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Chapter 1

APBS Programmers Guide

APBS was written by Nathan A. Baker.
Additional contributing authors listed in the code documentation.

1.1 Table of Contents

+ Programming Style
 Application programming interface documentation

— Modules
Class list

— Class members

— Class methods

1.2 License

Primary author: Nathan A. Baker (nathan.baker@pnnl.gov)

Pacific Northwest National Laboratory

Additional contributing authors are listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory, operated
by Battelle Memorial Institute, Pacific Northwest Division for the U.S. Department of Energy.

Portions Copyright (¢) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following
conditions are met:

 Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.
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2 APBS Programmers Guide

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided with the distribution.

» Neither the name of the developer nor the names of its contributors may be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EX-
PRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTI-
TUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUD-
ING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF

This documentation provides information about the programming interface provided by the APBS software and a general

guide to linking to the APBS libraries. Information about installation, configuration, and general usage can be found in
the User's Guide.

1.3 Programming Style

APBS was developed following the Clean 0O C style of Mike Holst. In short, Clean OO C code is written in a
object-oriented, ISO C-compliant fashion, and can be compiled with either a C or C++ compiler.

Following this formalism, all public data is enclosed in structures which resemble C++ classes. These structures and
member functions are then declared in a public header file which provides a concise description of the interface for the
class. Private functions and data are included in private header files (or simply the source code files themselves) which
are not distributed. When using the library, the end-user only sees the public header file and the compiled library and
is therefore (hopefully) oblivious to the private members and functions. Each class is also equipped with a constructor
and destructor function which is responsible for allocating and freeing any memory required by the instatiated objects.
As mentioned above, public data members are enclosed in C structures which are visible to the end-user. Public
member functions are generated by mangling the class and function names and passing a pointer to the object on
which the member function is supposed to act. For example, a public member function with the C++ declaration

public double Foo::bar(int i, double d)

would be declared as

VEXTERNC double Foo_bar (Foo xthee, int i, double d)

where VEXTERNC is a compiler-dependent macro, the underscore _ replaces the C++ double-colon : :, and thee
replaces the this variable implicit in all C++ classes. Since they do not appear in public header files, private functions
could be declared in any format pleasing to the user, however, the above declaration convention should generally be
used for both public and private functions. Within the source code, the public and private function declarations/«
definitions are prefaced by the macros VPUBLIC and VPRIVATE, respectively. These are macros which reduce global
name pollution, similar to encapsulating private data withing C++ classes.

The only C++ functions not explicitly covered by the above declaration scheme are the constructors (used to allocate
and initialize class data members) and destructors (used to free allocated memory). These are declared in the following
fashion: a constructor with the C++ declaration

public void Foo::Foo(int i, double d)

would be declared as

VEXTERNC Foo* Foo_ctor (int i, double d)

which returns a pointer to the newly constructed Foo object. Likewise, a destructor declared as
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public void Foo::~Foo ()

in C++ would be

VEXTERNC void Foo_dtor (Foo *xthee)

in Clean OO C.

Finally, inline functions in C++ are simply treated as macros in Clean OO C and declared/defined using define
statements in the public header file.

See any of the APBS header files for more information on Clean OO C programming styles.

1.4 Application programming interface documentation

The APl documentation for this code was generated by doxygen. You can either view the APl documentation by using
the links at the top of this page, or the slight re-worded/re-interpreted list below:

e Class overview
e Class declarations
* Class members

* Class methods
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Chapter 2
Bug List

Global Bmat_printHB (Bmat xthee, char xfname)

Hardwired to only handle the single block symmetric case.
Global energyFE (NOsh xnosh, int icalc, Vfetk «xfetkiNOSH_MAXCALC], int xnenergy, double xtotEnergy, double
+xqfEnergy, double xgmEnergy, double xdielEnergy)

"calcenergy 2" does not work
Global initFE (int icalc, NOsh xnosh, FEMparm xfeparm, PBEparm xpbeparm, Vpbe «pbe[NOSH_MAXCALC],
Valist xalistfNOSH_MAXMOL], Vfetk «fetk[NOSH_MAXCALC])

THIS FUNCTION IS HARD-CODED TO SOLVE LRPBE

THIS FUNCTION IS HARD-CODED TO SOLVE LRPBE

Struct sVpmgp

Value ipcon does not currently allow for preconditioning in PMG
Global Vacc_fastMolAcc (Vacc +thee, double center[VAPBS_DIM], double radius)

This routine has a slight bug which can generate very small internal regions of high dielectric (thanks to John
Mongan and Jess Swanson for finding this)

Global Vacc_molAcc (Vacc <thee, double center[VAPBS_DIM], double radius)

This routine has a slight bug which can generate very small internal regions of high dielectric (thanks to John
Mongan and Jess Swanson for finding this)

Global Vfetk_dumpLocalVar ()

This function is not thread-safe

Global Vfetk_externalUpdateFunction (SS xxsimps, int num)

This function is not thread-safe.

Global Vietk_fillArray (Vfetk xthee, Bvec xvec, Vdata_Type type)

Several values of type are not implemented
Global Vfetk_PDE_ctor (Vietk xfetk)

Not thread-safe
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Global Vietk_PDE_ctor2 (PDE xthee, Vfetk xfetk)

Not thread-safe

Global Vietk_PDE_delta (PDE xthee, int type, int chart, double txq[], void xuser, double F[])

This function is not thread-safe

Global Vfetk_PDE_DFu_wv (PDE xthee, int key, double W[], double dW[][VAPBS_DIM], double V[], double dV«
[I[VAPBS_DIM])

This function is not thread-safe

Global Vfetk_PDE_Fu (PDE xthee, int key, double F[])

This function is not thread-safe

This function is not implemented (sets error to zero)

Global Vietk_PDE_Fu_v (PDE xthee, int key, double V[], double dV[][VAPBS_DIM])

This function is not thread-safe

Global Vfetk_PDE_initElement (PDE xthee, int elementType, int chart, double tvx[][[VAPBS_DIM], void xdata)

This function is not thread-safe

Global Vietk_PDE_initFace (PDE xthee, int faceType, int chart, double tnvec]])

This function is not thread-safe
Global Vfetk_PDE_initPoint (PDE xthee, int pointType, int chart, double txq[], double tU[], double tdU[][VAPBS«
_DIM])

This function is not thread-safe

This function uses pre-defined boudnary definitions for the molecular surface.

Global Vfetk_PDE_Ju (PDE xthee, int key)

This function is not thread-safe.
Global Vfetk_PDE_markSimplex (int dim, int dimll, int simplexType, int faceType[VAPBS_NVS], int vertexType«
[VAPBS_NVS], int chart[], double vx[][VAPBS_DIM], void xsimplex)

This function is not thread-safe

Global Vietk_PDE_u_D (PDE xthee, int type, int chart, double txq[], double F[])

This function is hard-coded to call only multiple-sphere Debye-Hu functions.
This function is not thread-safe.

Global Vietk_PDE_u_T (PDE xthee, int type, int chart, double txq[], double F[])

This function is not thread-safe.

Global Vfetk_write (Vfetk xthee, const char xiodev, const char xiofmt, const char xthost, const char «fname,
Bvec xvec, Vdata_Format format)

Some values of format are not implemented
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Global Vgreen_helmholtz (Vgreen xthee, int npos, double xx, double xy, double xz, double xval, double kappa)

Not implemented yet

Global Vgreen_helmholtzD (Vgreen xthee, int npos, double xx, double xy, double xz, double xgradx, double
xgrady, double xgradz, double kappa)

Not implemented yet

Global Vgrid_writeUHBD (Vgrid xthee, const char xiodev, const char xiofmt, const char xthost, const char
+fname, char xtitle, double x<pvec)

This routine does not respect partition information

Global Vpackmg (int xiparm, double xrparm, size_t xnrwk, int xniwk, int xnx, int xny, int xnz, int xnlev, int xnu1,
int xnu2, int xmgkey, int xitmax, int xistop, int xipcon, int xnonlin, int xmgsmoo, int xmgprol, int xmgcoar,
int xmgsolv, int xmgdisc, int xiinfo, double xerrtol, int xipkey, double xomegal, double xomegan, int xirite, int
xiperf)

Can this path variable be replaced with a Vio socket?

Global Vpbe_ctor2 (Vpbe xthee, Valist xalist, int ionNum, double xionConc, double xionRadii, double xionQ,
double T, double soluteDiel, double solventDiel, double solventRadius, int focusFlag, double sdens, double
z_mem, double L, double membraneDiel, double V)

The focusing flag is currently not used!!

Global Vpee_markRefine (Vpee xthee, AM xam, int level, int akey, int rcol, double etol, int bkey)

This function is no longer up-to-date with FEtk and may not function properly

Global Vpmg_fillco (Vpmg xthee, Vsurf_Meth surfMeth, double splineWin, Vchrg_Meth chargeMeth, int use—
DielXMap, Vgrid xdielXMap, int useDielYMap, Vgrid xdielYMap, int useDielZMap, Vgrid xdielZMap, int use«—
KappaMap, Vgrid xkappaMap, int usePotMap, Vgrid xpotMap, int useChargeMap, Vgrid «xchargeMap)

useDielMap could only be passed once, not three times, to this function - why not just once? that's what the
call in routines.c ends up doing - just passing useDielMap three times. - P. Ellis 11/3/11

Global Vpmg_printColComp (Vpmg xthee, char path[72], char title[72], char mxtype[3], int flag)

Can this path variable be replaced with a Vio socket?
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Chapter 3

Deprecated List

Global sMGparm::nlev

Just ignored now
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Chapter 4

Topic Index

4.1 Topics

Here is a list of all topics with brief descriptions:

dependencies . . . . . . . e 19
VESM Class . . . . . o e e e 19
Vietk class . . . . . o e 26
Vpee Class . . . . . . e e e 57
APOLparmclass . . . . . . . . 61
BEMparmclass . . . . . . . e e e e 66
FEMparm class . . . . . . . o o e e e 69
GEOFLOWparm class . . . . . . . . o o e e e e e e e 74
MGparm class . . . . . . e e e e e e 79
NOsh class . . . . . . e e e 89
PBAMparm class . . . . . . . . e e e e 107
PBEparm Class . . . . . . . o e e e e e 117
PBSAMparm class . . . . . . . . e 123
Vacc Class . . . . . . o e 129
Valistclass . . . . . . o e 148
Vatom class . . . . . . e 155
Veap Class . . . . . . e 165
Velistelass . . . . e 168
Vareen class . . . . . . e 174
Vhalclass . . . . . . e 183
Matrix wrapper Class . . . . . . . . e e e e 195
Vparam Class . . . . . . . e e e e 195
Vpbe Class . . . . . . e 207
VSINNG Class . . . . . . e 221
VUnit class . . . . . e e 223
Varidclass . . . . . e 226
Vmgrid Class . . . . . e 238
Vopot Class . . . . . . e 243
VPMQ Class . . . . . . 248
Vpmgp Class . . . . . o e e e 274
C translation of Holst group PMGicode . . . . . . . . . . . 278
High-level front-end routines . . . . . . . . . . L e 373
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Chapter 5

Data Structure Index

5.1 Data Structures

Here are the data structures with brief descriptions:

AtomForce

Structure to hold atomicforces . . . . . . . . . L 403
sAPOLparm

Parameter structure for APOL-specific variables from inputfiles . . . . .. .. .. ... ... .... 404
sBEMparm

Parameter structure for BEM-specific variables from inputfiles . . . . .. ... ... .. ... ... 410
sFEMparm

Parameter structure for FEM-specific variables from inputfiles . . . . . . ... ... ... ... .. 412
sGEOFLOWparm

Parameter structure for GEOFLOW-specific variables from inputfiles . . . . . .. ... .. ... .. 416
sMGparm

Parameter structure for MG-specific variables from inputfiles . . . . ... ... ... ... ... .. 417
sNOsh

Class for parsing fixed format inputfiles . . . . . . . . . . .. . ... 425
sNOsh_calc

Calculation class for use when parsing fixed format inputfiles . . . . . . ... ... ... ... ... 431
sPBAMparm

Parameter structure for PBAM-specific variables from inputfiles . . . . . .. .. ... .. ... .. 433
sPBEparm

Parameter structure for PBE variables from inputfiles . . . . . . . .. ... ... o000 438
sPBSAMparm

Parameter structure for PBSAM-specific variables from inputfiles . . . . . . . . ... ... ... .. 448
sVacc

Oracle for solvent- and ion-accessibility around a biomolecule . . . . . . . .. ... .. ... .... 450
sVaccSurf

Surface object list of per-atom surface points . . . . . . . .. Lo 452
sValist

Container class for list of atom objects . . . . . . . . . . ... 453
sVatom

Contains public data members for Vatom class/module . . . . . . . . .. .. .. ... ... .. 455
sVclist

Atomcell list . . . . . e 456
sVclistCell

Atomcell listcell . . . . . . L 458
sVesm

Charge-simplexmap class . . . . . . . . . e 458
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sVfetk

Contains public data members for Vfetk class/module . . . . . . . .. ... .. ... ... 460
sVfetk _LocalVar

Vfetk LocalVar subclass . . . . . . . . . . e 463
sVgreen

Contains public data members for Vgreen class/module . . . . . . . . . .. ... ... 468
sVgrid

Electrostatic potential oracle for Cartesian meshdata . . . . . . . .. .. .. ... ... ...... 469
sVmgrid

Multiresoltion oracle for Cartesianmeshdata . . . . . . . . . . . . ... ... .. ... ... 472
sVopot

Electrostatic potential oracle for Cartesian meshdata . . . . . . . .. .. ... ... .. ...... 473
sVparam_AtomData

AtomData sub-class; stores atomdata . . . . . . . . . . ... . 473
sVpbe

Contains public data members for Vpbe class/module . . . . . . . .. .. ... ... ... ..... 475
sVpee

Contains public data members for Vpee class/module . . . . . . . . ... ... ... ... ... .. 479
sVpmg

Contains public data members for Vpmg class/module . . . . . . . . ... ... ... 481
sVpmgp

Contains public data members for Vpmgp class/module . . . . . . . . .. ... ... ... .. 487
Vparam

Reads and assigns charge/radii parameters . . . . . . . . ..o L oL 496
Vparam_ResData

ResData sub-class; storesresiduedata . . . . . . . . . . . . . . ... ... 497
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Chapter 6

File Index

6.1 File List

Here is a list of all documented files with brief descriptions:

doc/programmer/mainpage.h . . . . . L e e e e e e 499
src/apbs.h

Header file for header dependencies . . . . . . . . . . . . . Lo 499
src/main.c

APBS "front end" program using formatted inputfiles . . . . . . .. .. .o o oo 909
src/routines.c

Supporting routines for APBS frontend . . . . . . .. ... L. L .. ... 1342
src/routines.h

Header file for front end auxiliary routines . . . . . . . ... ... ... ... ... ........1414
src/fem/vesm.c

Class Vesmmethods . . . . . . . . . . e 502
src/fem/vesm.h

Contains declarations forthe Vesmclass . . . . . . . . . . . o 510
src/fem/vfetk.c

Class Vfetk methods . . . . . . . . . . . e 515
src/fem/vfetk.h

Contains declarations forclass Vfetk . . . . . . . . . . . . 553
src/fem/vpee.c

Class Vpeemethods . . . . . . . . . . . L e 563
src/fem/vpee.h

Contains declarations forclass Vpee . . . . . . . . . . . 571
src/generic/apolparm.c

Class APOLparmmethods . . . . . . . . . . 575
src/generic/apolparm.h . . L L L e e 586
src/generic/bemparm.c

Class BEMparm methods . . . . . . . . . . 587
src/generic/bemparm.h . . L L L 594
src/generic/femparm.c

Class FEMparm methods . . . . . . . . . . . 595
src/generic/femparm.h

Contains declarations for class APOLparm . . . . . . . . . . . . . . 604
src/generic/geoflowparm.c

Class GEOFLOWparm methods . . . . . . . . . . . e 609
src/generic/geoflowparm.h

Contains declarations for class GEOFLOWparm . . . . . . . . . . . . . ... ... 614
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src/generic/mgparm.c

Class MGparm methods . . . . . . . . . . . 618
src/generic/mgparm.h

Contains declarations for class MGparm . . . . . . . . . . . . 634
src/generic/nosh.c

Class NOshmethods . . . . . . . . . . . . . e 640
src/generic/nosh.h

Contains declarations forclass NOsh . . . . . . . . . . . . L 687
src/generic/pbamparm.c

Class PBAMparm methods . . . . . . . . . . 694
src/generic/pbamparm.h

Contains declarations for class PBAMparm . . . . . . . . . . . 706
src/generic/pbeparm.c

Class PBEparmmethods . . . . . . . . . . . . . e 712
src/generic/pbeparm.h

Contains declarations for class PBEparm . . . . . . . . . . ... 733
src/generic/pbsamparm.c

Class PBSAMparm methods . . . . . . . . . . . . 738
src/generic/pbsamparm.h

Contains declarations for class PBSAMparm . . . . . . . . . . .. 744
src/generic/vacc.c

Class Vaccmethods . . . . . . . . L e 748
src/generic/vacc.h

Contains declarations forclass Vacc . . . . . . . . . . . 777
src/generic/valist.c

Class Valist methods . . . . . . . . . . . . . e 785
src/generic/valist.h

Contains declarations for class Valist . . . . . . . . . . . ... 800
src/generic/vatom.c

Class Vatom methods . . . . . . . . . . . e 804
src/generic/vatom.h

Contains declarations for class Vatom . . . . . . . . ... 809
src/generic/vcap.c

Class Vcap methods . . . . . . . . . . e 814
src/generic/vcap.h

Contains declarations forclass Veap . . . . . . . . . . . 817
src/generic/vclist.c

Class Vclistmethods . . . . . . . . . . . e 820
src/generic/vclist.h

Contains declarations forclass Vclist . . . . . . . . . . . 829
src/generic/vgreen.c

Class Vgreenmethods . . . . . . . . . . L e 834
src/generic/vgreen.h

Contains declarations for class Vgreen . . . . . . . . . . L 842
src/generic/vhal.h

Contains generic macro definitions for APBS . . . . . . . ... o 846
src/generic/vmatrix.h

Contains inclusions for matrix datawrappers . . . . . . . . . . ..o 866
src/generic/vparam.c

Class Vparammethods . . . . . . . . . . . e 869
src/generic/vparam.h

Contains declarations for class Vparam . . . . . . . . . .. 880
src/generic/vpbe.c

Class Vpbe methods . . . . . . . . . . 885

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



6.1 File List 17

src/generic/vpbe.h

Contains declarations forclass Vpbe . . . . . . . . . .. 894
src/generic/vstring.c

Class Vstringmethods . . . . . . . . . . L 900
src/generic/vstring.h

Contains declarations forclass Vstring . . . . . . . . . . . 904
src/generic/vunit.h

Contains a collection of useful constants and conversion factors . . . . . . ... ... ... .... 907
src/mg/vgrid.c

Class Vgridmethods . . . . . . . . . . e 922
src/mg/vgrid.h

Potential oracle for Cartesian meshdata . . . . . . . ... .. ... ... . ... ... ... ... 950
src/mg/vmgrid.c

Class Vmgrid methods . . . . . . . . . . . e 956
src/mg/vmgrid.h

Multiresolution oracle for Cartesianmeshdata . . . . . . . . . .. ... ... ... ... ... . 960
src/mg/vopot.c

Class Vopot methods . . . . . . . . . . . L 964
src/mg/vopot.h

Potential oracle for Cartesianmeshdata . . . . . . . . . . . .. .. oo 970
src/mg/vpmg.c

Class Vpmg methods . . . . . . . . . . e 973
src/mg/vpmg.h

Contains declarations forclassVpmg . . . . . . . . . . . . ... ... ... ... .. ... ... 1128
src/mg/vpmgp.c

Class Vpmgp methods . . . . . . . . . . . . . 1157
src/mg/vpmgp.h

Contains declarations forclassVpmgp . . . . . . . . . . ... . ... ... ... ......... 1163
src/pmge/buildAd.c . . . . L e e e e e e e e e e e 1168
src/pmgce/buildAd.h . L L L L 11T
src/pmge/buildBd.c . . .. L e e e e e .. 1178
src/pmge/buildBd.h . . . L L e e e 11TE
src/pmge/buildGd.c . . L L L e e oA
src/pmgc/buildGd.h . . . L L e e 1215
src/pmgce/buildPd.c . . L L L L A2
src/pmgc/buildPd.h . . o L L e e 1236
SIC/pMGC/Cgd.C . . . . e e e e e e e e e e e e e e 1239
src/pmge/cgd.h . L L L e e e e e e e e e oo 1240
SIC/PMQC/GSA.C . . . . e e e e e e e e 1240
sre/pmgce/gsd.h .. L e e e e e e e e 1244
src/pmge/matvecd.C . . . . . L L L e e e e e e e e e e 1245
src/pmge/matvecd.h . .. L L L L e e e e e e oo ... . 1258
Sre/pmge/mgesd.C . . . . . e e e e e e e e e e e e e e e e e e 1264
src/pmge/mgesd.n L L L L L e e e e e 1270
sre/pmge/mgarvd.C . . L L L e e e e e e e e e e e e e e e e e e e 12T
src/pmge/mgdrvd.h Lo L L L e e e e 1279
src/pmge/mgfasd.c . . . . . L e e e e e e e e 1280
src/pmge/mgfasd.h . . L. L e e e e 1287
src/pmge/mgsubd.c . . ... L L e e e e e e e oo 1288
src/pmge/mgsubd.h ... L L L e e e e oo 1300
src/pmge/mikpckd.Cc . . . . . L L L e e e e e e e e e oo oo, . 1308
src/pmge/mikpekd.h .. L L L e e e oo oo 1308
src/pmge/mlinpekd.C . . . L L L L e e e e e e e e e 1310
src/pmge/mlinpekd.h . . . . L e e e oo 1318
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sre/pmge/mypdec.C . . . .. . . e e e e e e e e e e e e oo 1313
src/pmge/mypdec.h . . L L L L e e e e 1319
sre/pmge/newdrvd.C .. L L L L e e e e 13
src/pmge/newdrvd.h L L L L e e e 1324
sre/pmge/newtond.C . . . . . L L L L e e e e e e e e e e e 1325
src/pmge/newtond.h . . L L L L L e e e e oo 1332
SIC/pmgC/powerd.C . . . . . L e e e e e e e e e e e e 1334
src/pmgc/powerd.h . . L L L L e e e e e e e oo ...... 1338
src/pmgce/smoothd.c . . . . . L. e e e e e e 1340
src/pmgce/smoothd.h . . . L L L e e 134
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Topic Documentation

7.1 dependencies

7.2 Vcsm class

A charge-simplex map for evaluating integrals of delta functions in a finite element setting.

Files

« file src/fem/vesm.c

Class Vesm methods.
« file src/fem/vesm.h

Contains declarations for the Vcsm class.

Data Structures

« struct sVesm

Charge-simplex map class.

Typedefs

« typedef struct sVcsm Vesm

Declaration of the Vcsm class as the Vesm structure.

Functions

« VEXTERNC void Gem_setExternalUpdateFunction (Gem xthee, void(xexternalUpdate)(SS *xsimps, int num))
External function for FEtk Gem class to use during mesh refinement.

VEXTERNC Valist * Vcsm_getValist (Vcsm xthee)
Get atom list.

VEXTERNC int Vcsm_getNumberAtoms (Vcsm xthee, int isimp)
Get number of atoms associated with a simplex.

+ VEXTERNC Vatom * Vcsm_getAtom (Vcsm xthee, int iatom, int isimp)

Get particular atom associated with a simplex.
VEXTERNC int Vcsm_getAtomindex (Vesm xthee, int iatom, int isimp)

Get ID of particular atom in a simplex.
VEXTERNC int Vesm_getNumberSimplices (Vcsm xthee, int iatom)
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Get number of simplices associated with an atom.
+ VEXTERNC SS * Vcsm_getSimplex (Vesm xthee, int isimp, int iatom)

Get particular simplex associated with an atom.
* VEXTERNC int Vcsm_getSimplexIndex (Vcsm xthee, int isimp, int iatom)

Get index particular simplex associated with an atom.
* VEXTERNC unsigned long int Vcsm_memChk (Vcsm xthee)

Return the memory used by this structure (and its contents) in bytes.
* VEXTERNC Vesm * Vesm_ctor (Valist xalist, Gem xgm)

Construct Vesm object.
« VEXTERNC int Vcsm_ctor2 (Vcsm xthee, Valist xalist, Gem xgm)

FORTRAN stub to construct Vcsm object.
* VEXTERNC void Vcsm_dtor (Vcsm *xthee)

Destroy Vcsm object.
* VEXTERNC void Vcsm_dtor2 (Vcsm xthee)

FORTRAN stub to destroy Vcsm object.
* VEXTERNC void Vesm_init (Vesm xthee)

Initialize charge-simplex map with mesh and atom data.
» VEXTERNC int Vesm_update (Vcsm xthee, SS sxsimps, int num)

Update the charge-simplex and simplex-charge maps after refinement.

7.2.1 Detailed Description

A charge-simplex map for evaluating integrals of delta functions in a finite element setting.

7.2.2 Typedef Documentation
7.2.2.1 Vesm

typedef struct sVcsm Vcsm
Declaration of the Vcsm class as the Vesm structure.
Definition at line 122 of file vesm.h.

7.2.3 Function Documentation
7.2.3.1 Gem_setExternalUpdateFunction()

VEXTERNC void Gem_setExternalUpdateFunction (

Gem x thee,

void (¥ externalUpdate ) (SS **xsimps, int num))
External function for FEtk Gem class to use during mesh refinement.

Author
Nathan Baker

Parameters

thee The FEtk geometry manager

externalUpdate | Function pointer for call during mesh refinement
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7.2 Vcsm class

7.2.3.2 Vesm_ctor()

VEXTERNC Vcsm * Vcsm_ctor (
Valist * alist,
Gem * gm)

Construct Vcsm object.

Author
Nathan Baker

Note

» The initial mesh must be sufficiently coarse for the assignment procedures to be efficient
» The map is not built until Vesm_init is called

Returns

Pointer to newly allocated Vcsm object

Parameters

alist | List of atoms

gm | FEtk geometry manager defining the mesh

Definition at line 136 of file vesm.c.

7.2.3.3 Vesm_ctor2()

VEXTERNC int Vcsm_ctor2 (
Vcsm * thee,
Valist * alist,

Gem * gm)

FORTRAN stub to construct Vesm object.
Author
Nathan Baker

Note

» The initial mesh must be sufficiently coarse for the assignment procedures to be efficient
» The map is not built until Vesm_init is called

Returns

1 if successful, 0 otherwise

Parameters

thee | The Vcsm object

alist | The list of atoms

gm | The FEtk geometry manager defining the mesh

Definition at line 147 of file vesm.c.
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7.2.3.4 Vecsm_dtor()

VEXTERNC void Vesm_dtor (
Vcsm xx thee)
Destroy Vcsm object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location for Vcsm object

Definition at line 292 of file vesm.c.

7.2.3.5 Vcsm_dtor2()

VEXTERNC void Vecsm_dtor2 (

Vcsm x thee)

FORTRAN stub to destroy Vcsm object.
Author
Nathan Baker

Parameters

’ thee ‘ Pointer to Vcsm object

Definition at line 300 of file vesm.c.

7.2.3.6 Vcsm_getAtom()

VEXTERNC Vatom * Vcsm_getAtom (
Vcsm * thee,
int iatom,
int isimp)
Get particular atom associated with a simplex.

Author

Nathan Baker

Returns

Array of atoms associated with a simplex

Parameters

thee | The Vcsm object

iatom | Index of atom in Vcsm list ofr this simplex

isimp | Simplex 1D

Definition at line 77 of file vesm.c.
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7.2.3.7 Vecsm_getAtomindex()

VEXTERNC int Vcsm_getAtomIndex (
Vcsm *x thee,
int iatom,
int isimp)

Get ID of particular atom in a simplex.

Author
Nathan Baker

Returns

Index of atom in Valist object

Parameters

thee | The Vcsm object

iatom | Index of atom in Vcsm list for this simplex

isimp | Simplex ID

Definition at line 88 of file vesm.c.

7.2.3.8 Vecsm_getNumberAtoms()

VEXTERNC int Vcsm_getNumberAtoms (
Vcsm * thee,
int isimp)
Get number of atoms associated with a simplex.

Author
Nathan Baker

Returns

Number of atoms associated with a simplex

Parameters

thee | The Vcsm object

isimp | Simplex ID

Definition at line 69 of file vesm.c.

7.2.3.9 Vcesm_getNumberSimplices()

VEXTERNC int Vcsm_getNumberSimplices (
Vcsm * thee,
int iatom)

Get number of simplices associated with an atom.
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Author
Nathan Baker

Returns

Number of simplices associated with an atom

Parameters

thee | The Vcsm object

iatom | The Valist atom index

Definition at line 99 of file vesm.c.

7.2.3.10 Vcsm_getSimplex()

VEXTERNC SS * Vcsm_getSimplex (
Vecsm * thee,
int isimp,
int iatom)
Get particular simplex associated with an atom.

Author

Nathan Baker

Returns

Pointer to simplex object

Parameters

thee | The Vcsm object

isimp | Index of simplex in Vcsm list

jatom | Valist atom index

Definition at line 109 of file vesm.c.

7.2.3.11 Vcsm_getSimplexindex()

VEXTERNC int Vcsm_getSimplexIndex (
Vcsm *x thee,
int isimp,

int iatom)

Get index particular simplex associated with an atom.

Author
Nathan Baker
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Returns

Gem index of specified simplex

Parameters

thee | The Vcsm object

isimp | Index of simplex in Vcsm list

iatom | Index of atom in Valist

Definition at line 119 of file vesm.c.

7.2.3.12 Vcsm_getValist()

VEXTERNC Valist % Vecsm_getValist (
Vecsm * thee)
Get atom list.

Author
Nathan Baker

Returns

Pointer to Valist atom list

Parameters

’ thee ‘ The Vcsm object

Definition at line 62 of file vesm.c.

7.2.3.13 Vcesm_init()

VEXTERNC void Vecsm_init (
Vcsm x thee)
Initialize charge-simplex map with mesh and atom data.

Author
Nathan Baker

Note

The initial mesh must be sulfficiently coarse for the assignment procedures to be efficient

Parameters

’ thee ‘ The Vcsm object

Definition at line 170 of file vesm.c.
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7.2.3.14 Vcsm_memChk()

VEXTERNC unsigned long int Vecsm_memChk (

Vcsm *x thee)

Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker
Returns

The memory used by this structure and its contents in bytes

Parameters

’ thee ‘ The Vcsm object

Definition at line 129 of file vesm.c.

7.2.3.15 Vcsm_update()

VEXTERNC int Vcsm_update (
Vecsm * thee,
SS xx simps,

int num)

Update the charge-simplex and simplex-charge maps after refinement.

Author
Nathan Baker
Returns

1 if successful, 0 otherwise

Parameters

thee The Vecsm object

should represent new entries in the charge-simplex map.

simps | List of pointer to newly created (by refinement) simplex objects. The first simplex is expected to be derived
from the parent simplex and therefore have the same ID. The remaining simplices are the children and

num Number of simplices in simps list

Definition at line 326 of file vesm.c.

7.3 Vietk class

FEtk master class (interface between FEtk and APBS).

Files

« file src/fem/vfetk.c

Class Vfetk methods.
« file src/fem/vfetk.h

Contains declarations for class Vfetk.
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Data Structures

« struct sVfetk

Contains public data members for Vfetk class/module.
« struct sVfetk_LocalVar

Vfetk LocalVar subclass.

Macros

+ #define VRINGMAX 1000

Maximum number of simplices in a simplex ring.
+ #define VATOMMAX 1000000

Maximum number of atoms associated with a vertex.

Typedefs

* typedef enum eVfetk_LsolvType Vfetk_LsolvType

Declare FEMparm_LsolvType type.
 typedef enum eVfetk_MeshLoad Vfetk_MeshLoad

Declare FEMparm_GuessType type.
+ typedef enum eVfetk_NsolvType Vfetk_NsolvType

Declare FEMparm_NsolvType type.
+ typedef enum eVfetk_GuessType Vfetk_GuessType

Declare FEMparm_GuessType type.
« typedef enum eVfetk_PrecType Vietk_PrecType

Declare FEMparm_GuessType type.
« typedef struct sVfetk_LocalVar Vfetk_LocalVar

Declaration of the Vfetk_LocalVar subclass as the Vfetk_LocalVar structure.
« typedef struct sVfetk Vfetk

Declaration of the Vfetk class as the Vfetk structure.

Enumerations

» enum eVfetk_LsolvType { VLT_SLU =0, VLT_MG =1, VLT_CG =2, VLT_BCG =3}
Linear solver type.
» enum eVfetk_MeshLoad { VML_DIRICUBE , VML_NEUMCUBE , VML_EXTERNAL }

Mesh loading operation.
» enum eVfetk_NsolvType { VNT_NEW =0, VNT_INC =1, VNT_ARC =2}

Non-linear solver type.
» enum eVfetk_GuessType { VGT_ZERO =0, VGT_DIRI =1 , VGT_PREV =2}

Initial guess type.
+ enum eVfetk_PrecType { VPT_IDEN =0, VPT_DIAG =1, VPT_MG =2}

Preconditioner type.
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Functions

» VPUBLIC double Vfetk_energy (Vfetk xthee, int color, int nonlin)
Return the total electrostatic energy.
* VEXTERNC Gem * Vfetk_getGem (Vfetk xthee)
Get a pointer to the Gem (grid manager) object.
+ VEXTERNC AM x Vietk_getAM (Vfetk xthee)
Get a pointer to the AM (algebra manager) object.
« VEXTERNC Vpbe * Vfetk_getVpbe (Vfetk xthee)
Get a pointer to the Vpbe (PBE manager) object.
* VEXTERNC Vcsm * Vfetk_getVesm (Vietk xthee)
Get a pointer to the Vcsm (charge-simplex map) object.
» VEXTERNC int Vfetk_getAtomColor (Vfetk xthee, int iatom)
Get the partition information for a particular atom.
+ VEXTERNC Vfetk x Vfetk_ctor (Vpbe *pbe, Vhal_PBEType type)
Constructor for Vfetk object.
« VEXTERNC int Vietk_ctor2 (Vfetk xthee, Vpbe xpbe, Vhal _PBEType type)
FORTRAN stub constructor for Vfetk object.
« VEXTERNC void Vfetk_dtor (Vfetk xxthee)
Object destructor.
» VEXTERNC void Vfetk_dtor2 (Vfetk xthee)
FORTRAN stub object destructor.
« VEXTERNC double * Vfetk_getSolution (Vfetk xthee, int xlength)
Create an array containing the solution (electrostatic potential in units of kT /e) at the finest mesh level.
« VEXTERNC void Vfetk_setParameters (Vfetk xthee, PBEparm xpbeparm, FEMparm xfeparm)
Set the parameter objects.
+ VEXTERNC double Vfetk_dgmEnergy (Vfetk xthee, int color)
Get the "mobile charge" and "polarization" contributions to the electrostatic energy.
« VEXTERNC double Vfetk_gfEnergy (Vfetk xthee, int color)
Get the "fixed charge" contribution to the electrostatic energy.
« VEXTERNC unsigned long int Vfetk_memChk (Vfetk xthee)
Return the memory used by this structure (and its contents) in bytes.
» VEXTERNC void Vfetk_setAtomColors (Vfetk xthee)
Transfer color (partition ID) information frmo a partitioned mesh to the atoms.
« VEXTERNC void Bmat_printHB (Bmat *thee, char xfname)

Writes a Bmat to disk in Harwell-Boeing sparse matrix format.
« VEXTERNC Vrc_Codes Vfetk_genCube (Vfetk xthee, double center[3], double length[3], Vfetk_MeshLoad
meshType)

Construct a rectangular mesh (in the current Vfetk object).
« VEXTERNC Vrc_Codes Vfetk_loadMesh (Vfetk xthee, double center[3], double length[3], Vfetk_MeshLoad
meshType, Vio xsock)

Loads a mesh into the Vfetk (and associated) object(s).
* VEXTERNC PDE * Vfetk_PDE_ctor (Vfetk xfetk)

Constructs the FEtk PDE object.
« VEXTERNC int Vfetk_PDE_ctor2 (PDE xthee, Vfetk xfetk)

Intializes the FEtk PDE object.
» VEXTERNC void Vfetk_PDE_dtor (PDE xxthee)

Destroys FEtk PDE object.
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« VEXTERNC void Vfetk_PDE_dtor2 (PDE xthee)

FORTRAN stub: destroys FEtk PDE object.
» VEXTERNC void Vfetk_PDE_initAssemble (PDE xthee, int ip[], double rp[])

Do once-per-assembly initialization.
+ VEXTERNC void Vfetk_PDE_initElement (PDE xthee, int elementType, int chart, double tvx[ [VAPBS_DIM], void
xdata)
Do once-per-element initialization.
+ VEXTERNC void Vfetk_PDE_initFace (PDE xthee, int faceType, int chart, double tnvec[])

Do once-per-face initialization.
+ VEXTERNC void Vfetk_PDE_initPoint (PDE xthee, int pointType, int chart, double txq[], double tU[], double
tdU[ ]J[VAPBS_DIM])
Do once-per-point initialization.
+ VEXTERNC void Vfetk_PDE_Fu (PDE xthee, int key, double F[])
Evaluate strong form of PBE. For interior points, this is:
» VEXTERNC double Vfetk_PDE_Fu_v (PDE xthee, int key, double V[], double dV[][VAPBS_DIM])

This is the weak form of the PBE; i.e. the strong form integrated with a test function to give:
+ VEXTERNC double Vfetk PDE_DFu_wv (PDE xthee, int key, double W[], double dW[][VAPBS_DIM], double
V[], double dV[][VAPBS_DIM])
This is the linearization of the weak form of the PBE; e.g., for use in a Newton iteration. This is the functional linearization
of the strong form integrated with a test function to give:
+ VEXTERNC void Vfetk_PDE_delta (PDE xthee, int type, int chart, double txq[ ], void xuser, double F[])

Evaluate a (discretized) delta function source term at the given point.
+ VEXTERNC void Vfetk_PDE_u_D (PDE =xthee, int type, int chart, double txq[], double F[])

Evaluate the Dirichlet boundary condition at the given point.
« VEXTERNC void Vfetk_PDE_u_T (PDE =xthee, int type, int chart, double txq[], double F[])

Evaluate the "true solution" at the given point for comparison with the numerical solution.
+ VEXTERNC void Vfetk_PDE_bisectEdge (int dim, int dimll, int edgeType, int chart[], double vx[ ][VAPBS_DIM])

Define the way manifold edges are bisected.
+ VEXTERNC void Vfetk_PDE_mapBoundary (int dim, int dimll, int vertexType, int chart, double vx[VAPBS_DIM])

Map a boundary point to some pre-defined shape.
« VEXTERNC int Vfetk PDE_markSimplex (int dim, int dimll, int simplexType, int faceType[VAPBS_NVS], int
vertexType[VAPBS_NVS], int chart[], double vx[ ][VAPBS_DIM], void xsimplex)
User-defined error estimator — in our case, a geometry-based refinement method; forcing simplex refinement at the dielec-
tric boundary and (for non-regularized PBE) the charges.
* VEXTERNC void Vfetk_PDE_oneChart (int dim, int dimll, int objType, int chart[], double vx[][VAPBS_DIM], int
dimV)
Unify the chart for different coordinate systems — a no-op for us.

+ VEXTERNC double Vfetk_PDE_Ju (PDE xthee, int key)

Energy functional. This returns the energy (less delta function terms) in the form:

+ VEXTERNC void Vfetk_externalUpdateFunction (SS xxsimps, int num)

External hook to simplex subdivision routines in Gem. Called each time a simplex is subdivided (we use it to update the
charge-simplex map).

« VEXTERNC int Vietk_PDE_simplexBasisInit (int key, int dim, int comp, int *xndof, int dof[ ])

Initialize the bases for the trial or the test space, for a particular component of the system, at all quadrature points on the
master simplex element.

+ VEXTERNC void Vfetk_PDE_simplexBasisForm (int key, int dim, int comp, int pdkey, double xq[ ], double basis[])
Evaluate the bases for the trial or test space, for a particular component of the system, at all quadrature points on the
master simplex element.

» VEXTERNC void Vfetk_readMesh (Vfetk xthee, int skey, Vio *sock)
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Read in mesh and initialize associated internal structures.
VEXTERNC void Vfetk_dumpLocalVar ()
Debugging routine to print out local variables used by PDE object.
VEXTERNC int Vietk_fillArray (Vfetk xthee, Bvec xvec, Vdata_Type type)
Fill an array with the specified data.

* VEXTERNC int Vfetk_write (Vfetk xthee, const char xiodev, const char xiofmt, const char xthost, const char
xfname, Bvec xvec, Vdata_Format format)

Write out data.
VEXTERNC Vrc_Codes Vfetk_loadGem (Vfetk xthee, Gem xgm)

Load a Gem geometry manager object into Vfetk.

7.3.1 Detailed Description

FEtk master class (interface between FEtk and APBS).

7.3.2 Macro Definition Documentation
7.3.2.1 VATOMMAX

#define VATOMMAX 1000000
Maximum number of atoms associated with a vertex.
Definition at line 1779 of file vfetk.c.

7.3.2.2 VRINGMAX

#define VRINGMAX 1000
Maximum number of simplices in a simplex ring.
Definition at line 1776 of file vfetk.c.

7.3.3 Typedef Documentation
7.3.3.1 Vietk

typedef struct sVfetk Vfetk
Declaration of the Vfetk class as the Vfetk structure.
Definition at line 207 of file vfetk.h.

7.3.3.2 Vfetk_GuessType

typedef enum eVfetk_GuessType Vfetk_ GuessType
Declare FEMparm_GuessType type.
Definition at line 148 of file vfetk.h.

7.3.3.3 Vfetk_LocalVar

typedef struct sVfetk_LocalVar Vfetk_LocalVar
Declaration of the Vfetk LocalVar subclass as the Vfetk LocalVar structure.
Definition at line 259 of file vfetk.h.

7.3.3.4 Vfetk_LsolvType

typedef enum eVfetk_LsolvType Vfetk_ LsolvType
Declare FEMparm_LsolvType type.
Definition at line 97 of file vfetk.h.
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7.3.3.5 Vfetk_MeshLoad

typedef enum eVfetk_MeshlLoad Vfetk_MeshLoad
Declare FEMparm_GuessType type.
Definition at line 114 of file vfetk.h.

7.3.3.6 Vfetk_NsolvType

typedef enum eVfetk_ NsolvType Vfetk NsolvType
Declare FEMparm_NsolvType type.
Definition at line 131 of file vfetk.h.

7.3.3.7 Vfetk_PrecType

typedef enum eVfetk_ PrecType Vfetk_PrecType
Declare FEMparm_GuessType type.
Definition at line 165 of file vfetk.h.

7.3.4 Enumeration Type Documentation
7.3.4.1 eVfetk_GuessType

enum eVfetk_GuessType
Initial guess type.

Note

Do not change these values; they correspond to settings in FEtk

Enumerator
VGT_ZERO | Zero initial guess
VGT_DIRI Dirichlet boundary condition initial guess

VGT_PREV | Previous level initial guess

Definition at line 138 of file vfetk.h.

7.3.4.2 eVietk_LsolvType

enum eVfetk_LsolvType
Linear solver type.

Note

Do not change these values; they correspond to settings in FEtk

Enumerator
VLT_SLU | SuperLU direct solve
VLT_MG Multigrid
VLT_CG Conjugate gradient
VLT_BCG | BiCGStab

Definition at line 86 of file vfetk.h.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



32 Topic Documentation

7.3.4.3 eVfetk_MeshLoad

enum eVfetk_MeshLoad
Mesh loading operation.

Enumerator
VML_DIRICUBE Dirichlet cube
VML_NEUMCUBE | Neumann cube
VML_EXTERNAL External mesh (from socket)

Definition at line 104 of file vfetk.h.

7.3.4.4 eVietk_NsolvType

enum eVfetk NsolvType
Non-linear solver type.

Note

Do not change these values; they correspond to settings in FEtk

Enumerator
VNT_NEW | Newton solver
VNT_INC Incremental
VNT_ARC | Psuedo-arclength

Definition at line 121 of file vfetk.h.

7.3.4.5 eVfetk_PrecType

enum eVfetk_PrecType
Preconditioner type.

Note

Do not change these values; they correspond to settings in FEtk

Enumerator
VPT_IDEN | Identity matrix
VPT_DIAG | Diagonal scaling
VPT_MG Multigrid

Definition at line 155 of file vfetk.h.

7.3.5 Function Documentation
7.3.5.1 Bmat_printHB()

VEXTERNC void Bmat_printHB (
Bmat * thee,

char *x fname)
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Writes a Bmat to disk in Harwell-Boeing sparse matrix format.
Author
Stephen Bond

Note

This is a friend function of Bmat

Bug Hardwired to only handle the single block symmetric case.

Parameters

thee The matrix to write

fname | Filename for output

Definition at line 1026 of file vfetk.c.

7.3.5.2 Vfetk_ctor()

VEXTERNC Vfetk *x Vfetk_ctor (
Vpbe * pbe,
Vhal_PBEType type)

Constructor for Vfetk object.

Author
Nathan Baker

Returns

Pointer to newly allocated Vfetk object
Note

This sets up the Gem, AM, and Aprx FEtk objects but does not create a mesh. The easiest way to create a mesh
is to then call Vfetk_genCube

Parameters

pbe | Vpbe (PBE manager object)

type | Version of PBE to solve

Definition at line 532 of file vfetk.c.

7.3.5.3 Vfetk_ctor2()

VEXTERNC int Vfetk_ctor2 (
Vfetk * thee,
Vpbe * pbe,
Vhal_PBEType type)
FORTRAN stub constructor for Vietk object.
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Author
Nathan Baker

Returns

1 if successful, 0 otherwise
Note

This sets up the Gem, AM, and Aprx FEtk objects but does not create a mesh. The easiest way to create a mesh
is to then call Vfetk_genCube

Parameters

thee | Vfetk object memory

pbe | PBE manager object

type | Version of PBE to solve

Definition at line 545 of file vfetk.c.

7.3.5.4 Vietk_dgmEnergy()

VEXTERNC double Vfetk_dgmEnergy (
Vfetk * thee,
int color)
Get the "mobile charge" and "polarization" contributions to the electrostatic energy.
Using the solution at the finest mesh level, get the electrostatic energy due to the interaction of the mobile charges with
the potential and polarization of the dielectric medium:

_ 1 2 —2 —qiu(x) 1 2
G= 11 ;czqi '/n (x)e dz + 5 e(Vu)=dx

for the NPBE and 1 1
G = 3 /R2(m)u2(x)da: + 3 /e(Vu)de

for the LPBE. Here i denotes the counterion species, I is the bulk ionic strength, Ez(x) is the modified Debye-Huckel
parameter, ¢; is the concentration of species 4, ¢; is the charge of species i, ¢ is the dielectric function, and u(z) is the
dimensionless electrostatic potential. The energy is scaled to units of k;7T'.

Author
Nathan Baker

Parameters
thee | Vfetk object

color | Partition restriction for energy evaluation, only used if non-negative
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Returns

The "mobile charge" and "polarization" contributions to the electrostatic energy in units of kT

Parameters
thee | The Vfetk object

color | Partition restriction for energy calculation; if non-negative, energy calculation is restricted to the specified
partition (indexed by simplex and atom colors

Definition at line 842 of file vfetk.c.

7.3.5.5 Vfetk_dtor()

VEXTERNC void Vfetk_dtor (
Vfetk *x thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of Vfetk object

Definition at line 625 of file vfetk.c.

7.3.5.6 Vfetk_dtor2()

VEXTERNC void Vfetk_dtor2 (
Vfetk * thee)
FORTRAN stub object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to Vfetk object to be destroyed

Definition at line 633 of file vfetk.c.

7.3.5.7 Vfetk_dumpLocalVar()

VEXTERNC void Vfetk_dumpLocalVar ()
Debugging routine to print out local variables used by PDE object.

Author
Nathan Baker

Bug This function is not thread-safe

Definition at line 2255 of file vfetk.c.
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7.3.5.8 Vietk_energy()

VEXTERNC double Vfetk_energy (

Vfetk * thee,

int color,

int nonlin)
Return the total electrostatic energy.
Using the solution at the finest mesh level, get the electrostatic energy using the free energy functional for the Poisson-
Boltzmann equation without removing any self-interaction terms (i.e., removing the reference state of isolated charges
present in an infinite dielectric continuum with the same relative permittivity as the interior of the protein) and return the
result in units of kpT'. The argument color allows the user to control the partition on which this energy is calculated; if
(color == -1) no restrictions are used. The solution is obtained from the finest level of the passed AM object, but atomic
data from the Vfetk object is used to calculate the energy.

Author
Nathan Baker

Returns
Total electrostatic energy in units of kT

< Total energy
<
<

Parameters
thee THe Vfetk object

color | Partition restriction for energy calculation; if non-negative, energy calculation is restricted to the specified
partition (indexed by simplex and atom colors

nonlin | 1f 1, the NPBE energy functional is used; otherwise, the LPBE energy functional is used. If -2, SMPBE is
used.

Definition at line 693 of file vfetk.c.

7.3.5.9 Vietk_externalUpdateFunction()

VEXTERNC void Vfetk_externalUpdateFunction (

SS *xx simps,

int num)
External hook to simplex subdivision routines in Gem. Called each time a simplex is subdivided (we use it to update the
charge-simplex map).

Author
Nathan Baker

Bug This function is not thread-safe.

Parameters

simps | List of parent (simps[0]) and children (remainder) simplices

num Number of simplices in list

Definition at line 2078 of file vfetk.c.
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7.3.5.10 Vfetk_fillArray()

VEXTERNC int Vfetk_fillArray (
Vfetk * thee,
Bvec * vec,
Vdata_Type type)

Fill an array with the specified data.

Author

Nathan Baker

Note

This function is thread-safe

Bug Several values of type are not implemented

Returns

1 if successful, 0 otherwise

Parameters
thee | The Vfetk object with the data

vec | The vector to hold the data

type | THe type of data to write

Definition at line 2299 of file vfetk.c.

7.3.5.11 Vfetk_genCube()

VEXTERNC Vrc_Codes Vfetk_genCube (
Vfetk *x thee,
double center[3],
double length[3],
Vfetk_MeshLoad meshType)
Construct a rectangular mesh (in the current Vfetk object).

Author
Nathan Baker

Generates a new cube mesh within the provided Vfetk object based on the specified mesh type. Creates a new copy of
the mesh based on the global variables at the top of the file and the mesh type, then recenters the mesh based on the
center and length variables provided to the function.

Parameters
thee Vfetk object
center Center for mesh, which the new mesh will adjust to
length Mesh lengths, which the new mesh will adjust to
meshType | Mesh boundary conditions

Definition at line 885 of file vfetk.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



38

Topic Documentation

7.3.5.12 Vfetk_getAM()

VEXTERNC AM *x Vfetk_getAM (
Vfetk * thee)

Get a pointer to the AM (algebra manager) object.

Author
Nathan Baker

Returns

Pointer to the AM (algebra manager) object

Parameters
] thee \ The Vietk object

Definition at line 497 of file vfetk.c.

7.3.5.13 Vietk_getAtomColor()

VEXTERNC int Vfetk_getAtomColor (
Vfetk * thee,
int iatom)

Get the partition information for a particular atom.
Author
Nathan Baker

Note

Friend function of Vatom

Returns

Partition 1D

Parameters
thee | The Vfetk object

jatom | Valist atom index

Definition at line 517 of file vfetk.c.

7.3.5.14 Vfetk_getGem()

VEXTERNC Gem * Vfetk_getGem (
Vfetk x thee)
Get a pointer to the Gem (grid manager) object.

Author
Nathan Baker
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Returns

Pointer to the Gem (grid manager) object

Parameters

’ thee ‘ Vfetk object

Definition at line 490 of file vfetk.c.

7.3.5.15 Vfetk_getSolution()

VEXTERNC double * Vfetk_getSolution (
Vfetk * thee,
int % length)
Create an array containing the solution (electrostatic potential in units of kg7/e) at the finest mesh level.

Author
Nathan Baker and Michael Holst

Note

The user is responsible for destroying the newly created array

Returns

Newly created array of length "length" (see above); the user is responsible for destruction

Parameters

thee Vfetk object with solution

length | Ste to length of the newly created solution array

Definition at line 641 of file vfetk.c.

7.3.5.16 Vfetk_getVesm()

VEXTERNC Vcsm x Vfetk_getVesm (
Vfetk * thee)
Get a pointer to the Vcsm (charge-simplex map) object.

Author
Nathan Baker

Returns

Pointer to the Vcsm (charge-simplex map) object

Parameters
] thee \ The Vietk object

Definition at line 510 of file vfetk.c.
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7.3.5.17 Vfetk_getVpbe()

VEXTERNC Vpbe * Vfetk_getVpbe (
Vfetk * thee)
Get a pointer to the Vpbe (PBE manager) object.

Author
Nathan Baker

Returns

Pointer to the Vpbe (PBE manager) object

Parameters
] thee \ The Vfetk object

Definition at line 503 of file vfetk.c.

7.3.5.18 Vfetk_loadGem()

VEXTERNC Vrc_Codes Vfetk_loadGem (
Vfetk x thee,

Gem * gm)

Load a Gem geometry manager object into Vfetk.

