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1 Whatis the Earth System Modeling Framework?

The Earth System Modeling Framework (ESMF) is a suite ofveafé tools for developing high-performance, multi-
component Earth science modeling applications. Such egifins may include a few or dozens of components
representing atmospheric, oceanic, terrestrial, or githgsical domains, and their constituent processes (dyasmi
chemical, biological, etc.). Often these components aveldped by different groups independently, and must be
“coupled” together using software that transfers and fanss data among the components in order to form functional
simulations.

ESMF supports the development of these complex applicatioa number of ways. It introduces a set of simple,
consistent componentinterfaces that apply to all typeswifonents, including couplers themselves. These intesfac
expose in an obvious way the inputs and outputs of each coempolh offers a variety of data structures for transferring
data between components, and libraries for regriddinge taivancement, and other common modeling functions.
Finally, it provides a growing set of tools for using metad#&t describe components and their input and output
fields. This capability is important because componentsaha self-describing can be integrated more easily into
automated workflows, model and dataset distribution antysisgortals, and other emerging “semantically enabled”
computational environments.

ESMF is not a single Earth system model into which all compésieust fit, and its distribution doesn’t contain
any scientific code. Rather it provides a way of structurioghponents so that they can be used in many differ-
ent user-written applications and contexts with minimaleonodification, and so they can be coupled together in
new configurations with relative ease. The idea is to creaeyncomponents across a broad community, and so to
encourage new collaborations and combinations.

ESMF offers the flexibility needed by this diverse user baseés tested nightly on more than two dozen plat-
form/compiler combinations; can be run on one processdraudands; supports shared and distributed memory pro-
gramming models and a hybrid model; can run components atiglhg (on all the same processors) or concurrently
(on mutually exclusive processors); and supports singéew@able or multiple executable modes.

ESMF'’s generality and breadth of function can make it daunfor the novice user. To help users navigate
the software, we try to apply consistent names and behawioughout and to provide many examples. The large-
scale structure of the software is straightforward. Thiies and data structures for building modeling compogent
are called the ESMinfrastructure The coupling interfaces and drivers are calledghperstructure User code sits
between these two layers, making calls to the infrastrediioraries underneath and being scheduled and synchobnize
by the superstructure above. The configuration resemblasdwsch, as shown in Figuié 1.

ESMF users may choose to extensively rewrite their codeski advantage of the ESMF infrastructure, or they
may decide to simply wrap their components in the ESMF suipmtsire in order to utilize framework coupling
services. Either way, we encourage users to contact ouosuggan if questions arise about how to best use the
software, or how to structure their application. ESMF is enthhan software; it's a group of people dedicated to
realizing the vision of a collaborative model developmearhmunity that spans insitutional and national bounds.

2 The ESMF Reference Manual for Fortran

ESMF has a complete set of Fortran interfaces and some Gaoésr ThisEESMF Reference Manu# a listing of
ESMF interfaces for Fortreh.

Interfaces are grouped by class. A class is comprised ofateeahd methods for a specific concept like a physical
field. Superstructure classes are listed first in Miéual followed by infrastructure classes.

The major classes in the ESMF superstructure are Compgnenith usually represent large pieces of function-
ality such as atmosphere and ocean models, and States, arkithe data structures used to transfer data between
Components. There are both data structures and utilitidseife SMF infrastructure. Data structures include multi-
dimensional Arrays, Fields that are comprised of an Array arGrid, and collections of Arrays and Fields called
ArrayBundles and FieldBundles, respectively. There aitiytbraries for data decomposition and communications
time management, logging and error handling, and appticatbnfiguration.

1Since the customer base for it is small, we have not yet peepacomprehensive reference manual for C.
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Figure 1. Schematic of the ESMF “sandwich” architecture.e Ttamework consists of two parts, an upper level
superstructure layer and a lower levehfrastructure layer. User code is sandwiched between these two layers.

ESMF Superstructure
AppDriver
Component Classes: GridComp, CplComp, State

User Code

ESMF Infrastructure
Data Classes: Bundle, Field, Grid, Array
Utility Classes: Clock, LogErr, DELayout, VM, Config

3 How to Contact User Support and Find Additional Informatio n

The ESMF team can answer questions about the interfacesypeedn this document. For user support, please contact
esmf_support@list.woc.noaa.gov.

The website, http://www.earthsystemmodeling.org, ptevinore information of the ESMF project as a whole.
The website includes release notes and known bugs for eastornef the framework, supported platforms, project
history, values, and metrics, related projects, the ESMRagament structure, and more. TB8MF User’s Guide
contains build and installation instructions, an overviefiithe ESMF system and a description of how its classes
interrelate (this version of the document correspondsedakt public version of the framework). Also available on
the ESMF website is tHESMF Developer’s Guidthat details ESMF procedures and conventions.

4 How to Submit Comments, Bug Reports, and Feature Requests

We welcome input on any aspect of the ESMF project. Send igmsstand comments to
esmf_support@list.woc.noaa.gov.

5 Conventions

5.1 Typeface and Diagram Conventions

The following conventions for fonts and capitalization ased in this and other ESMF documents.
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Style Meaning Example

italics documents ESMF Reference Manual
courier code fragments ESMF_TRUE

courier() ESMF method name ESMF_FieldGet()

boldface first definitions Anaddress spacss ...
boldface web links and tabs  Developerstab on the website
Capitals ESMF class name DataMap

ESMF class names frequently coincide with words commongdusithin the Earth system domain (field, grid,
component, array, etc.) The convention we adopt in this mkisuthat if a word is used in the context of an ESMF
class name itis capitalized, and if the word is used in a meneal context it remains in lower case. We would write,
for example, that an ESMF Field class represents a physidl fi

Diagrams are drawn using the Unified Modeling Language (UMUNIL is a visual tool that can illustrate the
structure of classes, define relationships between clasedsdescribe sequences of actions. A reader interested in
more detail can refer to a text such®se Unified Modeling Language Reference Man{20]

5.2 Method Name and Argument Conventions

Method names begin withSMF , followed by the class name, followed by the name of the dperaeing performed.
Each new word is capitalized. Although Fortran interfaceswt case-sensitive, we use case to help parse multi-word
names.

For method arguments that are multi-word, the first word vgelocase and subsequent words begin with upper
case. ESMF class names (including typed flags) are an egoeptihen multi-word class names appear in argument
lists, all letters after the first are lower case. The firdeleis lower case if the class is the first word in the argument
and upper case otherwise. For example, in an argumentdidDi ayout class name may appeadatayout or
srcDelayout

Most Fortran calls in the ESMF are subroutines, with anyrretd values passed through the interface. For the
sake of convenience, some ESMF calls are written as furgction

A typical ESMF call looks like this:

call ESMF_<ClassName><Operation>(classname, firstArgu ment,
secondArgument, ..., rc)

where
<ClassName> is the class name,
<Operation> is the name of the action to be performed,
classname is a variable of the derived type associated with the class,
thearg = arguments are whatever other variables are required fapbmtion,
andrc is a return code.
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6 The ESMF Application Programming Interface

The ESMF Application Programming Interface (API) is basadh® object-oriented programming concept ofass

A class is a software construct that is used for grouping @fetlated variables together with the subroutines and
functions that operate on them. We use classes in ESMF betiaers help to organize the code, and often make it
easier to maintain and understand. A particular instaneectdss is called aobject. For example, Field is an ESMF
class. An actual Field callegmperature is an object. Thatis about as far as we will go into softwagiregering
terminology.

The Fortran interface is implemented so that the variabdssa@ated with a class are stored in a derived type.
For example, aeSMF_Field derived type stores the data array, grid information, anthdata associated with a
physical field. The derived type for each class is stored inr&r&n module, and the operations associated with each
class are defined as module procedures. We use the Forttaneieaf generic functions and optional arguments
extensively to simplify our interfaces.

The modules for ESMF are bundled together and can be acce#ibeslsingleUSEstatementUSE ESMF

6.1 Standard Methods and Interface Rules

ESMF defines a set of standard methods and interface rulelsdlibacross the entire API. These are:

e ESMF_<Class>Create() and ESMF_<Class>Destroy() , for creating and destroying objects
of ESMF classes that require internal memory managementalledc ESMF deep classes). The
ESMF_<Class>Create() = method allocates memory for the object itself and for irdérariables, and ini-
tializes variables where appropriate. Itis always writisra Fortran function that returns a derived type instance
of the class, i.e. an object.

e ESMF _<Class>Set() and ESMF_<Class>Get() , for setting and retrieving a particular item or flag.
In general, these methods are overloaded for all cases wheridéem can be manipulated as a name/value
pair. If identifying the item requires more than a name, orthé class is of sufficient complexity
that overloading in this way would result in an overwhelmingmber of options, we define specific
ESMF_<Class>Set<Something>() andESMF_<Class>Get<Something>() interfaces.

e ESMF_<Class>Add() , ESMF_<Class>AddReplace() ESMF_<Class>Remove() , and
ESMF_<Class>Replace() , for manipulating objects of ESMF container classes - sisdBSMF_State
andESMF_FieldBundle . For example, th&ESMF_FieldBundleAdd() = method adds another Field to an
existing FieldBundle object.

e ESMF_<Class>Print() , for printing the contents of an object to standard out. Thi&thod is mainly
intended for debugging.

e ESMF_<Class>ReadRestart() andESMF_<Class>WriteRestart() , for saving the contents of a
class and restoring it exactly. Read and write restart nustiave not yet been implemented for most ESMF
classes, so where necessary the user needs to write redteas themselves.

e ESMF_<Class>Validate() , for determining whether a class is internally consisteror example,
ESMF_FieldValidate() validates the internal consistency of a Field object.

6.2 Deep and Shallow Classes

The ESMF contains two types of classes.

Deepclasses requirESMF_<Class>Create() = andESMF_<Class>Destroy()  calls. They involve mem-
ory allocation take significant time to set up (involving mammanagement) and should not be created in a time-
critical portion of code. Deep objects persist even afterrttethod in which they were created has returned. Most
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classes in ESMF, including GridComp, CplComp, State, BiekleldBundles, Arrays, ArrayBundles, Grids, and
Clocks, fall into this category.

Shallow classes do not posseEBSMF_<Class>Create() = andESMF_<Class>Destroy()  calls. They
are simply declared and their values set usinge®MF_<Class>Set() call. Examples of shallow classes are
Time, Timelnterval, and ArraySpec. Shallow classes do ake tong to set up and can be declared and set within a
time-critical code segment. Shallow objects stop existihgn the method in which they were declared has returned.

An exception to this is when a shallow object, such as a Tiegtorred in a deep object such as a Clock. The Clock
then carries a copy of the Time in persistent memory. The Tinteallocated with th&SMF_ClockDestroy()
call.

See Sectioh 10, Overall Design and Implementation Notesa forief discussion of deep and shallow classes
from an implementation perspective. For an in-depth loakeatdesign and inter-language issues related to deep and
shallow classes, see tB&SSMF Implementation Report

6.3 Special Methods

The following are special methods which, in one case, areired by any application using ESMF, and in the other
case must be called by any application that is using ESMF @oents.

e ESMF _Initialize() andESMF_Finalize() are required methods that must bracket the use of ESMF
within an application. They manage the resources requaedrt ESMF and shut it down gracefully. ESMF
does not support restarts in the same executable, E8MF_Initialize() should not be called after
ESMF_Finalize()

e ESMF_<Type>Complnitialize() , ESMF_<Type>CompRun(), and
ESMF_<Type>CompFinalize() are component methods that are used at the highest levelnwith
ESMF. <Type> may be<Grid> , for Gridded Components such as oceans or atmosphere§m» , for
Coupler Components that are used to connect them. The ¢mftémese methods is not part of the ESMF.
Instead the methods call into associated subroutinesmwither code.

6.4 The ESMF Data Hierarchy

The ESMF APl is organized around an hierarchy of classestratin model data. The operations that are performed
on model data, such as regridding, redistribution, and hpttates, are methods of these classes.
The main data classes in ESMF, in order of increasing coritp)exe:

e Array An ESMF Array is a distributed, multi-dimensional arrayttlcan carry information such as its type,
kind, rank, and associated halo widths. It contains a rafex¢o a native Fortran array.

e ArrayBundle An ArrayBundle is a collection of Arrays, not necessarilgtdbuted in the same manner. It is
useful for performing collective data operations and comitations.

e Field A Field represents a physical scalar or vector field. It cmista reference to an Array along with grid
information and metadata.

e FieldBundle A FieldBundle is a collection of Fields discretized on thensagrid. The staggering of data points
may be different for different Fields within a FieldBundleike the ArrayBundle, it is useful for performing
collective data operations and communications.

e StateA State represents the collection of data that a Compon#h@reiequires to run (an Import State) or can
make available to other Components (an Export State). SStaéy contain references to Arrays, ArrayBundles,
Fields, FieldBundles, or other States.
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e Component A Component is a piece of software with a distinct functionSME- currently recognizes two
types of Components. Components that represent a physioadid or process, such as an atmospheric model,
are called Gridded Components since they are usually dizedeon an underlying grid. The Components
responsible for regridding and transferring data betweedddd Components are called Coupler Components.
Each Component is associated with an Import and an Expas.SEmmponents can be nested so that simpler
Components are contained within more complex ones.

