1249, 1992. 

2 – force derived from torsional potential Vijkl(φijkl) =Kφ[1+cos(3φijkl)]. It is used 
when the torsion is performed around a bond between carbon atoms sp3-sp3. For further 
information see Lamm and Szabo J. Chem. Phys. 85, 7334-7348, 1986 that set Kφ=1.0 
Kcal/mol. 

3 – force derived from torsional potential Vijkl(φijkl)=(Kφ/2)[x(1-cos(φijkl))+(1-x)(1-
cos(3φijkl))]. It is used when the torsion is performed around a bond between carbon 
atoms sp3-sp3. For further information see Winkler et al. J. Chem. Phys. 98, 729-736, 
1992 that set Kφ=4.1 Kcal/mol and x=0.163. 
       4 – force derived from torsional potential Vijkl(φijkl)=c1[1-cos(φijkl)]+c2[1-
cos(2φijkl)]+c3[1-cos(3φijkl)]. It is used when the torsion is performed around a bond 
between carbon atoms sp3-sp2. For further information see Wiberg et al. J. Am. Chem. 
Soc. 107: 5035-5041, 1985 (note: constants cn here are constants Vn/2 in that paper).  
       5 – force derived from torsional potential Vijkl(φijkl)=c1[cos(φijkl)- cos(φ0,ijkl)]

2 where 
φ0,ijkl is the equilibrium dihedral angle subtended by the planes defined by beads/atoms 
i,j,k and beads j,k,l, in radians. It is used when the torsion is performed around a bond 
between carbon atoms sp2-sp2. For further information see Rey et al. J. Chem. Phys. 97, 
1240-1249, 1992 (note: constant c1 here is constant kφ/2 in that paper). 

6 – force derived from torsional potential Vijkl(φijkl)=k1[1+cos(φijkl-
φ0,ijkl)]+k3[1+cos3(φijkl-φ0,ijkl)] where φ0,ijkl is the equilibrium dihedral angle subtended by 
the planes defined by beads/atoms i,j,k and beads j,k,l, in radians. For further 
information see Elcock PloS Comput. Biology 2, 2006. 

7 – force derived from torsional potential Vijkl(φijkl)=k1[1-cos(φijkl-φ0,ijkl)]+k3[1-
cos3(φijkl-φ0,ijkl)] where φ0,ijkl is the equilibrium dihedral angle subtended by the planes 
defined by beads/atoms i,j,k and beads j,k,l, in radians. For further information see 
Elcock J. Chem. Theory Comput.  5, 242, 2009. 
   6), 7), 8), ... etc  values (R)of the parameters. Present values are:        
        * for torsion type 1:  
           6) , 7), 8), 9), 10), 11)  are constants c0, c1, c2, c3, c4, c5  
       * for torsion type 2:  
           6) is Kφ  
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       * for torsion type 3:  
           6) , 7) are Kφ and x (dimensionless)  
         * for torsion type 4:  
           6) , 7), 8)  are constants c1, c2, c3 
         * for torsion type 5:  
           6), 7) are φ0,ijkl and c1 
       * for torsion type 6:  
           6) , 7), 8) are φ0,ijkl, k1 and k3 
       * for torsion type 7:  
           6) , 7), 8) are φ0,ijkl, k1 and k3 
NOTE: conformations generated with force 6 are mirror images of conformations 
generated with force 7. Force 6 reproduces the crystalline protein structure as given in 
the PDB file. 
 
• nnonbond(I), number of pairs of non-bonded interactions. Note that 1) each pair 

must appear just once (not twice!); 2) every couple of beads/atoms can interact 
through more than one intereaction type. 