Author
Nathan Baker

Parameters

thee | Destination

gm | Geometry manager source

7.3.5.19 Vfetk_loadMesh()

VEXTERNC Vrc_Codes Vfetk_loadMesh (
Vfetk x thee,
double center[3],
double length[3],
Vfetk_MeshLoad meshType,

Vio * sock)

Loads a mesh into the Vfetk (and associated) object(s).

Author
Nathan Baker

If we have an external mesh, load that external mesh from the provided socket. If we specify a non-external mesh type,
we generate a new mesh cube based on templates. We then create and store a new Vcsm object in our Vfetk structure,

which will carry the mesh data.
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Parameters
thee Vfetk object to load into
center Center for mesh (if constructed)
length Mesh lengths (if constructed)

meshType | Type of mesh to load

sock Socket for external mesh data (NULL otherwise)

Definition at line 980 of file vfetk.c.

7.3.5.20 Vfetk_memChk()

VEXTERNC unsigned long int Vfetk_memChk (
Vfetk * thee)
Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker

Returns

The memory used by this structure and its contents in bytes

Parameters
] thee \ THe Vfetk object

Definition at line 867 of file vfetk.c.

7.3.5.21 Vfetk_PDE_bisectEdge()

VEXTERNC void Vfetk_PDE_bisectEdge (
int dim,
int dimIT,
int edgeType,
int chart[],
double vx[ ] [VAPBS_DIM])
Define the way manifold edges are bisected.

Author
Nathan Baker and Mike Holst

Note

This function is thread-safe.

Parameters

dim Intrinsic dimension of manifold
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dimll Embedding dimension of manifold

edgeType | Type of edge being refined

chart Chart for edge vertices, used here as accessibility bitfields

vX Edge vertex coordindates

7.3.5.22 Vfetk_PDE_ctor()

VEXTERNC PDE * Vfetk_ PDE_ctor (
Vfetk *x fetk)
Constructs the FEtk PDE object.

Author

Nathan Baker

Returns

Newly-allocated PDE object

Bug Not thread-safe

Parameters
’ fetk ‘ The Vfetk object

Definition at line 1176 of file vfetk.c.

7.3.5.23 Vfetk_PDE_ctor2()

VEXTERNC int Vfetk_PDE_ctor2 (
PDE x thee,
Vfetk *x fetk)
Intializes the FEtk PDE object.

Author
Nathan Baker (with code by Mike Holst)

Returns

1 if successful, 0 otherwise

Bug Not thread-safe

Parameters

thee | The newly-allocated PDE object
fetk | The parent Vfetk object

Definition at line 1187 of file vfetk.c.
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7.3.5.24 Vfetk_PDE_delta()

VEXTERNC void Vfetk_PDE_delta (
PDE x thee,
int type,
int chart,
double txqgl ],
void x user,
double F[1])
Evaluate a (discretized) delta function source term at the given point.

Author
Nathan Baker

Bug This function is not thread-safe

Parameters
thee | PDE object
type | Vertex type

chart | Chart for point coordinates

txq Point coordinates

user | Vertex object pointer

F Set to delta function value

Definition at line 1780 of file vfetk.c.

7.3.5.25 Vfetk_PDE_DFu_wv()

VEXTERNC double Vfetk_ PDE_DFu_wv (
PDE x thee,
int key,
double W[ 1],
double dw([ ] [VAPBS_DIM],
double VI[]
double dV[ ] [VAPBS_DIM])

This is the linearization of the weak form of the PBE; e.g., for use in a Newton iteration. This is the functional linearization

of the strong form integrated with a test function to give:

’

/ [eVw - Vv + b'(w)wv — fo]dx
Q

where b'(u) denotes the functional derivation of the mobile ion term.

Author
Nathan Baker and Mike Holst

Returns

Integrand value

Bug This function is not thread-safe
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Parameters
thee | The PDE object

key | Integrand to evaluate (0 = interior weak form, 1 = boundary weak form)

w Trial function value at current point

dw | Trial function gradient at current point

v Test function value at current point

av Test function gradient

7.3.5.26 Vietk_PDE_dtor()

VEXTERNC void Vfetk_ PDE_dtor (
PDE %% thee)
Destroys FEtk PDE object.

Author
Nathan Baker

Note

Thread-safe

Parameters

’ thee ‘ Pointer to PDE object memory

Definition at line 1231 of file vfetk.c.

7.3.5.27 Vfetk_PDE_dtor2()

VEXTERNC void Vfetk_PDE_dtor2 (
PDE x thee)
FORTRAN stub: destroys FEtk PDE object.

Author
Nathan Baker

Note

Thread-safe

Parameters

’ thee ‘ PDE object memory

Definition at line 1246 of file vfetk.c.
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7.3.5.28 Vfetk_PDE_Fu()

VEXTERNC void Vfetk_PDE_Fu (
PDE x thee,
int key,
double F[])
Evaluate strong form of PBE. For interior points, this is:

-V - eVu+bu) - f

where b(u) is the (possibly nonlinear) mobile ion term and f is the source charge distribution term (for PBE) or the
induced surface charge distribution (for RPBE). For an interior-boundary (simplex face) point, this is:

[e(z)Vu(z) - n(2)]e=or — [e(z)Vu(@) - n(2)]s=0-

where n(z) is the normal to the simplex face and the term represents the jump in dielectric displacement across the
face. There is no outer-boundary contribution for this problem.
Author

Nathan Baker

Bug This function is not thread-safe

This function is not implemented (sets error to zero)

Parameters
thee | The PDE object

key | Type of point (0 = interior, 1 = boundary, 2 = interior boundary

F Set to value of residual

Definition at line 1695 of file vfetk.c.

7.3.5.29 Vfetk PDE_Fu_v()

VEXTERNC double Vfetk PDE_Fu_v (
PDE x thee,
int key,
double V[ ],
double dV[][VAPBS_DIM])
This is the weak form of the PBE; i.e. the strong form integrated with a test function to give:

/ [eVu - Vo + blu)v — fo]dz
Q

where b(u) denotes the mobile ion term.
Author
Nathan Baker and Mike Holst
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Returns

Integrand value

Bug This function is not thread-safe

Parameters
thee | The PDE object

key | Integrand to evaluate (0 = interior weak form, 1 = boundary weak form

4 Test function at current point

av Test function derivative at current point

Definition at line 1703 of file vfetk.c.

7.3.5.30 Vifetk_PDE_initAssemble()

VEXTERNC void Vfetk_ PDE_initAssemble (
PDE x thee,
int ip[],
double rp[])

Do once-per-assembly initialization.

Author
Nathan Baker and Mike Holst

Note

Thread-safe

Parameters
thee | PDE object

ip Integer parameter array (not used)

p Double parameter array (not used)

Definition at line 1508 of file vfetk.c.

7.3.5.31 Vietk_PDE_initElement()

VEXTERNC void Vfetk_ PDE_initElement (
PDE % thee,
int elementType,
int chart,
double tvx[][VAPBS_DIM],
void *x data)

Do once-per-element initialization.

Author
Nathan Baker and Mike Holst

Bug This function is not thread-safe
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Parameters

thee

PDE object

elementType | Material type (not used)

chart Chart in which the vertex coordinates are provided, used here as a bitfield to store molecular acces-
sibility

tvx Vertex coordinates

data Simplex pointer (hack)

7.3.5.32 Vfetk_PDE_initFace()

VEXTERNC void Vfetk_ PDE_initFace (

PDE x thee,

int faceType,
int chart,
double tnvecl[])

Do once-per-face initialization.

Author

Nathan Baker and Mike Holst

Bug This function is not thread-safe

Parameters
thee THe PDE object
faceType | Simplex face type (interior or various boundary types)
chart Chart in which the vertex coordinates are provided, used here as a bitfield for molecular accessibility
tnvec Coordinates of outward normal vector for face

Definition at line 1559 of file vfetk.c.

7.3.5.33 Vfetk_PDE_initPoint()

VEXTERNC void Vfetk_ PDE_initPoint (

PDE x thee,

int pointType,

int chart,

double txql ],

double tUI[ ],

double tdU[ ] [VAPBS_DIM])

Do once-per-point initialization.

Author

Nathan Baker

Bug This function is not thread-safe

This function uses pre-defined boudnary definitions for the molecular surface.
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Parameters
thee The PDE object
pointType | The type of point — interior or various faces
chart The chart in which the point coordinates are provided, used here as bitfield for molecular accessibility
txq Point coordinates
tu Solution value at point
tdu Solution derivative at point

7.3.5.34 Vietk_PDE_Ju()

VEXTERNC double Vfetk_ PDE_Ju (
PDE * thee,
int key)

Energy functional. This returns the energy (less delta function terms) in the form:

0_1/2/(6(Vu)2 + K% (coshu — 1))dx

for a 1:1 electrolyte where c is the output from Vpbe_getZmagic.
Author

Nathan Baker
Returns
Energy value (in kT)

Bug This function is not thread-safe.

Parameters
thee | The PDE object

key | What to evluate: interior (0) or boundary (1)?

Definition at line 2003 of file vfetk.c.

7.3.5.35 Vfetk_PDE_mapBoundary()

VEXTERNC void Vfetk_ PDE_mapBoundary (
int dim,
int dimIT,
int vertexType,
int chart,
double vx[VAPBS_DIM])
Map a boundary point to some pre-defined shape.

Author

Nathan Baker and Mike Holst
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Note
This function is thread-safe and is a no-op
Parameters
dim Intrinsic dimension of manifold
dimll Embedding dimension of manifold
vertexType | Type of vertex
chart Chart for vertex coordinates
VX Vertex coordinates

7.3.5.36 Vfetk_PDE_markSimplex()

VEXTERNC int Vfetk_PDE_markSimplex (

int dim,

int dimIT,

int simplexType,

int faceType[VAPBS_NVS],
int vertexType[VAPBS_NVS],
int chartl[],

double vx[ ] [VAPBS_DIM],

void *x simplex)

User-defined error estimator — in our case, a geometry-based refinement method; forcing simplex refinement at the

dielectric boundary and (for non-regularized PBE) the charges.

Author

Nathan Baker

Returns

1 if mark simplex for refinement, 0 otherwise

Bug This function is not thread-safe

Parameters
dim Intrinsic manifold dimension
dimll Embedding manifold dimension
simplexType | Type of simplex being refined
faceType Types of faces in simplex
vertexType Types of vertices in simplex
chart Charts for vertex coordinates
VX Vertex coordinates
simplex Simplex pointer
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7.3.5.37

Vietk_PDE_oneChart()

VEXTERNC void Vfetk_PDE_oneChart (

int dim,

int dimIT,

int objType,

int chart[],

double vx|[ ] [VAPBS_DIM],
int dimV)

Unify the chart for different coordinate systems — a no-op for us.

Author

Nathan Baker

Note
Thread-safe; a no-op

Parameters
dim Intrinsic manifold dimension
dimll Embedding manifold dimension
objType | ?7?
chart Charts of vertices' coordinates
VX Vertices' coordinates
dimV Number of vertices

7.3.5.38 Vfetk_PDE_simplexBasisForm()

VEXTERNC

void Vfetk_PDE_simplexBasisForm (
int key,
int dim,
int comp,
int pdkey,
double xqgl ],
double basis[])

Evaluate the bases for the trial or test space, for a particular component of the system, at all quadrature points on the
master simplex element.

Author
Mike Holst
Parameters
key Basis type to evaluate (0 = trial, 1 = test, 2 = trialB, 3 = testB)
dim Spatial dimension
comp | Which component of elliptic system to produce basis for

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.3 Vfetk class 51

pdkey | Basis partial differential equation evaluation key:
* 0 = evaluate basis(x,y,z)

* 1 = evaluate basis_x(x,y,z)

» 2 = evaluate basis_y(x,y,z)

+ 3 = evaluate basis_z(x,y,z)

* 4 = evaluate basis_xx(x,y,z)

» 5 = evaluate basis_yy(x,y,z)

* 6 = evaluate basis_zz(x,y,z)

e 7 =etc...

Xxq Set to quad pt coordinate

basis | Setto all basis functions evaluated at all quadrature pts

Definition at line 2203 of file vfetk.c.

7.3.5.39 Vietk_PDE_simplexBasislInit()

VEXTERNC int Vfetk_PDE_simplexBasisInit (

int key,

int dim,

int comp,

int % ndof,

int dof[])
Initialize the bases for the trial or the test space, for a particular component of the system, at all quadrature points on
the master simplex element.

Author
Mike Holst

Note
* The basis ordering is important. For a fixed quadrature
* point iqg, you must follow the following ordering in pl[iqgl[],
* based on how you specify the degrees of freedom in dof[]:
*
* <v_0 vDF_0>, <v_1 vDF_0>, ..., <v_{nv} vDF_0>
* <v_0 vDF_1>, <v_1 vDF_1>, <v_{nv} vDF_1>
* ...
* <v_0 vDF_{nvDF}>, <v_0 vDF_{nvDF}>, <v_{nv} vDF_{nvDF}>
*
* <e_0 eDF_0>, <e_1 eDF_0>, <e_{ne} eDF_0>
* <e_0 eDF_1>, <e_1 eDF_1>, <e_{ne} eDF_1>
* ...
* <e_0 eDF_{neDF}>, <e_1 eDF_{neDF}>, <e_{ne} eDF_{neDF}>
*
* <f_0 fDF_0>, <f_1 £fDF_0>, <f_{nf} fDF_0>
* <f_0 fDF_1>, <f_1 fDF_1>, <f_{nf} fDF_1>
* ...
* <f_0 fDF_{nfDF}>, <f_1 fDF_{nfDF}>, <f_{nf} fDF_{nfDF}>
*
* <s_0 sDF_0>, <s_1 sDF_0>, <s_{ns} sDF_0>

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



52

Topic Documentation

ERE T S SR e N S T N N S e N T T e N S T N N S S N ST T N ST T e N

<s_0 sDF_1>, <s_1 sDF_1>, ..., <s_{ns} sDF_1>
<s_0 sDF_{nsDF}>, <s_1 sDF_{nsDF}>, ..., <s_{ns} sDF_{nsDF}>

For example, linear elements in R”3, with one degree of freedom at each =*
vertex, would use the following ordering:

<v_0 vDF_0>, <v_1 vDF_0>, <v_2 vDF_0>, <v_3 vDF_0>

Quadratic elements in R"2, with one degree of freedom at each vertex and
edge, would use the following ordering:

<v_0 vDF_0>, <v_1 vDF_0>, <v_2 vDF_0>
<e_0 eDF_0>, <e_1 eDF_0>, <e_2 eDF_0>

You can use different trial and test spaces for each component of the
elliptic system, thereby allowing for the use of Petrov-Galerkin methods.
You MUST then tag the bilinear form symmetry entries as nonsymmetric in
your PDE constructor to reflect that DF (u) (w,v) will be different from
DF (u) (v,w), even if your form acts symmetrically when the same basis is
used for w and v.

You can also use different trial spaces for each component of the elliptic
system, and different test spaces for each component of the elliptic
system. This allows you to e.g. use a basis which is vertex-based for
one component, and a basis which is edge-based for another. This is
useful in fluid mechanics, eletromagnetics, or simply to play around with
different elements.

This function is called by MC to build new master elements whenever it
reads in a new mesh. Therefore, this function does not have to be all
that fast, and e.g. could involve symbolic computation.

Parameters
key Basis type to evaluate (0 = trial, 1 = test, 2 = trialB, 3 = testB)
dim Spatial dimension
comp | Which component of elliptic system to produce basis for?
ndof | Set to the number of degrees of freedom
dof Set to degree of freedom per v/e/f/s

Definition at line 2140 of file vfetk.c.

7.3.5.40 Vietk_PDE_u_D()

VEXTERNC void Vfetk_ PDE_u_D (

PDE x thee,
int type,

int chart,
double txqgl ],
double F[])

Evaluate the Dirichlet boundary condition at the given point.
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Author
Nathan Baker

Bug This function is hard-coded to call only multiple-sphere Debye-Hi functions.

This function is not thread-safe.

Parameters
thee | PDE object
type | Vertex boundary type

chart | Chart for point coordinates

txq Point coordinates

F Set to boundary values

Definition at line 1867 of file vfetk.c.

7.3.5.41 Vfetk_PDE_u_T()

VEXTERNC void Vfetk_PDE_u_T (
PDE x thee,
int type,
int chart,
double txqgl ],
double F[])
Evaluate the "true solution” at the given point for comparison with the numerical solution.

Author
Nathan Baker

Note

This function only returns zero.
Bug This function is not thread-safe.

The signature here doesn't match what's in mc's src/pde/mc/pde.h, which g++ seems to dislike for GAMer integration.
Trying a change of function signature to match to see if that makes g++ happy. Also see vfetk.h for similar signature
change. - P. Ellis 11-8-2011

Parameters
thee | PDE object
type | Point type

chart | Chart for point coordinates

txq Point coordinates

F Set to value at point

Definition at line 1886 of file vfetk.c.
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7.3.5.42 Vfetk_qgfEnergy()

VEXTE

Get th

Author

RNC double Vfetk_gfEnergy (
Vfetk * thee,
int color)
e "fixed charge" contribution to the electrostatic energy.

Using the solution at the finest mesh level, get the
electrostatic energy due to the interaction of the fixed charges
with the potential: \f[ G = \sum_i g i u(r_i) \f]

and return the result in units of \f$k_B T\f$. Clearly, no
self-interaction terms are removed. A factor a 1/2 has to be
included to convert this to a real energy.

Nathan Baker

Parameters

thee

Vfetk object

color | Partition restriction for energy evaluation, only used if non-negative

Returns

The fixed charge electrostatic energy in units of kT

Parameters

thee

The Vfetk object

color | Partition restriction for energy evaluation, only used if non-negative

Definition at line 732 of file vfetk.c.

7.3.5.43 Vietk_readMesh()

VEXTERNC void Vfetk_readMesh (

Vfetk * thee,
int skey,

Vio % sock)

Read in mesh and initialize associated internal structures.

Author

Nathan Baker

Note
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See also

Vietk_genCube

Parameters
thee | THe Vfetk object
skey | The sock format key (0 = MCSF simplex format)
sock | Socket object ready for reading

7.3.5.44 Vietk_setAtomColors()

VEXTERNC void Vfetk_setAtomColors (

Transfer color (partition ID) information frmo a partitioned mesh to the atoms.

Vfetk *x thee)

Transfer color information from partitioned mesh to the atoms. In the case that a charge is shared between two partitions,
the partition color of the first simplex is selected. Due to the arbitrary nature of this selection, THIS METHOD SHOULD

ONLY BE USED IMMEDIATELY AFTER PARTITIONING!!!

Warning

This function should only be used immediately after mesh partitioning

Author

Nathan Baker

Note

This is a friend function of Vcsm

Parameters

] thee \ THe Vfetk object

Definition at line 849 of file vfetk.c.

7.3.5.45 Vietk_setParameters()

VEXTERNC void Vfetk_setParameters (

Vfetk x thee,
PBEparm * pbeparm,
FEMparm * feparm)

Set the parameter objects.

Author

Nathan Baker

Parameters

’ thee

‘ The Vfetk object

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



56 Topic Documentation
pbeparm | Parameters for solution of the PBE
feparm FEM-speecific solution parameters

Definition at line 615 of file vfetk.c.

7.3.5.46 Vfetk_write()

VEXTERNC int Vfetk_write (

Vfetk * thee,

const char *x iodev,
const char *x iofmt,
const char x thost,
const char *x fname,
Bvec * vec,

Vdata_Format format)

Write out data.

Author

Nathan Baker

Parameters
thee Vfetk object
vec FEtk Bvec vector to use
format | Format for data
iodev | Output device type (FILE/BUFF/UNIX/INET)
iofmt | Output device format (ASCII/XDR)
thost Output hostname (for sockets)
fname | Output FILE/BUFF/UNIX/INET name
Note

This function is thread-safe

Bug Some values of format are not implemented

Returns

1 if successful, 0 otherwise

Parameters
thee The Vfetk object
iodev | Output device type (FILE = file, BUFF = buffer, UNIX = unix pipe, INET = network socket)
iofmt | Output device format (ASCII = ascii/plaintext, XDR = xdr)
thost Output hostname for sockets
fname | Output filename for other
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vec Data vector

format | Data format

Definition at line 2464 of file vfetk.c.

7.4 Vpee class

This class provides some functionality for error esimation in parallel.

Files

« file src/fem/vpee.c

Class Vpee methods.
« file src/fem/vpee.h

Contains declarations for class Vpee.

Data Structures

« struct sVpee
Contains public data members for Vpee class/module.

Typedefs

* typedef struct sVpee Vpee
Declaration of the Vpee class as the Vpee structure.

Functions

« VEXTERNC Vpee * Vpee_ctor (Gem *gm, int localPartID, int killFlag, double killParam)
Construct the Vpee object.

VEXTERNC int Vpee_ctor2 (Vpee xthee, Gem xgm, int localPartID, int killFlag, double killParam)
FORTRAN stub to construct the Vpee object.

VEXTERNC void Vpee_dtor (Vpee *xthee)
Object destructor.

VEXTERNC void Vpee_dtor2 (Vpee xthee)

FORTRAN stub object destructor.
VEXTERNC int Vpee_markRefine (Vpee *xthee, AM xam, int level, int akey, int rcol, double etol, int bkey)

Mark simplices for refinement based on attenuated error estimates.
+ VEXTERNC int Vpee_numSS (Vpee xthee)

Returns the number of simplices in the local partition.

7.4.1 Detailed Description

This class provides some functionality for error esimation in parallel.

This class provides some functionality for error esimation in parallel. The purpose is to modulate the error returned
by some external error estimator according to the partitioning of the mesh. For example, the Bank/Holst parallel re-
finement routine essentially reduces the error outside the 1local" partition to zero. However, this
leads to the need for a few final overlapping Schwarz solves to smooth out the

errors near partition boundaries. Supposedly, if the region in which we allow

error-based refinement includes the local" partition and an external buffer zone approximately equal
in size to the local region, then the solution will asymptotically approach the solution obtained via more typical methods.
This is essentially a more flexible parallel implementation of MC's AM_markRefine.
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7.4.2 Typedef Documentation

7.42.1 Vpee

typedef struct sVpee Vpee
Declaration of the Vpee class as the Vpee structure.
Definition at line 112 of file vpee.h.

7.4.3 Function Documentation

7.4.3.1 Vpee_ctor()

VEXTERNC Vpee % Vpee_ctor (

Gem * gm,

int localPartID,
int killFlag,
double killParam)

Construct the Vpee object.

Author

Nathan Baker

Returns

Newly constructed Vpee object

Parameters
agm FEtk geometry manager object
localPartID | ID of the local partition (focus of refinement)
killFlag A flag to indicate how error estimates are to be attenuated outside the local partition:
+ 0: no attenuation
+ 1: all error outside the local partition set to zero
« 2: all error is set to zero outside a sphere of radius (killParamx*partRadius), where partRadius is
the radius of the sphere circumscribing the local partition
+ 3: all error is set to zero except for the local partition and its immediate neighbors
killParam
See also

killFlag for usage

Definition at line 93 of file vpee.c.

7.4.3.2 Vpee_ctor2()

VEXTERNC int Vpee_ctor2 (

Vpee * thee,
Gem * gm,

int localPartID,
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int killFlag,
double killParam)
FORTRAN stub to construct the Vpee object.

Author
Nathan Baker

Returns

1 if successful, 0 otherwise

Parameters
thee The Vpee object
gm FEtk geometry manager object

localPartlD | D of the local partition (focus of refinement)

* 0: no attenuation

killFlag A flag to indicate how error estimates are to be attenuated outside the local partition:

« 1: all error outside the local partition set to zero

« 2: all error is set to zero outside a sphere of radius (killParam=partRadius), where partRadius is
the radius of the sphere circumscribing the local partition

« 3: all error is set to zero except for the local partition and its immediate neighbors

killParam

See also

killFlag for usage

Definition at line 114 of file vpee.c.

7.4.3.3 Vpee_dtor()

VEXTERNC void Vpee_dtor (
Vpee **x thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of the Vpee object

Definition at line 225 of file vpee.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



60 Topic Documentation

7.4.3.4 Vpee_dtor2()

VEXTERNC void Vpee_dtor2 (

Vpee * thee)
FORTRAN stub object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 240 of file vpee.c.

7.4.3.5 Vpee_markRefine()

VEXTERNC int Vpee_markRefine (

Vpee * thee,

AM x am,

int level,

int akey,

int rcol,

double etol,

int bkey)
Mark simplices for refinement based on attenuated error estimates.
A wrapper/reimplementation of AM_markRefine that allows for more flexible attenuation of error-based markings outside
the local partition. The error in each simplex is modified by the method (see killFlag) specified in the Vpee constructor.
This allows the user to confine refinement to an arbitrary area around the local partition.

Author
Nathan Baker and Mike Holst

Note

This routine borrows very heavily from FEtk routines by Mike Holst.

Returns

The number of simplices marked for refinement.

Bug This function is no longer up-to-date with FEtk and may not function properly

Parameters

thee | The Vpee object

am The FEtk algebra manager currently used to solve the PB

level | The current level of the multigrid hierarchy
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akey | The marking method:
+ -1: Reset markings --> killFlag has no effect.
* 0: Uniform.

+ 1: User defined (geometry-based).

« >1: A numerical estimate for the error has already been set in am and should be attenuated according
to killFlag and used, in conjunction with etol, to mark simplices for refinement.

rcol | The ID of the main parition on which to mark (or -1 if all partitions should be marked). NOte that we should-
have (rcol == thee->localPartID) for (thee->killFlag == 2 or 3)

efol | The error tolerance criterion for marking

bkey | How the error tolerance is interpreted:

 0: Simplex marked if error > etol.

+ 1: Simplex marked if error > sqgrt(etol"2/L) where L$ is the number of simplices

Definition at line 250 of file vpee.c.

7.4.3.6 Vpee_numSS()

VEXTERNC int Vpee_numSS (
Vpee * thee)
Returns the number of simplices in the local partition.

Author
Nathan Baker

Returns

Number of simplices in the local partition

Parameters

’ thee ‘ The Vpee object

Definition at line 479 of file vpee.c.

7.5 APOLparm class

Parameter structure for APOL-specific variables from input files.

Files

« file src/generic/apolparm.c

Class APOLparm methods.
« file src/generic/femparm.h

Contains declarations for class APOLparm.
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Data Structures

+ struct sAPOLparm

Parameter structure for APOL-specific variables from input files.

Typedefs
+ typedef enum eAPOLparm_calcEnergy APOLparm_calcEnergy

Define eAPOLparm_calcEnergy enumeration as APOLparm_calcEnergy.
* typedef enum eAPOLparm_calcForce APOLparm_calcForce

Define eAPOLparm_calcForce enumeration as APOLparm_calcForce.
* typedef enum eAPOLparm_doCalc APOLparm_doCalc

Define eAPOLparm_calcForce enumeration as APOLparm_calcForce.
* typedef struct sSAPOLparm APOLparm

Declaration of the APOLparm class as the APOLparm structure.

Enumerations

» enum eAPOLparm_calcEnergy { ACE_NO =0, ACE_TOTAL =1 , ACE_COMPS =2}
Define energy calculation enumeration.
* enum eAPOLparm_calcForce { ACF_NO =0, ACF_TOTAL =1, ACF_COMPS =2}

Define force calculation enumeration.
» enum eAPOLparm_doCalc { ACD_NO =0, ACD_YES =1, ACD_ERROR =2}

Define force calculation enumeration.

Functions

+ VEXTERNC APOLparm x APOLparm_ctor ()

Construct APOLparm.
« VEXTERNC Vrc_Codes APOLparm_ctor2 (APOLparm xthee)

FORTRAN stub to construct APOLparm.
VEXTERNC void APOLparm_dtor (APOLparm xxthee)

Object destructor.
VEXTERNC void APOLparm_dtor2 (APOLparm xthee)

FORTRAN stub for object destructor.
VEXTERNC Vrc_Codes APOLparm_check (APOLparm xthee)

Consistency check for parameter values stored in object.
« VEXTERNC void APOLparm_copy (APOLparm *thee, APOLparm *source)

Copy target object into thee.

7.5.1 Detailed Description

Parameter structure for APOL-specific variables from input files.

7.5.2 Typedef Documentation
7.5.2.1 APOLparm

typedef struct sAPOLparm APOLparm
Declaration of the APOLparm class as the APOLparm structure.
Definition at line 188 of file apolparm.h.
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7.5.2.2 APOLparm_calcEnergy

typedef enum eAPOLparm_calcEnergy APOLparm_calcEnergy

Define eAPOLparm_calcEnergy enumeration as APOLparm_calcEnergy.

Definition at line 89 of file apolparm.h.

7.5.2.3 APOLparm_calcForce

typedef enum eAPOLparm_calcForce APOLparm_calcForce
Define eAPOLparm_calcForce enumeration as APOLparm_calcForce.
Definition at line 105 of file apolparm.h.

7.5.2.4 APOLparm_doCalc

typedef enum eAPOLparm_doCalc APOLparm_doCalc
Define eAPOLparm_calcForce enumeration as APOLparm_calcForce.
Definition at line 121 of file apolparm.h.

7.5.3 Enumeration Type Documentation
7.5.3.1 eAPOLparm_calcEnergy

enum eAPOLparm_calcEnergy
Define energy calculation enumeration.

Enumerator

ACE_NO Do not perform energy calculation
ACE_TOTAL Calculate total energy only

ACE_COMPS | Calculate per-atom energy components

Definition at line 79 of file apolparm.h.

7.5.3.2 eAPOLparm_calcForce

enum eAPOLparm_calcForce
Define force calculation enumeration.

Enumerator

ACF_NO Do not perform force calculation
ACF_TOTAL Calculate total force only
ACF_COMPS | Calculate per-atom force components

Definition at line 95 of file apolparm.h.

7.5.3.3 eAPOLparm_doCalc

enum eAPOLparm_doCalc
Define force calculation enumeration.
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Enumerator
ACD_NO Do not perform calculation
ACD_YES Perform calculations
ACD_ERROR | Error setting up calculation

Definition at line 111 of file apolparm.h.

7.5.4 Function Documentation

7.5.4.1 APOLparm_check()

VEXTERNC Vrc_Codes APOLparm_check (
APOLparm * thee)

Consistency check for parameter values stored in object.

Author

David Gohara,

Parameters

Yong Huang

’ thee ‘ APOLparm object

Returns

Success enumeration

Definition at line 179 of file apolparm.c.

7.5.4.2 APOLparm_copy()

VEXTERNC void APOLparm_copy (
APOLparm * thee,

APOLparm * source)

Copy target object into thee.

Author
Nathan Baker

Parameters

thee Destination object

source | Source object

Definition at line 108 of file apolparm.c.

7.5.4.3 APOLparm_ctor()

VEXTERNC APOLparm * APOLparm_ctor ()
Construct APOLparm.
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Author
David Gohara

Returns

Newly allocated and initialized Vpmgp object

Definition at line 65 of file apolparm.c.

7.5.4.4 APOLparm_ctor2()

VEXTERNC Vrc_Codes APOLparm_ctor2 (
APOLparm * thee)
FORTRAN stub to construct APOLparm.

Author

David Gohara, Yong Huang

Parameters

’ thee ‘ Pointer to allocated APOLparm object

Returns

Success enumeration

Definition at line 76 of file apolparm.c.

7.5.4.5 APOLparm_dtor()

VEXTERNC void APOLparm_dtor (
APOLparm *x thee)
Object destructor.

Author
David Gohara

Parameters

’ thee ‘ Pointer to memory location of APOLparm object

Definition at line 167 of file apolparm.c.

7.5.4.6 APOLparm_dtor2()

VEXTERNC void APOLparm_dtor2 (
APOLparm * thee)
FORTRAN stub for object destructor.
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Author
David Gohara

Parameters

’ thee ‘ Pointer to APOLparm object

Definition at line 177 of file apolparm.c.

7.6 BEMparm class

Parameter which holds useful parameters for generic multigrid calculations.

Files

« file src/generic/bemparm.c
Class BEMparm methods.

Data Structures

« struct sBEMparm

Parameter structure for BEM-specific variables from input files.

Typedefs

« typedef enum eBEMparm_CalcType BEMparm_CalcType

Declare BEMparm_CalcType type.
« typedef struct sSBEMparm BEMparm

Parameter structure for BEM-specific variables from input files.

Enumerations

» enum eBEMparm_CalcType { BCT_MANUAL =0, BCT_NONE =1}
Calculation type.

Functions

+ VEXTERNC BEMparm x BEMparm_ctor (BEMparm_CalcType type)

Construct BEMparm object.
VEXTERNC Vrc_Codes BEMparm_ctor2 (BEMparm xthee, BEMparm_CalcType type)

FORTRAN stub to construct BEMparm object.
VEXTERNC void BEMparm_dtor (BEMparm xxthee)

Object destructor.
VEXTERNC void BEMparm_dtor2 (BEMparm xthee)

FORTRAN stub for object destructor.
VEXTERNC Vrc_Codes BEMparm_check (BEMparm xthee)

Consistency check for parameter values stored in object.
+ VEXTERNC Vrc_Codes BEMparm_parseToken (BEMparm xthee, char tok[VMAX_BUFSIZE], Vio *sock)

Parse an MG keyword from an input file.
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7.6.1 Detailed Description

Parameter which holds useful parameters for generic multigrid calculations.

7.6.2 Typedef Documentation
7.6.2.1 BEMparm

typedef struct sBEMparm BEMparm
Parameter structure for BEM-specific variables from input files.

Author
Nathan Baker and Todd Dolinsky and Weihua Geng

Note

If you add/delete/change something in this class, the member functions — especially BEMparm_copy — must be
modified accordingly

7.6.2.2 BEMparm_CalcType

typedef enum eBEMparm_CalcType BEMparm_CalcType
Declare BEMparm_CalcType type.
Definition at line 86 of file bemparm.h.

7.6.3 Enumeration Type Documentation
7.6.3.1 eBEMparm_CalcType

enum eBEMparm_CalcType
Calculation type.

Enumerator
BCT_MANUAL | bem-manual
BCT_NONE not defined

Definition at line 77 of file bemparm.h.

7.6.4 Function Documentation
7.6.4.1 BEMparm_check()

VEXTERNC Vrc_Codes BEMparm_check (
BEMparm * thee)
Consistency check for parameter values stored in object.

Author
Nathan Baker

Parameters

’ thee ‘ BEMparm object
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Returns

Success enumeration

Definition at line 124 of file bemparm.c.

7.6.4.2 BEMparm_ctor()

VEXTERNC BEMparm * BEMparm_ctor (
BEMparm_CalcType type)
Construct BEMparm object.

Author
Nathan Baker

Parameters

’ type ‘ Type of BEM calculation

Returns

Newly allocated and initialized BEMparm object

Definition at line 66 of file bemparm.c.

7.6.4.3 BEMparm_ctor2()

VEXTERNC Vrc_Codes BEMparm_ctor2 (
BEMparm * thee,
BEMparm_CalcType type)

FORTRAN stub to construct BEMparm object.

Author
Nathan Baker and Todd Dolinsky

Parameters

thee | Space for BEMparm object

type | Type of MG calculation

Returns

Success enumeration

Definition at line 77 of file bemparm.c.

7.6.4.4 BEMparm_dtor()

VEXTERNC void BEMparm_dtor (
BEMparm *x thee)
Object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of BEMparm object

Definition at line 114 of file bemparm.c.

7.6.4.5 BEMparm_dtor2()

VEXTERNC void BEMparm_dtor2 (

BEMparm * thee)
FORTRAN stub for object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to BEMparm object

Definition at line 122 of file bemparm.c.

7.6.4.6 BEMparm_parseToken()

VEXTERNC Vrc_Codes BEMparm_parseToken (
BEMparm * thee,
char tok[VMAX_BUFSIZE],
Vio * sock)

Parse an MG keyword from an input file.

Author
Nathan Baker and Todd Dolinsky

Parameters

thee | BEMparm object

tok Token to parse

sock | Stream for more tokens

Returns

Success enumeration (1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args);
0 if not matched)

Definition at line 332 of file bemparm.c.

7.7 FEMparm class

Parameter structure for FEM-specific variables from input files.
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Files

« file src/generic/femparm.c

Class FEMparm methods.
« file src/generic/femparm.h

Contains declarations for class APOLparm.

Data Structures

« struct sFEMparm

Parameter structure for FEM-specific variables from input files.

Typedefs

* typedef enum eFEMparm_EtolType FEMparm_EtolType

Declare FEparm_EtolType type.
* typedef enum eFEMparm_EstType FEMparm_EstType

Declare FEMparm_EstType type.
* typedef enum eFEMparm_CalcType FEMparm_CalcType

Declare FEMparm_CalcType type.
« typedef struct sFEMparm FEMparm

Declaration of the FEMparm class as the FEMparm structure.

Enumerations

« enum eFEMparm_EtolType { FET_SIMP =0, FET_GLOB =1, FET_FRAC =2}

Adaptive refinment error estimate tolerance key.
» enum eFEMparm_EstType {
FRT_UNIF =0, FRT_GEOM =1, FRT_RESI =2, FRT_DUAL =3,
FRT_LOCA =4}

Adaptive refinment error estimator method.
+ enum eFEMparm_CalcType { FCT_MANUAL , FCT_NONE }

Calculation type.

Functions

» VEXTERNC FEMparm x FEMparm_ctor (FEMparm_CalcType type)

Construct FEMparm.
+ VEXTERNC int FEMparm_ctor2 (FEMparm xthee, FEMparm_CalcType type)

FORTRAN stub to construct FEMparm.
VEXTERNC void FEMparm_dtor (FEMparm *xthee)

Object destructor.
VEXTERNC void FEMparm_dtor2 (FEMparm x*thee)

FORTRAN stub for object destructor.
VEXTERNC int FEMparm_check (FEMparm xthee)

Consistency check for parameter values stored in object.
« VEXTERNC void FEMparm_copy (FEMparm xthee, FEMparm xsource)

Copy target object into thee.
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7.7.1 Detailed Description

Parameter structure for FEM-specific variables from input files.

7.7.2 Typedef Documentation
7.7.21 FEMparm

typedef struct sFEMparm FEMparm
Declaration of the FEMparm class as the FEMparm structure.
Definition at line 182 of file femparm.h.

7.7.2.2 FEMparm_CalcType

typedef enum eFEMparm_CalcType FEMparm_CalcType
Declare FEMparm_CalcType type.
Definition at line 126 of file femparm.h.

7.7.2.3 FEMparm_EstType

typedef enum eFEMparm_EstType FEMparm_EstType
Declare FEMparm_EstType type.
Definition at line 111 of file femparm.h.

7.7.2.4 FEMparm_EtolType

typedef enum eFEMparm_EtolType FEMparm_EtolType
Declare FEparm_EtolType type.

Author
Nathan Baker

Definition at line 90 of file femparm.h.

7.7.3 Enumeration Type Documentation
7.7.3.1 eFEMparm_CalcType

enum eFEMparm_CalcType
Calculation type.

Enumerator
FCT_MANUAL | fe-manual
FCT_NONE unspecified

Definition at line 117 of file femparm.h.

7.7.3.2 eFEMparm_EstType

enum eFEMparm_EstType
Adaptive refinment error estimator method.

Note

Do not change these values; they correspond to settings in FEtk
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Author
Nathan Baker

Enumerator

FRT_UNIF Uniform refinement

FRT_GEOM | Geometry-based (i.e. surfaces and charges) refinement

FRT_RESI Nonlinear residual estimate-based refinement

FRT_DUAL | Dual-solution weight nonlinear residual estimate-based refinement

FRT_LOCA | Local problem error estimate-based refinement

Definition at line 98 of file femparm.h.

7.7.3.3 eFEMparm_EtolType

enum eFEMparm_EtolType
Adaptive refinment error estimate tolerance key.

Author
Nathan Baker

Enumerator

FET_SIMP | per-simplex error tolerance

FET_GLOB | global error tolerance

FET_FRAC | fraction of simplices we want to have refined

Definition at line 79 of file femparm.h.

7.7.4 Function Documentation
7.7.41 FEMparm_check()

VEXTERNC int FEMparm_check (
FEMparm * thee)

Consistency check for parameter values stored in object.

Author
Nathan Baker

Parameters

’ thee ‘ FEMparm object

Returns

1 if OK, 0 otherwise

Definition at line 143 of file femparm.c.
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7.7.4.2 FEMparm_copy()

VEXTERNC void FEMparm_copy (
FEMparm * thee,
FEMparm * source)

Copy target object into thee.
Author
Nathan Baker

Parameters

thee Destination object

source | Source object

Definition at line 100 of file femparm.c.

7.7.4.3 FEMparm_ctor()

VEXTERNC FEMparm * FEMparm_ctor (
FEMparm_CalcType type)
Construct FEMparm.

Author
Nathan Baker

Parameters

’ type ‘ FEM calculation type

Returns

Newly allocated and initialized Vpmgp object

Definition at line 65 of file femparm.c.

7.7.4.4 FEMparm_ctor2()

VEXTERNC int FEMparm_ctor2 (
FEMparm * thee,

FEMparm_CalcType type)
FORTRAN stub to construct FEMparm.

Author
Nathan Baker

Parameters

thee | Pointer to allocated FEMparm object

type | FEM calculation type
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Returns

1 if successful, 0 otherwise

Definition at line 76 of file femparm.c.

7.7.4.5 FEMparm_dtor()

VEXTERNC void FEMparm_dtor (
FEMparm ** thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of FEMparm object

Definition at line 133 of file femparm.c.

7.7.4.6 FEMparm_dtor2()

VEXTERNC void FEMparm_dtor2 (

FEMparm * thee)
FORTRAN stub for object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to FEMparm object

Definition at line 141 of file femparm.c.

7.8 GEOFLOWparm class

Parameter which holds useful parameters for GEOFLOWeric multigrid calculations.

Files

« file src/generic/geoflowparm.c

Class GEOFLOWparm methods.
« file src/generic/geoflowparm.h

Contains declarations for class GEOFLOWparm.

Data Structures

+ struct sGEOFLOWparm

Parameter structure for GEOFLOW-specific variables from input files.
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Typedefs

typedef enum eGEOFLOWparm_CalcType GEOFLOWparm_CalcType

Declare GEOFLOWparm_CalcType type.
typedef struct sGEOFLOWparm GEOFLOWparm

Parameter structure for GEOFLOW-specific variables from input files.

Enumerations

enum eGEOFLOWparm_CalcType { GFCT_AUTO =1}
Calculation type.

Functions

7.8.1

VEXTERNC GEOFLOWparm x GEOFLOWparm_ctor (GEOFLOWparm_CalcType type)

Construct GEOFLOWparm object.

VEXTERNC Vrc_Codes GEOFLOWparm_ctor2 (GEOFLOWparm xthee, GEOFLOWparm_CalcType type)

FORTRAN stub to construct GEOFLOWparm object ?????22?22?1111111
VEXTERNC void GEOFLOWparm_dtor (GEOFLOWparm xxthee)

Object destructor.
VEXTERNC void GEOFLOWparm_dtor2 (GEOFLOWparm xthee)

FORTRAN stub for object destructor ??2?2?22211111111111
VEXTERNC Vrc_Codes GEOFLOWparm_check (GEOFLOWparm xthee)

Consistency check for parameter values stored in object.

VEXTERNC Vrc_Codes GEOFLOWparm_parseToken (GEOFLOWparm xthee, char tok[VMAX_BUFSIZE], Vio

*S0CK)

Parse an MG keyword from an input file.

VEXTERNC void GEOFLOWparm_copy (GEOFLOWparm xthee, GEOFLOWparm *parm)

copy GEOFLOWparm object int thee.

Detailed Description

Parameter which holds useful parameters for GEOFLOWeric multigrid calculations.

7.8.2 Typedef Documentation

7.8.2.

1 GEOFLOWparm

typedef struct sGEOFLOWparm GEOFLOWparm
Parameter structure for GEOFLOW-specific variables from input files.

Author

Note

Andrew Stevens, Kyle Monson

If you add/delete/change something in this class, the member functions — especially GEOFLOWparm_copy — must

be modified accordingly
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7.8.2.2 GEOFLOWparm_CalcType

typedef enum eGEOFLOWparm_CalcType GEOFLOWparm_CalcType
Declare GEOFLOWparm_CalcType type.
Definition at line 88 of file geoflowparm.h.

7.8.3 Enumeration Type Documentation
7.8.3.1 eGEOFLOWparm_CalcType

enum eGEOFLOWparm_CalcType

Calculation type.

Enumerator
GFCT_AUTO | GEOFLOW-auto

Definition at line 77 of file geoflowparm.h.

7.8.4 Function Documentation
7.8.4.1 GEOFLOWparm_check()

VEXTERNC Vrc_Codes GEOFLOWparm_check (
GEOFLOWparm * thee)
Consistency check for parameter values stored in object.

Author

Andrew Stevens, Kyle Monson

Parameters
\ thee \ GEOFLOWparm object

Returns

Success enumeration

Definition at line 101 of file geoflowparm.c.

7.8.4.2 GEOFLOWparm_copy()

VEXTERNC void GEOFLOWparm_copy (
GEOFLOWparm x thee,
GEOFLOWparm * parm)
copy GEOFLOWparm object int thee.
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Author

Parameters
thee | GEOFLOWparm object to be copied into
parm | GEOFLOWparm object.

Definition at line 127 of file geoflowparm.c.

7.8.4.3 GEOFLOWparm_ctor()

VEXTERNC GEOFLOWparm * GEOFLOWparm_ctor (

GEOFLOWparm_CalcType type)
Construct GEOFLOWparm object.

Author

Andrew Stevens, Kyle Monson

Parameters
’ type ‘ Type of GEOFLOW calculation

Returns

Newly allocated and initialized GEOFLOWparm object

Definition at line 66 of file geoflowparm.c.

7.8.4.4 GEOFLOWparm_ctor2()

VEXTERNC Vrc_Codes GEOFLOWparm_ctor2 (
GEOFLOWparm * thee,

GEOFLOWparm_CalcType type)
FORTRAN stub to construct GEOFLOWparm object ???7?7?22111111

Author

Andrew Stevens, Kyle Monson

Parameters
thee | Space for GEOFLOWparm object
type | Type of MG calculation

Returns

Success enumeration

Definition at line 77 of file geoflowparm.c.
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7.8.4.5 GEOFLOWparm_dtor()

VEXTERNC void GEOFLOWparm_dtor (
GEOFLOWparm x*%* thee)
Object destructor.

Author

Andrew Stevens, Kyle Monson

Parameters

’ thee ‘ Pointer to memory location of GEOFLOWparm object

Definition at line 91 of file geoflowparm.c.

7.8.4.6 GEOFLOWparm_dtor2()

VEXTERNC void GEOFLOWparm_dtor2 (
GEOFLOWparm * thee)
FORTRAN stub for object destructor ?????2??22 11111111

Author

Andrew Stevens, Kyle Monson

Parameters
’ thee ‘ Pointer to GEOFLOWparm object

Definition at line 99 of file geoflowparm.c.

7.8.4.7 GEOFLOWparm_parseToken()

VEXTERNC Vrc_Codes GEOFLOWparm_parseToken (
GEOFLOWparm * thee,
char tok[VMAX_BUFSIZE],
Vio * sock)

Parse an MG keyword from an input file.

Author

Andrew Stevens, Kyle Monson

Parameters
thee | GEOFLOWparm object

tok Token to parse

sock | Stream for more tokens

Returns

Success enumeration (1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args);
0 if not matched)

Definition at line 212 of file geoflowparm.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.9 MGparm class 79

7.9 MGparm class

Parameter which holds useful parameters for generic multigrid calculations.

Files

« file src/generic/mgparm.c

Class MGparm methods.
« file src/generic/mgparm.h

Contains declarations for class MGparm.

Data Structures

* struct sMGparm

Parameter structure for MG-specific variables from input files.

Typedefs

* typedef enum eMGparm_CalcType MGparm_CalcType

Declare MGparm_CalcType type.
* typedef enum eMGparm_CentMeth MGparm_CentMeth

Declare MGparm_CentMeth type.
+ typedef struct sMGparm MGparm

Declaration of the MGparm class as the MGparm structure.

Enumerations

» enum eMGparm_CalcType {
MCT_MANUAL =0, MCT_AUTO =1, MCT_PARALLEL =2 , MCT_DUMMY =3,
MCT_NONE =4}
Calculation type.
* enum eMGparm_CentMeth { MCM_POINT =0 , MCM_MOLECULE =1 , MCM_FOCUS =2}

Centering method.

Functions

* VEXTERNC Vrc_Codes APOLparm_parseToken (APOLparm xthee, char tok[VMAX_BUFSIZE], Vio xsock)
Parse an MG keyword from an input file.
» VEXTERNC Vrc_Codes FEMparm_parseToken (FEMparm xthee, char tok[VMAX_BUFSIZE], Vio *sock)
Parse an MG keyword from an input file.
* VEXTERNC int MGparm_getNx (MGparm xthee)
Get number of grid points in x direction.
+ VEXTERNC int MGparm_getNy (MGparm xthee)
Get number of grid points in y direction.
* VEXTERNC int MGparm_getNz (MGparm *thee)
Get number of grid points in z direction.
« VEXTERNC double MGparm_getHx (MGparm xthee)
Get grid spacing in x direction (A).
» VEXTERNC double MGparm_getHy (MGparm xthee)
Get grid spacing in y direction (A).
« VEXTERNC double MGparm_getHz (MGparm xthee)
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Get grid spacing in z direction (A).
» VEXTERNC void MGparm_setCenterX (MGparm xthee, double x)

Set center x-coordinate.
» VEXTERNC void MGparm_setCenterY (MGparm xthee, double y)

Set center y-coordinate.
* VEXTERNC void MGparm_setCenterZ (MGparm xthee, double z)

Set center z-coordinate.
* VEXTERNC double MGparm_getCenterX (MGparm xthee)

Get center x-coordinate.
+ VEXTERNC double MGparm_getCenterY (MGparm xthee)

Get center y-coordinate.
* VEXTERNC double MGparm_getCenterZ (MGparm xthee)

Get center z-coordinate.
* VEXTERNC MGparm x MGparm_ctor (MGparm_CalcType type)

Construct MGparm object.
» VEXTERNC Vrc_Codes MGparm_ctor2 (MGparm xthee, MGparm_CalcType type)

FORTRAN stub to construct MGparm object.
+ VEXTERNC void MGparm_dtor (MGparm xxthee)

Object destructor.
* VEXTERNC void MGparm_dtor2 (MGparm xthee)

FORTRAN stub for object destructor.
+ VEXTERNC Vrc_Codes MGparm_check (MGparm xthee)

Consistency check for parameter values stored in object.
+ VEXTERNC void MGparm_copy (MGparm xthee, MGparm xparm)

Copy MGparm object into thee.
+ VEXTERNC Vrc_Codes MGparm_parseToken (MGparm xthee, char tok[VMAX_BUFSIZE], Vio xsock)

Parse an MG keyword from an input file.

7.9.1 Detailed Description

Parameter which holds useful parameters for generic multigrid calculations.

7.9.2 Typedef Documentation
7.9.2.1 MGparm

typedef struct sMGparm MGparm
Declaration of the MGparm class as the MGparm structure.
Definition at line 203 of file mgparm.h.

7.9.2.2 MGparm_CalcType

typedef enum eMGparm_CalcType MGparm_CalcType
Declare MGparm_CalcType type.
Definition at line 89 of file mgparm.h.

7.9.2.3 MGparm_CentMeth

typedef enum eMGparm_CentMeth MGparm_CentMeth
Declare MGparm_CentMeth type.
Definition at line 105 of file mgparm.h.
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7.9.3 Enumeration Type Documentation
7.9.3.1 eMGparm_CalcType

enum eMGparm_CalcType
Calculation type.

Enumerator
MCT_MANUAL mg-manual
MCT_AUTO mg-auto

MCT_PARALLEL | mg-para
MCT_DUMMY mg-dummy
MCT_NONE unspecified

Definition at line 77 of file mgparm.h.

7.9.3.2 eMGparm_CentMeth

enum eMGparm_CentMeth
Centering method.

Enumerator
MCM_POINT Center on a point
MCM_MOLECULE | Center on a molecule
MCM_FOCUS Determined by focusing

Definition at line 95 of file mgparm.h.

7.9.4 Function Documentation
7.9.4.1 APOLparm_parseToken()

VEXTERNC Vrc_Codes APOLparm_parseToken (
APOLparm * thee,
char tok[VMAX_BUFSIZE],
Vio * sock)

Parse an MG keyword from an input file.

Author
David Gohara

Parameters

thee | MGparm object

tok Token to parse

sock | Stream for more tokens
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Returns

Success enumeration (1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args);
0 if not matched)

Definition at line 577 of file apolparm.c.

7.9.4.2 FEMparm_parseToken()

VEXTERNC Vrc_Codes FEMparm_parseToken (
FEMparm * thee,
char tok[VMAX_BUFSIZE],
Vio % sock)

Parse an MG keyword from an input file.

Author
Nathan Baker

Parameters

thee | MGparm object

tok Token to parse

sock | Stream for more tokens

Returns

VRC_SUCCESS if matched and assigned; VRC_FAILURE if matched, but there's some sort of error (i.e., too few
args); VRC_WARNING if not matched

Definition at line 431 of file femparm.c.

7.9.4.3 MGparm_check()

VEXTERNC Vrc_Codes MGparm_check (
MGparm * thee)
Consistency check for parameter values stored in object.

