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1. Introduction

Software development and maintenance costs are a significant portion of the total cost of a large numerical simulation code. In addition, cost for computational resources is greatly reduced with a code designed to run efficiently on many different types of high-performance. The Weather Research and Forecast Model (WRF) software has been designed for performance portability, maintainability, extensibility, readability, usability, run-time configurability, interoperability, and reuse in a limited area model with lateral boundary conditions and nesting. A modular, hierarchical software architecture facilitates multiple dynamic cores and plug-compatible physics in a code that operates efficiently over a range of diverse computing architectures and, moreover, insulates the scientist from parallelism and other architecture-specific details. WRF is neutral with respect to external packages for I/O, metadata, and communication, providing additional interoperability across institutions and application areas. WRF makes use of computer aided software engineering (CASE) tools, at this time primitive and home-grown, but nevertheless highly effective at managing complexity within the software.  
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The remainder of this section introduces the elements of this approach. A detailed conceptual statement of the WRF software design goals is provided in [ECMWF 98, ECMWF 00]. After this introduction, the other sections of this document provide a detailed description of the structure, function, and rationale behind the WRF code, primarily for maintainers and developers. It may also be of some interest to WRF users, though the focus is primarily how the code is implemented and how it works on a variety of different computer architectures.

Hierarchical model software architecture

The WRF model is organized functionally as a three-level hierarchy (Figure 1) superimposed over the model subroutine call tree. The highest levels of the call tree correspond to the driver layer and the lowest levels correspond to the model layer. A mediation layer provides the interface between the driver and model layers. The driver is responsible for top-level control of initialization, time-stepping, I/O, instantiating domains, maintaining the nesting hierarchy between domain type instances, and setting up and managing domain decomposition, processor topologies, and other aspects of parallelism. The model layer comprises the subroutines that perform actual model computations.  Model subroutines are written to be callable over an arbitrarily shaped piece of the three-dimensional model domain. The mediation layer provides the glue between the model and driver layers. The mediation layer contains information pertaining to both the model layer and the driver layer: model-specific information such as the flow of control to compute a time step on a domain and driver-specific mechanisms such as tiling and communication. The layers encapsulate and hide details that are of no concern to other layers.  For example, the low-level model layer is protected from architecture-specific details such as message-passing libraries, thread packages, and I/O libraries. The design facilitates interchangeable, reusable software; for example other drivers can be used without affecting the underlying model. Conversely, driver software written for the WRF model can be used for other models, provided that they conform to the interface specifications.

Two-level decomposition

The WRF model is required to run efficiently on different types of parallel machine. These include distributed memory, shared memory, and distributed memory clusters of shared memory nodes.  The software architecture for the WRF prototype addresses this issue by adopting a two-level decomposition for parallelism in which domains may be decomposed into patches, for distributed memory; patches, in turn, may be multi-threaded over tiles, for shared memory. A patch is a section of a model domain allocated to a single memory address space.  It may also include memory for halo regions, used to store data from neighboring patches, or boundary regions, used to store data associated with certain physical boundary conditions (e.g. periodic boundaries).  A tile is the amount of a patch that is allocated to a one thread of execution and every cell of a patch that requires computation must fall into some tile. On a distributed memory machine with single-processor nodes, there would be one patch per processor, each with a single tile. On a distributed memory machine with multiple processors per node, there would still be one patch per node (that is, per memory), but each patch may contain a number tiles equal to or greater (perhaps much greater) than the number of processors on each node. Each domain in a simulation may be decomposed and tiled independently. 

Particular decomposition, tiling strategies, and communication packages are architecture- and application-specific and not part of the proposed WRF design.  However, the initial implementation of the WRF prototype uses two-sided MPI communication to handle exchanges between patches and OpenMP to implement multithreading over tiles. Package independence is achieved using abstract interface layers as shown on the right side of Figure 1. WRF interprocessor communication, for example, occurs through calls to package independent routines implemented in MODULE_DM. One actual implementation of these routines uses the RSL library on top of MPI, but this is a fact known only within that module. Other packages may be used by simply re-implementing the routines in MODULE_DM using the alternate package. 

Data structures

The principal data object is the domain type.  This is a Fortran90 derived data type containing state data fields, defined as Fortran90 POINTERS.  The size of the memory allocated to the domains is determined by the driver at run time and depends on the logical domain size and the patch decomposition employed. The domain type also contains pointers that can be associated with other instances of the domain type; for example, parent domains, child domains, and siblings.

Model data in the WRF prototype is classified according to how it is used and its persistence. The class of state data, designated as S, persists over the life of a domain: for example, prognostic variables such as wind velocity, temperature, moisture, and pressure at several time levels. S data is stored as dynamically allocated fields in an instance of a Fortran90 derived data type for a domain. Other data in the model is considered intermediate, of which there are two classes.  The first class of intermediate data, I1, is for data that persists over the duration of a time step on a domain and that must be preserved between calls to different sections of the model (tendency arrays, for example).  The second class of intermediate data, I2, is for data that is strictly local to one section of the model and is not preserved between successive sections within a time step (for example, local working storage in a physics routine).  I1 and I2 classed data are subject to automatic (stack) allocation.  I1 data is defined and allocated at the beginning of the solver for a domain, and it is allocated to be the same memory dimensions as state data.  I1 data may be communicated between processors; threads have shared access to it.  I2 data is defined and allocated within the local subroutine that uses it, and is defined as having the same dimensions of the tile.   I2 data is private to a thread and it may not be communicated between processors. If communication or sharing is required, the data item should be promoted to I1, allocated at the solver level (part of the mediation layer), and passed to the subroutine as an argument.

There is a small amount of “global” data, primarily physical constants.  These are stored in a Fortran90 module and are accessed by subroutines that need them by use-association; that is, with a Fortran90 USE statement. 

Registry

The Registry manages the relationship between model code and data structures, providing for the definition, organization, allocation, exchange between software layers, input, output, and interprocessor communication of model state data. The description of the WRF state variables is stored as a table, currently in an ASCII text flat-file (Registry/Registry). From this, the registry mechanism, implemented as a C program in the tools directory, automatically generates sections of the model code at various locations throughout the WRF model. In its current implementation, these automatically generated sections of code are stored as files in the inc directory and are brought into the code at compile time using #include directives of the UNIX CPP preprocessor. Modifying or adding to state data is a matter of changing entries in the Registry and recompiling. 

2. Code Layout and Mechanics

2.1. Directory structure

The top-level WRFMODEL directory contains the following:

· main -- directory containing Makefile and files containing main programs for the WRF model and initialization programs;

· frame -- directory containing Makefile and source files specific to the WRF software framework;

· dyn_xx -- directory containing Makefile and source files specific to a particular dynamical core xx;

· phys -- directory containing Makefile and source files for physics;

· share -- directory containing Makefile and source files for non-physics modules shared between dynamical cores;

· external -- directory containing Makefile and subdirectories containing external packages for I/O, communications, etc.;

· Registry -- directory containing the registry database;

·  XE "files:clean" clean, configure, and compile -- shell scripts (csh) for cleaning, configuring, and compiling the model;

· arch -- directory containing settings files and scripts for configuring the model on different platforms; the file containing the settings for all currently supported platforms is configure.defaults;

· inc -- directory that holds registry-generated include files (essentially empty on initial distribution);

· tools -- directory containing tools used to build the model; the Makefile and source files for the registry mechanism reside here;

· run and test -- run directories for the model; run is the default run directory; test contains standardized idealized and real-data test cases for the model; and

· Makefile -- the top level (UNIX) make file for building WRF. This is not used directly; WRF is configured and built using the scripts mentioned above.

File conventions

With few exceptions, driver and model-layer routines appear in module source files; only mediation layer routines appear in non-module source files. Fortran 90 module source file names begin with “module_”. The name of the source file is the name of the module contained in the file. Every F90 module contains an initialization routine named init_modulename, which may be only a stub routine but which must appear as the last routine in the module definition.

Fortran source files have .F extensions. Include files have .inc extensions.

Source files include a comment at the beginning that indicates which layer the file is a part of (DRIVER, MEDIATION, MODEL, or PACKAGE).

2.2. Compiling WRF

WRF is compiled using the UNIX make utility and PERL scripts under the control of top-level shell (csh) scripts. These set compiler options, libraries, external packages, and other settings that control building the code for a particular platform. This section describes the mechanism for configuring and compiling WRF, including the mechanics of the registry mechanism.

The configuration mechanism is implemented using two scripts: a csh script in the file named configure and  a Perl script in the file named arch/Config.pl. The command to configure the WRF model is ./configure. The configure script first finds Perl on the system. If it cannot find an executable for Perl version 5.04 or better, it will fail with an error message. If this occurs but Perl does exist on the system, set the shell environment variable PERL to the absolute path to the Perl executable file and try configure again. The configure script also looks for netCDF on the local system. It first checks if the environment variable netCDF has been set to the absolute path for netCDF on the system; if not, configure will search for it. If a path to netCDF is not specified or found, the configure program will ask the user to provide paths to the NetCDF include and lib directories. Failing all of this, WRF code will be configured to work without NetCDF (the Internal I/O implementation of the WRF I/O will still work). 

Once Perl has been located, the configure script invokes the  XE "files:arch/Config.pl" arch/Config.pl Perl script. This script presents a list of supported architectures and options and prompts the user for a choice. The choices are stored in the file arch/configure.defaults. The user chooses one of these, and Perl then generates a configure.wrf file that contains compile settings for the particular architecture. The configure.wrf file is included by src/Makefile when the code is compiled. The user may edit the configure.wrf file to modify compile settings, but the file will be overwritten each time the configure script is run.

The command to build WRF is ./compile, a shell script in the top level WRF directory.  XE "files:compile" Compile is a csh script that takes a single argument: the name of a particular test case stored in the test directory. To see the list of tests type ./compile without an arguments. The compile script checks for existence of the file configure.wrf to see if the code has been configured. If not, the compile script invokes the configure script. The compile script then invokes make using Makefile in the top-level directory, which in turn compiles the registry program in tools (first time after install or clean -a), invokes the registry to generate files in the inc directory (Section 0), compiles external packages if specified (Section 0), compiles WRF source files in the main, frame, phys, dyn_xx, and share directories. As Fortran 90 modules in a subdirectory are compiled, the resulting .o relocatable object files are archived in a library file (main/libwrflib.a). The resulting executable, wrf.exe, is created in the main directory and a symbolic link is created in the directory corresponding to the argument that was given to the compile command (e.g. the run directory if the argument was "wrf").

Fortran 90 compiler-generated module description files (.mod on some systems) are left in the directory with their source file. Compiling modules that USE .mod files in other directories is accomplished using compiler-specific options (typically -I or -module) that tell the compiler where to search for .mod files. The option to use is specified in arch/configure.defaults in the setting of INCLUDE_MODULES for a particular system.

A  XE "files:clean" clean script is also provided.  The command ./clean will clean up the .o files and other temporaries in the src directory. The command ./clean -a will also delete the configure.wrf file and will also clean up libraries and other packages built in the external directory.

Registry mechanics

This section describes the mechanics of the registry mechanism. For information on registry semantics, see Section 5. 

The registry mechanism is invoked 1) when the code is compiled for the first time, 2) if the file  XE "files:Registry/Registry" Registry/Registry has been touched, or 3) if the file  XE "files:src/module_description" src/module_state_description.F is removed. The registry program
 parses the Registry/Registry file and generates files in the inc directory that are #included by WRF source files in the src directory when these are compiled. A complete list 
of the include files is given on page 56.

Introduction to sections of registry file with semantics for each section

Additional registry information in Section 5)
Compilation mechanics

Preprocessing of fortran source files

linking executable

Setting up the run directory

setup scripts in test directory
Adding/removing object files from WRF

 XE "compilation:add or remove object files" The lists of modules and object files that make up WRF are in  XE "files:src/Makefile" the Makefiles in the main, frame, phys, share and dyn_xx directories. Modules are listed as the right-hand-side of the MODULES= definition. Other files are listed as the right-hand-side of the OBJS= definition. Modules are source files that define Fortran90 modules; that is, they will contain a MODULE declaration. Other object files are simply Fortran source files. Developers adding or removing source objects to or from WRF will modify one of these lists in the Makefile in the directory where the source file is being added. With few exceptions, driver and model-layer routines appear in module source files; only mediation layer routines appear in non-module source files.

Object files that are only to be used when compiling for a particular computer are listed as definitions to EXTRAMODULES= in the appropriate section of the  XE "files:arch/configure.defaults" arch/configure.defaults file.

Building and linking to external packages
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 XE "external packages:building and linking to" Inclusion of a particular external package is specified in arch/configure.defaults. If a package is to be compiled, it is included on the right-hand-side of the "externals" predicate. A predicate to compile the package is also added. In the current distribution of WRF, two external packages are supported as options: the RSL communication library, used for distributed-memory parallelism, and netCDF implementation of the WRF I/O package. See also Section 0.

External communication packages (such as RSL) must provide two WRF-specific source files, module_dm.F and gen_comms.c. The arch/configure.defaults file must include actions for properly installing this in the WRF source tree; specifically, module_dm.F must be copied into the frame directory and gen_comms.c must be copied into the tools directory. For an example, see an “externals” predicate for a system listed in arch/configure.defaults that uses RSL.

The settings in arch/configure.defaults can be made to work in concert with the configure script to search for a library or package on a particular system and then link or not link the package based on the result of that search. This is done by inserting a substitution string for the package setting in the relevant section of arch/configure.defaults and then modifying the logic on the configure script and the  XE "files:arch/Config.pl" arch/Config.pl perl script so that the string expands to the correct value when the configure.wrf file is generated. For example, examine the configure and arch/Config.pl scripts to see how the strings CONFIGURE​_WRFIO​_NF, CONFIGURE​_NETCDF_FLAG, and CONFIGURE​_NETCDF​_LIB​_PATH are expanded when configure.wrf is generated from arch/configure.defaults, depending on whether the NetCDF libraries are located on the local system.

2.3. Running WRF

Some of the details for running WRF are architecture dependent. In general, however, for single-processor or shared memory parallel runs, the command is ./wrf.exe. Some shared memory parallel platforms require the environment variable OMP_NUM_THREADS to be set to the number of shared memory threads to be used. By default, this is also the number of shared-memory tiles used by WRF; however, the tiling can be overridden by specifying either number or tile aspect ratio through the WRF namelist.input file
.

For distributed memory runs, it is usually necessary to use some form of the mpirun command; for example: mpirun -np 4 wrf.exe. Additional options may be necessary for your particular system. Some systems may have different commands entirely for running parallel jobs (e.g. dmpirun on Compaq systems or poe on IBM SP systems), and there may also be batch scheduling issues to consider. Consult your system documentation or administration staff.

(Temporary instructions) To run WRF it is necessary to first generate a set of initial conditions which will be read in from the file wrfinput. Set the io_form option in the namelist.input file to ‘1’ and set other options such as grid dimensions, dx, dt, etc. and then type ./ideal.exe in the run directory. This will generate the file wrfinput. As long as the basic grid specifications are not changed in the namelist.input file, you can continue to reuse the wrfinput file for multiple runs of the wrf.exe code. If basic options change, it will be necessary to rerun ideal.exe. 

(Temporary instructions) Edit the namelist.input file to set such run-specific items as number of timesteps, output frequency, etc. and then run the wrf.exe code using the procedure for your system (see above). WRF will input the namelist.input file and also the wrfinput file of initial conditions. As it runs it will output to the file wrfoutput file. Output is in MM5v3 format. This is temporary; eventually, the namelist io_form  option will allow specification of other formats. For single processor and shared-memory parallel runs, standard output will come to the terminal. For distributed-memory parallel runs (assuming RSL is used as the communication layer), standard output will be written to files name rsl.out.xxxx where xxx is the 4-digit processor number. Standard error will be written to rsl.error.xxxx. Currently (June 2000) only RSL communication is implemented in WRF but this is temporary. RSL is provided with the WRF code in the external/RSL directory.

3. Driver layer

The driver layer defines and allocates domains and associates them in a nest hierarchy. It manages aspects of distributed memory and shared memory parallelism, including the decomposition of domains into patches and patches into tiles. It manages top level flow of control through the simulation, including stepping the model through time and traversing the nest hierarchy at each major model time step. It initiates I/O and handles distribution of configuration data between multiple distributed memory processes. It is organized into four main functional blocks: Configuration, I/O, Communication, and Integration. In each of these, the driver layer interacts with the Mediation layer and underlying Model layer to accomplish the WRF simulation.