• a number nnonbond of consecutive lines (note that if two beads interact through 
more than one interaction type, each interaction will be define in a different line). 
Each line contains the following data: 

   1) index (I)of one of the involved bead/atom 
   2) index (I)of the other involved bead/atom 
   3) interaction type (I); present values are 
       1 – Lennard-Jones C12-C6, V=C12/r^12-C6/r^6 
       2 – Repulsive Gaussian, V=Aexp(-br^2) 
       3 – Exponential repulsive (Soft) (derived from potential V=Aexp(-br)) 
       4 – Electrostatic pure Coulomb (derived from potential V=A/r), or screened Debye-
Hückel (derived from potential V=A exp(-Kr)/r) 
       5 – Lennard-Jones 12-6 (derived from potential V=4εLJ [(σLJ/r)

12-(σLJ/r)
6]) 

       6 – Purely repulsive Lennard-Jones eps-sig,  V=eps+4eps[(sig/r)^12-(sig/r)^6] 
       7 – Hard spheres, F=F0 (V=V0) if r ≤ σ (hard sphere diameter) 
       8 – 12-10 Lennard-Jones, V=eps[5(sig/r)^12-6(sig/r)^10] [Before: Generic 
Lennard-Jones V=Aeps[B(sig/r)^exp1-C(sig/r)^exp2] (exp1>exp2)] 
       9 – Repulsive exponent-12 Lennard-Jones, V=eps(sig/r)^12 
4), 5), 6), ... etc  values (R) of the parameters.  
Present values: 
         * for intereaction type 1: 
          4) C12   
          5) C6 
          6) Cutoff radius 
         * for intereaction type 2: 
          4) Α   
          5) b 
          6) Cutoff radius 
        * for intereaction type 3: 
          4) Α   
          5) b 
          6) Cutoff radius 
       *for intereaction type 4: 
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          4) A  
          5) K: screened constant. For Debye-Hückel K must be positive. For pure 
Coulomb, give any negative number (e.g. –9.) for K 
          6) Cutoff radius 
        *for intereaction type 5: 
          4) εLJ: minimum energy   
          5) σLJ: distance at which potential is 0 
          6) Cutoff radius 
        *for intereaction type 6: 
          4) εLJ: minimum energy   
          5) σLJ: distance at which potential is 0 
        *for intereaction type 7: 
          4) F0 (must be positive)  
          5) hard sphere diameter (overlapping distance) 
        *for intereaction type 8: 
          4) eps EPSILON  
          5) sig  SIGMA   
          6) Cutoff radius 
       *for intereaction type 9: 
         4) eps EPSILON  
         5) sig  SIGMA   
         6) Cutoff radius 
         
When cutoff is required but you do not want to set a cutoff, give any negative number. 
 
• -9, Indicates end of file 
 
The index of beads corresponds to the order in which their initial coordinates are given 
in the next file, initfile. 
 
 
2.1.3. Contents of the initfile 
  
(reminder: enter coordinates in cm) 
 
A series of lines, each one containing the values of the x, y, z initial coordinates of each 
one of the N beads in molecule. When the number of molecules or subtrajectories, 
nmol, is more than 1, there are two possibilities: 
 
• Give one initial conformation, i.e. the initial coordinates of only one molecule (the 

file will have N lines). For the second and succesive molecules the program will take 
for the initial conformation the end of the last one. 

• Give initial conformation for each molecule (the file will have N *nmol lines). 
 
There is a connection between the data here and the previous “heating” time, tprev. If 
there are nmol molecules and initial conformation is given for only one of them (the 
first one), then tprev will be applied to the first molecule, but not to the following ones. 
This way, the following ones will begin where the previous ended. 
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Make sure that the number of initial conformations is either 1 or nmol. Otherwise, the 
program will perform strangely, skipping from the second mode to the first one when 
the given conformations are all used, and this is surely undesirable. 
 