Author
Nathan Baker

Parameters

‘ thee ‘ MGparm object

Returns

Success enumeration

Definition at line 185 of file mgparm.c.
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7.9.4.4 MGparm_copy()

VEXTERNC void MGparm_copy (
MGparm * thee,
MGparm * parm)

Copy MGparm object into thee.
Author
Nathan Baker and Todd Dolinsky

Parameters

thee | MGparm object (target for copy)

parm | MGparm object (source for copy)

Definition at line 341 of file mgparm.c.

7.9.4.5 MGparm_ctor()

VEXTERNC MGparm * MGparm_ctor (
MGparm_CalcType type)
Construct MGparm object.

Author
Nathan Baker

Parameters

’ type ‘ Type of MG calculation

Returns

Newly allocated and initialized MGparm object

Definition at line 114 of file mgparm.c.

7.9.4.6 MGparm_ctor2()

VEXTERNC Vrc_Codes MGparm_ctor2 (
MGparm * thee,

MGparm_CalcType type)
FORTRAN stub to construct MGparm object.

Author
Nathan Baker and Todd Dolinsky

Parameters

thee | Space for MGparm object

type | Type of MG calculation
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Returns

Success enumeration

Definition at line 125 of file mgparm.c.

7.9.4.7 MGparm_dtor()

VEXTERNC void MGparm_dtor (
MGparm *xx thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of MGparm object

Definition at line 175 of file mgparm.c.

7.9.4.8 MGparm_dtor2()

VEXTERNC void MGparm_dtor2 (

MGparm * thee)
FORTRAN stub for object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to MGparm object

Definition at line 183 of file mgparm.c.

7.9.49 MGparm_getCenterX()

VEXTERNC double MGparm_getCenterX (

MGparm * thee)
Get center x-coordinate.

Author
Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns
x-coordinate

Definition at line 77 of file mgparm.c.
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7.9.4.10 MGparm_getCenterY()

VEXTERNC double MGparm_getCenterY (
MGparm * thee)
Get center y-coordinate.

Author
Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns
y-coordinate

Definition at line 81 of file mgparm.c.

7.9.4.11 MGparm_getCenterZ()

VEXTERNC double MGparm_getCenterZ (
MGparm * thee)

Get center z-coordinate.

Author

Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns
z-coordinate

Definition at line 85 of file mgparm.c.

7.9.4.12 MGparm_getHx()

VEXTERNC double MGparm_getHx (
MGparm * thee)

o

Get grid spacing in x direction (A).
Author

Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns
Grid spacing in the x direction

Definition at line 101 of file mgparm.c.
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7.9.4.13 MGparm_getHy()

VEXTERNC double MGparm_getHy (
MGparm * thee)

Get grid spacing in y direction (A).
Author

Nathan Baker

Parameters

‘ thee ‘ MGparm object

Returns
Grid spacing in the y direction

Definition at line 105 of file mgparm.c.

7.9.4.14 MGparm_getHz()

VEXTERNC double MGparm_getHz (
MGparm * thee)

Get grid spacing in z direction (A).
Author

Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns
Grid spacing in the z direction

Definition at line 109 of file mgparm.c.

7.9.4.15 MGparm_getNx()

VEXTERNC int MGparm_getNx (
MGparm * thee)

Get number of grid points in x direction.

Author
Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns

Number of grid points in the x direction

Definition at line 89 of file mgparm.c.
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7.9.4.16 MGparm_getNy()

VEXTERNC int MGparm_getNy (
MGparm * thee)
Get number of grid points in y direction.

Author
Nathan Baker

Parameters

‘ thee ‘ MGparm object

Returns

Number of grid points in the y direction

Definition at line 93 of file mgparm.c.

7.9.4.17 MGparm_getNz()

VEXTERNC int MGparm_getNz (
MGparm * thee)
Get number of grid points in z direction.

Author
Nathan Baker

Parameters

’ thee ‘ MGparm object

Returns

Number of grid points in the z direction

Definition at line 97 of file mgparm.c.

7.9.418 MGparm_parseToken()

VEXTERNC Vrc_Codes MGparm_parseToken (
MGparm * thee,
char tok[VMAX_BUFSIZE],
Vio % sock)

Parse an MG keyword from an input file.
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Author
Nathan Baker and Todd Dolinsky

Parameters

thee | MGparm object

tok Token to parse

sock | Stream for more tokens

Returns

Success enumeration (1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args);
0 if not matched)

Definition at line 919 of file mgparm.c.

7.9.4.19 MGparm_setCenterX()

VEXTERNC void MGparm_setCenterX (
MGparm * thee,
double x)

Set center x-coordinate.

Author
Nathan Baker

Parameters

thee | MGparm object

X x-coordinate

Definition at line 65 of file mgparm.c.

7.9.4.20 MGparm_setCenterY()

VEXTERNC void MGparm_setCenterY (
MGparm * thee,
double y)

Set center y-coordinate.

Author
Nathan Baker

Parameters

thee | MGparm object

y y-coordinate

Definition at line 69 of file mgparm.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.10 NOsh class 89

7.9.4.21 MGparm_setCenterZ()

VEXTERNC void MGparm_setCenterZ (
MGparm * thee,
double z)

Set center z-coordinate.

Author
Nathan Baker

Parameters

thee | MGparm object

z z-coordinate

Definition at line 73 of file mgparm.c.

7.10 NOsh class

Class for parsing for fixed format input files.

Files

« file src/generic/nosh.c

Class NOsh methods.
« file src/generic/nosh.h

Contains declarations for class NOsh.

Data Structures

« struct sNOsh_calc

Calculation class for use when parsing fixed format input files.
« struct sNOsh

Class for parsing fixed format input files.

Macros

+ #define NOSH_MAXMOL 20

Maximum number of molecules in a run.
 #define NOSH_MAXCALC 20

Maximum number of calculations in a run.
» #define NOSH_MAXPRINT 20

Maximum number of PRINT statements in a run.
» #define NOSH_MAXPOP 20

Maximum number of operations in a PRINT statement.
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Typedefs

+ typedef enum eNOsh_MolFormat NOsh_MolFormat

Declare NOsh_MolFormat type.
* typedef enum eNOsh_CalcType NOsh_CalcType

Declare NOsh_CalcType type.
+ typedef enum eNOsh_ParmFormat NOsh_ParmFormat

Declare NOsh_ParmFormat type.
+ typedef enum eNOsh_PrintType NOsh_PrintType

Declare NOsh_PrintType type.
* typedef struct sNOsh NOsh

Declaration of the NOsh class as the NOsh structure.
* typedef struct sNOsh_calc NOsh_calc

Declaration of the NOsh_calc class as the NOsh_calc structure.

Enumerations

» enum eNOsh_MolFormat { NMF_PQR =0 , NMF_PDB =1, NMF_XML =2}

Molecule file format types.
» enum eNOsh_CalcType {
NCT_MG =0, NCT_FEM =1, NCT_APOL =2, NCT_BEM =3,
NCT_GEOFLOW =4 , NCT_PBAM =5, NCT_PBSAM =6 }
NOsh calculation types.
« enum eNOsh_ParmFormat { NPF_FLAT =0 , NPF_XML =1}
Parameter file format types.
+ enum eNOsh_PrintType {
NPT_ENERGY =0, NPT_FORCE =1, NPT_ELECENERGY , NPT_ELECFORCE ,
NPT_APOLENERGY , NPT_APOLFORCE }

NOsh print types.

Functions

» VEXTERNC char * NOsh_getMolpath (NOsh xthee, int imol)
Returns path to specified molecule.

* VEXTERNC char * NOsh_getDielXpath (NOsh xthee, int imap)
Returns path to specified x-shifted dielectric map.

* VEXTERNC char *« NOsh_getDielYpath (NOsh xthee, int imap)
Returns path to specified y-shifted dielectric map.

* VEXTERNC char x NOsh_getDielZpath (NOsh xthee, int imap)
Returns path to specified z-shifted dielectric map.

+ VEXTERNC char * NOsh_getKappapath (NOsh xthee, int imap)
Returns path to specified kappa map.

» VEXTERNC char x NOsh_getPotpath (NOsh xthee, int imap)
Returns path to specified potential map.

+ VEXTERNC char *« NOsh_getChargepath (NOsh xthee, int imap)
Returns path to specified charge distribution map.

+ VEXTERNC NOsh_calc * NOsh_getCalc (NOsh xthee, int icalc)

Returns specified calculation object.
* VEXTERNC int NOsh_getDielfmt (NOsh xthee, int imap)
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Returns format of specified dielectric map.
« VEXTERNC int NOsh_getKappafmt (NOsh xthee, int imap)

Returns format of specified kappa map.
+ VEXTERNC int NOsh_getPotfmt (NOsh xthee, int imap)

Returns format of specified potential map.
» VEXTERNC int NOsh_getChargefmt (NOsh xthee, int imap)

Returns format of specified charge map.
+ VEXTERNC NOsh_PrintType NOsh_printWhat (NOsh xthee, int iprint)

Return an integer ID of the observable to print (.
* VEXTERNC char x NOsh_elecname (NOsh xthee, int ielec)

Return an integer mapping of an ELEC statement to a calculation ID (.
+ VEXTERNC int NOsh_elec2calc (NOsh xthee, int icalc)

Return the name of an elec statement.
» VEXTERNC int NOsh_apol2calc (NOsh xthee, int icalc)

Return the name of an apol statement.
« VEXTERNC int NOsh_printNarg (NOsh xthee, int iprint)

Return number of arguments to PRINT statement (.
« VEXTERNC int NOsh_printOp (NOsh xthee, int iprint, int iarg)

Return integer ID for specified operation (.
« VEXTERNC int NOsh_printCalc (NOsh xthee, int iprint, int iarg)

Return calculation ID for specified PRINT statement (.
* VEXTERNC NOsh x NOsh_ctor (int rank, int size)

Construct NOsh.
» VEXTERNC NOsh_calc * NOsh_calc_ctor (NOsh_CalcType calcType)

Construct NOsh_calc.
« VEXTERNC int NOsh_calc_copy (NOsh_calc *thee, NOsh_calc *source)

Copy NOsh_calc object into thee.
» VEXTERNC void NOsh_calc_dtor (NOsh_calc xxthee)

Object destructor.
* VEXTERNC int NOsh_ctor2 (NOsh xthee, int rank, int size)

FORTRAN stub to construct NOsh.
» VEXTERNC void NOsh_dtor (NOsh *xthee)

Object destructor.
» VEXTERNC void NOsh_dtor2 (NOsh xthee)

FORTRAN stub for object destructor.
» VEXTERNC int NOsh_parselnput (NOsh xthee, Vio xsock)

Parse an input file from a socket.
+ VEXTERNC int NOsh_parselnputFile (NOsh xthee, char xfilename)

Parse an input file only from a file.
« VEXTERNC int NOsh_setupElecCalc (NOsh xthee, Valist xalistftNOSH_MAXMOL])

Setup the series of electrostatics calculations.
+ VEXTERNC int NOsh_setupApolCalc (NOsh xthee, Valist *alistfNOSH_MAXMOL])

Setup the series of non-polar calculations.

7.10.1 Detailed Description

Class for parsing for fixed format input files.
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7.10.2 Macro Definition Documentation
7.10.2.1 NOSH_MAXCALC

#define NOSH_MAXCALC 20

Maximum number of calculations in a run.
Definition at line 87 of file nosh.h.
7.10.2.2 NOSH_MAXMOL

#define NOSH_MAXMOL 20
Maximum number of molecules in a run.
Definition at line 83 of file nosh.h.

7.10.2.3 NOSH_MAXPOP

#define NOSH_MAXPOP 20
Maximum number of operations in a PRINT statement.
Definition at line 95 of file nosh.h.

7.10.2.4 NOSH_MAXPRINT

#define NOSH_MAXPRINT 20
Maximum number of PRINT statements in a run.
Definition at line 91 of file nosh.h.

7.10.3 Typedef Documentation
7.10.3.1 NOsh

typedef struct sNOsh NOsh
Declaration of the NOsh class as the NOsh structure.
Definition at line 277 of file nosh.h.

7.10.3.2 NOsh_calc

typedef struct sNOsh_calc NOsh_calc

Declaration of the NOsh_calc class as the NOsh_calc structure.

Definition at line 188 of file nosh.h.

7.10.3.3 NOsh_CalcType

typedef enum eNOsh_CalcType NOsh_CalcType
Declare NOsh_CalcType type.
Definition at line 131 of file nosh.h.

7.10.3.4 NOsh_MolFormat

typedef enum eNOsh_MolFormat NOsh_MolFormat
Declare NOsh_MolFormat type.
Definition at line 111 of file nosh.h.

7.10.3.5 NOsh_ParmFormat

typedef enum eNOsh_ParmFormat NOsh_ParmFormat
Declare NOsh_ParmFormat type.
Definition at line 146 of file nosh.h.
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7.10.3.6 NOsh_PrintType

typedef enum eNOsh_PrintType NOsh_PrintType
Declare NOsh_PrintType type.
Definition at line 165 of file nosh.h.

7.10.4 Enumeration Type Documentation
7.10.4.1 eNOsh_CalcType

enum eNOsh_CalcType
NOsh calculation types.

Enumerator
NCT_MG Multigrid
NCT_FEM Finite element
NCT_APOL non-polar
NCT_BEM Boundary element (TABI)
NCT_GEOFLOW | Geometric flow
NCT_PBAM Analytical Poisson-Boltzmann Solver
NCT_PBSAM Semi-Analytical Poisson-Boltzmann Solver

Definition at line 117 of file nosh.h.

7.10.4.2 eNOsh_MolFormat

enum eNOsh_MolFormat
Molecule file format types.

Enumerator
NMF_PQR | PQR format
NMF_PDB | PDB format
NMF_XML | XML format

Definition at line 101 of file nosh.h.

7.10.4.3 eNOsh_ParmFormat

enum eNOsh_ParmFormat
Parameter file format types.

Enumerator
NPF_FLAT | Flat-file format
NPF_XML | XML format

Definition at line 137 of file nosh.h.
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7.10.4.4 eNOsh_PrintType

enum eNOsh_PrintType
NOsh print types.

Enumerator
NPT_ENERGY Energy (deprecated)
NPT_FORCE Force (deprecated)
NPT_ELECENERGY | Elec Energy
NPT_ELECFORCE Elec Force
NPT_APOLENERGY | Apol Energy
NPT_APOLFORCE Apol Force

Definition at line 152 of file nosh.h.

7.10.5 Function Documentation

7.10.5.1 NOsh_apol2calc()

VEXTERNC int NOsh_apol2calc (
NOsh * thee,

int icalc)

Return the name of an apol statement.

Author
David Gohara

Parameters

thee | NOsh object to use

icalc | ID of CALC statement

Returns

The name (if present) of an APOL statement

Definition at line 282 of file nosh.c.

7.10.5.2 NOsh_calc_copy()

VEXTERNC int NOsh_calc_copy (

NOsh_calc * thee,

NOsh_calc % source)

Copy NOsh_calc object into thee.
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Author
Nathan Baker

Parameters

thee Target object

source | Source object

Definition at line 467 of file nosh.c.

7.10.5.3 NOsh_calc_ctor()

VEXTERNC NOsh_calc * NOsh_calc_ctor (
NOsh_CalcType calcType)
Construct NOsh_calc.

Author
Nathan Baker

Parameters

’ calcType ‘ Calculation type

Returns

Newly allocated and initialized NOsh object

Definition at line 374 of file nosh.c.

7.10.5.4 NOsh_calc_dtor()

VEXTERNC void NOsh_calc_dtor (
NOsh_calc *x thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of NOsh_calc object

Definition at line 423 of file nosh.c.

7.10.5.5 NOsh_ctor()

VEXTERNC NOsh * NOsh_ctor (
int rank,
int size)

Construct NOsh.
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Author
Nathan Baker

Parameters

rank | Rank of current processor in parallel calculation (0 if not parallel)

size | Number of processors in parallel calculation (1 if not parallel)

Returns

Newly allocated and initialized NOsh object

Definition at line 308 of file nosh.c.

7.10.5.6 NOsh_ctor2()

VEXTERNC int NOsh_ctor2 (
NOsh * thee,
int rank,

int size)

FORTRAN stub to construct NOsh.
Author

Nathan Baker

Parameters

thee | Space for NOsh objet

rank | Rank of current processor in parallel calculation (0 if not parallel)

size | Number of processors in parallel calculation (1 if not parallel)

Returns

1 if successful, 0 otherwise

Definition at line 319 of file nosh.c.

7.10.5.7 NOsh_dtor()

VEXTERNC void NOsh_dtor (
NOsh =% thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of NOsh object

Definition at line 354 of file nosh.c.
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7.10.5.8 NOsh_dtor2()

VEXTERNC void NOsh_dtor2 (
NOsh * thee)
FORTRAN stub for object destructor.

Author

Nathan Baker

Parameters

’ thee ‘ Pointer to NOsh object

Definition at line 362 of file nosh.c.

7.10.5.9 NOsh_elec2calc()

VEXTERNC int NOsh_elec2calc (
NOsh * thee,
int icalc)

Return the name of an elec statement.

Author
Todd Dolinsky

Parameters

thee | NOsh object to use
icalc | ID of CALC statement

Returns

The name (if present) of an ELEC statement

Definition at line 276 of file nosh.c.

7.10.5.10 NOsh_elechame()

VEXTERNC char * NOsh_elecname (
NOsh * thee,
int ielec)
Return an integer mapping of an ELEC statement to a calculation ID (.

See also

elec2calc)
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Author
Nathan Baker

Parameters

thee | NOsh object to use

ielec | 1D of ELEC statement

Returns

An integer mapping of an ELEC statement to a calculation ID (

See also

elec2calc)

Definition at line 288 of file nosh.c.

7.10.5.11 NOsh_getCalc()

VEXTERNC NOsh_calc * NOsh_getCalc (
NOsh * thee,
int icalc)

Returns specified calculation object.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

icalc | Calculation ID of interest

Returns

Pointer to specified calculation object

Definition at line 235 of file nosh.c.

7.10.5.12 NOsh_getChargefmt()

VEXTERNC int NOsh_getChargefmt (
NOsh * thee,
int imap)

Returns format of specified charge map.
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Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imap | Calculation ID of interest

Returns

Format of charge map

Definition at line 255 of file nosh.c.

7.10.5.13 NOsh_getChargepath()

VEXTERNC char * NOsh_getChargepath (
NOsh * thee,
int imap)
Returns path to specified charge distribution map.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imap | Map ID of interest

Returns

Path string

Definition at line 230 of file nosh.c.

7.10.5.14 NOsh_getDielfmt()

VEXTERNC int NOsh_getDielfmt (
NOsh * thee,
int imap)

Returns format of specified dielectric map.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imap | Calculation ID of interest
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Returns

Format of dielectric map

Definition at line 240 of file nosh.c.

7.10.5.15 NOsh_getDielXpath()

VEXTERNC char * NOsh_getDielXpath (
NOsh * thee,

int imap)

Returns path to specified x-shifted dielectric map.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imap | Map ID of interest

Returns

Path string

Definition at line 205 of file nosh.c.

7.10.5.16 NOsh_getDielYpath()

VEXTERNC char * NOsh_getDielYpath (
NOsh * thee,

int imap)

Returns path to specified y-shifted dielectric map.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imap | Map ID of interest

Returns

Path string

Definition at line 210 of file nosh.c.

7.10.5.17 NOsh_getDielZpath()

VEXTERNC char * NOsh_getDielZpath (
NOsh * thee,

int imap)

Returns path to specified z-shifted dielectric map.
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Author

Nathan Baker

Parameters

thee

Pointer to NOsh object

imap | Map ID of interest
Returns
Path string

Definition at line 215 of file nosh.c.

7.10.5.18 NOsh_getKappafmt()

VEXTERNC int NOsh_getKappafmt

Returns format of specified kappa map.

Author

NOsh * thee,

int imap)

Nathan Baker

Parameters
thee | Pointer to NOsh object
imap | Calculation ID of interest
Returns

Format of kappa map

Definition at line 245 of file nosh.c.

7.10.5.19 NOsh_getKappapath()

VEXTERNC char * NOsh_getKappapath (

Returns path to specified kappa map.

Author

NOsh * thee,

int imap)

Nathan Baker

Parameters

thee

Pointer to NOsh object

imap

Map ID of interest

(
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Returns

Path string

Definition at line 220 of file nosh.c.

7.10.5.20 NOsh_getMolpath()

VEXTERNC char * NOsh_getMolpath (
NOsh * thee,
int imol)

Returns path to specified molecule.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imol | Molecule ID of interest

Returns

Path string

Definition at line 200 of file nosh.c.

7.10.5.21 NOsh_getPotfmt()

VEXTERNC int NOsh_getPotfmt (
NOsh * thee,
int imap)
Returns format of specified potential map.

Author
Nathan Baker

Parameters

thee | Pointer to NOsh object

imap | Calculation ID of interest

Returns

Format of potential map

Definition at line 250 of file nosh.c.

7.10.5.22 NOsh_getPotpath()

VEXTERNC char * NOsh_getPotpath (
NOsh * thee,
int imap)

Returns path to specified potential map.
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Author
David Gohara

Parameters

thee | Pointer to NOsh object

imap | Map ID of interest

Returns

Path string

Definition at line 225 of file nosh.c.

7.10.5.23 NOsh_parselnput()

VEXTERNC int NOsh_parseInput (
NOsh * thee,
Vio * sock)

Parse an input file from a socket.

Note

Should be called before NOsh_setupCalc

Author
Nathan Baker and Todd Dolinsky

Parameters

thee | Pointer to NOsh object

sock | Stream of tokens to parse

Returns

1 if successful, 0 otherwise

Definition at line 513 of file nosh.c.

7.10.5.24 NOsh_parselnputFile()

VEXTERNC int NOsh_parseInputFile (
NOsh * thee,
char *x filename)
Parse an input file only from a file.

Note

Included for SWIG wrapper compatibility
Should be called before NOsh_setupCalc
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Author
Nathan Baker and Todd Dolinsky

Parameters

thee Pointer to NOsh object

filename | Name/path of readable file

Returns

1 if successful, 0 otherwise

Definition at line 498 of file nosh.c.

7.10.5.25 NOsh_printCalc()

VEXTERNC int NOsh_printCalc (
NOsh * thee,
int iprint,
int iarg)
Return calculation ID for specified PRINT statement (.

See also

printcalc)

Author
Nathan Baker

Parameters

thee | NOsh object to use

iprint | ID of PRINT statement

iarg ID of operation in PRINT statement

Returns

Calculation ID for specified PRINT statement (

See also

printcalc)

Definition at line 301 of file nosh.c.

7.10.5.26 NOsh_printNarg()

VEXTERNC int NOsh_printNarg (
NOsh * thee,
int iprint)
Return number of arguments to PRINT statement (.
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See also

printnarg)

Author
Nathan Baker

Parameters

thee | NOsh object to use
iprint | ID of PRINT statement

Returns

Number of arguments to PRINT statement (

See also

printnarg)

Definition at line 270 of file nosh.c.

7.10.5.27 NOsh_printOp()

VEXTERNC int NOsh_printOp (
NOsh * thee,
int iprint,
int iarg)
Return integer ID for specified operation (.

See also

printop)

Author
Nathan Baker

Parameters

thee | NOsh object to use
iprint | ID of PRINT statement

iarg ID of operation in PRINT statement

Returns

Integer ID for specified operation (

See also
printop)

Definition at line 294 of file nosh.c.
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7.10.5.28 NOsh_printWhat()

VEXTERNC NOsh_PrintType NOsh_printWhat (
NOsh * thee,
int iprint)

Return an integer ID of the observable to print (.

See also

printwhat)

Author
Nathan Baker

Parameters

thee | NOsh object to use
iprint | ID of PRINT statement

Returns

An integer ID of the observable to print (

See also

printwhat)

Definition at line 264 of file nosh.c.

7.10.5.29 NOsh_setupApolCalic()

VEXTERNC int NOsh_setupApolCalc (

NOsh * thee,

Valist x alist[NOSH_MAXMOL])
Setup the series of non-polar calculations.

Note

Should be called after NOsh_parselnputsx

Author
Nathan Baker and Todd Dolinsky

Parameters

thee | Pointer to NOsh object

alist | Array of pointers to Valist objects (molecules used to center mesh);
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Returns

1 if successful, 0 otherwise

Parameters

thee | NOsh object

alist | Atom list for calculation

Definition at line 1469 of file nosh.c.

7.10.5.30 NOsh_setupElecCalc()

VEXTERNC int NOsh_setupElecCalc (

NOsh * thee,

Valist * alist[NOSH_MAXMOL])
Setup the series of electrostatics calculations.

Note

Should be called after NOsh_parselnputsx

Author
Nathan Baker and Todd Dolinsky

Parameters

thee | Pointer to NOsh object

alist | Array of pointers to Valist objects (molecules used to center mesh);

Returns

1 if successful, 0 otherwise

Parameters
thee | NOsh object

alist | Atom list for calculation

Definition at line 1374 of file nosh.c.

7.11 PBAMparm class

Parameter which holds useful parameters for Poisson-boltzmann analytical method calculations.

Files

« file src/generic/pbamparm.c

Class PBAMparm methods.
« file src/generic/pbamparm.h

Contains declarations for class PBAMparm.
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Data Structures

« struct sPBAMparm

Parameter structure for PBAM-specific variables from input files.

Macros

+ #define CHR_MAXLEN 1000

Number of things that can be written out in a single calculation.

Typedefs

* typedef enum ePBAMparm_CalcType PBAMparm_CalcType

Declare PBAMparm_CalcType type.
« typedef struct sSPBAMparm PBAMparm

Parameter structure for PBAM-specific variables from input files.

Enumerations

» enum ePBAMparm_CalcType { PBAMCT_AUTO =1}
Calculation type.

Functions

+ VEXTERNC PBAMparm * PBAMparm_ctor (PBAMparm_CalcType type)

Construct PBAMparm object.

« VEXTERNC Vrc_Codes PBAMparm_ctor2 (PBAMparm xthee, PBAMparm_CalcType type)
FORTRAN stub to construct PBAMparm object ?????2?2?2?11111l1

» VEXTERNC void PBAMparm_dtor (PBAMparm xxthee)

Object destructor.

» VEXTERNC void PBAMparm_dtor2 (PBAMparm xthee)
FORTRAN stub for object destructor ????2?222111111111111

« VEXTERNC Vrc_Codes PBAMparm_check (PBAMparm xthee)

Consistency check for parameter values stored in object.
* VEXTERNC Vrc_Codes PBAMparm_parseToken (PBAMparm xthee, char tok[VMAX_BUFSIZE], Vio xsock)

Parse an MG keyword from an input file.
« VEXTERNC void PBAMparm_copy (PBAMparm *thee, PBAMparm xparm)

copy PBAMparm object int thee.
* VPRIVATE Vrc_Codes PBAMparm_parseSalt (PBAMparm xthee, Vio xsock)

Find salt conc and save it as a structure variable.
» VPRIVATE Vrc_Codes PBAMparm_parseRunType (PBAMparm xthee, Vio xsock)

Find runType and save it as a structure variable.
» VPRIVATE Vrc_Codes PBAMparm_parseRunName (PBAMparm xthee, Vio xsock)

Find runName and save it as a structure variable.
+ VPRIVATE Vrc_Codes PBAMparm_parseRandorient (PBAMparm xthee, Vio *sock)

Find randomorientation flag and save it as a boolean.
» VPRIVATE Vrc_Codes PBAMparm_parsePBCS (PBAMparm xthee, Vio xsock)

Find PBC flag and save the type and the boxlength.
* VPRIVATE Vrc_Codes PBAMparm_parseUnits (PBAMparm xthee, Vio xsock)

Find units flag and save units.
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* VPRIVATE Vrc_Codes PBAMparm_parse3Dmap (PBAMparm xthee, Vio *sock)

Find 3D map filename and save it.
« VPRIVATE Vrc_Codes PBAMparm_parseGrid2D (PBAMparm xthee, Vio xsock)

Find 2D grid filename and save it.
* VPRIVATE Vrc_Codes PBAMparm_parseDX (PBAMparm xthee, Vio xsock)

Find DX filename and save it.
» VPRIVATE Vrc_Codes PBAMparm_parseGridPts (PBAMparm xthee, Vio xsock)

Find Grid points and save them.
* VPRIVATE Vrc_Codes PBAMparm_parseTermcombine (PBAMparm xthee, Vio xsock)

Find Termination logic and save it.
* VPRIVATE Vrc_Codes PBAMparm_parseDiff (PBAMparm xthee, Vio *sock)

Find diffusion coeffs for each molecule and save them.
» VPRIVATE Vrc_Codes PBAMparm_parseXYZ (PBAMparm xthee, Vio *sock)

Find xyz files for each molecule for each traj and save them.

7.11.1 Detailed Description

Parameter which holds useful parameters for Poisson-boltzmann analytical method calculations.

7.11.2 Macro Definition Documentation
7.11.2.1 CHR_MAXLEN

#define CHR_MAXLEN 1000
Number of things that can be written out in a single calculation.
Definition at line 76 of file ppamparm.h.

7.11.3 Typedef Documentation
7.11.3.1 PBAMparm

typedef struct sPBAMparm PBAMparm
Parameter structure for PBAM-specific variables from input files.

Author

Andrew Stevens, Kyle Monson

Note

If you add/delete/change something in this class, the member functions — especially PBAMparm_copy — must be
modified accordingly

7.11.3.2 PBAMparm_CalcType

typedef enum ePBAMparm_CalcType PBAMparm_CalcType
Declare PBAMparm_CalcType type.
Definition at line 95 of file ppamparm.h.
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7.11.4 Enumeration Type Documentation
7.11.4.1 ePBAMparm_CalcType

enum ePBAMparm_CalcType
Calculation type.

Enumerator
PBAMCT_AUTO | PBAM-auto

Definition at line 84 of file ppamparm.h.

7.11.5 Function Documentation
7.11.5.1 PBAMparm_check()

VEXTERNC Vrc_Codes PBAMparm_check (
PBAMparm * thee)

Consistency check for parameter values stored in object.

Author

Andrew Stevens, Kyle Monson

Parameters

’ thee ‘ PBAMparm object

Returns

Success enumeration

Definition at line 132 of file ppamparm.c.

7.11.5.2 PBAMparm_copy()

VEXTERNC void PBAMparm_copy (
PBAMparm *x thee,
PBAMparm * parm)

copy PBAMparm object int thee.

Author

Parameters

thee | PBAMparm object to be copied into

parm | PBAMparm object.

Definition at line 157 of file pbamparm.c.
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7.11.5.3 PBAMparm_ctor()

VEXTERNC PBAMparm * PBAMparm_ctor (
PBAMparm_CalcType type)
Construct PBAMparm object.

Author

Andrew Stevens, Kyle Monson

Parameters

‘ type ‘ Type of PBAM calculation

Returns

Newly allocated and initialized PBAMparm object

Definition at line 66 of file pbamparm.c.

7.11.5.4 PBAMparm_ctor2()

VEXTERNC Vrc_Codes PBAMparm_ctor2 (
PBAMparm * thee,

PBAMparm_CalcType type)
FORTRAN stub to construct PBAMparm object ????2?????11111

Author

Andrew Stevens, Kyle Monson

Parameters

thee | Space for PBAMparm object

type | Type of MG calculation

Returns

Success enumeration

Definition at line 77 of file ppamparm.c.

7.11.5.5 PBAMparm_dtor()

VEXTERNC void PBAMparm_dtor (
PBAMparm *% thee)
Object destructor.
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Author

Andrew Stevens, Kyle Monson

Parameters

’ thee ‘ Pointer to memory location of PBAMparm object

Definition at line 122 of file pbamparm.c.

7.11.5.6 PBAMparm_dtor2()

VEXTERNC void PBAMparm_dtor2 (
PBAMparm * thee)
FORTRAN stub for object destructor ????2?22221111H1II

Author

Andrew Stevens, Kyle Monson

Parameters

’ thee ‘ Pointer to PBAMparm object

Definition at line 130 of file ppbamparm.c.

7.11.5.7 PBAMparm_parse3Dmap()

VPRIVATE Vrc_Codes PBAMparm_parse3Dmap (
PBAMparm * thee,
Vio % sock)

Find 3D map filename and save it.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 371 of file pbamparm.c.

7.11.5.8 PBAMparm_parseDiff()

VPRIVATE Vrc_Codes PBAMparm_parseDiff (
PBAMparm x thee,
Vio * sock)

Find diffusion coeffs for each molecule and save them.
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Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 477 of file pbamparm.c.

7.11.5.9 PBAMparm_parseDX()

VPRIVATE Vrc_Codes PBAMparm_parseDX (
PBAMparm * thee,
Vio * sock)

Find DX filename and save it.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 426 of file ppamparm.c.

7.11.5.10 PBAMparm_parseGrid2D()

VPRIVATE Vrc_Codes PBAMparm_parseGrid2D (
PBAMparm * thee,
Vio * sock)

Find 2D grid filename and save it.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 391 of file ppbamparm.c.

7.11.5.11 PBAMparm_parseGridPts()

VPRIVATE Vrc_Codes PBAMparm_parseGridPts (
PBAMparm * thee,
Vio % sock)

Find Grid points and save them.
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Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 351 of file ppamparm.c.

7.11.5.12 PBAMparm_parsePBCS()

VPRIVATE Vrc_Codes PBAMparm_parsePBCS (
PBAMparm * thee,
Vio % sock)

Find PBC flag and save the type and the boxlength.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 310 of file ppamparm.c.

7.11.5.13 PBAMparm_parseRandorient()

VPRIVATE Vrc_Codes PBAMparm_parseRandorient (
PBAMparm * thee,
Vio % sock)

Find randomorientation flag and save it as a boolean.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 304 of file ppamparm.c.

7.11.5.14 PBAMparm_parseRunName()

VPRIVATE Vrc_Codes PBAMparm_parseRunName (
PBAMparm * thee,
Vio % sock)

Find runName and save it as a structure variable.
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Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 289 of file ppamparm.c.

7.11.5.15 PBAMparm_parseRunType()

VPRIVATE Vrc_Codes PBAMparm_parseRunType (
PBAMparm * thee,
Vio * sock)

Find runType and save it as a structure variable.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 271 of file pbamparm.c.

7.11.5.16 PBAMparm_parseSalt()

VPRIVATE Vrc_Codes PBAMparm_parseSalt (
PBAMparm * thee,
Vio % sock)

Find salt conc and save it as a structure variable.

Author

Parameters

thee | PBAMparm object to be copied into

parm | The stream from which parameter is taken

Definition at line 252 of file ppamparm.c.

7.11.5.17 PBAMparm_parseTermcombine()

VPRIVATE Vrc_Codes PBAMparm_parseTermcombine (
PBAMparm * thee,
Vio % sock)

Find Termination logic and save it.
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Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 444 of file ppbamparm.c.

7.11.5.18 PBAMparm_parseToken()

VEXTERNC Vrc_Codes PBAMparm_parseToken (
PBAMparm * thee,
char tok[VMAX_BUFSIZE],
Vio * sock)

Parse an MG keyword from an input file.

Author

Andrew Stevens, Kyle Monson

Parameters
thee | PBAMparm object

tok Token to parse

sock | Stream for more tokens

Returns

Success enumeration (1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args);
0 if not matched)

Definition at line 662 of file ppamparm.c.

7.11.5.19 PBAMparm_parseUnits()

VPRIVATE Vrc_Codes PBAMparm_parseUnits (
PBAMparm * thee,
Vio % sock)

Find units flag and save units.

Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 336 of file ppamparm.c.
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7.11.5.20 PBAMparm_parseXYZ()

VPRIVATE Vrc_Codes PBAMparm_parseXYZ (
PBAMparm x thee,
Vio * sock)

Find xyz files for each molecule for each traj and save them.
Author

Parameters

thee | PBAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 632 of file pbamparm.c.

7.12 PBEparm class

Parameter structure for PBE variables independent of solver.

Files

« file src/generic/pbeparm.c

Class PBEparm methods.
« file src/generic/pbeparm.h

Contains declarations for class PBEparm.

Data Structures

« struct sPBEparm
Parameter structure for PBE variables from input files.

Macros

« #define PBEPARM_MAXWRITE 20
Number of things that can be written out in a single calculation.

Typedefs

« typedef enum ePBEparm_calcEnergy PBEparm_calcEnergy

Define ePBEparm_calcEnergy enumeration as PBEparm_calcEnergy.
« typedef enum ePBEparm_calcForce PBEparm_calcForce

Define ePBEparm_calcForce enumeration as PBEparm_calcForce.
* typedef struct sPBEparm PBEparm

Declaration of the PBEparm class as the PBEparm structure.

Enumerations

» enum ePBEparm_calcEnergy { PCE_NO =0, PCE_TOTAL =1, PCE_COMPS =2 }

Define energy calculation enumeration.
» enum ePBEparm_calcForce { PCF_NO =0, PCF_TOTAL =1 , PCF_COMPS =2 }

Define force calculation enumeration.
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Functions

« VEXTERNC double PBEparm_getlonCharge (PBEparm xthee, int iion)

Get charge (e) of specified ion species.
» VEXTERNC double PBEparm_getlonConc (PBEparm xthee, int iion)

Get concentration (M) of specified ion species.
« VEXTERNC double PBEparm_getlonRadius (PBEparm xthee, int iion)

Get radius (A) of specified ion species.
+ VEXTERNC PBEparm x PBEparm_ctor ()

Construct PBEparm object.
» VEXTERNC int PBEparm_ctor2 (PBEparm xthee)

FORTRAN stub to construct PBEparm object.
* VEXTERNC void PBEparm_dtor (PBEparm x*xthee)

Object destructor.
* VEXTERNC void PBEparm_dtor2 (PBEparm xthee)

FORTRAN stub for object destructor.
* VEXTERNC int PBEparm_check (PBEparm xthee)

Consistency check for parameter values stored in object.
+ VEXTERNC void PBEparm_copy (PBEparm xthee, PBEparm xparm)

Copy PBEparm object into thee.

« VEXTERNC int PBEparm_parseToken (PBEparm xthee, char tok[VMAX_BUFSIZE], Vio *sock)

Parse a keyword from an input file.

7.12.1 Detailed Description

Parameter structure for PBE variables independent of solver.

7.12.2 Macro Definition Documentation
7.12.21 PBEPARM_MAXWRITE

#define PBEPARM_MAXWRITE 20
Number of things that can be written out in a single calculation.
Definition at line 75 of file pbeparm.h.

7.12.3 Typedef Documentation
7.12.3.1 PBEparm

typedef struct sPBEparm PBEparm
Declaration of the PBEparm class as the PBEparm structure.
Definition at line 213 of file pbeparm.h.

7.12.3.2 PBEparm_calcEnergy

typedef enum ePBEparm_calcEnergy PBEparm_calcEnergy
Define ePBEparm_calcEnergy enumeration as PBEparm_calcEnergy.
Definition at line 91 of file pbeparm.h.

7.12.3.3 PBEparm_calcForce

typedef enum ePBEparm_calcForce PBEparm_calcForce
Define ePBEparm_calcForce enumeration as PBEparm_calcForce.
Definition at line 107 of file pbeparm.h.
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7.12.4 Enumeration Type Documentation
7.12.4.1 ePBEparm_calcEnergy

enum ePBEparm_calcEnergy
Define energy calculation enumeration.

Enumerator

PCE_NO Do not perform energy calculation

PCE_TOTAL Calculate total energy only

PCE_COMPS | Calculate per-atom energy components

Definition at line 81 of file pbeparm.h.

7.12.4.2 ePBEparm_calcForce

enum ePBEparm_calcForce
Define force calculation enumeration.

Enumerator

PCF_NO Do not perform force calculation
PCF_TOTAL Calculate total force only

PCF_COMPS | Calculate per-atom force components

Definition at line 97 of file pbeparm.h.

7.12.5 Function Documentation
7.12.5.1 PBEparm_check()

VEXTERNC int PBEparm_check (
PBEparm * thee)
Consistency check for parameter values stored in object.

Author
Nathan Baker

Returns

1 if OK, 0 otherwise

Parameters

’ thee ‘ Object to be checked

Definition at line 183 of file pbeparm.c.

7.12.5.2 PBEparm_copy()

VEXTERNC void PBEparm_copy (
PBEparm * thee,
PBEparm * parm)
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Copy PBEparm object into thee.
Author
Nathan Baker

Parameters

thee | Target for copy

parm | Source for copy

Definition at line 283 of file pbeparm.c.

7.12.5.3 PBEparm_ctor()

VEXTERNC PBEparm * PBEparm_ctor ()
Construct PBEparm object.

Author
Nathan Baker

Returns

Newly allocated and initialized PBEparm object

Definition at line 104 of file pbeparm.c.

7.12.5.4 PBEparm_ctor2()

VEXTERNC int PBEparm_ctor2 (
PBEparm * thee)
FORTRAN stub to construct PBEparm object.

Author
Nathan Baker

Returns

1 if succesful, 0 otherwise

Parameters

’ thee ‘ Memory location for object

Definition at line 115 of file pbeparm.c.

7.12.5.5 PBEparm_dtor()

VEXTERNC void PBEparm_dtor (
PBEparm *x* thee)
Object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object

Definition at line 173 of file pbeparm.c.

7.12.5.6 PBEparm_dtor2()

VEXTERNC void PBEparm_dtor2 (

PBEparm * thee)
FORTRAN stub for object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 181 of file pbeparm.c.

7.12.5.7 PBEparm_getlonCharge()

VEXTERNC double PBEparm_getIonCharge (
PBEparm * thee,
int iion)

Get charge (e) of specified ion species.

Author
Nathan Baker

Returns

Charge of ion species (e)

Parameters

thee | PBEparm object

iion | lon species ID/index

Definition at line 65 of file pbeparm.c.

7.12.5.8 PBEparm_getlonConc()

VEXTERNC double PBEparm_getIonConc (
PBEparm * thee,
int iion)

Get concentration (M) of specified ion species.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



122 Topic Documentation

Author
Nathan Baker

Returns

Concentration of ion species (M)

Parameters

thee | PBEparm object

iion | lon species ID/index

Definition at line 71 of file pbeparm.c.

7.12.5.9 PBEparm_getlonRadius()

VEXTERNC double PBEparm_getIonRadius (
PBEparm * thee,
int iion)

Get radius (A) of specified ion species.

Author
Nathan Baker

Returns

Radius of ion species (A)

Parameters

thee | PBEparm object

iion | lon species ID/index

Definition at line 77 of file pbeparm.c.

7.12.5.10 PBEparm_parseToken()

VEXTERNC int PBEparm_parseToken (
PBEparm * thee,
char tok[VMAX_BUFSIZE],
Vio * sock)

Parse a keyword from an input file.

Author
Nathan Baker
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Returns

1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args); 0 if not matched

Parameters

thee | Parsing object

tok Token to parse

sock | Socket for additional tokens

Definition at line 1215 of file pbeparm.c.

7.13 PBSAMparm class

Parameter which holds useful parameters for Poisson-boltzmann analytical method calculations.

Files

« file src/generic/pbsamparm.c

Class PBSAMparm methods.
« file src/generic/pbsamparm.h

Contains declarations for class PBSAMparm.

Data Structures

« struct sPBSAMparm

Parameter structure for PBSAM-specific variables from input files.

Macros

* #define CHR_MAXLEN 1000

Number of things that can be written out in a single calculation.

Typedefs

« typedef enum ePBSAMparm_CalcType PBSAMparm_CalcType

Declare PBSAMparm_CalcType type.
* typedef struct sSPBSAMparm PBSAMparm

Parameter structure for PBSAM-specific variables from input files.

Enumerations

* enum ePBSAMparm_CalcType { PBSAMCT_AUTO =1}
Calculation type.

Functions

+ VEXTERNC PBSAMparm x PBSAMparm_ctor (PBSAMparm_CalcType type)

Construct PBSAMparm object.
* VEXTERNC Vrc_Codes PBSAMparm_ctor2 (PBSAMparm xthee, PBSAMparm_CalcType type)

FORTRAN stub to construct PBSAMparm object 22?22?2221/l
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+ VEXTERNC void PBSAMparm_dtor (PBSAMparm xxthee)

Object destructor.
+ VEXTERNC void PBSAMparm_dtor2 (PBSAMparm xthee)

FORTRAN stub for object destructor ???2?2?22?111111111111
* VEXTERNC Vrc_Codes PBSAMparm_check (PBSAMparm xthee)

Consistency check for parameter values stored in object.

+ VEXTERNC Vrc_Codes PBSAMparm_parseToken (PBSAMparm xthee, char tok[VMAX_BUFSIZE], Vio *sock)

Parse an MG keyword from an input file.
« VEXTERNC void PBSAMparm_copy (PBSAMparm xthee, PBSAMparm xparm)

copy PBSAMparm object int thee.
* VPRIVATE Vrc_Codes PBSAMparm_parseTolsp (PBSAMparm xthee, Vio xsock)

Find sphere tolerance for coarse-graining.
* VPRIVATE Vrc_Codes PBSAMparm_parseSurf (PBSAMparm xthee, Vio xsock)

Find vertex files for each molecule and save them.
* VPRIVATE Vrc_Codes PBSAMparm_parselmat (PBSAMparm xthee, Vio xsock)

Find IMAT files for each molecule and save them.
» VPRIVATE Vrc_Codes PBSAMparm_parseExp (PBSAMparm xthee, Vio xsock)

Find expansion files for each molecule and save them.
» VPRIVATE Vrc_Codes PBSAMparm_parseMSMS (PBSAMparm xthee, Vio xsock)

Find msms flag for if MSMS is to be run.

7.13.1 Detailed Description

Parameter which holds useful parameters for Poisson-boltzmann analytical method calculations.

7.13.2 Macro Definition Documentation
7.13.2.1 CHR_MAXLEN

#define CHR_MAXLEN 1000
Number of things that can be written out in a single calculation.
Definition at line 76 of file ppsamparm.h.

7.13.3 Typedef Documentation
7.13.3.1 PBSAMparm

typedef struct sPBSAMparm PBSAMparm
Parameter structure for PBSAM-specific variables from input files.

Author

Lisa Felberg

Note

If you add/delete/change something in this class, the member functions — especially PBSAMparm_copy — must be

modified accordingly

7.13.3.2 PBSAMparm_CalcType

typedef enum ePBSAMparm_CalcType PBSAMparm_CalcType
Declare PBSAMparm_CalcType type.
Definition at line 95 of file ppsamparm.h.
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7.13.4 Enumeration Type Documentation
7.13.4.1 ePBSAMparm_CalcType

enum ePBSAMparm_CalcType
Calculation type.

Enumerator
PBSAMCT_AUTO | PBSAM-auto

Definition at line 84 of file ppsamparm.h.

7.13.5 Function Documentation
7.13.5.1 PBSAMparm_check()

VEXTERNC Vrc_Codes PBSAMparm_check (
PBSAMparm x thee)

Consistency check for parameter values stored in object.

Author

Lisa Felberg

Parameters
’ thee ‘ PBSAMparm object

Returns

Success enumeration

Definition at line 110 of file pbsamparm.c.

7.13.5.2 PBSAMparm_copy()

VEXTERNC void PBSAMparm_copy (
PBSAMparm * thee,
PBSAMparm * parm)

copy PBSAMparm object int thee.

Author

Parameters

thee | PBSAMparm object to be copied into

parm | PBSAMparm object.

Definition at line 135 of file pbsamparm.c.
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7.13.5.3 PBSAMparm_ctor()

VEXTERNC PBSAMparm * PBSAMparm_ctor (

PBSAMparm_CalcType type)
Construct PBSAMparm object.

Author

Lisa Felberg

Parameters

’ type ‘ Type of PBSAM calculation

Returns

Newly allocated and initialized PBSAMparm object

Definition at line 66 of file ppsamparm.c.

7.13.5.4 PBSAMparm_ctor2()

VEXTERNC Vrc_Codes PBSAMparm_ctor2 (
PBSAMparm * thee,

PBSAMparm_CalcType type)
FORTRAN stub to construct PBSAMparm object 7?77?2222

Author

Lisa Felberg

Parameters

thee | Space for PBSAMparm object

type | Type of MG calculation

Returns

Success enumeration

Definition at line 77 of file ppbsamparm.c.

7.13.5.5 PBSAMparm_dtor()

VEXTERNC void PBSAMparm_dtor (
PBSAMparm ** thee)
Object destructor.
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Author

Lisa Felberg

Parameters

’ thee ‘ Pointer to memory location of PBSAMparm object

Definition at line 100 of file pbsamparm.c.

7.13.5.6 PBSAMparm_dtor2()

VEXTERNC void PBSAMparm_dtor2 (
PBSAMparm * thee)
FORTRAN stub for object destructor ?????2??22 11111111

Author

Lisa Felberg

Parameters

’ thee ‘ Pointer to PBSAMparm object

Definition at line 108 of file pbsamparm.c.

7.13.5.7 PBSAMparm_parseExp()

VPRIVATE Vrc_Codes PBSAMparm_parseExp (
PBSAMparm * thee,
Vio % sock)

Find expansion files for each molecule and save them.

Author

Parameters

thee | PBSAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 218 of file pbsamparm.c.

7.13.5.8 PBSAMparm_parselmat()

VPRIVATE Vrc_Codes PBSAMparm_parseImat (
PBSAMparm x thee,
Vio * sock)

Find IMAT files for each molecule and save them.
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Author

Parameters

thee | PBSAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 203 of file pbsamparm.c.

7.13.5.9 PBSAMparm_parseMSMS()

VPRIVATE Vrc_Codes PBSAMparm_parseMSMS (
PBSAMparm x thee,
Vio * sock)

Find msms flag for if MSMS is to be run.

Author

Parameters

thee | PBSAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 182 of file pbsamparm.c.

7.13.5.10 PBSAMparm_parseSurf()

VPRIVATE Vrc_Codes PBSAMparm_parseSurf (
PBSAMparm * thee,
Vio % sock)

Find vertex files for each molecule and save them.

Author

Parameters

thee | PBSAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 166 of file pbsamparm.c.

7.13.5.11 PBSAMparm_parseToken()

VEXTERNC Vrc_Codes PBSAMparm_parseToken (
PBSAMparm * thee,
char tok[VMAX_BUFSIZE],
Vio * sock)

Parse an MG keyword from an input file.
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Author

Lisa Felberg

Parameters
thee | PBSAMparm object

tok Token to parse

sock | Stream for more tokens

Returns

Success enumeration (1 if matched and assigned; -1 if matched, but there's some sort of error (i.e., too few args);

0 if not matched)

Definition at line 252 of file pbsamparm.c.

7.13.5.12 PBSAMparm_parseTolsp()

VPRIVATE Vrc_Codes PBSAMparm_parseTolsp (
PBSAMparm * thee,
Vio % sock)

Find sphere tolerance for coarse-graining.

Author

Parameters

thee | PBSAMparm object to be copied into

sock | The stream from which parameter is taken

Definition at line 232 of file pbsamparm.c.

7.14 Vacc class

Solvent- and ion-accessibility oracle.

Files

« file src/generic/vacc.c

Class Vacc methods.
« file src/generic/vacc.h

Contains declarations for class Vacc.

Data Structures

« struct sVaccSurf

Surface object list of per-atom surface points.
« struct sVacc

Oracle for solvent- and ion-accessibility around a biomolecule.
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Typedefs

typedef struct sVaccSurf VaccSurf

Declaration of the VaccSurf class as the VaccSurf structure.
typedef struct sVacc Vacc

Declaration of the Vacc class as the Vacc structure.

Functions

VEXTERNC unsigned long int Vacc_memChk (Vacc xthee)
Get number of bytes in this object and its members.
VEXTERNC VaccSurf * VaccSurf_ctor (Vmem xmem, double probe_radius, int nsphere)
Allocate and construct the surface object; do not assign surface points to positions.
VEXTERNC int VaccSurf_ctor2 (VaccSurf xthee, Vmem xmem, double probe_radius, int nsphere)
Construct the surface object using previously allocated memory; do not assign surface points to positions.
VEXTERNC void VaccSurf_dtor (VaccSurf xthee)
Destroy the surface object and free its memory.
VEXTERNC void VaccSurf_dtor2 (VaccSurf xthee)
Destroy the surface object.
VEXTERNC VaccSurf * VaccSurf_refSphere (Vmem xmem, int npts)
Set up an array of points for a reference sphere of unit radius.
VEXTERNC VaccSurf * Vacc_atomSurf (Vacc xthee, Vatom satom, VaccSurf xref, double probe_radius)
Set up an array of points corresponding to the SAS due to a particular atom.
VEXTERNC Vacc * Vacc_ctor (Valist *alist, Vclist xclist, double surf_density)
Construct the accessibility object.
VEXTERNC int Vacc_ctor2 (Vacc xthee, Valist *alist, Vclist xclist, double surf_density)
FORTRAN stub to construct the accessibility object.
VEXTERNC void Vacc_dtor (Vacc xxthee)
Destroy object.
VEXTERNC void Vacc_dtor2 (Vacc *xthee)
FORTRAN stub to destroy object.
VEXTERNC double Vacc_vdwAcc (Vacc xthee, double center[VAPBS_DIM])
Report van der Waals accessibility.
VEXTERNC double Vacc_ivdwAcc (Vacc xthee, double center[VAPBS_DIM], double radius)
Report inflated van der Waals accessibility.
VEXTERNC double Vacc_molAcc (Vacc xthee, double center[VAPBS_DIM], double radius)
Report molecular accessibility.
VEXTERNC double Vacc_fastMolAcc (Vacc *thee, double center[VAPBS_DIM], double radius)
Report molecular accessibility quickly.
VEXTERNC double Vacc_splineAcc (Vacc xthee, double center[VAPBS_DIM], double win, double infrad)
Report spline-based accessibility.
VEXTERNC void Vacc_splineAccGrad (Vacc *thee, double center[VAPBS_DIM], double win, double infrad, dou-
ble xgrad)
Report gradient of spline-based accessibility.
VEXTERNC double Vacc_splineAccAtom (Vacc *thee, double center[VAPBS_DIM], double win, double infrad,
Vatom xatom)
Report spline-based accessibility for a given atom.