· Current driver layer is a prototype: supports integration using variety of numerical cores of multiple nested moving limited area domains (ie. with lateral boundaries).

· Driver layer's view of the model is as a sequence of calls to model layer subroutines, through the mediation layer, to advance the model simulation forward in time. The driver contains the main time loop (module_integrate.F).   

· Well-defined interfaces to underlying model layers and external packages

3.1. Functional Description

to do

3.2. Data structures

WRF model data is classified as being state-data (S), intermediate data (I1), or local data (I2). State data persists for the duration of a model domain (for an entire run in the case of the principal domain). It may be subject to input, output, or communication. State data is always dimensioned using the memory dimensions of the domain. I1 data persists for the duration of a time step but does not need to persist from timestep to timestep. It is allocated on the stack as local automatic storage by the routine responsible for the execution of one time step on a domain (solve). I1 data is also always memory dimensioned. I2 data persists only for the duration of a call to a model layer subroutine. It is stack-allocated as local automatic storage in the model subroutine, and it is dimensioned using tile dimensions.

The principal data structure for storing State data at the driver level is the  XE "domain:derived data type" TYPE(domain) derived data type (DDT), defined in src/ XE "files:src/module_domain.F" module_domain.F. Every state variable and array of a model domain is declared as a field within this structure. The field definitions themselves are generated from the Registry and #included into the TYPE definition as the file state_struct_items.inc . Arrays are defined as F90 pointers with dimensions specified using colons. Scalars are declared as themselves. In addition to field definitions, the domain DDT also contains several pointers to other domain DDTs: an array of pointers  XE "domain:pointers to nests, parents, siblings" called “parents,” another array of pointers called “nests,” and a single “sibling” pointer. These provide a straightforward means of representing and iterating over multiple domains. The domain DDT also contains a number of other miscellaneous fields. In additon to the definition of the domain DDT, module_domain also contains the global variable head_grid which is the pointer to the principal domain and the root of the tree of nested domains.

At the beginning of a model run or when a new nest is instantiated, a variable of the domain DDT is allocated in  XE "domain:allocation of" alloc_and_configure_domain (module_domain.F). At this point the domain DDT exists but the individual state arrays within it are still unallocated. The state arrays are allocated in the routine  XE "domain:allocation of fields in" alloc_space_field (module_domain.F) using a series of F90 ALLOCATE statements that are generated by the Registry and #included into the alloc_space_field routine through the registry-generated file dynopt_allocs.inc, where dynopt is the name of the dynamics scheme being used (for example, “rk” for Runge Kutta). On return from alloc_space_field, the memory for the domain represented by the DDT has been fully allocated and is ready to be used for model computations.

4D scalar arrays

A special type of model state array is used to allow WRF to carry, advect, and diffuse an arbitrary number of moisture or chemical tracers (or “scalars” in the non-computer use of the term). These are arrays of 3D state arrays with a fourth dimension over species. The  XE "domain:4D scalar array" 

 XE "species index" 4D scalar arrays are defined and allocated in the domain DDT from the Registry. In addition, an integer species index is defined for each species in the automatically Registry-generated module module_state_description.F . The size of the fourth dimension of the scalar arrays and the values of the species index is defined at runtime, based on which physics packages have been selected in the namelist. (See Sections Error! Reference source not found. and Error! Reference source not found.).

Configuration Data

Configuration data is model-specific and therefore a part of the model-layer. It is stored in an F90 derived data type defined in module_configure.F. Although the model layer maintains configuration data in an F90 derived data type, the need to keep a clean, DDT-free interface between the model and driver layers prevents the driver layer from accessing these items directly. Rather, the model-layer module responsible for configuration data provides a complete set of inquiry routines that may be called by the driver to obtain information about the configuration . An example usage is in module_domain.F:


Here, the driver layer is inquiring the starts and ends of the three dimensions of domain domain_id. The name of an inquiry routine is get_varname, where varname is the name of the namelist variable being accessed. In cases where the variable has a domain-specific value, the domain_id (an integer; 1 represents the principal domain) specifies which domain the inquiry applies to. For namelist variables that are model-wide, the first argument is not necessary. The definitions of these configuration inquiry routines are generated automatically by the Registry and #included into the file module_configure.F through the files config_namelist_01.inc, 02, 03, and 04 (corresponding to the four blocks in the current WRF namelist file format). For additional information see Section 5.4 and 5.6.

4. Parallelism

This section describes the mechanisms that implement parallelism in the model. Support for distributed memory parallelism involves decomposition of each logical domain in to patches, calculation the local memory sizes, interprocessor communication for halo-exchanges and periodic boundary updates, communication for distribution/collection of input/output data (if the I/O package  doesn't support this), and communication for exchange of data between domains for nest forcing and feedback. Initial decomposition and domain mapping is adequate for static load balancing; if dynamic load-balancing is supported, then mechanisms for recomputing  decompositions and remapping domains between processors must also be supported. Package independence is preserved by implementing communication functionality through a Communications API

Shared-memory parallelism in WRF is between "tiles" within each multi-threaded memory address space (i.e., within each patch). Support for tiling includes a mechanism for computing and recomputing tile sizes and extents at run time and thread library calls or directives for multi-threading and synchronization -- either explicit or implied. 

4.1. Distributed memory

Communications API

The WRF Communication Application Program Interface (Comm-API) provides a package-independent interface to message-passing or single-sided communication for halo-update, broadcast, collection, distribution, and scatter/gather. Provided the functions of the interface are provided, it doesn't matter how they are implemented. The interface may be implemented using communication libraries such as MPI, Shmem, or LAPI; a higher-level application specific communication libraries such as RSL, SMS, or FMS; or languages such as Coarray Fortran or UPC. The package-specific implementation of the Comm-API is contained in external/package-name/ XE "files:src/module_dm.F" module_dm.F. For example, the RSL version of module_dm.F is in external/RSL/module_dm.F. This is copied into the src directory when the model is compiled according to the make rule for the "external :" target in arch/configure.defaults for the computer platform. If the selection in arch/configure.defaults does not support distributed-memory parallelism, the file src/module_dm_stubs.F is copied to src/module_dm.F instead.

A prototype version of the WRF Comm-API is shown in the following table:

	Routine
	Description

	wrf_dm_initialize
	Initialize Comm-API

	wrf_dm_shutdown
	Shut down Comm-API

	wrf_dm_patch_domain ( id , domdesc , 

                      parent_id , parent_domdesc ,

        sd1 , ed1 , sp1 , ep1 , sm1 , em1 ,

        sd2 , ed2 , ... )

  INTEGER , INTENT(IN) :: id, parent_id , parent_domdesc

  INTEGER , INTENT(IN) :: sd1 , ed1 , ...

  INTEGER , INTENT(OUT):: domdesc

  INTEGER , INTENT(OUT):: sp1 , ep1 , ...

  INTEGER , INTENT(OUT):: sm1 , em1 , ...
	Define a domain within the comm layer and nest association; return domain descriptor (domdesc); patch and memory sizes.

	wrf_abort
	Abort all processes

	LOGICAL FUNCTION wrf_dm_on_monitor()
	True if called on process 0 (always true if called on single process)

	wrf_get_dm_communicator ( communicator )

     INTEGER , INTENT ( OUT ) :: communicator
	Return communicator (e.g. MPI commnicator)

	wrf_patch_to_global_type ( buf , globbuf , domdesc , ndim ,

           ids , ide , jds , jde , kds , kde ,

           ims , ime , jms , jme , kms , kme ,

           ips , ipe , jps , jpe , kps , kpe )

     type buf (*) , globbuf (*)

     INTEGER domdesc     ! domain descriptor if needed

     INTEGER ndim           ! number of dimensions

     INTEGER ids , ide , ...
	Distributed data in BUF is collected into globally sized array, GLOBBUF, on monitor process. Dimensions are domain (d), memory (m), and patch (p)

	wrf_global_to_patch_type ( buf , globbuf , domdesc , ndim ,

           ids , ide , jds , jde , kds , kde ,

           ims , ime , jms , jme , kms , kme ,

           ips , ipe , jps , jpe , kps , kpe )

     type buf (*) , globbuf (*)

     INTEGER domdesc     ! domain descriptor if needed

     INTEGER ndim           ! number of dimensions

     INTEGER ids , ide , ...
	Global data in GLOBBUF on monitor process is distributed into BUF on each process.

	wrf_dm_bcast_type ( buf , n )

     type buf(*) 

     INTEGER , INTENT (IN) :: n
	Broadcast 1-D array of type (real, integer, logical) and of length n

	wrf_dm_bcast_string ( buf , n )

     CHARACTER*(*)  buf

     INTEGER , INTENT (IN) :: n
	Broadcast character string of length n

	mpaspect ( p , num_x , num_y , min_x , min_y )

     INTEGER , INTENT(IN) :: p , min_x , min_y

     INTEGER , INTENT(OUT) :: num_x , num_y
	Given a number of processors p compute the number of processors in x and y, respecting minimum numbers of processors min_x and min_y


From the WRF driver-layer point of view, all details of the communication are contained within the Comm-API routines. Any model level data structures relating to communication are part of the domain DDT and therefore hidden from the driver layer, which only passes around pointers to domains. At the mediation layer, from which most of the Comm-API routines will be called, all communication operations are representated by integer handles or descriptors that are created and used by the Comm-API layer. By design, the model layer knows nothing about communications and never accesses the Comm-API. The domain DDT contains fields to store these descriptors:

· %domdesc stores descriptor for the domain

· %parent_domdesc stores descriptor for domain that is parent of this domain

· %comms ( max_comms ) stores descriptors for specific communication operations. Max_comms is defined in module_driver_constants and is nominal '1' if DM_PARALLEL is not specified as a compile option in configure.wrf.

Depending on the communcation operation involved, the driver or mediation layer provides these descriptors to the routines in the Comm-API, which may use or ignore them as the particular package-specific implementation requires.

Functional overview

The basic functions that are the Comm-API provides are:

· Domain decomposition into patches and calculation of local memory dimensions

· Definition of communications (works with Registry)

· Perform halo update

· Perform periodic boundary update

· Transpose data (not implemented yet)

· Scatter and gather nest forcing and feedback data (not implemented yet)

· Broadcast data from monitor (usually process zero)

· Distribute global array from monitor across multiple processes

· Collect distributed data from multiple processes into global array on monitor

These operations are collective, which means that they are called on all processes at once.

Domain decomposition. This is handled by wrf_dm_patch_domain, which takes the global dimensions of a domain and calculates the patch and local memory dimensions necessary to store the patch plus extra memory for halos and boundary conditions. The routine returns an integer descriptor, domdesc, which the WRF code stores in the domain DDT as grid%domdesc. This is the underlying communication package's opportunity to make note of the domain, its size,  and its association with a parent domain, which will have been previously defined and decomposed using this mechanism.

Communication definition. The Comm-API includes a routine, wrf_dm_define_comms(), that the driver layer calls when a new domain is defined to define interprocessor communications for that domain. This gives the underlying communication package the opportunity to pre-define communication operations on state arrays for the domain to allow, for example, precomputation of efficient communication schedules for halo exchanges. Otherwise, packages may implement this routine as a no-op.

Halo and period updates. These communications operations are specified and used into the WRF solver in package-neutral-fashion. The communication is specified using entries in the WRF Registry/Registry file. For example, a halo-exchange named HALO_RK_A_3 is specified with an entry that gives the name of the halo-exchange being defined followed by a description of the operation that includes the width of the halo and the state arrays involved:

 
halo   HALO_RK_A_3   24:u_2,v_2,ru_1,ru_2,rv_1,rv_2,w_2,t_2

The entry has the keyword halo followed by the halo identifier followed by a list of width:array-list entries. Note that multi-timelevel variables such as U and V have the time level explicitly added to the name, exactly as the array names appear in the model code (not as they are named in the Registry).

The halo-exchange is used by inserting a directive at the place in the code where the exchange is to occur:


#include “HALO_RK_A_3.inc”

The communication package-specific contents of the include file may be generated by the Registry, using the package supplied gen_comms.c code.  This approach provides the greatest possible flexibility for adapting WRF to new communication packages.

At present, WRF communications is implemented using the RSL package that is provided in the external/RSL directory.
Determine monitor process. Certain operations are performed only on the monitor process, usually process zero. A logical function, wrf_on_monitor, may be used to determine whether the process is the monitor before proceeding with a calcuation. The routine should be declared LOGICAL, EXTERNAL in the calling routine.

Broadcast data from monitor. These routines send data from the monitor process to the other processors so that every process has an identical copy. The data to be broadcast is the first argument followed by a length argument. There are two forms of broadcast, one for character strings in which the first argument is the string to be broadcast and the second argument the length. The other form takes a 1-dimensional array of a given type (real, integer, logical, etc.) and a length argument. The type name is part of the routine name; for example, wrf_dm_bcast_integer. In both forms, the first argument must contain valid data on the monitor process going into the call. On return, all processes will contain a copy of the data. A common mistake in programming with broadcasts is to include the call to the broadcast in a section of code that only executes on the monitor process.

Remember, broadcast routines -- like other communications -- must be called on all processes.

4.2. Shared-memory

· Currently limited to OpenMP directives

· How and where in the code the number of tiles is determined

· Refinements for improving shared-memory efficiency (parallel regions)

5. Registry

The WRF software infrastructure provides a high level of flexibility with respect to computer architectures, dynamical cores, applications, and external libraries.  The Registry is a computer aided software engineering (CASE) mechanism built into the WRF software framework to help manage this complexity as the model continues to develop. In addition, the Registry is serving as a first prototype for the eventual development of a sophisticated Application-Specific Interactive Develop Environment (ASIDE), the next step beyond computational frameworks.

The Registry as currently implemented in the WRF framework consists of a database of information about a source code as well as a program for manipulating that information to help manage the code. The registry provides a great deal of high-level single-point-of-control over the fundamental structure of the model data, and thus provides considerable flexibility for supporting multiple dynamical cores, application-specific data structures (e.g. arbitrary number of tracer arrays), and transparent and package independent management of parallel communication. The registry automatically generates sections of code that would be the most error-prone and effort intensive to manage by hand: generating code to declare, allocate, an initialize state data; generating dummy argument lists and their declarations, as well as actual argument lists used when passing state data between subroutines at the interface between layers in the WRF software architecture (driver, mediation, and model layers); generating calls routines for initial, restart, history and boundary I/O for selected state data fields; generating halo-exchange, periodic boundary updates, transpose, and nesting communications for selected state data fields in selected patterns;  generating code that defines, sets defaults for, inputs, broadcasts among processors, and makes available to the code the variable=value (namelist) information used to configure the running application; etc.  Adding or modifying a state variable to a model involves modifying a single line of a single file. The registry provides a single point of control -- the registry data base -- for making changes that affect many different aspects of the code.

A number of functions of the registry have been mentioned in the preceding discussion:

· Define state fields in the domain DDT (module_domain.F). Page 9.

· Generate ALLOCATE statements for state arrays in domain DDT (module_domain.F). Page 9.

· Generate model configuration inquiry routines (module_configure.F). Page 9.

· Generate assignments of namelist configuration data to fields in the domain DDT. Page 24.

· Generate actual arguments to the solve routine, dereferencing the domain DDT. Page 27.

· Generate dummy arguments and their definitions in the solve routine.

There are other functions as well:

· Generate code to read and write fields in I/O modules (e.g. module_io_wrf.F).

· Generate communication package specific code (e.g. inc/rsl_rk_data_calls.inc).

The Registry also provides a means of defining packages and associating fields and symbolic names for indices into the 4D scalar arrays (Section 0) with these packages. It defines the configuration variables that appear in the WRF namelist file and their meanings. The Registry is currently implemented as a flat ASCII text file, Registry/Registry. The program that interprets the registry and generates files in the inc directory is tools/registry. Source code (C language) for the program and a Makefile are also included in that directory.  The registry program is designed to be extensible; for example, to add interfaces to new communications, I/O, or other external packages to WRF. An overview of the registry program with examples for extending the mechanism is provided in Section XX.