Underlying these data classes are native language arr&FRllows you to reference an existing Fortran array
to an ESMF Array or Field so that ESMF data classes can belyaattbduced into existing code. You can perform
communication operations directly on Fortran arrays tgtothe VM class, which serves as a unifying wrapper for
distributed and shared memory communication libraries.

6.5 ESMF Spatial Classes

Like the hierarchy of model data classes, ranging from timgpke to the complex, ESMF is organized around an hierar-
chy of classes that represent different spaces associ#ted somputation. Each of these spaces can be manipulated,
in order to give the user control over how a computation isceted. For Earth system models, this hierarchy starts
with the address space associated with the computer anadsxie the physical region described by the application.
The main spatial classes in ESMF, from those closest to thenimato those closest to the application, are:

e TheVirtual Machine, or VM The ESMF VM is an abstraction of a parallel computing envinent that en-
compasses both shared and distributed memory, single alidoone systems. Its primary purpose is resource
allocation and management. Each Component runs in its ownuéiig the resources it defines. The elements
of a VM arePersistent Execution Threadsor PETSs, that are executing iNirtual Address Spaces or VASSs.

A simple case is one in which every PET is associated with glesiMPI process. In this case every PET is
executing in its own private VAS. If Components are nestieel parent component allocates a subset of its PETs
to its children. The children have some flexibility, subjexthe constraints of the computing environment, to
decide how they want to use the resources associated wifPEfe they've received.

e DELayout A DELayout represents a data decomposition (we also refénisoas a distribution). Its basic
elements ar®ecomposition Elementsor DEs. A DELayout associates a set of DEs with the PETs in a VM.
DEs are not necessarily one-to-one with PETSs. For caché&ibipoor user-managed multi-threading, more DEs
than PETs may be defined. Fewer DEs than PETs may also be défamealpplication requires it.

¢ DistGrid A DistGrid represents the index space associated with a trisl a useful abstraction because often
a full specification of grid coordinates is not necessarydfing data communication patterns. The DistGrid
contains information about the sequence and connectifijata points, which is sufficient information for
many operations. Arrays are defined on DistGrids.

e Array An Array defines how the index space described in the DistiSr@gsociated with the VAS of each PET.
This association considers the type, kind and rank of thexed data. Fields are defined on Arrays.

e Grid A Grid is an abstraction of a physical space. It associatesoadinate system, a set of coordinates, and
a topology to a collection of grid cells. Grids in ESMF are qoised of DistGrids plus additional coordinate
information.

e Field A Field may contain more dimensions than the Grid that it ésdbtized on. For example, for convenience
during integration, a user may want to define a single FieJdailthat holds snapshots of data at multiple times.
Fields also keep track of the stagger location of a Field gatat within its associated Grid cell.

6.6 ESMF Maps

In order to define how the index spaces of the spatial clagdaterto each other, we require either implicit rules
(in which case the relationship between spaces is definecetaull), or special Map arrays that allow the user to
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specify the desired association. The form of the specifioat usually that the position of the array element carries
information about the first object, and the value of the aekyment carries information about the second object.
ESMF includes @istGridToArrayMap ,agridToFieldMap , adistGridToGridMap , and others.

6.7 ESMF Specification Classes

It can be useful to make small packets of descriptive pararseESMF has one of these:

e ArraySpec, for storing the specifics, such as type/kind/rank, of aayarr

6.8 ESMF Utility Classes
There are a number of utilities in ESMF that can be used inugg®ly. These are:

Attributes, for storing metadata about Fields, FieldBundles, Stated other classes.

TimeMgr, for calendar, time, clock and alarm functions.

LogErr, for logging and error handling.

Config, for creating resource files that can replace namelists aagistent way of setting configuration param-
eters.

7 Overall Rules and Behavior

7.1 Local and Global Views and Associated Conventions

ESMF data objects such as Fields are distributed over DES,easich DE getting a portion of the data. Depending on
the task, a local or global view of the object may be prefexalvl a local view, data indices start with the first element
on the DE and end with the last element on the same DE. In algl@yg there is an assumed or specified order to the
set of DEs over which the object is distributed. Data inditast with the first element on the first DE, and continue
across all the elements in the sequence of DEs. The lastri#ga represents the number of elements in the entire
object. The DistGrid provides the mapping between localglotal data indices.

The convention in ESMF is that entities with a global view éao prefix. Entities with a DE-local (and in some
cases, PET-local) view have the prefix “local.”

Just as data is distributed over DEs, DEs themselves carstrdodied over PETS. This is an advanced feature for
users who would like to create multiple local chunks of d&daalgorithmic or performance reasons. Local DEs are
those DEs that are located on the local PET. Local DE labeliwgys starts at 0 and goes to localDeCount-1, where
localDeCount is the number of DEs on the local PET. Global DEbers also start at 0 and go to deCount-1. The
DELayout class provides the mapping between local and g@Baxumbers.

7.2 Allocation Rules

The basic rule of allocation and deallocation for the ESMmisoever allocates it is responsible for deallocating it.

ESMF methods that allocate their own space for data will [deate that space when the object is de-
stroyed. Methods which accept a user-allocated buffer, érample ESMF_FieldCreate() with the
ESMF_DATACOPY_REFERENIGH, will not deallocate that buffer at the time the objectiestroyed. The user
must deallocate the buffer when all use of it is complete.

Classes such as Fields, FieldBundles, and States may heagsAFields, Grids and FieldBundles created exter-
nally and associated with them. These associated itemadestroyed along with the rest of the data object since it
is possible for the items to be added to more than one datatadija time (e.g. the same Grid could be part of many
Fields). It is the user’s responsibility to delete thesmiavhen the last use of them is done.
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7.3 Assignment, Equality, Copying and Comparing Objects

The equal sign assignment has not been overloaded in ESMd-réisulting in the standard Fortran behavior. This
behavior has been documented as the first entry in the APIndectation section for each ESMF class. For deep
ESMF objects the assignment results in setting an aliashinesame ESMF object in memory. For shallow ESMF
objects the assignment is essentially a equivalent to a abihe object. For deep classes the equality operators have
been overloaded to test for the alias condition as a coumtrtg the assignment behavior. This and the not equal
operator are documented following the assignemnt in thesaddel documentation sections.

Deep object copies are implemented as a special varianteoE8MF_<Class>Create() = methods. It
takes an existing deep object as on of the required argumerAs this point not all deep classes have
ESMF_<Class>Create() = methods that allow object copy.

Due to the complexity of deep classes there are many aspéets egomparing two objects of the same class.
ESMF provideESMF_<Class>Match() methods, which are functions that return a class specificmféag. At
this point not all deep classes hawa8MF_<Class>Match() methods that allow deep object comparison.

7.4 Attributes

Attributes are (name, value) pairs, where the name is a cterstring and the value can be either a single value or list
of integer ,real , double precision ,logical , orcharacter values. Attributes can be associated with
Fields, FieldBundles, and States. Mixed types are not aibim a single attribute, and all attribute names must be
unigue within a single object. Attributes are set by name,@mn be retrieved either directly by name or by querying
for a count of attributes and retrieving names and valuestéx number.

8 Integrating ESMF into Applications

Depending on the requirements of the application, the usgrwant to begin integrating ESMF in either a top-down
or bottom-up manner. In the top-down approach, tools at tiperstructure level are used to help reorganize and
structure the interactions among large-scale componerikgiapplication. It is appropriate when interoperabikity

a primary concern; for example, when several differentivassor implementations of components are going to be
swapped in, or a particular component is going to be used itiptfeucontexts. Another reason for deciding on a
top-down approach is that the application contains legadg that for some reason (e.qg., intertwined functions, very
large, highly performance-tuned, resource limitatiohs)¢ is little motivation to fully restructure. The supeusture

can usually be incorporated into such applications in a Wayis non-intrusive.

In the bottom-up approach, the user selects desired esil{iata communications, calendar management, perfor-
mance profiling, logging and error handling, etc.) from tH&ME infrastructure and either writes new code using
them, introduces them into existing code, or replaces thetionality in existing code with them. This makes sense
when maximizing code reuse and minimizing maintenancesdsst goal. There may be a specific need for function-
ality or the component writer may be starting from scratche Talendar management utility is a popular place to
start.

8.1 Using the ESMF Superstructure

The following is a typical set of steps involved in adoptihg ESMF superstructure. The first two tasks, which occur
before an ESMF call is ever made, have the potential to be t® difficult and time-consuming. They are the work
of splitting an application into components and ensurirag tach component has well-defined stages of execution.
ESMF aside, this sort of code structure helps to promoteegifun clarity and maintainability, and the effort putant

it is likely to be a good investment.

1. Decide how to organize the application as discrete Gddaled Coupler Components. This might involve
reorganizing code so that individual components are cjeseparated and their interactions consist of a minimal
number of data exchanges.
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. Divide the code for each componentinto initialize, rurg éinalize methods. These methods can be multi-phase,
e.g.,init_1, init_ 2

. Pack any data that will be transferred between compoirgot& SMF Import and Export State data structures.
This is done by first wrapping model data in either ESMF ArraiyBields. Arrays are simpler to create and use
than Fields, but carry less information and have a moredichiinge of operations. These Arrays and Fields
are then added to Import and Export States. They may be paakedrrayBundles or FieldBundles first, for
more efficient communications. Metadata describing theehddta can also be added. At the end of this step,
the data to be transferred between components will be in gpaonand largely self-describing form.

. Pack time information into ESMF time management datagiras.

. Using code templates provided in the ESMF distributiorate ESMF Gridded and Coupler Components to
represent each component in the user code.

. Write a set services routine that sets ESMF entry pointedch user component’s initialize, run, and finalize

methods.

7. Run the application using an ESMF Application Driver.

9 Master List of Constants

9.1 ESMF_ALARMLIST
This flag is documented in sectibn 4112.1.

9.2 ESMF_DIM_ARB

DESCRIPTION:

An integer named constant which is used to indicate thatticpéar dimension is arbitrarily distributed.
9.3 ESMF_ATTGETCOUNT

This flag is documented in sectibn 35]5.1.

9.4 ESMF_ATTRECONCILE

DESCRIPTION:

Indicate whether or not to handle metadata (Attribute §$MF_StateReconcile()
The type of this flag is:
type(ESMF_AttReconcileFlag)
The valid values are:

ESMF_ATTRECONCILE_ON Attribute reconciliation will be turned on.
ESMF_ATTRECONCILE_OFF Attribute reconciliation will be turned off.

9.5 ESMF _ATTTREE
This flag is documented in sectibn 35]5.2.

9.6 ESMF_ATTWRITE
This flag is documented in sectibn 3515.3.
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9.7 ESMF_CALKIND
This flag is documented in sectibn 37]2.1.

9.8 ESMF_COMPTYPE

DESCRIPTION:

Indicate the type of a Component.
The type of this flag is:
type(ESMF_CompType_Flag)
The valid values are:

ESMF_COMPTYPE_GRID A ESMF_GridCompobiject.
ESMF_COMPTYPE_CPL A ESMF_CplCompobijects.

9.9 ESMF_CONTEXT

DESCRIPTION:

Indicates the type of VM context in which a Component will keeuting its standard methods.
The type of this flag is:
type(ESMF_Context_Flag)
The valid values are:

ESMF_CONTEXT_OWN_VM The componentis running in its own, separate VM contextoRe=es are inherited
from the parent but can be arranged to fit the component’snegents.

ESMF_CONTEXT_PARENT_VM The component uses the parent’s VM for resource managei@entpared to
components that use their own VM context components thafiridhe parent's VM context are more light-
weight with respect to the overhead of calling into theitialize, run and finalize methods. Furthermore, VM-
specific properties remain unchanged when going from thenpaomponent to the child component. These
properties include the MPI communicator, the number of REies PET labeling, communication attributes,
threading-level.

9.10 ESMF_COORDSYS
This flag is documented in sectibn 2712.1.

9.11 ESMF_COPY

DESCRIPTION:

Indicates which type of copy behavior is used when copyinijIESbjects.
The type of this flag is:
type(ESMF_Copy_Flag)
The valid values are:

ESMF_COPY_ALIAS The destination of the copy becomes an alias of the soureebbj
ESMF_COPY_REFERENCE All local data of the object is coped by value, and pointeuedldata is referenced.
ESMF_COPY_VALUE All data and pointers are copied to the destination objeathing is referenced.
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9.12 ESMF_DATACOPY

DESCRIPTION:

Indicates whether to reference a data item or make a copy of it
The type of this flag is:
type(ESMF_DataCopy_Flag)
The valid values are:

ESMF_DATACOPY_VALUE Copy the data item to another buffer.
ESMF_DATACOPY_REFERENCE Reference the data item.