VEXTERNC void Vacc_splineAccGradAtomUnnorm (Vacc *thee, double center[VAPBS_DIM], double win, double
infrad, Vatom xatom, double xforce)
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Report gradient of spline-based accessibility with respect to a particular atom (see Vpmg_splineAccAtom).
VEXTERNC void Vacc_splineAccGradAtomNorm (Vacc xthee, double center[VAPBS_DIM], double win, double
infrad, Vatom xatom, double xforce)

Report gradient of spline-based accessibility with respect to a particular atom normalized by the accessibility value due to
that atom at that point (see Vpmg_splineAccAtom).
» VEXTERNC void Vacc_splineAccGradAtomNorm4 (Vacc xthee, double center[VAPBS_DIM], double win, double
infrad, Vatom xatom, double xforce)
Report gradient of spline-based accessibility with respect to a particular atom normalized by a 4th order accessibility value
due to that atom at that point (see Vpmg_splineAccAtom).
» VEXTERNC void Vacc_splineAccGradAtomNorm3 (Vacc xthee, double center[VAPBS_DIM], double win, double
infrad, Vatom xatom, double xforce)
Report gradient of spline-based accessibility with respect to a particular atom normalized by a 3rd order accessibility value
due to that atom at that point (see Vpmg_splineAccAtom).
+ VEXTERNC double Vacc_SASA (Vacc *xthee, double radius)
Build the solvent accessible surface (SAS) and calculate the solvent accessible surface area.
+ VEXTERNC double Vacc_totalSASA (Vacc xthee, double radius)
Return the total solvent accessible surface area (SASA).
* VEXTERNC double Vacc_atomSASA (Vacc xthee, double radius, Vatom xatom)
Return the atomic solvent accessible surface area (SASA).
» VEXTERNC VaccSurf * Vacc_atomSASPoints (Vacc *thee, double radius, Vatom xatom)
Get the set of points for this atom's solvent-accessible surface.
» VEXTERNC void Vacc_atomdSAV (Vacc xthee, double radius, Vatom xatom, double «dSA)
Get the derivatve of solvent accessible volume.
» VEXTERNC void Vacc_atomdSASA (Vacc *thee, double dpos, double radius, Vatom xatom, double *dSA)
Get the derivatve of solvent accessible area.
« VEXTERNC void Vacc_totalAtomdSASA (Vacc xthee, double dpos, double radius, Vatom xatom, double *dSA)
Testing purposes only.
» VEXTERNC void Vacc_totalAtomdSAV (Vacc *xthee, double dpos, double radius, Vatom xatom, double *dSA,
Vclist xclist)
Total solvent accessible volume.
+ VEXTERNC double Vacc_totalSAV (Vacc xthee, Vclist xclist, APOLparm xapolparm, double radius)
Return the total solvent accessible volume (SAV).
« VEXTERNC int Vacc_wcaEnergy (Vacc xthee, APOLparm xapolparm, Valist =alist, Vclist *clist)
Return the WCA integral energy.
* VEXTERNC int Vacc_wcaForceAtom (Vacc xthee, APOLparm xapolparm, Vclist xclist, Vatom xatom, double
«force)
Return the WCA integral force.
« VEXTERNC int Vacc_wcaEnergyAtom (Vacc xthee, APOLparm xapolparm, Valist xalist, Vclist xclist, int iatom,
double xvalue)
Calculate the WCA energy for an atom.

7.14.1 Detailed Description

Solvent- and ion-accessibility oracle.

7.14.2 Typedef Documentation
7.14.21 Vacc

typedef struct sVacc Vacc
Declaration of the Vacc class as the Vacc structure.
Definition at line 131 of file vacc.h.
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7.14.2.2 VaccSurf

typedef struct sVaccSurf VaccSurf

Declaration of the VaccSurf class as the VaccSurf structure.

Definition at line 101 of file vacc.h.

7.14.3 Function Documentation
7.14.3.1 Vacc_atomdSASA()

VEXTERNC void Vacc_atomdSASA (
Vacc * thee,
double dpos,
double radius,
Vatom * atom,
double *x dSA)
Get the derivatve of solvent accessible area.

Author

Jason Wagoner, David Gohara, Nathan Baker

Parameters

thee Acessibility object

dpos | Atom position offset

radius | Probe radius (A)

atom Atom of interest

dSA Array holding answers of calc

Definition at line 1320 of file vacc.c.

7.14.3.2 Vacc_atomdSAV()

VEXTERNC void Vacc_atomdSAV (
Vacc *x thee,
double radius,
Vatom * atom,
double *x dSA)
Get the derivatve of solvent accessible volume.

Author

Jason Wagoner, Nathan Baker

Parameters

thee Acessibility object

radius | Probe radius (A)

atom Atom of interest

dSA Array holding answers of calc

Definition at line 1200 of file vacc.c.
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7.14.3.3 Vacc_atomSASA()

VEXTERNC double Vacc_atomSASA (
Vacc * thee,
double radius,
Vatom * atom)
Return the atomic solvent accessible surface area (SASA).

Note
Alias for Vacc_ SASA

Author
Nathan Baker

Returns

Atomic solvent accessible area (A"2)

Parameters

thee Accessibility object

radius | Probe molecule radius (A)

atom Atom of interest

Definition at line 780 of file vacc.c.

7.14.3.4 Vacc_atomSASPoints()

VEXTERNC VaccSurf * Vacc_atomSASPoints (
Vacc * thee,
double radius,

Vatom * atom)

Get the set of points for this atom's solvent-accessible surface.

Author
Nathan Baker

Returns

Pointer to VaccSurf object for this atom

Parameters

thee Accessibility object

radius | Probe molecule radius (A)

atom Atom of interest

Definition at line 982 of file vacc.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



134 Topic Documentation

7.14.3.5 Vacc_atomSurf()

VEXTERNC VaccSurf *x Vacc_atomSurf (
Vacc * thee,
Vatom * atom,
VaccSurf * ref,
double probe_radius)
Set up an array of points corresponding to the SAS due to a particular atom.

Author
Nathan Baker

Returns

Atom sphere surface object

Parameters

thee | Accessibility object for molecule

atom | Atom for which the surface should be constructed

ref Reference sphere which sets the resolution for the surface.

See also

VaccSurf_refSphere

Parameters

probe_radius | Probe radius (in A)

Definition at line 868 of file vacc.c.

7.14.3.6 Vacc_ctor()

VEXTERNC Vacc *x Vacc_ctor (
Valist % alist,
Vclist * clist,
double surf_density)

Construct the accessibility object.

Author
Nathan Baker

Returns

Newly allocated Vacc object

Parameters

alist Molecule for accessibility queries
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clist Pre-constructed cell list for looking up atoms near specific positions

surf_density | Minimum per-atom solvent accessible surface point density (in pts/A”2)

Definition at line 132 of file vacc.c.

7.14.3.7 Vacc_ctor2()

VEXTERNC int Vacc_ctor2 (
Vacc * thee,
Valist % alist,
Veclist % clist,

double surf _density)
FORTRAN stub to construct the accessibility object.

Author
Nathan Baker

Returns

1 if successful, 0 otherwise

Parameters
thee Memory for Vacc objet
alist Molecule for accessibility queries
clist Pre-constructed cell list for looking up atoms near specific positions
surf_density | Minimum per-atom solvent accessible surface point density (in pts/A”2)

Definition at line 213 of file vacc.c.

7.14.3.8 Vacc_dtor()

VEXTERNC void Vacc_dtor (
Vacc **x thee)
Destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object

Definition at line 245 of file vacc.c.

7.14.3.9 Vacc_dtor2()

VEXTERNC void Vacc_dtor2 (

Vacc * thee)

FORTRAN stub to destroy object.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object

Definition at line 255 of file vacc.c.

7.14.3.10 Vacc_fastMolAcc()

VEXTERNC double Vacc_fastMolAcc (

Vacc * thee,

double center[VAPBS_DIM],

double radius)
Report molecular accessibility quickly.
Given a point which is INSIDE the collection of inflated van der Waals spheres, but OUTSIDE the collection of non-
inflated van der Waals spheres, determine accessibility of a probe (of radius radius) at a given point, given a collection
of atomic spheres. Uses molecular (Connolly) surface definition.

Note
THIS ASSUMES YOU HAVE TESTED THAT THIS POINT IS DEFINITELY INSIDE THE INFLATED AND NON-«
INFLATED VAN DER WAALS SURFACES!

Author
Nathan Baker

Returns

Characteristic function value between 1.0 (accessible) and 0.0 (inaccessible)

Bug This routine has a slight bug which can generate very small internal regions of high dielectric (thanks to John
Mongan and Jess Swanson for finding this)

Parameters

thee Accessibility object

center | Probe center coordinates

radius | Probe radius (in A)

Definition at line 637 of file vacc.c.

7.14.3.11 Vacc_ivdwAcc()

VEXTERNC double Vacc_ivdwAcc (
Vacc * thee,
double center[VAPBS_DIM],
double radius)
Report inflated van der Waals accessibility.
Determines if a point is within the union of the spheres centered at the atomic centers with radii equal to the sum of the
atomic van der Waals radius and the probe radius.
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Author

Nathan Baker

Returns

Characteristic function value between 1.0 (accessible) and 0.0 (inaccessible)

Parameters

thee Accessibility object

center | Probe center coordinates

radius | Probe radius (A)

7.14.3.12 Vacc_memChk()

VEXTERNC unsigned long int Vacc_memChk (
Vacc * thee)
Get number of bytes in this object and its members.

Author
Nathan Baker

Returns

Number of bytes allocated for object

Parameters

’ thee ‘ Object for memory check

Definition at line 63 of file vacc.c.

7.14.3.13 Vacc_molAcc()

VEXTERNC double Vacc_molAcc (
Vacc * thee,
double center[VAPBS_DIM],
double radius)
Report molecular accessibility.
Determine accessibility of a probe (of radius radius) at a given point, given a collection of atomic spheres. Uses
molecular (Connolly) surface definition.

Author

Nathan Baker
Returns
Characteristic function value between 1.0 (accessible) and 0.0 (inaccessible)

Bug This routine has a slight bug which can generate very small internal regions of high dielectric (thanks to John
Mongan and Jess Swanson for finding this)
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Parameters

thee Accessibility object

center | Probe center coordinates

radius | Probe radius (in A)

Definition at line 608 of file vacc.c.

7.14.3.14 Vacc_SASA()

VEXTERNC double Vacc_SASA (
Vacc * thee,
double radius)
Build the solvent accessible surface (SAS) and calculate the solvent accessible surface area.

Note
Similar to UHBD FORTRAN routine by Brock Luty (returns UHBD's asas?2)

Author
Nathan Baker (original FORTRAN routine by Brock Luty)

Returns

Total solvent accessible area (A"2)

Parameters

thee Accessibility object

radius | Probe molecule radius (A)

Definition at line 713 of file vacc.c.

7.14.3.15 Vacc_splineAcc()

VEXTERNC double Vacc_splineAcc (
Vacc * thee,
double center[VAPBS_DIM],
double win,
double infrad)
Report spline-based accessibility.
Determine accessibility at a given point, given a collection of atomic spheres. Uses Benoit Roux (Im et al, Comp Phys
Comm, 111, 59-75, 1998) definition suitable for force evalation; basically a cubic spline.

Author
Nathan Baker
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Returns

Characteristic function value between 1.0 (accessible) and 0.0 (inaccessible)

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

infrad | Inflation radius (A) for ion access.

Definition at line 528 of file vacc.c.

7.14.3.16 Vacc_splineAccAtom()

VEXTERNC double Vacc_splineAccAtom (

Vacc * thee,

double center[VAPBS_DIM],

double win,
double infrad,

Vatom * atom)

Report spline-based accessibility for a given atom.

Determine accessibility at a given point for a given atomic spheres. Uses Benoit Roux (Im et al, Comp Phys Comm,

111, 59-75, 1998) definition suitable for force evalation; basically a cubic spline.

Author
Nathan Baker

Returns

Characteristic function value between 1.0 (accessible) and 0.0 (inaccessible)

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

infrad | Inflation radius (A) for ion access.

atom Atom

Definition at line 438 of file vacc.c.

7.14.3.17 Vacc_splineAccGrad()

VEXTERNC void Vacc_splineAccGrad

Vacc * thee,

double center[VAPBS_DIM],

double win,
double infrad,
double *x grad)

Report gradient of spline-based accessibility.
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Author
Nathan Baker

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

infrad | Inflation radius (A) for ion access.

grad 3-vector set to gradient of accessibility

Definition at line 561 of file vacc.c.

7.14.3.18 Vacc_splineAccGradAtomNorm()

VEXTERNC void Vacc_splineAccGradAtomNorm (

Vacc * thee,

double center[VAPBS_DIM],

double win,

double infrad,

Vatom * atom,

double * force)
Report gradient of spline-based accessibility with respect to a particular atom normalized by the accessibility value due
to that atom at that point (see Vpmg_splineAccAtom).
Determine accessibility at a given point, given a collection of atomic spheres. Uses Benoit Roux (Im et al, Comp Phys
Comm, 111, 59-75, 1998) definition suitable for force evalation; basically a cubic spline.

Author
Nathan Baker

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

infrad | Inflation radius (A) for ion access.

atom Atom

force VAPBS_DIM-vector set to gradient of accessibility

Definition at line 316 of file vacc.c.

7.14.3.19 Vacc_splineAccGradAtomNorm3()

VEXTERNC void Vacc_splineAccGradAtomNorm3 (
Vacc * thee,
double center[VAPBS_DIM],
double win,
double infrad,
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Vatom * atom,

double x force)
Report gradient of spline-based accessibility with respect to a particular atom normalized by a 3rd order accessibility
value due to that atom at that point (see Vpmg_splineAccAtom).

Author

Michael Schnieders

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

infrad | Inflation radius (A) for ion access.

atom Atom

force VAPBS_DIM-vector set to gradient of accessibility

Definition at line 1099 of file vacc.c.

7.14.3.20 Vacc_splineAccGradAtomNorm4()

VEXTERNC void Vacc_splineAccGradAtomNormé4 (

Vacc * thee,

double center[VAPBS_DIM],

double win,

double infrad,

Vatom * atom,

double x force)
Report gradient of spline-based accessibility with respect to a particular atom normalized by a 4th order accessibility
value due to that atom at that point (see Vpmg_splineAccAtom).

Author

Michael Schnieders

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

o

infrad | Inflation radius (A) for ion access.

atom Atom

force VAPBS_DIM-vector set to gradient of accessibility

Definition at line 1006 of file vacc.c.

7.14.3.21 Vacc_splineAccGradAtomUnnorm()

VEXTERNC void Vacc_splineAccGradAtomUnnorm (

Vacc * thee,
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double center[VAPBS_DIM],

double win,

double infrad,

Vatom * atom,

double *x force)
Report gradient of spline-based accessibility with respect to a particular atom (see Vpmg_splineAccAtom).
Determine accessibility at a given point, given a collection of atomic spheres. Uses Benoit Roux (Im et al, Comp Phys
Comm, 111, 59-75, 1998) definition suitable for force evalation; basically a cubic spline.

Author
Nathan Baker

Parameters

thee Accessibility object

center | Probe center coordinates

win Spline window (A)

o

infrad | Inflation radius (A) for ion access.

atom Atom

force VAPBS_DIM-vector set to gradient of accessibility

Definition at line 377 of file vacc.c.

7.14.3.22 Vacc_totalAtomdSASA()

VEXTERNC void Vacc_totalAtomdSASA (
Vacc * thee,
double dpos,
double radius,
Vatom * atom,
double *x dSA)
Testing purposes only.

Author
David Gohara, Nathan Baker

Parameters

thee Acessibility object

dpos | Atom position offset

radius | Probe radius (A)

atom Atom of interest

dSA Array holding answers of calc

Definition at line 1389 of file vacc.c.

7.14.3.23 Vacc_totalAtomdSAV()

VEXTERNC void Vacc_totalAtomdSAV (

Vacc * thee,
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double dpos,
double radius,
Vatom * atom,
double * dSA,
Vclist * clist)
Total solvent accessible volume.

Author

David Gohara, Nathan Baker

Parameters

thee Acessibility object

dpos | Atom position offset

radius | Probe radius (A)

atom Atom of interest

dSA Array holding answers of calc

clist clist for this calculation

Definition at line 1448 of file vacc.c.

7.14.3.24 Vacc_totalSASA()

VEXTERNC double Vacc_totalSASA (
Vacc * thee,
double radius)
Return the total solvent accessible surface area (SASA).

Note
Alias for Vacc_SASA

Author
Nathan Baker

Returns

Total solvent accessible area (A”2)

Parameters

thee Accessibility object

radius | Probe molecule radius (A)

Definition at line 774 of file vacc.c.

7.14.3.25 Vacc_totalSAV()

VEXTERNC double Vacc_totalSAV (

Vacc * thee,
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Velist % clist,
APOLparm * apolparm,
double radius)
Return the total solvent accessible volume (SAV).

Note
Alias for Vacc_SAV
Author
David Gohara
Returns
Total solvent accessible volume (A”\3)
Parameters
thee Accessibility object
clist Clist for acc object
apolparm | Apolar parameters — could be VNULL if none required for this calculation. If VNULL, then default settings
are used
radius Probe molecule radius (A)

Definition at line 1503 of file vacc.c.

7.14.3.26 Vacc_vdwAcc()

VEXTERNC double Vacc_vdwAcc (
Vacc * thee,
double center[VAPBS_DIM])
Report van der Waals accessibility.
Determines if a point is within the union of the atomic spheres (with radii equal to their van der Waals radii).

Author
Nathan Baker
Returns

Characteristic function value between 1.0 (accessible) and 0.0 (inaccessible)

Parameters

thee Accessibility object

center | Probe center coordinates

7.14.3.27 Vacc_wcaEnergy()

VEXTERNC int Vacc_wcaEnergy (
Vacc * thee,
APOLparm * apolparm,
Valist % alist,
Veclist % clist)

Return the WCA integral energy.
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Author
David Gohara

Returns

Success flag

Parameters

thee Accessibility object

apolparm | Apolar calculation parameters

alist Alist for acc object

clist Clist for acc object

Definition at line 1721 of file vacc.c.

7.14.3.28 Vacc_wcaEnergyAtom()

VEXTERNC int Vacc_wcaEnergyAtom (
Vacc * thee,
APOLparm * apolparm,
Valist * alist,
Vclist * clist,
int iatom,
double x* value)
Calculate the WCA energy for an atom.

Author

Dave Gohara and Nathan Baker

Returns

Success flag

Parameters

thee Accessibility object

apolparm | Apolar calculation parameters

alist Atom list

clist Cell list associated with Vacc object
iatom Index for atom of interest

value Set to energy value

Definition at line 1580 of file vacc.c.

7.14.3.29 Vacc_wcaForceAtom()

VEXTERNC int Vacc_wcaForceAtom (

Vacc * thee,
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APOLparm * apolparm,
Veclist % clist,
Vatom * atom,

double % force)

Return the WCA integral force.

Author

David Gohara

Returns

WCA energy (kJ/mol/A)

Parameters
thee Accessibility object
apolparm | Apolar calculation parameters
clist Clist for acc object
atom Current atom
force Force for atom

Definition at line 1756 of file vacc.c.

7.14.3.30 VaccSurf_ctor()

VEXTERNC VaccSurf *x VaccSurf_ctor (

Vmem * mem,
double probe_radius,

int nsphere)

Allocate and construct the surface object; do not assign surface points to positions.

Author

Nathan Baker

Returns

Newly allocated and constructed surface object

Parameters

mem

Memory manager (can be VNULL)

probe_radius | Probe radius (in A) for this surface

nsphere

Number of points in sphere

Definition at line 803 of file vacc.c.

7.14.3.31 VaccSurf_ctor2()

VEXTERNC int VaccSurf_ctor2 (

VaccSurf * thee,

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.14 Vacc class 147

Vmem * mem,
double probe_radius,
int nsphere)
Construct the surface object using previously allocated memory; do not assign surface points to positions.

Author
Nathan Baker

Returns

1 if successful, 0 otherwise

Parameters
thee Allocated memory
mem Memory manager (can be VNULL)

probe_radius | Probe radius (in A) for this surface

nsphere Number of points in sphere

Definition at line 813 of file vacc.c.

7.14.3.32 VaccSurf_dtor()

VEXTERNC void VaccSurf_dtor (
VaccSurf *xx thee)
Destroy the surface object and free its memory.

Author
Nathan Baker

Parameters

’ thee ‘ Object to be destroyed

Definition at line 839 of file vacc.c.

7.14.3.33 VaccSurf_dtor2()

VEXTERNC void VaccSurf_dtor2 (
VaccSurf *x thee)
Destroy the surface object.

Author
Nathan Baker

Parameters

’ thee ‘ Object to be destroyed

Definition at line 853 of file vacc.c.
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7.14.3.34 VaccSurf_refSphere()

VEXTERNC VaccSurf * VaccSurf_refSphere (
Vmem * mem,
int npts)
Set up an array of points for a reference sphere of unit radius.
Generates approximately npts # of points (actual number stored in thee->npts) somewhat uniformly distributed across
a sphere of unit radius centered at the origin.

Note

This routine was shamelessly ripped off from sphere.f from UHBD as developed by Michael K. Gilson.

Author
Nathan Baker (original FORTRAN code by Mike Gilson)

Returns

Reference sphere surface object

Parameters

mem | Memory object

npts | Requested number of points on sphere

Definition at line 926 of file vacc.c.

7.15 Valist class

Container class for list of atom objects.

Files

« file src/generic/valist.h

Contains declarations for class Valist.

Data Structures

* struct sValist

Container class for list of atom objects.

Typedefs

* typedef struct sValist Valist

Declaration of the Valist class as the Valist structure.

Functions

+ VEXTERNC Vatom * Valist_getAtomList (Valist xthee)

Get actual array of atom objects from the list.
* VEXTERNC double Valist_getCenterX (Valist xthee)

Get x-coordinate of molecule center.
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VEXTERNC double Valist_getCenterY (Valist xthee)

Get y-coordinate of molecule center.
VEXTERNC double Valist_getCenterZ (Valist xthee)

Get z-coordinate of molecule center.
VEXTERNC int Valist_getNumberAtoms (Valist xthee)

Get number of atoms in the list.
VEXTERNC Vatom * Valist_getAtom (Valist xthee, int i)

Get pointer to particular atom in list.
VEXTERNC unsigned long int Valist_ memChk (Valist xthee)

Get total memory allocated for this object and its members.
VEXTERNC Valist * Valist_ctor ()

Construct the atom list object.
VEXTERNC Vrc_Codes Valist_ctor2 (Valist xthee)

FORTRAN stub to construct the atom list object.
VEXTERNC void Valist_dtor (Valist xxthee)

Destroys atom list object.
VEXTERNC void Valist_dtor2 (Valist xthee)

FORTRAN stub to destroy atom list object.

VEXTERNC Vrc_Codes Valist_readPQR (Valist xthee, Vparam xparam, Vio xsock)

Fill atom list with information from a PQR file.

VEXTERNC Vrc_Codes Valist_readPDB (Valist xthee, Vparam xparam, Vio xsock)

Fill atom list with information from a PDB file.

VEXTERNC Vrc_Codes Valist_readXML (Valist xthee, Vparam xparam, Vio xsock)

Fill atom list with information from an XML file.
VEXTERNC Vrc_Codes Valist_getStatistics (Valist xthee)

Load up Valist with various statistics.

7.15.1 Detailed Description

Container class for list of atom objects.

7.15.2 Typedef Documentation

7.15.2.1 Valist

typedef struct sValist Valist
Declaration of the Valist class as the Valist structure.
Definition at line 95 of file valist.h.

7.15.3 Function Documentation

7.15.3.1 Valist_ctor()

VEXTERNC Valist * Valist_ctor ()
Construct the atom list object.

Author

Nathan Baker

Returns

Pointer to newly allocated (empty) atom list

Definition at line 138 of file valist.c.
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7.15.3.2 Valist_ctor2()

VEXTERNC Vrc_Codes Valist_ctor2 (
Valist x thee)

FORTRAN stub to construct the atom list object.

Author

Nathan Baker, Yong Huang

Returns

Success enumeration

Parameters

‘ thee ‘ Storage for new atom list

Definition at line 155 of file valist.c.

7.15.3.3 Valist_dtor()

VEXTERNC void Valist_dtor (
Valist *x thee)
Destroys atom list object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to storage for atom list

Definition at line 167 of file valist.c.

7.15.3.4 Valist_dtor2()

VEXTERNC void Valist_dtor2 (
Valist x thee)
FORTRAN stub to destroy atom list object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to atom list object

Definition at line 176 of file valist.c.
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7.15.3.5 Valist_getAtom()

VEXTERNC Vatom * Valist_getAtom (
Valist x thee,
int 1)

Get pointer to particular atom in list.

Author
Nathan Baker

Returns

Pointer to atom object i

Parameters

thee | Atom list object

i Index of atom in list

Definition at line 115 of file valist.c.

7.15.3.6 Valist_getAtomList()

VEXTERNC Vatom * Valist_getAtomList (
Valist * thee)
Get actual array of atom objects from the list.

Author
Nathan Baker

Returns

Array of atom objects

Parameters

‘ thee ‘ Atom list object

Definition at line 95 of file valist.c.

7.15.3.7 Valist_getCenterX()

VEXTERNC double Valist_getCenterX (
Valist x thee)
Get x-coordinate of molecule center.

Author
Nathan Baker
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Returns

X-coordinate of molecule center

Parameters

’ thee ‘ Atom list object

Definition at line 66 of file valist.c.

7.15.3.8 Valist_getCenterY()

VEXTERNC double Valist_getCenterY (
Valist x thee)
Get y-coordinate of molecule center.

Author
Nathan Baker

Returns

Y-coordinate of molecule center

Parameters

’ thee ‘ Atom list object

Definition at line 76 of file valist.c.

7.15.3.9 Valist_getCenterZ()

VEXTERNC double Valist_getCenterZ (
Valist x thee)
Get z-coordinate of molecule center.

Author
Nathan Baker

Returns

Z-coordinate of molecule center

Parameters

’ thee ‘ Atom list object

Definition at line 85 of file valist.c.

7.15.3.10 Valist_getNumberAtoms()

VEXTERNC int Valist_getNumberAtoms (
Valist x thee)
Get number of atoms in the list.
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Author
Nathan Baker

Returns

Number of atoms in list

Parameters

’ thee ‘ Atom list object

Definition at line 105 of file valist.c.

7.15.3.11 Valist_getStatistics()

VEXTERNC Vrc_Codes Valist_getStatistics (
Valist * thee)
Load up Valist with various statistics.

Author

Nathan Baker, Yong Huang

Returns

Success enumeration

Definition at line 869 of file valist.c.

7.15.3.12 Valist_ memChk()

VEXTERNC unsigned long int Valist_memChk (
Valist x thee)

Get total memory allocated for this object and its members.

Author
Nathan Baker

Returns

Total memory in bytes

Parameters

’ thee ‘ Atom list object

Definition at line 129 of file valist.c.

7.15.3.13 Valist_readPDB()

VEXTERNC Vrc_Codes Valist_readPDB (
Valist * thee,
Vparam * param,
Vio * sock)

Fill atom list with information from a PDB file.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



154 Topic Documentation

Author

Nathan Baker, Todd Dolinsky, Yong Huang

Returns

Success enumeration

Note

We don't actually respect PDB format; instead recognize whitespace- or tab-delimited fields which allows us to
deal with structures with coordinates > 999 or < -999.

Parameters

thee Atom list object

param | A pre-initialized parameter object

sock Socket read for reading PDB file

Definition at line 515 of file valist.c.

7.15.3.14 Valist_readPQR()

VEXTERNC Vrc_Codes Valist_readPQR (
Valist * thee,
Vparam * param,
Vio * sock)

Fill atom list with information from a PQR file.

Author

Nathan Baker, Yong Huang

Returns

Success enumeration

Note
« A PQR file has PDB structure with charge and radius in the last two columns instead of weight and occupancy
» We don't actually respect PDB format; instead recognize whitespace- or tab-delimited fields which allows us
to deal with structures with coordinates > 999 or < -999.
Parameters

thee Atom list object

param | A pre-initialized parameter object

sock Socket reading for reading PQR file

Definition at line 606 of file valist.c.
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7.15.3.15 Valist_readXML()

VEXTERNC Vrc_Codes Valist_readXML (
Valist x thee,
Vparam * param,
Vio * sock)

Fill atom list with information from an XML file.

Author

Todd Dolinsky, Yong Huang

Returns

Success enumeration

Note
» The XML file must adhere to some guidelines, notably the presence of an <atom> tag with all other useful
information (x, y, z, charge, and radius) as nested elements.
Parameters

thee Atom list object

param | A pre-initialized parameter object

sock Socket reading for reading PQR file

Definition at line 725 of file valist.c.

7.16 Vatom class

Atom class for interfacing APBS with PDB files.

Files

« file src/generic/vatom.c

Class Vatom methods.
« file src/generic/vatom.h

Contains declarations for class Vatom.

Data Structures

« struct sVatom

Contains public data members for Vatom class/module.

Macros

« #define VMAX_RECLEN 64

Residue name length.

Typedefs

« typedef struct sVatom Vatom

Declaration of the Vatom class as the Vatom structure.
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Functions

+ VEXTERNC double * Vatom_getPosition (Vatom xthee)

Get atomic position.
+ VEXTERNC void Vatom_setRadius (Vatom xthee, double radius)

Set atomic radius.
+ VEXTERNC double Vatom_getRadius (Vatom xthee)

Get atomic position.
» VEXTERNC void Vatom_setPartID (Vatom xthee, int partID)

Set partition ID.
+ VEXTERNC double Vatom_getPartID (Vatom xthee)

Get partition ID.
* VEXTERNC void Vatom_setAtomID (Vatom xthee, int id)

Set atom ID.
+ VEXTERNC double Vatom_getAtomID (Vatom xthee)

Get atom ID.
* VEXTERNC void Vatom_setCharge (Vatom xthee, double charge)

Set atomic charge.
+ VEXTERNC double Vatom_getCharge (Vatom xthee)

Get atomic charge.
» VEXTERNC void Vatom_setEpsilon (Vatom xthee, double epsilon)

Set atomic epsilon.
« VEXTERNC double Vatom_getEpsilon (Vatom xthee)

Get atomic epsilon.
» VEXTERNC unsigned long int Vatom_memChk (Vatom xthee)

Return the memory used by this structure (and its contents) in bytes.
+ VEXTERNC void Vatom_setResName (Vatom xthee, char resName[VMAX_RECLEN])

Set residue name.
+ VEXTERNC void Vatom_setAtomName (Vatom xthee, char atomName[VMAX_RECLEN])

Set atom name.
+ VEXTERNC void Vatom_getResName (Vatom xthee, char resName[VMAX_RECLEN])

Retrieve residue name.
+ VEXTERNC void Vatom_getAtomName (Vatom xthee, char atomName[VMAX_RECLEN])

Retrieve atom name.
* VEXTERNC Vatom * Vatom_ctor ()

Constructor for the Vatom class.
» VEXTERNC int Vatom_ctor2 (Vatom xthee)

FORTRAN stub constructor for the Vatom class.
+ VEXTERNC void Vatom_dtor (Vatom sxxthee)

Object destructor.
* VEXTERNC void Vatom_dtor2 (Vatom xthee)

FORTRAN stub object destructor.
+ VEXTERNC void Vatom_setPosition (Vatom xthee, double position[3])

Set the atomic position.
» VEXTERNC void Vatom_copyTo (Vatom xthee, Vatom xdest)

Copy information to another atom.
» VEXTERNC void Vatom_copyFrom (Vatom xthee, Vatom xsrc)

Copy information to another atom.
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7.16.1 Detailed Description
Atom class for interfacing APBS with PDB files.

7.16.2 Macro Definition Documentation
7.16.2.1 VMAX_RECLEN

#define VMAX_RECLEN 64
Residue name length.

Author
Nathan Baker, David Gohara, Mike Schneiders

Definition at line 77 of file vatom.h.

7.16.3 Typedef Documentation
7.16.3.1 Vatom

typedef struct sVatom Vatom
Declaration of the Vatom class as the Vatom structure.
Definition at line 114 of file vatom.h.

7.16.4 Function Documentation
7.16.4.1 Vatom_copyFrom()

VEXTERNC void Vatom_copyFrom (
Vatom *x thee,
Vatom * src)

Copy information to another atom.

Author
Nathan Baker

Parameters

thee | Destination for atom information

src Source for atom information

Definition at line 186 of file vatom.c.

7.16.4.2 Vatom_copyTo()

VEXTERNC void Vatom_copyTo (
Vatom * thee,
Vatom *x dest)

Copy information to another atom.
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Author
Nathan Baker

Parameters

thee | Source for atom information

dest | Destination for atom information

Definition at line 177 of file vatom.c.

7.16.4.3 Vatom_ctor()

VEXTERNC Vatom *x Vatom_ctor ()
Constructor for the Vatom class.

Author
Nathan Baker

Returns

Pointer to newly allocated Vatom object

Definition at line 142 of file vatom.c.

7.16.4.4 Vatom_ctor2()

VEXTERNC int Vatom_ctor2 (
Vatom * thee)
FORTRAN stub constructor for the Vatom class.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to Vatom allocated memory location

Returns

1 if succesful, 0 otherwise

Definition at line 153 of file vatom.c.

7.16.4.5 Vatom_dtor()

VEXTERNC void Vatom_dtor (
Vatom *x*x thee)

Object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object to be destroyed

Definition at line 158 of file vatom.c.

7.16.4.6 Vatom_dtor2()

VEXTERNC void Vatom_dtor2 (
Vatom * thee)
FORTRAN stub object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 166 of file vatom.c.

7.16.4.7 Vatom_getAtomID()

VEXTERNC double Vatom_getAtomID (
Vatom * thee)
Get atom ID.

Author
Nathan Baker

Parameters

’ thee ‘ Vatom object

Returns

Unique non-negative number

Definition at line 84 of file vatom.c.

7.16.4.8 Vatom_getAtomName()

VEXTERNC void Vatom_getAtomName (

Vatom * thee,

char atomName [VMAX_RECLEN])
Retrieve atom name.
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Author

Jason Wagoner

Parameters

thee Vatom object

atomName | Atom name

Definition at line 214 of file vatom.c.

7.16.4.9 Vatom_getCharge()

VEXTERNC double Vatom_getCharge (
Vatom * thee)
Get atomic charge.

Author
Nathan Baker

Parameters

‘ thee ‘ Vatom object

Returns

Atom partial charge (in e)

Definition at line 119 of file vatom.c.

7.16.4.10 Vatom_getEpsilon()

VEXTERNC double Vatom_getEpsilon (
Vatom * thee)
Get atomic epsilon.

Author
David Gohara

Parameters

’ thee ‘ Vatom object

Returns

Atomic epsilon (in A)

Definition at line 132 of file vatom.c.
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7.16.4.11 Vatom_getPartID()

VEXTERNC double Vatom_getPartID (
Vatom * thee)

Get partition ID.
Author

Nathan Baker

Parameters

’ thee ‘ Vatom object

Returns
Partition ID; a negative value means this atom is not assigned to any partition

Definition at line 70 of file vatom.c.

7.16.4.12 Vatom_getPosition()

VEXTERNC double * Vatom_getPosition (
Vatom x thee)
Get atomic position.

Author
Nathan Baker

Parameters

’ thee ‘ Vatom object

Returns
Pointer to 3xdouble array of atomic coordinates (in A)

Definition at line 63 of file vatom.c.

7.16.4.13 Vatom_getRadius()

VEXTERNC double Vatom_getRadius (
Vatom * thee)
Get atomic position.

Author
Nathan Baker

Parameters

’ thee ‘ Vatom object

Returns
Atomic radius (in A)

Definition at line 105 of file vatom.c.
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7.16.4.14 Vatom_getResName()

VEXTERNC void Vatom_getResName (

Vatom * thee,

char resName[VMAX_RECLEN])
Retrieve residue name.

Author

Jason Wagoner

Parameters

thee Vatom object

resName | Residue Name

Definition at line 199 of file vatom.c.

7.16.4.15 Vatom_memChk()

VEXTERNC unsigned long int Vatom_memChk (

Vatom * thee)

Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker

Parameters

’ thee ‘ Vpmg object

Returns

The memory used by this structure and its contents in bytes

Definition at line 138 of file vatom.c.

7.16.4.16 Vatom_setAtomlID()

VEXTERNC void Vatom_setAtomID (
Vatom *x thee,
int id)

Set atom ID.

Author

Nathan Baker

Parameters

thee | Vatom object

id Unique non-negative number

Definition at line 91 of file vatom.c.
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7.16.4.17 Vatom_setAtomName()

VEXTERNC void Vatom_setAtomName (

Vatom * thee,

char atomName [VMAX_RECLEN])
Set atom name.

Author

Jason Wagoner

Parameters

thee Vatom object

atomName | Atom name

Definition at line 207 of file vatom.c.

7.16.4.18 Vatom_setCharge()

VEXTERNC void Vatom_setCharge (
Vatom *x thee,
double charge)

Set atomic charge.

Author
Nathan Baker

Parameters

thee Vatom object

charge | Atom partial charge (in e)

Definition at line 112 of file vatom.c.

7.16.4.19 Vatom_setEpsilon()

VEXTERNC void Vatom_setEpsilon (
Vatom * thee,
double epsilon)

Set atomic epsilon.

Author
David Gohara

Parameters

thee Vatom object

epsilon | Atomic epsilon (in A)

Definition at line 126 of file vatom.c.
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7.16.4.20 Vatom_setPartID()

VEXTERNC void Vatom_setPartID (
Vatom * thee,
int partID)

Set partition ID.

Author
Nathan Baker

Parameters

thee Vatom object

partlD | Partition ID; a negative value means this atom is not assigned to any partition

Definition at line 77 of file vatom.c.

7.16.4.21 Vatom_setPosition()

VEXTERNC void Vatom_setPosition (
Vatom * thee,
double position[3])
Set the atomic position.

Author
Nathan Baker

Parameters

thee Vatom object to be modified

position | Coordinates (in A)

Definition at line 168 of file vatom.c.

7.16.4.22 Vatom_setRadius()

VEXTERNC void Vatom_setRadius (
Vatom x thee,
double radius)

Set atomic radius.

Author
Nathan Baker

Parameters

thee Vatom object

radius | Atomic radius (in A)

Definition at line 98 of file vatom.c.
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7.16.4.23 Vatom_setResName()

VEXTERNC void Vatom_setResName (

Vatom * thee,

char resName[VMAX_RECLEN])
Set residue name.

Author

Jason Wagoner

Parameters

thee Vatom object

resName | Residue Name

Definition at line 192 of file vatom.c.

7.17 Vcap class

Collection of routines which cap certain exponential and hyperbolic functions.

Files

« file src/generic/vcap.c

Class Vcap methods.
« file src/generic/vcap.h

Contains declarations for class Vcap.

Macros

* #define EXPMAX 85.00

Maximum argument for exp(), sinh(), or cosh().
« #define EXPMIN -85.00

Minimum argument for exp(), sinh(), or cosh().

Functions

* VEXTERNC double Vcap_exp (double x, int xichop)

Provide a capped exp() function.
+ VEXTERNC double Vcap_sinh (double x, int xichop)

Provide a capped sinh() function.
» VEXTERNC double Vcap_cosh (double X, int xichop)

Provide a capped cosh() function.

7.17.1 Detailed Description

Collection of routines which cap certain exponential and hyperbolic functions.

Note
These routines are based on FORTRAN code by Mike Holst
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7.17.2 Macro Definition Documentation
7.17.2.1 EXPMAX

#define EXPMAX 85.00
Maximum argument for exp(), sinh(), or cosh().
Definition at line 72 of file vcap.h.

7.17.2.2 EXPMIN

#define EXPMIN -85.00
Minimum argument for exp(), sinh(), or cosh().
Definition at line 77 of file vcap.h.

7.17.3 Function Documentation
7.17.3.1 Vcap_cosh()

VEXTERNC double Vcap_cosh (
double x,
int * ichop)
Provide a capped cosh() function.

If the argument x of Vcap_cosh () exceeds EXPMAX or EXPMIN, then we

return cosh (EXPMAX) or cosh (EXPMIN) rather than cosh(x

Note

).

Original FORTRAN routine from PMG library by Mike Holst Original notes: to control overflow in the hyperbolic and
exp functions, note that the following are the argument limits of the various functions on various machines after
which overflow occurs: Convex C240, Sun 3/60, Sun SPARC, IBM RS/6000: sinh, cosh, exp: maximal argument
(abs value) = 88.0d0 dsinh, dcosh, dexp: maximal argument (abs value) = 709.0d0

Author

Nathan Baker (based on FORTRAN code by Mike Holst)

Returns

cosh(x) or capped equivalent

Parameters

X Argument to cosh()

ichop | Set to 1 if function capped, 0 otherwise

Definition at line 91 of file vcap.c.

7.17.3.2 Vcap_exp()

VEXTERNC double Vcap_exp (
double x,
int * ichop)
Provide a capped exp() function.

If the argument x of Vcap_exp () exceeds EXPMAX or EXPMIN, then we

return exp (EXPMAX) or exp (EXPMIN) rather than exp(x
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Note
Original FORTRAN routine from PMG library by Mike Holst Original notes: to control overflow in the hyperbolic and
exp functions, note that the following are the argument limits of the various functions on various machines after
which overflow occurs: Convex C240, Sun 3/60, Sun SPARC, IBM RS/6000: sinh, cosh, exp: maximal argument
(abs value) = 88.0d0 dsinh, dcosh, dexp: maximal argument (abs value) = 709.0d0

Author
Nathan Baker (based on FORTRAN code by Mike Holst)

Returns
exp(x) or capped equivalent

Parameters

X Argument to exp()

ichop | Set to 1 if function capped, 0 otherwise

Definition at line 59 of file vcap.c.

7.17.3.3 Vcap_sinh()

VEXTERNC double Vcap_sinh (

double x,

int * ichop)

Provide a capped sinh() function.

If the argument x of Vcap_sinh () exceeds EXPMAX or EXPMIN, then we
return sinh (EXPMAX) or sinh (EXPMIN) rather than sinh (x).

Note
Original FORTRAN routine from PMG library by Mike Holst Original notes: to control overflow in the hyperbolic and
exp functions, note that the following are the argument limits of the various functions on various machines after
which overflow occurs: Convex C240, Sun 3/60, Sun SPARC, IBM RS/6000: sinh, cosh, exp: maximal argument
(abs value) = 88.0d0 dsinh, dcosh, dexp: maximal argument (abs value) = 709.0d0

Author
Nathan Baker (based on FORTRAN code by Mike Holst)

Returns
sinh(x) or capped equivalent

Parameters

X Argument to sinh()

ichop | Set to 1 if function capped, 0 otherwise

Definition at line 75 of file vcap.c.
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7.18 Vclist class

Atom cell list.

Files

« file src/generic/vclist.c

Class Vclist methods.

« file src/generic/vclist.h

Contains declarations for class Vclist.

Data Structures

struct sVclistCell

Atom cell list cell.
struct sVclist

Atom cell list.

Typedefs

typedef struct sVclistCell VclistCell

Declaration of the VclistCell class as the VclistCell structure.
typedef struct sVclist Vclist

Declaration of the Vclist class as the Vclist structure.
typedef enum eVclist_ DomainMode Vclist._ DomainMode

Declaration of Vclist DomainMode enumeration type.

Enumerations

enum eVclist_DomainMode { CLIST_AUTO_DOMAIN , CLIST_MANUAL_DOMAIN }

Atom cell list domain setup mode.

Functions

VEXTERNC unsigned long int Vclist._ memChk (Vclist xthee)

Get number of bytes in this object and its members.
VEXTERNC double Vclist._ maxRadius (Vclist xthee)

Get the max probe radius value (in A) the cell list was constructed with.
VEXTERNC Vclist x Vclist_ctor (Valist xalist, double max_radius, int npts[VAPBS_DIM], Vclist DomainMode
mode, double lower_corner[VAPBS_DIM], double upper_corner[VAPBS_DIM])

Construct the cell list object.
VEXTERNC Vrc_Codes Vclist_ctor2 (Vclist xthee, Valist xalist, double max_radius, int npts[VAPBS_DIM]«
, Vclist_DomainMode mode, double lower_corner[VAPBS_DIM], double upper_corner[VAPBS_DIM])

FORTRAN stub to construct the cell list object.
VEXTERNC void Vclist_dtor (Vclist xxthee)

Destroy object.

VEXTERNC void Vclist_dtor2 (Vclist xthee)
FORTRAN stub to destroy object.

VEXTERNC VclistCell * Vclist_getCell (Vclist xthee, double position[VAPBS_DIM])
Return cell corresponding to specified position or return VNULL.

VEXTERNC VclistCell x VclistCell_ctor (int natoms)
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Allocate and construct a cell list cell object.
» VEXTERNC Vrc_Codes VclistCell_ctor2 (VclistCell xthee, int natoms)

Construct a cell list object.
» VEXTERNC void VclistCell_dtor (VclistCell xxthee)

Destroy object.
» VEXTERNC void VclistCell_dtor2 (VclistCell xthee)

FORTRAN stub to destroy object.

7.18.1 Detailed Description

Atom cell list.

7.18.2 Typedef Documentation
7.18.2.1 Vclist

typedef struct sVclist Vclist
Declaration of the Vclist class as the Vclist structure.
Definition at line 136 of file vclist.h.

7.18.2.2 Vclist_ DomainMode

typedef enum eVclist_DomainMode Vclist_DomainMode
Declaration of Vclist_DomainMode enumeration type.
Definition at line 94 of file vclist.h.

7.18.2.3 VclistCell

typedef struct sVclistCell VclistCell
Declaration of the VclistCell class as the VclistCell structure.
Definition at line 110 of file vclist.h.

7.18.3 Enumeration Type Documentation
7.18.3.1 eVclist_DomainMode

enum eVclist_DomainMode
Atom cell list domain setup mode.

Author

Nathan Baker

Enumerator

CLIST_AUTO_DOMAIN Setup the cell list domain automatically to encompass the entire molecule
CLIST_MANUAL_DOMAIN | Specify the cell list domain manually through the constructor

Definition at line 82 of file vclist.h.
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7.18.4 Function Documentation

7.18.4.1 Vclist_ctor()

VEXTERNC Vcli

st * Vclist_ctor (

Valist % alist,

double max_ radius,

int npts[VAPBS_DIM],
Vclist_DomainMode mode,

double lower_ corner[VAPBS_DIM],
double upper_corner[VAPBS_DIM])

Construct the cell list object.

Author

Nathan Baker

Returns

Newly allocated Vclist object

Parameters
alist Molecule for cell list queries
max_radius Max probe radius (A) to be queried
npts Number of in hash table points in each direction
mode Mode to construct table
lower_corner | Hash table lower corner for manual construction (see mode variable); ignored otherwise
upper_corner | Hash table upper corner for manual construction (see mode variable); ignored otherwise

Definition at line 75 of file vclist.c.

7.18.4.2 Vclist_ctor2()

VEXTERNC Vrc_Codes Vclist_ctor2 (

Vclist * thee,

Valist * alist,

double max_radius,

int npts[VAPBS_DIM],
Vclist_DomainMode mode,

double lower_corner[VAPBS_DIM],
double upper._corner[VAPBS_DIM])

FORTRAN stub to construct the cell list object.

Author

Nathan Baker, Yong Huang
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Returns

Success enumeration

Parameters
thee Memory for Vclist objet
alist Molecule for cell list queries

max_radius Max probe radius (A) to be queried

npts Number of in hash table points in each direction

mode Mode to construct table

lower_corner | Hash table lower corner for manual construction (see mode variable); ignored otherwise

upper_corner | Hash table upper corner for manual construction (see mode variable); ignored otherwise

Definition at line 343 of file vclist.c.

7.18.4.3 Vclist_dtor()

VEXTERNC void Vclist_dtor (
Vclist *x thee)
Destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object

Definition at line 397 of file vclist.c.

7.18.4.4 \Vclist_dtor2()

VEXTERNC void Vclist_dtor2 (
Vclist * thee)
FORTRAN stub to destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object

Definition at line 408 of file vclist.c.

7.18.4.5 Vclist_getCell()

VEXTERNC VclistCell % Vclist_getCell (
Vclist * thee,
double position[VAPBS_DIM])
Return cell corresponding to specified position or return VNULL.
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Author
Nathan Baker

Returns

Pointer to VclistCell object or VNULL if no cell available (away from molecule).

Parameters

thee Pointer to Vclist cell list

position | Position to evaluate

Definition at line 423 of file vclist.c.

7.18.4.6 Vclist_maxRadius()

VEXTERNC double Vclist_maxRadius (
Vclist * thee)
Get the max probe radius value (in A) the cell list was constructed with.

Author
Nathan Baker

Returns

Max probe radius (in A)

Parameters

] thee \ Cell list object

Definition at line 68 of file vclist.c.

7.18.4.7 Vclist_memChk()

VEXTERNC unsigned long int Vclist_memChk (
Vclist * thee)
Get number of bytes in this object and its members.

Author
Nathan Baker

Returns

Number of bytes allocated for object

Parameters

’ thee ‘ Object for memory check

Definition at line 63 of file vclist.c.
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7.18.4.8 VclistCell_ctor()

VEXTERNC VclistCell % VclistCell_ctor (
int natoms)
Allocate and construct a cell list cell object.

Author

Nathan Baker

Returns

Pointer to newly-allocated and constructed object.

Parameters

’ natoms ‘ Number of atoms associated with this cell

Definition at line 452 of file vclist.c.

7.18.4.9 VclistCell_ctor2()

VEXTERNC Vrc_Codes VclistCell_ctor2 (
VclistCell x thee,
int natoms)

Construct a cell list object.

Author

Nathan Baker, Yong Huang

Returns

Success enumeration

Parameters

thee Memory location for object

natoms | Number of atoms associated with this cell

Definition at line 464 of file vclist.c.

7.18.4.10 VclistCell_dtor()

VEXTERNC void VclistCell_dtor (
VclistCell *x thee)
Destroy object.
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Author
Nathan Baker

Parameters

‘ thee ‘ Pointer to memory location of object

Definition at line 486 of file vclist.c.

7.18.4.11 VclistCell_dtor2()

VEXTERNC void VclistCell_dtor2 (
VclistCell x thee)
FORTRAN stub to destroy object.

Author
Nathan Baker

Parameters

‘ thee ‘ Pointer to object

Definition at line 497 of file vclist.c.

7.19 Vgreen class

Provides capabilities for pointwise evaluation of free space Green's function for point charges in a uniform dielectric.

Files

« file src/generic/vgreen.c

Class Vgreen methods.
« file src/generic/vgreen.h

Contains declarations for class Vgreen.

Data Structures

« struct sVgreen

Contains public data members for Vgreen class/module.

Typedefs

* typedef struct sVgreen Vgreen

Declaration of the Vgreen class as the Vgreen structure.

Functions

+ VEXTERNC Valist % Vgreen_getValist (Vgreen xthee)

Get the atom list associated with this Green's function object.
« VEXTERNC unsigned long int Vgreen_memChk (Vgreen xthee)

Return the memory used by this structure (and its contents) in bytes.
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VEXTERNC Vgreen * Vgreen_ctor (Valist xalist)

Construct the Green's function oracle.
VEXTERNC int Vgreen_ctor2 (Vgreen xthee, Valist *alist)

FORTRAN stub to construct the Green's function oracle.
VEXTERNC void Vgreen_dtor (Vgreen xxthee)

Destruct the Green's function oracle.
VEXTERNC void Vgreen_dtor2 (Vgreen xthee)

FORTRAN stub to destruct the Green's function oracle.

VEXTERNC int Vgreen_helmholtz (Vgreen *thee, int npos, double *x, double *y, double xz, double xval, double

kappa)

Get the Green's function for Helmholtz's equation integrated over the atomic point charges.

VEXTERNC int Vgreen_helmholtzD (Vgreen xthee, int npos, double *x, double xy, double xz, double xgradx,

double xgrady, double xgradz, double kappa)

Get the gradient of Green's function for Helmholtz's equation integrated over the atomic point charges.

VEXTERNC int Vgreen_coulomb_direct (Vgreen xthee, int npos, double *x, double *y, double *z, double *xval)
Get the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point charges using
direct summation.

VEXTERNC int Vgreen_coulomb (Vgreen xthee, int npos, double *x, double *y, double *z, double *val)

Get the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point charges using
direct summation or H. E. Johnston, R. Krasny FMM library (if available).

VEXTERNC int Vgreen_coulombD_direct (Vgreen xthee, int npos, double *x, double *y, double *z, double *pot,

double xgradx, double xgrady, double xgradz)

Get gradient of the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point
charges using direct summation.

VEXTERNC int Vgreen_coulombD (Vgreen xthee, int npos, double *x, double xy, double *xz, double *pot, double

xgradx, double xgrady, double xgradz)

Get gradient of the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point
charges using either direct summation or H. E. Johnston/R. Krasny FMM library (if available).