Logically, the registry data base is a collection of tables that describe the dimensions, derived types, state fields, i1 fields, packages, a communication operations in the model (halos, periodic boundary communications, and transposes). The current representation is as a text file (Registry/Registry in the WRF distribution) containing all the entries of all the tables as white-space delimited tuples. The table membership of each tuple is determined by the first element; thus, entries from different tables may be listed in any order and intermixed, though for readability one generally organizes the entries from each table in a block.  Comments in the registry begin with a # character and extend to the right to the end of the line.  Certain elements are allowed to contain spaces; these must be enclosed within double quotes ("). Elements may not contain quote characters. The registry mechanism is single-pass; thus, if an entry of the registry depends on definitions of other entries, these must have been defined already (above) the definition that uses them.

The Registry file contains entries for a number of tables:

· Dimspec -- Describes dimensions that are used to define arrays in the model

· State – Describes state variables and arrays in the domain DDT

· I1 – Describes local variables and arrays in solve

· Typedef -- Describes derived types that are subtypes of the domain DDT

· Rconfig – Describes a configuration (e.g. namelist) variable or array

· Package – Describes attributes of a package (e.g. physics)

· Halo -- Describes halo update interprocessor communications

· Period -- Describes communications for periodic boundary updates

· Xpose -- Describes communications for parallel matrix transposes

· Force -- Describes communications and data for nest forcing (not yet)

· Feedback -- Describes communications and data for nest feedback (not yet)

5.1. Dimspec Entries

Dimspec Table entries provide a way to define dimensions that can then be used in the definitions of arrays in the State, I1, and Typedef  Tables of the Registry. As with any Registry-defined entity, a dimension must be defined before it can be used in the Registry file. The fields of a Dimspec entry are:

· Entry: The keyword “dimspec”

· DimName:  The name of the dimension (single character)

· Order: The order of the dimension in the WRF framework (integer: 1, 2, 3, or ‘-‘)

· HowDefined: specification of how the range of the dimension is defined

· CoordAxis: which axis the dimension corresponds to, if any (X, Y, Z, or C)

· DatName: metadata name of dimension

DimName is a single character name that will identify the dimension in specification strings used in State, I1, and TypeDef entries.

Order specifies which of the internal WRF framework sets of dimension variables is associated with. In other words, is it associated with the sd31:ed31,[...], sd32:ed32,[...], or sd33:ed33,[...] set of dimension variables (these are defined in frame/module_domain.F).  Note that this does not determine the storage order (the order of indices) of the individual state arrays; individual storage order is specified in the State, I1, or TypeDef  table entry for each array.

The registry infers the mapping of WRF framework internal dimensions to the coordinate axes of the domain according to the combination of the order specification, here, and the coordinate axis (below) specified in this table, and will set the WRF global variable MODEL_ORDER accordingly in the registry-generated file model_data_order.inc, included by the WRF source file frame/module_driver_constants.F.   Note that it is all right to more than one dimension name for, say, the x dimension.  However, the Order and Coord-axis relationship must be consistent throughout. 

HowDefined specifies how the dimension is defined for the domain. This may be done in one of three ways:

· standard_domain

· namelist=[<start namelist var>:]<end namelist variable>

· constant=[<start constant>:]<integer constant>

A dimension may be defined as being a “standard domain” dimension, in which case the size of the dimension is specified by the associated internal set of dimension variables in the WRF framework.  A dimension's range may be specified by namelist variables. Two namelist variables may be used to specify a starting and ending indices; if only one namelist variable is specified, the beginning index is assumed to be 1. The namelist variables must be defined in the registry's Rconfig table. Lastly, the dimension may be a constant start and end. If only one integer constant is provided, the starting range is assumed to be one.

CoordAxis specifies which coordinate axis the dimension is defined for. Allowable entries are X, Y, Z, or C. An entry of  C means that the dimension is not associated with a coordinate axis of the domain.  

DatName is a string (may include spaces if enclosed in double quotes) that provides a meaningful name by which this dimension is known in the metadata contained in WRF data sets that are written by the program. If this is not specified, the particular implementation of the WRF I/O API may chose its own metadata name or leave it without a name.

5.2. State Entries

The State Table is used to define WRF state variables that will be fields in the domain derived-data-type in module_domain.F. State variables may have simple types or may themselves be derived data types in the registry; these types, in turn may contain derived data types. Although the WRF model itself does not use derived subtypes in the domain DDT, other applications may require this. The fields of a state entry are:

· Entry: The keyword “state”

· Type: The type of the state variable or array (real, double, integer, logical, character, or derived)

· Sym: The symbolic name of the variable or array

· Dims: A string denoting the dimensionality of the array or a hyphen (-)

· Use: A string denoting association with a solver or 4D scalar array, or a hyphen

· NumTLev: An integer indicating the number of time levels (for arrays) or hypen (for variables)

· Stagger: String indicating staggered dimensions of variable  (X, Y, Z, or hyphen for no staggering)

· IO: String indicating whether and how the variable is subject to I/O

· DName: Metadata name for the variable

· Descrip: Metadata description of the variable

· Units: Metadata units of the variable

Type may be simple or derived. A derived data type must have been previously defined in the registry in the Typedef table (see below). Note, derived data types are discouraged in the WRF model registry but may be used in other applications implemented under the WRF framework.

Sym is the base name of the variable as it will be known in the model except when the variable is a member of a four dimensional scalar array.  If the variable has only one time level ('1' or '-' in the NumTLev column, #6) then the name in the registry is the name in the code; if there is more than one time-level then there are separate names in the code for each time-level, named <name>_1, <name>_2, and so on.

If the variable is a member of a 4D scalar array, the modifier 'f' appears in the Dims column (#4) and the name of the 4D scalar array appears in the Use column (#5). In all cases, F90 naming rules apply for this entry. 

Lastly, if a variable is associated with a particular dynamical core (dyn_<corename> appears in the Use column (#5)), the variable is know as <corename>_name within the driver layer; that is, this is the name of the field in the TYPE(domain) in module_domain.F. Below the point in the mediation layer where fields are dereferenced from TYPE(domain) the variable is known without the <corename>_ prefix.

Dims specifies the dimensionality of the state field. The entry is a string of single-character dimension names followed by single character modifiers, if any. The dimension names are those that have been previously defined in the Dimspec table (see above). The number of dimensions are inferred from the number of dimension names in the string. The index order is denoted by the order that the names appear, where the fastest varying stride-one variable is leftmost. Zero-dimensional state variables may be indicated with an hyphen (-) in this column.

Modifiers appear in the string after (to the right) of the last dimension name. Modifiers are:

	f
	The variable is a member of 4D array of fields. The name of the 4D array appears in the Use column (#5). The variables must be three dimensional, and the index order must match the index order of the other members of the array.


	t
	This applies only to 4D arrays (so this must be specified only with the f modifier). It causes the registry to also generate a 4D tendency array in the I1 data called <arrayname>_tend.

	x
	The 2D decomposition of the 3D array is such that all elements in the X dimension are on-processor (the default is for all elements in the Z dimension to be on processor.)  Applies only to 3D arrays.

	y
	The 2D decomposition of the 3D array is such that all elements in the Y dimension are on-processor.  Applies only to 3D arrays.

	b
	The 2D or 3D array is a lateral boundary array. The registry is allowed to define and allocate this array in a way that excludes the interior.



The following examples assume that i, j, and k have been defined (using DimSpec entries) to refer to the X, Y, and Z coordinate axes of the model domain:

	Dims
	Description

	ikj
	3D array whose dimensions are ordered XZY and whose Z dimension is undecomposed

	ikjx
	3D array whose dimensions are ordered XZY and whose X dimension is undecomposed

	ikjy
	3D array whose dimensions are ordered XZY and whose Y dimension is undecomposed

	ij
	2D array whose dimensions are ordered XY 

	k
	1D array whose dimension is Z

	ikjf
	A 3D array that is a member of the 4D array whose name is specified in the <use> field (see below)

	ikjft
	A 3D array that is a member of the 4D array whose name is specified in the <use> field (see below) and that has an associated tendency in the 4D tendency array whose name is <use>_tend.

	ikjb
	Defines a 4D array with dimensions: (max(x,y),spec_bdy_width,z,4)

	ijb
	Defines a 4D array with dimensions: (max(x,y),spec_bdy_width,1,4)

	-
	A scalar


Use is a string that gives additional usage information about the variable. It can be used to specify whether a variable is associated with a particular dynamical core, in which case the first four characters of the use string must be "dyn_". In the case field is a members of of 4D scalar arrays (dimstring has 'f' modifier), the use field tells the name of the 4D array (e.g. moist, or chem).  Otherwise the use field is strictly informational and can have any string, or just '-'.

In the case of 4D scalar arrays, the use field provides the name of the array as it is stored in the domain derived data type and passed in through the argument list to the mediation/model layer routines. If the number of time levels (NumTLev) is greater than one, there is a 4D state array for each time level with _1, _2, and so on, appended to the array name.

In the case where the state variable being defined is associated with a particular dynamic core (e.g. dyn_eh, for Eulerian/Height-based vertical coordinate), the variable will be defined as a field in the driver layer derived data type but will only be allocated if that dynamics option is selected in the namelist. At the driver layer, core-associated state variable names have the name of the core and an underscore prepended; eg. ru in the registry becomes -> eh_ru_1 and eh_ru_2 (because ru has two time levels).  At the mediation layer and below, and by implication within a particular dyncore, the the core prefix is omitted (ru_1 and ru_2).

The registry keeps track of the set of dynamic cores that are specified in the use entries of all the registry state arrays and then generates a set of include files in the inc directory for each dynamical core:

	<core>_allocs.inc
	allocate statements for <core>'s state arrays

	<core>_actual_args.inc
	actual argument list for <core>

	<core>_dummy_args.inc
	dummy argument list for <core>

	<core>_dummy_decl.inc
	declarations of dummy arguments for <core>


The set of arrays in each of these files will be the dyncore specific fields plus the non-dyncore-associated fields.

Four-dimensional arrays of fields ('f' modifier in dimstring) may not be core associated.

Boundary arrays (dimestring has 'b' modifier) can not be core associated in the current registry implementation (BUG: this should be fixed).

NumTLev is an integer that specifies the number of time-levels for a variable: may be 1, 2, 3, or '-' (which implies 1). If a variable has only one time level it is know by its registry name in the code (with a core prefix at the driver level if the variable is core-associated).  If the variable is two time level or greater, multiple instances are created and the name of each instance has an underscore and a time level appended.  For example, ru in the registry has NumTLev 2 so it becomes two arrays, ru_1 and ru_2 in the code (eh_ru_1 and eh_ru_2 at the driver layer, since ru is associated with the dyn_eh dyncore in the use entry).

In the case of fields that are members of 4D arrays, the name of the 4D array (not the field name) is appended with underscore and time level.

Boundary arrays (Dims has 'b' modifier) may not have multiple time levels.

Stagger is a string that specifies the staggering, if any, for a variable. The string may consist of 'X' (denoting an extra element in the X dimension), 'Y' (extra element in Y) or 'Z' (extra element in Z) in any order or combination. An entry of '-' denotes no staggering.

(In the current implementation of WRF, all state arrays are over-dimensioned to include the extra element in each dimension whether or not the field is staggered.  The specification of staggering in the registry is important for I/O, which does not include the extra element when the field is written to or read from a dataset.)

IO is a string that specifies if the variable is to be subject to initial, restart, history, or boundary I/O.  The string may consist of 'h' (subject to history I/O), 'i' (initial dataset), 'r' (restart dataset), or 'b' (lateral boundary dataset).  The 'h', 'r', and 'i' specifiers may appear in any order or combination.  Any dimension variable except one whose Dims element contains the 'b' modifier may be included in history, initial, or restart I/O. In addition, the ‘h’ and ‘i’ specifiers may be followed by an optional integer string consisting of ‘0’, ‘1’, ‘2’, ‘3’, ‘4’, and/or ‘5’.  Zero denotes that the variable is part of the principal input or history I/O stream. The characters ‘1’ through ‘5’ denote one of five auxiliary input or history I/O streams. If an integer string appears after ‘i’ or ‘h’ then the variable is removed from the principal input or history data stream unless it is explicitly added to the stream using the character ‘0’. Examples:

irh -- The state variable will be included in the input, restart, and history I/O streams,

irh13  -- The state variable has been added to the first and third auxiliary history output streams; it has been removed from the principal history output stream, because zero is not among the integers in the integer string that follows the character 'h',

rh01 -- The state variable has been added to the first auxiliary history output stream; it is also retained in the principal history output,

i205hr  -- Now the state variable is included in the principal input stream as well as auxiliary inputs 2 and 5.  Note that the order of the integers is unimportant. The variable is also in the principal history output stream, and

ir12h  -- No effect; there is only 1 restart data stream and ru added to it.

Variables with multiple time levels are handled as follows:

	History
	Only time level two is input/output

	Initial
	Only time level two is input/output and timestep one is copied from two on input

	Restart
	Both time levels are input/output separately and DName is appended with underscore and time-level in metadata


State variables that are members of 4D arrays ('f' modifier in dimstring) are input and output to history, initial, or restart dataset as individual fields.  There is no mechanism for performing I/O on an entire 4D array.

If 'b' is specified it must appear by itself and the dimstring must also contain the 'b' modifier. Only boundary arrays are read/ written to a boundary I/O dataset.

A '-' indicates that no I/O is performed on the variable.

Only state variables may be subject to I/O in WRF.

DName is the data name of the variable; the one by which it is known externally in the WRF metadata.  If omitted or specified with '-' then the Sym name (above) is used.

Descrip is a short description that may accompany the variable in the dataset metadata.  It may include spaces as long as the entire string is quoted using double quotes.

Units is a short unit description string that may accompany the variable in the dataset metadata.  It may include spaces as long as the entire string is quoted using double quotes.

5.3. I1 Entries

Intermediate Level 1 (I1) data is similar to state data except that it does not persist from timestep to time step and is defined local (stack) in the solver. I1 entries are distinguished from state entries in the registry by the keyword 'i1' as the first entry and by the lack of IO, DName, Descrip, and Units fields (since no I/O is allowed on I1 data).

I1 data may be multi-time level, and if so, the variable name has an underscore and time-level appended as is done with state data.

The 'b', 'f', 't', 'x', and 'y' modifiers are not valid for the Dims of an I1 variable. Four-dimensional species arrays may not be I1; however, as noted above, if a member of a 4D species array has 't' in its DimString, a 4D tendency array is autmoatically created as an I1 variable. This does not need to be specified in the I1 table of the registry.

5.4. Typedef Entries

Entries of the registry State table are, in effect, field definitions in the WRF Framework derived data type (DDT), of TYPE (domain).  In addition to simple types, however, the fields in the WRF domain DDT may also be derived data types (Note X). The Typedef Specification Table in the registry provides a means for defining DDTs that can then be used types in State table entries or other Typedef entries. The entries of the Typedef Specification Table are similar to State Table entries except the first entry is typedef instead of state and there is an additional entry in the second position which provides the name of the type being defined. The entries are:

· Entry: The keyword “typedef”

· TypeSym: The name of the derived type being defined.

· Type: The type of the state variable or array (real, double, integer, logical, character, or derived)

· Sym: The symbolic name of the variable or array

· Dims: A string denoting the dimensionality of the array or a hyphen (-)

· Use: A string denoting association with a solver or 4D scalar array, or a hyphen

· NumTLev: An integer indicating the number of time levels (for arrays) or hypen (for variables)

· Stagger: String indicating staggered dimensions of variable  (X, Y, Z, or hyphen for no staggering)

· IO: String indicating whether and how the variable is subject to I/O

· DName: Metadata name for the variable

· Descrip: Metadata description of the variable

· Units: Metadata units of the variable

Fields are added to a type by listing additional entries. Types may be nested; that is, the field type element of a Typedef entry may be the name of a derived type defined by previous typedef entries. Like all other entries in the Registry, TypeDef entries for a particular type do not have to appear consecutively; however, since a type definition must be completely defined before it can be used in a State entry or another Typedef entry, the type definition must be completely defined before it is used.  In other words, no further typedef entries for derived type may appear after the derived type is used in a State or other Typedef entry.