9.13 ESMF_DECOMP

DESCRIPTION:

Indicates how DistGrid elements are decomposed over DEs.
The type of this flag is:
type(ESMF_Decomp_Flag)
The valid values are:

ESMF_DECOMP_BALANCED Decompose elements as balanced as possible across DEs.aXmeum differ-
ence in number of elements per DE is 1, with the extra elenwntse lower DEs.

ESMF_DECOMP_CYCLIC Decompose elements cyclically across DEs.

ESMF_DECOMP_DEFAULT Use default decomposition  behavior. Currently  equal to
ESMF_DECOMP_BALANCED

ESMF_DECOMP_RESTFIRST Divide elements over DEs. Assign the rest of this divisiothfirst DE.
ESMF_DECOMP_RESTLAST Divide elements over DEs. Assign the rest of this divisioth®last DE.

9.14 ESMF_DIRECTION
This flag is documented in sectibn 40]2.1.

9.15 ESMF_DISTGRIDMATCH
This flag is documented in sectibn 3112.1.

9.16 ESMF_END
This flag is documented in sectibn 1412.1.

9.17 ESMF_FIELDSTATUS
This flag is documented in sectibn 22]2.1.

9.18 ESMF_FILEFORMAT
This flag is documented in sectibn 2912.2.
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9.19 ESMF_GEOMTYPE

DESCRIPTION:

Different types of geometries upon which an ESMF Field or BESheldbundle may be built.
The type of this flag is:
type(ESMF_GeomType_Flag)
The valid values are:

ESMF_GEOMTYPE_GRID An ESMF_Grid, a structured grid composed of one or more kdlyicectangular tiles
ESMF_GEOMTYPE_MESH An ESMF_Mesh, an unstructured grid

ESMF_GEOMTYPE_XGRID An ESMF_XGrid, an exchange grid

ESMF_TYPEKIND_LOCSTREAM An ESMF_LocStream, a disconnected series of points witbca®ed key

values

9.20 ESMF_GRIDCONN
This flag is documented in sectibn 2712.2.

9.21 ESMF_GRIDITEM
This flag is documented in sectibn 2712.3.

9.22 ESMF_GRIDMATCH
This flag is documented in sectibn 2712.4.

9.23 ESMF_GRIDSTATUS
This flag is documented in sectibn 2712.5.

9.24 ESMF_INDEX

DESCRIPTION:

Indicates whether index is local (per DE) or global (per obje
The type of this flag is:
type(ESMF_Index_Flag)
The valid values are:

ESMF_INDEX_DELOCAL Indicates that DE-local index space starts at lower bourat #dch DE.

ESMF_INDEX_GLOBAL Indicates that global indices are used. This means thatio&-Index space starts at the
global lower bound for each DE.

ESMF_INDEX_USER Indicates that the DE-local index bounds are explicitlytsethe user.
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9.25 ESMF_IOFMT

DESCRIPTION:

Indicates IO format options that are currently supported.
The type of this flag is:
type(ESMF_IOFmtFlag)
The valid values are:

ESMF_IOFMT_BIN Binary format.
ESMF_IOFMT_NETCDF NETCDF and PNETCDF format.

9.26 ESMF_KIND

DESCRIPTION:
Named constants to be usedkasd-parametein Fortran variable declarations. For example:

integer(ESMF_KIND _14) .. integerVariable
integer(kind=ESMF_KIND_I4) :: integerVariable
real(ESMF_KIND_R4) :: realVariable
real(kind=ESMF_KIND_R4) :: realVariable

The Fortran standard does not mandate what numeric valuesspond to actual number of bytes allocated for the
various kinds. The following constants are defined by ESMBdaorrect across the supported Fortran compilers.
Note that not all compilers support every kind listed belowparticular 1 and 2 byte integers can be problematic.

The type of these named constants is:

integer

The named constants are:

ESMF_KIND_I1 Kind-parameter for 1 byte integer.
ESMF_KIND_I2 Kind-parameter for 2 byte integer.
ESMF_KIND_I4 Kind-parameter for 4 byte integer.
ESMF_KIND_I8 Kind-parameter for 8 byte integer.
ESMF_KIND_R4 Kind-parameter for 4 byte real.
ESMF_KIND_R8 Kind-parameter for 8 byte real.

9.27 ESMF_LOGERR
This flag is documented in sectibn 4312.1.

9.28 ESMF_LOGKIND
This flag is documented in sectibn 43]2.2.

9.29 ESMF_LOGMSG
This flag is documented in sectibn 43]2.3.

9.30 ESMF_MESHELEMTYPE
This flag is documented in sectibn 2912.1.
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9.31 ESMF_METHOD

DESCRIPTION:

Specify standard ESMF Component method.
The type of this flag is:
type(ESMF_Method_Flag)

The valid values are:

ESMF_METHOD_FINALIZE  Finalize method.
ESMF_METHOD_INITIALIZE  Initialize method.
ESMF_METHOD_READRESTART ReadRestart method.
ESMF_METHOD_RUN Run method.
ESMF_METHOD_WRITERESTART WriteRestart method.

9.32 ESMF_PIN
This flag is documented in sectibn 4412.1.

9.33 ESMF_POLEMETHOD
This flag is documented in sectibn 22]2.2.

9.34 ESMF_POLEKIND
This flag is documented in sectibn 2712.6.

9.35 ESMF_REDUCE

DESCRIPTION:

Indicates reduce operation
The type of this flag is:
type(ESMF_Reduce_Flag)
The valid values are:

ESMF_REDUCE_SUM Use arithmetic sum to add all data elements.
ESMF_REDUCE_MIN Determine the minimum of all data elements.
ESMF_REDUCE_MAX Determine the maximum of all data elements.

9.36 ESMF_REGION

DESCRIPTION:

Specifies various regions in the data layout of an Array oldrogject.
The type of this flag is:
type(ESMF_Region_Flag)
The valid values are:

ESMF_REGION_TOTAL Total allocated memory.
ESMF_REGION_SELECT Region of operation-specific elements.
ESMF_REGION_EMPTY The empty region contains no elements.
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9.37 ESMF_REGRIDMETHOD
This flag is documented in sectibn 22]2.3.

9.38 ESMF_ROUTESYNC
DESCRIPTION:

Switch between blocking and non-blocking execution of Rélandle based communication calls. Every
RouteHandle based communication method contains an @btamgumentroutesyncflag that is of type
ESMF_RouteSync_Flag .

The type of this flag is:

type(ESMF_RouteSync_Flag)

The valid values are:

ESMF_ROUTESYNC_BLOCKING Execute a precomputed communication pattern in blockinden@his mode
guarantees that when the method returns all PET-local datafers, both in-bound and out-bound, have fin-
ished.

ESMF_ROUTESYNC_NBSTART Start executing a precomputed communication pattern irbhocking mode.
When a method returns from being called in this mode, it guaes that all PET-local out-bound data
has been transferred. It is now safe for the user to overwritebound data elements. No guarantees
are made for in-bound data elements at this stage. It is ernsafccess these elements until a call in
ESMF_ROUTESYNC _NBTESTFINISHode has been issued and has returned fivitbhedflag equal
to .true., or a call rESMF_ROUTESYNC_NBWAITFINISHode has been issued and has returned.

ESMF_ROUTESYNC_NBTESTFINISH Test whether the transfer of data of a precomputed commitimricpat-
tern, started wittESMF_ROUTESYNC_NBSTAR@&s completed. Finish up as much as possible and set the
finishedflag to.true. if all data operations have completed,fatse. if there are still outstanding
transfers. Only after éinishedflag equal to.true. has been returned is it safe to access any of the
in-bound data elements.

ESMF_ROUTESYNC_NBWAITFINISH Wait (i.e. block) until the transfer of data of a precomputedchmunica-
tion pattern, started wittSMF_ROUTESYNC_NBSTAR#&s completed. Finish wgll data operations and set
the returnedinishedflag to.true. . Itis safe to access any of the in-bound data elements orazath
has returned.

ESMF_ROUTESYNC_CANCEL Cancel outstanding transfers for a precomputed commiioicaattern.

9.39 ESMF_SERVICEREPLY
This flag is documented in sectibn 44]2.2.

9.40 ESMF_STAGGERLOC
This flag is documented in sectibn 2712.7.

9.41 ESMF_STARTREGION

DESCRIPTION:

Specifies the start of the effective halo region of an Arraffietd object.
The type of this flag is:
type(ESMF_StartRegion_Flag)
The valid values are:
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ESMF_STARTREGION_EXCLUSIVE Region of elements that are exclusively owned by the local DE
ESMF_STARTREGION_COMPUTATIONAL User defined region, greater or equal to the exclusive region

9.42 ESMF_STATEINTENT
This flag is documented in sectibn 17]2.1.

9.43 ESMF_STATEITEM
This flag is documented in sectibn 17]2.2.

9.44 ESMF_SYNC

DESCRIPTION:
Indicates method blocking behavior and PET synchroniadtioVM communication methods, as well as for standard
Component methods, such as Initialize(), Run() and Figliz

For VM communication calls thESMF_SYNC_BLOCKINendESMF_SYNC_NONBLOCKIM@des provide
behavior that is practically identical to the blocking armhrblocking communication calls familiar from MPI.

The details of how the blocking mode setting affects Compbmethods are more complex. This is a consequence
of the fact that ESMF Components can be executed in threadeohsthreaded mode. However, in the default, non-
threaded case, where an ESMF application runs as a pure Niidiani program, most of the complexity is removed.

See the/M item in[6.5 for an explanation of the PET and VAS concepts irsélae following descriptions.

The type of this flag is:

type(ESMF_Sync_Flag)

The valid values are:

ESMF_SYNC_BLOCKING Communication calls:The called method will block until all (PET-)local operat®
are complete. After the return of a blocking communicatiatimod it is safe to modify or use all participating
local data.

Component callsThe called method will block until all PETs of the VM have coleted the operation.

For a non-threaded, pure MPI component the behavior isichrtb calling a barrier before returning from
the method. Generally this kind of rigid synchronizatiomig the desirable mode of operation for an MPI
application, but may be useful for application debuggimghle opposite case, where all PETs of the component
are running as threads in shared memory, i.e. in a single $#&i8t synchronization of all PETs is required to
prevent race conditions.

ESMF_SYNC_VASBLOCKING Communication callsNot available for communication calls.

Component callsThe called method will block each PET until all operationshia PET-local VAS have com-
pleted.

This mode is a combination @SMF_SYNC_BLOCKIN&ndESMF_SYNC_NONBLOCKIM@des. It pro-
vides a default setting that leads to the typically desedddhavior for pure MPI components as well as those
that share address spaces between PETSs.

For a non-threaded, pure MPI component each PET returnpémdient of the other PETs. This is generally
the expected behavior in the pure MPI case where callingar@omponent method is practically identical to a
subroutine call without extra synchronization betweengtozesses.

In the case where some PETs of the component are running a&sadthrin shared memory
ESMF_SYNC_VASBLOCKINS&comes identical t8e SMF_SYNC_BLOCKIN®ithin thread groups, to pre-
vent race conditions, while there is no synchronizatiomieen the thread groups.

42



ESMF_SYNC_NONBLOCKING Communication callsThe called method will not block but returns immediately
after initiating the requested operation. It is unsafe talifyoor use participating local data before all local
operations have completed. Use 88MF_VMCommWait()or ESMF_VMCommQueueWait()method to
block the local PET until local data access is safe again.

Component callsThe behavior of this mode is fundamentally different foredmied and non-threaded compo-
nents, independent on whether the components use sharearypn@mmot. TheESMF_SYNC_NONBLOCKING
mode is the most complex mode for calling component methadsshould only be used if the extra control,
described below, is absolutely necessary.

For non-threaded components (the ESMF default) caling ampoment method with
ESMF_SYNC_NONBLOCKIMNGdentical to calling it wittESMF_SYNC_VASBLOCKINBowever, different
than forESMF_SYNC_VASBLOCKING call toESMF_GridCompWait() or ESMF_CplCompWait() is
required in order to deallocate memory internally alloddta theESMF_SYNC_NONBLOCKIM@®de.

For threaded components the calling PETs of the parent coemavill not be blocked and return immediately
after initiating the requested child component method.hia $cenario parent and child components will run
concurrently in identical VASs. This is the most complex raaxf operation. It is unsafe to modify or use
VAS local data that may be accessed by concurrently runrngponents until the child component method
has completed. Use the approprie@®@MF_GridCompWait() or ESMF_CplCompWait() method to block
the local parent PET until the child component method hasptetad in the local VAS.