7.19.1 Detailed Description

Provides capabilities for pointwise evaluation of free space Green's function for point charges in a uniform dielectric.

Note

Right now, these are very slow methods without any fast multipole acceleration.

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the
Pacific Northwest National Laboratory, operated by Battelle Memorial
Institute, Pacific Northwest Division for the U.S. Department of Energy.

Portions Copyright (c) 2002-2010, Washington University in St. Louis.
Portions Copyright (c) 2002-2010, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of
California.

Portions Copyright (c) 1995, Michael Holst.
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All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

Neither the name of the developer nor the names of its contributors may be
used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF

THE POSSIBILITY OF SUCH DAMAGE.
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7.19.2 Typedef Documentation
7.19.2.1 Vgreen

typedef struct sVgreen Vgreen
Declaration of the Vgreen class as the Vgreen structure.
Definition at line 101 of file vgreen.h.

7.19.3 Function Documentation
7.19.3.1 Vgreen_coulomb()

VEXTERNC int Vgreen_coulomb (

Vgreen * thee,

int npos,

double * x,

double * y,

double * z,

double * val)
Get the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point charges using
direct summation or H. E. Johnston, R. Krasny FMM library (if available).
Returns the potential ¢ defined by ¢
K3

— T
3

o(r) =

where g; is the atomic charge (in e) and r; is the distance to the observation point r. The potential is scaled to units of
V.
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Author
Nathan Baker

Parameters

thee | Vgreen object

npos | The number of positions to evaluate

X The npos x-coordinates
y The npos y-coordinates
z The npos z-coordinates

val The npos values

Returns

1 if successful, 0 otherwise

Definition at line 258 of file vgreen.c.

7.19.3.2 Vgreen_coulomb_direct()

VEXTERNC int Vgreen_coulomb_direct (

Vgreen * thee,

int npos,

double * x,

double % y,

double x z,

double * val)
Get the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point charges using
direct summation.

Returns the potential ¢ defined by
qi

—~ 7
7

o(r) =

where g; is the atomic charge (in e) and r; is the distance to the observation point . The potential is scaled to units of
V.
Author

Nathan Baker

Parameters

thee | Vgreen object

npos | The number of positions to evaluate

X The npos x-coordinates
y The npos y-coordinates
z The npos z-coordinates

val The npos values
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Returns

1 if successful, 0 otherwise

Definition at line 224 of file vgreen.c.

7.19.3.3 Vgreen_coulombD()

VEXTERNC int Vgreen_coulombD (

Vgreen * thee,

int npos,

double *x x,

double * y,

double * z,

double * pot,

double x gradx,

double * grady,

double * gradz)
Get gradient of the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point
charges using either direct summation or H. E. Johnston/R. Krasny FMM library (if available).

Returns the field V¢ defined by

Vo(r) = "

K2

where g; is the atomic charge (in e) and r; is the distance to the observation point 7. The field is scaled to units of V/A.
Author
Nathan Baker

Parameters

thee | Vgreen object

npos | The number of positions to evaluate

X The npos x-coordinates

The npos y-coordinates

z The npos z-coordinates

pot The npos potential values

gradx | The npos gradient x-components

grady | The npos gradient y-components

gradz | The npos gradient z-components

Returns

1 if successful, 0 otherwise

Definition at line 362 of file vgreen.c.

7.19.3.4 Vgreen_coulombD_direct()

VEXTERNC int Vgreen_coulombD_direct (
Vgreen * thee,

int npos,
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double * x,
double * y,
double * z,
double * pot,
double * gradx,
double * grady,
double x gradz)

Get gradient of the Coulomb's Law Green's function (solution to Laplace's equation) integrated over the atomic point
charges using direct summation.
Returns the field V¢ defined by

where g; is the atomic charge (in e) and r; is the distance to the observation point 7. The field is scaled to units of V/A.

Author

Nathan Baker

Parameters
thee | Vgreen object
npos | The number of positions to evaluate
X The npos x-coordinates
y The npos y-coordinates
z The npos z-coordinates
pot The npos potential values
gradx | The npos gradient x-components
grady | The npos gradient y-components
gradz | The npos gradient z-components
Returns

1 if successful, 0 otherwise

Definition at line 310 of file vgreen.c.

7.19.3.5 Vgreen_ctor()

VEXTERNC Vgreen * Vgreen_ctor (

Valist x alist)

Construct the Green's function oracle.

Author

Nathan Baker

Parameters

’ alist ‘ Atom (charge) list associated with object

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



180 Topic Documentation

Returns

Pointer to newly allocated Green's function oracle

Definition at line 156 of file vgreen.c.

7.19.3.6 Vgreen_ctor2()

VEXTERNC int Vgreen_ctor2 (
Vgreen * thee,
Valist * alist)
FORTRAN stub to construct the Green's function oracle.

Author
Nathan Baker

Parameters

thee | Pointer to memory allocated for object

alist | Atom (charge) list associated with object

Returns

1 if successful, 0 otherwise

Definition at line 167 of file vgreen.c.

7.19.3.7 Vgreen_dtor()

VEXTERNC void Vgreen_dtor (
Vgreen *x thee)
Destruct the Green's function oracle.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location for object

Definition at line 192 of file vgreen.c.

7.19.3.8 Vgreen_dtor2()

VEXTERNC void Vgreen_dtor2 (

Vgreen * thee)

FORTRAN stub to destruct the Green's function oracle.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object

Definition at line 200 of file vgreen.c.

7.19.3.9 Vgreen_getValist()

VEXTERNC Valist #* Vgreen_getValist (
Vgreen * thee)
Get the atom list associated with this Green's function object.

Author
Nathan Baker

Parameters

’ thee ‘ Vgreen object

Returns

Pointer to Valist object associated with this Green's function object

Definition at line 142 of file vgreen.c.

7.19.3.10 Vgreen_helmholtz()

VEXTERNC int Vgreen_helmholtz (

Vgreen * thee,

int npos,

double * x,

double * y,

double * z,

double % val,

double kappa)
Get the Green's function for Helmholtz's equation integrated over the atomic point charges.
Returns the potential ¢ defined by

—RKT;

or) =3 "

where £ is the inverse screening length (in A) ¢; is the atomic charge (in e), and r; r_i is the distance from atom i to the
observation point . The potential is scaled to units of V.

Author
Nathan Baker

Bug Not implemented yet
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Note

Not implemented yet

Parameters

thee Vgreen object

npos Number of positions to evaluate

X The npos x-coordinates
y The npos y-coordinates
z The npos z-coordinates
val The npos values

kappa | The value of x (see above)

Returns

1 if successful, 0 otherwise

Definition at line 209 of file vgreen.c.

7.19.3.11 Vgreen_helmholtzD()

VEXTERNC int Vgreen_helmholtzD (
Vgreen * thee,
int npos,
double * x,
double * y,
double * z,
double * gradx,
double * grady,
double * gradz,
double kappa)
Get the gradient of Green's function for Helmholtz's equation integrated over the atomic point charges.
Returns the field V¢ defined by

gie "

Vo(r)=V)
. 1
K3

where & is the inverse screening length (in A). ¢; is the atomic charge (in e), and ; r_i is the distance from atom i to the

observation point . The potential is scaled to units of V/A.

Author

Nathan Baker

Bug Not implemented yet
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Note

Not implemented yet

Parameters

thee Vgreen object

npos | The number of positions to evaluate

X The npos x-coordinates
y The npos y-coordinates
z The npos z-coordinates

gradx | The npos gradient x-components

grady | The npos gradient y-components

gradz | The npos gradient z-components

kappa | The value of x (see above)

Returns

int 1 if sucessful, 0 otherwise

Definition at line 216 of file vgreen.c.

7.19.3.12 Vgreen_memChk()

VEXTERNC unsigned long int Vgreen_memChk (

Vgreen * thee)

Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker

Parameters

’ thee ‘ Vgreen object

Returns

The memory used by this structure and its contents in bytes

Definition at line 149 of file vgreen.c.

7.20 Vhal class

A "class" which consists solely of macro definitions which are used by several other classes.

Files

« file src/generic/vhal.h

Contains generic macro definitions for APBS.
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Macros

+ #define APBS_TIMER_WALL_CLOCK 26

APBS total execution timer ID.
 #define APBS_TIMER_SETUP 27

APBS setup timer ID.
« #define APBS_TIMER_SOLVER 28

APBS solver timer ID.
» #define APBS_TIMER_ENERGY 29

APBS energy timer ID.
« #define APBS_TIMER_FORCE 30

APBS force timer ID.
» #define APBS TIMER_TEMP1 31

APBS temp timer #1 ID.
« #define APBS_TIMER_TEMP2 32

APBS temp timer #2 ID.
« #define MAXMOL 5

The maximum number of molecules that can be involved in a single PBE calculation.
« #define MAXION 10

The maximum number of ion species that can be involved in a single PBE calculation.
+ #define MAXFOCUS 5

The maximum number of times an MG calculation can be focused.
« #define VMGNLEV 4

Minimum number of levels in a multigrid calculations.
+ #define VREDFRAC 0.25

Maximum reduction of grid spacing during a focusing calculation.
» #define VAPBS_NVS 4

Number of vertices per simplex (hard-coded to 3D).
 #define VAPBS _DIM 3

Our dimension.
« #tdefine VAPBS_RIGHT 0

Face definition for a volume.
« #tdefine VAPBS_FRONT 1

Face definition for a volume.
« #define VAPBS_UP 2

Face definition for a volume.
 #define VAPBS_LEFT 3

Face definition for a volume.
 #define VAPBS BACK 4

Face definition for a volume.
 #define VAPBS_DOWN 5

Face definition for a volume.
« #define VPMGSMALL 1e-12

A small number used in Vpmg to decide if points are on/off grid-lines or non-zer0 (etc.).
« #define SINH_MIN -85.0

Used to set the min values acceptable for sinh chopping.
+ #define SINH_MAX 85.0

Used to set the max values acceptable for sinh chopping.
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#define VF77_MANGLE(name, NAME)

Name-mangling macro for using FORTRAN functions in C code.
#define VFLOOR(value)

Wrapped floor to fix floating point issues in the Intel compiler.
#define VEMBED(rctag)

Allows embedding of RCS ID tags in object files.

Typedefs

typedef enum eVhal_PBEType Vhal_PBEType

Declaration of the Vhal _PBEType type as the Vhal_PBEType enum.
typedef enum eVhal_IPKEYType Vhal_IPKEYType

Declaration of the Vhal _IPKEYType type as the Vhal _IPKEYType enum.
typedef enum eVhal_NONLINType Vhal_NONLINType

Declaration of the Vhal_ NONLINType type as the Vhal_ NONLINType enum.
typedef enum eVoutput_Format Voutput_Format

Declaration of the Voutput_Format type as the VOutput_Format enum.
typedef enum eVbcfl Vbcfl

Declare Vbcfl type.
typedef enum eVsurf_Meth Vsurf_Meth

Declaration of the Vsurf_Meth type as the Vsurf_Meth enum.
typedef enum eVchrg_Meth Vchrg_Meth

Declaration of the Vchrg_Meth type as the Vichrg_Meth enum.
typedef enum eVchrg_Src Vchrg_Src

Declaration of the Vchrg_Src type as the Vchrg_Meth enum.
typedef enum eVdata_Type Vdata_Type

Declaration of the Vdata_Type type as the Vdata_Type enum.
typedef enum eVdata_Format Vdata_Format

Declaration of the Vdata_Format type as the Vdata_Format enum.

Enumerations

enum eVrc_Codes { VRC_WARNING =-1 , VRC_FAILURE =0, VRC_SUCCESS =1}

Return code enumerations.
enum eVsol_Meth {
VSOL_CGMG , VSOL_Newton , VSOL_MG, VSOL_CG,
VSOL_SOR, VSOL_RBGS, VSOL_WJ , VSOL_Richardson ,
VSOL_CGMGAqua , VSOL_NewtonAqua }
Solution Method enumerations.
enum eVsurf_Meth {
VSM_MOL =0, VSM_MOLSMOOTH =1, VSM_SPLINE =2 , VSM_SPLINE3 =3,
VSM_SPLINE4 =4}
Types of molecular surface definitions.
enum eVhal_PBEType {
PBE_LPBE , PBE_NPBE , PBE_LRPBE , PBE_NRPBE ,
PBE_SMPBE }
Version of PBE to solve.
enum eVhal_IPKEYType { IPKEY_SMPBE = -2, IPKEY_LPBE , IPKEY_NPBE }

Type of ipkey to use for MG methods.
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« enum eVhal_NONLINType {
NONLIN_LPBE = 0, NONLIN_NPBE , NONLIN_SMPBE , NONLIN_LPBEAQUA ,
NONLIN_NPBEAQUA }

» enum eVoutput_Format { OUTPUT_NULL , OUTPUT_FLAT }

Type of nonlinear to use for MG methods.

Output file format.

» enum eVbcfl {
BCFL_ZERO =0, BCFL_SDH =1, BCFL_MDH =2 , BCFL_UNUSED =3,

BCFL_FOCUS =4 , BCFL_MEM =5, BCFL_MAP =6}

Types of boundary conditions.

» enum eVchrg_Meth { VCM_TRIL =0, VCM_BSPL2 =1 , VCM_BSPL4 =2}

Types of charge discretization methods.

+ enum eVchrg_Src { VCM_CHARGE =0, VCM_PERMANENT =1, VCM_INDUCED =2 , VCM_NLINDUCED =3 }

Charge source.

» enum eVdata_Type {

VDT_CHARGE , VDT_POT , VDT_ATOMPOQOT , VDT_SMOL,
VDT_SSPL, VDT_VDW, VDT_IVDW , VDT_LAP ,
VDT_EDENS , VDT_NDENS , VDT_QDENS, VDT_DIELX,
VDT_DIELY , VDT_DIELZ , VDT_KAPPA }

Types of (scalar) data that can be written out of APBS.

* enum eVdata_Format {

VDF_DX =0, VDF_UHBD =1, VDF_AVS =2, VDF_MCSF =3,
VDF_GZ =4 , VDF_FLAT =5, VDF_DXBIN =6 }

7.20.1

Format of data for APBS I/Q.

Detailed Description

A "class" which consists solely of macro definitions which are used by several other classes.

7.20.2 Macro Definition Documentation
7.20.2.1

APBS_TIMER_ENERGY

#define APBS_TIMER_ENERGY 29
APBS energy timer ID.
Definition at line 347 of file vhal.h.

7.20.2.2 APBS_TIMER_FORCE

#define APBS_TIMER_FORCE 30
APBS force timer ID.
Definition at line 353 of file vhal.h.

7.20.2.3 APBS_TIMER_SETUP

#define APBS_TIMER_SETUP 27
APBS setup timer ID.
Definition at line 335 of file vhal.h.

7.20.2.4 APBS_TIMER_SOLVER

#define APBS_TIMER_SOLVER 28
APBS solver timer ID.
Definition at line 341 of file vhal.h.
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7.20.2.5 APBS_TIMER_TEMP1

#define APBS_TIMER_TEMP1 31
APBS temp timer #1 ID.

Definition at line 359 of file vhal.h.
7.20.2.6 APBS_TIMER_TEMP2

#define APBS_TIMER_TEMP2 32

APBS temp timer #2 ID.

Definition at line 365 of file vhal.h.
7.20.2.7 APBS_TIMER_WALL_CLOCK

#define APBS_TIMER_WALL_CLOCK 26
APBS total execution timer ID.
Definition at line 329 of file vhal.h.
7.20.2.8 MAXFOCUS

#define MAXFOCUS 5

The maximum number of times an MG calculation can be focused.

Definition at line 382 of file vhal.h.

7.20.2.9 MAXION

#define MAXION 10

The maximum number of ion species that can be involved in a single PBE calculation.

Definition at line 377 of file vhal.h.

7.20.2.10 MAXMOL

#define MAXMOL 5

The maximum number of molecules that can be involved in a single PBE calculation.

Definition at line 371 of file vhal.h.

7.20.2.11 SINH_MAX

#define SINH_MAX 85.0
Used to set the max values acceptable for sinh chopping.
Definition at line 456 of file vhal.h.

7.20.2.12 SINH_MIN

#define SINH_MIN -85.0
Used to set the min values acceptable for sinh chopping.
Definition at line 450 of file vhal.h.

7.20.2.13 VAPBS_BACK

#define VAPBS_BACK 4
Face definition for a volume.

Note
Consistent with PMG if RIGHT = EAST, BACK = SOUTH

Definition at line 432 of file vhal.h.
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7.20.2.14 VAPBS_DIM

#define VAPBS_DIM 3
Our dimension.
Definition at line 402 of file vhal.h.

7.20.2.15 VAPBS_DOWN

#define VAPBS_DOWN 5
Face definition for a volume.
Note

Consistent with PMG if RIGHT = EAST, BACK = SOUTH

Definition at line 438 of file vhal.h.

7.20.2.16 VAPBS_FRONT

#define VAPBS_FRONT 1
Face definition for a volume.
Note

Consistent with PMG if RIGHT = EAST, BACK = SOUTH

Definition at line 414 of file vhal.h.

7.20.2.17 VAPBS_LEFT

#define VAPBS_LEFT 3
Face definition for a volume.
Note

Consistent with PMG if RIGHT = EAST, BACK = SOUTH

Definition at line 426 of file vhal.h.

7.20.2.18 VAPBS_NVS

#define VAPBS_NVS 4
Number of vertices per simplex (hard-coded to 3D).
Definition at line 397 of file vhal.h.

7.20.2.19 VAPBS_RIGHT

#define VAPBS_RIGHT 0
Face definition for a volume.
Note

Consistent with PMG if RIGHT = EAST, BACK = SOUTH

Definition at line 408 of file vhal.h.

7.20.2.20 VAPBS_UP

#define VAPBS_UP 2
Face definition for a volume.
Note

Consistent with PMG if RIGHT = EAST, BACK = SOUTH

Definition at line 420 of file vhal.h.
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7.20.2.21 VEMBED

#define VEMBED (

rctag)
Value:
VPRIVATE const charx rctag; \
static voidx use_rcsid=(0 ? &use_rcsid : (voidxx)&rcsid);

Allows embedding of RCS ID tags in object files.
Author
Mike Holst

Definition at line 556 of file vhal.h.

7.20.2.22 VF77_MANGLE

#define VF77_MANGLE (
name,
NAME)
Value:
name
Name-mangling macro for using FORTRAN functions in C code.
Definition at line 532 of file vhal.h.

7.20.2.23 VFLOOR

#define VFLOOR (
value)

Value:

floor (value)

Wrapped floor to fix floating point issues in the Intel compiler.
Author
Todd Dolinksy

Definition at line 547 of file vhal.h.

7.20.2.24 VMGNLEV

#define VMGNLEV 4
Minimum number of levels in a multigrid calculations.
Definition at line 387 of file vhal.h.

7.20.2.25 VPMGSMALL

#define VPMGSMALL le-12

A small number used in Vpmg to decide if points are on/off grid-lines or non-zer0 (etc.).

Definition at line 444 of file vhal.h.

7.20.2.26 VREDFRAC

#define VREDFRAC 0.25
Maximum reduction of grid spacing during a focusing calculation.
Definition at line 392 of file vhal.h.
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7.20.3 Typedef Documentation
7.20.3.1 Vbcfl

typedef enum eVbcfl Vbcfl
Declare Vbcfl type.

Definition at line 223 of file vhal.h.
7.20.3.2 Vchrg_Meth

typedef enum eVchrg_Meth Vchrg_ Meth

Declaration of the Vchrg_Meth type as the Vchrg_Meth enum.
Definition at line 244 of file vhal.h.

7.20.3.3 Vchrg_Src

typedef enum eVchrg_Src Vchrg_Src

Declaration of the Vchrg_Src type as the Vchrg_Meth enum.
Definition at line 262 of file vhal.h.

7.20.3.4 Vdata_Format

typedef enum eVdata_Format Vdata_Format

Declaration of the Vdata_Format type as the Vdata_Format enum.
Definition at line 323 of file vhal.h.

7.20.3.5 Vdata_Type

typedef enum eVdata_Type Vdata_Type

Declaration of the Vdata_Type type as the Vdata_Type enum.
Definition at line 302 of file vhal.h.

7.20.3.6 Vhal_IPKEYType

typedef enum eVhal IPKEYType Vhal_ IPKEYType
Declaration of the Vhal_IPKEYType type as the Vhal_IPKEYType enum.
Definition at line 167 of file vhal.h.

7.20.3.7 Vhal_NONLINType

typedef enum eVhal NONLINType Vhal NONLINType

Declaration of the Vhal_NONLINType type as the Vhal_NONLINType enum.

Definition at line 185 of file vhal.h.

7.20.3.8 Vhal_PBEType

typedef enum eVhal PBEType Vhal_ PBEType
Declaration of the Vhal_PBEType type as the Vhal_PBEType enum.
Definition at line 151 of file vhal.h.

7.20.3.9 Voutput_Format

typedef enum eVoutput_Format Voutput_Format
Declaration of the Voutput_Format type as the VOutput_Format enum.
Definition at line 200 of file vhal.h.
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7.20.3.10 Vsurf_Meth

typedef enum eVsurf_Meth Vsurf_Meth
Declaration of the Vsurf_Meth type as the Vsurf_Meth enum.
Definition at line 133 of file vhal.h.

7.20.4 Enumeration Type Documentation
7.20.4.1 eVbcfl

enum eVbcfl
Types of boundary conditions.

Author
Nathan Baker

Enumerator
BCFL_ZERO Zero Dirichlet boundary conditions
BCFL_SDH Single-sphere Debye-Huckel Dirichlet boundary condition
BCFL_MDH Multiple-sphere Debye-Huckel Dirichlet boundary condition

BCFL_UNUSED | Unused boundary condition method (placeholder)

BCFL_FOCUS Focusing Dirichlet boundary condition

BCFL_MEM Focusing membrane boundary condition

BCFL_MAP Skip first level of focusing use an external map

Definition at line 207 of file vhal.h.

7.20.4.2 eVchrg_Meth

enum eVchrg_Meth
Types of charge discretization methods.

Author

Nathan Baker

Enumerator

good to use with PBE forces.

VCM_TRIL Trilinear interpolation of charge to 8 nearest grid points. The traditional method; not particularly

cations (such as force calculations).

VCM_BSPL2 | Cubic B-spline across nearest- and next-nearest-neighbors. Mainly for use in grid-sensitive appli-

VCM_BSPL4 | 5th order B-spline for AMOEBA permanent multipoles.

Definition at line 230 of file vhal.h.

7.20.4.3 eVchrg_Src

enum eVchrg_Src
Charge source.
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Author

Michael Schnieders

Enumerator

VCM_CHARGE

Partial Charge source distribution

VCM_PERMANENT | Permanent Multipole source distribution

VCM_INDUCED

Induced Dipole source distribution

VCM_NLINDUCED

NL Induced Dipole source distribution

Definition at line 251 of file vhal.h.

7.20.4.4 eVdata_Format

enum eVdata_Format

Format of data for APBS I/0O.

Author
Nathan Baker

Enumerator

VDF_DX OpenDX (Data Explorer) format

VDF_UHBD | UHBD format

VDF_AVS AVS UCD format

VDF_MCSF | FEtk MC Simplex Format (MCSF)

VDF_GZ Binary file (GZip)

VDF_FLAT Write flat file

VDF_DXBIN | OpendDX (Data Explorer) binary format

Definition at line 309 of file vhal.h.

7.20.4.5 eVdata_Type

enum eVdata_Type

Types of (scalar) data that can be written out of APBS.

Author
Nathan Baker

Enumerator
VDT_CHARGE Charge distribution (e)
VDT_POT Potential (kT/e)

VDT_ATOMPOT

Atom potential (kT/e)
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VDT_SMOL Solvent accessibility defined by molecular/Connolly surface definition (1 = accessible, 0 = inac-
cessible)

VDT_SSPL Spline-based solvent accessibility (1 = accessible, 0 = inaccessible)
VDT_VDW van der Waals-based accessibility (1 = accessible, 0 = inaccessible)
VDT_IVDW lon accessibility/inflated van der Waals (1 = accessible, 0 = inaccessible)
VDT_LAP Laplacian of potential (kT/e/A"2)
VDT_EDENS Energy density ¢(Vu)?, where u is potential (KT/e/A)"2
VDT_NDENS lon number density >_ ¢; exp(—q;u)?, where u is potential (output in M)
VDT_QDENS lon charge density > q;c; exp(—q;u)?, where u is potential (output in e. M)
VDT_DIELX Dielectric x-shifted map as calculated with the currently specified scheme (dimensionless)
VDT_DIELY Dielectric y-shifted map as calculated with the currently specified scheme (dimensionless)
VDT_DIELZ Dielectric y-shifted map as calculated with the currently specified scheme (dimensionless)
VDT_KAPPA Kappa map as calculated with the currently specified scheme ( —3)

Definition at line 269 of file vhal.h.

7.20.4.6 eVhal_IPKEYType

enum eVhal_IPKEYType
Type of ipkey to use for MG methods.

Enumerator
IPKEY_SMPBE | SMPBE ipkey
IPKEY_LPBE LPBE ipkey
IPKEY_NPBE NPBE ipkey

Definition at line 157 of file vhal.h.

7.20.4.7 eVhal_NONLINType

enum eVhal_NONLINType

Type of nonlinear to use for MG methods.

Definition at line 173 of file vhal.h.

7.20.4.8 eVhal_PBEType

enum eVhal_PBEType
Version of PBE to solve.

Enumerator
PBE_LPBE Traditional Poisson-Boltzmann equation, linearized
PBE_NPBE Traditional Poisson-Boltzmann equation, full
PBE_LRPBE | Regularized Poisson-Boltzmann equation, linearized
PBE_SMPBE | < Regularized Poisson-Boltzmann equation, full SM PBE
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Definition at line 139 of file vhal.h.

7.20.4.9 eVoutput_Format

enum eVoutput_Format

Output file format.

Enumerator

OUTPUT_NULL

No output

OUTPUT_FLAT

Output in flat-file format

Definition at line 191 of file vhal.h.

7.20.4.10 eVrc_Codes

enum eVrc_Codes

Return code enumerations.

Author
David Gohara

Note

Note that the enumerated values are opposite the standard for FAILURE and SUCCESS

Enumerator

VRC_FAILURE

A non-fatal error

VRC_SUCCESS

A fatal error

Definition at line 66 of file vhal.h.

7.20.4.11 eVsol_Meth

enum eVsol_Meth

Solution Method enumerations.

Author
David Gohara

Note

Note that the enumerated values are opposite the standard for FAILURE and SUCCESS

Definition at line 81 of file vhal.h.

7.20.4.12 eVsurf_Meth

enum eVsurf_Meth

Types of molecular surface definitions.
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Author
Nathan Baker

Enumerator

VSM_MOL lon accessibility is defined using inflated van der Waals radii, the dielectric coefficient ( ) is
defined using the molecular (Conolly) surface definition without smoothing

VSM_MOLSMOQOTH | As VSM_MOL but with a simple harmonic average smoothing

VSM_SPLINE Spline-based surface definitions. This is primarily for use with force calculations, since
it requires substantial reparameterization of radii. This is based on the work of Im et al,
Comp. Phys. Comm. 111, (1998) and uses a cubic spline to define a smoothly varying
characteristic function for the surface-based parameters. lon accessibility is defined using
inflated van der Waals radii with the spline function and the dielectric coefficient is defined
using the standard van der Waals radii with the spline function.

VSM_SPLINE3 A 5th order polynomial spline is used to create a smoothly varying characteristic function
(continuity through 2nd derivatives) for surface based paramters.

VSM_SPLINE4 A 7th order polynomial spline is used to create a smoothly varying characteristic function
(continuity through 3rd derivatives) for surface based paramters.

Definition at line 102 of file vhal.h.

7.21 Matrix wrapper class

A header for including data wrapping matrices.

Files

« file src/generic/vmatrix.h

Contains inclusions for matrix data wrappers.

7.21.1 Detailed Description

A header for including data wrapping matrices.

7.22 Vparam class

Reads and assigns charge/radii parameters.

Files

« file src/generic/vparam.c

Class Vparam methods.
« file src/generic/vparam.h

Contains declarations for class Vparam.

Data Structures

« struct sVparam_AtomData

AtomData sub-class; stores atom data.
« struct Vparam_ResData
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ResData sub-class; stores residue data.
« struct Vparam

Reads and assigns charge/radii parameters.

Typedefs

+ typedef struct sVparam_AtomData Vparam_AtomData

Declaration of the Vparam_AtomData class as the sVpparam_AtomData structure.
* typedef struct Vparam_ResData Vparam_ResData

Declaration of the Vparam_ResData class as the Vparam_ResData structure.
« typedef struct Vparam Vparam

Declaration of the Vparam class as the Vparam structure.

Functions

» VPRIVATE int readFlatFileLine (Vio xsock, Vparam_AtomData *atom)
Read a single line of the flat file database.

* VPRIVATE int readXMLFileAtom (Vio xsock, Vparam_AtomData xatom)
Read atom information from an XML file.

+ VEXTERNC unsigned long int Vparam_memChk (Vparam xthee)
Get number of bytes in this object and its members.

+ VEXTERNC Vparam_AtomData * Vparam_AtomData_ctor ()
Construct the object.

+ VEXTERNC int Vparam_AtomData_ctor2 (Vparam_AtomData xthee)
FORTRAN stub to construct the object.

» VEXTERNC void Vparam_AtomData_dtor (Vparam_AtomData *xthee)
Destroy object.

+ VEXTERNC void Vparam_AtomData_dtor2 (Vparam_AtomData *thee)
FORTRAN stub to destroy object.

» VEXTERNC void Vparam_AtomData_copyTo (Vparam_AtomData xthee, Vparam_AtomData xdest)
Copy current atom object to destination.

» VEXTERNC void Vparam_ResData_copyTo (Vparam_ResData *xthee, Vparam_ResData xdest)
Copy current residue object to destination.

« VEXTERNC void Vparam_AtomData_copyFrom (Vparam_AtomData xthee, Vparam_AtomData xsrc)
Copy current atom object from another.

* VEXTERNC Vparam_ResData * Vparam_ResData_ctor (Vmem sxmem)
Construct the object.

* VEXTERNC int Vparam_ResData_ctor2 (Vparam_ResData xthee, Vmem xmem)
FORTRAN stub to construct the object.

* VEXTERNC void Vparam_ResData_dtor (Vparam_ResData *xthee)
Destroy object.

« VEXTERNC void Vparam_ResData_dtor2 (Vparam_ResData *thee)
FORTRAN stub to destroy object.

« VEXTERNC Vparam * Vparam_ctor ()
Construct the object.

* VEXTERNC int Vparam_ctor2 (Vparam xthee)
FORTRAN stub to construct the object.

+ VEXTERNC void Vparam_dtor (Vparam *xthee)
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Destroy object.
VEXTERNC void Vparam_dtor2 (Vparam xthee)

FORTRAN stub to destroy object.

« VEXTERNC Vparam_ResData * Vparam_getResData (Vparam xthee, char resName[VMAX_ARGLEN])

Get residue data.

* VEXTERNC Vparam_AtomData * Vparam_getAtomData (Vparam xthee, char resName[VMAX_ARGLEN], char

atomName[VMAX_ARGLEN])

Get atom data.

« VEXTERNC int Vparam_readFlatFile (Vparam xthee, const char xiodev, const char xiofmt, const char xthost,

const char xfname)

Read a flat-file format parameter database.

* VEXTERNC int Vparam_readXMLFile (Vparam xthee, const char xiodev, const char xiofmt, const char xthost,

const char xfname)

Read an XML format parameter database.

Variables

« VPRIVATE char * MCwhiteChars =" =,;\t\n\r"

Whitespace characters for socket reads.
+ VPRIVATE char * MCcommChars = "#%"

Comment characters for socket reads.
« VPRIVATE char x* MCxmlwhiteChars =" =,;\t\n\r<>"

Whitespace characters for XML socket reads.

7.22.1 Detailed Description

Reads and assigns charge/radii parameters.

7.22.2 Typedef Documentation
7.22.2.1 Vparam

typedef struct Vparam Vparam
Declaration of the Vparam class as the Vparam structure.
Definition at line 147 of file vparam.h.

7.22.2.2 Vparam_AtomData

typedef struct sVparam_AtomData Vparam_AtomData

Declaration of the Vparam_AtomData class as the sVparam_AtomData structure.

Definition at line 106 of file vparam.h.

7.22.2.3 Vparam_ResData

typedef struct Vparam_ResData Vparam_ResData
Declaration of the Vparam_ResData class as the Vparam_ResData structure.
Definition at line 127 of file vparam.h.
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7.22.3 Function Documentation
7.22.3.1 readFlatFileLine()

VPRIVATE int readFlatFileLine (
Vio % sock,
Vparam_AtomData * atom)
Read a single line of the flat file database.

Author
Nathan Baker

Parameters

sock | Socket ready for reading

atom | Atom to hold parsed data

Returns

1 if successful, 0 otherwise

Definition at line 691 of file vparam.c.

7.22.3.2 readXMLFileAtom()

VPRIVATE int readXMLFileAtom (
Vio % sock,
Vparam_AtomData * atom)
Read atom information from an XML file.

Author
Todd Dolinsky

Parameters

sock | Socket ready for reading

atom | Atom to hold parsed data

Returns

1 if successful, 0 otherwise

Definition at line 610 of file vparam.c.

7.22.3.3 Vparam_AtomData_copyFrom()

VEXTERNC void Vparam_AtomData_copyFrom (

Vparam_AtomData * thee,
Vparam_AtomData * src)
Copy current atom object from another.
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Author
Nathan Baker

Parameters

thee | Pointer to destination object

src Pointer to source object

Definition at line 607 of file vparam.c.

7.22.3.4 Vparam_AtomData_copyTo()

VEXTERNC void Vparam_AtomData_copyTo (
Vparam_AtomData * thee,
Vparam_AtomData * dest)

Copy current atom object to destination.

Author
Nathan Baker

Parameters

thee | Pointer to source object

dest | Pointer to destination object

Definition at line 571 of file vparam.c.

7.22.3.5 Vparam_AtomData_ctor()

VEXTERNC Vparam_AtomData * Vparam_AtomData_ctor ()
Construct the object.

Author
Nathan Baker

Returns

Newly allocated object

Definition at line 109 of file vparam.c.

7.22.3.6 Vparam_AtomData_ctor2()

VEXTERNC int Vparam_AtomData_ctor2 (

Vparam_AtomData * thee)
FORTRAN stub to construct the object.
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Author
Nathan Baker

Parameters

’ thee ‘ Allocated memory

Returns
1 if successful, 0 otherwise

Definition at line 121 of file vparam.c.

7.22.3.7 Vparam_AtomData_dtor()

VEXTERNC void Vparam AtomData_dtor (
Vparam_AtomData *x thee)
Destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object

Definition at line 123 of file vparam.c.

7.22.3.8 Vparam_AtomData_dtor2()

VEXTERNC void Vparam_AtomData_dtor2 (

Vparam_AtomData * thee)
FORTRAN stub to destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object

Definition at line 133 of file vparam.c.

7.22.3.9 Vparam_ctor()

VEXTERNC Vparam * Vparam_ctor ()
Construct the object.

Author
Nathan Baker
Returns
Newly allocated Vparam object

Definition at line 181 of file vparam.c.
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7.22.3.10 Vparam_ctor2()

VEXTERNC int Vparam_ctor2 (

Vparam * thee)

FORTRAN stub to construct the object.
Author
Nathan Baker

Parameters

’ thee ‘ Allocated Vparam memory

Returns

1 if successful, 0 otherwise

Definition at line 193 of file vparam.c.

7.22.3.11 Vparam_dtor()

VEXTERNC void Vparam_dtor (
Vparam *x*x thee)
Destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object

Definition at line 213 of file vparam.c.

7.22.3.12 Vparam_dtor2()

VEXTERNC void Vparam_dtor2 (

Vparam * thee)

FORTRAN stub to destroy object.
Author
Nathan Baker

Parameters

‘ thee ‘ Pointer to object

Definition at line 223 of file vparam.c.
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7.22.3.13 Vparam_getAtomData()

VEXTERNC Vparam_AtomData * Vparam_getAtomData (
Vparam * thee,
char resName[VMAX_ARGLEN],
char atomName [VMAX_ARGLEN])

Get atom data.

Author
Nathan Baker

Parameters
thee Vparam object
resName Residue name

atomName | Atom name

Returns

Pointer to the desired atom object or VNULL if residue not found

Note

Some method to initialize the database must be called before this method (e.g.,

See also

Vparam_readFlatFile)

Definition at line 267 of file vparam.c.

7.22.3.14 Vparam_getResData()

VEXTERNC Vparam_ResData *x Vparam_getResData (
Vparam * thee,
char resName[VMAX_ARGLEN])

Get residue data.

Author
Nathan Baker

Parameters

thee Vparam object

resName | Residue name

Returns

Pointer to the desired residue object or VNULL if residue not found
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Note

Some method to initialize the database must be called before this method (e.g.,

See also

Vparam_readFlatFile)

Definition at line 241 of file vparam.c.

7.22.3.15 Vparam_memChk()

VEXTERNC unsigned long int Vparam_memChk (
Vparam * thee)
Get number of bytes in this object and its members.

Author
Nathan Baker

Parameters

’ thee ‘ Vparam object

Returns

Number of bytes allocated for object

Definition at line 102 of file vparam.c.

7.22.3.16 Vparam_readFlatFile()

VEXTERNC int Vparam_readFlatFile (
Vparam * thee,
const char x iodev,
const char *x iofmt,
const char * thost,
const char x fname)
Read a flat-file format parameter database.

Author
Nathan Baker

Parameters

thee Vparam object
iodev | Input device type (FILE/BUFF/UNIX/INET)
iofmt Input device format (ASCII/XDR)

thost Input hostname (for sockets)
fname | Input FILE/BUFF/UNIX/INET name (see note below for format)
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Returns

1 if successful, 0 otherwise

Note
The database file should have the following format:

RESIDUE ATOM CHARGE RADIUS EPSILON

where RESIDUE is the residue name string, ATOM is the atom name string, CHARGE is the charge in e, RADIUS
is the van der Waals radius ( o;) in A, and EPSILON is the van der Waals well-depth ( ¢;) in kd/mol. See the
Vparam structure documentation for the precise definitions of o; and ¢;.

ASClI-format flat files are provided with the APBS source code:

tools/conversion/vparam-amber-parm94.dat
AMBER parm94 parameters

tools/conversion/vparam-charmm-par_all27.dat
CHARMM par_all27_prot_na parameters

Definition at line 445 of file vparam.c.

7.22.3.17 Vparam_readXMLFile()

VEXTERNC int Vparam_readXMLFile (
Vparam * thee,
const char *x iodev,
const char x iofmt,
const char * thost,
const char * fname)
Read an XML format parameter database.

Author
Todd Dolinsky

Parameters

thee Vparam object

iodev | Input device type (FILE/BUFF/UNIX/INET)
iofmt Input device format (ASCII/XDR)

thost Input hostname (for sockets)

fname | Input FILE/BUFF/UNIX/INET name

Returns

1 if successful, 0 otherwise

Definition at line 306 of file vparam.c.
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7.22.3.18 Vparam_ResData_copyTo()

VEXTERNC void Vparam_ResData_copyTo (
Vparam_ResData * thee,
Vparam_ResData * dest)

Copy current residue object to destination.

Author
Todd Dolinsky

Parameters

thee | Pointer to source object

dest | Pointer to destination object

Definition at line 585 of file vparam.c.

7.22.3.19 Vparam_ResData_ctor()

VEXTERNC Vparam_ResData * Vparam_ResData_ctor (
Vmem *x mem)
Construct the object.

Author
Nathan Baker

Parameters

‘ mem ‘ Memory object of Vparam master class

Returns

Newly allocated object

Definition at line 135 of file vparam.c.

7.22.3.20 Vparam_ResData_ctor2()

VEXTERNC int Vparam_ResData_ctor2 (
Vparam_ResData * thee,

Vmem * mem)

FORTRAN stub to construct the object.
Author
Nathan Baker

Parameters

thee | Allocated memory

mem | Memory object of Vparam master class
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Returns

1 if successful, 0 otherwise

Definition at line 147 of file vparam.c.

7.22.3.21 Vparam_ResData_dtor()

VEXTERNC void Vparam_ResData_dtor (
Vparam_ResData ** thee)
Destroy object.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object

Definition at line 160 of file vparam.c.

7.22.3.22 Vparam_ResData_dtor2()

VEXTERNC void Vparam_ResData_dtor2 (

Vparam_ResData * thee)

FORTRAN stub to destroy object.
Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object

Definition at line 170 of file vparam.c.

7.22.4 Variable Documentation
7.22.4.1 MCcommChars

VPRIVATE char*x MCcommChars = "#%"
Comment characters for socket reads.
Definition at line 71 of file vparam.c.

7.22.4.2 MCwhiteChars

VPRIVATE charx MCwhiteChars = " =,;\t\n\r"
Whitespace characters for socket reads.
Definition at line 65 of file vparam.c.

7.22.4.3 MCxmlwhiteChars

VPRIVATE char* MCxmlwhiteChars = " =,;\t\n\r<>"
Whitespace characters for XML socket reads.
Definition at line 77 of file vparam.c.
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7.23 Vpbe class

The Poisson-Boltzmann master class.

Files

« file src/generic/vpbe.c

Class Vpbe methods.
« file src/generic/vpbe.h

Contains declarations for class Vpbe.

Data Structures

« struct sVpbe

Contains public data members for Vpbe class/module.

Typedefs
* typedef struct sVpbe Vpbe

Declaration of the Vpbe class as the Vpbe structure.

Functions

« VEXTERNC Valist x Vpbe_getValist (Vpbe xthee)
Get atom list.

* VEXTERNC Vacc * Vpbe_getVacc (Vpbe xthee)
Get accessibility oracle.

+ VEXTERNC double Vpbe_getBulklonicStrength (Vpbe *thee)
Get bulk ionic strength.

+ VEXTERNC double Vpbe_getMaxlonRadius (Vpbe xthee)
Get maximum radius of ion species.

» VEXTERNC double Vpbe_getTemperature (Vpbe *xthee)
Get temperature.

+ VEXTERNC double Vpbe_getSoluteDiel (Vpbe xthee)
Get solute dielectric constant.

+ VEXTERNC double Vpbe_getGamma (Vpbe xthee)
Get apolar coefficient.

+ VEXTERNC double Vpbe_getSoluteRadius (Vpbe *thee)
Get sphere radius which bounds biomolecule.

« VEXTERNC double Vpbe_getSoluteXlen (Vpbe xthee)
Get length of solute in x dimension.

+ VEXTERNC double Vpbe_getSoluteYlen (Vpbe xthee)
Get length of solute in y dimension.

+ VEXTERNC double Vpbe_getSoluteZlen (Vpbe xthee)
Get length of solute in z dimension.

+ VEXTERNC double * Vpbe_getSoluteCenter (Vpbe xthee)
Get coordinates of solute center.

* VEXTERNC double Vpbe_getSoluteCharge (Vpbe xthee)

Get total solute charge.
+ VEXTERNC double Vpbe_getSolventDiel (Vpbe xthee)
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Get solvent dielectric constant.
VEXTERNC double Vpbe_getSolventRadius (Vpbe xthee)

Get solvent molecule radius.

VEXTERNC double Vpbe_getXkappa (Vpbe xthee)
Get Debye-Huckel parameter.

VEXTERNC double Vpbe_getDeblen (Vpbe xthee)
Get Debye-Huckel screening length.

VEXTERNC double Vpbe_getZkappa2 (Vpbe *thee)

Get modified squared Debye-Huckel parameter.
VEXTERNC double Vpbe_getZmagic (Vpbe xthee)

Get charge scaling factor.
VEXTERNC double Vpbe_getzmem (Vpbe xthee)
Get z position of the membrane bottom.
VEXTERNC double Vpbe_getLmem (Vpbe xthee)

Get length of the membrane (A)
aauthor Michael Grabe.

VEXTERNC double Vpbe_getmembraneDiel (Vpbe xthee)

Get membrane dielectric constant.
VEXTERNC double Vpbe_getmemv (Vpbe xthee)

Get membrane potential (kT).

VEXTERNC Vpbe * Vpbe_ctor (Valist *alist, int ionNum, double xionConc, double xionRadii, double xionQ,
double T, double soluteDiel, double solventDiel, double solventRadius, int focusFlag, double sdens, double z_«

mem, double L, double membraneDiel, double V)
Construct Vpbe object.

VEXTERNC int Vpbe_ctor2 (Vpbe xthee, Valist *alist, int ionNum, double xionConc, double xionRadii, double
xionQ, double T, double soluteDiel, double solventDiel, double solventRadius, int focusFlag, double sdens, double

z_mem, double L, double membraneDiel, double V)
FORTRAN stub to construct Vpbe objct.

VEXTERNC int Vpbe_getlons (Vpbe xthee, int xnion, double ionConc[MAXION], double ionRadi[MAXION]«

, double ionQ[MAXION])

Get information about the counterion species present.
VEXTERNC void Vpbe_dtor (Vpbe *xxthee)

Object destructor.
VEXTERNC void Vpbe_dtor2 (Vpbe xthee)

FORTRAN stub object destructor.

VEXTERNC double Vpbe_getCoulombEnergy1 (Vpbe xthee)

Calculate coulombic energy of set of charges.
VEXTERNC unsigned long int Vpbe_memChk (Vpbe xthee)

Return the memory used by this structure (and its contents) in bytes.

7.23.1 Detailed Description

The Poisson-Boltzmann master class.

Contains objects and parameters used in every PBE calculation,

regardless of method.
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7.23.2 Typedef Documentation

7.23.2.1 Vpbe

typedef struct sVpbe Vpbe
Declaration of the Vpbe class as the Vpbe structure.
Definition at line 144 of file vpbe.h.

7.23.3 Function Documentation

7.23.3.1 Vpbe_ctor()

VEXTERNC Vpbe * Vpbe_ctor (

Valist * alist,

int ionNum,

double * ionConc,
double * ionRadii,
double * ionQ,
double T,

double soluteDiel,
double solventDiel,
double solventRadius,
int focusFlag,
double sdens,

double z_mem,

double I,

double membraneDiel,

double V)

Construct Vpbe object.

Author

Note

Nathan Baker and Mike Holst and Michael Grabe

This is partially based on some of Mike Holst's PMG code. Here are a few of the original function comments:

kappa is defined as follows:
9 8TNae2l,

1000, kgT

where the units are esuxesu/erg/mol. To obtain —2, we multiply by 10716, Thus, in ~
gaussian rather than mks units, the proper value for kappa is:

2, where kg and e, are in

9 87rNAeils

=22 10710
1000e ks T

R

and the factor of 10~ 16 results from converting cm”2 to angstroms” 2, noting that the 1000 in the denominator has
converted m”3 to cm”\3, since the ionic strength I, is assumed to have been provided in moles per liter, which is
moles per 1000 cm”3.
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Returns

Pointer to newly allocated Vpbe object

Parameters
alist Atom list
ionNum Number of counterion species
ionConc Array containing counterion concentrations (M)
ionRadii Array containing counterion radii (A)
ionQ Array containing counterion charges (e)
T Temperature for Boltzmann distribution (K)
soluteDiel Solute internal dielectric constant
solventDiel Solvent dielectric constant
solventRadius | Solvent probe radius for surfaces that use it (A)
focusFlag 1 if focusing operation, 0 otherwise
sdens Vacc sphere density
z_mem Membrane location (A)
L Membrane thickness (A)
membraneDiel | Membrane dielectric constant
4 Transmembrane potential (V)

Definition at line 246 of file vpbe.c.

7.23.3.2 Vpbe_ctor2()

VEXTERNC int Vpbe_ctor2 (
Vpbe * thee,

Valist *x alist,

int ionNum,

double % ionConc,

double *x ionRadii,

double % ionQ,
double T,
double soluteDiel,

double solventDiel,

double solventRadius,

int focusFlag,

double sdens,

double z_mem,
double L,
double membraneDiel,
double V)
FORTRAN stub to construct Vpbe objct.

Author

Nathan Baker and Mike Holst and Michael Grabe
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Note

This is partially based on some of Mike Holst's PMG code. Here are a few of the original function comments:
kappa is defined as follows:

2 _ 87TNA€§IS
1000eps, kT
where the units are esuxesu/erg/mol. To obtain ~2, we multiply by 10716, Thus, in ~2, where kg and e, are in
gaussian rather than mks units, the proper value for kappa is:

o 8piNaeZls

_ P TAReTs 10—16
1000epsykyT |

and the factor of 10716 results from converting cm” 2 to angstroms” 2, noting that the 1000 in the denominator has
converted m”*3 to cm”\3, since the ionic strength I, is assumed to have been provided in moles per liter, which is
moles per 1000 cm” 3.

Bug The focusing flag is currently not used!!

Returns

1 if successful, 0 otherwise

Parameters
thee Pointer to memory allocated for Vpbe object
alist Atom list
ionNum Number of counterion species
ionConc Array containing counterion concentrations (M)
ionRadii Array containing counterion radii (A)
ionQ@ Array containing counterion charges (e)
T Temperature for Boltzmann distribution (K)
soluteDiel Solute internal dielectric constant
solventDiel Solvent dielectric constant
solventRadius | Solvent probe radius for surfaces that use it (A)
focusFlag 1 if focusing operation, 0 otherwise
sdens Vacc sphere density
Z_mem Membrane location (A)
L Membrane thickness (A)
membraneDiel | Membrane dielectric constant
4 Transmembrane potential (V)

Definition at line 264 of file vpbe.c.

7.23.3.3 Vpbe_dtor()

VEXTERNC void Vpbe_dtor (

Vpbe ** thee)
Object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object to be destroyed

Definition at line 467 of file vpbe.c.

7.23.3.4 Vpbe_dtor2()

VEXTERNC void Vpbe_dtor2 (
Vpbe * thee)
FORTRAN stub object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 475 of file vpbe.c.

7.23.3.5 Vpbe_getBulklonicStrength()

VEXTERNC double Vpbe_getBulkIonicStrength (
Vpbe * thee)
Get bulk ionic strength.

Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns
Bulk ionic strength (M)

Definition at line 84 of file vpbe.c.

7.23.3.6 Vpbe_getCoulombEnergy1()

VEXTERNC double Vpbe_getCoulombEnergyl (
Vpbe * thee)
Calculate coulombic energy of set of charges.

Perform an inefficient double sum to calculate the Coulombic

energy of a set of charges in a homogeneous dielectric (with

strength. Result is returned in units of k_B T. The sum can be
restriction to charges present in simplices of specified color
(pcolor); if (color == -1) no restrictions are used.

permittivity equal to the protein interio
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Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns

Coulombic energy in units of kpT.

Definition at line 481 of file vpbe.c.

7.23.3.7 Vpbe_getDeblen()

VEXTERNC double Vpbe_getDeblen (
Vpbe * thee)
Get Debye-Huckel screening length.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns

Debye-Huckel screening length (A)

Definition at line 141 of file vpbe.c.

7.23.3.8 Vpbe_getGamma()

VEXTERNC double Vpbe_getGamma (
Vpbe * thee)
Get apolar coefficient.

Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns

Apolar coefficent (kJ/mol/A"2)
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7.23.3.9 Vpbe_getlons()

VEXTERNC int Vpbe_getIons (
Vpbe * thee,
int % nion,
double ionConc[MAXION],
double ionRadii[MAXION],
double ionQ[MAXION])
Get information about the counterion species present.

Author
Nathan Baker

Parameters
thee Pointer to Vpbe object
nion Set to the number of counterion species

ionConc | Array to store counterion species' concentrations (M)

ionRadii | Array to store counterion species' radii (A)

ionQ Array to store counterion species' charges (e)

Returns

Number of ions

Definition at line 535 of file vpbe.c.

7.23.3.10 Vpbe_getLmem()

VEXTERNC double Vpbe_getLmem (
Vpbe * thee)

Get length of the membrane (A)

aauthor Michael Grabe.

Parameters

’ thee ‘ Vpbe object

Returns

Length of the membrane (A)

Definition at line 209 of file vpbe.c.

7.23.3.11 Vpbe_getMaxlonRadius()

VEXTERNC double Vpbe_getMaxIonRadius (
Vpbe * thee)
Get maximum radius of ion species.
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Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns

Maximum radius (A)

Definition at line 127 of file vpbe.c.

7.23.3.12 Vpbe_getmembraneDiel()

VEXTERNC double Vpbe_getmembraneDiel (
Vpbe * thee)
Get membrane dielectric constant.

Author
Michael Grabe

Parameters
’ thee ‘ Vpbe object

Returns

Membrane dielectric constant

Definition at line 221 of file vpbe.c.

7.23.3.13 Vpbe_getmemv()

VEXTERNC double Vpbe_getmemv (
Vpbe * thee)
Get membrane potential (kT).

Author
Michael Grabe

Parameters
‘ thee ‘ Vpbe object

Definition at line 233 of file vpbe.c.

7.23.3.14 Vpbe_getSoluteCenter()

VEXTERNC double * Vpbe_getSoluteCenter (
Vpbe * thee)
Get coordinates of solute center.
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Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns

Pointer to 3xdouble array with solute center coordinates (A)

Definition at line 107 of file vpbe.c.

7.23.3.15 Vpbe_getSoluteCharge()

VEXTERNC double Vpbe_getSoluteCharge (
Vpbe * thee)
Get total solute charge.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns

Total solute charge (e)

Definition at line 186 of file vpbe.c.