A crucial difference between a Typedef Table entry and a State Table entry in the registry is that Typedef entries do not cause any data to be allocated or defined. Only State entries and, to a more limited extent, I1 entries do that; thus, the name a the derived type or top-level type in a nested set of derived types must ultimately appear in a State Entry to be used.  Registry defined derived types may also be used in I1 entries, in which case the data object is defined as I1 data in the program: local (stack allocated) to the mediation layer and existing for the duration of one call to the solve routine.

Although it is legal to list a core-association with a field in a Typedef Entry, it doesn't make sense to do so. If a derived data type is meant to be used only with a particular dynamical core, the core association should be listed with the State Table entry in which the type is used.  Since the name of a field in a Typedef table entry will be defined as a field in a derived data type in the program, the name may be the same as the name of a State or I1 variable in the program. For example, a State variable U and a field U of a derived data type may exist together, because the derived data type will always be reference as a field in a derived data type (grid%typename%u versus grid%u) and no namespace collision will occur. This is not the case for metadata names in the registry, however, and if derived data type fields are subject to I/O (i, r, or h in the IO string of the TypeDef entry) they must have unique DName strings.

State declarations that have a derived data type in the Type element may not be subject to I/O; they must have '-' in the IO element.

5.5. Rconfig Entries

Rconfig entries specify variables and arrays that are part of the runtime configuration information that is input to the model at the beginning of the run. Rconfig entries may apply to variables or arrays. If they are variables, they apply model-wide; if they are arrays, they apply to individual domains (and thus the array is 1 dimensional over the number of domains in the run). The current (June 2000) implementation of the model configuration is through a namelist and for simplicity, the discussion in this section will assume this.  

The rconfig entries have the following fields:

· Entry: the keyword “rconfig”
· Type: the type of the namelist variable (integer, real, logical – no strings yet)
· Sym: the name of the namelist variable or array
· How set: indicates how the variable is set: e.g. namelist or derived, and if namelist, which block of the namelist it is set in
· Nentries: specifies the dimensionality of the namelist variable or array. If 1 (one) it is a variable and applies domain-wide; otherwise specify max_domains (which is an integer parameter defined in module_driver_constants.F).
· Default: the default value of the variable to be used if none is specified in the namelist; hyphen (-) for no default
5.6. Package Entries

Package entries in the Registry are used to define a package, for example a cumulus physics package, and associate it with an rconfig variable for toggling between different packages, for example, between other cumulus schemes. The package entry also indicates which species within the 4D scalar arrays (defined in the state entries of the registry) the package uses. Based on the runtime selection of packages, the model is able to dimension the 4D scalar arrays to contain the scalar fields that will be used on that domain. The species indices are also set accordingly. Package entries have the following fields:

· Entry: the keyword “package”,

· Package name: the name of the package: e.g. “kesslerscheme”

· Associated rconfig choice:  the name of a rconfig variable and the value of that variable that choses this package

· Package state vars: unused at present; specify hyphen (-)

· Associated 4D scalars: the names of 4D scalar arrays and the fields within those arrays this package uses

The following is a set of example package entries and an associated rconfig entry in the Registry for microphysics schemes:

  This specifies that three microphysics options are associated with the namelist variable mp_physics. If mp_physics is set to 1 in the namelist, the Kessler microphysics option is selected. If mp_physics is 2, the Lin scheme is selected. If mp_physics is set to 0, then no microphysics is selected (passiveqv is a dummy name) but this ensures that QV will still be a field in the 4D scalar arrays moist_1, moist_2, and moist_tend (for the Registry definition of moist, see Section 5.1, above). If a package uses fields from additional 4D scalar arrays, this can be specified in the associated 4d scalars field by separating the lists with a semicolon (but no spaces): “moist:qv,qc,qr;chem:no2,o3”.

Species indices are defined in the Registry-generated source file, module_state_description.F (in the src directory). The indices are set to values at run time, based on which packages are selected in the namelist. This is done in the routine set_scalar_indices_from_config (module_configure.F) using code in the Registry-generated include file set_scalar_indices.inc.

The package name is also used to generate integer parameters in the Registry-generated source file module_state_description.F:
and these may be used in F90 SELECT statements or IF-THEN-ELSE constructs within the code by testing on the rconfig variable mp_physics (from microphysics_driver.F):

5.7. Halo and period entries

Halo and period entries in the registry define communication operations in the model. Halo entries specify halo updates around a patch; period entries define updates of periodic boundary conditions (in both cases these apply only to horizontal dimensions). The first field is the keyword "halo" or the keyword "period". The second entry is the name that will be used to refer to the communication operation being defined. The third entry is a list of information about the operation.

For halos, the third entry comprises a list of the form:

npts:f1,f2,...[;npts:f1,f2,...]*
No spaces separate the elements of the list. Npts specifies the number of points of the stencil to be used in updating the state arrays named in the list following the colon. A single halo update operation may involve different stencils on different arrays and these may be listed separated by semi-colons. Currently defined values for npts are:

· 4 point: one cell in N,S,E,  and W

· 8 point: 4 point plus corners (all eight neighbors around a cell)

· 12 point: 8 point plus second cell in N,S,E, and W

· 24 point: 12 point plus all corner cells

· 48 point: 24 point plus third cell in N,S,E, and W, plus all corners

Period entries are similar to halo entries except the form of the third entry is:

width:f1,f2,...[;width:f1,f2,...]*

where width is the number of cells to update in the periodic boundary.

5.8. Xpose entries

Need something here (jm 20020827)

6. Flow of control through a model run: PROGRAM wrf

This section is intended as a functional walk-through the subroutines of a WRF run. The narrative begins in  the top level routine, PROGRAM WRF, and progresses down through various tasks performed by the driver layer to initialize and then execute a WRF simulation from beginning to end. The narrative follows the call tree downward into the SOLVE routine of the mediation layer. The narrative is written primarily from the driver layer’s perspective and specifics pertain to the Fortran90 driver layer distributed with the WRF model. This provides an overall view of the flow of control in WRF and will also be instructive to implementers of alternate driver layers (e.g. computational framework packages).

6.1. Initialize all modules in code: CALL init_modules

The first subroutine call in WRF is to a routine init_modules (init_modules.F). Every F90 module in WRF is required to define a routine whose name is init_modulename. These routines are allowed to be stubs but they must be provided.  The init_modules subroutine USEs every module and calls all the init_modulename routines. This provides a mechanism for packages to perform any necessary initializations at the beginning of the run. (NOTE: WRF doesn’t yet have a mechanism or convention for modules to initialize themselves at the start of a new domain).

6.2. Get configuration data (namelist): CALL initial_config

The driver layer relies on the model layer to obtain configuration information (e.g. namelist data. The driver layer calls the routine initial_config provided by the model/mediation layer and expects that, upon return, the model layer will have all the configuration information it requires. Since the driver layer is assumed to be single threaded at this level, there is no problem with thread safety and the model layer is allowed to use I/O if necessary to get the configuration data. This is the only instance in WRF where the model layer is allowed to use I/O. Even so, if the code is running on multiple distributed memory processes, only one processor is allowed to call initial_config (even in this case, the model layer is not allowed to use communication).  In distributed memory runs, the driver calls a model/mediation layer subroutine get_config_as_buffer, which returns a byte-buffer that the driver broadcasts to the other processors. At the conclusion of the broadcast, the driver layer passes the buffer back to the model/mediation layer using set_config_as_buffer. In this way, the driver is able to orchestrate dissemination of configuration information among processors without knowing the contents or structure of the information.

The broadcast is accomplished using the package-independent routine wrf_dm_bcast, defined in module_dm.F, a driver-level source file. If the code is running on a distributed memory platform, this is a no-op. Otherwise, wrf_dm_bcast will call some package-specific broadcast routine (e.g., MPI_Bcast).

The routines get_config_as_buffer and set_config_as_buffer are defined in the file module_configure.F (a model-layer module). Model_config_rec, a derived data type, is used to store configuration data in the model layer. For get_config_as_buffer and set_config_as_buffer to work, this DDT is specified with the SEQUENCE attribute so that can be easily packed and unpacked in a byte buffer.

6.3. Initialize principal domain: CALL alloc_and_configure_domain

This routine is called to initialize and allocate memory to a domain DDT. The call from wrf.F is to initialize and allocate the principal domain. Alloc_and_configure_domain is passed the head_grid pointer, the identifier of the domain (1), the pointer to its parent (NULL) and it’s index in the parent’s list of children (-1, for invalid; it has no parent). Inside the routine, a temporary variable ‘grid’ of type domain is allocated and then linked to the (in this case non-existent) parent. The routine then makes a number of calls to inquiry subroutines in the model layer configuration module to obtain domain dimensions and boundary width specifications. These routines are defined by the Registry mechanism and #included into module_configure.F as the files config_namelist_01.inc, 02, 03, and 04.

Once the domain size information is available, the domain can be decomposed. This is done with a call to the subroutine patch_domain:

The arguments sd1 through em4 are the domain, patch, and memory dimensions for the grids. The first letter of each dimension name denotes start or ending index, the second letter denotes domain, patch, or memory, and the last letter denotes memory index order with 1 being fastest varying. Index 4 is not used. The association between memory index order and logical dimensions is made within patch_domain routine itself, based on the setting of the integer parameter model_data_order in module_driver_constants.F. The last two arguments, bdyzone_x and bdyzone_y, are used to specify a boundary zone in memory around the logical domain for special boundary conditions such as periodic. The first index of a domain is always 1 (one); boundary cells, if they exist are numbered 0 (zero), -1, -2, … counting down from the low edge of the dimension and edx+1, edx+2, … counting up from the high edge. Bdyzone_x and bdyzone_y are integer parameters in the model-layer module module_bc. Since this is a model-layer module, the values of these are retrieved by calling get_bdyzone_x and get_bdyzone_y, also defined in module_bc.F. (Retrieving the data through calls to inquiry routines avoids the need to USE module_bc, a model layer module, in a driver layer routine, and keeps the interface between the two as clean as possible. Consider the difficulty of replacing the current driver layer with a driver layer implemented in C if information were communicted between the layers via F90 use-association).

A version of the patch_domain routine is defined in module_domain.F but is only used on non-distributed memory parallel platforms. It provides the trivial decomposition: the entire domain is assigned to a single process. For distributed memory compiles, a package-specific patch_domain routine is provided in module_dm.F. In any case, on return, the patch_domain routine returns the appropriate memory dimensions and patch dimensions for the subdomain on the processor.

Once the decomposition is computed the domain, memory, and patch size information can be assigned to the corresponding fields of the domain DDT. At this point, the routine add_config_info_to_grid (add_config_info_to_grid.F) is also called. This is a mediation layer routine that assigns items from the model-layer configuration DDT to the corresponding fields of the domain DDT. The assignments are generated by the Registry mechanism and #included in add_config_info_to_grid through the config_assign_namelist_01.inc, 02, 03, and 04 files (corresponding to each of the four blocks currently in the WRF namelist). This routine is considered a mediation layer routine because it requires knowledge of both the driver layer (the domain DDT) and the model layer (configuration information) to serve as an intermediary between the two without either needing information from the other.

The memory-size information computed by the call to patch_domain is also used to allocate memory to the fields of the domain DDT. This is done in a call to allocate_space_field (module_domain.F). Each array in the domain DDT is allocated the appropriate amount of memory to hold the subdomain or “patch” allocated to the distributed memory process.  The actual ALLOCATE statements are #included in allocate_space_field from the Registry-generated file dynopt_allocs.inc, where dynopt is the name of the dynamics package specified in the namelist; for example, “rk” for Runge-Kutta, which is dyn_opt = 2 in the namelist.

The final task for alloc_and_configure_domain is to call define_comms if the code is being compiled for a distributed memory machine. This package-independent routine is defined in module_dm to perform communication package-specific initialization of the mechanism that will perform the stencil-exchanges and other communications between processors. Some communication packages may not need this, in which case the subroutine may be defined by that package as a no-op.

Note regarding RSL communications

WRF is explicitly package-independent. However, at this writing only one implementation of message passing using RSL with MPI has been implemented. This section is included to illustrate how such an external package can be interfaced to WRF. It is not intended to endorse RSL over any other package for use in WRF.

Programs call RSL routines to define stencil and periodic boundary communication operators and then refer to these stencils by integer handles when calling RSL to perform communications. WRF stores the handles in an integer array, comms, in the domain. Elements of comms are set in module_dm.F when ARCHFLAGS includes -DDM_PARALLEL and -DRSL in the configure.wrf file. Each element of the comms array is indexed with package-independent comm indices which, for RSL, are defined in external/RSL/rsl_cpp_flags. The RSL specific definitions of these comm indices are brought into the program at compile-time via the setting of CPPFLAGS in the configure.wrf file. For details on how configure.wrf is made and set see Section 0.

RSL also uses integer descriptors to refer to domains. These are used in calls to stencil and periodic boundary communication routines as well as to the distributed I/O routines in RSL. An integer field, domdesc, is defined in the domain DDT. This field is intended to store domain descriptors used by RSL and other similar packages, and is distinct from the id field in the domain DDT. (The id field is a sequential numbering of the domains, beginning with 1 for the principal domain, and is a WRF-maintained model layer index into the list of domains, primarily for organizing configuration information. The domdesc field, on the other hand, is for use by the external communication package and both the model-layer and the driver layer treat this as an external descriptor).

The WRF code handles calls to communication libraries in a package independent way, through calls to wrf_dm_halo and wrf_dm_boundary. For example, in solve_rk2.F:

CALL wrf_dm_halo( grid%domdesc , grid%comms , HALO_RK_A )
Arguments are the domain descriptor domdesc, the comms array stored in the domain DDT, and the package-independent comm index for the specific communication operation being initiated. Within the RSL- specific part of module_dm.F (compiled when –DRSL is set in ARCHFLAGS in configure.wrf), this is implemented as:

For additional information, see Section 4.

When used to communicate Fortran90 arrays, RSL requires that the arrays be registered before they are accessed in a particular section of the code. RSL communications are defined separately (usually in a different routine) from their use. This allows RSL to precompute very efficient communication schedules, but it is susceptible to the possibility that some versions of Fortran90 will generate a copy passing arrays through subroutine calls. In WRF, this may occur at the interface between the driver layer and the mediation layer, where fields from the domain DDT in the driver are dereferenced and treated as separate fields below the interface. Thus, mediation layer routines that contain distributed memory communications call a sequence of calls to RSL_REGISTER_F90 at the beginning. These calls are generated automatically by the registry mechanism when RSL is specified as an external communication package.

6.4. Input initial data: CALL input_domain

The next series of statements in PROGRAM WRF use package-independent I/O calls to open an external dataset and then read data to initialize the array fields of the principal domain’s DDT. The initial data is also written as the first frame of the output dataset.

The input_domain and output_domain routines as well as the open_r_dataset and open_w_dataset routines are a high-level package-independent WRF I/O routine that are defined in module_io_domain.F. The user may specify which output format they wish to use in the WRF namelist by setting the integer io_form. The association of io_form values to specific packages is defined in the Registry. At this writing io_form = 1 specifies reading and writing in a modified MM5 V3 I/O format; io_form = 2 specifies I/O in QAD (quick and dirty) format. WRF is format-independent, however, and work is progressing on WRF I/O API (Leslie Hart at FSL) that will make selection of I/O formats more transparent. The first implementation of the WRF I/O API is likely to be based on netCDF, though the I/O API is being constructed so that other formats such as GRIB can be easily implemented as well.

Depending on the value of io_form in the namelist, the input_domain routine calls a format-specific I/O routine. In the case of io_form=1, it calls input_domain_mm5 in module_io_mm5.F. This routine is designed to read and write domain data in the self-describing, order-independent MM5v3 data format. For additional information on this format see http://www.mmm.ucar.edu/mm5/mm5v3/v3-intro.html. The Registry controls which WRF fields are read/written to the dataset. At present, every field that is defined as State in the Registry file is read and written. This will likely be pared back to save space and I/O time but a runtime mechanism for including or excluding state from the dataset is not yet implemented.

