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Abstract:

The Plasma State Component is a software component of the Integrated Plasma Simulator (IPS), being designed and built as a part of the SWIM (SciDAC) Fusion Simulation Project.  It is envisioned as a shared repository for time evolving plasma simulation data—an instance of the plasma state contains a snapshot of the data at a single point in time.  The Plasma State (PS) Component is also used for sharing of data across physics models in the IPS which are themselves implemented as separate, independently developed software components.  Generally, data items which need to be shared between components are placed in the plasma state; data items used internally within a single component would typically not be in the plasma state.  The PS is implemented as a fortran-95 derived data type, the elements of which are elementary fortran types:  64 bit REAL, INTEGER, and CHARACTER*nn scalars and arrays.  The type definition and supporting input/ output routines are written from a specification file swim_state_spec.dat by a python script code generator.  Implementing software provides for interpolation and “conservative rezoning” of profiles contained in the Plasma State, as will be described.
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Document Notation Conventions:

System components (variables, filenames, fortran keywords) are given in Courier-10 fixed width bold font, such as:  REAL.  The Appendix, a verbatim copy of a prototype of the swim_state_spec.dat ascii text file, is given in plain text Courier-10 fixed width font.
I. Design Philosophy
The Plasma State (PS) Component is meant to serve as a communications mechanism in a multi-component fusion physics research code.  It is in the nature of the research that the precise contents of the PS cannot be fully anticipated, and in fact will require numerous changes over a long period of time; therefore, it is crucial that modifications to the PS definition can be carried out in a straightforward and convenient manner.  At the same time, many of the objective features of the PS—allocation and copying of data structures, setup of interpolation for profile data— repeatedly expose features of the data, such as array rank and naming, which can be mechanistically related to a simple specification of the data contents.  The details of implementation of code changes derived from changes in the PS definition involve repetition—error prone for humans, easy for machines.  Therefore, a code generator, written as a python script, is used to generate the implementing code for the plasma state component.  It is expected that ultimately the PS will contain 100s, if not 1000s, of individual data elements.
The procedure for modifying the plasma state contents definition is as follows:

1. Edit the state specification file swim_state_spec.dat;

2. Run the python code generator to create the plasma state implementation code;

3. Rebuild codes that make use of the plasma state software.

It is expected that the various physics components involved in SWIM will each contribute to the contents of the plasma state.  Every variable in the state specification is attributed to a component.  Component authors will need to develop the portion of the PS for which their component is responsible, i.e. the representation of the “output” physics of their components.  This will consist mainly of profiles defined over grids which are specific discretizations of spatial coordinates.  Components select their own grids, and each is responsible for initialization of its own portion of the PS.  If a given component is absent from a simulation, the corresponding PS arrays are unallocated and corresponding array dimension variables are left at zero.  The PS supports an incremental allocation strategy consistent with the requirement for distributed initialization of state implied by this architecture.
The coordinates defined in the October 2006 implementation of the state software are as follows:
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	Normalized Radial Toroidal Flux Coordinate: 
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	Poloidal Angle Coordinate (depends on equilibrium representation).
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	Major Radius—distance from machine center, m.
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	Elevation relative to horizontal plane through center of machine, m.


It will not be difficult to add support for additional coordinates as may be needed by physics components of the SWIM project.
Coordinate grids are specific discretizations of coordinates—a sequence of strict ascending numbers:
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It is important to notice in particular that each grid must cover the entire range 
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of the coordinate of which it is a discretization.

Physics component profiles are defined over grids defined by the component.  Since profiles typically require interpolation to be used by other components, these profiles must also cover the entire range specified by the grid.  Unless a “step function” representation is used, this may require that codes providing the profile perform a half-zone-width extrapolation, extending the profile so that it meets flush with the endpoints of the coordinate grids.
Aside from grids and profiles, the plasma state will also contain any additional data that physics components specify, such as scalars and arrays describing such items as lists of plasma species and/or other salient features of tokamak experiments such as sets of RF antennas or neutral beams, and their respective geometries.

The PS exposes all state data to all SWIM physics components.  The parts of these components that interact with the state will be written in fortran-95 and will contain the header statement:


USE plasma_state_mod

This will define two variables of derived type (plasma_state): ps and psp, corresponding to the current and prior plasma states, respectively.

The plasma state inherits REAL(KIND=rspec) from SWIM—this specifies in effect a 64 bit IEEE floating point data type, and is the only floating point (FP) data type used throughout the Plasma State Component.

The FP scalars ps%t1 and psp%t1 = ps%t0 give the times of the current and prior states, respectively.  It is thought that the plasma state snapshots—or at least the ones for which files are saved and full interpolation capabilities are supported—will only be provided relatively infrequently in time.  Some individual components will need to operate on much finer time scales than will be resolved by the plasma state evolution, and will need their own internal data structures to support this.
Integers specify array dimensions—i.e. the sizes of grids, the number of plasma species, the number of neutral beams, the number of RF antennas, etc.  Generally, these array sizes will not change in time, and in fact the initial implementation of the PS component does not allow them to change in time, although this restriction could be relaxed in the future if applications warrant dealing with the significant complications inherent in allowing array dimensions to vary time dependently within a single simulation.
Here are some examples of array dimensions, derived from the prototype state specification:  ps%nspec_th gives the number of thermal ion species, and for plasma parameter profiles ps%nrho gives the number of radial grid points (radial zone boundaries), and the one-dimensional FP array ps%rho(1:ps%nrho) gives the radial grid points themselves.  Grids with the “rho” designation will correspond physically to a specific flux coordinate 
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 as defined above.
Thermal plasma parameters are dimensioned accordingly (here shown as zone oriented step function representations of the parameters such as is typically used in finite difference codes):


ps%ns(1:ps%nrho-1,0:ps%nspec_th)  ! specie densities (0 for electrons)


ps%Ts(1:ps%nrho-1,0:ps%nspec_th)  ! specie temperatures (0 for electrons).

Components will be responsible for the time evolution of profiles they own.  At the beginning of a cycle for time advance of the state, all profiles for the new time will likely be set to zero; only the past time step profiles will be available.  As components execute their respective time steps, more and more of the state profiles will be filled in.  When all are filled in, the cycle is complete, the current state becomes the past state, and the cycle is repeated for the next time step.
The SWIM PS design supports a distributed architecture.  Both the current and prior states can be saved to and/or restored from NetCDF files.  In plasma_state_mod, these declarations define the state filenames:


CHARACTER*256 :: state_file = ‘plasma_state.cdf’


CHARACTER*256 :: prior_state = ‘prior_state.cdf’

(These names can be changed; directory paths could be added, etc.).

The following methods related to file-level plasma state I/O are defined in plasma_state_mod:


SUBROUTINE ps_get_plasma_state(ierr)   ! read state from file


SUBROUTINE ps_store_plasma_state(ierr) ! store updated state to file

It is envisioned that some physics components, running as separate processes or as scripts with pre- and post-processing codes, will use these methods to read and write state.  However, this can only be done for components that are infrequently called and sufficiently time consuming in their own computations to warrant the I/O cost.  Fast components that are called frequently using small time steps will not be able to afford this coupling technique, and will need to be more tightly integrated into the SWIM simulation—i.e. linked into a larger executable, enabling memory-based communication.
It should be noted that all public plasma state component calls return a status code ierr.  A non-zero value indicates that an error occurred.

Profiles can be defined over up to three coordinate grids.  Components which provide state profile data control both the grid and the “standard” interpolation method for the data.  Components which use profile data have three options:

1. Use the recommended interpolation provided with the state;

2. For profiles over certain coordinates, “rezone” with conservation of select integral properties.

3. Use the data on the provider’s grid, perhaps combined with private interpolation methods.

The state implementation software supports four choices for interpolation methods:

1. Step function (data is zone oriented, size reduced by 1 in each coordinate dimension);

2. Piecewise linear, C0 (continuous);
3. Cubic Hermite, C1 (continuous 1st derivative);
4. Cubic Spline, C2 (continuous 2nd derivative).

The chosen method is indicated in the specification file swim_state_spec.dat.  Here are some examples of specifications:

R|units=m^-3|step  ns(~nrho,0:nspec_th)     ! thermal specie density

R|units=keV|step*ns   Ts(~nrho,0:nspec_th)  ! th. specie temperatures 

These specifications define a set of density profiles with step function interpolation or rezoning with conservation of the volume integral of ns, and, a set of temperature profiles with step function interpolation or rezoning with conservation of the volume integral of ns*Ts.  In the dimensioning, ~nrho is used as a shorthand for nrho – 1, the dimensioning needed for zone oriented step function data.
The following specifications define a 1d cubic spline and a 2d bicubic spline respectively:

R|units=T*m|Spline_00      g_eq(nrho_eq)      ! equilibrium R*|B_phi|

R|units=Wb/rad|Spline      PsiRZ(nR,nZ)       ! Psi(R,Z)

The designation Spline_00 denotes a cubic spline with an axial boundary condition: 
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.  Unless otherwise specified, spline boundary conditions default to “not-a-knot”, which means, continous 3rd derivative at the nodal point 1 in from the boundary.  At present no other control over spline boundary conditions is available, but it is not infeasible to add more control in the code generator.
For every profile or array of profiles, an integer id or array of id values are defined:


g_eq(nrho_eq)  =>  ps%id_g_eq


ns(~nrho,0:nspec_th)  =>  ps%id_ns(0:ps%nspec_th)
These generated integer values are maintained by the state software and are available as “handles” for interpolation and conservative rezoning.  These integer id values are provided as arguments to the interpolation and rezoning routines provided with the state software.  For example:


CALL ps_intrp_1d(<target rho values>, ps%id_g_eq, <results>, ierr)

This routine will interpolate the current state g_eq profile to the user provided target rho values.  The routine, defined in plasma_state_mod, supports optional arguments that enable selection of current or prior state, and derivatives up to the level supported by the providing component’s defined interpolation method.  As of October 2006, interpolation for profiles defined over 1 or 2 coordinates are implemented.
For quantities defined over the radial flux coordinate grid, a conservative rezoning operation is supported:


do ispec=0,ps%nspec_th


   CALL ps_rezone(<my rho grid>, ps%id_ns(ispec), my_dens(:,ispec),ierr)


   CALL ps_rezone(<my rho grid>, ps%id_Ts(ispec), my_temp(:,ispec),ierr)


end do
In these calls the density and temperature are interpolated by rezoning, such that the volume integrals of ns and ns*Ts are conserved separately for each species, per the state specification.  To be precise: what the prototype denotes as the EQ component defines a profile of volumes; the handle is ps%id_vol.  The call


CALL ps_intrp_1d(<my rho grid>, ps%id_vol, my_vols(:),ierr)

would fetch an array of enclosed plasma volumes on the user’s grid.  Then the following summations will yield the same result, regardless of the number and spacing of points in <my rho grid>:

dsum(:) = 0.0_rspec


tsum(:) = 0.0_rspec


DO ispec=0,ps%nspec_th


   DO irho=1,size(<my rho grid>) – 1


      dsum(ispec) = dsum(ispec) + &

                 my_dens(irho,ispec)*(my_vols(irho+1)-my_vols(ihro))

            tsum(ispec) = tsum(ispec) + my_dens(irho,ispec)*

                 my_temp(irho,ispec)*(my_vols(irho+1)-my_vols(ihro))

   END DO

END DO
In the October 2006 state implementation prototype, ns and ts are step functions.  If a rezone is done to a grid finer than the one on which ns and ts are provided, the rezoned profile will show the behavior of the underlying step function, with strong effect on the radial derivatives.  This should be considered in deciding whether a step function is the desired representation.
Rezoning is allowed over profiles vs. (
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) regardless of interpolation method—although the conserved volume integral of an interpolating function will deviate slightly from the finite difference approximation of the same quantity, as may be used in the component code’s internal representation of the data.

A 2d rezone capability over (
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) will be provided in a future release of the software.

An important detail of the “rezone” calls is that the grid provided corresponds to zone boundaries (it actually defines limits of numerically computed definite integrals), while the values returned correspond to zone centers; therefore, the number of values returned is one less than the size of the grid provided.  If the array argument sizes do not follow this rule, or if <my rho grid> contains out of range points or is not in strict ascending order, the subroutine will report an error condition.

It is also worth noting that with the xplasma implementation of the plasma state, profile id values are preserved across time step boundaries—so that generally the equality ps%id_* = psp%id_* can be assumed (here “*” denotes a wildcard over profile names).  So, it is sufficient to change just the optional argument (icur) to change the reference from current to prior state in an interpolation or rezone call.
The complete list of implemented plasma state calls and their arguments are shown in section III.

II.  Sections of the State Specification File

The October 2006 prototype state specification file swim_state_stec.dat is shown in its entirety in the appendix of this document.  This is heavily commented with local details of syntax, many details of which will not be repeated here.  Instead, a discussion of the purpose and rationale for each section will be provided.