7.23.3.16 Vpbe_getSoluteDiel()

VEXTERNC double Vpbe_getSoluteDiel (
Vpbe * thee)
Get solute dielectric constant.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns

Solute dielectric constant

Definition at line 99 of file vpbe.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.23 Vpbe class 217

7.23.3.17 Vpbe_getSoluteRadius()

VEXTERNC double Vpbe_getSoluteRadius (
Vpbe * thee)
Get sphere radius which bounds biomolecule.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Sphere radius which bounds biomolecule (A)

Definition at line 162 of file vpbe.c.

7.23.3.18 Vpbe_getSoluteXlen()

VEXTERNC double Vpbe_getSoluteXlen (
Vpbe * thee)
Get length of solute in x dimension.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Length of solute in x dimension (A)

Definition at line 168 of file vpbe.c.

7.23.3.19 Vpbe_getSoluteYlen()

VEXTERNC double Vpbe_getSoluteYlen (
Vpbe * thee)
Get length of solute in y dimension.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Length of solute in y dimension (A)

Definition at line 174 of file vpbe.c.
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7.23.3.20 Vpbe_getSoluteZlen()

VEXTERNC double Vpbe_getSoluteZlen (
Vpbe * thee)
Get length of solute in z dimension.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Length of solute in z dimension (A)

Definition at line 180 of file vpbe.c.

7.23.3.21 Vpbe_getSolventDiel()

VEXTERNC double Vpbe_getSolventDiel (
Vpbe * thee)

Get solvent dielectric constant.

Author

Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns
Solvent dielectric constant

Definition at line 113 of file vpbe.c.

7.23.3.22 Vpbe_getSolventRadius()

VEXTERNC double Vpbe_getSolventRadius (
Vpbe * thee)

Get solvent molecule radius.

Author

Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Solvent molecule radius (A)

Definition at line 120 of file vpbe.c.
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7.23.3.23 Vpbe_getTemperature()

VEXTERNC double Vpbe_getTemperature (
Vpbe * thee)
Get temperature.

Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns
Temperature (K)

Definition at line 91 of file vpbe.c.

7.23.3.24 Vpbe_getVacc()

VEXTERNC Vacc * Vpbe_getVacc (
Vpbe * thee)
Get accessibility oracle.

Author
Nathan Baker

Parameters

‘ thee ‘ Vpbe object

Returns
Pointer to internal Vacc object

Definition at line 76 of file vpbe.c.

7.23.3.25 Vpbe_getValist()

VEXTERNC Valist % Vpbe_getValist (
Vpbe * thee)

Get atom list.

Author

Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Pointer to internal Valist object

Definition at line 69 of file vpbe.c.
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7.23.3.26 Vpbe_getXkappa()

VEXTERNC double Vpbe_getXkappa (
Vpbe * thee)
Get Debye-Huckel parameter.

Author
Nathan Baker

Parameters
’ thee ‘ Vpbe object

Returns

Bulk Debye-Huckel parameter (A)

Definition at line 134 of file vpbe.c.

7.23.3.27 Vpbe_getZkappa2()

VEXTERNC double Vpbe_getZkappa2 (
Vpbe * thee)
Get modified squared Debye-Huckel parameter.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns
Modified squared Debye-Huckel parameter ( ~2)

Definition at line 148 of file vpbe.c.

7.23.3.28 Vpbe_getZmagic()

VEXTERNC double Vpbe_getZmagic (
Vpbe * thee)
Get charge scaling factor.

Author
Nathan Baker and Mike Holst

Parameters

’ thee ‘ Vpbe object

Returns
Get factor for scaling charges (in e) to internal units

Definition at line 155 of file vpbe.c.
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7.23.3.29 Vpbe_getzmem()

VEXTERNC double Vpbe_getzmem (
Vpbe * thee)
Get z position of the membrane bottom.

Author
Michael Grabe

Parameters
’ thee ‘ Vpbe object

Returns

z value of membrane (A)

Definition at line 197 of file vpbe.c.

7.23.3.30 Vpbe_memChk()

VEXTERNC unsigned long int Vpbe_memChk (
Vpbe * thee)

Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker

Parameters

’ thee ‘ Vpbe object

Returns

The memory used by this structure and its contents in bytes

Definition at line 523 of file vpbe.c.

7.24 Vstring class

Provides a collection of useful non-ANSI string functions.

Files

« file src/generic/vstring.c

Class Vstring methods.
« file src/generic/vstring.h

Contains declarations for class Vstring.
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Functions

« char x Vstring_wrappedtext (const char xstr, int right_margin, int left_padding)
» VEXTERNC int Vstring_strcasecmp (const char xs1, const char xs2)

Case-insensitive string comparison (BSD standard).
+ VEXTERNC int Vstring_isdigit (const char xtok)

A modified sscanf that examines the complete string.

7.24.1 Detailed Description

Provides a collection of useful non-ANSI string functions.

7.24.2 Function Documentation
7.24.2.1 Vstring_isdigit()

VEXTERNC int Vstring_isdigit (
const char x tok)
A modified sscanf that examines the complete string.

Author
Todd Dolinsky

Parameters

’ tok ‘ The string to examine

Returns

1 if the entire string is an integer, 0 if otherwise.

Definition at line 130 of file vstring.c.

7.24.2.2 Vstring_strcasecmp()

VEXTERNC int Vstring_strcasecmp (

const char * slI,

const char x s2)
Case-insensitive string comparison (BSD standard).

Author

Copyright (c) 1988-1993 The Regents of the University of California. Copyright (c) 1995-1996 Sun Microsystems,
Inc.

Note

Copyright (c) 1988-1993 The Regents of the University of California. Copyright (c) 1995-1996 Sun Microsystems,
Inc.

Parameters

’ st ‘ First string for comparison
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‘ s2 ‘ Second string for comparison

Returns

An integer less than, equal to, or greater than zero if s1 is found, respectively, to be less than, to match, or be

greater than s2. (Source: Linux man pages)

Definition at line 66 of file vstring.c.

7.24.2.3 Vstring_wrappedtext()

VEXTERNC char * Vstring_wrappedtext (
const char * str,
int right_margin,
int left_padding)
Creates a wrapped and indented string from an input string

Author
Tucker Beck

Note

This funciton allocates a new string, so be sure to free it!
Creates a wrapped and indented string from an input string
Author

Tucker Beck

Note

This function allocates a new string, so be sure to free it!

Note
: The +2 is for the newline character and the null-terminating character;
Parameters
str The input string to wrap and indent

right_margin | The number of characters to the right margin

left_padding | The number of characters in the left indent

Definition at line 155 of file vstring.c.

7.25 Vunit class

Collection of constants and conversion factors.

Files

« file src/generic/vunit.h

Contains a collection of useful constants and conversion factors.
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Macros

« #define Vunit_J to cal 4.1840000e+00

Multiply by this to convert J to cal.
« #define Vunit_cal _to_J 2.3900574e-01

Multiply by this to convert cal to J.
« #define Vunit_amu_to_kg 1.6605402e-27

Multiply by this to convert amu to kg.
« #define Vunit_kg_to_amu 6.0221367e+26

Multiply by this to convert kg to amu.
« #define Vunit_ec_to_C 1.6021773e-19

Multiply by this to convert ec to C.
« #define Vunit_C_to_ec 6.2415065e+18

Multiply by this to convert C to ec.
« #define Vunit_ec 1.6021773e-19

Charge of an electron in C.
« #define Vunit_kb 1.3806581e-23

Boltzmann constant.
« #define Vunit_Na 6.0221367e+23

Avogadro's number.

« #define Vunit_pi VPI
Pi.

* #define Vunit_eps0 8.8541878e-12
Vacuum permittivity.

« #tdefine Vunit_esu_ec2A 3.3206364e+02

e.2/ in ESU units => kcal/mol
 #define Vunit_esu_kb 1.9871913e-03

ky in ESU units => kcal/mol

7.25.1 Detailed Description

Collection of constants and conversion factors.

7.25.2 Macro Definition Documentation
7.25.2.1 Vunit_amu_to_kg

#define Vunit_amu_to_kg 1.6605402e-27
Multiply by this to convert amu to kg.
Definition at line 76 of file vunit.h.

7.25.2.2 Vunit_C_to_ec

#define Vunit_C_to_ec 6.2415065e+18
Multiply by this to convert C to ec.
Definition at line 88 of file vunit.h.

7.25.2.3 Vunit_cal_to_J

#define Vunit_cal_to_J 2.3900574e-01
Multiply by this to convert cal to J.
Definition at line 72 of file vunit.h.
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7.25.2.4 Vunit_ec

fdefine Vunit_ec 1.6021773e-19
Charge of an electron in C.
Definition at line 92 of file vunit.h.

7.25.2.5 Vunit_ec_to_C

#define Vunit_ec_to_C 1.6021773e-19
Multiply by this to convert ec to C.
Definition at line 84 of file vunit.h.

7.25.2.6 Vunit_eps0

#define Vunit_eps0 8.8541878e-12
Vacuum permittivity.
Definition at line 108 of file vunit.h.

7.25.2.7 Vunit_esu_ec2A

#define Vunit_esu_ec2A 3.3206364e+02
e.2/ in ESU units => kcal/mol
Definition at line 112 of file vunit.h.

7.25.2.8 Vunit_esu_kb

#define Vunit_esu_kb 1.9871913e-03
ky in ESU units => kcal/mol
Definition at line 116 of file vunit.h.

7.25.2.9 Vunit_J_to_cal

#define Vunit_J_to_cal 4.1840000e+00
Multiply by this to convert J to cal.
Definition at line 68 of file vunit.h.

7.25.2.10 Vunit_kb

#define Vunit_kb 1.3806581le-23
Boltzmann constant.
Definition at line 96 of file vunit.h.

7.25.2.11 Vunit_kg_to_amu

#define Vunit_kg to_amu 6.0221367e+26
Multiply by this to convert kg to amu.
Definition at line 80 of file vunit.h.

7.25.2.12 Vunit_Na

#define Vunit_Na 6.0221367e+23
Avogadro's number.
Definition at line 100 of file vunit.h.
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7.25.2.13 Vunit_pi

#define Vunit_pi VPI

Pi.

Definition at line 104 of file vunit.h.

7.26 Vgrid class

Oracle for Cartesian mesh data.

Files

« file src/mg/vgrid.c

Class Vgrid methods.
« file src/mg/vgrid.h

Potential oracle for Cartesian mesh data.

Data Structures

« struct sVgrid

Electrostatic potential oracle for Cartesian mesh data.

Macros

+ #define VGRID_DIGITS 6

Number of decimal places for comparisons and formatting.

Typedefs
« typedef struct sVgrid Vgrid

Declaration of the Vgrid class as the sVgrid structure.

Functions

« VEXTERNC unsigned long int Vgrid_memChk (Vgrid xthee)

Return the memory used by this structure (and its contents) in bytes.

» VEXTERNC Vgrid * Vgrid_ctor (int nx, int ny, int nz, double hx, double hy, double hzed, double xmin, double ymin,

double zmin, double xdata)

Construct Vgrid object with values obtained from Vpmg_readDX (for example).

* VEXTERNC int Vgrid_ctor2 (Vgrid xthee, int nx, int ny, int nz, double hx, double hy, double hzed, double xmin,

double ymin, double zmin, double xdata)

Initialize Vgrid object with values obtained from Vpmg_readDX (for example).

» VEXTERNC int Vgrid_value (Vgrid xthee, double x[3], double *value)
Get potential value (from mesh or approximation) at a point.

» VEXTERNC void Vgrid_dtor (Vgrid xxthee)
Object destructor.

« VEXTERNC void Vgrid_dtor2 (Vgrid xthee)
FORTRAN stub object destructor.

« VEXTERNC int Vgrid_curvature (Vgrid xthee, double pt[3], int cflag, double xcurv)
Get second derivative values at a point.

« VEXTERNC int Vgrid_gradient (Vgrid xthee, double pt[3], double grad[3])
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Get first derivative values at a point.
« VEXTERNC int Vgrid_readGZ (Vgrid xthee, const char xfname)

Read in OpenDX data in GZIP format.

« VEXTERNC void Vgrid_writeUHBD (Vgrid thee, const char xiodev, const char xiofmt, const char xthost, const

char xfname, char s«title, double xpvec)
Write out the data in UHBD grid format.

« VEXTERNC void Vgrid_writeDX (Vgrid xthee, const char xiodev, const char xiofmt, const char xthost, const char

«xfname, char «title, double xpvec)
Write out the data in OpenDX grid format.

* VEXTERNC int Vgrid_readDX (Vgrid xthee, const char xiodev, const char xiofmt, const char xthost, const char

xfname)

Read in data in OpenDX grid format.

+ VEXTERNC void Vgrid_writeDXBIN (Vgrid xthee, const char xiodev, const char xiofmt, const char xthost, const

char xfname, char xtitle, double xpvec)
Write out the binary data in OpenDX grid format.

* VEXTERNC int Vgrid_readDXBIN (Vgrid xthee, const char xiodev, const char xiofmt, const char xthost, const

char xfname)
Read in binary data in OpenDX grid format.
* VEXTERNC double Vgrid_integrate (Vgrid xthee)
Get the integral of the data.
« VEXTERNC double Vgrid_normL1 (Vgrid xthee)
Get the L1 norm of the data. This returns the integral:
« VEXTERNC double Vgrid_normL2 (Vgrid xthee)
Get the Lo norm of the data. This returns the integral:
+ VEXTERNC double Vgrid_normLinf (Vgrid xthee)
Get the Lo norm of the data. This returns the integral:
+ VEXTERNC double Vgrid_seminormH1 (Vgrid xthee)

Get the H, semi-norm of the data. This returns the integral:
+ VEXTERNC double Vgrid_normH1 (Vgrid xthee)

Get the H1 norm (or energy norm) of the data. This returns the integral:

7.26.1 Detailed Description

Oracle for Cartesian mesh data.

7.26.2 Macro Definition Documentation
7.26.2.1 VGRID_DIGITS

#define VGRID_DIGITS 6
Number of decimal places for comparisons and formatting.
Definition at line 74 of file vgrid.h.

7.26.3 Typedef Documentation
7.26.3.1 Vgrid

typedef struct sVgrid Vgrid
Declaration of the Vgrid class as the sVgrid structure.
Definition at line 106 of file vgrid.h.
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7.26.4 Function Documentation
7.26.4.1 Vgrid_ctor()

VEXTERNC Vgrid * Vgrid_ctor (
int nx,
int ny,
int nz,
double hx,
double hy,
double hzed,
double xmin,
double ymin,
double zmin,
double * data)
Construct Vgrid object with values obtained from Vpmg_readDX (for example).

Author
Nathan Baker

Parameters
nx Number grid points in x direction
ny Number grid points in y direction
nz Number grid points in z direction
hx Grid spacing in x direction

hy Grid spacing in y direction

hzed | Grid spacing in z direction

xmin | x coordinate of lower grid corner

ymin | y coordinate of lower grid corner

zmin | z coordinate of lower grid corner

data | nxxnyxnz array of data. This can be VNULL if you are planning to read in data later with one of the read
routines

Returns

Newly allocated and initialized Vgrid object

Definition at line 86 of file vgrid.c.

7.26.4.2 Vgrid_ctor2()

VEXTERNC int Vgrid_ctor2 (
Vgrid * thee,
int nx,
int ny,
int nz,
double hx,
double hy,
double hzed,

double xmin,
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double ymin,
double zmin,
double *x data)
Initialize Vgrid object with values obtained from Vpmg_readDX (for example).

Author
Nathan Baker

Parameters

thee | Pointer to newly allocated Vgrid object

nx Number grid points in x direction
ny Number grid points in y direction
nz Number grid points in z direction
hx Grid spacing in x direction

hy Grid spacing in y direction

hzed | Grid spacing in z direction

xmin | x coordinate of lower grid corner

ymin | y coordinate of lower grid corner

zmin | z coordinate of lower grid corner

data | nxxnyxnz array of data. This can be VNULL if you are planning to read in data later with one of the read
routines

Returns

Newly allocated and initialized Vgrid object

Definition at line 112 of file vgrid.c.

7.26.4.3 Vgrid_curvature()

VEXTERNC int Vgrid_curvature (
Vgrid *x thee,
double pt[3],
int cflag,
double * curv)
Get second derivative values at a point.

Author
Steve Bond and Nathan Baker

Parameters

thee | Pointer to Vgrid object

pt Location to evaluate second derivative
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cflag
+ 0: Reduced Maximal Curvature
* 1: Mean Curvature (Laplace)

+ 2: Gauss Curvature

« 3: True Maximal Curvature

curv | Specified curvature value

Returns
1 if successful, 0 if off grid

Definition at line 299 of file vgrid.c.

7.26.4.4 Vgrid_dtor()

VEXTERNC void Vgrid_dtor (
Vgrid *x thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object to be destroyed

Definition at line 152 of file vgrid.c.

7.26.4.5 Vgrid_dtor2()

VEXTERNC void Vgrid_dtor2 (
Vgrid * thee)
FORTRAN stub object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 165 of file vgrid.c.

7.26.4.6 Vgrid_gradient()

VEXTERNC int Vgrid_gradient (
Vgrid * thee,
double pt[3],
double grad[3])

Get first derivative values at a point.
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Author
Nathan Baker and Steve Bond

Parameters

thee | Pointer to Vgrid object

pt Location to evaluate gradient

grad | Gradient

Returns
1 if successful, 0 if off grid

Definition at line 379 of file vgrid.c.

7.26.4.7 Vgrid_integrate()

VEXTERNC double Vgrid_integrate (
Vgrid * thee)
Get the integral of the data.

Author
Nathan Baker

Parameters
‘ thee ‘ Vgrid object

Returns

Integral of data

Definition at line 1790 of file vgrid.c.

7.26.4.8 Vgrid_memChk()

VEXTERNC unsigned long int Vgrid_memChk (
Vgrid x thee)

Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker

Parameters
’ thee ‘ Vgrid object

Returns

The memory used by this structure and its contents in bytes

Definition at line 63 of file vgrid.c.
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7.26.4.9 Vgrid_normH1()

VEXTERNC double Vgrid_normH1l (
Vgrid * thee)
Get the H1 norm (or energy norm) of the data. This returns the integral:

Author
Nathan Baker

Parameters
‘ thee ‘ Vgrid object

Returns

Integral of data

Definition at line 1931 of file vgrid.c.

7.26.4.10 Vgrid_normL1()

VEXTERNC double Vgrid_normLl (
Vgrid * thee)
Get the Ly norm of the data. This returns the integral:

Author
Nathan Baker

Parameters

’ thee ‘ Vgrid object

Returns

L1 norm of data

fulley = [ futa)lds
Q
Definition at line 1828 of file vgrid.c.

7.26.4.11 Vgrid_normL2()

VEXTERNC double Vgrid_normL2 (
Vgrid * thee)
Get the L, norm of the data. This returns the integral:
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Author
Nathan Baker

Parameters

’ thee ‘ Vgrid object

Returns

Lo norm of data

fulles = ([ |u<x>|2dx)1/2

Definition at line 1858 of file vgrid.c.

7.26.4.12 Vgrid_normLinf()

VEXTERNC double Vgrid_normLinf (
Vgrid * thee)
Get the L, norm of the data. This returns the integral:

Author

Nathan Baker

Parameters
’ thee ‘ Vgrid object

Returns

Loo norm of data

[ullz. = sup [u(z)]

e

Definition at line 1946 of file vgrid.c.

7.26.4.13 Vgrid_readDX()

VEXTERNC int Vgrid_readDX (
Vgrid *x thee,
const char x iodev,
const char *x iofmt,
const char * thost,
const char x fname)

Read in data in OpenDX grid format.

Note

All dimension information is given in order: z, y, x
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Author
Nathan Baker

Parameters

thee Vgrid object

iodev | Input device type (FILE/BUFF/UNIX/INET)

iofmt Input device format (ASCII/XDR)

thost Input hostname (for sockets)

fname | Input FILE/BUFF/UNIX/INET name

Returns

1 if sucessful, 0 otherwise

Load grid from an input file using sockets.
Author
Nathan Baker

Definition at line 586 of file vgrid.c.

7.26.4.14 Vgrid_readDXBIN()

VEXTERNC int Vgrid_readDXBIN (
Vgrid * thee,
const char *x iodev,
const char x iofmt,
const char * thost,
const char *x fname)

Read in binary data in OpenDX grid format.

Note

All dimension information is given in order: z, y, x

Author

Juan Brandi

Parameters

thee Vgrid object

iodev | Input device type (FILE/BUFF/UNIX/INET)

iofmt Input device format (ASCII/XDR)

thost Input hostname (for sockets)

fname | Input FILE/BUFF/UNIX/INET name
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Returns

1 if sucessful, 0 otherwise
Load grid from an input dx binary file.
Author

Juan Brandi

Definition at line 810 of file vgrid.c.

7.26.4.15 Vgrid_readGZ()

VEXTERNC int Vgrid_readGZ (
Vgrid *x thee,

const char *x fname)

Read in OpenDX data in GZIP format.
Author

Dave Gohara

Returns

1 if successful, 0 otherwise

Parameters

thee Object with grid data to write

fname | Path to write to

Definition at line 462 of file vgrid.c.

7.26.4.16 Vgrid_seminormH1()

VEXTERNC double Vgrid_seminormH1 (
Vgrid * thee)
Get the H; semi-norm of the data. This returns the integral:

Author
Nathan Baker

Parameters

’ thee ‘ Vgrid object

Returns

Integral of data

ol = ([ w<x>|2dx)l/2

Definition at line 1888 of file vgrid.c.
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7.26.4.17 Vgrid_value()

VEXTERNC int Vgrid_value (
Vgrid * thee,

Get potential value (from mesh or approximation) at a point.

Author

double x[3],

double x value)

Nathan Baker

Parameters
thee | Vgrid obejct
X Point at which to evaluate potential
value | Value of data at point x

Returns

1 if successful, 0 if off grid

Definition at line 179 of file vgrid.c.

7.26.4.18 Vgrid_writeDX()

VEXTERNC void Vgrid_writeDX (

Write out the data in OpenDX grid format.

Author

Vgrid
const
const
const

const

char % title,

* thee,

char
char
char

char

*

*

*

*

iodev,
iofmt,
thost,

fname,

double * pvec)

Nathan Baker

Parameters
thee Grid object
jodev | Output device type (FILE/BUFF/UNIX/INET)
iofmt Output device format (ASCII/XDR)
thost Output hostname (for sockets)
fname | Output FILE/BUFF/UNIX/INET name
title Title to be inserted in grid file
pvec Partition weight ( if 1: point in current partition, if 0 point not in current partition if > 0 && < 1 point on/near

boundary )

Definition at line 1206 of file vgrid.c.
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7.26.4.19 Vgrid_writeDXBIN()

VEXTERNC void Vgrid_writeDXBIN

Write out the binary data in OpenDX grid format.

Author

Vgrid * thee,

const
const
const

const

char % title,

char * iodev,

char * iofmt,

char * thost,

char * fname,

double * pvec)

Nathan Baker

(

Parameters
thee Grid object
iodev | Output device type (FILE/BUFF/UNIX/INET)
iofmt | Output device format (ASCII/XDR)
thost Output hostname (for sockets)
fname | Output FILE/BUFF/UNIX/INET name
title Title to be inserted in grid file
pvec Partition weight ( if 1: point in current partition, if 0 point not in current partition if > 0 && < 1 point on/near

boundary )

Definition at line 1458 of file vgrid.c.

7.26.4.20 Vgrid_writeUHBD()

VEXTERNC void Vgrid_writeUHBD (

Write out the data in UHBD grid format.

Note

Vgrid *x thee,

const
const
const

const

char *x title,

char
char
char

char

*

*

*

*

iodev,
iofmt,
thost,

fname,

double * pvec)

» The mesh spacing should be uniform
» Format changed from %12.6E to %12.5E
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Author
Nathan Baker

Parameters

thee Grid object

iodev | Output device type (FILE/BUFF/UNIX/INET)

iofmt Output device format (ASCII/XDR)

thost Output hostname (for sockets)

fname | Output FILE/BUFF/UNIX/INET name

title Title to be inserted in grid file

pvec Partition weight ( if 1: point in current partition, if 0 point not in current partition if > 0 && < 1 point on/near
boundary )

Bug This routine does not respect partition information

Definition at line 1692 of file vgrid.c.

7.27 Vmgrid class

Oracle for Cartesian mesh data.

Files

« file src/mg/vmgrid.c

Class Vmgrid methods.
« file src/mg/vmgrid.h

Multiresolution oracle for Cartesian mesh data.

Data Structures

* struct sVmgrid

Multiresoltion oracle for Cartesian mesh data.

Macros

* #define VMGRIDMAX 20

The maximum number of levels in the grid hiearchy.

Typedefs
+ typedef struct sVmgrid Vmgrid

Declaration of the Vmgrid class as the Vigmrid structure.

Functions

« VEXTERNC Vmgrid * Vmgrid_ctor ()

Construct Vmgrid object.
* VEXTERNC int Vmgrid_ctor2 (Vmgrid xthee)

Initialize Vmgrid object.
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« VEXTERNC int Vmgrid_value (Vmgrid xthee, double x[3], double xvalue)

Get potential value (from mesh or approximation) at a point.
» VEXTERNC void Vmgrid_dtor (Vmgrid *xthee)

Object destructor.
* VEXTERNC void Vmgrid_dtor2 (Vmgrid xthee)

FORTRAN stub object destructor.
» VEXTERNC int Vmgrid_addGrid (Vmgrid xthee, Vgrid *grid)

Add a grid to the hierarchy.
« VEXTERNC int Vmgrid_curvature (Vmgrid *thee, double pt[3], int cflag, double xcurv)

Get second derivative values at a point.
* VEXTERNC int Vmgrid_gradient (Vmgrid xthee, double pt[3], double grad[3])

Get first derivative values at a point.

« VEXTERNC Vgrid * Vmgrid_getGridByNum (Vmgrid xthee, int num)
Get specific grid in hiearchy.

+ VEXTERNC Vgrid % Vmgrid_getGridByPoint (Vmgrid xthee, double pt[3])
Get grid in hiearchy which contains specified point or VNULL.

7.27.1 Detailed Description

Oracle for Cartesian mesh data.

7.27.2 Macro Definition Documentation
7.27.2.1 VMGRIDMAX

#define VMGRIDMAX 20
The maximum number of levels in the grid hiearchy.
Definition at line 76 of file vmgrid.h.

7.27.3 Typedef Documentation
7.27.3.1 Vmgrid

typedef struct sVmgrid Vmgrid
Declaration of the Vmgrid class as the Vgmrid structure.
Definition at line 98 of file vmgrid.h.

7.27.4 Function Documentation
7.27.4.1 Vmgrid_addGrid()

VEXTERNC int Vmgrid_addGrid (
Vmgrid * thee,
Vgrid * grid)
Add a grid to the hierarchy.
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Author
Nathan Baker

Parameters

thee | Pointer to object to be destroyed

grid | Grid to be added. As mentioned above, we would prefer to have the finest grid added first, next-finest second,
..., coarsest last — this is how the grid will be searched when looking up values for points. However, this is not
enforced to provide flexibility for cases where the dataset is decomposed into disjoint partitions, etc.

Returns

1 if successful, 0 otherwise

Definition at line 195 of file vmgrid.c.

7.27.4.2 Vmgrid_ctor()

VEXTERNC Vmgrid % Vmgrid_ctor ()
Construct Vmgrid object.

Author
Nathan Baker

Returns

Newly allocated and initialized Vmgrid object

Definition at line 57 of file vmgrid.c.

7.27.4.3 Vmgrid_ctor2()

VEXTERNC int Vmgrid_ctor2 (
Vmgrid * thee)
Initialize Vmgrid object.

Author
Nathan Baker

Parameters

’ thee ‘ Newly allocated Vmgrid object

Returns

Newly allocated and initialized Vmgrid object

Definition at line 72 of file vmgrid.c.
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7.27.4.4 Vmgrid_curvature()

VEXTERNC int Vmgrid_curvature (
Vmgrid * thee,
double pt[3],
int cflag,
double * curv)

Get second derivative values at a point.

Author

Nathan Baker (wrapper for Vgrid routine by Steve Bond)

Parameters

thee | Pointer to Vmgrid object

pt Location to evaluate second derivative

cflag
+ 0: Reduced Maximal Curvature
* 1: Mean Curvature (Laplace)

+ 2: Gauss Curvature

« 3: True Maximal Curvature

curv | Specified curvature value

Returns
1 if successful, 0 if off grid

Definition at line 138 of file vmgrid.c.

7.27.4.5 Vmgrid_dtor()

VEXTERNC void Vmgrid_dtor (
Vmgrid *x thee)
Object destructor.

Author

Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object to be destroyed

Definition at line 88 of file vmgrid.c.

7.27.4.6 Vmgrid_dtor2()

VEXTERNC void Vmgrid_dtor2 (

Vmgrid * thee)
FORTRAN stub object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 101 of file vmgrid.c.

7.27.4.7 Vmgrid_getGridByNum()

VEXTERNC Vgrid * Vmgrid_getGridByNum (
Vmgrid * thee,
int num)

Get specific grid in hiearchy.
Author
Nathan Baker

Parameters

thee | Pointer to Vmgrid object

num | Number of grid in hiearchy

Returns

Pointer to specified grid

7.27.4.8 Vmgrid_getGridByPoint()

VEXTERNC Vgrid * Vmgrid_getGridByPoint (
Vmgrid * thee,
double pt[3])

Get grid in hiearchy which contains specified point or VNULL.

Author
Nathan Baker

Parameters

thee | Pointer to Vmgrid object

pt Point to check

Returns

Pointer to specified grid
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7.27.4.9 Vmgrid_gradient()

VEXTERNC int Vmgrid_gradient (
Vmgrid * thee,
double pt[3],
double grad[3])

Get first derivative values at a point.

Author
Nathan Baker and Steve Bond

Parameters

thee | Pointer to Vmgrid object

pt Location to evaluate gradient

grad | Gradient

Returns

1 if successful, 0 if off grid

Definition at line 167 of file vmgrid.c.

7.27.4.10 Vmgrid_value()

VEXTERNC int Vmgrid_value (
Vmgrid * thee,
double x[3],

double * value)

Get potential value (from mesh or approximation) at a point.

Author
Nathan Baker

Parameters

thee | Vmgrid obejct

X Point at which to evaluate potential

value | Value of data at point x

Returns

1 if successful, 0 if off grid

Definition at line 107 of file vmgrid.c.

7.28 Vopot class

Potential oracle for Cartesian mesh data.
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Files

« file src/mg/vopot.c

Class Voopot methods.
« file src/mg/vopot.h

Potential oracle for Cartesian mesh data.

Data Structures

« struct sVopot

Electrostatic potential oracle for Cartesian mesh data.

Typedefs

* typedef struct sVopot Vopot

Declaration of the Vopot class as the Vopot structure.

Functions

» VEXTERNC Vopot * Vopot_ctor (Vmgrid xmgrid, Vpbe xpbe, Vbcfl bcfl)
Construct Vopot object with values obtained from Vpmg_readDX (for example).
VEXTERNC int Vopot_ctor2 (Vopot xthee, Vmgrid xmgrid, Vpbe xpbe, Vbcfl bcfl)
Initialize Viopot object with values obtained from Vpmg_readDX (for example).
VEXTERNC int Vopot_pot (Vopot xthee, double x[3], double *pot)
Get potential value (from mesh or approximation) at a point.
VEXTERNC void Vopot_dtor (Vopot xxthee)
Object destructor.
VEXTERNC void Vopot_dtor2 (Vopot xthee)
FORTRAN stub object destructor.
+ VEXTERNC int Vopot_curvature (Vopot xthee, double pt[3], int cflag, double xcurv)

Get second derivative values at a point.
VEXTERNC int Vopot_gradient (Vopot xthee, double pt[3], double grad[3])

Get first derivative values at a point.

7.28.1 Detailed Description

Potential oracle for Cartesian mesh data.

7.28.2 Typedef Documentation
7.28.2.1 Vopot

typedef struct sVopot Vopot
Declaration of the Vopot class as the Vopot structure.
Definition at line 96 of file vopot.h.
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7.28.3 Function Documentation
7.28.3.1 \Vopot_ctor()

VEXTERNC Vopot *x Vopot_ctor (
Vmgrid * mgrid,
Vpbe * pbe,
Vbcfl bcfl)
Construct Vopot object with values obtained from Vpmg_readDX (for example).

Author
Nathan Baker

Parameters

mgrid | Multiple grid object containing potential data (in units kT/e)

pbe Pointer to Vpbe object for parameters

bcfl Boundary condition to use for potential values off the grid

Returns

Newly allocated and initialized Vopot object

Definition at line 65 of file vopot.c.

7.28.3.2 Vopot_ctor2()

VEXTERNC int Vopot_ctor2 (
Vopot * thee,
Vmgrid * mgrid,
Vpbe * pbe,
Vbcfl bcfl)
Initialize Vopot object with values obtained from Vpmg_readDX (for example).

Author
Nathan Baker

Parameters

thee Pointer to newly allocated Vopot object

mgrid | Multiple grid object containing potential data (in units kT/e)

pbe Pointer to Vpbe object for parameters

bcfl Boundary condition to use for potential values off the grid

Returns

1 if successful, 0 otherwise

Definition at line 80 of file vopot.c.
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7.28.3.3 Vopot_curvature()

VEXTERNC int Vopot_curvature (
Vopot * thee,
double pt[3],
int cflag,
double *x curv)
Get second derivative values at a point.

Author
Nathan Baker

Parameters

thee | Pointer to Vopot object

pt Location to evaluate second derivative

cflag
+ 0: Reduced Maximal Curvature
* 1: Mean Curvature (Laplace)

+ 2: Gauss Curvature

« 3: True Maximal Curvature

curv | Set to specified curvature value

Returns

1 if successful, 0 otherwise

Definition at line 214 of file vopot.c.

7.28.3.4 Vopot_dtor()

VEXTERNC void Vopot_dtor (
Vopot #** thee)
Object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object to be destroyed

Definition at line 94 of file vopot.c.

7.28.3.5 Vopot_dtor2()

VEXTERNC void Vopot_dtor2 (
Vopot * thee)
FORTRAN stub object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 107 of file vopot.c.

7.28.3.6 Vopot_gradient()

VEXTERNC int Vopot_gradient (
Vopot * thee,
double pt[3],
double grad[3])

Get first derivative values at a point.

Author
Nathan Baker

Parameters

thee | Pointer to Vopot object

pt Location to evaluate gradient

grad | Gradient

Returns

1 if successful, 0 otherwise

Definition at line 300 of file vopot.c.

7.28.3.7 Vopot_pot()

VEXTERNC int Vopot_pot (
Vopot * thee,
double x[37,
double * pot)

Get potential value (from mesh or approximation) at a point.

Author
Nathan Baker

Parameters

thee | Vopot obejct

X Point at which to evaluate potential

pot Set to dimensionless potential (units kT/e) at point x
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Returns

1 if successful, 0 otherwise

Definition at line 114 of file vopot.c.

7.29 Vpmg class

A wrapper for Mike Holst's PMG multigrid code.

Files

« file src/mg/vpmg.c
Class Vpmg methods.
« file src/mg/vpmg.h

Contains declarations for class Vpmg.

Data Structures

+ struct sVpmg

Contains public data members for Vpmg class/module.

Typedefs
« typedef struct sVpmg Vpmg

Declaration of the Vpmg class as the Vpmg structure.

Functions

« VEXTERNC unsigned long int Vpmg_memChk (Vpmg *thee)

Return the memory used by this structure (and its contents) in bytes.

« VEXTERNC Vpmg * Vpmg_ctor (Vpmgp *xparms, Vpbe *pbe, int focusFlag, Vpmg *pmgOLD, MGparm xmgparm,

PBEparm_calcEnergy energyFlag)

Constructor for the Vpmg class (allocates new memory).

+ VEXTERNC int Vpmg_ctor2 (Vpmg xthee, Vpmgp *parms, Vpbe xpbe, int focusFlag, Vpmg *xpmgOLD, MGparm

xmgparm, PBEparm_calcEnergy energyFlag)

FORTRAN stub constructor for the Vpmg class (uses previously-allocated memory).

» VEXTERNC void Vpmg_dtor (Vpmg *xthee)

Object destructor.
+ VEXTERNC void Vpmg_dtor2 (Vpmg xthee)

FORTRAN stub object destructor.

« VEXTERNC int Vpmg_fillco (Vpmg xthee, Vsurf_Meth surfMeth, double splineWin, Vchrg_Meth chargeMeth, int
useDielXMap, Vgrid xdielXMap, int useDielYMap, Vgrid xdielYMap, int useDielZMap, Vgrid xdielZMap, int use«
KappaMap, Vgrid xkappaMap, int usePotMap, Vgrid xpotMap, int useChargeMap, Vgrid xchargeMap)

Fill the coefficient arrays prior to solving the equation.
+ VEXTERNC int Vpmg_solve (Vpmg xthee)

Solve the PBE using PMG.
« VEXTERNC int Vpmg_solvelLaplace (Vpmg *thee)

Solve Poisson's equation with a homogeneous Laplacian operator using the solvent dielectric constant. This solution is

performed by a sine wave decomposition.

« VEXTERNC double Vpmg_energy (Vpmg *thee, int extFlag)
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Get the total electrostatic energy.
VEXTERNC double Vpmg_gfEnergy (Vpmg *thee, int extFlag)

Get the "fixed charge" contribution to the electrostatic energy.
VEXTERNC double Vpmg_gfAtomEnergy (Vpmg *thee, Vatom xatom)

Get the per-atom "fixed charge" contribution to the electrostatic energy.
VEXTERNC double Vpmg_gmEnergy (Vpmg *thee, int extFlag)

Get the "mobile charge" contribution to the electrostatic energy.
VEXTERNC double Vpmg_dielEnergy (Vpmg xthee, int extFlag)

Get the "polarization” contribution to the electrostatic energy.
VEXTERNC double Vpmg_dielGradNorm (Vpmg *thee)
Get the integral of the gradient of the dielectric function.
VEXTERNC int Vpmg_force (Vpmg *thee, double xforce, int atomlID, Vsurf_Meth srfm, Vchrg_Meth chgm)
Calculate the total force on the specified atom in units of k_B T/AA.
VEXTERNC int Vpmg_qfForce (Vpmg *xthee, double xforce, int atomID, Vchrg_Meth chgm)
Calculate the "charge-field" force on the specified atom in units of k_B T/AA.
VEXTERNC int Vpmg_dbForce (Vpmg *thee, double xdbForce, int atomID, Vsurf_Meth srfm)

Calculate the dielectric boundary forces on the specified atom in units of k_B T/AA.
VEXTERNC int Vpmg_ibForce (Vpmg *thee, double xforce, int atomID, Vsurf_Meth srfm)

Calculate the osmotic pressure on the specified atom in units of k_B T/AA.
VEXTERNC void Vpmg_setPart (Vpmg *thee, double lowerCorner[3], double upperCorner[3], int bflags[6])

Set partition information which restricts the calculation of observables to a (rectangular) subset of the problem domain.
VEXTERNC void Vpmg_unsetPart (Vpmg *thee)

Remove partition restrictions.
VEXTERNC int Vpmg_fillArray (Vpmg xthee, double xvec, Vdata_Type type, double parm, Vhal_PBEType pbe-
type, PBEparm xpbeparm)

Fill the specified array with accessibility values.
VPUBLIC void Vpmg_fieldSpline4 (Vpmg *thee, int atomID, double field[3])

Computes the field at an atomic center using a stencil based on the first derivative of a 5th order B-spline.

VEXTERNC double Vpmg_qgfPermanentMultipoleEnergy (Vpmg *thee, int atomlID)
Computes the permanent multipole electrostatic hydration energy (the polarization component of the hydration energy
currently computed in TINKER).

VEXTERNC void Vpmg_gfPermanentMultipoleForce (Vpmg xthee, int atomID, double force[3], double torque[3])

Computes the q-Phi Force for permanent multipoles based on 5th order B-splines.
VEXTERNC void Vpmg_ibPermanentMultipoleForce (Vpmg *thee, int atomID, double force[3])

Compute the ionic boundary force for permanent multipoles.
VEXTERNC void Vpmg_dbPermanentMultipoleForce (Vpmg *thee, int atomID, double force[3])

Compute the dielectric boundary force for permanent multipoles.
VEXTERNC void Vpmg_qfDirectPolForce (Vpmg xthee, Vgrid xperm, Vgrid xinduced, int atomID, double force«
[3], double torque[3])
q-Phi direct polarization force between permanent multipoles and induced dipoles, which are induced by the sum of the
permanent intramolecular field and the permanent reaction field.
VEXTERNC void Vpmg_qgfNLDirectPolForce (Vpmg *thee, Vgrid xperm, Vgrid *nlinduced, int atomID, double
force[3], double torque[3])
q-Phi direct polarization force between permanent multipoles and non-local induced dipoles based on 5th Order B-Splines.

Keep in mind that the "non-local" induced dipooles are just a mathematical quantity that result from differentiation of the
AMOEBA polarization energy.

VEXTERNC void Vpmg_ibDirectPolForce (Vpmg xthee, Vgrid xperm, Vgrid xinduced, int atomID, double force«
(3])
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lonic boundary direct polarization force between permanent multipoles and induced dipoles, which are induced by the sum
of the permanent intramolecular field and the permanent reaction field.
VEXTERNC void Vpmg_ibNLDirectPolForce (Vpmg xthee, Vgrid xperm, Vgrid *nlinduced, int atomID, double
force[3])
lonic boundary direct polarization force between permanent multipoles and non-local induced dipoles based on 5th order
Keep in mind that the "non-local" induced dipooles are just a mathematical quantity that result from differentiation of the
AMOEBA polarization energy.
VEXTERNC void Vpmg_dbDirectPolForce (Vpmg *thee, Vgrid xperm, Vgrid xinduced, int atomID, double force«
(3])
Dielectric boundary direct polarization force between permanent multipoles and induced dipoles, which are induced by the
sum of the permanent intramolecular field and the permanent reaction field.
VEXTERNC void Vpmg_dbNLDirectPolForce (Vpmg *thee, Vgrid xperm, Vgrid *nlinduced, int atomID, double
force[3])
Dielectric bounday direct polarization force between permanent multipoles and non-local induced dipoles. Keep in mind
that the "non-local" induced dipooles are just a mathematical quantity that result from differentiation of the AMOEBA
polarization energy.
VEXTERNC void Vpmg_gfMutualPolForce (Vpmg *thee, Vgrid xinduced, Vgrid *nlinduced, int atomID, double
force[3])
Mutual polarization force for induced dipoles based on 5th order B-Splines. This force arises due to self-consistent con-
vergence of the solute induced dipoles and reaction field.
VEXTERNC void Vpmg_ibMutualPolForce (Vpmg xthee, Vgrid xinduced, Vgrid *nlinduced, int atomID, double
force[3])
lonic boundary mutual polarization force for induced dipoles based on 5th order B-Splines. This force arises due to
self-consistent convergence of the solute induced dipoles and reaction field.
VEXTERNC void Vpmg_dbMutualPolForce (Vpmg *xthee, Vgrid xinduced, Vgrid xnlinduced, int atomID, double
force[3])
Dielectric boundary mutual polarization force for induced dipoles based on 5th order B-Splines. This force arises due to
self-consistent convergence of the solute induced dipoles and reaction field.
VEXTERNC void Vpmg_printColComp (Vpmg *thee, char path[72], char title[72], char mxtype[3], int flag)

Print out a column-compressed sparse matrix in Harwell-Boeing format.
VPRIVATE void bcolcomp (int xiparm, double *rparm, int xiwork, double xrwork, double xvalues, int xrowind, int
xcolptr, int xflag)

Build a column-compressed matrix in Harwell-Boeing format.
VPRIVATE void bcolcomp2 (int xiparm, double xrparm, int xnx, int xny, int xnz, int *xiz, int xipc, double xrpc,
double xac, double xcc, double xvalues, int xrowind, int xcolptr, int xflag)

Build a column-compressed matrix in Harwell-Boeing format.
VPRIVATE void bcolcomp3 (int xnx, int xny, int *«nz, int xipc, double *rpc, double *xac, double xcc, double *values,
int xrowind, int xcolptr, int xflag)

Build a column-compressed matrix in Harwell-Boeing format.
VPRIVATE void bcolcomp4 (int «nx, int «ny, int xnz, int xipc, double xrpc, double *0C, double xcc, double *0E,
double xoN, double *uC, double xvalues, int xrowind, int *colptr, int xflag)

Build a column-compressed matrix in Harwell-Boeing format.
VPRIVATE void pcolcomp (int xnrow, int *ncol, int xnnzero, double xvalues, int xrowind, int xcolptr, char xpath,
char xtitle, char xmxtype)

Print a column-compressed matrix in Harwell-Boeing format.
VEXTERNC void Vpackmg (int xiparm, double xrparm, size_t xnrwk, int xniwk, int xnx, int xny, int xnz, int xnlev,
int xnu1, int xnu2, int xmgkey, int xitmayx, int xistop, int xipcon, int xnonlin, int xmgsmoo, int xmgprol, int xmgcoar,
int «xmgsolv, int xmgdisc, int xiinfo, double *errtol, int xipkey, double xomegal, double xomegan, int xirite, int
xiperf)

Print out a column-compressed sparse matrix in Harwell-Boeing format.
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7.29.1 Detailed Description
A wrapper for Mike Holst's PMG multigrid code.
Note

Many of the routines and macros are borrowed from the main.c driver (written by Mike Holst) provided with the
PMG code.

7.29.2 Typedef Documentation
7.29.2.1 Vpmg

typedef struct sVpmg Vpmg
Declaration of the Vpmg class as the Vpmg structure.
Definition at line 195 of file vpmg.h.

7.29.3 Function Documentation
7.29.3.1 bcolcomp()

VPRIVATE void bcolcomp (
int % iparm,
double * rparm,
int % iwork,
double * rwork,
double *x values,
int * rowind,
int % colptr,
int *x flag)
Build a column-compressed matrix in Harwell-Boeing format.

Author

Tucker Beck [C Translation] Nathan Baker [Original] (mostly ripped off from Harwell-Boeing format documenta-
tion)Michael Schnieders)

Parameters

iparm

rparm

iwork

rwork

values

rowind

colptr

flag Operation selection parameter 0 = Use Poisson operator only 1 = Use linearization of full operation around
current solution.

Definition at line 10741 of file vpmg.c.
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7.29.3.2 bcolcomp2()

VPRIVATE void bcolcomp2 (

Build a column-compressed matrix in Harwell-Boeing format.

Author

int * iparm,

double * rparm,

int
int
int
int

int

double
double
double
double

*

*

*

*

*

nx,
ny[
nz,

iz,

ipc,

*

*

*

*

rpc,
ac,
cc,

values,

int % rowind,

int * colptr,

int * flag)

Tucker Beck [C Translation] Nathan Baker [Original] (mostly ripped off from Harwell-Boeing format documenta-
tion)Michael Schnieders)

Parameters

iparm

rparm

nx

ny

nz

iz

ipc

roc

ac

cc

values

rowind

colptr

flag

Operation selection parameter 0 = Use Poisson operator only 1 = Use linearization of full operation around
current solution.

Definition at line 10795 of file vpmg.c.

7.29.3.3 bcolcomp3()

VPRIVATE void bcolcomp3 (

int % nx,

int * ny,

int % nz,
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Build a column-compressed matrix in Harwell-Boeing format.

Author

int * ipc,

double
double
double
double

*

*

*

*

rpc,
ac,
cc,

values,

int % rowind,

int * colptr,

int % flag)

Tucker Beck [C Translation] Nathan Baker [Original] (mostly ripped off from Harwell-Boeing format documenta-
tion)Michael Schnieders)

Parameters

nx

ny

nz

ipc

roc

ac

cc

values

rowind

colptr

flag

Definition at line 10831 of file vpmg.c.

7.29.3.4 bcolcomp4()

VPRIVATE void bcolcomp4 (

Build a column-compressed matrix in Harwell-Boeing format.

int % nx,
int * ny,

int % nz,

int * ipc,

double
double
double
double
double
double
double

*

*

*

*

*

*

*

rpc,
oC,
cc,
OE,
ON,
ucC,

values,

int % rowind,

int * colptr,

int * flag)
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Author

Tucker Beck [C Translation] Nathan Baker [Original] (mostly ripped off from Harwell-Boeing format documenta-
tion)Michael Schnieders)

Parameters

nx

ny

nz

ipc

roc

oC

cc

oE

oN

uC

values

rowind

colptr

flag

Definition at line 10858 of file vpmg.c.

7.29.3.5 pcolcomp()

VPRIVATE void pcolcomp (

Print a column-compressed matrix in Harwell-Boeing format.

Author

int % nrow,

int % ncol,

int * nnzero,
double * values,
int % rowind,
int * colptr,
char * path,
char *x title,

char * mxtype)

Tucker Beck [C Translation] Nathan Baker [Original] (mostly ripped off from Harwell-Boeing format documenta-
tion)Michael Schnieders)

Parameters

nrow

ncol

nnzero

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.29 Vpmg class

255

values

rowind

colptr

path
title

mxtype

Definition at line 11023 of file vpmg.c.

7.29.3.6 Vpackmg()

VEXTERNC void Vpackmg (
int * iparm,
double * rparm,
size_t x nrwk,
int % niwk,
int * nx,
int * ny,
int % nz,
int % nlev,
int % nul,
int % nuZ2,
int * mgkey,
int * itmax,
int * istop,
int * ipcon,
int * nonlin,
int * mgsmoo,
int * mgprol,
int * mgcoar,
int * mgsolv,
int * mgdisc,
int * iinfo,
double x errtol,
int * ipkey,
double x omegal,
double * omegan,
int * irite,
int % iperf)

Print out a column-compressed sparse matrix in Harwell-Boeing format.

Author
Nathan Baker

Bug Can this path variable be replaced with a Vio socket?

Definition at line 555 of file mgsubd.c.

7.29.3.7 Vpmg_ctor()

VEXTERNC Vpmg * Vpmg_ctor (
Vpmgp * parms,
Vpbe * pbe,
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int focusFlag,

Vpmg * pmgOLD,

MGparm * mgparm,

PBEparm_calcEnergy energyFlag)
Constructor for the Vpmg class (allocates new memory).

Author
Nathan Baker

Returns

Pointer to newly allocated Vpmg object

Parameters
parms PMG parameter object
pbe PBE-specific variables

focusFlag 1 for focusing, 0 otherwise

pmgOLD Old Vpmg object to use for boundary conditions

mgparm MGparm parameter object for boundary conditions

energyFlag | What types of energies to calculate

Definition at line 141 of file vpmg.c.

7.29.3.8 Vpmg_ctor2()

VEXTERNC int Vpmg_ctor2 (
Vpmg * thee,
Vpmgp * parms,
Vpbe * pbe,
int focusFlag,
Vpmg * pmgOLD,
MGparm * mgparm,
PBEparm_calcEnergy energyFlag)
FORTRAN stub constructor for the Vpmg class (uses previously-allocated memory).

Author
Nathan Baker

Returns

1 if successful, 0 otherwise

Note

this is common to both replace/noreplace options

The fortran replacement functions are run along side the old fortran functions. This is due to the use of common
variables in the fortran sub-routines. Once the fortran code has been successfully excised, these functions will no
longer need to be called in tandem, and the fortran version may be dropped
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Parameters
thee Memory location for object
parms PMG parameter object
pbe PBE-specific variables
focusFlag 1 for focusing, 0 otherwise
pmgOLD Old Vpmg object to use for boundary conditions (can be VNULL if focusFlag = 0)
mgparm MGparm parameter object for boundary conditions (can be VNULL if focusFlag = 0)
energyFlag | What types of energies to calculate (ignored if focusFlag = 0)

Definition at

line 153 of file vpmg.c.

7.29.3.9 Vpmg_dbDirectPolForce()

VEXTERNC void Vpmg_dbDirectPolForce (

Vpmg * thee,
Vgrid * perm,
Vgrid * induced,
int atomID,

double force[3])

Dielectric boundary direct polarization force between permanent multipoles and induced dipoles, which are induced by
the sum of the permanent intramolecular field and the permanent reaction field.

Author

Michael Schnieders

Parameters
thee Vpmg object
perm Permanent multipole potential
induced | Induced dipole potential
atomID | Atom index
force (returned) force

7.29.3.10 Vpmg_dbForce()

VEXTERNC int Vpmg_dbForce (

Vpmg * thee,
double *x dbForce,
int atomID,
Vsurf_Meth srfm)

Calculate the dielectric boundary forces on the specified atom in units of k_B T/AA.

Author

Nathan Baker
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Note
» Using the force evaluation methods of Im et al (Roux group), Comput Phys Commun, 111, 59-75 (1998).
However, this gives the whole (self-interactions included) force — reaction field forces will have to be calcu-
lated at higher level.
» No contributions are made from higher levels of focusing.
Returns

1 if successful, 0 otherwise

Parameters

thee Vpmg object

dbForce | 3xsizeof(double) space to hold the dielectric boundary force in units of k_B T/AA

atomID Valist ID of desired atom

srfm Surface discretization method

Definition at line 6010 of file vpmg.c.

7.29.3.11 Vpmg_dbMutualPolForce()

VEXTERNC void Vpmg_dbMutualPolForce (

Vpmg * thee,

Vgrid * induced,

Vgrid * nlInduced,

int atomID,

double force[3])
Dielectric boundary mutual polarization force for induced dipoles based on 5th order B-Splines. This force arises due to
self-consistent convergence of the solute induced dipoles and reaction field.