Generating ideal initial conditions: Ideal.F

At the present time (June, 2000) the WRF model initializes from idealized cases that are generated by routines in module_initialize (module_initialize.F). At one point, this was called from within the WRF model itself. However, because of runtime considerations and to provide a testbed for developing I/O for model initialization, the generation of the idealized data was separated into a separate program, PROGRAM IDEAL, which is compiled at the same time as PROGRAM WRF. The IDEAL program, in fact, uses the same domain initialization modules as WRF to generate the idealized case and the uses output_domain to write the case to the wrfinput dataset. In this way, it is only necessary to generate a case once rather than each time WRF is run. The init_domain routine in module_initialize is called by both WRF and IDEAL to perform a series of domain initializations, including but not limited to the generation of the idealized case.  Whether init_domain generates the idealized case is determined by the logical input_from_file in the domain DDT. If input_from_file is true, the routine assumes that the case will be read from an external file; otherwise, it generates the case.

6.5. Integrate the domain: CALL integrate

Once the principal domain is initialized, time integration can begin. The main WRF program calls the integrate routine, defined in module_integrate.F:

CALL integrate ( head_grid , head_grid%total_time_steps+1 , head_grid%time_step_max )

The integrate routine takes three arguments: the domain to be integrated and a starting and ending integer time step. The field total_time_steps is the time step counter of the domain. At the beginning of the model run it is zero for a domain. Time_step_max is the last time step to execute. 

Integrate is a recursive subroutine, which means it can call itself to integrate nested domains. Integrate passes itself the nested domain and a starting and ending series of nested steps (in this case the small number of steps to bring the nest up to the current time level). Thus, the top level call to integrate from WRF advances the principal domain and all nests from the starting time through to the end of the simulation. A simplified algorithm for integrate is as follows:

This algorithm implements a depth first traversal of the tree of nested domains rooted at the principal domain. Not shown is some additional code for dealing with overlapping nests (which are handled breadth-first, through sibling pointers in the domain DDT). At the current time (June, 2000) WRF does not actually support nested grids yet, so this code in integrate exists but has not yet been exercised.

6.6. Advance domain one timestep: CALL solve_interface

Each call to the integrate routine advances one domain forward one time step. This is done with a call to solve_interface (solve_interface.F), which is the lowest level routine in the model integration part of the driver layer, and as such, is the last routine before the call to solve that has knowledge of and access to the the domain DDT. Solve_interface’s responsibility is to dereference the state fields from the domain DDT and pass them in as separate arguments to the solve routine.

WRF currently allows multiple solvers, selectable at runtime through the namelist option dyn_opt. Dyn_opt = 2, the Runge-Kutta (“rk”) solver, is the favored solver at this time (June, 2000). The name of the solve routine that solve_interface calls is solve_rk2 (solve_rk2.F). The domain DDT fields are dereferenced from the domain DDT at the same time they are listed as actual arguments to the solve routine, and the list of actual arguments is generated automatically by the Registry, and #included into the call statement through the file dyn_opt_actual_args.inc, where dyn_opt is the string associated with the setting of the option dyn_opt in the namelist (e.g. “rk”).

DEREF Kludge

The call to solve from solve interface is also where F90 assumed-shape arrays stored in the domain DDT are converted to F77 assumed-size arrays within the solve routine and below. F77 style assumed-size arrays perform demonstrably bbeter than F90 assumed-shape arrays for all machines tested, especially when indexing state arrays in statements within triply nested loops. The difference between F90 and F77 arrays is that F90 arrays can make no assumptions about contiguity of sequentially indexed array elements. However, most compilers do implement the F90 arrays contiguously, and therefore, should not generate a copy when converting from F90 to F77 arrays (they should, instead, pass these by reference). Nevertheless, some vendors compilers generate this expensive spurious copy anyway. A work-around kludge can be specified in by adding –DDEREF_KLUDGE to ARCHFLAGS in the configure.wrf file. The Registry indexes the first element of each array actual argument in the call to the solve routine, and avoids the copy. The DEREF_KLUDGE appears to work correctly with the compilers that do the spurious copy. However, some compilers that handle the conversion from F90 to F77 without the copy cannot handle the kludge, (because they see that the actual argument is a single element while the dummy argument is an array). This solution is considered imperfect.

It should be noted that reliance on this conversion between F90 arrays at the driver level to F77 arrays at the model level, is, in fact imperfect and ultimately dangerous. At some point there will be a compiler that does not store it’s F90 arrays contiguously, and passing by reference will not be an option: a copy will then be unavoidable. The problem is inherent to Fortran90, and it suggests that the eventual solution will have to involve either dropping the assumption of index contiguity in the model layer, or enforcing index contiguity in the driver layer by abandoning Fortran90 assumed-shape arrays. The former option has performance implications; the latter option impacts WRF’s ability to use a domain DDT with run-time allocable fields. Ultimately, it may be necessary to drop Fortran90 and implement the driver in a language that supports dynamically allocable derived data types and index contiguity (C or C++). Fortunately, WRF is designed with interchangeability at the driver level in mind, since we intend for it to be used with computational framework packages (many of which are written in C or C++).

6.7. The SOLVE routine (Mediation Layer)

The solve routine of WRF is the highest level of the model layer, containing the definitions of the I1 intermediate data and the flow of control through a single time-step on a domain. It is the lowest level of the driver layer, containing calls to interprocessor communication – stencil exchanges, periodic boundary updates, etc. – and multi-threading mechanism (for now, OpenMP directives). Unlike the model layer, however, the solve routine is not tile-callable and does no actual computation – rather, it contains the loops over tiles from which the true model layer subroutines are called. Unlike the driver layer, the solve routines have access to the actual individual state arrays and variables (passed in through their argument list) rather than a single derived data type domain object. Solve is the glue, or mediation layer between the driver and model layers.  It also insulates the model layer from changes within the driver layer, and vice versa.  However, since the solve routine contains aspects of both layers, it is dependent on both layers and therefore must be modified or replaced if either the model layer or driver layer is interchanged. Isolating these dependencies in a single routine is a reasonable sacrifice to maintain interchangeability of drivers with respect to model layers and model layers with respect to driver layers. 

There may actually be several solve routines, selectable at runtime through the dyn_opt namelist option, representing the different solvers supported in WRF. Currently (June 2000) there are 2 solvers: solve_lf (leap-frog, solve_lf.F) and solve_rk2 (Runge-Kutta, solve_rk2.F). The remainder of this discussion will pertain to dyn_opt = 2, Runge-Kutta. The leap-frog solver is similar in most respects.

As with the actual arguments in the call to the solve_rk2 routine, the dummy arguments in the subroutine statement for solve_rk2 are generated automatically by the Registry and #included from the file rk_dummy_args. The definitions of the dummy arguments are #included into the declarations section of solve_rk2 from the file rk_dummy_arg_defines.inc. 

Included in solve’s dummy arguments are 18 arguments that specify the starts and ends of each domain, memory, and patch dimension. These are assigned to local integer variables in solve_rk2:

The naming of the dimensions passed into the solve routine is as follows: the first character denotes a starting or ending index. The next letter denotes domain, memory, or patch. The next character denotes the number of dimensions (superfluous), and the last character denotes storage order: i.e., the position of the index, with 1 (one) being stride-one/fastest varying. As stored in the domain DDT and passed into solve, the dimensions are enumerated by storage order because the driver layer allocates the arrays without knowledge of how logical dimensions are associated with memory dimensions. The solve routine is written for a particular storage order and is able to make this association with the assignments shown above: index 1 corresponds to I (west(east), index 2 to K (bottom(top), and index 3 to J (south(north). The WRF driver layer supports several storage orders, including IJK, KIJ, and IKJ; adopting a different storage order would involve modifying these assignments here and elsewhere in the model. Note that the domain, memory and patch dimensions for the vertical dimension are identical because it is not decomposed. Also note that the looping or “tile” dimensions are not assigned at this point because they may vary from tile-loop to tile-loop in the solve routine (although they do not at present). Tile dimensions are set later in the routine with a call to the driver-layer routine set_tiles (module_tiles.F). All dimensions are specified using global (undecomposed) indices.

The declarations for I1 arrays are #included into the declarations section of solve_rk2 in the file rk_i1.inc.

Calling model-layer subroutines: Tile Loops

Model layer subroutines are written to be “tile-callable.”  This means, first, that they are thread-safe. All State and I1 data is passed into the subroutine as arguments. State and I1 arrays are dimensioned using the memory dimensions and are considered “shared” between multiple instances of the subroutine running on different shared-memory threads. Any local data within the subroutine must be stack-allocated and may be dimensioned using the tile dimensions; these are never shared between instances of the subroutine running on different threads. While highly discouraged, model layer subroutines may use heap allocated data (globally defined in the local module or in COMMON) only if  (1) the data has no decomposed dimension; in other words, neither an I nor a J dimension; and (2) is set once at compile time or model initialization and then strictly read-only thereafter. These conditions are critical to ensuring thread safety in shared memory and deterministic execution for distributed memory.

Second, tile-callable means that the subroutine is callable for an arbitrarily sized and shaped piece of the domain. Subroutines are passed 18 arguments denoting the start and end of each domain, memory, and tile dimension (patch dimensions are usually not needed by model layer subroutines). Here is an example model layer subroutine call from within solve_rk2.F:

The domain dimensions are the logical (undecomposed) size of the grid allowing extra cells for staggering. The memory dimensions are the sizes of the arrays in memory sized by the driver to hold the local subdomain or “patch” plus any additional halo or boundary zones on this process. Note that all indices are global. Within the subroutine, the state arrays will be dimensioned using Fortran subrange notation; for example:


REAL , DIMENSION ( ims:ime , kms:kme , jms:jme ) , INTENT(IN) :: ru , rv , rom, …
The tile dimensions are the ranges, computed by the subroutine set_tiles (module_tiles.F), for the I, J, and K loops within the subroutine. In the subroutine, these will correspond to the dummy arguments: its, ite, jts, jte, and kts, kte. Within the subroutine, any local arrays may be dimensioned using these dimensions:


REAL , DIMENSION ( its:ite , kts:kte , jts:jte ) :: locarray1, locarray2, …

WRF does not decomposed the vertical K dimension over distributed memory patches and, to date (June 2000), there is no code that tiles over K, however it is conceivable that there are subroutines that would multi-thread over the K dimension (probably not physics). In any case, the example as written shows that the loop over tiles can be multi-threaded using OpenMP. The i_start, i_end, j_start, and j_end arrays contain the starting and ending indices in those dimensions for each tile. 

Communication

Interprocessor communication routines supporting distributed memory parallelism -- stencil exchanges (halo updates), periodic boundary updates, and distributed matrix transposes -- are called from the solve routine. WRF makes no assumptions about thread safety in external message passing packages and all interprocessor communication (as well as collective I/O operations that may use interprocessor communcation) are called from single-threaded portions of the code. Specifically, calls to communication routines in solve occur only outside any multi-threaded tile loop. No interprocessor communication or I/O is allowed in model layer subroutines. Only state variables may be communicated or subjected to I/O.

Communication in solve_rk2 is organized as a set of halo updates (wrf_dm_halo) and periodic boundary updates (wrf_dm_boundary)
. These WRF-specific/package-independent subroutines are defined in module_dm.F. They may be implemented over any number of communication packages, including MPI or shmem, as well as higher-level packages such as RSL or NNT. The current (June 2000) implementation uses RSL as a first implementation. All communication and I/O operations are collective. That is, all processors must call the communication or I/O routine together.

The computations in a particular solve routine determine where communications occur in the solver, what fields are communicated, and over what sized halos. A thorough discussion of data dependency analysis for designing communication in a model of this type is beyond the scope of this discussion. Basically, however, WRF adheres to “owner computes” which means (1) the value of a point i,j in an array may always be used in the computation of the same point i,j in another array provided that point is on the local subdomain; (2) the value of a neighboring point, for example i, j+1, of an array may be used to compute the value of another array i,j provided the array has not been changed since the last update of corresponding halo of the array. Otherwise, a dependency exists between i,j+1 and i,j for the array in question and a halo update is required. We have found the following notation a useful way of representing dependencies in the course of working on the WRF:

The dependency stencils are represented pictorially across the top of the diagram, with + marking a local i,j point and * marking the neighbors with which dependicies exist. The arrays with dependencies are listed down the left side. One reads this as a computation at the point + depends on a value of the indicated array at neighboring points *. It has proved straightforward for the person writing the dynamics scheme (usually Bill Skamarock) to indicate his understanding of the data dependencies with these notations, so that the person implementing the communications can construct an appropriate stencil that sends as little data as possible and for only the points needed (if the communication package supports this level of detail). For efficiency, we also attempt to handle as many dependencies as possible with a single call to wrf_dm_halo. Once constructed, the stencils are referred to by defined constants (or CPP macros that resolve to integer constants). In the example above, the stencil descriptor is HALO_RK_D. See Section 0, for a details of a particular implementation of the WRF communication constructs using RSL.

7. I/O

I/O presents the greatest stumbling block to a software and data architecture that strives for independence with respect to machine architecture, institutional conventions, and application needs. Issues include parallel-I/O, data formats, and metadata formats and conventions. As with communications, WRF is insulated from the specifics of the I/O on a particular machine at a particular institution through the use of an application program interface, the WRF I/O API.

The I/O API presents a package-independent set of routines to the application layer above it (WRF model or other applications such as pre-/post-processors in the WRF system). The API routines are implemented using specific packages such as GRIB, netCDF, HDF, etc., but this is transparent to the WRF application. Likewise, parallel I/O packages such as MPI-I/O or vendor specific implementations are hidden by the I/O API.

A specification of the I/O API is in the WRF distribution file external/IOAPI.
7.1. Data Streams

The WRF model inputs or outputs data on four distinct data streams. These are initial data, restart data, boundary (lateral) data, and history data streams. These may be directed separately to different I/O packages/formats within the same model run.

7.2. I/O Architecture

The structure of the I/O mechanism within the WRF model software is layered to separate WRF framework concerns  from WRF model specific concerns and to insulate the model from package/format dependency. The architecture also provides for flexible run-time control over which packages/formats are used for a particular data stream. There are five distinct layers within the I/O mechanism: the driver layer, the mediation layer, the domain layer, the field layer, the package independent I/O API layer, and the package I/O API layer.

Driver I/O. The top-level, comprising flow of control over initialization and model-integration, is in the application-supplied main program (main/wrf.F) and the framework-supplied integration routine (integrate()  in frame/module_integrate.F). Control is very high level. In the case of the main routine, the calls are to mediation layer routines that perform all the I/O necessary to initialize the mother domain of the model (med_initialdata_input) and start up and shut down the I/O system. The integrate routine, which is supplied with the WRF framework, has four places to plug I/O into corresponding to different phases in the time-integration of a domain: before the start of a time step (integrate calls med_before_solve_io), after the completion of a time step (calls med_after_solve_io), when a new nest is instantiated (calls med_nest_initial_io), or after the end of a full series of time steps (calls med_last_solve_io). It is up to the mediation layer to implement these routines to perform the appropriate set of functions (or stub them) for the particular application implemented under the WRF framework.

Mediation I/O. This layer implements the high-level I/O operations that the driver layer invokes. At this level the code has become application specific but is still very high-level, dealing with operations to read and write “a domain” as a logical object on a selected data stream without specific knowledge of what fields or metadata that entails. The WRF routines that implement this layer are in the source files share/mediation_integrate.F and share/mediation_wrfmain.F.

Domain I/O. This layer implements the routines that perform I/O on a domain object to a particular data stream. These are defined in share/module_io_domain.F. Routines include input_initial, output_initial*, input_restart, output_restart, input_history*, output_history, input_boundary, and output_boundary(. There are also a series of routines that are used to input and output the five auxiliary input and five auxiliary history data streams if these are opened. The first set of these are: input_aux_model_inputn, output_aux_model_inputn, input_aux_histn, and output_aux_histn, where n is may be the number of the input or history auxiliary stream, 1 through 5. The high-level routines to open and close datasets for writing and reading, open_w_dataset and open_r_dataset, are also provided at this layer. They are considered high-level because in addition to opening and closing the datasets, they also contain logic to initialize datasets for formats that require it (e.g. netCDF).

Field I/O. This layer contains the routines that take a domain object as an argument and then generate the series of calls to input or output all the individual fields and metadata elements that constitute a dataset. The Registry auto-generates much of this code, which appears in these routines through include statements to registry-generated files in the inc directory (wrf_initialin.inc, wrf_initialout.inc, wrf_restartin.inc, wrf_restartout.inc, wrf_histin.inc, wrf_histout.inc, wrf_bdyin.inc, and wrf_bdyout.inc). The routines of this layer are defined in share/module_io_wrf.F.