The specification file is split into sections, each of which will be considered separately.  The sections are:

1. Header

2. Array_Dimensions

3. Constants

4. Species_Lists

5. State_Data

6. State_Profiles

Header:

Here, any header lines needed by plasma state generated code elements are provided verbatim.  At present this contains only a reference to “swim_global_data_mod”; the parameter “rspec” defining precision of REAL variables is most widely used in the generated code.
Array_Dimensions:

Here the array dimensions are defined on a component by component basis.  Dimensions have user-defined sizes (“U”) or program defined sizes (“P”—based on arithmetic expression involving “U”-values).  Beyond this, array dimensions fall into two broad categories:  coordinate grid dimensions, used for profiles, and list dimensions, used for everything else.  Currently recognized grid dimensions are: RHO, TH, R, and Z, corresponding to (rho,theta) flux coordinates and (R,Z) cylindrical coordinates (m) widely used in tokamak simulations.  The coordinate rho is the normalized square root of enclosed toroidal magnetic flux:  0 at the center, 1 at the plasma boundary.  The coordinate theta is a poloidal angle coordinate, the precise definition of which is determined by the equilibrium solver or inverse equilibrium representation being used in a simulation—but covering either the range 
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.  Each “TH” array dimension must be designated “CCW” for counter-clockwise, or “CW” for clockwise, specifying the direction of increase of theta going around the flux surface.  If  
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 is positive on the large major radius side of flux surfaces, the TH orientation is “CCW”.

Additional grid coordinates—e.g. perhaps velocity space grids—could be added to the list of supported coordinates, with modest changes to the code generator.
There are two kinds of list dimensions: “S” for species lists, and “L” for anything else: e.g. lists of neutral beams, RF antennas, etc.
Constants:

Here, constants are defined.  These are declared as free standing PARAMETERs in a separate module plasma_state_constants_mod.f90, and are not part of the (plasma_state) derived type.  Therefore, it is recommended that the prefix ps_ be used to avoid the likelihood of name conflicts with other code declarations.

As indicated in the specification file comments, some constants are needed by the generated code, and so should not ever be removed from the specification file.

The data types “R” for REAL(KIND=rspec) and “I” for INTEGER are supported.

Species_Lists:

Here the root name for variables associated with species lists are defined.  The declaration of each species list must refer to exactly one species list array dimension, and, there must be a species list variable root name for each species list array dimension.  The species list specification leads to generation of a CHARACTER array to contain the short labels, e.g. “H”, “D”, “T”, for individual plasma species; as well as 2 FP arrays, one for the species charges (C) and one for the species masses (kg), using MKS units.
State_Data:

Here, specifications of scalar data and array data dimensioned by “S” and “L” array dimensions only are given.  The data types “R”, “I”, “N”, “F”, and “C*nn”, referring to REAL(KIND=rspec), INTEGER, CHARACTER*32, CHARACTER*256, and CHARACTER*nn respectively, are supported.

Pure scalars are to be enclosed in groups which should bring together related items—although a group of length one is perfectly acceptable.  Group members must all be of the same data type.  Groups containing members of type “R” need a physical units label specification.
The first array using an “L” dimension must be singly dimensioned of data type “N”—the labeling array for that dimension.  Each “L” dimension requires a labeling array.  The PS I/O routines enforce that non-blank, unique tag labels are provided for each element of each list dimension labeling array.  These tags are used to provide separate names for profiles defined in the following section.
Profile_Data:

Here, profiles “R” and grids “G” are defined.  All map to REAL(KIND=rspec) allocatable arrays.

Each grid dimension requires a “G” grid variable to be defined, before the dimension can be used in any profile definition.  There can only be one grid variable for each grid dimension.

Profiles have at least one and may have up to three grid dimensions.

Pure profiles (arrays with no “S” or “L” dimensioning) are to be enclosed in groups which should bring together related items—although a group of length one is perfectly acceptable.  Each group needs a physical units label specification.  In the state object, along with an allocatable array declaration for each specified pure profile prof_name the python code also generates a scalar integer id_prof_name which can be used as a handle for interpolation or rezoning of the profile.
Profile arrays (arrays with “S” and/or “L” dimensioning) are declared outside group designators; these arrays form their own groups with a separately named profile for each combination of indices of the non-grid dimensions; each profile array also needs its own separate physical units label.  In addition to the multi-dimensional allocatable array prof_name, an integer allocatable array id_prof_name (with just the “S” and/or “L” dimensioning) is provided for use as a handle for interpolation or rezoning of any of the constituent profiles of the profile array.
This may best be illustrated by example.  In the prototype swim_state_spec.dat file (Appendix 1), the specification


R|units=MW/m^3|step prf2d_srcs(~nrho_prf,~ntheta_prf,nrf_src,0:nspec)
will define an array of profiles with “step function” interpolation in two dimensions; the “~” in the grid dimensions signifying the reduction by one of size in each dimension for zonal step functions.  This declaration makes use of the list and grid array dimension declarations:


U  L|rf_source   nrf_src      ! number of RF sources

  
U  RHO nrho_prf         ! number of rho surfaces in RF deposition grid

  
U  TH|CCW  ntheta_prf   ! number of theta bdys in 2d RF power dep. grid


P  S|specie  nspec = ss%nspec_th + ss%nspec_nonMax   ! all species
The specification will lead to declaration of elements in the plasma_state type definition:

REAL(KIND=rspec), DIMENSION(:,:,:,:), ALLOCATABLE :: prf2d_srcs


INTEGER, DIMENSION(:,:), ALLOCATABLE :: id_prf2d_srcs

Label array declarations

CHARACTER*32, DIMENSION(:), ALLOCATABLE :: all_name


CHARACTER*32, DIMENSION(:), ALLOCATABLE :: rf_src_name
corresponding to the state file specifications, in the State_Data and Species_Lists sections respectively:


N  rf_src_name(nrf_src)      ! name of RF source

S  all(0:nspec)           ! combined species list (index 0 for electrons)
are used to generate separate names for each profile element, needed by the state implementation software; in particular, the profile data associated with the array slice:


ps%prf2d_srcs(1:ps%nrho_prf-1,1:ps%ntheta_prf-1,irf_src,ispec)
will have internal name:


‘prf2d_srcs_’//trim(rf_src_name(irf_src))//’_’//trim(all_name(ispec))

and the interpolation handle


ps%id_prf2d_srcs(irf_src,ispec)

will be available to specify interpolation or rezoning of the corresponding profile information.  It is presumed that the integer indices are within ranges (1:nrf_src) and (0:nspec) respectively.
The requirement that each profile have a unique name is enforced now to support anticipated future use in visualization of output of running SWIM simulations.

All profiles include an interpolation method designation, and an optional weighting specification to define the conservation properties of rezoning integrals.  If there is no weighting designated, then, either the volume integral or the cross sectional area integral of the quantity (for current densities) will be conserved, depending on an optional user-provided argument in the ps_rezone call at runtime.  If weighting is designated in the specification file, the dimensioning of the weighting expression must exactly match the dimensioning of the item being weighted.
Some discussion of interpolation methods and the relationship of profiles to grids is in order.  For many codes—i.e. finite difference codes, it is natural to represent profiles as zone oriented quantities—e.g. the density, temperature, velocity, or source density covering an entire zone of finite extent.  But, for any continuous or continuously differentiable interpolating function, it is more natural to start with boundary oriented data—indeed, it is necessary to do this at least at the end points in order to define an interpolating function which covers the entire domain of the coordinates over which the profile data is defined.
In the plasma state, all grids are boundary oriented, in the sense that they are each required to cover the entire range of the underlying coordinate—never just the entire range less half a zone width on either end of each dimension.
As it becomes necessary to share data across codes with disparate grids, each physics component (or author) needs to consider how that data should be made to appear.  To avoid the “jaggedness” of a step function representation, a zonal representation needs to either be mapped to a zone boundary grid prior to setup of an interpolating function for use within the PS, or, augmented zonal data can be used with additional points provided to meet the end points of underlying grids specifically set up for this purpose.
Of course, the use of continuous interpolating functions implies generally small changes in profile “normalizations”, e.g. volume integrals, compared to underlying zonal representations.  Are such differences important?  Probably not in determining the behavior of an overall simulation, but, a failure to appreciate the sources of such small differences could lead to confusion during debugging of the data connections between physics components (e.g. a failure of power to be conserved to 10 digits accuracy in a transfer between components involving interpolation).  Also, issues with conservation of volume or area integrals can be sensitive in the axial region, where differential area and volume elements approach zero.
To summarize—the PS provides a capability for sharing of profile data, either directly on the provider physics component defined grid, or, indirectly via interpolation.  Indeed it provides a range of methods for doing this, and a code generator method that allows techniques to be swapped easily.  Nevertheless, each component will need some consideration of strategy for the handling of its output, and, some degree of adaptation to the PS requirement that all profiles cover the entire range of their underlying coordinates.
III.  Methods of Access to Plasma State Data
In this section, the public interface to the Plasma State component is described in detail—as defined in plasma_state_mod.  The following table summarizes the available routines:
	Name
	Category
	Summary Description

	PS_label_plasma_state
	Initialization
	Apply global label, e.g. a simulation runID, to state.

	PS_alloc_plasma_state
	Initializaiton
	Incrementally allocate state arrays.

	PS_label_species
	Initialization
	Label plasma species.

	PS_get_plasma_state
	Time loop
	Read updated state from file.

	PS_store_plasma_state
	Time loop
	Write newly updated state to file.

	PS_update_plasma_state
	Time loop
	Update interpolation functions but do not write file.

	PS_commit_plasma_state
	Time loop (completion)
	Copy current state to past time step and save file.

	PS_clear_profs
	Time loop (start of step)
	Reset all profile data to zero.

	PS_update_equilibrium
	Time loop (start of step)
	Update MHD equilibrium from G-eqdsk file.

	PS_intrp_1d
	Interpolation (general)
	Generic—Interpolate 1d profiles.

	PS_intrp_2d
	Interpolation (general)
	Generic—Interpolate 2d profiles.

	PS_intrp_3d
	(not yet implemented)
	Generic—Interpolate 3d profiles.

	PS_rho_rezone
	Conservative rezone
	Generic—Rezone profiles of form f(rho).

	PS_rhoth_rezone
	(not yet implemented)
	Generic—Rezone profiles of form f(rho,theta).


Detailed descriptions and explanation of subroutine arguments follow…
  SUBROUTINE PS_LABEL_PLASMA_STATE(global_label,ierr)

    !-------------------------------------------------------------------

    !

    ! PS_LABEL_PLASMA_STATE

    !

    ! provide a global label (e.g. a run id) to the plasma state

    ! this is done once at the start of a simulation.

    !-------------------------------------------------------------------

    character*(*), intent(in) :: global_label

    integer, intent(out) :: ierr  ! exit status code (0=OK)

The above routine applies a global label to the state—presumably, a runID or name of simulation.  Visualization tools associated with the plasma state will use this label on plots.

  SUBROUTINE PS_ALLOC_PLASMA_STATE(ierr)

    !-------------------------------------------------------------------

    !

    ! PS_ALLOC_PLASMA_STATE

    !

    ! incrementally allocate current state arrays

    !   allocate arrays for which non-zero dimensions are defined.

    !   Once allocated, the array size cannot be changed!

    !

    ! Generally used only during initialization of a simulation.

    !-------------------------------------------------------------------

    integer, intent(out) :: ierr  ! exit status code (0=OK)
Use PS_alloc_plasma_state to incrementally allocate arrays in the plasma_state object ps. Only for which all dimensions are non-zero are allocated.  At present, ps element arrays can only be allocated once—once allocated, their sizes cannot be changed.  To use this routine, explicitly set the array dimensions prior to making the call.  For example:


ps%nrho_eq = 51


ps%nth_eq = 101


call PS_alloc_plasma_state(ierr)

This sequence will allocate arrays whose sizes are now fully determined due to the specification of the two additional array dimensions.  When ps is first instantiated, all its array dimensions are zero.

This routine is used only during initialization.  State arrays can also be allocated by other means—e.g. reading a state file which contains the necessary dimensioning information.

  SUBROUTINE ps_label_species(iZatom,iZcharge,iAMU,suffix, &

       label, qatom, qcharge, mass)

    !--------------------------------

    ! D. McCune Oct 10 2006

    ! module subroutine for plasma species labeling

    !

    ! ...to be used during initialization of plasma state system at the

    ! start of a simulation...

    !--------------------------------

    integer, intent(in) :: iZatom    ! atomic number: 1 for H, 2 for He, ...

    !  special: -1 for electrons, 0 for TOKAMAKIUM (impurity amalgum)

    integer, intent(in) :: iZcharge  ! ionic charge btw 0 and iZatom

    !  ignored for electrons and TOKAMAKIUM

    integer, intent(in) :: iAMU      ! atomic weight in AMU, nearest integer

    !  ignored unless 1 <= iZatom <= 2

    character*(*), intent(in) :: suffix   ! suffix for generated label (short!)

    !-------------

    character*(*), intent(out) :: label   ! generated species label

    REAL(KIND=rspec), intent(out) :: qatom    ! charge of fully stripped ion

    REAL(KIND=rspec), intent(out) :: qcharge  ! actual charge

    REAL(KIND=rspec), intent(out) :: mass     ! mass in kg

    !  if iZatom does not match any available data, label='?' is returned.