9.45 ESMF_TYPEKIND

DESCRIPTION:
Named constants used to indicate type and kind combinasiopgorted by the overloaded ESMF interfaces. The
corresponding Fortran kind-parameter constants areidesidn sectioii 9.26.

The type of these named constants is:

type(ESMF_TypeKind_Flag)

The named constants are:

ESMF_TYPEKIND 11 Indicates 1 byte integer.
ESMF_TYPEKIND_12 Indicates 2 byte integer.
ESMF_TYPEKIND_14 Indicates 4 byte integer.
ESMF_TYPEKIND 18 Indicates 8 byte integer.
ESMF_TYPEKIND_ R4 Indicates 4 byte real.
ESMF_TYPEKIND_RS8 Indicates 8 byte real.

9.46 ESMF_UNMAPPEDACTION

DESCRIPTION:
Indicates what action to take with respect to unmapped rEgtn points and the entries of the sparse matrix that
correspond to these points.

The type of this flag is:

type(ESMF_UnmappedAction_Flag)

The valid values are:

ESMF_UNMAPPEDACTION_ERROR An error is issued when there exist destination points irgadding oper-
ation that are not mapped by corresponding source points.

ESMF_UNMAPPEDACTION_IGNORE Destination points which do not have corresponding souaistp are
ignored and zeros are used for the entries of the sparsexrtiadtiis generated.
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9.47 ESMF_VERSION

DESCRIPTION:
The following named constants define the precise versior&MIEin use.

ESMF_VERSION_BETASNAPSHOT Constant of typdogical indicating beta snapshot phaseue. for
any version during the pre-release development phiadse. for any released version of the software).

ESMF_VERSION_MAJOR Constant of typénteger indicating the major version number (e.g. 5 for v5.2.0r).
ESMF_VERSION_MINOR Constant of typénteger indicating the minor version number (e.g. 2 for v5.2.0r).

ESMF_VERSION_PATCHLEVEL Constantof typinteger indicating the patch level of a specific revision (e.g.
0 for v5.2.0r, or 1 for v5.2.0rpl).

ESMF_VERSION_PUBLIC Constant of typdéogical indicating public vs. internal release status (etgie.
for v5.2.0r, or.false. for v5.2.0).

ESMF_VERSION_REVISION Constant of typénteger indicating the revision number (e.g. O for v5.2.0r).
ESMF_VERSION_STRING Constant of typeharacter  holding the exact release version string (e.g. "5.2.0r").

9.48 ESMF_XGRIDSIDE
This flag is documented in sectibn 3012.1.

10 Overall Design and Implementation Notes

1. Deep and shallow classeS.he deep and shallow classes described in Sectidn 6.2 uiffeaw and where they
are allocated within a multi-language implementation emuinent. We distinguish between the implementation
language, which is the language a method is written in, aaa@afiing language, which is the language that the
user application is written in. Deep classes are allocatitthe process heap by the implementation language.
Shallow classes are allocated off the stack by the callingdage.

2. Base classAll ESMF classes are built upon a Base class, which holds # setaf system-wide capabilities.
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Part I
Applications

The main product delivered by ESMF is the ESMF library thhives application developers to write programs based
on the ESMF API. In addition to the programming library, ESHKiBtributions come with a small set of applications

that are of general interest to the community. These apfitautilize the ESMF library to implement features such

as printing general information about the ESMF installatior generating regrid weight files. The provided ESMF
applications are intended to be used as standard commantbtits.

The bundled ESMF applications are built and installed dutire usual ESMF installation process, which is de-
scribed in detail in the ESMF User’s Guide section "Buildiengd Installing the ESMF". After the installation the
applications will be located in thESMF_APPSDIRdirectory, which can be found as a Makefile variable in the
esmf.mk file. Theesmf.mk file can be found in th&SMF_INSTALL_LIBDIR directory after a successful instal-
lation. The ESMF User’s Guide discusses éisenf.mk mechanism to access the bundled applications in more detail
in section "Using Bundled ESMF Applications".

The following sections provide in-depth documentation lté bundled ESMF applications. In addition, each
application supports the standarghelp command line argument, providing a brief description of hownvoke
the program.

11 ESMF_Info

11.1 Description

TheESMF _Info application prints basic information about the ESMF idatain to stdout
The application usage is as follows:

ESMF_Info [--help]

where
--help prints a brief usage message

12 ESMF_RegridWeightGen

12.1 Description

This section describes the offline regridding applicatioovgled by ESMF. Regridding, also called remapping or
interpolation, is the process of changing the grid that dietedata values while preserving qualities of the origina
data. Different kinds of transformations are appropriatedifferent problems. Regridding may be needed when
communicating data between Earth system model compongestiss land and atmosphere, or between different data
sets to support operations such as visualization.

Regridding can be broken into two stages. The first stagerisrgéion of an interpolation weight matrix that de-
scribes how points in the source grid contribute to pointhédestination grid. The second stage is the multiplicatio
of values on the source grid by the interpolation weight iratr produce values on the destination grid. This occurs
through a parallel sparse matrix multiply.

There are two options for accessing ESMF regridding funetiity: integrated and offline. Integrated regridding is
a process whereby interpolation weights are generatedisi@stine calls during the execution of the user’s code. The
integrated regridding can also perform the parallel spauateix multiply. In other words, ESMF integrated regridglin
allows a user to perform the whole process of interpolatidthiw their code. For a further description of ESMF
integrated regridding please see Secfion 2213.24. In asintio integrated regridding, offline regridding is a praces
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whereby interpolation weights are generated by a sepafitéFEapplication, not within the user code. The ESMF
offline regridding application also only generates theripdéation matrix, the user is responsible for reading iis thi
matrix and doing the actual interpolation (multiplicatiby the sparse matrix) in their code. The rest of this section
further describes ESMF offline regridding.

For a discussion of installing and accessing ESMF apptinatsuch as this one please see the beginning of this
part of the refernce manual (Sectioh I1) or for the quickegiraach to just building and accessing the applications
please refer to the “Building and using bundled ESMF appitica” Section in the ESMF User’s Guide.

As described above, this tool reads in two grid files and astpeights for interpolation between the two grids.
The input and output files are all in NetCDF format. The griddfiare either in the same forniat 12.4 as is used as
an input to SCRIP[[13], or in the ESMF unstructured grid for@8.3.5. The weight file is the same fornhat 12.5
as is output by SCRIP. The interpolation weights can be gaeémwith the bilinear, patch, or first order conservative
methods decribed below. Masking is supported for 2D logicaktangular (i.e. with grid_rank=2) grids in the SCRIP
format. This application can do regrid weight generatiamfra global or regional source grid to a global or regional
destination grid. It assumes that the source and destingtids are on a sphere and that the coordinates given in the
files are latitude and longitude values. The coordinateseithier be in degrees or radians (this is indicated by the
“units” attribute attached to the value). As is true with majhobal models, this application currently assumes the
latitude and longitude refer to positions on a perfect sph&s opposed to a more complex and accurate representation
of the earth’s true shape such as would be used in a GIS sy@ESWF's current user base doesn't require this level of
detail in representing the earth’s shape, but it could beddu the future if necessary.) This file based regrid weight
generation application is parallel. This application iedisn the ESMF_RegridWeightGenCheck external demo, so
that can serve as an example of its use.

This application requires the NetCDF libary to read the §jléd and write out the weight files in NetCDF format.
In addition, it also requires the LAPACK library to gener#ite patch regridding weights. To compile ESMF with
the NetCDF library and the LAPACK library, please refer te tfThird Party Libraries” Section in the ESMF User’s
Guide for more information.

Internally this application uses the ESMF public API to gate the interpolation weights. If a source or destina-
tion grid is logically rectangular, theBSMF_GridCreate() [27.3.8 is used to create an ESMF_Grid object. The
cell center coordinates of the input grid are put into theteeatagger locationfSMF_STAGGERLOC_CENTER
In addition, the corner coordinates are also put into theeostagger locatiorESMF_STAGGERLOC_CORNER
for conservative regridding. The meth&BMF_MeshCreate() [29.3.5 is used to create an ESMF_Mesh object,
if the source or destination grid is a cubed sphere grid or rstructured grid. When making this call, the flag
convert3D is set toTRUEto convert the 2D coordinates into 3D Cartesian coordin&@asrently, ESMF only sup-
ports triangle or quadrilateral element types for a 2D Mé&sterefore, when the cells in an unstructured grid contain
more than four edges, they are broken into multiple triareddgnents befor&eSMF_MeshCreate() is called to
create the ESMF_Mesh object. After the calculation of thégitematrix based on the broken up cells, the matrix
entries for the triangles are merged together, so that tigubmatrix is in terms of the original cells. Internally
ESMF_FieldRegridStore() is used to generate the weight table and indices table remting the interpolation
matrix.

The regridding occurs in 3D to avoid problems with periogicind with the pole singularity. This application
supports four options for handling the pole region (i.e. ehgty area above the top row of the source grid or below
the bottom row of the source grid). The first option is to ledwe pole region empty (“-p none”), in this case if a
destination point lies above or below the top row of the sewyad, it will fail to map, yielding an error (unless “-i”
is specified). With the next two options, the pole region isdiad by constructing an artificial pole in the center of
the top and bottom row of grid points and then filling in theioegfrom this pole to the edges of the source grid with
triangles. The pole is located at the average of the podititime points surrounding it, but moved outward to be at the
same radius as the rest of the points in the grid. The diffsr&etween these two artificial pole options is what value
is used at the pole. The default pole option (“-p all’) sets\hlue at the pole to be the average of the values of all of
the grid points surrounding the pole. For the other optiep "), the user chooses a number N from 1 to the number
of source grid points around the pole. For each destinatiomtpthe value at the pole is then the average of the N
source points surrounding that destination point. Foraisepole option (“-p teeth”) no artificial pole is construtite
instead the pole region is covered by connecting pointssadte top and bottom row of the source Grid into triangles.
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As this makes the top and bottom of the source sphere flat,lfay enough difference between the size of the source
and destination pole regions, this can still result in unpeajdestination points. Only pole option “none” is currgntl
supported with the conservative interpolation method {im conserve”).

Masking is supported for grids generated from a SCRIP filerev/ttee grid_rank=2 (i.e. 2D logically rectangular
grids). Masking is currently not supported for unstructligeids. If the variable “grid_imask” is set to O for a grid
point, then that point is considered masked out and won'tseel in the weights generated by the application.

If a destination point can't be mapped because it falls dettie unmasked source grid, then the default behavior
of the application is to stop with an error. By specifying ‘6r the equivalent “—ignore_unmapped” the user can cause
the application to ignore unmapped destination points.his ¢ase, the output matrix won't contain entries for the
unmapped destination points.

This regridding application can be used to generate bitjipedich, or first-order conservative interpolation wegght
The default interpolation method is bilinear. The algaritbhsed by this application to generate the bilinear weights
is the standard one found in many textbooks. Each destmatiint is mapped to a location in the source Mesh,
the position of the destination point relative to the soypoits surrounding it is used to calculate the interpotatio
weights.

This application can also be used to generate patch intfpoiweights. Patch interpolation is the ESMF version
of a technique called “patch recovery” commonly used in éidtement modeling [5] [10]. It typically results in
better approximations to values and derivatives when coaada bilinear interpolation. Patch interpolation works b
constructing multiple polynomial patches to representdhia in a source element. For 2D grids, these polynomials
are currently 2nd degree 2D polynomials. The interpolatdderat the destination point is the weighted average of
the values of the patches at that point.

The patch interpolation process works as follows. For eachicg element containing a destination point we
construct a patch for each corner node that makes up the eldmg. 4 patches for quadrilateral elements, 3 for
triangular elements). To construct a polynomial patch foomer node we gather all the elements around that node.
(Note that this means that the patch interpolation weiglefzedds on the source element’s nodes, and the nodes
of all elements neighboring the source element.) We therausast squares fitting algorithm to choose the set of
coefficients for the polynomial that produces the best fitthar data in the elements. This polynomial will give a
value at the destination point that fits the source data iretbments surrounding the corner node. We then repeat
this process for each corner node of the source elementajargen new polynomial for each set of elements. To
calculate the value at the destination point we do a weightedage of the values of each of the corner polynomials
evaluated at that point. The weight for a corner’s polyndisithe bilinear weight of the destination point with regard
to that corner. The patch method has a larger stencil thahilinear, for this reason the patch weight matrix can be
correspondingly larger than the bilinear matrix (e.g. faquadrilateral grid the patch matrix is around 4x the size of
the bilinear matrix). This can be an issue when performinggaid weight generation operation close to the memory
limit on a machine.

First-order conservative interpolation [19] is also aablk as a regridding method. This method will typically have
a larger interpolation error than the previous two methbdswill do a much better job of preserving the value of the
integral of data between the source and destination gridhisnmethod the value across each source cell is treated
as a constant. The weights for a particular destination aedl the area of intersection of each source cell with the
destination cell divided by the area of the destination dgléas in this case are the great circle areas of the polygons
which make up the cells (the cells around each center areaddfinthe corner coordinates in the grid file).