Package-independent I/O API. This layer contains definitions of the subroutines specified in the WRF I/O API. Some of these are wrf_open_for_write_begin, wrf_open_for_write_commit, wrf_open_for_read, wrf_write_field, wrf_read_field, wrf_get_dom_ti_real, and so on. There are quite a few of these routines, most of which are for getting or putting metadata in different forms (see Section 7.4). These routines, defined in frame/module_io.F, are considered part of the WRF framework and have the wrf_ prefix in their names to distinguish them from package-dependent implementations of each routine (next layer down). The principal function of this layer is to select the package-dependent routine from the appropriate linked I/O package to call, based on the definition of the io_form_initial, io_form_restart, io_form_history, and io_form_boundary namelist variables. The association of io_form values with particular packages is specified in the Registry using rconfig and package entries (Sections 5.5 and 5.6).

Package-specific I/O API. This layer contains definitions of the subroutines specified in the WRF I/O API for a particular package. There may be a number of packages linked into the program. External packages are defined in the external/packagename subdirectory of the WRF distribution. The names are the same as above, except their names have a package specific prefix. External packages have the prefix ext_pkg where pkg specifies the particular package. For example, the netCDF implementation of the I/O API uses the prefix ext_ncd. HDF uses ext_hdf (a placeholder; HDF is not implemented yet). At present there are three placeholder package names, xxx, yyy, and zzz, which are included in the code but inactive (#ifdef’d out using CPP directives). There is also an internal-I/O package, which may be selected to input/output data in a fast, non-self-describing, machine specific intermediate format. The routine names in this package are prefixed with the string ‘int’.

 Opening a dataset at the domain I/O level

A WRF dataset is opened using the open_r_dataset or open_w_dataset routines. The form of open_r_dataset is:

open_r_dataset ( id , filename , grid , config_flags , sysdepinfo , ierr )

id argument is an integer handle that is returned by the open routine.

filename is a string with the name of the file to be opened

grid is the domain data structure of TYPE(domain) for which the dataset is to be opened

config_flags is the structure of configuration flags of TYPE (grid_config_rec_type; it is defined in module_configure)

sysdepinfo is a string of additional information that is needed by the open routine. It is a comma separated list of variable=value pairs and must specify one of:

             'DATASET=INPUT',

             'DATASET=AUXINPUT1',

             'DATASET=AUXINPUT2',

             'DATASET=AUXINPUT3',

             'DATASET=AUXINPUT4',

             'DATASET=AUXINPUT5',

             'DATASET=HISTORY',

             'DATASET=AUXHIST1',

             'DATASET=AUXHIST2',

             'DATASET=AUXHIST3',

             'DATASET=AUXHIST4',

             'DATASET=AUXHIST5',

             'DATASET=RESTART', or

             'DATASET=BOUNDARY',
indicating to the open mechanism which I/O stream is being opened.

The form of the open_w_dataset call is similar:

open_w_dataset ( id , filename , grid , config_flags , outsub, sysdepinfo , ierr )

except that it has an additional argument, outsub, which is the name of the output routine that will be used to write output to this dataset. This argument may be one of:

          



output_model_input,

output_aux_model_input1,

          


output_aux_model_input2,

          


output_aux_model_input3,

          


output_aux_model_input4,

          


output_aux_model_input5,

          


output_history,

output_aux_hist1,

          


output_aux_hist2,

          


output_aux_hist3,

          


output_aux_hist4,

          


output_aux_hist5,





output_restart, or





output_boundary.
These routines are defined in share/module_io_domain.F and call code automatically generated by the Registry to output state variables to the appropriate data stream.

Input or output to a dataset at the domain I/O level

Reading or writing a dataset on a particular I/O stream is accomplished using one of the following routines:

              

input_model_input

input_aux_model_input1

              

input_aux_model_input1

              

input_aux_model_input1

             

input_aux_model_input1

              

input_aux_model_input1





output_model_input

              

output_aux_model_input1

              

output_aux_model_input1

              

output_aux_model_input1

              

output_aux_model_input1

              

output_aux_model_input1

              

input_history

input_aux_hist1

              

input_aux_hist2

              

input_aux_hist3

              

input_aux_hist4

              

input_aux_hist5





output_history

              

output_aux_hist1

              

output_aux_hist2

              

output_aux_hist3

              

output_aux_hist4

              

output_aux_hist5





input_restart





output_restart





input_boundary





output_boundary


The form of the call to these is:

    CALL input_model_input ( fid , grid , config_flags , ierr ) and fid is the integer handle returned by the open routine, grid is the domain data structure being input or output, config_flags is the same as describe above, and ierr is the return code, which should be zero.

7.3. Adding a package

This section describes how to add a package implementing the WRF I/O API to the code, Registry, and build mechanism of the WRF code distribution. This discussion assumes that the package being added conforms to the Package-specific I/O API discussed in the preceding section and in detail in Section 7.4.

Adding source for package

A new subdirectory containing the package (libraries, source code, header files, make files, etc.) should be created in the external directory. The Makefile in the external directory should be edited to include a ‘clean’ and a ‘superclean’ action for the directory, following the pattern of actions already in that file.

Adding to build mechanism(easier option)
In the file arch/configure.defaults, edit the sets of rules for all machines the package is intended to run on. This involves adding a target and set of actions to compile the target and move include files to the link directory (use the wrfio_nf target as a pattern). The target should be added to the externals predicates on the right hand side of the colon for the externals target. The path to the linkable library (.a) or object (.o) files for the package in the external/packagename directory should be added to the LIB= macro definition, along with any other library paths the package may depend on. Add the definition -DXYZ to the CPPFLAGS= macro definition, where XYZ is a short name (3 letters is good but not required) for the package. The predefined names XXX, YYY, or ZZZ (must be capital) are available and implemented in the code as placeholders. The Registry names for these packages are io_xxx, io_yyy, and io_zzz (lower case). A different name can be used but this will require editing the files frame/module_io.F, frame/md_calls.m4, and Registry/Registry.

Adding to build mechanism (more flexible option)

Chose this option if you wish for the addition of the package to be under the control of the configure script in the top-level source directory. This is much more general, since it provides the ability to test a machine for the existence of a package before including it in the link. This requires modifying the configure script (Bourne shell) and the arch/Config.pl script (Perl). Please consult a WRF developer for additional information.

7.4. WRF I/O API 

The WRF I/O applications program interface (API) is a specification of the interface between the WRF model or other WRF application and the low level implementation that provides I/O and data-format services. Implementations of the WRF I/O API should conform to the functional and subroutine naming conventions that allow them to plug into the package-specific I/O API layer of the WRF I/O Architecture (Section 7.2). The naming convention simply specifies that the subroutine names listed in the API specification should have a package-specific prefix of the form ext_pkg_ . This allows for multiple I/O API packages to be linked into the application and selected at run-time and individually for each of the I/O data streams (Section 7.1). The calling and functional specification of the routines are listed in the subsections that follow. 

Some routines, those that perform input or output on time-varying data or metadata, accept two string arguments: the name of the variable/array and a timestamp. The variable name provides the name of the variable being read/written; the time stamp character string is the index into the series of values of the variable/array in the dataset. In WRF, this is a 23 character date string of the form “0000-01-01_00:00:00.0000” and is treated as a temporal index. An external implementation of the WRF I/O API is required to randomly access a dataset based on the name and timestamp pair specified in the argument list.
 

Data names and time stamps

From the point of view of a package implementing the I/O API, the timestamp string has no meaning or relationship with any other timestamp other than lexicographic: two strings are either the same or they are different; there is no meaning associated with the timestamp string. The interface does not do time comparisons but it is aware of  control breaks (change in the sequence of timestamps in the interface). The interface may also store a record of the sequence in which fields were written to a dataset and provide this information in a way that allows sequential traversal through the dataset but datasets are fundamentally random access by variable name and timestamp string. The interface may assume and expect that all the fields in a frame of data have the same date string and that on writing the calls to the interface to write them will have been called in consecutively.

Dimension names and specifications

Staggering

Staggered means with respect to mass-point coordinates. For example, in WRF the Eulerian height solver uses an Arakawa C-grid so that the U-velocity is staggered in X, the V-velelocity is staggered in Y, and the vertical velocity are staggered in Z. The stagger string is specified to the read_field and write_field using a string consisting of the characters X, Y, and/or Z that specifies which dimensions the field is staggered in (or the empty string if the variable is not staggered in any dimension).

Memory order

Fields have the property of memory order while in model memory; the order in the dataset is package dependent. This information is needed by the write_field and read_field in oder to move data between memory and dataset, possibly transposing the data in the process. The memory order string specifies the order of the dimensions (minor to major from left to right) of the field as it sits in program memory. The direction of the dimension depends on whether X, Y, or Z is capitalized.  Uppercase means ‘west to east’ in X, ‘south to north’ in Y, and ‘bottom to top’ in Z with ascending indices. The number of dimensions is implied from the string as well. 

	Full 2-D/3D Arrays
	1-D (Column) Arrays
	Non-decomposed
	Boundary 3-D
	Boundary 2-D

	‘XYZ’
	‘Z’
	‘C’
	‘XSZ’ (west)
	‘XS’ (west)

	‘XZY’
	
	
	‘XEZ’ (east)
	‘XE’ (east)

	‘ZXY’
	0-D (Scalars)
	
	‘YSZ’ (south)
	‘YS’ (south)

	‘XY’
	‘0’ (zero)
	
	‘YEZ’ (north)
	‘YE’ (north)

	‘YX’
	
	
	
	


Description and unit strings

Status codes.

All routines return an integer status argument, which is zero for success. Non-zero status codes are listed below and are defined by the package in an include file named wrf_status_codes.h and made available by the package build mechanism in the inc directory:

	WRF_NO_ERR
	No error

	WRF_ERR_WARN_FILE_NF
	File not found (or incomplete)

	WRF_ERR_WARN_MD_NF
	Metadata not found

	WRF_ERR_WARN_TIME_NF
	Timestamp not found

	WRF_ERR_WARN_TIME_EOF
	No more time stamps

	WRF_ERR_WARN_VAR_NF
	Variable not found

	WRF_ERR_WARN_VAR_EOF
	No more variables for the current time

	WRF_ERR_WARN_MORE_DATA_IN_FILE
	More data available than requested

	WRF_ERR_WARN_DATE_LT_LAST_DATE
	New date less than previous date

	WRF_ERR_WARN_TOO_MANY_FILES
	Too many files requested

	WRF_ERR_WARN_TYPE_MISMATCH
	Data type mismatch

	WRF_ERR_WARN_LENGTH_LESS_THAN_1
	Requested length <= 0

	WRF_ERR_WARN_WRITE_RONLY_FILE
	Attempt to write read only file

	WRF_ERR_WARN_READ_WONLY_FILE
	Attempt to read write only file

	WRF_ERR_WARN_NETCDF
	NetCDF error

	WRF_ERR_WARN_FILE_NOT_OPENED
	Attempt to access unopened file

	WRF_ERR_WARN_DATESTR_ERROR
	Badly formatted date string

	WRF_ERR_WARN_DRYRUN_READ
	Attempt at read during a dry run

	WRF_ERR_WARN_ZERO_LENGTH_GET
	Attempt to get zero words

	WRF_ERR_WARN_ZERO_LENGTH_PUT
	Attempt to put zero words

	WRF_ERR_WARN_2DRYRUNS_1VARIABLE
	Attempt to do 2 dry runs for 1 variable

	WRF_ERR_WARN_DATA_TYPE_NOT_FOUND
	Data type not found

	WRF_ERR_WARN_READ_PAST_EOF
	Attempt to read past EOF

	WRF_ERR_WARN_BAD_DATA_HANDLE
	Bad data handle

	WRF_ERR_WARN_WRTLEN_NE_DRRUNLEN
	Write length not equal dry run length

	WRF_ERR_WARN_DRYRUN_CLOSE
	Attempt to close file during a dry run

	WRF_ERR_WARN_DATESTR_BAD_LENGTH
	Date string not 19 characters in length

	WRF_ERR_WARN_ZERO_LENGTH_READ
	Attempt to read zero words

	WRF_ERR_WARN_TOO_MANY_DIMS
	More dimensions requested than dry run

	WRF_ERR_WARN_TOO_MANY_VARIABLES
	Too many variables requested

	WRF_ERR_WARN_COUNT_TOO_LONG
	Attempt to read too much data

	WRF_ERR_WARN_DIMENSION_ERROR
	Input dimensions inconsistemt

	WRF_ERR_WARN_BAD_MEMORYORDER
	Input MemoryOrder not recognized

	WRF_ERR_WARN_DIMNAME_REDEFINED
	A dimension name with 2 different lengths

	WRF_ERR_WARN_MD_AFTER_OPEN
	Attempt to write metadata after open commit

	WRF_ERR_WARN_CHARSTR_GT_LENDATA
	Requested string > than provided storage

	
	

	Fatal Errors:
	

	WRF_ERR_FATAL_ALLOCATION_ERROR
	Allocation error

	WRF_ERR_FATAL_DEALLOCATION_ERR
	Deallocation error

	WRF_ERR_FATAL_BAD_FILE_STATUS
	Bad file status

	WRF_ERR_FATAL_BAD_VARIABLE_DIM
	Variable on disk not 3D

	WRF_ERR_FATAL_MDVAR__NOT_1D
	Metadata variable on disk not 1D

	WRF_ERR_FATAL_TOO_MANY_TIMES
	Time dimension too small


7.4.1 Initialization and shutdown

SUBROUTINE wrf_pkg_ioinit( Status )

  INTEGER, INTENT(INOUT) :: Status

Synopsis:
       Initialize the WRF I/O system. 

SUBROUTINE wrf_pkg_ioexit( Status )

  INTEGER, INTENT(INOUT) :: Status

Synopsis:
   Shut down the WRF I/O system.

7.4.2 Opening and closing datasets

SUBROUTINE ext_pkg_open_for_read ( DatasetName , Comm , IOComm_io,      &

                                   SysDepInfo  , DataHandle   , Status )

  CHARACTER *(*), INTENT(IN)  :: DatasetName

  INTEGER       , INTENT(IN)  :: Comm , IOComm

  CHARACTER *(*), INTENT(IN)  :: SysDepInfo

  INTEGER       , INTENT(OUT) :: DataHandle

  INTEGER       , INTENT(OUT) :: Status
Synopsis:

   Opens a WRF dataset for reading using the I/O package pkg.

Arguments:



DatasetName:
The name of the dataset to be opened.



Comm:        
Communicator descriptor (MPI communicator) for the compute




processes.



IOComm:
Communicator descriptor (MPI communicator) for the IO




processes. A package may or may not actually use communicators 




or make a distinction between compute and I/O processor sets.



SysDepInfo:
A string-valued variable that provides a means to pass




additional control information to the I/O interface. The




format of the string is a comma-separated list of 




variable=value pairs. Currently the only control variable now 




supported is DATASET, which may have the allowable values 



RESTART, HISTORY, BOUNDARY, or INITIAL (capitals required).



For example, the WRF model will pass the string



'DATASET=INITIAL' to open an initial dataset. The package



implimenter may but is not required to do anything special



based on this information. This feature, combined with the WRF



I/O system's ability to open different I/O packages for



different data streams provides a great deal of flexibility to



customize I/O for a particular application or institution.


DataHandle:
Returned to the calling program to serve as a handle to the



Open dataset for subsequent I/O API operations.

SUBROUTINE ext_pkg_open_for_write_begin( DatasetName , Comm, IOComm,         &

                                         SysDepInfo, DataHandle , Status )

  CHARACTER *(*), INTENT(IN)  :: DatasetName

  INTEGER       , INTENT(IN)  :: Comm, IOComm

  CHARACTER *(*), INTENT(IN)  :: SysDepInfo

  INTEGER       , INTENT(OUT) :: DataHandle

  INTEGER       , INTENT(OUT) :: Status

Synopsis:

Begin data definition phase for the WRF dataset DatasetName using the I/O package Pkg.

Arguments:



DatasetName:
The name of the dataset to be opened.



Comm:        
Communicator descriptor (MPI communicator) for the compute




processes.



IOComm:
Communicator descriptor (MPI communicator) for the IO




processes. A package may or may not actually use communicators 




or make a distinction between compute and I/O processor sets.