    !  examples of results: (input) -> (output)

    !  (1,1,2," ") -> ("D", ps_xe, ps_xe, 2.014102)

    !  (1,1,1,"mino") -> ("H_mino", ps_xe, ps_xe, 1.0079)

    !  (2,2,3," ") -> ("He3", 2*ps_xe, 2*ps_xe, 3.016029)

    !  (6,6,0," ") -> ("C", 6*ps_xe, 6*ps_xe, 12.011)

    !  (6,6,0,"imp") -> ("C_imp", 6*ps_xe, 6*ps_xe, 12.011)

    !  (6,4,0," ") -> ("C_4", 6*ps_xe, 4*ps_xe, 12.011)

    !  (-1,0,0,"??") -> ("e", -ps_xe, -ps_xe, ps_me/ps_mp) (suffix ignored)

    !  (0,0,0,"??") -> ("TOK", 0.0, 0.0, 0.0) (suffix ignored)

The above routine is used to generate label, charge, and mass data for plasma species, one species at a time.  Labels are generated from internal data statements imbedding a periodic table of elements, with extensions to handle isotopes of H and He.  Most tokamak simulations deal with sets of fully stripped light ions; therefore, only the element name is returned if arguments indicate a fully stripped ion.  If the ion is less than fully stripped the name is augmented with the charge number, as illustrated in the examples in the comments.  An abbreviated example of code making use of this routine follows.  A working example can be found in appendix 2.  

integer :: iz(0:2) = (/ -1, 1, 6 /)  ! e-, D+1, C+6

integer :: ia(0:2) = (/ 0, 2, 0/ )   ! Carbon AMU not required
      !  AMU needed for H and He isotopes only

ps%nspec_th = 2


call ps_alloc_plasma_state(ierr)  ! allocate the thermal species list


if(ierr.ne.0) STOP


do i=0,2


   call ps_label_species(iz(i),iz(i),ia(i),” “, &


             ps%s_name(i), ps%qatom_s(i), ps%q_s(i), ps%m_s(i))


end do

Note that ps_label_species is being used to set up the species list data for the plasma state.  This need only be done once at the start of a simulation.

  SUBROUTINE ps_get_plasma_state(ierr)

    !-------------------------------------------------------------------

    !

    ! PS_GET_PLASMA_STATE

    !

    ! This subroutine read a plasma state file and puts the data into the

    ! semi-public variables declared in plasma_state_definitions_mod

    !

    ! It also updates the prior state-- from file if available, otherwise

    ! by copying the current state.

    !

    ! PS_GET_PLASMA_STATE is to be called from GET_PLASMA_STATE_<COMP> 

    ! routines

    ! 

    !-------------------------------------------------------------------

    INTEGER, INTENT(out) :: ierr  ! exit status code (0=OK)

The above routine reads the current plasma state and the prior state from the files named by the CHARACTER*256 variables state_file and prior_file in plasma_state_mod (default value defined there).  The file data is that written by preceding ps_store_plasma_state and/or ps_commit_plasma_state calls.  Arrays are allocated if necessary.
  SUBROUTINE ps_store_plasma_state(ierr)

    !-------------------------------------------------------------------

    !

    ! PS_STORE_PLASMA_STATE

    !

    ! This subroutine updates the internal state representation and

    ! writes a plasma state file.

    !

    ! PS_STORE_PLASMA_STATE is to be called from PUT_PLASMA_STATE_<COMP> 

    ! routines.  These must re-allocate the output arrays of semi-public data

    ! and load the semi-public data from the output of the component code

    !

    !-------------------------------------------------------------------

    INTEGER, INTENT(out) :: ierr  ! exit status code (0=OK)

The above routine checks and updates any interpolating functions, and stores the plasma state in state_file.

  SUBROUTINE ps_update_plasma_state(ierr)

    !-------------------------------------------------------------------

    !

    ! PS_UPDATE_PLASMA_STATE

    !

    ! This subroutine updates the internal state representation but does

    ! NOT write a state file-- better performance when a state update is

    ! required for cooperation of components that are co-resident in memory

    ! e.g. within a single process.

    !

    !-------------------------------------------------------------------

    INTEGER, INTENT(out) :: ierr

The above routine checks and updates any interpolating functions, without writing a state file.  This is more efficient and may be useful for state updates between cooperating physics components running within the scope of a single executable program.

  SUBROUTINE PS_COMMIT_PLASMA_STATE(ierr)

    !-------------------------------------------------------------------

    !

    ! PS_COMMIT_PLASMA_STATE

    !

    ! save current state in past time step files; 

    ! update past time step copy of state

    !

    ! note: current state file assumed to already be up-to-date.

    !       if not, caller should use PS_STORE_PLASMA_STATE in addition

    !       to this routine.

    !

    !-------------------------------------------------------------------

    integer, intent(out) :: ierr  ! exit status code (0=OK)

The above routine copies the current state to the prior state (ps => psp) and saves the prior state in the file prior_file.  Note that the current state file state_file is not written.

  SUBROUTINE ps_clear_profs(ierr)

    !-------------------------------------------------------------------

    !

    ! PS_CLEAR_PROFS

    !

    ! set all allocated profile arrays to 0.0_rspec

    !-------------------------------------------------------------------

    integer, intent(out) :: ierr  ! exit status code (0=OK)

The above routine clears all profile data to ZERO in ps.  This would be executed at the start of a time step advance cycle.  The idea is that as components execute they will fill in the current state—but if they attempt to read data that hasn’t been filled in yet, they will get zeroes.  Interpolating functions are also cleared to zero—but, no file is written.

  SUBROUTINE ps_update_equilibrium(g_filename,ierr)

    !-------------------------------------------------------------------

    !

    ! PS_UPDATE_EQUILIBRIUM

    !

    ! update MHD equilibrium from a G-EQdsk file; update associated

    ! state profile quantities (e.g. metrics and flux surface averages).

    !-------------------------------------------------------------------

    character*(*), intent(in) :: g_filename  ! G-eqdsk filename or MDS+ path

    integer, intent(out) :: ierr  ! exit status code (0=OK)

The above routine updates the equilibrium profiles from a G-eqdsk (EFIT style) file.  Profiles associated with the equilibrium—volumes, areas, flux surface averaged metrics and field quantities are also updated, along with their interpolating functions—but, no file is written.
  SUBROUTINE ps_intrp_1d(x,id,ans,ierr,icur,ideriv,iderivs,iccw_th)
    !  INTERPOLATION of 1d profiles – GENERIC interface

   x (input) is the target of the interpolation – can be scalar REAL(KIND=rspec) or a singly dimensioned vector of REAL(KIND=rspec).  For non-periodic coordinates, the x argument(s) must all be within the coordinate’s range 
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 shifts as needed.
   id (input) specifies the profile or profiles to be interpolated – INTEGER, it can be scalar, or a 1d list of profile ids, or a 2d array of profile ids.

   ans (output) is the scalar or array or multiply dimensioned array receiving the results of the interpolation – REAL(KIND=rspec), its dimensioning must be precisely consistent with the x and id arguments.  If x is a vector, the size of the 1st dimension of ans must match the size of x precisely.  If id is an array, subsequent dimension sizes of ans must precisely match the corresponding dimension sizes of id.

   ierr (output) is the completion status code (0=OK).

   icur (INTEGER, OPTIONAL input) can be used to control whether the current state or prior state is referred to for this interpolation call; default is the current state.  Legal values for icur are ps_current and ps_previous.

   ideriv (INTEGER, OPTIONAL input) can be used to specify that derivatives rather than profile values be returned.  The default is 0, no derivative.  1 denotes 1st derivative; 2 denotes 2nd derivative.  Derivatives are with respect to the independent coordinate of the profile.

   iderivs (INTEGER, DIMENSION(…), OPTIONAL input) can be used to control derivatives separately for each profile, in case multiple profile id values are provided. If this is present, it overrides ideriv.

   iccw_th (INTEGER, OPTIONAL input).  This control is germane only for an interpolation of a profile defined over poloidal angle 
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.  It specifies the desired orientation of the poloidal angle coordinate as it is to be interpreted for the current call.  Legal values are ps_ccw_select (the default) and ps_ccw_reverse—these constants defined in plasma_state_mod.

The above describes the generic interface for 1d profile interpolation, where 1d refers to the number of spatial coordinates over which the profile is defined.  For each profile (or array of profiles) an id (or array of id values) is maintained by the state software, for use in interpolation calls.  For example, while

ps%ns(:,ispec)

contains the densities for species (ispec) over the grid ps%rho(1:ps%nrho), if values are wanted at different locations, the integer handle


ps%id_ns(ispec)

is available and can be used for the id argument in the ps_intrp_1d interface.

  SUBROUTINE ps_intrp_2d(x1,x2,id,ans,ierr,icur, &

                       ideriv1,ideriv2,ideriv1s,ideriv2s,iccw_th)

    !  INTERPOLATION of 2d profiles – GENERIC interface

   x1,x2 (input) is the target of the interpolation – can be scalar REAL(KIND=rspec) or a singly dimensioned vector of REAL(KIND=rspec).  For non-periodic coordinates, the x argument(s) must all be within the coordinate’s range 
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 shifts as needed; all input vectors must be of the same size.

   id (input) specifies the profile or profiles to be interpolated – INTEGER, it can be scalar, or a 1d list of profile ids, or a 2d array of profile ids.

   ans (output) is the scalar or array or multiply dimensioned array receiving the results of the interpolation – REAL(KIND=rspec), its dimensioning must be precisely consistent with the x1,x2 and id arguments.  If x1 is a vector, the size of the 1st dimension of ans must match the size of x1 precisely.  If id is an array, subsequent dimension sizes of ans must precisely match the corresponding dimension sizes of id.

   ierr (output) is the completion status code (0=OK).

   icur (INTEGER, OPTIONAL input) can be used to control whether the current state or prior state is referred to for this interpolation call; default is the current state.  Legal values for icur are ps_current and ps_previous.

   ideriv1,ideriv2 (INTEGER, OPTIONAL input) can be used to specify that derivatives rather than profile values be returned.  The default is 0, no derivative.  1 denotes 1st derivative; 2 denotes 2nd derivative.  Derivatives are with respect to the independent coordinate of the profile (ideriv1 for the 1st coordinate as it is declared in the state specification; ideriv2 for the 2nd coordinate).

   ideriv1s,ideriv2s (INTEGER, DIMENSION(…), OPTIONAL input) can be used to control derivatives separately for each profile, in case multiple profile id values are provided. If these are present, they overrides ideriv1 and/or ideriv2.

   iccw_th (INTEGER, OPTIONAL input).  This control is germane only for an interpolation of a profile defined over poloidal angle 
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.  It specifies the desired orientation of the poloidal angle coordinate as it is to be interpreted for the current call.  Legal values are ps_ccw_select (the default) and ps_ccw_reverse—these constants defined in plasma_state_mod.
The above is the interface for 2d interpolation—applicable to profiles are sets of profiles with 2 independent coordinates as declared in the state specification.  The order of coordinates is as declared in the specification, i.e. coordinate #1 corresponds to the leftmost grid dimension.  The use of the id argument is described in the text for the ps_intrp_1d generic interface.
  SUBROUTINE ps_intrp_3d(x1,x2,x3,id,ans,ierr,icur, &

                       ideriv1,ideriv2,ideriv3,ideriv1s,ideriv2s,ideriv3s, &




     iccw_th)

    !  INTERPOLATION of 3d profiles – GENERIC interface

   x1,x2,x3 (input) is the target of the interpolation – can be scalar REAL(KIND=rspec) or a singly dimensioned vector of REAL(KIND=rspec).  For non-periodic coordinates, the x argument(s) must all be within the coordinate’s range 
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 shifts as needed; all input vectors must be of the same size.

   id (input) specifies the profile or profiles to be interpolated – INTEGER, it can be scalar, or a 1d list of profile ids, or a 2d array of profile ids.

   ans (output) is the scalar or array or multiply dimensioned array receiving the results of the interpolation – REAL(KIND=rspec), its dimensioning must be precisely consistent with the x1,x2,x3 and id arguments.  If x1 is a vector, the size of the 1st dimension of ans must match the size of x1 precisely.  If id is an array, subsequent dimension sizes of ans must precisely match the corresponding dimension sizes of id.

   ierr (output) is the completion status code (0=OK).

   icur (INTEGER, OPTIONAL input) can be used to control whether the current state or prior state is referred to for this interpolation call; default is the current state.  Legal values for icur are ps_current and ps_previous.

   ideriv1,ideriv2,ideriv3 (INTEGER, OPTIONAL input) can be used to specify that derivatives rather than profile values be returned.  The default is 0, no derivative.  1 denotes 1st derivative; 2 denotes 2nd derivative.  Derivatives are with respect to the independent coordinate of the profile (ideriv1 for the 1st coordinate as it is declared in the state specification; ideriv2 for the 2nd coordinate, etc.).

   ideriv1s,ideriv2s,ideriv3s (INTEGER, DIMENSION(…), OPTIONAL input) can be used to control derivatives separately for each profile, in case multiple profile id values are provided. If these are present, they overrides ideriv1 and/or ideriv2 and/or ideriv3.
   iccw_th (INTEGER, OPTIONAL input).  This control is germane only for an interpolation of a profile defined over poloidal angle 
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.  It specifies the desired orientation of the poloidal angle coordinate as it is to be interpreted for the current call.  Legal values are ps_ccw_select (the default) and ps_ccw_reverse—these constants defined in plasma_state_mod.

The above is the interface for 3d interpolation—applicable to profiles are sets of profiles with 3 independent coordinates as declared in the state specification.  The order of coordinates is as declared in the specification, i.e. coordinate #1 corresponds to the leftmost grid dimension.  The use of the id argument is described in the text for the ps_intrp_1d generic interface.