The interpolation weights generated by this applicatienautput to a NetCDF file (specified by the "-w" or "—
weight" keywords). The format of this file is the same as tteatagated by SCRIP. See Secfion 12.5 for a description
of the format. Note that the sequence of the weights in theditevary with the number of processors used to run the
application. This means that two weight files generated loygudifferent numbers of processors can contain exactly
the same interpolation matrix, but can appear differentdirect line by line comparison (such as would be done by
ncdiff).
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12.2 Usage

The command line arguments are all keyword based. Both thg keyword prefixed with ’--’ or the one
character short keyword prefixed with —are supported. The format to run the application is as falow

ESMF_RegridWeightGen [--help]
[--version]
[--sourcel-s] src_grid_filename
[--destination|-d] dst_grid_filename
[--weight|-w] out_weight_file
[--method|-m] [bilinear|patch|conserve]
[--pole|-p] [none]all|teeth|1|2]..]
[--ignore_unmapped|-i]
--src_type [SCRIP|ESMF]
--dst_type [SCRIP|ESMF]
-t [SCRIP|ESMF]
-r

--src_regional
--dst_regional
--64bit_offset
where
--help - Print the usage message and exit.
--version - Print ESMF version and license information and e Xit.
--source or -s - a required argument specifying the source gr id
file name
--destination or -d - a required argument specifying the des tination
grid file name
--weight or -w - a required argument specifying the output re gridding
weight file name
--method or -m - an optional argument specifying which inter polation
method is used. The value can be one of the following:
bilinear - for bilinear interpolation, also the
default method if not specified.
patch - for patch recovery interpolation
conserve - for first-order conservative interpolation
--pole or -p - an optional argument indicating what to do with

the pole.
The value can be one of the following:

none - No pole, the source grid ends at the top
(and bottom) row of nodes specified in
<source grid>.

all - Construct an artificial pole placed in the
center of the top (or bottom) row of nodes,
but projected onto the sphere formed by the
rest of the grid. The value at this pole is
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the average of all the pole values. This
is the default option.

teeth - No new pole point is constructed, instead
the holes at the poles are filled by
constructing triangles across the top and

bottom row of the source Grid. This can be
useful because no averaging occurs, however,
because the top and bottom of the sphere are
now flat, for a big enough mismatch between

the size of the destination and source pol
regions, some destination points may still
not be able to be mapped to the source

<N> - Construct an artificial pole placed in the

e

Grid.

center of the top (or bottom) row of nodes,
but projected onto the sphere formed by the

rest of the grid. The value at this pole is

the average of the N source nodes next to

the pole and surrounding the destination
point (i.e. the value may differ for each

destination point. Here N ranges from 1 to

the number of nodes around the pole.

--ignore_unmapped

or

--src_type

--dst_type

--src_regional

- ignore unmapped destination points. If not specified
the default is to stop with an error if an unmapped
point is found.

- an optional argument specifying the source gri
type. The value could be either SCRIP or ESMF.
Currently, the ESMF file type is only available for
the unstructured grid. The default option is SCRIP.

- an optional argument specifying the destinati

d file

on grid

file type. The value could be either SCRIP or ESMF.

Currently, the ESMF file type is only available for
the unstructured grid. The default option is SCRIP.

- an optional argument specifying the file types for
both the source and the destination grid files. The
default option is SCRIP. If both -t and --src_type
or --dst_type are given at the same time and they
disagree with each other, an error message will be
generated.

- an optional argument specifying that the source and

destination grids are regional grids. If the argument

is not given, the grids are assumed to be global.

- an optional argument specifying that the s
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a regional grid and the destination is a global grid.

--dst_regional - an optional argument specifying that the d estination
is a regional grid and the source is a global grid.

--64bit_offset - an optional argument specifying that the w eight file
will be created in the NetCDF 64-bit offset format to
allow variables larger than 2GB. Note the 64-bit
offset format is not supported in the NetCDF version
earlier than 3.6.0. An error message will be generated
if this flag is specified while the application is
linked with a NetCDF library earlier than 3.6.0.

12.3 Examples

The example below shows the command to generate a set ofreatige interpolation weights between a global

SCRIP format source grid file (src.nc) and a global SCRIP &ihestination grid file (dst.nc). The weights are written
into file w.nc. In this case the ESMF library and applicatibage been compiled using an MPI parallel communication
library (e.g. setting ESMF_COMM to openmpi) to enable ituo in parallel. To demonstrate running in parallel the
mpirun script is used to run the application in parallel orrdcgssors.

mpirun -np 4 ./ESMF_RegridWeightGen -s src.nc -d dst.nc -m ¢ onserve -w w.nc

The next example below shows the command to do the same thitigeaprevious example except for three
changes. The first change is this time the source grid isme{®—src_regional”). The second change is that for this
example bilinear interpolation (“-m bilinear”) is beingats Because bilinear is the default, we could also omit the
“-m bilinear”. The third change is that in this example sonfiehe destination points are expected to not be found
in the source grid, but the user is ok with that and just wamtse points to not appear in the weight file instead of
causing an error (“-i").

mpirun -np 4 ./ESMF_RegridWeightGen -i --src_regional -s s rc.nc -d dst.nc \
-m bilinear -w w.nc

12.4 SCRIP Grid File Format
A SCRIP format grid file is a NetCDF file and the header of a sampd file is shown as follows:

netcdf remap_grid_T42 {
dimensions:
grid_size = 8192 ;
grid_corners = 4 ;
grid_rank = 2 ;

variables:
int grid_dims(grid_rank) ;
double grid_center_lat(grid_size) ;
grid_center_lat:units = "radians" ;
double grid_center_lon(grid_size) ;
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grid_center_lon:units = "radians" ;

int grid_imask(grid_size) ;
grid_imask:units = "unitless" ;

double grid_corner_lat(grid_size, grid_corners) ;
grid_corner_lat:units = "radians" ;

double grid_corner_lon(grid_size, grid_corners) ;
grid_corner_lon:units ="radians" ;

/I global attributes:
ititle = "T42 Gaussian Grid" ;
}

Thegrid_size  dimension is the total number of cells in the grigtid_rank  refers to the number of di-
mensions.grid_rank is 2 for a 2D logically rectangular grid and 1 for an unstruetugrid. The integer array
grid_dims gives the number of grid cells along each dimension. The murabcorners (vertices) in each grid cell
is given bygrid_corners . Note that if your grid has a variable number of corners od geills, then you should
setgrid_corners to be the highest value and use redundant points on cellsfeviter corners. The grid corner
coordinates must be written in an order which traces thddeitsf a grid cell in a counterclockwise order.

The integer arragrid_imask is used to mask out grid cells which should not participath@regridding. The
array should by zero for any points that do not participattheregridding and one for all other points. Coordinate
arrays provide the latitudes and longitudes of cell cerdaascell corners. The unit of the coordinates can be either
"radians " or"degrees "

12.5 Regrid Interpolation Weight File Format

The regridding weight output file is in NetCDF format and @ntsome grid information from each grid as well
as the regridding indices and weights. Following is the kead a sample output weight file that was generated by
regridding a logically rectangular 2D grid to a triangle mmesstructured grid:

netcdf t42mpas-bilinear {

dimensions:

n_a = 8192 ;

n_b = 20480 ;
n_s = 42456 ;
nva = 4 ;
nvb=3;
num_wgts = 1 ;
src_grid_rank = 2 ;
dst grid_rank = 1 ;

variables:

int src_grid_dims(src_grid_rank) ;
int dst_grid_dims(dst_grid_rank) ;
double yc_a(n_a) ;

yc_a:units = "degrees" ;

double yc _b(n_b) ;

yc_b:units = "radians" ;

double xc_a(n_a) ;

XC_a:units = "degrees" ;

double xc_b(n_b) ;

Xc_b:units = "radians" ;

double yv_a(n_a, nv_a) ;
yv_a:units = "degrees" ;
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double xv_a(n_a, nv_a) ;
XV_a:units = "degrees" ;
double yv_b(n_b, nv_b) ;
yv_b:units = "radians" ;
double xv_b(n_b, nv_b) ;
Xv_b:units = "radians" ;
int mask_a(n_a) ;
mask_a:units = "unitless" ;
int mask_b(n_b) ;
mask_b:units = "unitless" ;
double area_a(n_a) ;
area_a:units = "square radians" ;
double area_b(n_b) ;
area_b:units = "square radians" ;
double frac_a(n_a) ;
frac_a:units = "unitless" ;
double frac_b(n_b) ;
frac_b:units = "unitless" ;
int col(n_s) ;

int row(n_s) ;

double S(n_s) ;

/I global attributes:

ititte = "ESMF Offline Regridding Weight Generator" ;
:normalization "destarea” ;

:map_method = "Bilinear remapping" ;

:conventions = "NCAR-CSM" ;

:domain_a = "T42_grid.nc" ;

:domain_b = "grid-dual.nc" ;

:grid_file_src = "T42_grid.nc" ;
:grid_file_dst = "grid-dual.nc" ;
:CVS _revision = "5.3.0 beta snapshot" ;
}

Variables ended with "a" are the variables for the source grid and the ones ended'wht are the vari-
ables for the destination grid. For instange, a andyc_a are corresponding to thgrid_center_lon and
grid_center_lat variables in the source grid file. The grid information irdés the center and corner co-

ordinates and the grid mask array from the input grid file amal ¢rid area and grid frac arrays calculated by
ESMF_RegridWeightGen . The grid area array currently is only computed by the coradie remapping op-
tion. The values of the area array are set to zeros for biliaed patch remappings. For conservative remapping, the
grid frac array returns the area fraction of the grid cell ebhparticipates in the remapping. For bilinear and patch
remapping, the destination grid frac array is one where titkpgint participates in the remapping and zero otherwise.
For bilinear and patch remapping, the source grid frac asrajways set to zero.

Theindices andweights generated bfeSMF_FieldRegridStore() are stored in the output file as
variablescol , row andS. Wherecol androw are the indices to the source and the destination grid ceilsse are
a one-dimension array with length defined by dimensios. Sis the weight which is multiplied by the source value
indicated bycol and then summed with the destination value indicatedoly to build the final interpolated value
of the destination.
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13 Overview of Superstructure

ESMF superstructure classes define an architecture fomédisg Earth system applications from modelicgmpo-
nents A component may be defined in terms of the physical domainithepresents, such as an atmosphere or sea
ice model. It may also be defined in terms of a computationattion, such as a data assimilation system. Earth
system research often requires that such componertsupged together to create an application. By coupling we
mean the data transformations and, on parallel computistgsys, data transfers, that are necessary to allow data from
one componentto be utilized by another. ESMF offers regngichethods and other tools to simplify the organization
and execution of inter-component data exchanges.

In addition to components defined at the level of major plalslomains and computational functions, components
may be defined that represent smaller computational fumetidgthin larger components, such as the transformation
of data between the physics and dynamics in a spectral atmaosmodel, or the creation of nested higher resolution
regions within a coarser grid. The objective is to couple ponents at varying scales both flexibly and efficiently.
ESMF encourages a hierachical application structure, islwlarge components branch into smaller sub-components
(see Figurgl?). ESMF also makes it easier for the same comptmiee used in multiple contexts without changes to
its source code.

Key Features

Modular, component-based architecture.

Hierarchical assembly of components into applications.

Use of components in multiple contexts without modification

Sequential or concurrent component execution.

Single program, multiple datastream (SPMD) applicatiamsiiaximum portability and reconfigurability.
Multiple program, multiple datastream (MPMD) option forileility.

13.1 Superstructure Classes

There are a small number of classes in the ESMF supersteuctur

e ComponentAn ESMF component has two parts, one that is supplied by ESMFoae that is supplied by the
user. The part that is supplied by the framework is an ESMive@type that is either a Gridded Component
(GridComp) or a Coupler ComponentCplComp). A Gridded Component typically represents a physical
domain in which data is associated with one or more gridsexample, a sea ice model. A Coupler Component
arranges and executes data transformations and transtersdn one or more Gridded Components. Gridded
Components and Coupler Components have standard methidh,include initialize, run, and finalize. These
methods can be multi-phase.

The second part of an ESMF Component is user code, such asel arathta assimilation system. Users set
entry points within their code so that it is callable by thenfrework. In practice, setting entry points means that
within user code there are calls to ESMF methods that agedtia name of a Fortran subroutine with a cor-
responding standard ESMF operation. For example, a usgemvinitialization routine callednyOceanlinit

might be associated with the standard initialize routin@amfESMF Gridded Component named “myOcean”
that represents an ocean model.

e State ESMF Components exchange information with other Companenly through States. A State is an
ESMF derived type that can contain Fields, FieldBundlesays, ArrayBundles, and other States. A Compo-
nent is associated with two States,larport State and anExport State. Its Import State holds the data that it
receives from other Components. Its Export State contaitesttiat it makes available to other Components.