SysDepInfo:
A string-valued variable that provides a means to pass




additional control information to the I/O interface. The




format of the string is a comma-separated list of 




variable=value pairs. Currently the only control variable now 




supported is DATASET, which may have the allowable values 



RESTART, HISTORY, BOUNDARY, or INITIAL (capitals required).



For example, the WRF model will pass the string



'DATASET=INITIAL' to open an initial dataset. The package



implimenter may but is not required to do anything special



based on this information. This feature, combined with the WRF



I/O system's ability to open different I/O packages for



different data streams provides a great deal of flexibility to



customize I/O for a particular application or institution.


DataHandle:
Returned to the calling program to serve as a handle to the



Open dataset for subsequent I/O API operations.

Description:

       There is significant performance advantage for netCDF and presumably other self-describing data format packages in going through a data-definition phase prior to writing data through the package. Thus, the open-for-write is a two-stage operation. A WRF dataset is first opened for data-definition, at which point the model calls the interface (predominantly the ext_pkg_write_field routine)  with a complete serious of writes such as would occur during the output of an actual frame of data;  however, no data is actually written. This is strictly for the purpose of “training” the interface. Interface implementations that don’t need training can ignore this by simply opening the dataset on the open-begin call and setting an internal flag that disables writing in the write_field routines. ext_pkg_open_for_write_begin  must be paired with an ext_pkg_open_for_write_commit .

SUBROUTINE ext_pkg_open_for_write_commit( DataHandle , Status )

  INTEGER ,       INTENT(IN ) :: DatasetHandle

  INTEGER ,       INTENT(OUT) :: Status

1. Synopsis:


End data definition phase.

Arguments:


DataHandle:
Descriptor for an open dataset.

Description:


This routine switches an internal flag to enable output. The call to

ext_pkg_open_for_write_commit must be paired with a call to ext_pkg_open_for_write_begin .

SUBROUTINE ext_pkg_inquire_opened( DataHandle, DatasetName , DatasetStatus, &           

                                   Status )

  INTEGER               ,INTENT(IN)     :: DataHandle

  INTEGER               ,INTENT(IN)     :: DatasetName

  CHARACTER*(*)         ,INTENT(OUT)    :: DatasetStatus

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Inquire if the dataset referenced by DataHandle is open.

Arguments:


DataHandle:

Descriptor for an open dataset.


DatasetName:
The name of the dataset.


DatasetStatus:
Returned status of the dataset. Zero = success. Non-zero status codes are listed below and 

are in the module wrf_data and made available by the package build mechanism in the inc  

directory.

WRF_FILE_NOT_OPENED

WRF_FILE_OPENED_NOT_COMMITTED

WRF_FILE_OPENED_AND_COMMITTED

WRF_FILE_OPENED_FOR_READ

Description:

This routine returns one of the four dataset status codes shown above. The status codes WRF_FILE_OPENED_NOT_COMMITTED and

WRF_FILE_OPENED_AND_COMMITTED refer to opening for write.

SUBROUTINE ext_ncd_ioclose( DataHandle, Status)

  INTEGER              ,INTENT(IN)  :: DataHandle

  INTEGER              ,INTENT(OUT) :: Status

Synopsis:


Close the dataset referenced by DataHandle.

Arguments:


DataHandle:

Descriptor for an open dataset.

Writing metadata on output

As mentioned above, the WRF I/O API employs a dryrun technique for informing the interface of the contents of an output frame. It is important to note, however, that the writing of metadata through the WRF I/O API is not included in this dryrun. Metadata is only written after the dryrun is concluded and the open operation committed. In addition, and primarily for output efficiency, the metadata should only be written to a dataset once.

7.4.3 Reading and Writing a Field

The subroutines that read and write data are:

SUBROUTINE ext_pkg_write_field ( DataHandle , DateStr , VarName ,       &

                                 Field , FieldType , Comm , IOComm      &

                                 DomainDesc , MemoryOrder , Stagger ,   &

                                 DimNames ,                             &

                                 DomainStart , DomainEnd ,              &                     

                                 MemoryStart , MemoryEnd ,              &                     

                                 PatchStart , PatchEnd ,                &                  

                                 Status )

  INTEGER                       ,INTENT(IN)    :: DataHandle 

  CHARACTER*(*)                 ,INTENT(IN)    :: DateStr

  CHARACTER*(*)                 ,INTENT(IN)    :: VarName

  type                          ,INTENT(IN)    :: Field(*)

  INTEGER                       ,INTENT(IN)    :: FieldType

  INTEGER                       ,INTENT(INOUT) :: Comm

  INTEGER                       ,INTENT(INOUT) :: IOComm

  INTEGER                       ,INTENT(IN)    :: DomainDesc

  CHARACTER*(*)                 ,INTENT(IN)    :: MemoryOrder

  CHARACTER*(*)                 ,INTENT(IN)    :: Stagger

  CHARACTER*(*) , DIMENSION (*) ,INTENT(IN)    :: DimNames

  INTEGER ,DIMENSION(*)         ,INTENT(IN)    :: DomainStart, DomainEnd

  INTEGER ,DIMENSION(*)         ,INTENT(IN)    :: MemoryStart, MemoryEnd

  INTEGER ,DIMENSION(*)         ,INTENT(IN)    :: PatchStart,  PatchEnd

  INTEGER                       ,INTENT(OUT)   :: Status

Synopsis:


Write the variable named VarName to the dataset pointed to by DataHandle.

Arguments:


DataHandle:

Descriptor for an open dataset.

DateStr:

A string providing the timestamp for the variable to be written. 

VarName: 

A string containing the name of the variable to be written.

Field:

A pointer to the variable to be written.

FieldType:

The Fortran data type of  the variable to be written. 



Comm:

Communicator descriptor (MPI communicator) for the compute





processes.



IOComm:

Communicator descriptor (MPI communicator) for the IO




processes. A package may or may not actually use 




communicators or make a distinction between compute and I/O




processor sets.

DomainDesc:
Additional argument that may be used to pass a communication package specific domain 

descriptor. 

MemoryOrder:
Field attribute, see the beginning of Section 7.4
Stagger:

Field attribute, see the beginning of Section 7.4.

DimNames:

Field attribute, see the beginning of Section 7.4.

DomainStart:

Field attribute, see the beginning of Section 7.4.

DomainEnd:

Field attribute, see the beginning of Section 7.4.

MemoryStart:
Field attribute, see the beginning of Section 7.4.

MemoryEnd:

Field attribute, see the beginning of Section 7.4.

PatchStart,:

Field attribute, see the beginning of Section 7.4.

PatchEnd :

Field attribute, see the beginning of Section 7.4.

Description:

This routine applies only to a dataset that is either opened but not committed in which case it’s a training write and no data will actually be written, or open and committed in which case data will be written.  This routine writes the variable named VarName in location Field to the dataset pointed to by DataHandle at time DateStr.

SUBROUTINE ext_pkg_read_field  ( DataHandle , DateStr , VarName ,       &

                                 Field , FieldType , Comm , IOComm      &

                                 DomainDesc , MemoryOrder , Stagger ,   &

                                 DimNames ,                             &

                                 DomainStart , DomainEnd ,              &                     

                                 MemoryStart , MemoryEnd ,              &                     

                                 PatchStart , PatchEnd ,                &                  

                                 Status )

  INTEGER                       ,INTENT(IN)    :: DataHandle 

  CHARACTER*(*)                 ,INTENT(IN)    :: DateStr

  CHARACTER*(*)                 ,INTENT(IN)    :: VarName

  type                          ,INTENT(IN)    :: Field(*)

  INTEGER                       ,INTENT(IN)    :: FieldType

  INTEGER                       ,INTENT(INOUT) :: Comm

  INTEGER                       ,INTENT(INOUT) :: IOComm

  INTEGER                       ,INTENT(IN)    :: DomainDesc

  CHARACTER*(*)                 ,INTENT(IN)    :: MemoryOrder

  CHARACTER*(*)                 ,INTENT(IN)    :: Stagger

  CHARACTER*(*) , DIMENSION (*) ,INTENT(IN)    :: DimNames

  INTEGER ,DIMENSION(*)         ,INTENT(IN)    :: DomainStart, DomainEnd

  INTEGER ,DIMENSION(*)         ,INTENT(IN)    :: MemoryStart, MemoryEnd

  INTEGER ,DIMENSION(*)         ,INTENT(IN)    :: PatchStart,  PatchEnd

  INTEGER                       ,INTENT(OUT)   :: Status

Synopsis:


Read the variable named VarName from the dataset pointed to by DataHandle.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.

DateStr:

A string providing the timestamp for the variable to be read. 

VarName: 

A string containing the name of the variable to be read.

Field:

A pointer to a location into which the variable will be read. 

FieldType:

The Fortran data type of  the variable to be read. 



Comm:

Communicator descriptor (MPI communicator) for the compute





processes.



IOComm:

Communicator descriptor (MPI communicator) for the IO




processes. A package may or may not actually use 




communicators or make a distinction between compute and I/O




processor sets.

DomainDesc:
Additional argument that may be used to pass a communication package specific domain 

descriptor. 

MemoryOrder:
Field attribute, see the beginning of Section 7.4
Stagger:

Field attribute, see the beginning of Section 7.4.

DimNames:

Field attribute, see the beginning of Section 7.4.

DomainStart:

Field attribute, see the beginning of Section 7.4.

DomainEnd:

Field attribute, see the beginning of Section 7.4.

MemoryStart:
Field attribute, see the beginning of Section 7.4.

MemoryEnd:

Field attribute, see the beginning of Section 7.4.

PatchStart,:

Field attribute, see the beginning of Section 7.4.

PatchEnd :

Field attribute, see the beginning of Section 7.4.

Description:

This routine applies only to a dataset that is open for read.   This routine reads the variable named VarName from the dataset pointed to by DataHandle, at time DateStr, and puts the result into Field.

SUBROUTINE ext_pkg_get_next_var(DataHandle, VarName, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(OUT)    :: VarName

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


This routine returns the name of the next variable

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


VarName: 

A string returning the name of the next variable.

Description:


This routine applies only to a dataset that is open for read.  For the time stamp that is set, the name of the next variable is returned in VarName.  Each set of variables has a time stamp associated with it which can be set using  ext_pkg_set_time.  Once the variable name is returned in VarName, the value of VarName can be read with ext_pkg_read_field.

SUBROUTINE ext_pkg_end_of_frame(DataHandle, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:

       Must be placed after a frame is written or read.


On write: Write an end-of-frame marker onto the dataset.


On read: Block until the entire frame is read.

Arguments:


DataHandle:

Descriptor for a dataset that is open.

Description:

The wrf  I/O API is optimized (but not required) to write all the output variables in order at each output time step.  All the output variables at a time step are called a frame.  After a frame is written, ext_pkg_read_field must be called which can (but is not required to) write an end-of-file mark. The end-of-file marks allow for buffering of the output.  This only applies to write_field and read_field.  For writing, if buffering is specified in the SysDepInfo argument of ext_pkg_open_for_write_begin, then the frame will be accumulated in a buffer for output when ext_pkg_end_of_frame is called.  For reading, if buffering is specified in the SysDepInfo argument of ext_pkg_open_for_read, then read-ahead will be performed on the frame and ext_pkg_end_of_frame will block until the read of the frame is completed. 

SUBROUTINE ext_pkg_iosync(DataHandle, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:

       Synchronize the disk copy of a dataset with inmemory buffers.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.

Description:

This routine is currently implemented for netCDF only.  It calls NF_SYNC.

SUBROUTINE ext_pkg_inquire_filename(DataHandle, Filename, FileStatus, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  INTEGER               ,INTENT(OUT)    :: Filename

  INTEGER               ,INTENT(OUT)    :: FileStatus

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:

       Returns the Filename and FileStatus associated with DataHandle.

Arguments:


DataHandle:

Descriptor for a dataset that is open.


Filename:

The file name associated with DataHandle


FileStatus:

The status of the file associated with DataHandle.

SUBROUTINE ext_pkg_get_var_info(DataHandle, VarName, Ndim, MemoryOrder, DomainStart, DomainEnd, Status)

  INTEGER               ,INTENT(IN)    :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)    :: VarName 

  INTEGER               ,INTENT(OUT)   :: NDim

  CHARACTER*(*)         ,INTENT(OUT)    :: MemoryOrder

  INTEGER ,DIMENSION(*) ,INTENT(OUT)    :: DomainStart, DomainEnd

  INTEGER               ,INTENT(OUT)   :: Status

Synopsis:


Get information about a variable.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.

VarName: 

A string containing the name of the variable to be read.

Ndim:

The number of dimensions of the field data.

MemoryOrder:
Field attribute, see the beginning of Section 7.4
DomainStart:

Field attribute, see the beginning of Section 7.4.

DomainEnd:

Field attribute, see the beginning of Section 7.4.

Description:


This routine applies only to a dataset that is open for read.  This routine returns the number of dimensions, the memory order, and the start and stop indices of the data.

7.4.4 Time routines

SUBROUTINE ext_pkg_set_time(DataHandle, DateStr, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: DateStr

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Sets the time stamp.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


DateStr:

The time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”.

Description:


This routine applies only to a dataset that is open for read.  This routine sets the time stamp to DateStr.  The time stamp character string is the index into the series of values of the variable/array in the dataset. In WRF, this is a 23 character date string of the form “0000-01-01_00:00:00.0000” and is treated as a temporal index.

SUBROUTINE ext_pkg_get_next_time(DataHandle, DateStr, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(OUT)    :: DateStr 

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Returns the next time stamp.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


DateStr:

Returned time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”.

Description:


This routine applies only to a dataset that is open for read.  This routine returns the next time stamp in DateStr.  The time stamp character string is the index into the series of values of the variable/array in the dataset. In WRF, this is a 23 character date string of the form “0000-01-01_00:00:00.0000” and is treated as a temporal index.

7.4.5 Get time independent attribute of a variable: get_var_ti_type family

This family of functions gets a time independent attribute of a variable of attribute type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_get_var_ti_char (DataHandle, Element, Var, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_get_var_ti_type (DataHandle, Element, Var, Data, Count, OutCount, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(*)         ,INTENT(IN)     :: Var

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUY)    :: OutCount

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Read attribute “Element” of the variable “Var” from the dataset and store in the array Data.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.

Var


Name of the variable to which the attribute applies


Data:

Array in which to return the data.


Count:

The number of words requested.


OutCount:

The number of words returned.

Description:


These routines apply only to a dataset that is open for read.  They attempt to read Count words of the time independent attribute “Element” of the variable “Var” from the dataset and store in the array Data.  OutCount is the number of words returned. If the number of words available is greater than or equal to Count then OutCount is equal to Count, otherwise Outcount is the number of words available.

7.4.6 Write time independent variable attribute: put_var_ti_type family

This family of functions writes a time independent attribute of a variable of attribute type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_put_var_ti_char (DataHandle, Element, Var, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_put_var_ti_type (DataHandle, Element, Var, Data, Count, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(*)         ,INTENT(IN)     :: Var

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Write attribute “Element” of variable “Var” from array Data to the dataset.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.

Var


Name of the variable to which the attribute applies


Data:

Array holding the data to be written.


Count:

The number of words to be written.

Description: 


These routines apply only to a dataset that is opened and committed.  They write Count words of the time independent attribute “Element” of the variable “Var” stored in the array Data to the dataset pointed to by DataHandle.  

7.4.7 Get time dependent variable attribute at a specified time: get_type family

This family of functions gets a variable attribute at a specified time where the attribute is of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_get_var_td_char (DataHandle, Element, DateStr, Var, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_get_var_td_type (DataHandle, Element, DateStr, Var, Data, Count, OutCount, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(DateStrLen),INTENT(IN)     :: DateStr

  CHARACTER*(*)         ,INTENT(IN)     :: Var

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUY)    :: OutCount

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Read attribute “Element” of the variable “Var” at time “DateStr” from the dataset and store in the array Data.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


DateStr

Time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”

Var


Name of the variable to which the attribute applies


Data:

Array in which to return the data.


Count:

The number of words requested.


OutCount:

The number of words returned.

Description:


These routines apply only to a dataset that is open for read.  They attempt to read Count words of the attribute “Element” of the variable “Var” at time “DateStr” from the dataset and store in the array Data.  OutCount is the number of words returned. If the number of words available is greater than or equal to Count then OutCount is equal to Count, otherwise Outcount is the number of words available.