The 3d interpolation interface is not implemented as of October 2006.
SUBROUTINE ps_rho_rezone(rho, id, ansv, ierr, icur, curdens, zonediff)
  ! “RHO” rezone of f(RHO) profiles – GENERIC interface.

   rho (REAL(KIND=rspec), DIMENSION(:), input) the user 
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 grid defining the boundaries of the set of zones for the rezoning of the data—the number of zones is one less than the number of boundaries.  The rho vector must be in ascending order and must precisely span the range [0:1].

   id (input) specifies the profile or profiles to be rezoned – INTEGER, it can be scalar, or a 1d list of profile ids, or a 2d array of profile ids.

   ansv (output) is the vector or multiply dimensioned array receiving the results of the rezoning – REAL(KIND=rspec), its dimensioning must be precisely consistent with the rho and id arguments.  The size of its 1st dimension must be exactly size(rho) – 1. If id is an array, subsequent dimension sizes of ansv must precisely match the corresponding dimension sizes of id.

   ierr (output) is the completion status code (0=OK).

   icur (INTEGER, OPTIONAL input) can be used to control whether the current state or prior state is referred to for this rezoning call; default is the current state.  Legal values for icur are ps_current and ps_previous, constants defined by plasma_state_mod.

   curdens (LOGICAL, OPTIONAL input, default FALSE)—set TRUE to request that the area integral rather than the volume integral should be preserved by rezoning—i.e. for current density profiles A/m^2.

   zonediff (REAL(KIND=rspec), DIMENSION(:), OPTIONAL, output)—the volumes (or if curdens=T the cross-sectional areas) of the rho zones defined by the user’s rho grid;  size(zonediff) = size(rho) – 1 is required.
This routine can be used to rezone profiles to a user’s grid, with conservation of integral properties—either a volume integral (curdens=FALSE) or an area integral (curdens=TRUE).  The state specification allows a weighting profile to be specified for rezoning integrals—using density weighting allows e.g. temperatures 
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to be rezoned in such a way that the volume integral of 
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 is conserved.

SUBROUTINE ps_rhoth_rezone(…)
2d flux coordinate rezone – the interface is not yet defined.
IV.  Design and Interface Issues

The most urgent next step is to test whether the Plasma State Component design and prototype presented here is within range of meeting the requirements of the SWIM project.
To find out, it will be necessary to develop a realistic state specification and deploy it for a real application.  One place where this could be tried is in the PTRANSP project, where there is a near term need to interface a transport solver from a free boundary code for use in a prescribed boundary framework (the TRANSP legacy system).  The communications requirement is that required to interface to a transport (fluid profile advance) component, with sufficient information provided from an equilibrium component to enable the transport solver to operate.  These same components are in the SWIM project plan as well: so, sections of the state specification developed for this purpose should map to SWIM with little or no modification.

Beyond this immediate need for realistic testing, it would be helpful to have feedback from SWIM PIs about whether this design is on the right track.

The prototype state is based on a transcription of appendix 2 of the SWIM IPS design document, which however has evolved somewhat in the course of testing and development of the prototype.  The state specification will clearly need some further fleshing out.

One of the likely directions for extension of the Plasma State Component is for creation of time dependent output of simulations.  With the PS python code generator as a foundation, it will be relatively easy to extend the ps_commit_plasma_state method to write all state data to a NetCDF file with an extensible time dimension, thereby capturing all the time dependent state data into a single file which can be used for monitoring as well as final examination of simulation output.  But, for this to be practical, it will be important to limit contents of the plasma state to quantities that truly need to be in the output or shared between physics components.  The plasma state should then not be seen as a replacement for a fortran-77 COMMON style central repository for all internal variables of all components.
Some technical questions come to mind:

· Are LOGICAL state variables needed?  There is some advantage to avoiding them—e.g. no LOGICAL data type in NetCDF files.

· What additional coordinates and grids should be supported?  Are items defined over velocity space coordinates destined for the state?

· With the ps_update_equilibrium(g_filename,ierr) interface, the coupling to any equilibrium solver component could be defined as (a) the component produces a G-EQdsk file; (b) ps_update_equilibrium is called.  Are there any equilibrium solvers desired for SWIM that cannot produce the G-EQdsk file?

V.  Appendices

Appendix 1:  “swim_state_spec.dat” as of 17-Oct-06.
#  This file contains data to specify the contents of the SWIM IPS state.

#  It will be input to a python code generator that will generate not only

#  the state data type definition, but also the code to fill the state from

#  xplasma and/or future state implementation software.

#

#  D. McCune 9-21-2006

#

#  THIS FILE IS INPUT TO A PYTHON CODE GENERATOR...

#

#---------------

#  glossary:

#    SWIM -- SciDAC-2 project, MHD & RF interactions, 2005--??

#    IPS  -- Integrated Plasma Simulator

#---------------

#

#  Lines for which the first nonblank character is a "#" are deemed comments--

#  stripped and never seen by the python code generator.

#

#  Syntax of specification entries depends on the file section and is 

#  described in the comments within that section.

#

#  Syntax rules spanning multiple sections described here:

#

#  Although the case of names is preserved for purposes of generated code

#  and documentation, a list of uppercase converted names is also maintained.

#  Each variable name must be unique after conversion to uppercase!

#

#  Units designators, always after "|units=", are terminated by whitespace,

#  and therefore, cannot contain whitespace of their own.

#

#  All text after "!" is fortran comment-- copied by Python into some of

#  the generated code-- the 1st line used for item labels as well, but 

#  there can be multiple lines of comments associated with a variable, 

#  which will be transferred into documentation and comments in generated

#  fortran code.

#

#  common data type codes:

#

#     R for REAL(KIND=rspec) -- scalars and arrays & profiles

#     G for REAL(KIND=rspec) -- grids, one per profile array dimension

#     I for INTEGER
#     C*nn for CHARACTER*nn

#     F for filename --> C*256

#     N for name --> C*32

#        (NOTE -- no "L" for logical -- not supported to simplify generator)

#

#  All state items belong to a component, referred to here as an "author".

#  Within each section, each declaration of a variable shall have been 

#  preceded by an author designation.

#=========================================================================

Section: Header

# the non-blank lines are inserted in the .f90 output...

  use swim_global_data_mod, only: rspec, swim_err_out_file, swim_error

  implicit NONE

#=========================================================================

Section: Array_Dimensions

#  All integers here...

#  dimensioning data for dynamic arrays in SWIM IPS state are given.

#

#  User defined types: syntax:

#

#     U  <dim-type>  <name>

#

#

#  There are type categories of <dim-types>:

#  List dimension types:

#

#        <dim-type>s:

#           S|<short_label>  species list dimension (species names & suffixes

#              generated).

#           L|<short_label>  list dimension (not species list)-- element 

#              names to be defined.  The first variable using this 

#              dimension must be of rank 1, of type N and this variable 

#              will define name suffixes for list elements in the state 

#              file.

#

#             <short_label> is a short label, with no imbedded whitespace,

#              characterizing the dimension for labeling purposes

#

#  Coordinate/grid dimension types:

#

#           RHO radial flux coordinate dimension (-)

#           TH|CCW poloidal angle flux coordinate dimension (rad)

#                  CCW for counter-clockwise, CW for clockwise orientation

#                  of increasing theta in flux surface cross section drawn

#                  to the right of the tokamak axis of symmetry

#           R  major radius coordinate dimension (m)

#           Z  elevation coordinate dimension (m)

#         [more to be added...]

#

#  Program defined types:

#

#     P  <name> = <expression>

#

#     P -- program controlled values

#          <expression> = f90 valid arithmetic expression based on U-values

#                         NB-- prepend each value with "ss%" as this is the

#                         container object when the expression is executed.

#

# Although array dimensions are organized by components, their use is allowed

# anywhere in the state

#

# The U dimensions are stored in the state file as lists, one per defining 

# component

#

# PLASMA component dimensions

author: PLASMA

  U  S|thermal_specie   nspec_th     ! number of thermal ion species

  U  S|fast_specie      nspec_nonMax ! number of fast ion species

  P  S|specie  nspec = ss%nspec_th + ss%nspec_nonMax

                                     ! total number of ion species

  U  RHO nrho         ! number of flux surfaces-- thermal specie parameters

  U  RHO nrho_n2d     ! number of flux surfaces-- 2d fast ion specie densities

  U  TH|CCW ntheta_n2d ! number of theta bdys-- 2d fast ion specie densities

# RF component dimensions

author: RF

  U  L|rf_source   nrf_src      ! number of RF sources

  U  RHO nrho_prf     ! number of rho surfaces in RF deposition grid

  U  TH|CCW  ntheta_prf   ! number of theta bdys in 2d RF power dep. grid

# Equilibrium (EQ) component-- representation in plasma state

author: EQ

  U  RHO nrho_eq      ! number of flux surfaces -- inverse equilibrium

  U  TH|CCW nth_eq    ! number of theta grid points -- inverse equilibrium

  U  R   nR           ! number of R grid points -- direct Psi(R,Z)
  U  Z   nZ           ! number of Z grid points -- direct representation
#=========================================================================

Section: Constants

# (parameters in the plasma state definition module; not part of 

# the plasma_state type definition itself).

#

# all are scalars; time invariant; no author; not saved in file

#

#   <type>  <name> = <value>

#

  R  ps_me  = 9.1094e-31_rspec        ! electron mass, kg

  R  ps_mp  = 1.6726e-27_rspec        ! proton mass, kg

  R  ps_xe  = 1.6022e-19_rspec        ! Joule/ptcl-eV (also, electron charge)

  R  ps_epslon  = 1.0e-34_rspec       ! small number

  R  ps_epsinv  = 1.0e+34_rspec       ! large number

# the following "ccw" definitions are used in generated code -- do not remove!

  I  ps_ccw_select = 1  ! used as indicator of counter-clockwise oriented theta

  I  ps_ccw_reverse= 2  ! used as indicator of clockwise oriented theta

# the following interpolation type codes are used in generated code -- do

# not remove!

  I  ps_stepfun = -1    ! step function

  I  ps_pclin   =  0    ! piecewise linear function

  I  ps_hermite =  1    ! Hermite cubic interpolant

  I  ps_spline  =  2    ! Cubic spline interpolant

# the following spline boundary condition controls are used in the generated

# code -- do not remove!

  I  ps_bc_dflt = -1    ! Default boundary condition: "not a knot" for splines

  I  ps_bc_grad00 = 0   ! d/drho -> 0 as rho -> 0

# the following initialization code is used in generated code -- do not remove!

  I  ps_unInit = -123456789  ! value for un-initialized array dimension

# the following are available for the plasma state interpolation interface

  I  ps_previous = 1    ! refer to prior state

  I  ps_current = 2     ! refer to current state

#=========================================================================

Section: Species_lists

#  syntax:  S  <name>([<lower_dimension>:]<upper_dimension)

#

#  generates declarations N <name>_name(<dimensions>)

#                         R    q_<name>(<dimensions)  C

#                         R    m_<name>(<dimensions)  kg

#

#  e.g.: s(0:nspec_th) -> s_name(0:nspec_th), q_s(0:nspec_th), m_s(0:nspec_th)

#

#  these are stored in the state file as lists...

author: PLASMA

   S  s(0:nspec_th)     ! thermal species list (index 0 for electrons)

   S  nonMax(nspec_nonMax)  ! non-Maxwellian ion species

   S  all(0:nspec)      ! combined species list (index 0 for electrons)

#=========================================================================

Section: State_Data

#  Here State data other than profiles and grids:

#  all stored in the state file as lists.

#

#  R types must have units

#  Pure scalars must be assigned to a group and R scalars receive their units

#    from the group specification.  All variables within a group must be of

#    the same type.

#

#  Arrays form their own group, and R arrays need their own units 

#  specifications.  Only "L" or "S" dimensions can be used in arrays.

#  All "L" dimensions must have N (name) variable declared.

#-------------------------------

author:  PLASMA

group: global

  N  global_label    ! global label for simulation

end_group

group:  TIME_STEP|units=sec

  R  t0        ! time at beginning of IPS macro timestep

  R  t1        ! time at end of IPS macro timestep

end_group

group:  indices

  I  imp_index           ! index to "tokamakium" impurity

end_group

#-------------------------------

author:  RF

  N  rf_src_name(nrf_src)           ! name of RF source

  R|units=MW  power_src(nrf_src)    ! power on each RF source

  R|units=MHz rf_freq_src(nrf_src)  ! frequency on each RF source

  F  dist_fun(nspec_nonMax)     ! distribution function filenames

  F  ant_model(nrf_src)         ! antenna description filenames

  F  ql_operator(nspec_nonMax)  ! quasilinear operator filenames

#-------------------------------

author:  EQ

group:  EQ_files

  F  eqdsk_file          ! EFIT G-eqdsk file: psi(R,Z), g(psi), etc.

  F  geometry            ! path to file(s) vac. vessel & coil descr.

end_group

group:  EQ_RZlcfs|units=m

  R  R_min_lcfs          ! R_min of last closed flux surface

  R  R_max_lcfs          ! R_max of last closed flux surface

  R  Z_min_lcfs          ! Z_min of last closed flux surface

  R  Z_max_lcfs          ! Z_max of last closed flux surface

end_group

group:  EQ_RZbox|units=m

  R  R_min_box           ! R_min of bounding box

  R  R_max_box           ! R_max of bounding box

  R  Z_min_box           ! Z_min of bounding box

  R  Z_max_box           ! Z_max of bounding box

end_group

group:  EQ_RZaxis|units=m

  R  R_axis              ! R of magnetic axis

  R  Z_axis              ! Z of magnetic axis

end_group

group:  EQ_Blcfs|units=T

  R  B_min_lcfs          ! |B|_min of last closed flux surface

  R  B_max_lcfs          ! |B|_max of last closed flux surface

end_group

group:  EQ_Baxis|units=T

  R  B_axis              ! |B| at magnetic axis

  R  B_axis_vac          ! vacuum B field at axis

end_group

group:  EQ_Bsigns

  I  kccw_Bphi           ! B_phi orientation: +1 means CCW viewed from above

                         ! -1 means clockwise (CW) viewed from above.