An ESMF coupled application typically involves a parentdgied Component, two or more child Gridded Com-
ponents and one or more Coupler Components.

The parent Gridded Component is responsible for creatiaghiid Gridded Components that are exchanging data,
for creating the Coupler, for creating the necessary ImmudtExport States, and for setting up the desired sequencing
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Figure 2: ESMF enables applications such as the atmosphenieral circulation model GEOS-5 to be structured
hierarchically, and reconfigured and extended easily. Baghn this diagram is an ESMF Gridded Component.

GEOS-5

|

|

gravity_wave_drag || fvcore | | surface || chemistry || moist_processes || radiation || turbulence |
I
| lake || land_ice ||data_ocean || land | | infrared || solar |
| vegetation || catchment |

The application’s “main” routine calls the parent Griddedn@ponent’s initialize, run, and finalize methods in order
to execute the application. For each of these standard mgthibe parent Gridded Component in turn calls the
corresponding methods in the child Gridded Components hadCoupler Component. For example, consider a
simple coupled ocean/atmosphere simulation. When thialiné method of the parent Gridded Componentis called
by the application, it in turn calls the initialize methodsts child atmosphere and ocean Gridded Components, and
the initialize method of an ocean-to-atmosphere Couplen@ment. FigurEl3 shows this schematically.

13.2 Hierarchical Creation of Components

Components are allocated computational resources in thedbPersistent Execution Threadsor PETs. A list of
a Component’s PETs is contained in a structure calletitaal Machine , or VM. The VM also contains information
about the topology and characteristics of the underlyingmater. Components are created hierarchically, with garen
Components creating child Components and allocating samakaf their PETs to each one. By default ESMF creates
a new VM for each child Component, which allows Componentailor their VM resources to match their needs. In
some cases a child may want to share its parent’s VM - ESMFa®tgthis too.

A Gridded Component may exist across all the PETs in an agiic. A Gridded Component may also reside
on a subset of PETs in an application. These PETs may whalhgicke with, be wholly contained within, or wholly
contain another Component.
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Figure 3: A call to a standard ESMF initialize (run, finalizeg¢thod by a parent component triggers calls to initialize
(run, finalize) all of its child components.
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13.3 Sequential and Concurrent Execution of Components

When a set of Gridded Components and a Coupler runs in segoeribe same set of PETs the application is executing
in a sequentialmode. When Gridded Components are created and run on nyuéxalusive sets of PETs, and are
coupled by a Coupler Component that extends over the unitresé sets, the mode of executiogdcurrent.

Figure[4 illustrates a typical configuration for a simple plea sequential application, and Figlide 5 shows a
possible configuration for the same application runningéemcurrent mode.

Parent Components can select if and when to wait for conatlyrexecuting child Components, synchronizing
only when required.

It is possible for ESMF applications to contain some Compbiets that are executing sequentially and others
that are executing concurrently. We might have, for examatt®osphere and land Components created on the same
subset of PETs, ocean and sea ice Components created omiiader of PETs, and a Coupler created across all the
PETs in the application.

13.4 Intra-Component Communication

All data transfers within an ESMF application ocauithin a component. For example, a Gridded Component may
contain halo updates. Another example is that a Coupler @oemt may redistribute data between two Gridded
Components. As aresult, the architecture of ESMF does matrabon any particular data communication mechanism,
and new communication schemes can be introduced withadtaffy the overall structure of the application.

Since all data communication happens within a componentuplér Component must be created on the union of
the PETs of all the Gridded Components that it couples.

13.5 Data Distribution and Scoping in Components

The scope of distributed objects is the VM of the currentlgaring Component. For this reason, all PETs in the
current VM must make the same distributed object creatidls.c/hen a Coupler Component running on a super-
set of a Gridded Component's PETs needs to make commumiozdits involving objects created by the Gridded
Component, an ESMF-supplied function calE8MF_StateReconcile() creates proxy objects for those PETs
that had no previous information about the distributed aisjeProxy objects contain no local data but can be used in
communication calls (such as regrid or redistribute) tacdbs the remote source for data being moved to the current
PET, or to describe the remote destination for data beingathénom the local PET. Figuid 6 is a simple schematic
that shows the sequence of events in a reconcile call.

13.6 Performance

The ESMF design enables the user to configure ESMF applisasio that data is transferred directly from one com-
ponent to another, without requiring that it be copied ot e different data buffer as an interim step. This is likely
to be the most efficient way of performing inter-componentgling. However, if desired, an application can also be
configured so that data from a source component is sent tdiaafiset of Coupler Component PETs for processing
before being sent to its destination.

The ability to overlap computation with communication isestial for performance. When running with ESMF
the user can initiate data sends during Gridded Componegtuérn, as soon as the data is ready. Computations can
then proceed simultaneously with the data transfer.
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Figure 4: Schematic of the run method of a coupled applinatigth an “Atmosphere” and an “Ocean” Gridded Com-
ponent running sequentially with an “Atm-Ocean CouplerfieTtop-level “Hurricane Model” Gridded Component
contains the sequencing information and time advanceroept | The application driver, Coupler, and all Gridded
Components are distributed over nine PETSs.
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Figure 5: Schematic of the run method of a coupled applinatidgth an “Atmosphere” and an “Ocean” Gridded
Component running concurrently with an “Atm-Ocean Coupl€he top-level “Hurricane Model” Gridded Compo-
nent contains the sequencing information and time advaectloop. The application driver, Coupler, and top-level
“Hurricane Model” Gridded Component are distributed overenPETs. The “Atmosphere” Gridded Component is

distributed over three PETs and the “Ocean” Gridded Compiiselistributed over six PETS.
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Figure 6: AnESMF_StateReconcile() call creates proxy objects for use in subsequent commuaicaalls.
The reconcile call would normally be made during Coupleiafization.
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13.7 Object Model

The following is a simplified UML diagram showing the relat&hips among ESMF superstructure classes. See
Appendix A, A Brief Introduction to UML, for a translation table that lists the symbols in the diagend their
meaning.

Comp

Possible extensions

GridComp CplComp @ @

14 Application Driver and Required ESMF Methods

14.1 Description

Every ESMF application needs a driver code. Typically theettdayer is implemented as the "main" of the applica-
tion, although this is not strictly an ESMF requirement. Farst ESMF applications the task of the application driver
will be very generic: Initialize ESMF, create a top level Qmnent and call its Intialize, Run and Finalize methods,
before destroying the top level Component again and caliBiyiF Finalize.

ESMF provides a number of different application driver tdatgs in the
$ESMF_DIR/src/Superstructure/AppDriver directory. An appropriate one can be chosen depend-
ing on how the application is to be structured:

Sequential vs. Concurrent ExecutionIn a sequential execution model every Component executall BETS, with
each Component completing execution before the next Coemdregins. This has the appeal of simplicity of
data consumption and production: when a Gridded Compomants ll required data is available for use, and
when a Gridded Component finishes all data produced is resdphsumption by the next Gridded Component.
This approach also has the possibility of less data moveih#re grid and data decomposition is done such
that each processor's memory contains the data needed hgth€omponent.

In a concurrent execution model subgroups of PETs run Gdididenponents and multiple Gridded Components
are active at the same time. Data exchange must be coomdibate&een Gridded Components so that data
deadlock does not occur. This strategy has the advantag®wairey coupling to other Gridded Components
at any time during the computational process, includinghaving to return to the calling level of code before
making data available.

Pairwise vs. Hub and SpokeCoupler Components are responsible for taking data fronGriteled Component and
putting it into the form expected by another Gridded Commbn€his might include regridding, change of units,
averaging, or binning.

Coupler Components can be written fosirwise data exchange: the Coupler Component takes data from a
single Component and transforms it for use by another si@gidded Component. This simplifies the structure
of the Coupler Component code.

Couplers can also be written usinghab and spokenodel where a single Coupler accepts data from all other
Components, can do data merging or splitting, and formatsfdaall other Components.
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Multiple Couplers, using either of the above two models ansanixture of these approaches, are also possible.

Implementation Language The ESMF framework currently has Fortran interfaces fopalblic functions. Some
functions also have C interfaces, and the number of theseiscéed to increase over time.

Number of Executables The simplest way to run an application is to run the same d@abtiprogram on all PETS.
Different Components can still be run on mutually excludREETs by using branching (e.g., if this is PET 1,
2, or 3, run Component A, if it is PET 4, 5, or 6 run ComponentBj)is is aSPMD model, Single Program
Multiple Data.

The alternative is to start a different executable prograndifferent PETs. This is 8IPMD model, Multiple
Program Multiple Data. There are complications with many gontrol systems on multiprocessor machines
in getting the different executables started, and gettiigriprocess communcations established. ESMF cur-
rently has some support for MPMD: different Components camas separate executables, but the Coupler that
transfers data between the Components must still run onrtios wf their PETs. This means that the Coupler
Component must be linked into all of the executables.

14.2 Constants
14.2.1 ESMF_END

DESCRIPTION:

TheESMF_End_Flag determines how an ESMF application is shut down.
The type of this flag is:
type(ESMF_End_Flag)
The valid values are:

ESMF_END_ABORT Global abort of the ESMF application. There is no guararttee all PETs will shut down
cleanly during an abort. However, all attempts are madedegnt the application from hanging and the LogErr
of at least one PET will be completely flushed during the abbhts option should only be used if a condition
is detected that prevents normal continuation or termomadif the application. Typical conditions that warrant
the use oESMF_END_ABORAdre those that occur on a per PET basis where other PETs mdgdi@d in
communication calls, unable to reach the normal termingiimint.

ESMF_END_NORMAL Normal termination of the ESMF application. Wait for all PEDf the global VM
to reachESMF_Finalize() before termination. This is the clean way of terminating g@pl&ation.
MPI_Finalize() will be called in case of MPI applications.

ESMF_END_KEEPMPI Same aESMF_END_NORMALUt MPI_Finalize() will notbe called. It is the user
code’s responsibility to shut down MPI cleanly if necessary

14.3 Use and Examples

ESMF encourages application organization in which ther $ingle top-level Gridded Component. This provides
a simple, clear sequence of operations at the highest lewdlalso enables the entire application to be treated as a
sub-Component of another, larger application if desirecheWa simple application is organized in this fashion the
standard AppDriver can probably be used without much madita.

Examples of program organization using the AppDriver can béound in the
src/Superstructure/AppDriver directory. A set of subdirectories within the AppDriver aitory
follows the naming convention:

<seq|concur>_<pairwise|hub>_<f|c>driver_<spmd|mpmd>
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The example that is currently implemented&s_pairwise_fdriver_spmd , which has sequential compo-
nent execution, a pairwise coupler, a main program in Foytad all processors launching the same executable. It is
also copied automatically into a top-levglick_start directory at compilation time.

The user can copy the AppDriver files into their own local diocgy. Some of the files can be used unchanged.
Others are template files which have the rough outline of tiie dut need additional application-specific code added
in order to perform a meaningful function. THREADMEHile in the AppDriver subdirectory oquick_start
directory contains instructions about which files to change

Examples of concurrent component execution can be founiderrsystem tests that are bundled with the ESMF
distribution.

EXAMPLE: This is an AppDriver.F90 file for a sequential ESMF application.
The ChangeMe.F90 file that's included below contains a numb er of
definitions that are used by the AppDriver, such as the name o f the
application’s main configuration file and the name of the ap plication’s
SetServices routine. This file is in the same directory as th e

AppDriver.F90 file.

#include "ChangeMe.F90"

program ESMF_AppDriver
#define ESMF_METHOD "program ESMF_AppDriver"

#include "ESMF.h"

! ESMF module, defines all ESMF data types and procedures

use ESMF
I Gridded Component registration routines. Defined in "Cha ngeMe.F90"
use USER_APP_Mod, only : SetServices => USER_APP_SetServi ces

implicit none

Define local variables

I Components and States
type(ESMF_GridComp) :: compGridded
type(ESMF_State) :: defaultstate

I Configuration information
type(ESMF_Config) :: config

' A common Grid
type(ESMF_Grid) :: grid

I A Clock, a Calendar, and timesteps
type(ESMF_Clock) :: clock
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type(ESMF_Timelnterval) :: timeStep
type(ESMF_Time) :: startTime
type(ESMF_Time) :: stopTime

! Variables related to the Grid
integer :: i_max, j_max

I Return codes for error checks
integer :: rc, localrc

Initialize ESMF. Note that an output Log is created by defaul t.

call ESMF_Initialize(defaultCalKind=ESMF_CALKIND_GRE GORIAN, rc=localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &

ESMF_CONTEXT, rcToReturn=rc)) &

call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

call ESMF_LogWrite("ESMF AppDriver start", ESMF_LOGMSG _ INFO)

Create and load a configuration file.