 
2.1.4. Contents of the flowfile 
  
(reminder: enter times in s and gradients in s-1) 
 
A series of lines with the following information: 
 
• itypeflow: type of flow. Presently accepted values are:  
      - 1: shear flow with velocity along z, gradient along x.  
      - 2: 3-dim extensional flow with extension along z and compression along x and y.  
      - 3: planar extensional flow with extension along z and compression along x.  
• ntflow, number of intervals in which the duration of the trajectory is divided, each 

time interval having its time-dependent parameter 
• a number ntflow of lines containing values that define each interval features: 
1) time at which the interval ends (is not the duration of the interval!). Note that the end 
time for the last interval must coincide with ttraj 
2) 3) 4)... the npflow values of the flow parameters for that interval. 
 
2.1.5. Contents of the specfile 
  
Presently, it is ready to consider one of the following two special cases: 1) impose the 
existence of non-moving beads along the chain, 2) impose a constant force along the z 
direction on some beads. This file will have the following lines:  
   
• nintatom, number of special cases involving individual beads (maximum value 

will be the number of beads) 
• If nintatom is not zero, then a number of nintatom lines with the following 

comma separated parameters: 
iatom, iattype, param1, param2…. 
  -iatom is the idex of the bead involved in the special case 
  -iattype is the type of special case involving a single bead. Present accepted values 
are: a) 1 to indicate non-moving bead (i.e. the bead with index iatom is fixed); b) 2 to 
indicate that bead with index iatom experience a constant force along z axis. 
  -param1, param2… are the values of the parameters associated to the iattype case.  
If iattype=1, there is not any parameter; if iattype=2 then param1=Fcte, which 
is the value of the constant force along the z axis.   
•  nintpair, number of special cases/interactions involving pair of beads. 

Presently, no interaction of that type is enabled, therefore give 0 
• If nintpair is not zero, then a number of nintpair lines with the following comma 

separated parameters: 
ipair1, ipair2, ipairtype, param1, param2... 
  -ipair1 and ipair2 are the indices of the two interacting beads  
  -ipairtype is the type of special case/interaction involving pair of beads 
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  -param1, param2… are the values of the parameters associated to the ipairtype 
case/interaction.     
 
WARNING 1: it is not recommended to use more than one non-moving bead when 
working with a FENE-like chain subjected to a strong deforming external field because 
procedure to prevent overstretching can work inapropriately and cause errors.  
WARNING 2: In order to visualize along the simulation report that non-moving beads 
keep their position, do not replace to center of mass, i.e. set icdm=0 in browfile. 
 
3. Output 
 
3.1. Contents of the trajfile 
 
This is a binary file that contains the input data for the simulation, and the simulated 
trajectory. It is intended to be read by the analysis program ANAFLEX. We anticipate 
that ANAFLEX has a utility to transform this file into a text format which can be read 
by any other user-supplied program.  
 
3.2. Contents of the logfile 
 
The program reports some of the data that have been read, and inform about some 
internal calculations and checks, issuing warning messages if necessary. During the 
simulation, a report of the progress is made, presenting instantaneous values of some 
properties (see section 3.4 to know which are the properties being reported). At the end, 
the averages of those properties are given. This information is reported in the computer 
monitor, and it is also collected in the logfile.  
 
3.3. Contents of the finalcoordsfile 
 
(warning: coordinates are in cm, not in the working unit of lenght) 
 
When program ends, a file with composed name is generated. The name is made of two 
pieces, the first (fixed) is finalcoor and the second (variable) is the name of the 
main input file: finalcoor + main-input-file-name.txt. Every one of 
those files consists of N (number of beads) lines and three columns (Cartesian 
coordinates); they contain the Cartesian coordinates of the last conformation of each 
execution in physical units.  
 
The main purpose of this file is that it can be used as an initfile. Thus, simulations 
can be continued starting from the last conformation. That is why coordinates are now 
given in cm, as required for of the initfile. 
 
3.4. Reported properties 
 
For each molecule, instantaneous and average values in CGS units are reported for some 
quantities over the whole trajectory. This is only for checking purposes. Obviously, 
these values are not meaningful if there is a time-dependent external field.  
 