  I  kccw_Jphi           ! J_phi orientation: +1 means CCW viewed from above

end_group

#=========================================================================

Section: State_Profiles

#  All items in this section are grids or profiles, stored as such in

#  the state.  All data items are of type R.

#

#  The grid declarations are of the form

#

#    G  <variable_name>(<dimension>)

#

#  There can only be a single dimension (no dimension lower_limit 

#  specification; the coordinate referred to is the one given in

#  the Array_Dimensions section-- i.e. RHO,TH,R,Z, ... (not "S" or "L").

#  Grid declarations should occur outside any group (see below).

#

#  Before a coordinate dimension is used in a profile declaration, the

#  corresponding grid needs to have been defined.

#

#  The profile declarations have two forms.  Standalone profiles (with no

#  "S" or "L" dimension) need to be members of a group and receive their 

#  units specification from the group designator:

#

#    R|<profile-type>   <name>(<dimension>[,...])

#

#  Group designators have syntax:

#

#    group: <group_name>|units=<units_label>

#

#  and are terminated by:

#

#    end_group

#

#  Profiles with an additional "S" or "L" dimension or dimensions form

#  their own groups and must have their own units specifiers:

#

#    R|units=<units_label>|<profile-type> <name>(<dimension>,<dimension>[,...])

#

#  dimensions with "S" or "L" attribute can have non-standard lower limit;

#  dimensions corresponding to grids cannot.

#

#  NOTE dimension ordering constraint:

#       ALL grid dimensions must precede ALL "S" and "L" dimensions

#       This is necessary to facilitate generated interpolation capability.

#

#  <profile-type> defines the interpolation method for the data:

#    step -- zonal step function, data size is 1 less than grid size

#    pclin -- piecewise linear, data is at grid points

#    Hermite -- C1 piecewise cubic, data at grid points, default bdy conds.

#    Hermite_00 -- C1 piecewise cubic, data at grid points,

#                  boundary condition d/drho -> 0 as rho -> 0

#    Spline -- C2 piecewise cubic, data at grid points, default bdy conds.

#    Spline_00 -- C2 piecewise cubic, data at grid points,

#                  boundary condition d/drho -> 0 as rho -> 0

#-------------------------------

author: PLASMA

  G   rho(nrho)          ! rho grid (PLASMA)

  R|units=m^-3|step  ns(~nrho,0:nspec_th)       ! thermal specie density

  R|units=C|step*ns(:,imp_index)   q_impurity(~nrho) ! average impurity charge

  R|units=kg|step*ns(:,imp_index)  m_impurity(~nrho) ! average impurity mass

  R|units=keV|step*ns   Ts(~nrho,0:nspec_th)  ! thermal specie temperature

  R|units=m/sec|step*ns v_pars(~nrho,0:nspec_th) !thermal specie <vpll>

  G   rho_n2d(nrho_n2d)     ! rho grid for 2d non-Maxwellion ion densities

  G   theta_n2d(ntheta_n2d) ! theta grid for 2d non-Maxwellion ion densities

  R|units=m^-3|step  n_nonMax2ds(~nrho_n2d,~ntheta_n2d,nspec_nonMax)

                ! 2d fast ion density

  R|units=m^-3|step  n_nonMaxs(~nrho_n2d,nspec_nonMax)  

                ! fast ion density flux surface average

  R|units=rad/Wb|Hermite diffN_s(nrho,nspec_th) ! differential density

group: entropy|units=unspecified

  R|Hermite_00  total_entropy(nrho)    ! total entropy

  R|Hermite_00  e_entropy(nrho)        ! electron entropy

end_group

  R|units=rad/sec|Hermite_00  omegat(nrho)  ! toroidal angular velocity

  R|units=-|Spline_00  iota(nrho)              ! iota profile (1/q)

group: conductivity|units=m^2/sec

  R|pclin  chi_e(nrho)          ! electron thermal conductivity

  R|pclin  chi_i(nrho)          ! ion thermal conductivity

  R|pclin  chi_omegat(nrho)     ! toroidal angular momentum diffusivity

end_group

  R|units=m^2/sec|pclin D_s(nrho,nspec_th) ! particle diffusivities 

group: conductivity_sensitivities|units=(Wb/rad)*(m^2/sec)/keV

  R|pclin  dchi_e_dTeprime(nrho)  ! d(chie)/d(Te')

  R|pclin  dchi_e_dTiprime(nrho)  ! d(chie)/d(Ti')

  R|pclin  dchi_i_dTeprime(nrho)  ! d(chii)/d(Te')

  R|pclin  dchi_i_dTiprime(nrho)  ! d(chii)/d(Ti')

end_group

  R|units=ohm*m|Hermite eta_parallel(nrho) ! parallel electrical resistivity

  R|units=m^-3/sec|Hermite_00 source_rate_s(nrho,nspec_th) ! species sources

#-------------------------------

author: EQ

# these quantities from the equilibrium, available as splines...

# "Spline_00" means impose the boundary condition d/drho -> 0 as rho -> 0;

# "Spline" means to use the default spline "not a knot" boundary condition.

  G   rho_eq(nrho_eq)     ! rho grid (EQ)

  G   th_eq(nth_eq)       ! theta grid (EQ)

  R|units=m|Spline R_geo(nrho_eq,nth_eq)  ! flux surfaces R(rho,theta) 

  R|units=m|Spline Z_geo(nrho_eq,nth_eq)  ! flux surfaces Z(rho,theta) 

  R|units=m^3|Spline_00  vol(nrho_eq)  ! enclosed volume

  R|units=m^2|Spline_00 area(nrho_eq)  ! enclosed area

  R|units=m^2|Spline surf(nrho_eq)  ! area of flux surfaces

  R|units=m|Spline Lpol(nrho_eq)    ! poloidal path length

  R|units=m^2|Spline_00 gr2(nrho_eq)   ! <R^2>

  R|units=m^-2|Spline_00 gr2i(nrho_eq) ! <R^-2>

  R|units=m^-4|Spline_00 grho2r2i(nrho_eq)  ! <grad(rho)^2/R^2>

  R|units=Pa|Spline_00       P_eq(nrho_eq)      ! equilibrium scalar pressure

  R|units=-|Spline_00        q_eq(nrho_eq)      ! equilibrium q profile

  R|units=T*m|Spline_00      g_eq(nrho_eq)      ! equilibrium R*|B_phi|

  R|units=Wb|Spline_00       phit(nrho_eq)      ! toroidal flux vs. rho

  R|units=Wb/rad|Spline_00   psipol(nrho_eq)    ! poloidal flux vs. rho

  G   R_grid(nR)                   ! R grid

  G   Z_grid(nZ)                   ! Z grid

  R|units=Wb/rad|Spline  PsiRZ(nR,nZ) ! Psi(R,Z)

#-------------------------------

author:  RF

  G  rho_prf(nrho_prf)     ! rho grid (RF)

  G  theta_prf(ntheta_prf) ! theta: 2d RF power dep.

  R|units=MW/m^3|step prf2d_srcs(~nrho_prf,~ntheta_prf,nrf_src,0:nspec)

                      ! 2d RF power deposition

  R|units=MW/m^3|step prf_srcs(~nrho_prf,nrf_src,0:nspec)

                      ! RF power deposition

  R|units=MW/m^3|step prf_totals(~nrho_prf,0:nspec)

                      ! total RF power deposition

  R|units=A/m^2|step  cdrf_rf(~nrho_prf,nrf_src)  ! RF current drive

#=========================================================================

Appendix 2: swim_state_test.f90, a test drive for the prototype state:
program swim_state_test

  !--------------------------------------------------------------------

  ! Demo program for use of plasma state component

  ! D. McCune 9 Oct 2006

  !

  !--------------------------------------------------------------------

  !

  ! This routine demonstrates use of the IPS state interface.

  !

  !-----------------------------------

  ! The state contents are specified in "swim_state_spec.dat".  This is

  ! input to a code generator which produces the state file i/o routines;

  ! an "internal" plasma state component interface is also defined; an

  ! implementation is provided using xplasma2.  The internal interface 

  ! is not currently documented.

  !

  !   Procedure for modifying the contents of state:

  !     1.  edit "swim_state_spec.dat"

  !     2.  run the code generator script.

  !

  ! After the state definition is modified, old state files can still

  ! be examined (e.g. with a plotting tool) but will not be usable for

  ! simulation restarts.

  !-----------------------------------

  !

  ! State elements are traditional f77 integer, floating point, and character

  ! string scalars and arrays all contained within a large container data 

  ! type "plasma_state".  Two instances of this container data type are

  ! declared in the module "plasma_state_mod":

  !

  !   ps -- the current state (timestep now being computed).

  !   psp -- the prior or "committed" state (completed, prior timestep)

  !

  ! Elements of the state can be referenced directly using the standard

  ! f95 syntax-- e.g. ps%nrho is the size of one of the radial flux 

  ! coordinate "rho" grids in the state.

  !

  ! State elements can be directly modified by codes that use the plasma

  ! state-- although this should be done carefully.  Generally, items in 

  ! the state are meant to be shared between multiple components of the 

  ! IPS; conventions for use of the state data will need to evolve.

  !

  ! States will be mapped to NetCDF files.  The module "plasma_state_mod"

  ! defines two variables for these filenames:

  !

  !   CHARACTER*256 :: state_file = 'plasma_state.cdf'

  !   CHARACTER*256 :: prior_file = 'prior_state.cdf'

  !

  ! The assigned default values can of course be modified.

!-----------------------------------
  ! In addition to direct access to state data elements, the following

  ! subroutines are available (defined in the f95 module plasma_state_mod)

  ! (this is the module's public interface):

  !

  !    integer :: ierr -- status code returned by many routines (0=OK).

  !

  !    SUBROUTINE ps_label_plasma_state(global_label,ierr)

  !       Apply a global label to the plasma state data-- e.g. name of a

  !       program or ID of a run

  ! 

  !    SUBROUTINE ps_alloc_plasma_state(ierr)

  !       ALLOCATE all arrays for which non-zero dimensions have been defined.

  !       This is done at the start of simulations.  Arrays are allocated only

  !       once; their sizes are not permitted to change in time-- NB relaxing

  !       this rule would entail many complications and should be avoided at

  !       least in early versions of the software.

  !

  !    SUBROUTINE ps_label_species(iZatom,iZcharge,iAMU,suffix, &

  !         label, qatom, qcharge, mass)

  !

  !       Based on atomic number and integer-approximate AMU, get label

  !       and charge and mass (in C, kg) of plasma species (detailed 

  !       argument descriptions in plasma_state_mod)

  !

  !    SUBROUTINE ps_clear_profs(ierr)

  !       Set all profile data to zero-- this might be desirable when starting

  !       to build a state at a new time.  It will be easier to tell what has

  !       been added, and what not, if quantities not added are zero, rather

  !       than from the prior timestep.  All the prior timestep data is still

  !       accessible in the prior state object psp-- i.e. psp%rho_eq(...), etc.

  !       Scalar data and grids are not affected by this call-- just profiles.

  !

  !    SUBROUTINE ps_update_equilibrium(<g-filename>,ierr)

  !       Update state MHD equilibrium from G-eqdsk file <g-filename>

  !          (could also be an MDSplus G-eqdsk timeslice from an experiment).

  !       Compute state quantities derived from the equilibrium

  !       Arrays such as enclosed volumes (m^3) ps%vol(1:ps%nrho_eq) are 

  !       filled in.

  !

  !    SUBROUTINE ps_store_plasma_state(ierr)

  !       Update interpolation information and store the state (ps) in

  !       the file (state_file).

  !

  !    SUBROUTINE ps_update_plasma_state(ierr)

  !       Update interpolation information but do not write a file.

  !

  !    SUBROUTINE ps_commit_plasma_state(ierr)

  !       Copy current state (ps) to prior state (psp).  Save prior state

  !       in file (prior_state).  The file (state_file) is not modified--

!       use ps_store_plasma_state for this.

  !

  !    SUBROUTINE ps_get_plasma_state(ierr)

  !       Read the current state (ps) with all interpolation information

  !       from (state_file) --AND-- read the prior state (psp) with all

  !       its interpolation information from the file (prior_state).

  !

  ! Profile IDs:  each state array that is defined over one or more coordinate

  !   grids is assigned an ID variable or array with name ID_<name>.  These IDs

  !   are needed to refer to specific profiles for interpolation or rezoning.

  !

  !   Examples mapping from swim_state_spec.dat to plasma state object "ps":

  !

  !      R|pclin  chi_e(nrho)          ! electron thermal conductivity

  !

  !      -> ps%chi_e(...)  (1d allocated REAL(KIND=rspec) array (1:ps%nrho)) &

  !      -> ps%id_chi_e    INTEGER scalar

  !

  !      R|units=m^-3|step  ns(~nrho,0:nspec_th)       ! thermal specie density

  !

  !      -> ps%ns(...)     (2d allocated REAL(KIND=rspec) array

  !      -> ps%id_ns(...)  (1d allocated INTEGER array)

  !

  !              ps%ns(1:ps%nrho-1,0:ps%nspec_th)

  !              ps%id_ns(0:ps%nspec_th)

  !

  ! Direct interpolation:

  !

  !    SUBROUTINE PS_INTRP_1D(...)  for 1D profiles

  !

  !       CALL PS_INTRP_1D( &

  !            x,  &      ! target of interpolation: scalar or 1d vector

  !            id, &      ! profile(s) interpolated: scalar 1d or 2d INT array

  !            ans,&      ! result, dimensioned to match x(...) and id(...)

  !            ierr,   &  ! completion code 0=OK

  !            icur,   &  ! OPTIONAL: "ps_previous" or "ps_current" (default)

  !            ideriv, &  ! OPTIONAL: derivative control for all IDs

  !            ideriv1s,& ! OPTIONAL: derivative control for each ID separately

  !            iccw_th)   ! OPTIONAL: .FALSE. for clockwise poloidal angle

  !                         (theta) coordinate

  !