The USER_CONFIG_FILE is set to sample.rc in the ChangeMe.F9 0 file.
The sample.rc file is also included in the directory with the

AppDriver.F90 file.

config = ESMF_ConfigCreate(rc=localrc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

call ESMF_ConfigLoadFile(config, USER_CONFIG_FILE, rc = localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

Get configuration information.

A configuration file like sample.rc might include:
- size and coordinate information needed to create the defau It Grid.
- the default start time, stop time, and running intervals

for the main time loop.

call ESMF_ConfigGetAttribute(config, i_max, label="l Co unts:’, &
default=10, rc=localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )
call ESMF_ConfigGetAttribute(config, j_max, label="J Co unts:’, &
default=40, rc=localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
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ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

Create the top Gridded Component.

compGridded = ESMF_GridCompCreate(name="ESMF Gridded Co  mponent", &
rc=localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &

call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )
call ESMF_LogWrite("Component Create finished", ESMF_LO GMSG_INFO)
Register the set services method for the top Gridded Compone nt.
call ESMF_GridCompSetServices(compGridded, SetService S, rc=rc)
if (ESMF_LogFoundError(rc, msg="Registration failed", r cToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

Create and initialize a Clock.

call ESMF_TimelntervalSet(timeStep, s=2, rc=localrc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

call ESMF_TimeSet(startTime, yy=2004, mm=9, dd=25, rc=lo calrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

call ESMF_TimeSet(stopTime, yy=2004, mm=9, dd=26, rc=loc alrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

clock = ESMF_ClockCreate(timeStep, startTime, stopTime= stopTime, &
name="Application Clock", rc=localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

Create and initialize a Grid.

The default lower indices for the Grid are (/1,1/).

The upper indices for the Grid are read in from the sample.rc f ile,
where they are set to (/10,40/). This means a Grid will be
created with 10 grid cells in the x direction and 40 grid cells in the
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y direction. The Grid section in the Reference Manual shows h ow to set
coordinates.

grid = ESMF_GridCreateNoPeriDim(maxIndex=(/i_max, j_ma x/), &
name="source grid", rc=localrc)
if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

I Attach the grid to the Component

call ESMF_GridCompSet(compGridded, grid=grid, rc=local rc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &

call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )
Create and initialize a State to use for both import and expor t.
In a real code, separate import and export States would norma lly be
created.
defaultstate = ESMF_StateCreate(hame="Default State", r c=localrc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &

call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )
Call the initialize, run, and finalize methods of the top com ponent.
When the initialize method of the top component is called, it will in
turn call the initialize methods of all its child components , they
will initialize their children, and so on. The same is true of the

run and finalize methods.

call ESMF_GridComplnitialize(compGridded, importState =defaultstate, &
exportState=defaultstate, clock=clock, rc=localrc)
if (ESMF_LogFoundError(rc, msg="Initialize failed", rcT oReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT
call ESMF_GridCompRun(compGridded, importState=defaul tstate, &
exportState=defaultstate, clock=clock, rc=localrc)
if (ESMF_LogFoundError(rc, msg="Run failed", rcToReturn =rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT
call ESMF_GridCompFinalize(compGridded, importState=d efaultstate, &
exportState=defaultstate, clock=clock, rc=localrc)
if (ESMF_LogFoundError(rc, msg="Finalize failed", rcToR eturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

Destroy objects.
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call ESMF_ClockDestroy(clock, rc=localrc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

call ESMF_StateDestroy(defaultstate, rc=localrc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

call ESMF_GridCompDestroy(compGridded, rc=localrc)

if (ESMF_LogFoundError(localrc, ESMF_ERR_PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endflag=ESMF_END_ABORT )

Finalize and clean up.

call ESMF_Finalize()

end program ESMF_AppDriver

14.4 Required ESMF Methods

There are a few methods that every ESMF application mustagunt First, ESMF _Initialize() and
ESMF_Finalize() are in complete analogy teIP1_Init() and MPI_Finalize() known from MPI. All
ESMF programs, serial or parallel, must initialize the ES8§Btem at the beginning, and finalize it at the end of exe-
cution. The behavior of calling any ESMF method befB@&MF _Initialize() , or afterESMF_Finalize() is
undefined.

Second, every ESMF Component that is accessed by an ESMEatjapi requires that its set services routine is called
throughESMF_<Grid/Cpl>CompSetServices() . The Component must implement one public entry point, its
set services routine, that can be called throughBBMF_<Grid/Cpl>CompSetServices() library routine.
The Component set services routine is responsible fongettitry points for the standard ESMF Component methods
Initialize, Run, and Finalize.

Finally, the Component library caESMF_<Grid/Cpl>CompSetVM()  can optionally be issuebefore call-

ing ESMF_<Grid/Cpl>CompSetServices() . Similar toESMF_<Grid/Cpl>CompSetServices() , the
ESMF_<Grid/Cpl>CompSetVM() call requires a public entry point into the Component. ibal the Component

to adjust certain aspects of its execution environmentits@wn VM, before it is started up.

The following sections discuss the above mentioned aspentsre detail.

14.4.1 ESMF_Initialize - Initialize ESMF

INTERFACE:

subroutine ESMF_Initialize(defaultConfigFileName, def aultCalKind, &
defaultLogFileName, logkindflag, mpiCommunicator, &
ioUnitLBound, ioUnitUBound, vm, rc)

ARGUMENTS:

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
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character(len= *), intent(in), optional :: defaultConfigFileName

type(ESMF_CalKind_Flag), intent(in), optional :: defaul tCalKind
character(len= *), intent(in), optional :: defaultLogFileName
type(ESMF_LogKind_Flag), intent(in), optional :: logkin dflag
integer, intent(in), optional :: mpiCommunicator
integer, intent(in), optional :: ioUnitLBound
integer, intent(in), optional :: ioUnitUBound
type(ESMF_VM), intent(out), optional :: vm
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

This method must be called once on each PET before any othdFESethods are used. The method contains a
barrier before returning, ensuring that all processes naecessfully through initialization.

Typically ESMF_Initialize() will call MPI1_Init() internally unless MPI has been initialized by the user
code before initializing the framework. If the MPI initiahtion is left toESMF_Initialize() it inherits all of the
MPI implementation dependent limitations of what may or may be done befortPI_Init() . For instance, it

is unsafe for some MPI implementations, such as MPICH, taQibdfore the MPI environment is initialized. Please
consult the documentation of your MPI implementation faiadls.

Note that when using MPICH as the MPI library, ESMF needs ttage application command line arguments for
MPI_Init() . However, ESMF acquires these arguments internally andigliee does not need to worry about
providing them. Also, note that ESMF does not alter the comdriane arguments, so that if the user obtains them
they will be as specified on the command line (including thekeh MPICH would normally strip out).

By default, ESMF_Initialize() will open multiple error log files, one per processor. Thivésy useful for
debugging purpose. However, when running the applicatioradarge number of processors, opening a large
number of log files and writing log messages from all the pssoes could become a performance bottleneck.
Therefore, it is recommended to turn the Error Log featufeirothese situations by settiniggkindflag to
ESMF_LOGKIND_NONE.

When integrating ESMF with applications where Fortran mmitnber conflicts exist, the optionialUnitLBound
andioUnitUBound arguments may be used to specify an alternate unit numbge r&ee sectidn 46.2.1 for more
information on how ESMF uses Fortran unit numbers.

Before exiting the application the user must &HMF_Finalize()  to release resources and clean up ESMF grace-
fully.

The arguments are:

[defaultConfigFilename] Name of the default configuration file for the entire applimat

[defaultCalKind] Sets the default calendar to be used by ESMF Time Managese®tier 37.2]1 for a list of valid
options. If not specified, defaults ESMF_CALKIND_NOCALENDAR

[defaultLogFileName] Name of the default log file for warning and error messagesiotfspecified, defaults to
ESMF_ErrorLog .

[logkindflag] Sets the default Log Type to be used by ESMF Log Manager. Sa®isel3.2.2 for a list of valid
options. If not specified, defaults ESMF_LOGKIND_MULTI

[mpiCommunicator] MPI communicator defining the group of processes on whiclE®iglF application is running.
If not specified, defaults tMPI_COMM_WORLD

[ioUnitLBound] Lower bound for Fortran unit numbers used within the ESMFalilp. Fortran units are primarily
used for log files. Legal unit numbers are positive integ@rgalue higher than 10 is recommended in order to
avoid the compiler-specific reservations which are typydalund on the first few units. If not specified, defaults
to ESMF_LOG_FORT_UNIT_NUMBEmich is distributed with a value of 50.
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[ioUnitUBound] Upper bound for Fortran unit numbers used within the ESMFRlifp Must be set to a value at least
5 units higher thamoUnitLBound . If not specified, defaults t&e SMF_LOG_UPPERvhich is distributed
with a value of 99.

[vm] Returns the glob&&ESMF_VMhat was created during initialization.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

14.4.2 ESMF_Finalize - Clean up and shut down ESMF

INTERFACE:

subroutine ESMF_Finalize(endflag, rc)

ARGUMENTS:

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_End_Flag), intent(in), optional :: endflag
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

This must be called once on each PET before the applicatits texallow ESMF to flush buffers, close open con-
nections, and release internal resources cleanly. Thergdtargumengndflag may be used to indicate the mode
of termination. Note that this call must be issued only oreeRET withendflag=ESMF_END_NORMAL, and that
this call may not be followed biSMF_Initialize() . This last restriction means that it is not possible to mésta
ESMF within the same execution.

The arguments are:

[endflag] Specify mode of termination. The defaultBSMF_END_NORMAthich waits for all PETs of the global
VM to reachESMF_Finalize() before termination. See sectibn 14]2.1 for a complete fidtdescription
of valid flags.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

14.4.3 User-codé&etServices  method

Many programs call some library routines. The library doeaiation must explain what the routine name is, what
arguments are required and what are optional, and what thedaes.

In contrast, all ESMF components must be writterb&ocalledby another part of the program; in effect, an ESMF
component takes the place of a library. The interface isopitesd by the framework, and the component writer must
provide specific subroutines which have standard arguristsieind perform specific operations. For technical reasons
noneof the arguments in user-provided subroutines must be etésoptional

The onlyrequiredpublic interface of a Component is its set services methbds Jubroutine must have an externally
accessible name (be a public symbol), take a component éissttewgument, and an integer return code as the second.
Both arguments are required and mustbe declared agptional . If an intentis specified in the interface it must be
intent(inout) for the first andntent(out) for the second argument. The subroutine name is not predefine
it is set by the component writer, but must be provided asqfdite component documentation.
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The required function that the set services subroutine pgstide is to specify the user-code entry points for the
standard ESMF Component methods. To this end the useewst services routine calls the
ESMF_<Grid/Cpl>CompSetEntryPoint() method to set each Component entry point.

See sectiorfs 15.2.1 ahd 16]2.1 for examples of how to wriseaaode set services routine.

Note that a component does not call its own set servicesnmutihe AppDriver or parent component code, which
is creating a component, will first cdiSMF_<Grid/Cpl>CompCreate() to create an "empty" component, and
then must call int&aSMF_<Grid/Cpl>CompSetServices() , supplying the user-code set services routine as an
argument. The framework calls into the user-code set sesyafter the Component’s VM has been started up.

14.4.4 User-codénitialize ,Run, and Finalize  methods

The required standard ESMF Component methods, for whichagske entry points must be set, are Initialize, Run,
and Finalize. Currently optional, a Component may alsorsey @oints for the WriteRestart and ReadRestart methods.
Section$ 15.2]1 arid 16.2.1 provide examples of how the points for Initialize, Run, and Finalize are set during the
user-code set services routine, using@8MF_<Grid/Cpl>CompSetEntryPoint() library call.

All standard user-code methods must abéactlyto the prescribed interfacedNone of the arguments must be
declared asptional

The names of the Initialize, Run, and Finalize user-codeaitines do not need to be public; in fact it is far better for
them to be private to lower the chances of public symbol @dadletween different components.

See sectiors 15.2[2, I5.14.3, 15 2.4,[and TH.2.2, 16.223416r examples of how to write entry points for the staxdar
ESMF Component methods.

14.4.5 User-cod&etVM method

When the AppDriver or parent component code cBI&SMF_<Grid/Cpl>CompCreate() it has the option to
specify apetList argument. All of the parent PETs contained in this list beesasources of the child component.
By default all of the parent PETs are provided to the child ponent.

Unless the optionalontextflag argumentis used durifgSMF_<Grid/Cpl>CompCreate() ,toindicate that
the child component will execute in the same VM as the patbatchild component has the option to set certain as-
pects of how the provided resources are to be used when égchild component methods. The resources provided
via the parent PETs are the associated processing elerRPérgs¢nd virtual address spaces (VASS).