Author

Michael Schnieders

Parameters
thee Vpmg object
induced Induced dipole potential

nlinduced | Non-local induced dipole potential

atomlID Atom index

force (returned) force

7.29.3.12 Vpmg_dbNLDirectPolForce()

VEXTERNC void Vpmg_dbNLDirectPolForce (
Vpmg * thee,
Vgrid * perm,
Vgrid * nlInduced,
int atomID,
double force[3])
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Dielectric bounday direct polarization force between permanent multipoles and non-local induced dipoles. Keep in mind
that the "non-local" induced dipooles are just a mathematical quantity that result from differentiation of the AMOEBA
polarization energy.

Author

Michael Schnieders

Parameters

thee

Vpmg object

perm

Permanent multipole potential

nlinduced | Non-local induced dipole potential

atomlID

Atom index

force

(returned) force

7.29.3.13 Vpmg_dbPermanentMultipoleForce()

VEXTERNC void Vpmg_dbPermanentMultipoleForce (

Vpmg * thee,
int atomID,
double forcel[3])

Compute the dielectric boundary force for permanent multipoles.

Author

Michael Schnieders

Parameters
thee Vpmg object
atomlD | Atom index
force (returned) force

7.29.3.14

Vpmg_dielEnergy()

VEXTERNC double Vpmg_dielEnergy (

Vpmg * thee,
int extFlag)

Get the "polarization" contribution to the electrostatic energy.

Using the solution at the finest mesh level, get the
electrostatic energy due to the interaction of the mobile charges
with the potential:

\f[ G

\frac{1}{2} \int \epsilon (\nabla u)”2 dx \f]

where epsilon is the dielectric parameter and u(x) is
the dimensionless electrostatic potential. The energy is scaled
to units of k_b T.

Author

Nathan Baker
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Note

The value of this observable may be modified by setting restrictions on the subdomain over which it is calculated.
Such limits can be set via Vpmg_setPart and are generally useful for parallel runs.

Returns

The polarization electrostatic energy in units of k_B T.

Parameters

thee Vpmg object

extFlag | If this was a focused calculation, include (1 — for serial calculations) or ignore (0 — for parallel calculations)
energy contributions from outside the focusing domain

Definition at line 1279 of file vomg.c.

7.29.3.15 Vpmg_dielGradNorm()

VEXTERNC double Vpmg_dielGradNorm (
Vpmg * thee)
Get the integral of the gradient of the dielectric function.
Using the dielectric map at the finest mesh level, calculate the
integral of the norm of the dielectric function gradient
routines of Im et al (see Vpmg_dbForce for reference):
\f[ \int \| \nabla \epsilon \| dx \f]
where epsilon is the dielectric parameter.
The integral is returned in units of A"2.

Author
Nathan Baker restrictions on the subdomain over which it is calculated. Such limits can be set via Vpmg_setPart
and are generally useful for parallel runs.

Returns

The integral in units of A2,

Parameters

’ thee ‘ Vpmg object

Definition at line 1342 of file vpmg.c.

7.29.3.16 Vpmg_dtor()

VEXTERNC void Vpmg_dtor (
Vpmg ** thee)
Object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location of object to be destroyed

Definition at line 561 of file vpmg.c.

7.29.3.17 Vpmg_dtor2()

VEXTERNC void Vpmg_dtor2 (
Vpmg * thee)
FORTRAN stub object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to object to be destroyed

Definition at line 571 of file vpmg.c.

7.29.3.18 Vpmg_energy()

VEXTERNC double Vpmg_energy (
Vpmg * thee,
int extFlag)

Get the total electrostatic energy.

Author
Nathan Baker

Note

The value of this observable may be modified by setting restrictions on the subdomain over which it is calculated.

Such limits can be set via Vpmg_setPart and are generally useful for parallel runs.

Returns

The electrostatic energy in units of k_B T.

Parameters

thee Vpmg object

extFlag | If this was a focused calculation, include (1 — for serial calculations) or ignore (0 — for parallel calculations)
energy contributions from outside the focusing domain

Definition at line 1248 of file vpmg.c.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen




262 Topic Documentation

7.29.3.19 Vpmg_fieldSpline4()

VPUBLIC void Vpmg_fieldSpline4d (
Vpmg * thee,
int atomID,
double field[3])
Computes the field at an atomic center using a stencil based on the first derivative of a 5th order B-spline.

Author

Michael Schnieders

Parameters

thee Vpmg object

atomlID | Atom index

field The (returned) electric field

7.29.3.20 Vpmg_fillArray()

VEXTERNC int Vpmg_fillArray (
Vpmg * thee,
double * vec,
Vdata_Type type,
double parm,
Vhal_ PBEType pbetype,
PBEparm * pbeparm)
Fill the specified array with accessibility values.

Author
Nathan Baker

Returns

1 if successful, 0 otherwise

Parameters
thee Vpmg object
vec A nxxnyxnzxsizeof(double) array to contain the values to be written
type What to write
parm Parameter for data type definition (if needed)
pbetype | Parameter for PBE type (if needed)
pbeparm | Pass in the PBE parameters (if needed)

Definition at line 892 of file vpmg.c.

7.29.3.21 Vpmg_fillco()

VEXTERNC int Vpmg_fillco (
Vpmg * thee,
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Vsurf_Meth surfMeth,
double splineWin,
Vchrg_Meth chargeMeth,
int useDielXMap,
Vgrid * dielXMap,
int useDielYMap,
Vgrid % dielYMap,
int useDielZMap,
Vgrid * dielZMap,
int useKappaMap,
Vgrid * kappaMap,
int usePotMap,
Vgrid * potMap,
int useChargeMap,
Vgrid * chargeMap)
Fill the coefficient arrays prior to solving the equation.

Author

Nathan Baker
Returns
1 if successful, 0 otherwise

Bug useDielMap could only be passed once, not three times, to this function - why not just once? that's what the call in
routines.c ends up doing - just passing useDielMap three times. - P. Ellis 11/3/11

Parameters
thee Vpmg object
surfMeth Surface discretization method
splineWin Spline window (in A) for surfMeth = VSM_SPLINE
chargeMeth Charge discretization method

useDielXMap Boolean to use dielectric map argument

dielXMap External dielectric map
useDielYMap Boolean to use dielectric map argument
dielYMap External dielectric map
useDielZMap Boolean to use dielectric map argument
dielZMap External dielectric map

useKappaMap | Boolean to use kappa map argument

kappaMap External kappa map
usePotMap Boolean to use potential map argument
potMap External potential map

useChargeMap | Boolean to use charge map argument

chargeMap External charge map

Definition at line 5655 of file vpmg.c.
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7.29.3.22 Vpmg_force()

VEXTERNC int Vpmg_force (
Vpmg * thee,
double % force,
int atomlID,
Vsurf_Meth srfm,
Vchrg_Meth chgm)
Calculate the total force on the specified atom in units of k_B T/AA.

Author
Nathan Baker

Note
» Using the force evaluation methods of Im et al (Roux group), Comput Phys Commun, 111, 59-75 (1998).
However, this gives the whole (self-interactions included) force — reaction field forces will have to be calcu-
lated at higher level.
» No contributions are made from higher levels of focusing.
Returns

1 if successful, 0 otherwise

Parameters

thee Vpmg object

force 3xsizeof(double) space to hold the force in units of k_B T/AA

atomID | Valist ID of desired atom

srfm Surface discretization method

chgm Charge discretization method

Definition at line 5822 of file vpmg.c.

7.29.3.23 Vpmg_ibDirectPolForce()

VEXTERNC void Vpmg_ibDirectPolForce (

Vpmg * thee,

Vgrid * perm,

Vgrid * induced,

int atomID,

double forcel[3])
lonic boundary direct polarization force between permanent multipoles and induced dipoles, which are induced by the
sum of the permanent intramolecular field and the permanent reaction field.
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Author

Michael Schnieders

Parameters
thee Vpmg object
perm Permanent multipole potential

induced | Induced dipole potential

atomID | Atom index

force (returned) force

7.29.3.24 Vpmg_ibForce()

VEXTERNC int Vpmg_ibForce (
Vpmg * thee,
double % force,
int atomID,
Vsurf_Meth srfm)
Calculate the osmotic pressure on the specified atom in units of k_B T/AA.

Author
Nathan Baker

Note
 Using the force evaluation methods of Im et al (Roux group), Comput Phys Commun, 111, 59-75 (1998).
However, this gives the whole (self-interactions included) force — reaction field forces will have to be calcu-
lated at higher level.
» No contributions are made from higher levels of focusing.
Returns

1 if successful, 0 otherwise

Parameters

thee Vpmg object

force 3xsizeof(double) space to hold the boundary force in units of k_B T/AA

atomlID | Valist ID of desired atom

srfm Surface discretization method

Definition at line 5845 of file vpmg.c.

7.29.3.25 Vpmg_ibMutualPolForce()

VEXTERNC void Vpmg_ibMutualPolForce (
Vpmg * thee,
Vgrid * induced,
Vgrid * nlInduced,
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int atomID,

double forcel[3])
lonic boundary mutual polarization force for induced dipoles based on 5th order B-Splines. This force arises due to
self-consistent convergence of the solute induced dipoles and reaction field.

Author

Michael Schnieders

Parameters
thee Vpmg object
induced Induced dipole potential

nlinduced | Non-local induced dipole potential

atomID Atom index

force (returned) force

7.29.3.26 Vpmg_ibNLDirectPolForce()

VEXTERNC void Vpmg_ibNLDirectPolForce (

Vpmg * thee,

Vgrid * perm,

Vgrid * nlInduced,

int atomID,

double forcel[3])
lonic boundary direct polarization force between permanent multipoles and non-local induced dipoles based on 5th
order Keep in mind that the "non-local" induced dipooles are just a mathematical quantity that result from differentiation
of the AMOEBA polarization energy.

Author

Michael Schnieders

Parameters
thee Vpmg object
perm Permanent multipole potential

nlinduced | Induced dipole potential

atomID Atom index

force (returned) force

7.29.3.27 Vpmg_ibPermanentMultipoleForce()

VEXTERNC void Vpmg_ibPermanentMultipoleForce (
Vpmg * thee,
int atomID,
double forcel[3])

Compute the ionic boundary force for permanent multipoles.
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Author

Michael Schnieders

Parameters

thee Vpmg object

atomID | Atom index

force (returned) force

7.29.3.28 Vpmg_memChk()

VEXTERNC unsigned long int Vpmg_memChk (
Vpmg * thee)

Return the memory used by this structure (and its contents) in bytes.

Author
Nathan Baker

Returns

The memory used by this structure and its contents in bytes

Parameters

’ thee ‘ Object for memory check

Definition at line 79 of file vpmg.c.

7.29.3.29 Vpmg_printColComp()

VEXTERNC void Vpmg_printColComp (
Vpmg * thee,
char path[72],
char titlel[72],
char mxtypel3],
int flag)

Print out a column-compressed sparse matrix in Harwell-Boeing format.

Author
Nathan Baker

Bug Can this path variable be replaced with a Vio socket?

Parameters

thee Vpmg object

path The file to which the matrix is to be written

title The title of the matrix
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mxtype

+ S: symmetric matrix

+ U: unsymmetric matrix

* H: Hermitian matrix

+ Z: skew-symmetric matrix

* R: rectangular matrix

The type of REAL-valued matrix, a 3-character string of the form "R_A" where the '_' can be one of:

flag

The operator to compress:

 0: Poisson operator

* 1: Linearization of the full Poisson-Boltzmann operator around the current solution

Definition at line 87 of file vpmg.c.

7.29.3.30 Vpmg_gfAtomEnergy()

VEXTERNC double Vpmg_gfAtomEnergy (

Get the per-atom "fixed charge" contribution to the electrostatic energy.

Vpmg * thee,

Vatom *x atom)

Using the solution at the finest mesh level, get the electrostatic energy due to the interaction of the fixed charges with

the poten

tial:

where g$ is the charge and r is the location of the atom of interest. The result is returned in units of k_B T. Clearly, no
self-interaction terms are removed. A factor a 1/2 has to be included to convert this to a real energy.

Author

Nathan Baker

Note

The value of this observable may be modified by setting restrictions on the subdomain over which it is calculated.
Such limits can be set via Vpmg_setPart and are generally useful for parallel runs.

Returns

The fixed charge electrostatic energy in units of k_B T.

Parameters

thee

The Vpmg object

atom

The atom for energy calculations

Definition

at line 1791 of file vpmg.c.
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7.29.3.31 Vpmg_gfDirectPolForce()

VEXTERNC void Vpmg_gfDirectPolForce (

Vpmg * thee,

Vgrid * perm,

Vgrid = induced,

int atomID,

double forcel3],

double torque[3])
g-Phi direct polarization force between permanent multipoles and induced dipoles, which are induced by the sum of the
permanent intramolecular field and the permanent reaction field.

Author

Michael Schnieders

Parameters
thee Vpmg object
perm Permanent multipole potential

induced | Induced dipole potential

atomID | Atom index

force (returned) force

torque (returned) torque

7.29.3.32 Vpmg_gfEnergy()

VEXTERNC double Vpmg_gfEnergy (
Vpmg * thee,
int extFlag)
Get the "fixed charge" contribution to the electrostatic energy.

Using the solution at the finest mesh level, get the
electrostatic energy due to the interaction of the fixed charges
with the potential: \f[ G = \sum_i g_i u(r_i) \f]

and return the result in units of k_B T. Clearly, no
self-interaction terms are removed. A factor a 1/2 has to be
included to convert this to a real energy.

Author
Nathan Baker

Note

The value of this observable may be modified by setting restrictions on the subdomain over which it is calculated.
Such limits can be set via Vpmg_setPart and are generally useful for parallel runs.
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Returns

The fixed charge electrostatic energy in units of k_B T.

Parameters

thee Vpmg object

extFlag | If this was a focused calculation, include (1 — for serial calculations) or ignore (0 — for parallel calculations)
energy contributions from outside the focusing domain

Definition at line 1687 of file vomg.c.

7.29.3.33 Vpmg_gfForce()

VEXTERNC int Vpmg_qgfForce (
Vpmg * thee,
double % force,
int atomID,
Vchrg_Meth chgm)
Calculate the "charge-field" force on the specified atom in units of k_B T/AA.

Author
Nathan Baker

Note
+ Using the force evaluation methods of Im et al (Roux group), Comput Phys Commun, 111, 59-75 (1998).
However, this gives the whole (self-interactions included) force — reaction field forces will have to be calcu-
lated at higher level.
+ No contributions are made from higher levels of focusing.
Returns

1 if sucessful, 0 otherwise

Parameters

thee Vpmg object

force 3xsizeof(double) space to hold the force in units of k_B T/A

atomID | Valist ID of desired atom

chgm Charge discretization method

Definition at line 6267 of file vomg.c.

7.29.3.34 Vpmg_qgfMutualPolForce()

VEXTERNC void Vpmg_gfMutualPolForce (

Vpmg * thee,

Vgrid = induced,

Vgrid * nlInduced,

int atomID,

double force[3])
Mutual polarization force for induced dipoles based on 5th order B-Splines. This force arises due to self-consistent
convergence of the solute induced dipoles and reaction field.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.29 Vpmg class 271

Author

Michael Schnieders

Parameters
thee Vpmg object
induced Induced dipole potential

nlinduced | Non-local induced dipole potential

atomID Atom index

force (returned) force

7.29.3.35 Vpmg_gfNLDirectPolForce()

VEXTERNC void Vpmg_gfNLDirectPolForce (

Vpmg * thee,

Vgrid * perm,

Vgrid * nlInduced,

int atomID,

double forcel3],

double torque(3])
g-Phi direct polarization force between permanent multipoles and non-local induced dipoles based on 5th Order B-«
Splines. Keep in mind that the "non-local" induced dipooles are just a mathematical quantity that result from differentia-
tion of the AMOEBA polarization energy.

Author

Michael Schnieders

Parameters
thee Vpmg object
perm Permanent multipole potential

nlinduced | Non-local induced dipole potential

atomlD Atom index
force (returned) force
torque (returned) torque

7.29.3.36 Vpmg_gfPermanentMultipoleEnergy()

VEXTERNC double Vpmg_gfPermanentMultipoleEnergy (

Vpmg * thee,

int atomlID)
Computes the permanent multipole electrostatic hydration energy (the polarization component of the hydration energy
currently computed in TINKER).

Author

Michael Schnieders
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Returns

The permanent multipole electrostatic hydration energy

Parameters

thee Vpmg object

atomID | Atom index

7.29.3.37 Vpmg_gfPermanentMultipoleForce()

VEXTERNC void Vpmg_gfPermanentMultipoleForce (
Vpmg * thee,
int atomID,
double forcel[3],
double torquel3])
Computes the g-Phi Force for permanent multipoles based on 5th order B-splines.

Author

Michael Schnieders

Parameters

thee Vpmg object

atomlID | Atom index

force (returned) force

torque | (returned) torque

7.29.3.38 Vpmg_gmEnergy()

VEXTERNC double Vpmg_gmEnergy (
Vpmg * thee,
int extFlag)
Get the "mobile charge" contribution to the electrostatic energy.

Using the solution at the finest mesh level, get the
electrostatic energy due to the interaction of the mobile charges
with the potential:

\f[ G = \frac{l}{4 I_s} \sum_i c_i g_i"2 \int

\kappa"2(x) e”{-q_i u(x)} dx \f]
for the NPBE and

\f[ G = \frac{1}{2} \int \overline{\kappal}”"2(x) u”2(x) dx \f]
for the LPBE. Here i denotes the counterion species,
I_s is the bulk ionic strength, kappa”2(x)
is the modified Debye-Huckel parameter, c_i is the
concentration of species i, g_i is the charge of
species i, and u(x) is the dimensionless electrostatic
potential. The energy is scaled to units of k_b T.

Author
Nathan Baker
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Note

The value of this observable may be modified by setting restrictions on the subdomain over which it is calculated.
Such limits can be set via Vpmg_setPart and are generally useful for parallel runs.
Returns

The mobile charge electrostatic energy in units of k_B T.

Parameters

thee Vpmg object

extFlag | If this was a focused calculation, include (1 — for serial calculations) or ignore (0 — for parallel calculations)
energy contributions from outside the focusing domain

Definition at line 1386 of file vomg.c.

7.29.3.39 Vpmg_setPart()

VEXTERNC void Vpmg_setPart (
Vpmg * thee,
double lowerCorner[3],
double upperCorner(3],
int bflags[6])
Set partition information which restricts the calculation of observables to a (rectangular) subset of the problem domain.

Author
Nathan Baker

Parameters

thee Vpmg object

lowerCorner | Partition lower corner

upperCorner | Partition upper corner

bflags Booleans indicating whether a particular processor is on the boundary with another partition. 0 if the
face is not bounded (next to) another partition, and 1 otherwise.

Definition at line 627 of file vpmg.c.

7.29.3.40 Vpmg_solve()

VEXTERNC int Vpmg_solve (
Vpmg * thee)
Solve the PBE using PMG.

Author
Nathan Baker
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Returns

1 if successful, 0 otherwise

Parameters

’ thee ‘ Vpmg object

Definition at line 401 of file vpmg.c.

7.29.3.41 Vpmg_solvelaplace()

VEXTERNC int Vpmg_solveLaplace (
Vpmg * thee)

Solve Poisson's equation with a homogeneous Laplacian operator using the solvent dielectric constant. This solution is

performed by a sine wave decomposition.
Author
Nathan Baker

Returns

1 if successful, 0 otherwise

Note

This function is really only for testing purposes as the PMG multigrid solver can solve the homogeneous system
much more quickly. Perhaps we should implement an FFT version at some point...

Parameters

’ thee ‘ Vpmg object

Definition at line 7042 of file vpmg.c.

7.29.3.42 Vpmg_unsetPart()

VEXTERNC void Vpmg_unsetPart (
Vpmg * thee)
Remove partition restrictions.

Author
Nathan Baker

Parameters

’ thee ‘ Vpmg object

Definition at line 872 of file vpmg.c.

7.30 Vpmgp class

Parameter structure for Mike Holst's PMGP code.
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Files

« file src/mg/vpmgp.c

Class Vpmgp methods.
« file src/mg/vpmgp.h

Contains declarations for class Vpmgp.

Data Structures

« struct sVpmgp

Contains public data members for Vpmgp class/module.

Typedefs
* typedef struct sVpmgp Vpmgp

Declaration of the Vpmgp class as the sVpmgp structure.

Functions

* VEXTERNC Vpmgp * Vpmgp_ctor (MGparm smgparm)

Construct PMG parameter object and initialize to default values.
+ VEXTERNC int Vpmgp_ctor2 (Vpmgp *thee, MGparm xmgparm)

FORTRAN stub to construct PMG parameter object and initialize to default values.
« VEXTERNC void Vpmgp_dtor (Vpmgp *xthee)

Object destructor.
« VEXTERNC void Vpmgp_dtor2 (Vpmgp *thee)

FORTRAN stub for object destructor.
+ VEXTERNC void Vpmgp_size (Vpmgp *thee)

Determine array sizes and parameters for multigrid solver.

+ VEXTERNC void Vpmgp_makeCoarse (int numLevel, int nxOld, int nyOld, int nzOId, int xnxNew, int xnyNew, int
*nzNew)

Coarsen the grid by the desired number of levels and determine the resulting numbers of grid points.

7.30.1 Detailed Description

Parameter structure for Mike Holst's PMGP code.
Note

Variables and many default values taken directly from PMG

7.30.2 Typedef Documentation
7.30.2.1 Vpmgp

typedef struct sVpmgp Vpmgp
Declaration of the Vpmgp class as the sVpmgp structure.
Definition at line 204 of file vpmgp.h.
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7.30.3 Function Documentation
7.30.3.1 Vpmgp_ctor()

VEXTERNC Vpmgp * Vpmgp_ctor (
MGparm * mgparm)
Construct PMG parameter object and initialize to default values.

Author
Nathan Baker

Parameters

’ mgparm ‘ MGParm object containing parameters to be used in setup

Returns

Newly allocated and initialized Vpmgp object

Definition at line 76 of file vpmgp.c.

7.30.3.2 Vpmgp_ctor2()

VEXTERNC int Vpmgp_ctor2 (
Vpmgp * thee,
MGparm * mgparm)

FORTRAN stub to construct PMG parameter object and initialize to default values.

Author
Nathan Baker

Parameters

thee Newly allocated PMG object

mgparm | MGParm object containing parameters to be used in setup

Returns

1 if successful, 0 otherwise

Definition at line 93 of file vpmgp.c.

7.30.3.3 Vpmgp_dtor()

VEXTERNC void Vpmgp_dtor (
Vpmgp ** thee)
Object destructor.
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Author
Nathan Baker

Parameters

’ thee ‘ Pointer to memory location for Vpmgp object

Definition at line 178 of file vpmgp.c.

7.30.3.4 Vpmgp_dtor2()

VEXTERNC void Vpmgp_dtor2 (
Vpmgp * thee)

FORTRAN stub for object destructor.

Author
Nathan Baker

Parameters

’ thee ‘ Pointer to Vpmgp object

Definition at line 193 of file vpmgp.c.

7.30.3.5 Vpmgp_makeCoarse()

VEXTERNC void Vpmgp_makeCoarse (

Coarsen the grid by the desired number of levels and determine the resulting numbers of grid points.

Author

int numLevel,
int nx0Ol1d,
int nyo0Ol1d,
int nzOl1d,
int * nxNew,
int * nyNew,

int * nzNew)

Mike Holst and Nathan Baker

Parameters

numLevel | Number of levels to coarsen

nxOld Number of old grid points in this direction
nyOld Number of old grid points in this direction
nzOld Number of old grid points in this direction
nxNew Number of new grid points in this direction
nyNew Number of new grid points in this direction
nzNew Number of new grid points in this direction

Definition at line 312 of file vpmgp.c.
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7.30.3.6 Vpmgp_size()

VEXTERNC void Vpmgp_size (

Vpmgp * thee)

Determine array sizes and parameters for multigrid solver.

Author

Mike Holst and Nathan Baker

Parameters

’ thee ‘ Object to be sized

Definition at line 196 of file vpmgp.c.

7.31

C translation of Holst group PMG code

C translation of Holst group PMG code.

Macros

#define HARMO2(a, b)

Multigrid subroutines.
#define MAXIONS 50

Specifies the PDE definition for PMG to solve.

Functions

VPUBLIC void VbuildA (int xnx, int xny, int xnz, int xipkey, int *mgdisc, int xnumdia, int *ipc, double *rpc, double
xac, double xcc, double xfc, double *xf, double xyf, double *zf, double xgxcf, double xgycf, double xgzcf, double
xalcf, double xa2cf, double xa3cf, double xccf, double xfcf)

Build the Laplacian.
VPUBLIC void Vbuildband (int xkey, int xnx, int xny, int xnz, int xipc, double xrpc, double xac, int xipcB, double
xrpcB, double xacB)

Banded matrix builder.
VEXTERNC void Vbuildband1_7 (int xnx, int *ny, int xnz, int xipc, double *rpc, double *x0C, double *oE, double
*x0N, double xuC, int xipcB, double *rpcB, double xacB, int *n, int xm, int xlda)

Build the operator in banded form given the 7-diagonal form.
VEXTERNC void Vbuildband1_27 (int *nx, int xny, int xnz, int xipc, double *xrpc, double *0C, double xoE, double
x0N, double *uC, double *oNE, double xoNW, double *uE, double xuW, double *xuN, double *uS, double *xuNE,
double xuNW, double xuSE, double xuSW, int xipcB, double xrpcB, double xacB, int xn, int xm, int xlda)

Build the operator in banded form given the 27-diagonal form.
VPUBLIC void VbuildG (int *nxf, int xnyf, int xnzf, int xnxc, int *nyc, int xnzc, int xnumdia, double xpcFF, double
xacFF, double *ac)

Build Galerkin matrix structures.

VEXTERNC void VbuildG_1 (int xnxf, int xnyf, int xnzf, int xnx, int *ny, int *nz, double xoPC, double xoPN, double
+x0PS, double xoPE, double x0PW, double xo0PNE, double x0PNW, double x0PSE, double x0PSW, double xuPC,
double *xuPN, double xuPS, double xuPE, double xuPW, double xuPNE, double xuPNW, double xuPSE, double
*UuPSW, double xdPC, double xdPN, double *xdPS, double *dPE, double *dPW, double *dPNE, double xdPNW,
double *dPSE, double *dPSW, double *x0C, double *XoC, double *XoE, double *XoN, double *XuC, double
+*XONE, double x*XoNW, double *XuE, double «XuW, double *«XuN, double *XuS, double «XuNE, double xXuNW,
double *XuSE, double *XuSW)
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Computes a 27-point galerkin coarse grid matrix from a 1-point (i.e., diagonal) fine grid matrix.

» VEXTERNC void VbuildG_7 (int xnxf, int xnyf, int xnzf, int xnx, int xny, int xnz, double *oPC, double xoPN, double
*x0PS, double xoPE, double x0PW, double xo0PNE, double x0PNW, double x0PSE, double x0PSW, double *xuPC,
double xuPN, double xuPS, double *uPE, double xuPW, double «uPNE, double xuPNW, double xuPSE, double
*UPSW, double *dPC, double *dPN, double *dPS, double *dPE, double xdPW, double *dPNE, double xdPNW,
double *dPSE, double *dPSW, double xoC, double *x0E, double *oN, double xuC, double *XoC, double *XoE,
double *XoN, double *XuC, double *XoNE, double xXoNW, double *XuE, double *XuW, double *«XuN, double
*XuS, double xXuNE, double xXuNW, double x*XuSE, double xXuSW)

Computes a 27-point galerkin coarse grid matrix from a 7-point fine grid matrix.

« VEXTERNC void VbuildG_27 (int xnxf, int xnyf, int xnzf, int xnx, int *ny, int *nz, double *xoPC, double *0«
PN, double *oPS, double xoPE, double xoPW, double *oPNE, double xoPNW, double xoPSE, double xoPSW,
double xuPC, double xuPN, double xuPS, double xuPE, double xuPW, double xuPNE, double xuPNW, double
*UPSE, double *uPSW, double *dPC, double *dPN, double *dPS, double *dPE, double xdPW, double *dPNE,
double *dPNW, double *dPSE, double *dPSW, double *x0C, double x0E, double *xoN, double *uC, double *oNE,
double xoNW, double xuE, double xuW, double *uN, double *uS, double *xuNE, double *uNW, double *uSE,
double *uSW, double *XoC, double *XoE, double *XoN, double xXuC, double *xXoNE, double xXoNW, double
*XUE, double xXuW, double «XuN, double xXuS, double *xXuNE, double «XuNW, double xXuSE, double «XuSW)

Compute a 27-point galerkin coarse grid matrix from a 27-point fine grid matrix.
» VPUBLIC void VbuildP (int xnxf, int xnyf, int xnzf, int xnxc, int xnyc, int xnzc, int xmgprol, int xipc, double xrpc,
double xpc, double xac, double xxf, double xyf, double *zf)
Builds prolongation matrix.
» VPUBLIC void Vcghs (int *nx, int xny, int *nz, int xipc, double *rpc, double xac, double xcc, double xfc, double
xX, double xp, double xap, double xr, int xitmax, int xiters, double *errtol, double xomega, int xiresid, int xiadjoint)
A collection of useful low-level routines (timing, etc).
» VPUBLIC void Vgsrb (int xnx, int xny, int xnz, int xipc, double *rpc, double xac, double xcc, double xfc, double *x,
double xw1, double xw2, double xr, int xitmax, int xiters, double xerrtol, double xomega, int xiresid, int xiadjoint)
Guass-Seidel solver.
« VPUBLIC void Vmatvec (int xnx, int xny, int xnz, int xipc, double *rpc, double xac, double xcc, double *x, double
*Yy)
Matrix-vector multiplication routines.
+ VEXTERNC void Vnmatvec (int *nx, int xny, int *nz, int xipc, double xrpc, double xac, double xcc, double *x,
double xy, double xw1)
Break the matrix data-structure into diagonals and then call the matrix-vector routine.
+ VEXTERNC void Vmresid (int xnx, int xny, int xnz, int xipc, double xrpc, double xac, double xcc, double xfc,
double *x, double x*r)
Break the matrix data-structure into diagonals and then call the residual routine.
« VEXTERNC void Vnmresid (int xnx, int xny, int *xnz, int xipc, double xrpc, double xac, double xcc, double xfc,
double xx, double xr, double xw1)
Break the matrix data-structure into diagonals and then call the residual routine.
» VEXTERNC void Vrestrc (int *nxf, int xnyf, int xnzf, int xnxc, int xnyc, int xnzc, double *xin, double xxout, double
*PC)
Apply the restriction operator.
» VEXTERNC void VinterpPMG (int xnxc, int xnyc, int xnzc, int xnxf, int *nyf, int xnzf, double *xin, double xxout,
double xpc)
Apply the prolongation operator.
* VEXTERNC void Vextrac (int *nxf, int xnyf, int xnzf, int xnxc, int *ny, int xnzc, double xxin, double xxout)

Simple injection of a fine grid function into coarse grid.

* VEXTERNC void Vmvcs (int xnx, int xny, int xnz, double xx, int xiz, double *w0, double xw1, double xw2, double
*w3, int xistop, int xitmax, int xiters, int xierror, int xnlev, int xilev, int xnlev_real, int xmgsolv, int xiok, int xiinfo,
double xepsiln, double xerrtol, double xomega, int xnui, int xnu2, int xmgsmoo, int xipc, double *rpc, double xpc,
double *ac, double xcc, double xfc, double *tru)
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MG helper functions.
VPUBLIC void Vmgdriv (int xiparm, double xrparm, int xiwork, double xrwork, double *xu, double *xf, double *yf,
double xzf, double xgxcf, double xgycf, double xgzcf, double xalcf, double xa2cf, double xa3cf, double xccf,
double xfcf, double x*tcf)

Multilevel solver driver.
VEXTERNC void Vmgdriv2 (int xiparm, double xrparm, int xnx, int xny, int *nz, double *u, int xiz, int xipc, double
xrpc, double xpc, double *ac, double xcc, double xfc, double *xf, double xyf, double *zf, double xgxcf, double
xgycf, double xgzcf, double xalcf, double xa2cf, double xa3cf, double xccf, double xfcf, double xtcf)

Solves the pde using the multi-grid method.
VEXTERNC void Vmgsz (int xmgcoar, int xmgdisc, int xmgsolv, int xnx, int xny, int xnz, int *nlev, int xnxc, int
*Nyc, int xnzc, int *nf, int *nc, int xnarr, int xnarrc, int *n_rpc, int xn_iz, int xn_ipc, int xiretot, int xiintot)

This routine computes the required sizes of the real and integer work arrays for the multigrid code. these two sizes are a

(complicated) function of input parameters.
VPUBLIC void Vfmvfas (int xnx, int xny, int xnz, double *x, int xiz, double w0, double *xw1, double *xw2, double
*w3, double xw4, int xistop, int xitmax, int xiters, int xierror, int xnlev, int xilev, int xnlev_real, int xmgsolv, int xiok,
int xiinfo, double xepsiln, double xerrtol, double xomega, int *nut, int *xnu2, int xmgsmoo, int xipc, double *rpc,
double xpc, double xac, double xcc, double xfc, double xtru)

Multigrid nonlinear solve iteration routine.
VEXTERNC void Vmvfas (int *nx, int xny, int *nz, double *x, int xiz, double *w0, double *w1, double *w2, double
*w3, double xw4, int xistop, int xitmax, int xiters, int xierror, int xnlev, int xilev, int xnlev_real, int xmgsolv, int *iok,
int xiinfo, double xepsiln, double xerrtol, double xomega, int xnu1, int *xnu2, int xmgsmoo, int xipc, double xrpc,
double xpc, double xac, double xcc, double xfc, double xtru)

Nonlinear multilevel method.
VPUBLIC void Vbuildops (int xnx, int xny, int *nz, int xnlev, int xipkey, int xiinfo, int xido, int xiz, int xmgprol, int
xmgcoar, int xmgsolyv, int xmgdisc, int xipc, double xrpc, double xpc, double xac, double xcc, double xfc, double
xxf, double xyf, double xzf, double xgxcf, double xgycf, double xgzcf, double xaicf, double *a2cf, double xa3cf,
double xccf, double xfcf, double xtcf)

Build operators, boundary arrays, modify affine vectors ido==0: do only fine level ido==1: do only coarse levels (including

second op at coarsest) ido==2: do all levels ido==3: rebuild the second operator at the coarsest level.
VEXTERNC void Vbuildstr (int *nx, int xny, int xnz, int xnlev, int xiz)

Build the nexted operator framework in the array iz.
VEXTERNC void VbuildgalerO (int xnxf, int xnyf, int xnzf, int xnxc, int xnyc, int xnzc, int xipkey, int xnumdia, double
xpcFF, int xipcFF, double xrpcFF, double xacFF, double xccFF, double xfcFF, int xipc, double xrpc, double xac,
double xcc, double xfc)

Form the Galerkin coarse grid system.
VPUBLIC void Vxcopy (int *nx, int *ny, int *nz, double *x, double xy)

A collection of useful low-level routines (timing, etc).
VEXTERNC void Vxcopy_small (int xnx, int *ny, int xnz, double *x, double xy)

Copy operation for a grid function with boundary values. Quite simply copies one 3d matrix to another.
VEXTERNC void Vxcopy_large (int *nx, int xny, int xnz, double *x, double xy)

Copy operation for a grid function with boundary values. Quite simply copies one 3d matrix to another.
VEXTERNC void Vxaxpy (int xnx, int xny, int xnz, double *alpha, double *x, double xy)

saxpy operation for a grid function with boundary values.
VEXTERNC double Vxnrm1 (int *nx, int xny, int xnz, double *x)

Norm operation for a grid function with boundary values.
VEXTERNC double Vxnrm2 (int xnx, int xny, int xnz, double *x)

Norm operation for a grid function with boundary values.
VEXTERNC double Vxdot (int xnx, int xny, int xnz, double *x, double xy)

Inner product operation for a grid function with boundary values.
VEXTERNC void Vazeros (int xnx, int xny, int xnz, double *x)
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Zero out operation for a grid function, including boundary values.
» VEXTERNC void VfboundPMG (int xibound, int xnx, int xny, int *xnz, double *x, double xgxc, double xgyc, double
*QZC)
Initialize a grid function to have a certain boundary value,.
« VEXTERNC void VfboundPMGOO (int *nx, int *ny, int xnz, double *x)

Initialize a grid function to have a zero boundary value.
* VEXTERNC void Vaxrand (int *nx, int xny, int *nz, double *x)

Fill grid function with random values, including boundary values.
* VEXTERNC void Vxscal (int xnx, int xny, int xnz, double xfac, double *x)

Scale operation for a grid function with boundary values.
» VEXTERNC void Vprtmatd (int xnx, int *xny, int *xnz, int xipc, double xrpc, double *xac)
» VPUBLIC void Vdpbsl (double xabd, int xlda, int *n, int xm, double *b)

LINPACK interface.
« VPUBLIC void Vmypdefinitlpbe (int xtnion, double xtcharge, double *tsconc)

Set up the ionic species to be used in later calculations. This must be called before any other of the routines in this file.
« VEXTERNC void Vmypdefinitnpbe (int xtnion, double xtcharge, double *tsconc)

Set up the ionic species to be used in later calculations. This must be called before any other of the routines in this file.
« VEXTERNC void Vmypdefinitsmpbe (int xtnion, double xtcharge, double *tsconc, double xsmvolume, double
*Smsize)
Set up the ionic species to be used in later calculations. This must be called before any other of the routines in this file.
» VEXTERNC void Vc_vec (double xcoef, double *uin, double xuout, int xnx, int xny, int xnz, int xipkey)

Define the nonlinearity (vector version).
+ VEXTERNC void Vdc_vec (double xcoef, double xuin, double xuout, int *nx, int xny, int xnz, int xipkey)

Define the derivative of the nonlinearity (vector version).
« VEXTERNC void Vc_vecpmg (double xcoef, double xuin, double xuout, int xnx, int xny, int xnz, int xipkey)

Define the nonlinearity (vector version).
» VEXTERNC void Vc_vecsmpbe (double xcoef, double xuin, double xuout, int xnx, int *ny, int xnz, int xipkey)

Define the nonlinearity (vector version).
* VEXTERNC void Vnewdriv (int xiparm, double xrparm, int xiwork, double xrwork, double *u, double xxf, double
xyf, double xzf, double xgxcf, double xgycf, double *gzcf, double xaicf, double xa2cf, double xa3cf, double xccf,
double xfcf, double x*tcf)

Driver for the Newton Solver.

* VEXTERNC void Vnewdriv2 (int xiparm, double xrparm, int xnx, int xny, int xnz, double =u, int *xiz, double *w1,
double xw2, int xipc, double *rpc, double xpc, double xac, double xcc, double xfc, double *xf, double xyf, double
xzf, double xgxcf, double xgycf, double xgzcf, double xaicf, double xa2cf, double xa3cf, double xccf, double xfcf,
double xtcf)

Solves using Newton's Method.

« VPUBLIC void Vfnewton (int xnx, int xny, int «xnz, double X, int xiz, double *w0, double *w1, double *w2, double
*W3, int xistop, int xitmax, int xiters, int xierror, int xnlev, int xilev, int xnlev_real, int xmgsolv, int xiok, int *iinfo,
double xepsiln, double xerrtol, double xomega, int xnu1, int *xnu2, int xmgsmoo, double xcprime, double *rhs,
double xxtmp, int xipc, double xrpc, double *pc, double xac, double *cc, double xfc, double *tru)

Driver routines for the Newton method.

* VEXTERNC void Vnewton (int xnx, int xny, int xnz, double xx, int xiz, double w0, double xw1, double xw2,
double xw3, int xistop, int xitmax, int xiters, int xierror, int xnley, int xilev, int xnlev_real, int xmgsolv, int xiok, int
xiinfo, double xepsiln, double xerrtol, double xomega, int xnu1, int xnu2, int xmgsmoo, double xcprime, double
xrhs, double xxtmp, int xipc, double xrpc, double *pc, double xac, double xcc, double xfc, double xtru)

Inexact-newton-multilevel method.

+ VEXTERNC void Vgetjac (int xnx, int xny, int xnz, int xnlev_real, int xiz, int xlev, int xipkey, double *x, double r,

double xcprime, double xrhs, double *cc, double *pc)
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Form the jacobian system.

« VPUBLIC void Vpower (int xnx, int xny, int xnz, int iz, int xilev, int xipc, double xrpc, double *ac, double *cc,
double w1, double xw2, double *w3, double xw4, double xeigmax, double xeigmax_model, double xtol, int
xitmax, int xiters, int xiinfo)

Power methods for eigenvalue estimation.

« VEXTERNC void Vipower (int xnx, int xny, int xnz, double *u, int xiz, double *w0, double *w1, double *w2, double
*w3, double xw4, double xeigmin, double xeigmin_model, double xtol, int xitmax, int xiters, int xnley, int xilev, int
xnlev_real, int xmgsolv, int xiok, int xiinfo, double xepsiln, double xerrtol, double xomega, int xnu1, int xnu2, int
*Mgsmoo, int xipc, double xrpc, double xpc, double xac, double *cc, double xtru)

Standard inverse power method for minimum eigenvalue estimation.

* VEXTERNC void Vsmooth (int xnx, int xny, int xnz, int xipc, double xrpc, double xac, double xcc, double xfc,
double xx, double xw1, double xw2, double xr, int xitmax, int xiters, double xerrtol, double xomega, int xiresid, int
xiadjoint, int xmeth)

Multigrid smoothing functions.

» VEXTERNC void Vnsmooth (int *nx, int xny, int xnz, int xipc, double *rpc, double xac, double *cc, double *fc,
double *x, double *w1, double x*w2, double *r, int xitmax, int *iters, double *xerrtol, double xomega, int xiresid, int
xiadjoint, int xmeth)

call the appropriate non-linear smoothing routine.

7.31.1 Detailed Description

C translation of Holst group PMG code.

7.31.2 Macro Definition Documentation
7.31.2.1 HARMO2

#define HARMO2 (
ar
b)
Value:
(2.0  (a) * (b) / ((a) + (b))
Multigrid subroutines.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

ElE R R S e N N S N N S

Redistribution and use in source and binary forms, with or without
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modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

L S S S S S S S S S S N S I I A T .

Definition at line 65 of file mgsubd.h.

7.31.2.2 MAXIONS

#define MAXIONS 50
Specifies the PDE definition for PMG to solve.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

EE T T T R T S S S S S SRS S N
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software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

EE R S P S N S N N N T S N S R o

Definition at line 62 of file mypdec.h.

7.31.3 Function Documentation
7.31.3.1 Vaxrand()

VEXTERNC void Vaxrand (
int % nx,
int * ny,
int % nz,
double * x)
Fill grid function with random values, including boundary values.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces axrand from mikpckd.f

Parameters

nx | The size of the x dimension of the 3d matrix

ny | The size of the y dimension of the 3d matrix

nz | The size of the z dimension of the 3d matrix
X The 3d matrix to fill

Definition at line 291 of file mikpckd.c.

7.31.3.2 Vazeros()

VEXTERNC void Vazeros (
int % nx,
int * ny,
int % nz,
double * x)
Zero out operation for a grid function, including boundary values.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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Author

Note

Tucker Beck [C Translation], Michael Holst [Original]

Replaces azeros from mikpckd.f

Parameters
nx | The size of the x dimension of the 3d matrix
ny | The size of the x dimension of the 3d matrix
nz | The size of the x dimension of the 3d matrix
x | The matrix to zero out

Definition at line 195 of file mikpckd.c.

7.31.3.3 VbuildA()

VEXTERNC void VbuildA (

int * nx,

int * ny,

int % nz,

int * ipkey,
int * mgdisc,
int * numdia,
int * ipc,
double % rpc,
double *x ac,
double * cc,
double *x fc,
double * xf,
double % yf,
double *x zf,
double * gxcf,
double *x gycf,
double * gzcf,
double *x alcft,
double *x alZcf,
double % al3cf,
double * ccf,
double *x fcf)

Build the Laplacian.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$id:
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Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific Nc
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

LR A SR T N S S S S S S S S S N N S S T R S S N S S S S S NS N S

Author

Mike Holst [original], Tucker Beck [translation]

Attention
*
* APBS —-- Adaptive Poisson-Boltzmann Solver
*
* Nathan A. Baker (nathan.baker@pnl.gov)
* Pacific Northwest National Laboratory
*
* Additional contributing authors listed in the code documentation.
*
* Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
« All rights reserved.
*
*
* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions are met:
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- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

- Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Break the matrix data-structure into diagonals and then call the matrix build routine

Author

Tucker Beck [C Translation], Michael Holst [Original]

Parameters

nx

ny

nz

ipkey

mgdisc

numdia

ipc

rpc

ac

cc

fc

xf

yf

zf

gxcf

gycf

gzcf

aicf
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a2cf

adcf

ccf

fcf

Definition at line 57 of file buildAd.c.

7.31.3.4 Vbuildband()

VEXTERNC void Vbuildband (

int * key,

int % nx,

int * ny,

int % nz,

int * ipc,
double % rpc,
double *x ac,
int * ipcB,
double * rpcB,
double * acB)

Banded matrix builder.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

L I S T T S S S S S S . S S S S T i A S .

APBS —-- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.
Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific

Copyright (c) 2010-2020 Battelle Memorial Institute.
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.
Portions Copyright (c) 1999-2002, The Regents of the University of California.
Portions Copyright (c) 1995, Michael Holst.

All rights reserved.
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation

and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
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contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

* 5% ok ok ok ok kX X X X X X X %

Author

Mike Holst and Steve Bond [original], Tucker Beck [translation]

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratorsy
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Build and factor a banded matrix given a matrix in diagonal form.
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces buildband from buildBd.f

Parameters

key

nx

ny

nz

ipc

rpc

ac

ipcB

rpcB

acB

Definition at line 57 of file buildBd.c.

7.31.3.5 Vbuildband1_27()

VEXTERNC void Vbuildbandl_27

Build the operator in banded form given the 27-diagonal form.

int *

int *

int *

int *

double
double
double
double
double
double
double
double
double
double
double
double
double
double
double

nx,

ny,

nz,

ipc,

*

*

*

*

rpc,
oC,
oE,
ON,
ucC,
ONE,
ONW,
uk,
ulv,
uN,
us,
uNE,
uNWw,
uSE,
uSw,

int * ipcB,

double * rpcB,

double * acB,

int *

n,

int * m,

int % 1da)

(
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces buildband1_7 from buildBd.f

Parameters

nx
ny
nz
ipc
roc
oC
oE
oN
uC
oNE
oNW
uE
uW
uN
uS
uNE
uNW
uSE
uSw
ipcB

rpcB

acB

n

m
Ida

Definition at line 183 of file buildBd.c.

7.31.3.6 Vbuildband1_7()

VEXTERNC void Vbuildbandl_7 (

int
int
int

int

*

*

*

*

nx,
ny,
nz,

ipc,
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Build the operator in banded form given the 7-diagonal form.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces buildband1_7 from buildBd.f

Parameters

nx

ny

nz

ipc

roc

oC

oE

oN

uC

ipcB

rpcB

acB

Ida

Definition at line 119 of file buildBd.c.

double *
double *
double =*
double =*
double x*

int * ipcB,

double % rpcB,

rpc,
oC,
oE,
OoN,
ucC,

double *x acB,

int * n,

int % m,

int x Ida)

7.31.3.7 VbuildG()

VEXTERNC void VbuildG

int
int
int
int

int

*

*

*

(

nxf,
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int * nzc,

int * numdia,

double * pcFF,

double % acFF,

double * ac)
Build Galerkin matrix structures.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [fortran ->c translation], Michael Holst [original]
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Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

LR S I S I S A S S S S S S S N N I S T e S S S S S N S N N N

Parameters

nxf

nyf

nzf

nxc

nyc

nzc

numdia
pcFF
acFF

ac

Definition at line 57 of file buildGd.c.
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7.31.3.8 VbuildG_1()

VEXTERNC void VbuildG_1 (

int % nxf,

int * nyf,

int * nzf,

int % nx,

int * ny,

int % nz,
double *x oPC,
double * OPN,
double * oPS,
double * OPE,
double *x oPW,
double * OPNE,
double *x oPNW,
double * OPSE,
double * oPSW,
double *x uPC,
double * uPN,
double x uPS,
double * uPE,
double * uPw,
double % uPNE,
double * uPNW,
double *x uPSE,
double * uPSw,
double *x dPC,
double * dPN,
double *x dPS,
double *x dPE,
double *x dPW,
double % dPNE,
double x dPNW,
double x* dPSE,
double *x dPSW,
double *x oC,
double * XoC,
double % XoE,
double * XoN,
double *x XuC,
double * XoONE,
double * XoNW,
double * XukE,
double x XuW,
double * XuN,
double * XuS,
double *x XuNE,
double * XuNW,
double x* XuSE,
double *x XuSW)

Computes a 27-point galerkin coarse grid matrix from a 1-point (i.e., diagonal) fine grid matrix.
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note
Replaces buildG_1 from buildGd.f

Expressions for the galerkin coarse grid stencil XA in terms of the fine grid matrix stencil A and the interpolation operator
stencil P. these stencils have the form:

XA = array([

matrix([ [ -XdNW(i,j,k), -XdN(i,j,k), -XdNE(i,j,k) 1, [ -XdW(i,j,k), -XdC(i,j,k), -XdE(i,j,k) ], [ -XdSW(i,j,k), -XdS(i,j,k), -Xd+
SE(i.j.k) 11),

matrix([ [ -XoNW(i,j,k), -XoN(i,j,k), -XoNE(i,j,k) 1, [ -XoW(i,j,k), XoC(i,j,k), -XoE(i,},k) ], [ -XoSW(i,j,k), -XoS(i,j,k), -Xo+«
SE(i.j.k) 1),

matrix([ [ -XuNW(i,j,k), -XuN(i,j,k), -XuNE(i,j,k) 1, [ -XuW(i,j,k), -XuC(i,j,k), -XuE(i,j,k) ], [ -XuSW(i,j,k), -XuS(i,j,k), -Xu+
SE(i.j.k) 1) ]):

A :=array([

matrix([[0,0,0],[0,0,0],[0,0,01)),

matrix([[0,0,0], [0, oC(i,j,k),01,[0,0,0]1),

matrix([[0,0,0],[0,0,0],[0,0,01]])

P :=array([

matrix([ [ dPNW(i,j,k), dPN(i,j,k), dPNE(i,j,k) ], [ dPW(i,j,k), dPC(i,j,k), dPE(i,j,k) 1, [ dPSW(i,j,k), dPS(i,j,k), dPSE(i,j,k) ] ])
matrix([ [ oPNW(i,j,k), oPN(i,j,k), oPNE(i,j,k) ], [ oPW(i,j,k), oPC(i,j,k), oPE(i,j,k) ], [ o0PSW(i,j,k), oPS(i,j,k), oPSE(i,j,k) ] ])
matrix([ [ uPNW(i,j,k), uPN(i,j,k), uPNE(,j,k) 1, [ uPW(i,j,k), uPC(i,j,k), uPE(i,j,k) ], [ uPSW(i,j,k), uPS(i,j,k), uPSE(,j,k) 1]
D:

)

H

)

Parameters

nxf

nyf

nzf

nx

ny

nz
oPC
oPN
oPS
oPE
oPW
oPNE
oPNW
OPSE
oPSW
uPC
uPN
uPS
uPE
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uPwW

uPNE

uPNW

uPSE

uPSw

apPC

dPN

dPS

dPE

dPW

dPNE

dPNW

dPSE

dPSW

oC

XoC

XoE

XoN

XuC

XoNE

XoNW

XuE

XuWw

XuN

XuS

XuNE

XuNW

XuSE

XuSWw

Definition at line 145 of file buildGd.c.