In the present version, these quantities are: 
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1. square 1-N distance 
2. square radius of gyration 
 
 
4. Hints and notes 
 
Note on the working units 
 

In order to avoid handling in the computer quantities, which in CGS units may 
have clumsy powers of ten, the program works internally, and displays some results, in 
a reduced form (in terms of tokens or working units). 

At the beginning of the execution, the program calculates the internal working units 
uL, uE, ut and displays them in the console and in the logfile (they will also appear in 
the header of the trajfile. The tokens for the primary quantities length, energy, and 
time are computed as follow: 
• unit of length, uL: three times the mean hydrodynamic radius of the beads, σmean.  
• unit of energy, uE = kBT =1.38x10-16T erg  
• unit of time, ut = ( uL

2 /uE )ζ1 , where ζ1 is the frictional coefficient of bead # 1, 
related to the bead radius by the Stokes law: ζ1 = 6πη0σ1  

The working units for other quantities are derived from those of these primary 
quantities. 
 
Note on the time step 
 

As in Monte Carlo and any other dynamic simulation, the choice of the time step 
is a delicate aspect. Time steps as short as possible are demanded by the simulation 
algorithms, but very short steps mean a very large number of steps with the obvious 
computational cost. 

 
At the beginning of the execution, the program will report in the console the 

reduced time step value ∆t* = ∆t /ut. It is convenient to check that the value of the 
reduced time step is adequate for the system under study. The following 
recommendations are based in our own experience. For some theoretical models with 
soft connectors, and with absence or soft intramolecular interactions (e.g. for chains 
with Gaussian or FENE springs) ∆t* = 10-2 - 10-3 may be acceptable. But in many other 
cases, the model will consider quasirigid connectors, intended to represent bonds with a 
nearly constant bond length, and may present strong intramolecular interaction (e.g., 
strong repulsive excluded-volume effects). Then shorter time steps, like ∆t* = 10-3 - 10-4   
are required. 

 
More help on the choice of the time step is given in the note on recalculation of 

the diffusion tensor and in the note on simulations without hydrodynamic interactions. 
 
Note on computing time 
 
In Brownian dynamics with hydrodynamic interaction (as it is required to simulate 
realistic dynamic effects), the most time-consuming process is the Choleski 
factorization of the 3Nx3N diffusion matrix. For very large N, this takes a CPU time 
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proportional to N3. Some authors have proposed an alternative Chebyshev method with 
computing time proportional to N2.25; we are presently evaluating this possibility for a 
future version of the program. However, for the values of N that can be normally 
reached and by avoiding calculation of diffusion tensor at every step (see note on 
npadif below), the limiting power law of the CPU time is not reached; for N = 100 -
300, the CPU time of our program is approximately proportional to N2.3. 
 
Obviously, computing time for a given N is proportional to the total number of steps, 
determined by the trajectory length. It may be wise to run a short-trajectory test to 
measure CPU time and estimate the time for the longer trajectories to be carried out. 
 
Note on npadif 
 
In Brownian dynamics with rigorous (fluctuating) hydrodynamic interaction (BD-HI), 
the diffusion tensor should change as the molecule’s conformation changes. Thus, in 
principle, at each simulation step the diffusion tensor should be recalculated and 
factorized. However, that change may be quite small for the very small time steps that 
may be required, for other reasons or in some circumstances. Thus an acceptable 
strategy is to make those re-calculations every npadif steps. With the ∆t* 
recommended above, a reasonable choice is npadif = 10. For cases with even smaller 
∆t*, npadif may be larger, e.g. =50.  
 
Note on BD-noHI  
 
Brownian dynamics without hydrodynamic interaction do not serve to predict any 
dynamic property, but still is an acceptable procedure (comparable to Monte Carlo) to 
study conformational statistics. BD-noHI simulations are much faster than BD-HI; CPU 
time is proportional to N. Equilibrium properties (radius of gyration, scattering 
intensities, virial coefficients, statistics of internal coordinates or angles, etc) can be 
obtained from samples of conformations generated by BD-noHI. So BD-noHI can be 
used to obtain results for those properties. A clever idea is to use DB-noHI to determine 
optimum ∆t, because inadequately large ∆t values will be noted by abnormal results of 
such properties like the radius of gyration.   
 