  !       If x is a vector, the 1st dimension size of ans matches size(x);

  !       subsequent dimensions match sizes of dimensions of id(...).

  !

  !       icur can be used to select the current or prior state; current state

  !       is the default.

  !

  !       ideriv1s is only available if id(...) is an array.  If so, ideriv1s

  !       takes precedence over ideriv, if both are present.  The dimensioning

!       of INT array ideriv1s must match dimensioning of ID exactly.

  !

  !       If neither ideriv nor ideriv1s are specified, the interpolating 

  !       function value is evaluated with no derivatives.

  !

  !       iccw_th would only be needed if a profile f(theta) is ever defined.

  !

  !    SUBROUTINE PS_INTRP_2D(...)  for 2D profiles

  !

  !       (interface is like PS_INTRP_1D, except that:

  !

  !          x -> x1,x2 -- two interpolation target scalars or vectors must

  !                        be supplied; the coordinate to which they belong

  !                        will match the declaration

  !

  !          similarly, optional derivative control is available separately

  !          for each coordinate:

  !            ideriv -> ideriv1,ideriv2

  !            ideriv1s -> ideriv1s,ideriv2s

  !

  ! Profile rezoning integration:

  !

  !    SUBROUTINE PS_RHO_REZONE(...) for "conservative" rezoning

  !      of profiles f(rho) 

  !      (rezoning to 1d of profiles f(rho,theta) will be done but is

  !      not yet implemented -- DMC 16 Oct 2006).

  !

  !    SUBROUTINE PS_RHOTH_REZONE(...) for "conservative" rezoning

  !      of profiels f(rho,theta) -- not yet implemented DMC 16 Oct 2006

  ! 

  !-----------------------------------

  ! Implementation of interpolation and rezoning-- the "visible" state

  ! elements ps%* and psp%* are not the entire state.  When interpolation

  ! and rezoning operations are carried out, additional hidden information

  ! is accessed which defines the profile interpolation methods.

  !

  ! Interpolation methods for profiles are part of the state specification

  ! "swim_state_spec.dat" and are handled by generated code.

  !-----------------------------------

  ! define state object and interface...

  USE plasma_state_mod

  IMPLICIT NONE

  !------------------------------------

  !  local

  INTEGER :: ierr

INTEGER :: iout = 6

  !  for this simple demo, all profiles will vary as:

  !    (<core_value>-<edge_value>)*(1-rho**2)**2 + <edge_value> -- cf profgen

  REAL(KIND=rspec) :: time0 = 0.1_rspec      ! s -- time of start of "run".

  REAL(KIND=rspec) :: delta_t = 0.01_rspec   ! s -- initial time step size

  REAL(KIND=rspec) :: T0 = 5.0_rspec   ! KeV at core

  REAL(KIND=rspec) :: Ta = 0.1_rspec   ! KeV at edge

  REAL(KIND=rspec) :: den0 = 1.0e20_rspec  ! #/m^3 electrons at core

  REAL(KIND=rspec) :: dena = 0.2e20_rspec  ! #/m^3 electrons at edge

  REAL(KIND=rspec) :: Zeff0 = 1.2_rspec    ! Z_eff at core

  REAL(KIND=rspec) :: Zeffa = 2.0_rspec    ! Z_eff at edge

  REAL(KIND=rspec) :: Aimp_atom = 12.011_rspec ! Carbon A

  REAL(KIND=rspec) :: Zimp0 = 6.0_rspec    ! <Z_imp> at core (Carbon +6)

  REAL(KIND=rspec) :: Zimpa = 5.0_rspec    ! <Z_imp> at edge (Carbon +5)

  REAL(KIND=rspec) :: frac_mino = 0.01_rspec  ! n_minority/n_e

  integer :: iZ_mino = 1   ! Z of minority (H)

  integer :: iA_mino = 1   ! A of minority (H)

  REAL(KIND=rspec), dimension(:), allocatable :: Zeff,Zimp,rho_zc

  integer :: i,ii,ith,ict,inum,nrho,nrho_zc

  integer :: id,ids(2)

  REAL(KIND=rspec) :: zne_adj,zzne_adj,zrho,zdvol

  REAL(KIND=rspec) :: ZERO= 0.0_rspec

  REAL(KIND=rspec) :: ONE = 1.0_rspec

  REAL(KIND=rspec) :: vpp0,ppp0,zansR0,zansZ0

  REAL(KIND=rspec) :: test_Rmin,test_Rmax

  REAL(KIND=rspec) :: test_Zmin,test_Zmax

  REAL(KIND=rspec), dimension(:), allocatable :: rho_intrp,th_intrp

  REAL(KIND=rspec), dimension(:), allocatable :: dvdrho,dpsidrho

  REAL(KIND=rspec), dimension(:,:), allocatable :: buf2

  REAL(KIND=rspec), dimension(:), allocatable :: rho_bdys,dvols

  REAL(KIND=rspec), dimension(:,:), allocatable :: my_ns,my_ts

  REAL(KIND=rspec), dimension(:), allocatable :: zvols

  REAL(KIND=rspec), dimension(:), allocatable :: volref_ns,volref_nt

  REAL(KIND=rspec), dimension(:), allocatable :: volint_ns,volint_nt

  REAL(KIND=rspec), dimension(:), allocatable :: maxdiff_ns,maxdiff_nt

  !------------------------------------

  ! When starting a simulation, there is no prior state.

  ! To create a state from scratch:

  !   a) specify state array dimensions (could be e.g. by a namelist read)

  !   b) apply a global label to the plasma state data (e.g. name of a program)

  !      set the initial time.

  !   c) allocate state arrays

  !   d) fill in names and values where appropriate for all non-coordinate

  !      array dimensions:  species lists, RF antenna lists, NB injector

  !      lists, ...

  !   e) acquire initial MHD equilibrium

  !   f) acquire initial conditions-- e.g. temperatures and densities for

  !      each species.

  !   g) store and commit the initial state-- now both a current and prior

  !      state exist, and time dependent simulation can commence.

  !

  ! Elements of the current state are in ps%<element-names>(indices,...)

  ! Elements of the prior state are in  psp%<element-names>(indices,...)

  !------------------------------------

  !==========================================================================

  !  Contents of "ps" are defined in "swim_state_spec.dat"

  !==========================================================================

  ! (a) array dimensions -- set ONLY ONCE at start of simulation...

  !     (the values here are chosen somewhat arbitrarily).

  ! PLASMA...

  ps%nspec_th = 2

  ps%nspec_nonMax = 1

  !  ps%nspec will be computed when the state is allocated

  !    see state specification "swim_state_spec.dat".

  ps%nrho = 101

  ps%nrho_n2d = 26

  ps%ntheta_n2d = 51

  ! RF...

  ps%nrf_src = 1

  ps%nrho_prf = 61

  ps%ntheta_prf = 181

  ! Equilibrium -- R and Z grid sizes will be reset when first G-eqdsk is read.

  !   (The G-eqdsk R and Z grids are used).

  ps%nrho_eq = 51

  ps%nth_eq = 101

  ps%nR = 0

  ps%nZ = 0

  !-------------------------

  ! (b) Global label for state data (as will appear in state files)

  !     Here the program name "swim_state_test" is used, but it is likely

  !     better to use a runid -- ID string to uniquely identify a specific

  !     run or simulation

  CALL ps_label_plasma_state('swim_state_test',ierr)

  !  the initial times.  The first state does not really represent a timestep

  !  so both the start time ps%t0 and the final time ps%t1 are set:

  ps%t0 = time0

  ps%t1 = time0

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_label_plasma_state: ierr=',ierr

     stop

  endif

  !-------------------------

  ! (c) Initial allocation of state arrays.  All integers and floats are

  ! initialized to ZERO; all character strings to blank

  ! Note, it is possible to call this several times, providing additional

  ! non-zero array dimensions on each call, BUT: once a non-zero dimension

  ! has been supplied, the rule for now is that it cannot be changed!  This

  ! routine enforces the rule by checking all arrays prior to allocation,

  ! and checking the sizes of arrays already allocated against their

  ! corresponding array dimension variables in the state.  Generated 

  ! code is used to do this.

  CALL ps_alloc_plasma_state(ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_alloc_plasma_state: ierr=',ierr

     stop

  endif

  !==========================================================================

  ! (d) Define names of list elements.

  !

  ! Explanation:

  ! Array dimensions come in two flavor:

  !    1.  Grid dimensions -- e.g. along rho, theta, R, Z

  !    2.  List dimensions -- e.g. species index, RF antenna index, ...

  ! Each element of each list dimension must have a tag name associated

  ! with it, so that distinct names can be provided for every profile

  ! over the grid dimensions.  For example, the state array:

  !

  !  R|units=MW/m^3|step prf_srcs(~nrho_prf,nrf_src,0:nspec)

  !                    ! RF power deposition

  !

  ! defines (ps%nrf_srf * (ps%nspec + 1)) profiles vs. rho.  In the state

  ! output files these will be gathered as a list "PRF_SRCS" containing

  ! elements with such names as:

  !    "PRF_SRCS_ANT1_E" (heating from Antenna#1 to electrons)

  !    "PRF_SRCS_ANT1_D" (heating from Antenna#1 to deuterons)

  !    "PRF_SRCS_ANT1_TOK" (heating from Antenna#1 to TOKamakium impurity)

  !    "PRF_SRCS_ANT3_HMINO" (heating from Antenna#3 to H-minority)

  !       ...

  !       ...

  !    "PRF_SRCS_ANT3_HMINO" (heating from Antenna#3 to H-minority)

  ! I.e. if there are 3 antennas and 4 species {e,D,TOK,Hmino}, there would

  ! be 4 profiles, each separately named and available (e.g. for plotting).

  !

  ! But, these names can only be generated if the tag names for all elements

  ! of the list dimensions are defined first.

  !

  ! (The plasma state cannot be saved to a file until all tag names are 

  ! defined; duplicate tags within a list dimension are not allowed).

  !-------------------------

  ! 1. Define species lists tag names...

  !

  !    The subroutine ps_label_species(...) is provided for this purpose.

  !

  !  input(charge-fully-stripped, charge, AMU-nearest-integer, suffix-string)

  !  output(label, C-fully-stripped, C, m(kg)) (charges converted to C)

  !

  !  The AMU-nearest-integer argument is only used for H and He isotopes;

  !  it is ignored for all other elements...

  !

  !  various combinations of the first three arguments and their meaning:

  !

  !  (-1,-1,0) -- electrons -- 2nd and 3rd arguments ignored.

  !  (0,0,0) -- TOKAMAKIUM impurity  -- 2nd and 3rd arguments ignored.

  !

  !  (1,1,1) -- H ion  --> "H"

  !  (1,1,2) -- D ion  --> "D"

  !  (1,1,3) -- T ion  --> "T"

  !  (2,2,3) -- He3 (fully stripped) --> "He3"

  !  (2,2,4) -- He4 (fully stripped) --> "He4"

  !  (2,1,4) -- He4 charge +1 --> "He4_1"

  !  (6,6,0) -- C (Carbon) (fully stripped) -- AMU (3rd) arg ignored. --> "C"

  !  (6,4,0) -- C (Carbon) charge +4 -- AMU (3rd) arg ignored. --> "C_4"

  !

  !  *** thermal species ***

  !  ALL (0:nspec_th) MUST BE LABELED!

  !    suffix argument blank -- thermal species

  CALL ps_label_species(-1, -1, 0, ' ', &

       ps%s_name(0), ps%qatom_s(0), ps%q_s(0), ps%m_s(0))  ! electron

  CALL ps_label_species(1, 1, 2, ' ', &

       ps%s_name(1), ps%qatom_s(1), ps%q_s(1), ps%m_s(1))  ! Deuterium

  !  enter ZEROes for "TOKAMAKIUM" -- an amalgamated impurity with

  !  radially varying density weighted averaged <Z> and <A> (or equivalently,

  !  charge and mass).

  CALL ps_label_species(0, 0, 0, ' ', &

       ps%s_name(2), ps%qatom_s(2), ps%q_s(2), ps%m_s(2))  ! TOKAMAKIUM

  !  The state includes a special index for TOKAMAKIUM, the only plasma

  !  specie defined to have a RADIALLY VARYING <Z> and <A>:

  ps%imp_index = 2

  !  *** fast species ***

  !  ALL (1:nspec_nonMax) MUST BE LABELED!

  !    suffix argument set -- fast species

  !

  !  (I have used suffixes "mino", "beam", and "fusn" for RF minority, beam,

  !  and fusion product ions respectively -- dmc).

  !

  !  Hydrogen minority -- "mino" suffix suggested...

  CALL ps_label_species(iZ_mino, iZ_mino, iA_mino, 'mino', &

       ps%nonMax_name(1), ps%qatom_nonMax(1), ps%q_nonMax(1), ps%m_nonMax(1))

  !----------------------------------

  !  form combined species list -- some arrays e.g. RF power coupling will

  !    want to be defined over the combined list.