7.31.3.9 VbuildG_27()

VEXTERNC void VbuildG_27 (

int % nxf,
int % nyf,
int % nzf,
int % nx,
int * ny,
int % nz,
double * oPC,
double * OPN,
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double * oOPS,
double *x OPE,
double * oPW,
double % OPNE,
double x* OPNW,
double * OPSE,
double * oOPSW,
double *x uPC,
double * uPN,
double *x uPS,
double *x uPE,
double *x uPW,
double *x uPNE,
double % uPNW,
double * uPSE,
double * uPSw,
double *x dPC,
double *x dPN,
double *x dPS,
double * dPE,
double * dPW,
double * dPNE,
double * dPNW,
double *x dPSE,
double * dPSW,
double * oC,

double * OFE,

double * oON,

double x uC,

double * ONE,
double * oONW,
double * ukE,

double *x uW,

double * uN,

double *x uSs,

double * uNE,
double * uNWw,
double * uSE,
double *x uSw,
double *x XoC,
double % XoE,
double * XoN,
double x XuC,
double * XoNE,
double *x XoNW,
double % XuE,
double * XuW,
double * XuN,
double * XuS,
double * XuNE,
double *x XulNW,
double * XuSE,
double *x XuSW)

Compute a 27-point galerkin coarse grid matrix from a 27-point fine grid matrix.
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note
Replaces buildG_27 from buildGd.f

Expressions for the galerkin coarse grid stencil XA in terms of the fine grid matrix stencil A and the interpolation operator
stencil P. these stencils have the form:

XA = array([

matrix([ [ -XdNW(i,j,k), -XdN(i,j,k), -XdNE(i,j,k) ], [ -XdW(i,j,k), -XdC(i,j,k), -XdE(i,j,k) 1, [ -XdSW(i,j,k), -XdS(i,j,k), -Xd«
SE(i,j.k) 1),

matrix([ [ -XoNW(i,j,k), -XoN(i,j,k), -XoNE(i,j,k) 1, [ -XoW(i,j,k), XoC(i,j,k), -XoE(i,j,k) 1, [ -XoSW(i,j,k), -X0S(i,j,k), -Xo+
SE(i,jk) 11,

matrix([ [ -XuNW(i,j,k), -XuN(i,j,k), -XuNE(i,j,k) ], [ -XuW(i,j,k), -XuC(i,j,k), -XuE(i,j,k) 1, [ -XuSW(i,j,k), -XuS(i,j,k), -Xu«
SE(ij.k) 11) 1):

A = array([

matrix([ [ -dNW(i,j,k), -dN(i,j,k), -dNE(i,j,k) ], [ -dW(i,j,k), -dC(i,j,k), -dE(i,j,k) 1, [ -dSW(i,j,k), -dS(i,j,k), -dSE(i,j,k) 11),
matrix([ [ -oNW(i,j,k), -oN(i,j,k), -ONE(i,j,k) ], [ -oW(i,j,k), oC(i,j,k), -0E(i,j,k) ], [ -0SW(i,j,k), -0S(i,j,k), -0SE(i,j,k) ] 1),
matrix([ [ -uNW(i,j,k), -uN(i,j,k), -uNE(i,j,k) ], [ -uW(i,j,k), -uC(i,j,k), -uE(i,j,k) 1, [ -uSW(i,j,k), -uS(i,j,k), -uSE(i,j,k) 11) 1):

P := array([

matrix([ [ dPNW(i,j,k), dPN(i,j,k), dPNE(i,j,k) ], [ dPW(i,j,k), dPC(i,j,k), dPE(i,j,k) ], [ dPSW(i,j,k), dPS(i,j,k), dPSE(i,j,k) ] ]
matrix([ [ oPNW(i,j,k), oPN(i,j,k), oPNE(i,j,k) ], [ oPW(i,j,k), oPC(i,j,k), oPE(i,j,k) ], [ oPSW(i,j,k), oPS(i,j,k), oPSE(i,j,k) ] ]
matrix([ [ uPNW(i,j,k), uPN(i,j,k), uPNE(i,j,k) 1, [ uPW(i,j,k), uPC(i,j,k), uPE(i,j,k) 1, [ uPSW(i,j,k), uPS(i,j,k), uPSE(i,j,k) ]
D):

in addition, A is assumed to be symmetric so that:

oS := proc(x,y,z) RETURN( oN(x,y-1,z) ): end: oW := proc(x,y,z) RETURN( oE(x-1,y,z) ): end: oSE := proc(x,y,z)
RETURN( oNW(x+1,y-1,z) ): end: oSW := proc(x,y,z) RETURN( oNE(x-1,y-1,z) ): end:

dC := proc(x,y,z) RETURN( uC(x,y,z-1) ): end: dW := proc(x,y,z) RETURN( uE(x-1,y,z-1) ): end: dE := proc(x,y,z)
RETURN( uW(x+1,y,z-1) ): end:

dN := proc(x,y,z) RETURN( uS(x,y+1,z-1) ): end: dNW :
= proc(x,y,z) RETURN( uSW(x+1,y+1,z-1) ): end:

dS := proc(x,y,z) RETURN( uN(x,y-1,z-1) ): end: dSW :
= proc(x,y,z) RETURN( uNW(x+1,y-1,z-1) ): end:

),
),
)

proc(x,y,z) RETURN( uSE(x-1,y+1,z-1) ): end: dNE :«

proc(x,y,z) RETURN( uNE(x-1,y-1,z-1) ): end: dSE :«

Parameters

nxf

nyf

nzf

nx

ny

nz
oPC
oPN
oPS
OPE
oPW
oPNE
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oPNW
oPSE
oPSW
uPC
uPN
uPS
UPE
uPw
UPNE
uPNW
uPSE
uPSW
dPC
dPN
dpPs
dPE
aPw
dPNE
dPNW
dPSE
dPSW
oC
oE
oN
uC
oNE
oNW
uE

uN
uS
uNE
uNw
uSE
uSw
XoC
XoE
XoN
XuC
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XoNE

XoNW

XuE

XuWw

XuN

XuS

XuNE

XuNW

XuSE

XuSw

Definition at line 1252 of file buildGd.c.

7.31.3.10 VbuildG_7()

VEXTERNC void VbuildG_7 (

int % nxf,

int *

int *

int *

int *

int *

double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double

nyf,

nzf,

nx,

ny,

nz,
*
*

*

oPC,
OPN,
oPS,
OPE,
oPW,
OPNE,
OPNW,
OPSE,
OoPSW,
ubPC,
uPN,
uPSs,
uPE,
uPw,
uPNE,
uPNW,
uPSE,
ubPSw,
drcC,
dPN,
dPs,
dPE,
dpw,
dPNE,
dPNW,
dPSE,
dPSw,
oC,
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double * OE,
double *x ON,
double *x uC,
double * XoC,
double * XOE,
double * XoON,
double * XuC,
double *x XoNE,
double * XoNW,

double % XukE,
double * XuW,
double * XuN,
double *x XusS,

double % XuNE,
double * XuNW,
double * XuSE,
double * XuSw)
Computes a 27-point galerkin coarse grid matrix from a 7-point fine grid matrix.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note
Replaces buildG_7 from buildGd.f

Expressions for the galerkin coarse grid stencil XA in terms of the fine grid matrix stencil A and the interpolation operator
stencil P. these stencils have the form:

XA := array([

matrix([ [ -XdNW(i,j,k), -XdN(i,j,k), -XdNE(i,j,k) ], [ -XdW(i,j,k), -XdC(i,j,k), -XdE(i,j,k) 1, [ -XdSW(i,j,k), -XdS(i,j,k), -Xd«
SE(i,j.k) 1),

matrix([ [ -XoNW(i,j,k), -XoN(i,j,k), -XoNE(i,j,k) 1, [ -XoW(i,j,k), XoC(i,j,k), -XoE(i,j,k) 1, [ -XoSW(i,j,k), -XoS(i,j,k), -Xo+
SE(i,j.k) 1),

matrix([ [ -XuNW(i,j,k), -XuN(i,j,k), -XuNE(i,j,k) ], [ -XuW(i,j,k), -XuC(i,j,k), -XuE(i,j,k) 1, [ -XuSW(i,j,k), -XuS(i,j,k), -Xu«
SE(i,j,k) 11) 1):

A = array([

matrix([[ 0,0, 0], [0, -dC(i,j,k),0],[0,0,01]]),

matrix([ [ 0, -oN(i,j,k), 0 ], [ -oW(i,j,k), oC(i,j,k), -0E(i,j,k) 1, [ 0, -0S(i,j,k), 01 1),

matrix([[0,0,0], [0, -uC(i,j,k),0],[0,0,0]1])

P := array([

matrix([ [ dPNW(i,j,k), dPN(i,j,k), dPNE(i,j,k) ], [ dPW(i,j,k), dPC(i,j,k), dPE(i,j,k) ], [ dPSW(i,j,k), dPS(i,j,k), dPSE(i,j,k) ] 1),
matrix([ [ oPNW(i,j,k), oPN(i,j,k), oPNE(i,j,k) ], [ oPW(i,j,k), oPC(i,j,k), oPE(i,j,k) ], [ o0PSW(i,j,k), oPS(i,j,k), oPSE(i,j,k) ] 1)
matrix([ [ uPNW(i,j,k), uPN(i,j,k), uPNE(i,j,k) 1, [ uPW(i,j,k), uPC(i,j,k), uPE(i,j,k) 1, [ uPSW(i,j,k), uPS(i,j,k), uPSE(i,j,k) 1]
D):

in addition, A is assumed to be symmetric so that:

oS := proc(x,y,z) RETURN( oN(x,y-1,z) ): end: oW := proc(x,y,z) RETURN( oE(x-1,y,z) ): end: dC := proc(x,y,z) RE-
TURN( uC(x,y,z-1) ): end:

)

Parameters

nxf

nyf

nzf
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nx
ny
nz
oPC
oPN
oPS
OPE
oPW
oPNE
oPNW
OPSE
oPSW
uPC
uPN
uPS
uPE
uPw
uPNE
uPNW
uPSE
uPSW
apPC
dPN
dPS
dPE
aPwW
dPNE
dPNW
dPSE
dPSW
oC
oE
oN
uC
XoC
XoE
XoN
XuC
XoNE
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XoNW
XuE
XuW
XuN
XuS
XuNE
XuNW
XuSE
XuSW

Definition at line 450 of file buildGd.c.

7.31.3.11 Vbuildgaler0()

VEXTERNC void VbuildgalerO (
int % nxf,
int * nyf,
int % nzf,
int % nxc,
int * nyc,
int % nzc,
int * ipkey,
int * numdia,
double * pcFF,
int % ipcFF,
double x rpcFF,
double *x acFF,
double % ccFF,
double % fcFF,
int * ipc,
double % rpc,
double *x ac,
double * cc,
double * fc)
Form the Galerkin coarse grid system.

Note

Although the fine grid matrix may be 7 or 27 diagonal, the coarse grid matrix is always 27 diagonal. (only 14 stored
due to symmetry.)

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note

Replaces buildgaler0 from mgsubd.f

Parameters

nxf

nyf

nzf

nxc

nyc

nzc

ipkey

numdia

pcFF

ipcFF

rpcFF
acFF

ccFF

fcFF

ipc

rpc

ac

cc

fc

Definition at line 341 of file mgsubd.c.

7.31.3.12 Vbuildops()

VEXTERNC void Vbuildops (

int
int
int
int
int
int
int
int
int
int
int
int

int

double
double
double
double

*

*

*

*

*

*

*

nx,

ny,

nz,

nlev,
ipkey,
iinfo,

ido,

iz,

mgprol,

mgcoar,

mgsolv,

mgdisc,

ipc,

*

*

*

*

rpc,
pc,
ac,

ccy
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double *x fc,

double *x xf,

double * yf,

double * zf,

double * gxcf,

double x gycf,

double % gzcf,

double *x alcf,

double * aZcf,

double x a3cf,

double % ccf,

double *x fcf,

double x tcf)
Build operators, boundary arrays, modify affine vectors ido==0: do only fine level ido==1: do only coarse levels (including
second op at coarsest) ido==2: do all levels ido==3: rebuild the second operator at the coarsest level.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
Attention

APBS —-- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
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PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

EE I S A

Note

The fine level must be build before any coarse levels.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Replaces buildops from mgsubd.f

Parameters

nx

ny
nz

nlev
ipkey
iinfo
ido

iz

mgprol

mgcoar

mgsolv

mgdisc

ipc
roc
pc
ac

cc

fc

xf

yf
zf

gxcf

gycf
gzcf

aicf
azcf
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adcf

ccf

fcf

tef

Definitio

7.31.3.1

n at line 57 of file mgsubd.c.

3 VbuildP()

VEXTERNC void VbuildP (

Builds p
Author
Tu

Version

int * nxf,
int * nyf,
int % nzf,
int * nxc,
int * nyc,
int * nzc,
int * mgprol,
int * ipc,
double * rpc,
double % pc,
double *x ac,
double * xf,
double * yf,
double * zf)
rolongation matrix.

cker Beck [fortran ->c translation], Michael Holst [original]

$id:

Attention

EORE R S R N S S N N S T N T T S N S T N o

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.
Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.
Portions Copyright (c) 1999-2002, The Regents of the University of California.
Portions Copyright (c) 1995, Michael Holst.

All rights reserved.
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.
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— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

X% ok ok ok F >k X X X X X X X % X % ok ok

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
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LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

EE I

Parameters

nxf

nyf

nzf

nxc

nyc

nzc

mgprol
ipc

roc

pc

ac

xf

yf
zf

Definition at line 57 of file buildPd.c.

7.31.3.14 Vbuildstr()

VEXTERNC void Vbuildstr (
int * nx,
int * ny,
int % nz,
int % nlev,
int % 1z)
Build the nexted operator framework in the array iz.

Note

iz(50,i) indexes into the gridfcn arrays for each level i=(1,...,nlev+1) as follows:

fun(i) = fun (iz(1,i)) bndx(i) = bndx(iz(2,i)) bndy(i) = bndy(iz(3,)) bndz(i) = bndz(iz(4,i)) ipc(i

i) = ipc(iz(5,i)) rpc(i) =
rpc(iz(6,i)) oper(i) = oper(iz(7,i)) grdx(i) = brdx(iz(8,i)) grdy(i) = brdy(iz(9,i)) grdz(i) = brdz(iz(10,i))

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note

Replaces buildstr from mgsubd.f

Parameters

nx

ny
nz

nlev

Definition at line 257 of file mgsubd.c.

7.31.3.15 Vc_vec()

VEXTERNC void Vc_vec (
double % coef,
double % uin,
double * uout,
int % nx,
int * ny,
int % nz,
int * ipkey)
Define the nonlinearity (vector version).

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces c_vec from mypde.f

Parameters

coef

uin

uout

nx
ny
nz

ipkey

Definition at line 121 of file mypdec.c.

7.31.3.16 Vc_vecpmg()

VEXTERNC void Vc_vecpmg (
double % coef,

double * uin,
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double * uout,
int % nx,
int * ny,
int % nz,
int * ipkey)
Define the nonlinearity (vector version).

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces ¢_vecpmg from mypde.f

Parameters

coef

uin

uout

nx

ny

nz

ipkey

Definition at line 133 of file mypdec.c.

7.31.3.17 Vc_vecsmpbe()

VEXTERNC void Vc_vecsmpbe (
double * coef,
double *x uin,
double % uout,
int % nx,
int * ny,
int % nz,
int * ipkey)

Define the nonlinearity (vector version).

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces c_vecpmg from mypde.f

Parameters

coef

uin
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uout

nx

ny

nz

ipkey

Definition at line 213 of file mypdec.c.

7.31.3.1

8 Vcghs()

VEXTERNC void Vcghs (

int * nx,

int * ny,

int * nz,

int * ipc,
double * rpc,
double * ac,
double *x cc,
double *x fc,
double * x,
double * p,
double * ap,
double * r,

int * itmax,
int * iters,
double x errtol,
double * omega,
int % iresid,

int * iadjoint)

A collection of useful low-level routines (timing, etc).

Author
Tucker Beck [fortran ->c translation], Michael Holst [original]
Version
$ld:
Attention
*
* APBS —-- Adaptive Poisson-Boltzmann Solver
*
* Nathan A. Baker (nathan.baker@pnl.gov)
* Pacific Northwest National Laboratory
*
* Additional contributing authors listed in the code documentation.
*
* Copyright (c) 2010-2020 Battelle Memorial Institute.
* Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific N
* Portions Copyright (c) 2002-2010, Washington University in St. Louis.
* Portions Copyright (c) 2002-2020, Nathan A. Baker.
* Portions Copyright (c) 1999-2002, The Regents of the University of California.
* Portions Copyright (c) 1995, Michael Holst.
* All rights reserved.
*
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

LR I S R N S S S S S S N S S T T

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
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* "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
* LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
* A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
* CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
* EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
* PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
* PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
* LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
* NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
* SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
*
*
Parameters

nx

ny

nz

ipc

rpc

ac

cc

fc

p

ap

’

itmax

iters

errtol

omega

iresid

iadjoint

Definition at line 57 of file cgd.c.

7.31.3.19 Vdc_vec()

VEXTERNC void Vdc_vec (
double * coef,
double *x uin,
double x uout,
int % nx,
int * ny,
int % nz,
int * ipkey)
Define the derivative of the nonlinearity (vector version).
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces dc_vec from mypde.f

Parameters

coef

uin

uout

nx
ny
nz

ipkey

Definition at line 341 of file mypdec.c.

7.31.3.20 Vdpbsl()

VEXTERNC void Vdpbsl (
double *x abd,
int * lda,
int % n,
int * m,
double * b)

LINPACK interface.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version
$ld:

Attention
*
* APBS -- Adaptive Poisson-Boltzmann Solver
*
* Nathan A. Baker (nathan.baker@pnl.gov)
* Pacific Northwest National Laboratory
*
* Additional contributing authors listed in the code documentation.
*
* Copyright (c) 2010-2020 Battelle Memorial Institute.
* Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific Nc
* Portions Copyright (c) 2002-2010, Washington University in St. Louis.
* Portions Copyright (c) 2002-2020, Nathan A. Baker.
* Portions Copyright (c) 1999-2002, The Regents of the University of California.
x Portions Copyright (c) 1995, Michael Holst.
* All rights reserved.
*
*
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

L I I S S R N S N S S N S S S S

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laborator:
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

L I S S T S S S S S S NS N S S A T A S S S S S S N I
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* %k o X ok

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Solves the double precision symmetric positive definite band system AxX = B using the factors computed by dpbco or

dpbfa

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

A division by zero will occur if the input factor contains a zero on the diagonal. Technically this indicates singularity,
but it is usually caused by imporper subroutine arugments. It will not occur if the subroutines are called correctly
and info ==

Replaces dpbsl from mgsubd.f

Parameters
abd | The output from dpbco or dpbfa
Ida | The leading dimension of the array abd
n The order of the matrix a
m The number of diagonals above the main diagonal
b The right hand side vector

Definition at line 57 of file mlinpckd.c.

7.31.3.21 Vextrac()

VEXTERNC void Vextrac (

int % nxf,
int * nyf,
int % nzf,
int * nxc,
int * ny,
int % nzc,
double * xin,

double *x xout)

Simple injection of a fine grid function into coarse grid.

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note

Replaces extrac from matvecd.f

Parameters

nxf

nyf

nzf

nxc

ny

nzc

Xxin

xout

Definition at line 1078 of file matvecd.c.

7.31.3.22 VfboundPMG()

VEXTERNC void VfboundPMG (

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces fboundPMG from mikpckd.f

Parameters

ibound

nx

ny

nz

X

gxc

gye

gzc

Definition at line 209 of file mikpckd.c.

int
int
int

int

double
double
double
double
Initialize a grid function to have a certain boundary value,.

*

*

*

*

ibound,
nx,
ny,
nz,
* X,
* gxc,
* gye,
* gzc)
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7.31.3.23 VfboundPMGO0()

VEXTERNC void VfboundPMGOO (

int * nx,
int * ny,
int * ngz,

double * x)

Initialize a grid function to have a zero boundary value.

Author

Note

Tucker Beck [C Translation], Michael Holst [Original]

Replaces fboundPMGOO0 from mikpckd.f

Parameters
nx | The size of the x dimension of the 3d matrix
ny | The size of the y dimension of the 3d matrix
nz | The size of the z dimension of the 3d matrix
x | The 3d matrix to initialize

Definition at line 258 of file mikpckd.c.

7.31.3.24 Vimvfas()

VEXTERNC void Vimvfas (

int * nx,

int * ny,

int % nz,

double * x,

int % 1z,

double *x w0,
double * wl,
double * w2,
double *x w3,
double *x w4,

int * istop,

int * itmax,

int * iters,

int % ierror,
int % nlev,

int x ilev,

int % nlev_real,
int * mgsolv,
int % 1ok,

int % iinfo,
double * epsiln,
double * errtol,
double * omega,
int % nul,

int % nu2,

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



7.31 C translation of Holst group PMG code 321

int * mgsmoo,
int * ipc,

double * rpc,
double * pc,
double *x ac,
double * cc,
double * fc,
double * tru)

Multigrid nonlinear solve iteration routine.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

LR S S I I I S S A e S S S S S NS NS S S N S S S S S S S

Nested iteration for a nonlinear multilevel method. Algorithm: nonlinear multigrid iteration (fas)
this routine is the full multigrid front-end for a multigrid v-cycle solver. in other words, at repeatedly calls the v-cycle
multigrid solver on successively finer and finer grids.

Note

Author

Tucker Beck [C Translation], Michael Holst [Original]

Replaces fmvfas from mgfasd.f

Parameters
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ny
nz

X

iz

wo
wi
w2
w3
w4

istop

itmax

iters

ierror

nlev

ilev

nlev_real

mgsolv

iok

iinfo

epsiln

errtol

omega

nut

nu2

mgsmoo
ipc
rpc
pc
ac

cc

fc

tru

Definition at line 57 of file mgfasd.c.

7.31.3.25 Vfnewton()

VPUBLIC void Vfnewton (
int * nx,
int * ny,
int % nz,

double * x,
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int % iz,

double *x w0,
double * wl,
double * w2,
double x w3,

int * istop,

int *x itmax,

int x iters,

int * ierror,
int % nlev,

int % ilev,

int % nlev_real,
int * mgsolv,
int x 1ok,

int * iinfo,
double * epsiln,
double * errtol,
double * omega,
int % nul,

int * nu2,

int % mgsmoo,
double * cprime,
double * rhs,
double * xtmp,
int * ipc,
double * rpc,
double * pc,
double * ac,
double *x cc,
double *x fc,
double * tru)

Driver routines for the Newton method.

Author
Tu

Version

cker Beck [fortran ->c translation], Michael Holst [original]

$ld:

Attention

L R I A S S S S S N

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)

Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific
Northwest National Laboratory, operated by Battelle Memorial Institute,
Pacific Northwest Division for the U.S. Department Energy. Portions
Copyright (c) 2002-2010, Washington University in St. Louis. Portions
Copyright (c) 2002-2020, Nathan A. Baker. Portions Copyright (c) 1999-2002,
The Regents of the University of California. Portions Copyright (c) 1995,
Michael Holst.

All rights reserved.
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Lo R N A S S S S N . S I S I S S S I S N

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

LR T R S S A S I I S R S R A S S S S S S S N
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X%k ok o 2k ok X %

EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Nested iteration for an inexact-newton-multilevel method.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces fnewton from newtond.f

Parameters

nx

ny

nz

X

iz

w0

wi

w2

w3

istop

itmax

iters

ierror

nlev

ilev

nlev_real

mgsolv

iok

iinfo

epsiln

errtol

omega

nut

nu2

mgsmoo
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cprime

rhs

xtmp

ipc

roc

pc

ac

cc

fc

tru

Definition at line 58 of file newtond.c.

7.31.3.26 Vgetjac()

VEXTERNC void Vgetjac

int *
int *
int *
int *
int *
int *
int *
double
double
double
double
double
double

nx,

ny,

nz,

(

nlev_real,

iz,

lev,

ipkey,

*

*

*

*

*

*

Xy

rl
cprime,
rhs,
cc,

pc)

Form the jacobian system.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces getjac from newtond.f

Parameters

nx

ny

nz

nlev_real

iz

lev

ipkey
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X

r

cprime

rhs

cc

pc

Definition at line 550 of file newtond.c.

7.31.3.27 Vgsrb()

VEXTERNC void Vgsrb (

Author

int * nx,
int * ny,
int % nz,
int * ipc,
double * rpc,
double *x ac,
double * cc,
double *x fc,
double * x,
double * wl,
double *x w2,
double * r,
int * itmax,

int % iters,

double * errtol,

double * omega,

int % iresid,

int % iadjoint)
Guass-Seidel solver.

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

ERE R I T e . N I S S

Nathan A. Baker

Portions Copyright
Portions Copyright
Portions Copyright
Portions Copyright

(c)

(c)
(c)
(c)

2002-2010,

APBS —-- Adaptive Poisson-Boltzmann Solver

(nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Copyright (c) 2010-2020 Battelle Memorial Institute.
Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Washington University in St. Louis.

2002-2020, Nathan A. Baker.

1999-2002,

1995,

Michael Holst.

Additional contributing authors listed in the code documentation.

The Regents of the University of California.
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All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

LR S R S S I S S A S SR S A R S S S

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]
Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratorsy
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
* — Redistributions of source code must retain the above copyright notice, this
*
*
*
*
*
*
*
*
*
*
*
*
*
* A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Call the fast diagonal iterative method.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces gsrb from gsd.f

Parameters

nx

ny

nz

ipc

rpc

ac

cc

fc

X

wi

w2

r

itmax

iters

errtol

omega

iresid

iadjoint

Definition at line 57 of file gsd.c.

7.31.3.28 VinterpPMG()

VEXTERNC void VinterpPMG (

int * nxc,
int * nyc,
int % nzc,

int % nxf,
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces interpPMG from matvecd.f

Parameters

nxc

nyc

nzc

nxf

nyf

nzf

Xxin

xout

pc

int * nyf,

int % nzf,

double * xin,

double % xout,

double * pc)
Apply the prolongation operator.

Definition at line 915 of file matvecd.c.

7.31.3.29 Vipower()

VEXTERNC void Vipower (

int * nx,

int * ny,

int % nz,

double * u,

int % iz,

double * w0,
double * wl,
double *x w2,
double *x w3,
double * w4,
double * eigmin,
double * eigmin_model,
double * tol,
int * itmax,

int * iters,

int % nlev,

int % ilev,

int % nlev_real,
int * mgsolv,
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int x 1ok,

int % iinfo,
double * epsiln,
double * errtol,
double * omega,
int % nul,

int % nu2,

int * mgsmoo,
int * ipc,
double * rpc,
double * pc,
double * ac,
double *x cc,
double * tru)

Standard inverse power method for minimum eigenvalue estimation.

Note
To test, note that the 3d laplacean has min/max eigenvalues:
lambda_min = 6 - 2*dcos(pi/ (nx-1))

— 2xdcos (pi/ (ny-1))
- 2xdcos (pi/ (nz-1))

lambda_max = 6 - 2xdcos ((nx—-2)+*pi/ (nx-1)
- 2xdcos ((ny-2) *pi/ (ny-1))
— 2xdcos ((nz-2) *pi/ (nz-1)

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces ipower from powerd.f

Parameters

nx

ny
nz

u

iz

wo
wi
w2
w3
w4

eigmin

eigmin_model

tol
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itmax

iters

nlev

ilev

nlev_real

mgsolv

iok

iinfo

epsiln

errtol

omega

nut

nu2

mgsmoo

ipc

roc

pc

ac

cc

tru

Definition at line 165 of file powerd.c.

7.31.3.30 Vmatvec()

VEXTERNC void Vmatvec

int *
int *
int *
int *
double
double
double
double
double

nx,

ny[

nz,

(

ipc,

*

*

*

*

*

rpc,

Matrix-vector multiplication routines.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
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Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific Nc
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

LR A SR T N S S S S S S S S S N N S S T R S S N S S S S S NS N S

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Attention
*
* APBS —-- Adaptive Poisson-Boltzmann Solver
*
* Nathan A. Baker (nathan.baker@pnl.gov)
* Pacific Northwest National Laboratory
*
* Additional contributing authors listed in the code documentation.
*
* Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
« All rights reserved.
*
*
* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions are met:
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- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

- Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Break the matrix data-structure into diagonals and then call the matrix-vector routine.

Author

Note

Tucker Beck [C Translation], Michael Holst [Original]

Replaces matvec from matvecd.f

Parameters

nx

ny

nz

ipc

roc

ac

cc

Definition at line 57 of file matvecd.c.

7.31.3.31 Vmgdriv()

VEXTERNC void Vmgdriv (

int * iparm,
double * rparm,
int % iwork,

double * rwork,
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double * u,
double *x xf,
double * yf,
double * zf,
double * gxcf,
double x gycf,
double % gzcf,
double *x alcf,
double * aZcf,
double x a3cf,
double % ccf,
double *x fcf,
double x tcf)

Multilevel solver driver.

Author
Tu

Version

cker Beck [fortran ->c translation], Michael Holst [original]

$ld:

Attention

LR I S T I S A T S N N SRS N S N S S T S I N . N N

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific
Portions Copyright (c) 2002-2012, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
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LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

* % ok ok

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$id:

Attention

APBS —-- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Replaces mgdriv from mgdrvd.f

Parameters

iparm

rparm

iwork

rwork

u

xf

yf

zf

gxcf

gycf

gzcf

aicf

azcf

a3cf

ccf

fcf

tef

Definition at line 57 of file mgdrvd.c.

7.31.3.32  Vmgdriv2()

VEXTERNC void Vmgdriv2 (

int * iparm,
double * rparm,
int * nx,

int * ny,

int % nz,
double * u,
int % 1z,

int * ipc,
double * rpc,
double * pc,
double * ac,
double * cc,
double x fc,
double * xf,
double * yf,
double % zf,
double * gxcf,
double * gycf,
double * gzcf,
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double
double
double
double
double
double

*

*

*

alcft,
azcft,
a3cft,
ccf,
fcf,
tcf)

Solves the pde using the multi-grid method.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Replaces mgdriv2 from mgdrvd.f
This routine uses a multigrid method to solve the following three-dimensional, 2nd order elliptic partial differential

equation:

lu = £, u in omega

u = g, u on boundary of omega

where

omega = [xmin,xmax]x[ymin,ymax]x[zmin, zmax]

the multigrid code requires the operator in the form:

- \nabla \cdot (a \nabla u) + c(u) = £

with

a(x,y,2),£(x,y,2),

boundary function g(x,y,z)

the function c(u) is a possibly nonlinear function of the
unknown u, and varies (possibly discontinuously)

spatial position also.

user inputs:

the user must provide the coefficients of the differential
operator, some initial parameter settings in an integer and a

scalar functions

real parameter array,

Parameters

iparm

rparm

nx
ny
nz

u

iz

ipc
rpc

pc

and various work arrays.

(possibly discontinuous)
on omega. (discontinuities must be along fine grid lines).
is smooth on boundary of omega.

Generated on Tue Jun 9 2026 00:00:00 for APBS by Doxygen



340 Topic Documentation

ac

cc

fc

xf

yf
zf

gxcf

gycf
gzcf

aicf
azcf
a3cf

ccf
fcf
tef

Definition at line 190 of file mgdrvd.c.

7.31.3.33 Vmgsz()

VEXTERNC void Vmgsz (

int * mgcoar,

int * mgdisc,

int * mgsolv,

int % nx,

int * ny,

int % nz,

int % nlev,

int * nxc,

int * nyc,

int * nzc,

int % nf,

int % nc,

int % narr,

int % narrc,

int * n_rpc,

int % n_iz,

int * n_ipc,

int % iretot,

int % iintot)
This routine computes the required sizes of the real and integer work arrays for the multigrid code. these two sizes are
a (complicated) function of input parameters.
The work arrays must have been declared in the calling program as:

double precision rwork (iretot)

integer iwork (iintot)
where:
iretot = function_of (mgcoar,mgdisc,mgsolv, nx,ny,nz,nlev)
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iintot =

mgcoar =

mgdisc =

mgsolv =

nx,ny,nz =

nlev =

function_of (mgcoar,mgdisc,mgsolv,nx,ny,nz,nlev)

coarsening technique:

O=standard discretization

l=averaged coefficient + standard discretization
2=algebraic galerkin coarsening

discretization technique:
O=box method
l=fem method

coarse grid solver:
O=conjugate gradients
l=symmetric banded linpack solver

grid dimensions in each direction,
including boundary points

the number of multigrid levels desired for the
method.

other parameters:

nf =

nc =

narr =

narrc =

the work arrays rwork and iwork will be chopped into smaller pieces according to:

double precision ac (STORE) (system operators on all levels)
double precision pc(27xnarrc) (prol. opers for coarse levels)
double precision cc(narr), fc(narr) (helmholtz term, rhs -- all levels)
double precision rpc(l100x (nlev+l)) (real info for all levels)

integer ipc (100x (nlev+l)) (integer info for all levels)
integer iz (50, nlev+l), (pointers into ac,pc,cc, fc,etc.)

where STORE depends on the discretization, coarsening, and coarse grid solver:

STORE = 4xnf + 4xnarrc + NBANDxnc (mgdisc=box, mgcoar=stan/harm)

or = 4xnf + l4xnarrc + NBANDxnc (mgdisc=box, mgcoar=gal)

or = 1l4xnf + l4xnarrc + NBANDxnc (mgdisc=fem, mgcoar=stan/harm/gal)
NBAND = 0 (mgsolv=iterative)

or = 1+ (nxc-2)x*(nyc-2) (mgsolv=7-pt banded linpack)

or = l+(nxc-2)«*(nyc-2)+ (nxc-2)+1 (mgsolv=27-pt banded linpack)

Author

number of unknowns on the finest mesh
nx * ny % nz

number of unknowns on the coarsest mesh
storage for one vector on all the meshes

storage for one vector on all the meshes but the finest

Tucker Beck [C Translation], Michael Holst [Original]

Replaces mgsz from mgdrvd.f

Parameters

mgcoar

mgdisc

mgsolv
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nx

ny

nz

nlev

nxc

nyc

nzc

nf

nc

narr

narrc

n_rpc

n_ iz

n_ipc

iretot

iintot

Definition at line 562 of file mgdrvd.c.

7.31.3.34 Vmresid()

VEXTERNC void Vmresid (

int *
int *
int *

int =*

double
double
double
double
double

nx,

ny,

nz,

ipc,

double * rpc,

*

*

*

*

*

ac,
cc,
fc,
Xy

r)

Break the matrix data-structure into diagonals and then call the residual routine.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces mresid from matvecd.f

Parameters

nx

ny
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nz

ipc

roc

ac

cc

fc

Definition at line 426 of file matvecd.c.

7.31.3.35 Vmvcs()

VEXTERNC void Vmvcs

int * ny,

int % nz,

(

int % nx,

double * x,

int % 1z,

double x w0,
double * wl,
double * w2,
double x w3,

int *
int *
int *
int *
int *
int =*
int *
int *
int =*

int *

double * epsiln,

double * errtol,

istop,

itmax,

iters,

ierror,

nlev,

ilev,

nlev_real,

mgsolv,

iok,

iinfo,

double * omega,

int *
int *
int *
int *
double
double
double
double
double
double

MG helper functions.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

nul,

nuz,

mgsmoo,

ipc,

*

*

*

rpc,
pcy
ac,
cc,
fc,

tru)
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Version

$ld:

Attention

LR T S T N R S S S S S S S S S I S A N S N N S S S N N S

Author

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,

Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.
Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
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Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Screaming linear multilevel method.

algorithm: linear multigrid iteration (cs)

multigrid v-cycle solver.

input: (1) fine and coarse grid discrete linear operators: L_h, L_H (2) fine grid source function: f_h (3) fine grid approxi-
mate solution: u_h

output: (1) fine grid improved solution: u_h

the two-grid algorithm is: (1) pre-smooth: u1_h = smooth(L_h,f_h,u_h) (2) restrict defect: d_H = r(L_h(u1_h) - f_h) (3)
solve for correction: ¢ H = L H"{-1}(d_H) (4) prolongate and correct: u2_h = ui_h - p(c_H) (5) post-smooth: u_h =
smooth(L_h,f_h,u2_h)

(of course, c_H is determined with another two-grid algorithm)

implementation notes: (0) "u1_h" must be kept on each level until "c_H" is computed, and then both are used to compute
"u2_h". (1) "u_h" (and then "u1_h") on all levels is stored in the "x" array. (2) "d_H" is identically "f_h" for f_h on the next
coarser grid. (3) "c_h" is identically "u_h" for u_h on the next coarser grid. (4) "d_H" is stored in the "r" array (must be
kept for post-smooth). (5) "f_h" is stored in the "fc" array. (6) "L_h" on all levels is stored in the "ac" array. (7) signs may
be reveresed; i.e., residual is used in place of the defect in places, etc.

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note

Replaces mvcs from mgcesd.f

New grid size

Parameters

nx

ny
nz

X

iz

wo
wi
w2
w3

istop

itmax

iters

ierror

nlev

ilev

nlev_real

mgsolv

iok

iinfo

epsiln

errtol

omega

nut

nu2

mgsmoo

ipc
roc
pc
ac

cc

fc

tru

Definition at line 57 of file mgcsd.c.
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7.31.3.36 Vmvfas()

VEXTERNC void Vmvfas (
int * nx,
int * ny,
int * ngz,
double * x,
int % iz,
double x w0,
double *x wl,
double * w2,
double *x w3,
double * w4,
int * istop,
int *x itmax,
int x iters,
int * ierror,
int % nlev,
int % ilev,
int % nlev_real,
int * mgsolv,
int x 1ok,
int * iinfo,
double * epsiln,
double * errtol,
double * omega,
int % nul,
int % nuZ2,
int % mgsmoo,
int * ipc,
double % rpc,
double * pc,
double *x ac,
double * cc,
double * fc,
double *x tru)
Nonlinear multilevel method.

Note

Replaces mvfas from mgfasd.f

Author
Tucker Beck [C Translation], Michael Holst [Original]

Algorithm: nonlinear multigrid iteration (fas)

multigrid v-cycle solver.

input: (1) fine and coarse grid discrete nonlinear operators: L_h, L_H (2) fine grid source function: f_h (3) fine grid
approximate solution: u_h

output: (1) fine grid improved solution: u_h

the two-grid algorithm is: (1) pre-smooth: u1_h = smooth(L_h,f_h,u_h) (2) restrict defect: d_H = r(L_h(u1_h) - f_h)
restrict solution: u_H = r(u1_h) (3) form coarse grid rhs: f_H = L_H(u_H) - d_H solve for correction: ¢c_H = L_H"{-1}(f«
_H) (4) prolongate and correct: u2_h =ul1_h - p(c_H - u_H) (5) post-smooth: u_h = smooth(L_h,f_h,u2_h)

(of course, c_H is determined with another two-grid algorithm)

implementation notes: (0) "u1_h" and "u_H" must be kept on each level until "c_H" is computed, and then all three are

used to compute "u2_h". (1) "u_h" (and then "u1_h") on all levels is stored in the "x" array. (2) "u_H" on all levels is
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stored in the "e" array. (3) "c_h"is identically "u_h" for u_h on the next coarser grid. (4) "d_H" is stored in the "r" array. (5)
"f_h"and "f_H" are stored in the "fc" array. (6) "L_h" on all levels is stored in the "ac" array. (7) signs may be reveresed;
i.e., residual is used in place of the defect in places, etc.

Parameters

nx

ny

nz

X

iz

w0

wi
w2
w3

w4

istop

itmax

iters

ierror

nlev

ilev

nlev_real

mgsolv

iok

iinfo

epsiln

errtol

omega

nut

nu2

mgsmoo

ipc
roc
pc
ac

cc

fc

tru

Definition at line 157 of file mgfasd.c.
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7.31.3.37 Vmypdefinitlpbe()

VEXTERNC void Vmypdefinitlpbe (
int % tnion,
double * tcharge,
double % tsconc)
Set up the ionic species to be used in later calculations. This must be called before any other of the routines in this file.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [C Translation], Nathan Baker [Original]

Note

Replaces mypdefinitlpbe from mypde.f

Parameters

tnion The number if ionic species

tcharge | The charge in electrons

tsconc | Prefactor for conterion Bolzmann distribution terms. Basically a scaled concentration -(ion
concentration/bulklonicStrength)/2

Definition at line 57 of file mypdec.c.

7.31.3.38 Vmypdefinitnpbe()

VEXTERNC void Vmypdefinitnpbe (
int * tnion,
double * tcharge,
double % tsconc)
Set up the ionic species to be used in later calculations. This must be called before any other of the routines in this file.

Author

Tucker Beck [C Translation], Nathan Baker [Original]

Note

Replaces mypdefinitnpbe from mypde.f

Parameters

tnion The number if ionic species

tcharge | The charge in electrons

tsconc | Prefactor for conterion Bolzmann distribution terms. Basically a scaled concentration -(ion
concentration/bulklonicStrength)/2

Definition at line 75 of file mypdec.c.

7.31.3.39 Vmypdefinitsmpbe()

VEXTERNC void Vmypdefinitsmpbe (
int * tnion,
double * tcharge,
double x tsconc,
double *x smvolume,
double *x smsize)
Set up the ionic species to be used in later calculations. This must be called before any other of the routines in this file.
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Author

Tucker Beck [C Translation], Nathan Baker [Original]

Note

Replaces mypdefinitsmpbe from mypde.f

Parameters
tnion The number if ionic species
tcharge The charge in electrons
tsconc Prefactor for conterion Bolzmann distribution terms.  Basically a scaled concentration -(ion
concentration/bulklonicStrength)/2
smvolume
smsize

Definition at line 93 of file mypdec.c.

7.31.3.40 Vnewdriv()

VEXTERNC void Vnewdriv (
int * iparm,
double * rparm,
int * iwork,
double * rwork,
double * u,
double * xf,

double * yf,
double *x zf,
double * gxcf,
double * gycf,
double * gzcf,
double * alcf,
double *x alZcf,
double % a3cf,
double * ccf,
double *x fcf,
double x tcf)

Driver for the Newton Solver.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
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Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific Nc
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Driver for a screaming inexact-newton-multilevel solver.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces newdriv from newdrvd.f

Parameters

iparm

rparm

iwork

rwork

u

xf

yf

zf

gxcf

gycf

gzcf

aicf

a2cf

Generated
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a3cf
ccf
fef
tef

Definition at line 57 of file newdrvd.c.

7.31.3.41 Vnewdriv2()

VEXTERNC void Vnewdriv2 (
int * iparm,
double * rparm,
int * nx,
int * ny,
int % nz,
double * u,
int % 1z,
double * wl,
double * w2,
int * ipc,
double * rpc,
double % pc,
double *x ac,
double * cc,
double *x fc,
double *x xf,
double % yf,
double *x zf,
double * gxcf,
double *x gycf,
double * gzcf,
double *x alcft,
double *x alZcf,
double % al3cf,
double * ccf,
double x fcf,
double *x tcf)

Solves using Newton's Method.

Author
Tucker Beck [C Translation], Michael Holst [Original]

This routine uses a newton's method, combined with a linear multigrid iteration, to solve the following three-dimensional,
2nd order elliptic partial differential equation:

lu = £, u in omega
u = g, u on boundary of omega

omega = [xmin,xmax]x[ymin,ymax]x[zmin, zmax]

the multigrid code requires the operator in the form:

- \nabla \cdot (a \nabla u) + c(u) = £
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with
a(x,y,z),f(x,v,2), scalar functions (possibly discontinuous)
on omega. (discontinuities must be along fine grid lines).

boundary function g(x,y,z) is smooth on boundary of omega.
the function c(u) is a possibly nonlinear function of the

unknown u, and varies (possibly discontinuously) with the
spatial position also.

User inputs:

the user must provide the coefficients of the differential operator, some initial parameter settings in an integer and a real

parameter array, and various work arrays.
Note

Replaces newdriv2 from newdrvd.f

Parameters

iparm

rparm

nx

ny
nz

u

iz

wi
w2
ipc
rpc
pc
ac

cc

fc

xf

yf
zf

gxcf

gycf
gzcf

aicf
a2cf
a3cf

ccf
fcf
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tef

Definition at line 169 of file newdrvd.c.

7.31.3.42 Vnewton()

VEXTERNC void Vnewton (
int % nx,
int * ny,
int * nz,
double * x,
int % iz,
double x w0,
double *x wl,
double *x w2,
double *x w3,
int * istop,
int * itmax,
int % iters,
int % ierror,
int % nlev,
int * ilev,
int % nlev_real,
int * mgsolv,
int * iok,
int % iinfo,
double * epsiln,
double * errtol,
double * omega,
int * nul,
int * nu2,
int * mgsmoo,
double * cprime,
double * rhs,
double * xtmp,
int * ipc,
double * rpc,
double * pc,
double *x ac,
double *x cc,
double *x fc,
double x tru)
Inexact-newton-multilevel method.

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note

Replaces newton from newtond.f

Parameters

nx

ny
nz

X

iz

w0

wi
w2
w3

istop

itmax

iters

ierror

nlev

ilev

nlev_real

mgsolv

iok

iinfo

epsiln

errtol

omega

nut

nu2

mgsmoo

cprime

rhs

xtmp
ipc
roc
pc
ac

cc

fc

tru
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Definition at line 162 of file newtond.c.

7.31.3.43 Vnmatvec()

VEXTERNC void Vnmatvec (

int % nx,
int * ny,

int * nz,

int * ipc,

double
double
double
double
double
double

*

*

*

*

*

*

rpc,
ac,
cc,
Xy
Y
wl)

Break the matrix data-structure into diagonals and then call the matrix-vector routine.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces nmatvec from matvecd.f

Parameters

nx

ny

nz

ipc
rpc

ac

cc

wi

Definition at line 232 of file matvecd.c.

7.31.3.44 Vnmresid()

VEXTERNC void Vnmresid (

int =*
int *
int *

int *

nx,

ny,

nz,

ipc,

double * rpc,

double *x ac,

double * cc,
double * fc,
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Break the matrix data-structure into diagonals and then call the residual routine.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

double * x,

double *x r,
double *x wl)

Replaces nmresid from matvecd.f

Parameters

nx

ny

nz

ipc

ropc

ac

cc

fc

wi

Definition at line 598 of file matvecd.c.

7.31.3.45 Vnsmooth()

VEXTERNC void Vnsmooth (

call the appropriate non-linear smoothing routine.

int *
int *
int *
int *
double
double
double
double
double
double
double
double

nx,

ny,

nz,

ipc,

*

*

*

*

rpc,
ac,
cc,
fc,
Xy
wl,
w2,

Iy

int *x itmax,

int x iters,

double * errtol,

double * omega,

int * iresid,

int * iadjoint,

int % meth)
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces nsmooth from nsmoothd.f

Parameters

nx

ny

nz

ipc

ropc

ac

cc

fc

X

wi

w2

r

itmax

iters

errtol

omega

iresid

iadjoint

meth

Definition at line 98 of file smoothd.c.

7.31.3.46 Vpower()

VEXTERNC void Vpower

int *
int *
int *
int *
int *
int *
double
double
double
double
double
double
double

nx,
ny,
nz,

iz,

(

ilev,

ipc,

*

*

*

rpc,
ac,
cc,
wl,
w2,
w3,

w4,
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double * eigmax,
double * eigmax_model,
double *x tol,
int * itmax,
int * iters,
int % iinfo)

Power methods for eigenvalue estimation.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:
Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Standard power method for maximum eigenvalue estimation of a matrix cx* cx

Note
To test, note that the 3d laplacean has min/max eigenvalues: cx cx lambda_min = 6 - 2xdcos(pi/(nx-1)) cx* -
2xdcos(pi/(ny-1)) cx - 2xdcos(pi/(nz-1)) cx cx lambda_max = 6 - 2xdcos((nx-2)*pi/(nx-1)) cx - 2xdcos((ny-2)*pi/«
(ny-1)) cx - 2xdcos((nz-2)*pi/(nz-1))

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note

Replaces power from powerd.f

Vpower is yet untested as a call stack including it hasn't been found

Parameters

nx

ny

nz

iz

ilev

ipc

roc

ac

cc

wi

w2

w3

w4

eigmax

eigmax_model

tol

itmax

iters

iinfo

Definition at line 57 of file powerd.c.

7.31.3.47 Vpritmatd()

VEXTERNC void Vprtmatd (

int
int
int

int

*

*

*

*

nx,
ny[
nz,

ipc,

double * rpc,

double * ac)

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note
Replaces prtmatd from mikpckd.f
Parameters
nx | The size of the x dimension of the 3d matrix
ny | The size of the y dimension of the 3d matrix
nz | The size of the z dimension of the 3d matrix
ipc | Integer parameters
rpc | Double parameters
ac

Definition at line 332 of file mikpckd.c.

7.31.3.48 Vrestrc()

VEXTE

Apply
Author

RNC void Vrestrc (
int % nxf,
int % nyf,
int % nzf,
int * nxc,
int * nyc,
int % nzc,
double * xin,
double *x xout,
double * pc)

the restriction operator.

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces restrc from matvecd.f

Parameters

nxf

nyf

nzf

nxc

nyc

nzc

Xin

xout

pc

Definition at line 782 of file matvecd.c.
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7.31.3.49 Vsmooth()

VEXTERNC void Vsmooth (
int * nx,
int * ny,
int * ngz,
int * ipc,
double * rpc,
double *x ac,
double *x cc,
double x fc,
double * x,
double * wl,
double x w2,
double * r,
int * itmax,
int * iters,
double x errtol,
double * omega,
int % iresid,
int * iadjoint,
int % meth)
Multigrid smoothing functions.

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS —-- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute,
Pacific Northwest Division for the U.S. Department Energy.

Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.
Portions Copyright (c) 1999-2002, The Regents of the University of California.
Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.
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— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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call the appropriate linear smoothing routine.
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Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces smooth from smoothd.f

Parameters

nx
ny
nz
ipc
rpc

ac

cc

fc

X

wi

w2

r

itmax

iters

errtol

omega

iresid

iadjoint

meth

Definition at line 58 of file smoothd.c.

7.31.3.50 Vxaxpy()

VEXTERNC void Vxaxpy (
int % nx,
int * ny,
int % nz,
double * alpha,
double * x,
double * y)
saxpy operation for a grid function with boundary values.

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note
Replaces xaxpy from mikpckd.f

Parameters
nx The size of the x dimension of the 3d matrix
ny The size of the y dimension of the 3d matrix
nz The size of the z dimension of the 3d matrix
alpha
X The source matrix from which to copy data
y The destination matrix to receive copied data

Definition at line 112 of file mikpckd.c.

7.31.3.51 Vxcopy()

VEXTERNC void Vxcopy (

int * nx,
int * ny,
int * ngz,
double * x,

double * y)

A collection of useful low-level routines (timing, etc).

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention
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APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute.

Developed at the Pacific Northwest National Laboratory, operated by Battelle Memorial Institute, Pacific
Portions Copyright (c) 2002-2010, Washington University in St. Louis.

Portions Copyright (c) 2002-2020, Nathan A. Baker.

Portions Copyright (c) 1999-2002, The Regents of the University of California.

Portions Copyright (c) 1995, Michael Holst.

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.
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— Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

X% ok ok ok F >k X X X X X X X % X % ok ok

Author

Tucker Beck [fortran ->c translation], Michael Holst [original]

Version

$ld:

Attention

APBS -- Adaptive Poisson-Boltzmann Solver

Nathan A. Baker (nathan.baker@pnl.gov)
Pacific Northwest National Laboratory

Additional contributing authors listed in the code documentation.

Copyright (c) 2010-2020 Battelle Memorial Institute. Developed at the Pacific Northwest National Laboratory
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

- Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

— Neither the name of Washington University in St. Louis nor the names of its
contributors may be used to endorse or promote products derived from this
software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
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EE I

LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,

OR TORT (INCLUDING

NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Copy operation for a grid function with boundary values. Quite simply copies one 3d matrix to another

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note
Replaces xcopy from mikpckd.f

Parameters
nx | The size of the x dimension of the 3d matrix
ny | The size of the y dimension of the 3d matrix
nz | The size of the z dimension of the 3d matrix
X The source matrix from which to copy data
¥ | The destination matrix to receive copied data

Definition at line 57 of file mikpckd.c.

7.31.3.52 Vxcopy_large()

VEXTERNC void Vxcopy_large (

int % nx,
int * ny,
int % nz,
double * x,

double * y)

Copy operation for a grid function with boundary values. Quite simply copies one 3d matrix to another.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces xcopy_large from mikpckd.f

Note

This function is exactly equivalent to calling xcopy_small with the matrix arguments reversed.

Parameters

nx

The size of the x dimension of the 3d matrix

ny

The size of the y dimension of the 3d matrix
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nz | The size of the z dimension of the 3d matrix
The source matrix from which to copy data
¥ | The destination matrix to receive copied data

Definition at line 91 of file mikpckd.c.

7.31.3.53 Vxcopy_small()

VEXTERNC void Vxcopy_small (

Copy operation for a grid function with boundary values. Quite simply copies one 3d matrix to another.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

int % nx,
int * ny,
int % nz,
double *x x,

double * y)

Replaces xcopy_small from mikpckd.f

Parameters
nx | The size of the x dimension of the 3d matrix
ny | The size of the y dimension of the 3d matrix
nz | The size of the z dimension of the 3d matrix
The source matrix from which to copy data
y | The destination matrix to receive copied data

Definition at line 75 of file mikpckd.c.

7.31.3.54 Vxdot()

VEXTERNC double Vxdot (

Inner product operation for a grid function with boundary values.

Author

Tucker Beck [C Translation], Michael Holst [Original]

int * nx,
int * ny,
int % nz,
double * x,

double * y)
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Note

Replaces xdot from mikpckd.f

Parameters

nx | The size of the x dimension of the 3d matrix

ny | The size of the y dimension of the 3d matrix

nz | The size of the z dimension of the 3d matrix

X The first vector

y | The second vector

Definition at line 173 of file mikpckd.c.

7.31.3.55 Vxnrm1()

VEXTERNC double Vxnrml (
int % nx,
int * ny,
int % nz,
double *x x)
Norm operation for a grid function with boundary values.

Author

Tucker Beck [C Translation], Michael Holst [Original]

Note

Replaces xnrm1 from mikpckd.f

< Accumulates the calculated normal value

Parameters

nx | The size of the x dimension of the 3d matrix

ny | The size of the y dimension of the 3d matrix

nz | The size of the z dimension of the 3d matrix

X The matrix to normalize

Definition at line 131 of file mikpckd.c.

7.31.3.56 Vxnrm2()

VEXTERNC double Vxnrm2 (
int % nx,
int * ny,
int % nz,
double * x)
Norm operation for a grid function with boundary values.

Author

Tucker Beck [C Translation], Michael Holst [Original]
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Note
Replaces xnrm2 from mikpckd.f

< Accumulates the calculated normal value

Parameters

nx | The size of the x dimension of the 3d matrix

ny | The size of the y dimension of the 3d matrix

nz | The size of the z dimension of the 3d matrix

X The matrix to normalize

Definition at line 152 of file mikpckd.c.

7.31.3.57 Vxscal()

VEXTE