7.4.8 Write a time dependent variable attribute at a specified time: put_var_td_type family

This family of functions writes a variable attribute at a specified time where the attribute is of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_put_var_td_char (DataHandle, Element, DateStr, Var, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_put_var_td_type (DataHandle, Element, DateStr, Var, Data, Count, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(DateStrLen),INTENT(IN)     :: DateStr

  CHARACTER*(*)         ,INTENT(IN)     :: Var

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Write attribute “Element” of the variable “Var” at time “DateStr” from the array Data to the dataset.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


DateStr

Time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”

Var


Name of the variable to which the attribute applies


Data:

Array in which to return the data.


Count:

The number of words requested.

Description: 


These routines apply only to a dataset that is either open and not committed or open and committed.  If the dataset is opened and not committed then the storage area on the dataset is set up but no data is written to the dataset.  If the dataset is open and committed then data is written to the dataset. These routines write Count words of the attribute “Element” of the variable “Var” at time “DateStr” from the array Data to the dataset.  

7.4.9 Get time independent domain metadata: get_dom_ti_type family

This family of functions gets time independent domain metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_get_dom_ti_char (DataHandle, Element, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_get_dom_ti_type (DataHandle, Element, Data, Count, OutCount, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUY)    :: OutCount

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Reads time independent domain metadata named “Element” from the dataset into the array Data.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


Data:

Array in which to return the data.


Count:

The number of words requested.


OutCount:

The number of words returned.

Description:


These routines apply only to a dataset that is open for read.  They attempt to read Count words of time independent domain metadata named “Element” into the array Data from the dataset pointed to by DataHandle.  OutCount is the number of words returned. If the number of words available is greater than or equal to Count then OutCount is equal to Count, otherwise Outcount is the number of words available.

7.4.10 Write time independent domain metadata: put_dom_ti_type family

This family of functions writes time independent domain metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_put_dom_ti_char (DataHandle, Element, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_put_dom_ti_type (DataHandle, Element, Data, Count, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Write time independent domain attribute “Element” from the array Data to the dataset.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


Data:

Array holding the data.


Count:

The number of words to write.

Description:


These routines apply only to a dataset that is open and committed.  They write Count words of time independent domain metadata named “Element” from the array Data to the dataset pointed to by DataHandle.

7.4.11 Get time dependent domain metadata: get_dom_td_type family

This family of functions gets time dependent domain metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_get_dom_td_char (DataHandle, Element, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_get_dom_td_type (DataHandle, Element, Data, Count, OutCount, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(*)         ,INTENT(IN)     :: DateStr

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUY)    :: OutCount

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Reads domain metadata named “Element” at time DateStr from the dataset into the array Data.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


DateStr:

Time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”


Data:

Array in which to return the data.


Count:

The number of words requested.


OutCount:

The number of words returned.

Description:


These routines apply only to a dataset that is open for read.  They attempt to read Count words of domain metadata named “Element, at time DateStr, into the array Data from the dataset pointed to by DataHandle.  OutCount is the number of words returned. If the number of words available is greater than or equal to Count then OutCount is equal to Count, otherwise Outcount is the number of words available.

7.4.12 Write time dependent domain metadata: put_dom_td_type family

This family of functions writes time dependent domain metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_put_dom_td_char (DataHandle, Element, DateStr, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_put_dom_td_type (DataHandle, Element, DateStr, Data, Count, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(*)         ,INTENT(IN)     :: DateStr

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:


Write time dependent domain attribute “Element” from the array Data to the dataset.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


DateStr:

Time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”


Data:

Array holding the data.


Count:

The number of words to write.

Description:


These routines apply only to a dataset that is open and committed.  They write Count words of time dependent domain metadata named “Element”, at time DateStr, from the array Data to the dataset pointed to by DataHandle.

7.4.13 Get time independent global metadata: get_glb_ti_type family

NOT UIMPLEMENTED – SUBJECT TO CHANGE

This family of functions gets time independent global metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_get_glb_ti_char (DataHandle, Element, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_get_glb_ti_type (DataHandle, Element, Data, Count, OutCount, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUY)    :: OutCount

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis: NOT IMPLEMENTED – SUBJECT TO CHANGE


Reads time independent global metadata named “Element” from the dataset into the array Data.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


Data:

Array in which to return the data.


Count:

The number of words requested.


OutCount:

The number of words returned.

Description:


These routines apply only to a dataset that is open for read.  They attempt to read Count words of time independent global metadata named “Element” into the array Data from the dataset pointed to by DataHandle.  OutCount is the number of words returned. If the number of words available is greater than or equal to Count then OutCount is equal to Count, otherwise Outcount is the number of words available.

7.4.14 Write time independent global metadata: put_glb_ti_type family

NOT IMPLEMENTED – SUBJECT TO CHANGE

This family of functions writes time independent global metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_put_glb_ti_char (DataHandle, Element, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_put_glb_ti_type (DataHandle, Element, Data, Count, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis: NOT IMPLEMENTED – SUBJECT TO CHANGE


Write time independent global attribute “Element” from the array Data to the dataset.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


Data:

Array holding the data.


Count:

The number of words to write.

Description:


These routines apply only to a dataset that is open and committed.  They write Count words of time independent global metadata named “Element” from the array Data to the dataset pointed to by DataHandle.

7.4.15 Get time dependent global metadata: get_glb_td_type family

NOT IMPLEMENTED – SUBJECT TO CHANGE

This family of functions gets time dependent global metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_get_glb_td_char (DataHandle, Element, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_get_glb_td_type (DataHandle, Element, Data, Count, OutCount, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(*)         ,INTENT(IN)     :: DateStr

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUY)    :: OutCount

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis: NOT IMPLEMENTED – SUBJECT TO CHANGE


Reads global metadata named “Element” at time DateStr from the dataset into the array Data.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


DateStr:

Time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”


Data:

Array in which to return the data.


Count:

The number of words requested.


OutCount:

The number of words returned.

Description:


These routines apply only to a dataset that is open for read.  They attempt to read Count words of global metadata, at time DateStr, named “Element” into the array Data from the dataset pointed to by DataHandle.  OutCount is the number of words returned. If the number of words available is greater than or equal to Count then OutCount is equal to Count, otherwise Outcount is the number of words available.

7.4.16 Write time dependent global metadata: put_glb_td_type family

NOT IMPLEMENTED – SUBJECT TO CHANGE

This family of functions writes time dependent global metadata of type type where type can be:

   real, real8, integer, logical, character

If type is character, then the function has the form:

SUBROUTINE ext_pkg_put_glb_td_char (DataHandle, Element, DateStr, Data, Status)

Otherwise it has the form:

SUBROUTINE ext_pkg_put_glb_td_type (DataHandle, Element, DateStr, Data, Count, Status)

  INTEGER               ,INTENT(IN)     :: DataHandle

  CHARACTER*(*)         ,INTENT(IN)     :: Element

  CHARACTER*(*)         ,INTENT(IN)     :: DateStr

  type


    ,INTENT(OUT)    :: Data(*) 

  INTEGER               ,INTENT(IN)     :: Count

  INTEGER               ,INTENT(OUT)    :: Status

Synopsis:

        NOT IMPLEMENTED – SUBJECT TO CHANGE


Write time dependent global attribute “Element” from the array Data to the dataset.

Arguments:


DataHandle:

Descriptor for a dataset that is open for read.


Element:

The name of the data.


DateStr:

Time stamp; a 23 character date string of the form “0000-01-01_00:00:00.0000”


Data:

Array holding the data.


Count:

The number of words to write.

Description:


These routines apply only to a dataset that is open and committed.  They write Count words of time dependent global metadata named “Element”, at time DateStr, from the array Data to the dataset pointed to by DataHandle.

8. Advanced topics

8.1. Using WRF framework with other models

8.2. Using WRF model with other frameworks
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Procedure INTEGRATE ( grid , start step , end step )


FOR current step ( start_step to end step


If current step is time to open a nest, open and initialize a nest


If current step is time to deactivate nest, deactivate


If current step is time to do domain output, output domain


Advance grid one time step (call SOLVE)


FOREACH active nest associated with grid


Recursive CALL integrate ( nest , (current step-1)*nest ratio, current step * nest ratio )








head_grid%input_from_file = .true.


IF ( head_grid%input_from_file ) THEN


   CALL init_wrfio


   CALL open_r_dataset ( fid, 'wrfinput', head_grid )


   CALL input_domain ( fid,   head_grid , config_flags )


   CALL close_dataset ( fid )


   CALL open_w_dataset ( head_grid%oid, 'wrfoutput', head_grid )


   head_grid%write_metadata = .true.


   CALL output_domain ( head_grid%oid, head_grid , config_flags )


ENDIF


CALL init_domain ( head_grid )








SUBROUTINE wrf_dm_halo ( domdesc , comms , stencil_id )


   USE module_dm


   IMPLICIT NONE


   INTEGER domdesc , comms(*) , stencil_id


   CALL rsl_exch_stencil ( domdesc , comms( stencil_id ) )


   RETURN


END SUBROUTINE wrf_dm_halo








CALL patch_domain( new_grid%id  , new_grid%domdesc ,   &


                   parent_id, parent_domdesc ,         &


                   sd1 , ed1 , sp1 , ep1 , sm1 , em1 , &


                   sd2 , ed2 , sp2 , ep2 , sm2 , em2 , &


                   sd3 , ed3 , sp3 , ep3 , sm3 , em3 , &


                   sd4 , ed4 , sp4 , ep4 , sm4 , em4 , &


                   bdyzone_x  , bdyzone_y )








  INTEGER, PARAMETER :: PASSIVEQV = 0


  INTEGER, PARAMETER :: KESSLERSCHEME = 1


  INTEGER, PARAMETER :: LINSCHEME = 2





  SELECT CASE(config_flags%mp_physics)  ! select microphysics based on namelist


        CASE (KESSLERSCHEME)


             CALL kessler( th_phy,                       &


                     moist_new(ims,kms,jms,P_QV),        &


                     moist_new(ims,kms,jms,P_QC),        &


                     moist_old(ims,kms,jms,P_QC),        &


                     moist_new(ims,kms,jms,P_QR),        &


                     moist_old(ims,kms,jms,P_QR),        &


                     rho, pi_phy, RAINNC, dt, z,         &


                     ids,ide, jds,jde, kds,kde,          &


                     ims,ime, jms,jme, kms,kme,          &


                     its,ite, jts,jte, kts,kte           )


        CASE (LINSCHEME)


             CALL lin_et_al( th_phy,                     &


               . . .


      CASE DEFAULT 


         WRITE(6,*) ' no microphysics for n_moist = ',n_moist


         WRITE(6,*) ' error stop in subroutine microphyscis '


         STOP


  END SELECT





  package   passiveqv     mp_physics==0          -             moist:qv


  package   kesslerscheme mp_physics==1          -             moist:qv,qc,qr


  package   linscheme     mp_physics==2          -             moist:qv,qc,qr,qi,qs,qg


  rconfig   integer       mp_physics      namelist,namelist_04     max_domains          0











Incorrect:


IF ( wrf_on_monitor() ) THEN


  ! code that executes only on monitor process


  current_date = '0000-01-01_00:00:00.0000'


  CALL wrf_dm_bcast_string ( current_date , 19 )


END IF


Correct:


IF ( wrf_on_monitor() ) THEN


  ! code that executes only on monitor process


  current_date = '0000-01-01_00:00:00.0000'


END IF 


CALL wrf_dm_bcast_string ( current_date , 19 )





CALL get_s_we( domain_id , sd1 )


CALL get_e_we( domain_id , ed1 )


CALL get_s_vert( domain_id , sd2 )


CALL get_e_vert( domain_id , ed2 )


CALL get_s_sn( domain_id , sd3 )


CALL get_e_sn( domain_id , ed3 )





mpirun –np 4 wrf.exe








externals: ../external/RSL/RSL/librsl.a


           ( /bin/cp ../external/RSL/module_dm.F . )





! Assign domain dimensions


ids = sd31 ; ide = ed31


jds = sd33 ; jde = ed33


kds = sd32 ; kde = ed32


! Assign memory dimensions


ims = sm31 ; ime = em31


jms = sm33 ; jme = em33


kms = sm32 ; kme = em32


! Assign patch dimensions


ips = sp31 ; ipe = ep31


jps = sp33 ; jpe = ep33


kps = sp32 ; kpe = ep32








CALL set_tiles ( grid )


num_tiles = grid%num_tiles


i_start => grid%i_start


i_end   => grid%i_end


j_start => grid%j_start


j_end   => grid%j_end


  . . .


!$OMP PARALLEL DO   &


!$OMP PRIVATE ( ij )





DO ij = 1 , num_tiles





   CALL rk2_step_prep ( config_flags,                          & ! model layer config flags


                        ru_2, rv_2, rom_2, rtp_2, rrp_2, rr_2, & ! state and I1 data


                        u_2, v_2, rw_2, w_2, rt_2, t_2, tp_2,  &


                        moist_2,                               &


                        rtb, rrb, pb, pib, pp, pip,            &


                        zx, zy, msft, zeta_z, z_zeta,          &


                        fzm, fzp, cf1, cf2, cf3,               &


                        num_3d_m,                              &


                        ids, ide, jds, jde, kds, kde,          & ! domain dimensions


                        ims, ime, jms, jme, kms, kme,          & ! memory dimensions


                        i_start(ij), i_end(ij),                & ! tile dimensions


                        j_start(ij), j_end(ij),                & !  “


                        k_start, k_end                         ) !  “


 END DO








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


!


!         *                     *


!       * + *      * + *        +


!         *                     *


!


! rrp_2   x


! rr_2    x


! ru_m               x


! ru_2               x


! rv_m                          x


! rv_2                          x


!  need these to 1) fill out advecting velocity, to 2) decouple ru, rv


!  and 3) need ru_m and rv_m for scalar advection


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


   CALL wrf_dm_halo( grid%domdesc , grid%comms , HALO_RK_D)














� The WRF model itself does not use subtypes; however, this was added to accommodate other Fortran90 programs that may be incorporated into the WRF framework in the future; for example, 3DVAR.


� When the field is an entry in a 4D array, the field name specified as the Sym entry (see above) is used to produce a symbolic (integer variable) index into the fourth dimension of the array.  This symbol is P_<symname> and is defined in the registry-generated include file inc/scalar_indices.inc.  Mediation and model layer subroutines may use these indices to access specific fields from the 4D arrays provided that the symname is also specified with a package (see Package Table) and the package is turned on via the namelist. Otherwise, no space is allocated in the 4D array for the field and the P_<symname> variable is set to an invalid value (=1) and should not be used.  


� In the current WRF framework these arrays are declared 4D: the first dimension is the maximum of the two horizontal dimensions, the second dimension is the width of the boundary, (an integer namelist variable named spec_bdy_width -- user must define in Registry), and the third is the number of vertical layers (1 for 2D data).  The fourth dimension is the index over boundaries: 1=boundary at start of X dimension (typically the west boundary), 2=boundary at end of X dimension (east), 3=boundary at start of Y dimension (south), and boundary at end of Y dimension (north). The boundary indices are defined as integer parameters P_XSB, P_XEB, P_YSB, and P_YEB in the file frame/module_state_description.F, which is generated by the registry.


( These domain-layer routines are provided for use by pre- and post-processors but are not called by the WRF model itself.


� The exception to this random access requirement is for an internal/intermediate I/O format, in which self-description may be replaced with order write-order dependence for the purpose of efficiency or expediency within a particular institution or application. There is one built-in format and these routines are prefixed with the name int_.





�PAGE \# "'Page: '#'�'"  ��This is now implemented as a C program, not PERL
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�PAGE \# "'Page: '#'�'"  ��This has been changed. MM5 I/O compatibility is no longer supported. Io_form=2 provides NetCDF I/O; io_form=1 provides I/O in machine-specific binary format (in this format some of the functionality of the interface – specifically, direct-access is not supported and rather, the file must be read in the order it was written, although all I/O is still through the I/O API. This binary implementation of the I/O API was installed at the request of NCEP, for efficiency. Another addition to WRF I/O since the draft was written is the option to write history and restart data  atsynchronously through dedicated I/O servers – again for output efficiency. For more up-to-date information on the WRF I/O mechanism, please see � HYPERLINK "http://www.wrf-model.org" ��www.wrf-model.org� 
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