  !  print out the species...

  ii = -1

  do i=0,ps%nspec_th

     ii = ii + 1

     ps%all_name(ii) = ps%s_name(i)

     ps%qatom_all(ii) = ps%qatom_s(i)

     ps%q_all(ii) = ps%q_s(i)

     ps%m_all(ii) = ps%m_s(i)

     write(iout,1001) ii,trim(ps%all_name(ii)),ps%q_all(ii),ps%m_all(ii)

  enddo

  do i=1,ps%nspec_nonMax

     ii = ii + 1

     ps%all_name(ii) = ps%nonMax_name(i)

     ps%qatom_all(ii) = ps%qatom_nonMax(i)

     ps%q_all(ii) = ps%q_nonMax(i)

     ps%m_all(ii) = ps%m_nonMax(i)

     write(iout,1001) ii,trim(ps%all_name(ii)),ps%q_all(ii),ps%m_all(ii)

  enddo

1001 format(' Specie index: ',i2,1x,'"',a,'" charge & mass: ',2(1pe12.5,1x))

  !------------------------------------

  ! (d) continued: lists other than species lists...

  ! Define antenna list

  ! ALL (1:nrf_src) MUST BE LABELED!

  ps%rf_src_name(1) = 'Ant_1'

  ! additional lists -- e.g. of neutral beams -- could be added to the state

  ! and defined...

  !==========================================================================

  ! (e) Initialize (rho,theta) grids -- use local CONTAIN'ed routine below...

  CALL rho_grid(ps%nrho_n2d, ps%rho_n2d)

  CALL rho_grid(ps%nrho_prf, ps%rho_prf)

  CALL rho_grid(ps%nrho,     ps%rho)

  CALL th_grid(ps%ntheta_n2d,ps%theta_n2d)

  CALL th_grid(ps%ntheta_prf,ps%theta_prf)

  !==========================================================================

  ! (f) initial equilibrium

  !    Here I simply take an existing (old NSTX) equilibrium G-eqdsk file

  !    The R and Z grids will be allocated (allong with associated profile

  !    arrays on the first call to "ps_update_equilibrium".  It is assumed,

  !    at least for now, that the range and resolution of the R and Z grids,

  !    once established, will not change in time.

  !    A number of profiles corresponding to metric quantities and flux

  !    surface averages are also computed in this call

  !  this routine also initializes the ps%rho_eq and ps%th_eq grids

  !  on its first call

  CALL ps_update_equilibrium('g104403.nstx',ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_update_equilibrium: ierr=',ierr

     stop

  endif

  !==========================================================================

  ! (g) initial profiles

  !------------------------------------------------

  !  densities -- ps%ns(1:ps%nrho-1,0:ps%nspec_th)

  !     step function zone oriented data

  !  zone centered grid (construct local copy)

  nrho_zc = ps%nrho - 1

  allocate(rho_zc(nrho_zc))

  rho_zc = (ps%rho(1:nrho_zc) + ps%rho(2:ps%nrho))/2

  !   electron density

  call profgen(den0, dena, rho_zc, ps%ns(:,0))

  !   D and impurity density...

  !   will use ne*Zeff = sum[i]((Z[i]^2*n[i])

  !        and      ne = sum[i](Z[i]*n[i])

  !   and account for depletion by minority ion species

  allocate(Zimp(nrho_zc),Zeff(nrho_zc))

  call profgen(Zeff0, Zeffa, rho_zc, Zeff)  ! Zeff profile

  call profgen(Zimp0, Zimpa, rho_zc, Zimp)  ! TOKAMAKIUM Zimp profile

  ps%q_impurity = ps_xe*Zimp                ! TOKAMAKIUM charge profile

  ps%m_impurity = ps_mp*Aimp_atom           ! TOKAMAKIUM mass profile

  !  in this case Aimp_atom is a scalar and the mass profile has no radial

  !  variation...

  do i=1,nrho_zc

     !  depletion due to RF minority species

     zne_adj = (ONE-frac_mino*iZ_mino)*ps%ns(i,0)

     zzne_adj = ps%ns(i,0)*Zeff(i) - iZ_mino**2*frac_mino*ps%ns(i,0)

     !  thermal species  sum n*Z = zne_adj

     !                   sum n*Z**2 = zzne_adj

     !  in this little test program there are only 2 ion species, so this

     !  is 2 eqns in 2 unknowns.  In real codes, a mix of multiple non-

     !  impurity species becomes part of the initial condition...

     !         nD + nTOK*Zimp = zne_adj

     !         nD + nTOK*Zimp*Zimp = zzne_adj

     !         nTOK = (zzne_adj-zne_adj)/(Zimp*(Zimp-1))

     !         nD   = (zne_adj*Zimp-zzne_adj)/(Zimp-1)

     ps%ns(i,1) = (zne_adj*Zimp(i)-zzne_adj)/(Zimp(i)-ONE)   ! nD

     ps%ns(i,2) = (zzne_adj-zne_adj)/(Zimp(i)*(Zimp(i)-ONE)) ! nTOK

  enddo

  !------------------------------------------------

  !  Temperatures -- ps%Ts(1:ps%nrho-1,0:ps%nspec_th)

  !     step function zone oriented data

  !  Here, all receive the same temperature

  do ith=0,ps%nspec_th

     call profgen(T0, Ta, rho_zc, ps%TS(:,ith))

  enddo

  !  Compute test volume integrals, based on profile of EQ volumes

  allocate(zvols(ps%nrho),volref_ns(0:ps%nspec_th),volref_nt(0:ps%nspec_th))

  allocate(maxdiff_ns(0:ps%nspec_th),maxdiff_nt(0:ps%nspec_th))

  !  Get volume on "nrho" grid

  call ps_intrp_1d(ps%rho, ps%id_vol, zvols, ierr)

  do ith=0,ps%nspec_th

     maxdiff_ns(ith)=ZERO

     maxdiff_nt(ith)=ZERO

     volref_ns(ith)=ZERO

     volref_nt(ith)=ZERO

     do i=1,ps%nrho-1

        zdvol = zvols(i+1)-zvols(i)

        volref_ns(ith)=volref_ns(ith) + zdvol*ps%ns(i,ith)

        volref_nt(ith)=volref_nt(ith) + zdvol*ps%ns(i,ith)*ps%Ts(i,ith)

     enddo

  enddo

  !------------------------------------

  write(iout,*) ' '

  write(iout,*) ' I/O test ...'

  write(iout,*) ' '

  write(iout,*) ' -- storing plasma state -- '

  CALL ps_store_plasma_state(ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_store_plasma_state: ierr=',ierr

     stop

  endif

  write(iout,*) ' -- committing plasma state -- '

  CALL ps_commit_plasma_state(ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_commit_plasma_state: ierr=',ierr

     stop

  endif

  write(iout,*) ' -- clearing plasma state profiles to ZERO -- '

  CALL ps_clear_profs(ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_clear_profs: ierr=',ierr

     stop

  endif

  write(iout,*) ' -- get (restore) plasma state from file -- '

  CALL ps_get_plasma_state(ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_get_plasma_state: ierr=',ierr

     stop

  endif

  write(iout,*) ' -- storing plasma state -- '

  CALL ps_store_plasma_state(ierr)

  if(ierr.ne.0) then

     write(iout,*) ' ?swim_state_test: ps_store_plasma_state: ierr=',ierr

     stop

  endif

  write(iout,*) ' -- current and prior state files should be identical except for name.'

  !------------------------------------

  write(iout,*) ' '

  write(iout,*) ' 1d interpolation test ... '

  write(iout,*) ' '

  inum=11

  allocate(rho_intrp(inum),dvdrho(inum),dpsidrho(inum))

  allocate(buf2(inum-1,2))

  do i=1,inum

     rho_intrp(i) = (i-1)*ONE/(inum-1)

  enddo

  ! scalar interpolations -- refer to current state by default

  call ps_intrp_1d(ZERO,ps%id_vol,vpp0,ierr, ideriv=2)    ! d2(Vol)/drho2 @axis

  call ps_intrp_1d(ZERO,ps%id_psipol,ppp0,ierr, ideriv=2) ! d2(Psi)/drho2 @axis

  write(iout,*) ' @axis: d2[Vol]/d2[Psi] = ', vpp0/ppp0

  ! scalar interpolations -- to refer to prior state:

  call ps_intrp_1d(ZERO,ps%id_vol,vpp0,ierr, ideriv=2, icur=ps_previous)

  call ps_intrp_1d(ZERO,ps%id_psipol,ppp0,ierr, ideriv=2, icur=ps_previous)

  write(iout,*) ' @axis: d2[Vol]/d2[Psi] = ', vpp0/ppp0,' (prior state)'

  dvdrho(1)=vpp0   ! OK for ratio

  dpsidrho(1)=ppp0 ! OK for ratio

  ! one call can also do two interpolations to a common target vector,

  ! yielding a 2d array of values; array & vector sizes must be consistent.

  ! (If not errors are reported).

  ids(1)=ps%id_vol

  ids(2)=ps%id_psipol

  ! evaluate 1st derivative of both profiles.

  call ps_intrp_1d(rho_intrp(2:inum),ids,buf2,ierr, ideriv=1)

  ! a vector iderivs(:) could also have been specified, giving seperate 

  ! control of derivative for each profile id...

  dvdrho(2:inum)=buf2(:,1)

  dpsidrho(2:inum)=buf2(:,2)

  write(iout,*) ' '

  write(iout,*) '  #   rho             dVol/dPsi'

  do i=1,inum

     write(iout,'(1x,i2,1x,2(1pe15.8,1x))') &

          i,rho_intrp(i),dvdrho(i)/dpsidrho(i)

  enddo

  deallocate(rho_intrp,dvdrho,dpsidrho,buf2)

  !------------------------------------

  write(iout,*) ' '

  write(iout,*) ' 2d interpolation test ... '

  write(iout,*) ' '

  call ps_intrp_2d(ZERO,ZERO,ps%id_R_geo,zansR0,ierr)

  call ps_intrp_2d(ZERO,ZERO,ps%id_Z_geo,zansZ0,ierr)

  write(iout,'(1x,a,1x,2(1pe15.8,1x))') ' [R,Z]axis (state scalars):', &

       ps%R_axis,ps%Z_axis

  write(iout,'(1x,a,1x,2(1pe15.8,1x))') ' [R,Z]axis (interpolation):', &

       zansR0,zansZ0

  ids(1) = ps%id_R_geo

  ids(2) = ps%id_Z_geo

  inum=1001

  allocate(rho_intrp(inum),th_intrp(inum),buf2(inum,2))

  rho_intrp = ONE  ! replicated 1001 times...

  do i=1,inum

     th_intrp(i) = (i-1)*6.2831853071795862_rspec/(inum-1)

  enddo

  ! Here a 1000-pt bdy (R,Z) contour is evaluated

  call ps_intrp_2d(rho_intrp,th_intrp,ids,buf2,ierr)

  test_Rmin = minval(buf2(:,1))  

  test_Rmax = maxval(buf2(:,1))

  test_Zmin = minval(buf2(:,2))  

  test_Zmax = maxval(buf2(:,2))

  write(iout,*) ' '

  write(iout,*) ' Last Closed Flux Surface Extrema:'

  write(iout,*) ' (1000 pt [R,Z] surface contour was evaluated by interpolation):'

  write(iout,*) ' '

  write(iout,'(1x,a,1x,2(1pe15.8,1x))') ' Rmin,Rmax (state scalars): ', &

       ps%R_min_lcfs,ps%R_max_lcfs

  write(iout,'(1x,a,1x,2(1pe15.8,1x))') ' Rmin,Rmax (1000 pt search):', &

       test_Rmin,test_Rmax

  write(iout,'(1x,a,1x,2(1pe15.8,1x))') ' Zmin,Zmax (state scalars): ', &

       ps%Z_min_lcfs,ps%Z_max_lcfs

  write(iout,'(1x,a,1x,2(1pe15.8,1x))') ' Zmin,Zmax (1000 pt search):', &

       test_Zmin,test_Zmax

  deallocate(rho_intrp,th_intrp,buf2)

  !------------------------------------

  !  demonstration of rho-rezoning

  !  when the density "ns" is rezoned, its volume integral is preserved

  !  when the temperature "Ts" is rezoned, the volume integrals of (ns*Ts)

  !  are conserved species by species.  The weighting of Ts is defined in

  !  "swim_state_spec.dat".

  inum=1

  do ict = 1,3

     inum = inum + 10

     allocate(rho_bdys(inum),dvols(inum-1))  ! grid; volumes zone by zone

     allocate(my_ns(inum-1,0:ps%nspec_th))    ! densities...

     allocate(my_Ts(inum-1,0:ps%nspec_th))    ! Temperatures...

     allocate(volint_ns(0:ps%nspec_th),volint_nt(0:ps%nspec_th))

     do i=1,inum

        rho_bdys(i) = (i-1)*ONE/(inum-1)

     enddo

     call ps_rho_rezone(rho_bdys, ps%id_ns, my_ns, ierr, zonediff = dvols)

     call ps_rho_rezone(rho_bdys, ps%id_Ts, my_Ts, ierr)

     write(iout,*) ' '

     write(iout,*) ' test with ',inum-1,' zones:'

     write(iout,*) ' zone  rho            ne             Te             nD             Ti '

     volint_ns = ZERO

     volint_nt = ZERO

     do i=1,inum-1

        zrho = (rho_bdys(i) + rho_bdys(i+1))/2

        write(iout,'(1x,i2,1x,5(1x,1pe14.7))') i,zrho, &

             my_ns(i,0),my_Ts(i,0),my_ns(i,1),my_Ts(i,1)

        volint_ns = volint_ns + dvols(i)*my_ns(i,:)

        volint_nt = volint_nt + dvols(i)*my_ns(i,:)*my_Ts(i,:)

     enddo

     write(iout,*) 'VOLINT_ns: ',VOLINT_ns

     write(iout,*) 'Volint_nt: ',Volint_nt

     do ith=0,ps%nspec_th

        maxdiff_ns(ith)=max(maxdiff_ns(ith), &

             abs(volint_ns(ith)-volref_ns(ith))/volref_ns(ith))

        maxdiff_nt(ith)=max(maxdiff_nt(ith), &

             abs(volint_nt(ith)-volref_nt(ith))/volref_nt(ith))

     enddo

     deallocate(rho_bdys,dvols,my_ns,my_ts,volint_ns,volint_nt)

  enddo

  do ith=0,ps%nspec_th

     write(iout,*) ' '

     write(iout,*) ' species: ',ps%s_name(ith)

     write(iout,'(1x,a,1pe15.8)') &

          ' Max deviation, volint(n): ',maxdiff_ns(ith)

     write(iout,'(1x,a,1pe15.8)') &

          ' Max deviation, volint(n*T): ',maxdiff_nt(ith)

  enddo

  !------------------------------------

  !------------------------------------

  !------------------------------------

  CONTAINS

    !------------------------------------

    SUBROUTINE rho_grid(nrho,rho)