Note on more than one pair interaction for each pair of beads/atoms 
 
Note that it is possible to introduce more than one interaction, with different types, for 
any pair of beads. Thus, for any pair there may be, for instance, an excluded-volume 
interaction and an electrostatic interaction. 
 
Note on icdm 
 
The reason for the icdm flag is that in some applications there is an important drift 
superimposed to the Brownian motion; that happens for instance when there are strong 
flows (rheological phenomena) or in the presence of an electric field (electrophoresis). 
In those cases the reduction of coordinates to the particle’s center of mass (icdm=1) 
discounts that drift, thus preventing the coordinates from taken too large values. This 
option also eliminates the Brownian translational diffusion, so that except in those cases 
one should prefer setting icdm =0. 
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Note on the number of parameters 
 
Every type of interaction (bonds, angles, nonbonded interactions…) is defined by a 
number of parameters as described in the section “Contents of moleculefile” (for 
instance, FENE springs have two parameters). It is required to supply, in the 
corresponding line, the exact number of parameters (no more or less).  
 
Note on the choice of some simulation parameters 
 
Some care must be taken about the choice of some of the simulation parameters given in 
file browfile. We comment on this caution and provide an example. We give the 
values of ttraj (example: 24.e-07 s) and deltat (example: 1.e-11 s); with these two 
values, the program calculates the total number of Brownian steps per molecule, 
nstepstot (example: 240000). In browfile we also give nconf, the number of 
conformations per molecule to be registered in the trajectory without including the 
initial one (example: 20000). Thus, the number of Brownian steps between two 
consecutive registers is nstepsreg=nstepstot/nconf (example: 12).  
We also have the datum nscreen, the number of times that a line is written on the 
console to follow the progress of the simulation (example: 40); nscreen must be a 
divisor of nconf (40 is a divisor of 20000; a line is written each 500 conformations).   
 
Some attention should be also paid to the size of the resulting trajectory file. Clearly, the 
size of this file is directly proportional to (a) the number of beads (b) the number of 
molecules (c) the number of conformations for each molecule. It is wise to make first 
some trials with moderate numbers for these quantities, observing the size of the 
resulting file. Then the size of the resulting file for a given run can be estimated 
according to these proportionalities.    
 
Note on previous “equilibration” time and multiple initial conformations 
 
As indicated above, when a the simulation is done for more than one molecule 
(nmol>1), there are two possibilities (a) the initial conformation for the second and 
subsequent molecules is the final conformation of the preceeding one, and then only one 
initial conformation is given in initfile and (b) the initial conformation for the first, 
second and subsequent molecules are specified by the user, and so nmol initial 
conformations have to be given in initfile. 
 
The previous (without recording) simulation time, tprev, is intended to equilibrate 
(when this seems necessary) the initial conformation. In case (a) tprev is applied 
only to the initial conformation of the first molecule, while in case (b) is applied to each 
initial conformation. 
 
In the case of time-dependent external agents (e.g. flows, electric fields), expressed as 
time steps of values of such agents (as in flowfile), the values of the agent during first 
step are applied during tprev; so keep in mind that the equilibration is not free of the 
effects of such agents, but occurs under the action of what corresponds to the first step. 
Note that you can always specify a first step with the parameters of the agent set to zero; 
this would be like an equilibrating step in absence of the agent. 
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5. Release notes 
 
• This is the fourth released version of this program. 
• Possibilty of non-moving beads and application of constant forces on some beads is 

now included. 
• We remind that a big collection of torsional and nonbonded potentials are included 

and that optimized mathematic libraries (MKL) are used to perform some vector and 
matrix operations.  

           
    
 