      ! generate evenly spaced rho grid

      integer, intent(in) :: nrho    ! # of pts covering [0:1]

      REAL(KIND=rspec) :: rho(nrho)  ! the rho grid being generated

      REAL(KIND=rspec), parameter :: ONE = 1.0_rspec

      integer :: irho

      do irho = 1,nrho

         rho(irho) = (irho-1)*ONE/(nrho-1)

      enddo

    END SUBROUTINE rho_grid

    !------------------------------------

    SUBROUTINE th_grid(nth,th)

      ! generate evenly spaced theta grid [-pi:pi]

      integer, intent(in) :: nth    ! # of pts covering the range

      REAL(KIND=rspec) :: th(nth)   ! the theta grid being generated

      REAL(KIND=rspec), parameter :: PI = 3.1415926535897931_rspec

      integer :: ith

      do ith = 1,nth

         th(ith) = -PI + (ith-1)*2*PI/(nth-1)

      enddo

    END SUBROUTINE th_grid

    !------------------------------------

    SUBROUTINE profgen(f0,fa,rho,fans)

      !  quick & dirty profile generator

      REAL(KIND=rspec), intent(in) :: f0,fa  ! core and edge values

      REAL(KIND=rspec), dimension(:), intent(in) :: rho  ! normalized sqrt tor. flux

      REAL(KIND=rspec), dimension(:), intent(out) :: fans  ! formula output

      fans = (f0-fa)*(1.0_rspec-rho**2)**2 + fa

    END SUBROUTINE profgen

end program swim_state_test
Appendix 3:  Output of swim_state_test program:
 Specie index:  0 "e" charge & mass: -1.60220E-19  9.10940E-31

 Specie index:  1 "D" charge & mass:  1.60220E-19  3.36879E-27

 Specie index:  2 "TOK" charge & mass:  0.00000E+00  0.00000E+00

 Specie index:  3 "H_mino" charge & mass:  1.60220E-19  1.68581E-27

  %ps_update_mhdeq: set R grid, nR =  129

  %ps_update_mhdeq: set Z grid, nZ =  129

  I/O test ...

  -- storing plasma state -- 

  -- committing plasma state -- 

  -- clearing plasma state profiles to ZERO -- 

  -- get (restore) plasma state from file -- 

  -- storing plasma state -- 

  -- current and prior state files should be identical except for name.

  1d interpolation test ... 

  @axis: d2[Vol]/d2[Psi] =  187.7772673825241

  @axis: d2[Vol]/d2[Psi] =  187.7772673825241  (prior state)

   #   rho             dVol/dPsi

  1  0.00000000E+00  1.87777267E+02

  2  1.00000000E-01  1.83385334E+02

  3  2.00000000E-01  1.72230196E+02

  4  3.00000000E-01  1.58315819E+02

  5  4.00000000E-01  1.46474899E+02

  6  5.00000000E-01  1.40706063E+02

  7  6.00000000E-01  1.43583432E+02

  8  7.00000000E-01  1.56415836E+02

  9  8.00000000E-01  1.80108781E+02

 10  9.00000000E-01  2.17666435E+02

 11  1.00000000E+00  2.85496407E+02

  2d interpolation test ... 

  [R,Z]axis (state scalars):  9.57189525E-01 -7.84917556E-03

  [R,Z]axis (interpolation):  9.57189525E-01 -7.84917556E-03

  Last Closed Flux Surface Extrema:

  (1000 pt [R,Z] surface contour was evaluated by interpolation):

  Rmin,Rmax (state scalars):   1.85237439E-01  1.44613536E+00

  Rmin,Rmax (1000 pt search):  1.85238005E-01  1.44612904E+00

  Zmin,Zmax (state scalars):  -1.23076775E+00  1.19429905E+00

  Zmin,Zmax (1000 pt search): -1.23076665E+00  1.19429770E+00

  test with  10  zones:

  zone  rho            ne             Te             nD             Ti 

  1   5.0000000E-02  9.9207210E+19  4.9515694E+00  9.4081683E+19  4.9515977E+00

  2   1.5000000E-01  9.6064689E+19  4.7601134E+00  9.0462602E+19  4.7603650E+00

  3   2.5000000E-01  8.9977046E+19  4.3892350E+00  8.3543505E+19  4.3899072E+00

  4   3.5000000E-01  8.1334594E+19  3.8627084E+00  7.3938112E+19  3.8639402E+00

  5   4.5000000E-01  7.0719714E+19  3.2159426E+00  6.2513205E+19  3.2177694E+00

  6   5.5000000E-01  5.8897280E+19  2.4952914E+00  5.0313350E+19  2.4975900E+00

  7   6.5000000E-01  4.6801001E+19  1.7570177E+00  3.8458941E+19  1.7594617E+00

  8   7.5000000E-01  3.5545253E+19  1.0677075E+00  2.8056673E+19  1.0697848E+00

  9   8.5000000E-01  2.6449362E+19  5.0586858E-01  2.0134753E+19  5.0705609E-01

 10   9.5000000E-01  2.1043401E+19  1.6612118E-01  1.5646241E+19  1.6632879E-01

 VOLINT_ns:  6.176287747937514E+20 5.388824029879464E+20 1.332377510387903E+19

 Volint_nt:  1.861954719737344E+21 1.672224288985381E+21 3.049329934890235E+19

  test with  20  zones:

  zone  rho            ne             Te             nD             Ti 

  1   2.5000000E-02  9.9804192E+19  4.9880143E+00  9.4772943E+19  4.9880160E+00

  2   7.5000000E-02  9.9007720E+19  4.9392929E+00  9.3850690E+19  4.9393084E+00

  3   1.2500000E-01  9.7427067E+19  4.8426023E+00  9.2026389E+19  4.8426450E+00

  4   1.7500000E-01  9.5085541E+19  4.6993683E+00  8.9338701E+19  4.6994509E+00

  5   2.2500000E-01  9.2020600E+19  4.5118827E+00  8.5847779E+19  4.5120166E+00

  6   2.7500000E-01  8.8279518E+19  4.2830373E+00  8.1629405E+19  4.2832323E+00

  7   3.2500000E-01  8.3922917E+19  4.0165397E+00  7.6777803E+19  4.0168033E+00

  8   3.7500000E-01  7.9022936E+19  3.7168010E+00  7.1401954E+19  3.7171376E+00

  9   4.2500000E-01  7.3663688E+19  3.3889628E+00  6.5624086E+19  3.3893729E+00

 10   4.7500000E-01  6.7941164E+19  3.0388903E+00  5.9577125E+19  3.0393696E+00

 11   5.2500000E-01  6.1963034E+19  2.6731589E+00  5.3401593E+19  2.6736974E+00

 12   5.7500000E-01  5.5848411E+19  2.2990368E+00  4.7242117E+19  2.2996180E+00

 13   6.2500000E-01  4.9728005E+19  1.9244928E+00  4.1244105E+19  1.9250936E+00

 14   6.7500000E-01  4.3744927E+19  1.5582415E+00  3.5550961E+19  1.5588321E+00

 15   7.2500000E-01  3.8053740E+19  1.2096838E+00  3.0299948E+19  1.2102297E+00

 16   7.7500000E-01  3.2821482E+19  8.8897087E-01  2.5620874E+19  8.8943623E-01

 17   8.2500000E-01  2.8227955E+19  6.0704311E-01  2.1635727E+19  6.0739661E-01

 18   8.7500000E-01  2.4466006E+19  3.7569842E-01  1.8460977E+19  3.7592155E-01

 19   9.2500000E-01  2.1737586E+19  2.0745941E-01  1.6210189E+19  2.0755733E-01

 20   9.7500000E-01  2.0261517E+19  1.1616863E-01  1.5011048E+19  1.1618220E-01

 VOLINT_ns:  6.176287747937513E+20 5.388824029879462E+20 1.332377510387902E+19

 Volint_nt:  1.861954719737344E+21 1.672224288985381E+21 3.049329934890236E+19

  test with  30  zones:

  zone  rho            ne             Te             nD             Ti 

  1   1.6666667E-02  9.9907747E+19  4.9943517E+00  9.4893005E+19  4.9943522E+00

  2   5.0000000E-02  9.9553617E+19  4.9726756E+00  9.4482552E+19  4.9726792E+00

  3   8.3333333E-02  9.8858401E+19  4.9301167E+00  9.3677906E+19  4.9301254E+00

  4   1.1666667E-01  9.7781901E+19  4.8642260E+00  9.2435013E+19  4.8642446E+00

  5   1.5000000E-01  9.6395610E+19  4.7793780E+00  9.0839930E+19  4.7794101E+00

  6   1.8333333E-01  9.4690760E+19  4.6750041E+00  8.8886769E+19  4.6750466E+00

  7   2.1666667E-01  9.2603808E+19  4.5472656E+00  8.6508910E+19  4.5473265E+00

  8   2.5000000E-01  9.0272488E+19  4.4045905E+00  8.3869836E+19  4.4046763E+00

  9   2.8333333E-01  8.7663697E+19  4.2448615E+00  8.0938345E+19  4.2449593E+00

 10   3.1666667E-01  8.4696886E+19  4.0632674E+00  7.7633331E+19  4.0633895E+00

 11   3.5000000E-01  8.1568790E+19  3.8718494E+00  7.4182522E+19  3.8720069E+00

 12   3.8333333E-01  7.8224891E+19  3.6670907E+00  7.0532603E+19  3.6672574E+00

 13   4.1666667E-01  7.4574446E+19  3.4436474E+00  6.6595892E+19  3.4438393E+00

 14   4.5000000E-01  7.0861276E+19  3.2164491E+00  6.2644163E+19  3.2166833E+00

 15   4.8333333E-01  6.7014389E+19  2.9808588E+00  5.8607126E+19  2.9810941E+00

 16   5.1666667E-01  6.2941305E+19  2.7315290E+00  5.4398773E+19  2.7317833E+00

 17   5.5000000E-01  5.8917653E+19  2.4853498E+00  5.0310410E+19  2.4856454E+00

 18   5.8333333E-01  5.4862533E+19  2.2369549E+00  4.6260870E+19  2.2372380E+00

 19   6.1666667E-01  5.0692073E+19  1.9816193E+00  4.2173806E+19  1.9819058E+00

 20   6.5000000E-01  4.6694845E+19  1.7370446E+00  3.8333031E+19  1.7373601E+00

 21   6.8333333E-01  4.2789017E+19  1.4977019E+00  3.4654045E+19  1.4979864E+00

 22   7.1666667E-01  3.8911514E+19  1.2601962E+00  3.1077448E+19  1.2604605E+00

 23   7.5000000E-01  3.5340471E+19  1.0416084E+00  2.7852558E+19  1.0418768E+00

 24   7.8333333E-01  3.2005140E+19  8.3705545E-01  2.4901461E+19  8.3727494E-01

 25   8.1666667E-01  2.8876190E+19  6.4518743E-01  2.2188734E+19  6.4536385E-01

 26   8.5000000E-01  2.6195849E+19  4.8089395E-01  1.9909114E+19  4.8104617E-01

 27   8.8333333E-01  2.3916489E+19  3.4085594E-01  1.8002960E+19  3.4095536E-01

 28   9.1666667E-01  2.2058345E+19  2.2664011E-01  1.6471820E+19  2.2669417E-01

 29   9.5000000E-01  2.0796015E+19  1.4902949E-01  1.5443517E+19  1.4905457E-01

 30   9.8333333E-01  2.0122293E+19  1.0753006E-01  1.4898608E+19  1.0753360E-01

 VOLINT_ns:  6.176287747937514E+20 5.388824029879464E+20 1.332377510387902E+19

 Volint_nt:  1.861954719737344E+21 1.672224288985381E+21 3.049329934890236E+19

  species: E                               

  Max deviation, volint(n):  6.36654275E-16

  Max deviation, volint(n*T):  5.63158700E-16

  species: D                               

  Max deviation, volint(n):  3.64843979E-16

  Max deviation, volint(n*T):  1.56763660E-16

  species: TOK                             

  Max deviation, volint(n):  3.07420380E-16

Max deviation, volint(n*T):  2.68649184E-16
[dmccune@sunfire02 swim_state_test]$ ls

CVS      g104403.nstx      prior_state.cdf           swim_state_test.f90

foo.out  plasma_state.cdf  swim_state_test_exe.link

[dmccune@sunfire02 swim_state_test]$ ncdump plasma_state.cdf > ps.ncd

[dmccune@sunfire02 swim_state_test]$ ncdump prior_state.cdf > psp.ncd

[dmccune@sunfire02 swim_state_test]$ diff ps.ncd psp.ncd

1c1

< netcdf plasma_state {

---

> netcdf prior_state {
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