The optional user-written set vm routine is called from thegmt through th&ESMF_<Grid/Cpl>CompSetVM()

library code, and is the only place where the child compowrent set aspects of its own VM before it is started
up. The child component’s VM must be running before its setises routine can be called, and thus the optional
ESMF_<Grid/Cpl>CompSetVM() call must be placedeforeESMF_<Grid/Cpl>CompSetServices() .

If called by the parent, the user-code set vm routine has ptieroto specify how the PETs of the child component
share the provided parent PEs. Further, PETs on the sanie syrsgem image can be set to run multi-threaded, within
a reduced number of VAS, allowing a component to leverageesh@emory concepts.

Section$ 15.2]5 and 16.2.5 provide examples for simplews#en set vm routines.

15 GridComp Class

15.1 Description

In Earth system modeling, the most natural way to think abouESMF Gridded Component, BEMF_GridComp,

is as a piece of code representing a particular physical oigreach as an atmospheric model or an ocean model.
Gridded Components may also represent individual prosessgeh as radiation or chemistry. It's up to the application
writer to decide how deeply to “componentize.”

Earth system software components tend to share a numbersif femtures. Most ingest and produce a variety
of physical fields, refer to a (possibly noncontiguous) ighatgion and a grid that is partitioned across a set of
computational resources, and require a clock for thingsstiepping a governing set of PDEs forward in time. Most
can also be divided into distinct initialize, run, and fizalcomputational phases. These common characteristics are
used within ESMF to define a Gridded Component data strutiaitds tailored for Earth system modeling and yet is
still flexible enough to represent a variety of domains.
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A well designed Gridded Component does not store informaititernally about how it couples to other Gridded
Components. That allows it to be used in different contextsaut changes to source code. The idea here is to avoid
situations in which slightly different versions of the samedel source are maintained for use in different contexts -
standalone vs. coupled versions, for example. Data is gassed out of Gridded Components using an ESMF State,
this is described in Sectién 17.1.

An ESMF Gridded Component has two parts, one which is usitewrand another which is part of the framework.
The user-written part is software that represents a phiydigaain or performs some other computational function. It
forms the body of the Gridded Component. It may be a piecegafde code, or it may be developed expressly for use
with ESMF. It must contain routines with standard ESMF ifgtees that can be called to initialize, run, and finalize the
Gridded Component. These routines can have separateleglladises, such as distinct first and second initialization
steps.

ESMF provides the Gridded Component derived typ8MF_GridComp. An ESMF_GridComp must be created
for every portion of the application that will be represehis a separate component. For example, in a climate model,
there may be Gridded Components representing the landnosea ice, and atmosphere. If the application contains
an ensemble of identical Gridded Components, every onethiasvn associateESMF_GridComp. Each Gridded
Component has its own name and is allocated a set of comgmahtiesources, in the form of an ESMF Virtual
Machine, oVM

The user-written part of a Gridded Component is associatddanESMF_GridCompderived type through a routine
calledESMF_SetServices() . This is a routine that the user must write, and declare pulslside the SetServices
routine the user must cadiSMF_SetEntryPoint() methods that associate a standard ESMF operation with the
name of the corresponding Fortran subroutine in their useée c

15.2 Use and Examples

A Gridded Component is a computational entity which consuiaral produces data. It uses a State object to exchange
data between itself and other Components. It uses a Clodcbtg manage time, and a VM to describe its own and
its child components’ computational resources.

This section shows how to create Gridded Components. Foodstmrations of the use of Gridded Components,
see the system tests that are bundled with the ESMF softwsirébdtion. These can be found in the directory
esmf/src/system_tests

15.2.1 Implement a user-cod&etServices  routine

Every ESMF_GridComp is required to provide and document a public set servicesn@ult can have any name,
but must follow the declaration below: a subroutine whidkesaanESMF_GridComp as the first argument, and an
integer return code as the second. Both arguments are edcarid mushotbe declared asptional . If an intent

is specified in the interface it must beent(inout) for the first andntent(out) for the second argument.
The set services routine must call the ESMF mete&MF_GridCompSetEntryPoint() to register with the
framework what user-code subroutines should be calleditaline, run, and finalize the component. There are
additional routines which can be registered as well, focckpeint and restart functions.

Note that the actual subroutines being registered do nat tealve public to this module; only the set services routine
itself must be available to be used by other code.

I Example Gridded Component
module ESMF_GriddedCompEx

I ESMF Framework module
use ESMF

implicit none

public GComp_SetServices
public GComp_SetVM

contains

subroutine GComp_SetServices(comp, rc)
type(ESMF_GridComp) o comp I must not be optional
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integer, intent(out) :: rc ! must not be optional

I Set the entry points for standard ESMF Component methods

call ESMF_GridCompSetEntryPoint(comp, ESMF_METHOD _INI TIALIZE, &
userRoutine=GComp_Init, rc=rc)

call ESMF_GridCompSetEntryPoint(comp, ESMF_METHOD_RUN |, &
userRoutine=GComp_Run, rc=rc)

call ESMF_GridCompSetEntryPoint(comp, ESMF_METHOD_FIN ALIZE, &
userRoutine=GComp_Final, rc=rc)

rc = ESMF_SUCCESS

end subroutine

15.2.2 Implement a user-codénitialize routine

When a higher level component is ready to begin usingakF_GridComp, it will call its initialize routine.

The component writer must supply a subroutine with the eixéetface shown below. Arguments must not be declared
as optional, and the types and order must match.

At initialization time the component can allocate data spapen data files, set up initial conditions; anything itdeee
to do to prepare to run.

Therc return code should be set if an error occurs, otherwise theEEMF_SUCCESShould be returned.

subroutine GComp_Init(comp, importState, exportState, ¢ lock, rc)
type(ESMF_GridComp) o comp ! must not be optional
type(ESMF_State) . importState I must not be optional
type(ESMF_State) . exportState ! must not be optional
type(ESMF_Clock) it clock I must not be optional
integer, intent(out) :: rc I must not be optional

print  *, "Gridded Comp Init starting"

I This is where the model specific setup code goes.

I If the initial Export state needs to be filled, do it here.
Icall ESMF_StateAdd(exportState, field, rc)

Icall ESMF_StateAdd(exportState, bundle, rc)

print  *, "Gridded Comp Init returning"

rc = ESMF_SUCCESS

end subroutine GComp_Init

15.2.3 Implement a user-cod&®un routine

During the execution loop, the run routine may be called mtimgs. Each time it should read data from the
importState  , use theclock to determine what the current time is in the calling compon@mpute new values

or process the data, and produce any output and place it exffatState

When a higher level component is ready to useBBMF_GridCompit will call its run routine.

The component writer must supply a subroutine with the exéetface shown below. Arguments must not be declared
as optional, and the types and order must match.
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It is expected that this is where the bulk of the model comimriaor data analysis will occur.
Therc return code should be set if an error occurs, otherwise theEEMF_SUCCESShould be returned.

subroutine GComp_Run(comp, importState, exportState, cl ock, rc)
type(ESMF_GridComp) o comp ! must not be optional
type(ESMF_State) ;. importState ! must not be optional
type(ESMF_State) . exportState ! must not be optional
type(ESMF_Clock) :: clock I must not be optional
integer, intent(out) :: rc I must not be optional

print  *, "Gridded Comp Run starting"

I call ESMF_StateGet(), etc to get fields, bundles, arrays
I from import state.

I This is where the model specific computation goes.

I Fill export state here using ESMF_StateAdd(), etc

print  *, "Gridded Comp Run returning"

rc = ESMF_SUCCESS

end subroutine GComp_Run

15.2.4 Implement a user-codé&inalize  routine

At the end of application execution, eaEBMF_GridComp should deallocate data space, close open files, and flush
final results. These functions should be placed in a finabméime.

The component writer must supply a subroutine with the eixéetface shown below. Arguments must not be declared
as optional, and the types and order must match.

Therc return code should be set if an error occurs, otherwise the#=SMF_SUCCES$hould be returned.

subroutine GComp_Final(comp, importState, exportState, clock, rc)
type(ESMF_GridComp) ;. comp ! must not be optional
type(ESMF_State) . importState I must not be optional
type(ESMF_State) i exportState I must not be optional
type(ESMF_Clock) .. clock I must not be optional
integer, intent(out) :: rc I must not be optional

print  *, "Gridded Comp Final starting”
! Add whatever code here needed

print  *, "Gridded Comp Final returning"
rc = ESMF_SUCCESS

end subroutine GComp_Final
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15.2.5 Implement a user-cod&etVM routine

Every ESMF_GridComp can optionally provide and document a public set vm routihean have any name, but
must follow the declaration below: a subroutine which takeEESMF_GridComp as the first argument, and an
integer return code as the second. Both arguments are edcarid mushotbe declared asptional . If an intent
is specified in the interface it must b@ent(inout) for the first andntent(out) for the second argument.
The set vm routine is the only place where the child compoocamuse th&ESMF_GridCompSetVMMaxPEs() , or
ESMF_GridCompSetVMMaxThreads() , or ESMF_GridCompSetVMMinThreads() call to modify aspects
of its own VM.

A component’'s VM is started up right before its set serviaagtine is entered. ESMF_GridCompSetVM() is
executing in the parent VM, and must be caltleforeESMF_GridCompSetServices()

subroutine GComp_SetVM(comp, rc)
type(ESMF_GridComp) o comp I must not be optional
integer, intent(out) :: rc ! must not be optional

type(ESMF_VM) 1 vm
logical :: pthreadsEnabled

I Test for Pthread support, all SetVM calls require it
call ESMF_VMGetGlobal(vm, rc=rc)
call ESMF_VMGet(vm, pthreadsEnabledFlag=pthreadsEnabl ed, rc=rc)

if (pthreadsEnabled) then

! run PETs single-threaded

call ESMF_GridCompSetVMMinThreads(comp, rc=rc)
endif

rc = ESMF_SUCCESS
end subroutine

end module ESMF_GriddedCompEx

15.2.6 Set and Get the Internal State

ESMF provides the concept of an Internal State that is agtativith a Component. Through the Internal State APl a
user can attach a private data block to a Component, andédtiEve a pointer to this memory allocation. Setting and
getting of Internal State information are supported froryvamere in the Component’s SetServices, Initialize, Run, or
Finalize code.

The code below demonstrates the basic Internal State ABSMF_<Grid|Cpl>SetinternalState() and
ESMF_<Grid|Cpl>GetinternalState() . Notice that an extra level of indirection to the user datadses-
sary!

I ESMF Framework module

use ESMF

implicit none

type(ESMF_GridComp) :: comp
integer :: rc, finalrc

I Internal State Variables
type testData
sequence

integer :: testValue
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real :: testScaling
end type

type dataWrapper
sequence

type(testData), pointer :: p
end type

type(dataWrapper) :: wrapl, wrap2
type(testData), target :: data
type(testData), pointer :: datap ! extra level of indirecti on

finalrc = ESMF_SUCCESS

call ESMF_Initialize(defaultlogfilename="InternalSta teEx.Log", &
logkindflag=ESMF_LOGKIND_MULTI, rc=rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESMF_FAILURE

I Creation of a Component
comp = ESMF_GridCompCreate(name="test", rc=rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESMF_FAILURE

I This could be called, for example, during a Component’s ini tialize phase.

I Initialize private data block
data%testValue = 4567
data%testScaling = 0.5

I Set Internal State

wrapl%p => data

call ESMF_GridCompSetinternalState(comp, wrapl, rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESMF_FAILURE

!
I This could be called, for example, during a Component’s run phase.

I Get Internal State
call ESMF_GridCompGetinternalState(comp, wrap2, rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESMF_FAILURE

I Access private data block and verify data

datap => wrap2%p

if ((datap%testValue .ne. 4567) .or. (datap%testScaling . ne. 0.5)) then
print  *, "did not get same values back"
finalrc = ESMF_FAILURE

else
print  *, "got same values back from GetinternalState as original"

endif

When working with ESMF Internal States it is important to sioler the applying scoping rules. The user must
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ensure that the private data block, that is being referemmsists for the entire access period. This is not an issue
in the previous example, where the private data block wasiefon the scope of the main program. However, the
Internal State construct is often useful inside of Componswdules to hold Component specific data between calls.
One option to ensure persisting private data blocks is tothusd-ortran SAVE attribute either on local or module
variables. A second option, illustrated in the followingexple, is to use Fortran pointers and user controlled memory
management via allocate() and deallocate() calls.

One situation where the Internal State is useful is in that@e of ensembles of the same Component. In this case
it can be tricky to distinguish which data, held in saved nediariables, belongs to which ensemble member -
especially if the ensemble members are executing on the saihoé PETs. The Internal State solves this problem by
providing a handle to instance specific data allocations.

module user_mod
use ESMF
implicit none

I module variables
private

I Internal State Variables
type testData

sequence
integer .. testValue | scalar data
real ;. testScaling | scalar data
real, pointer :: testArray(:) I array data

end type

type dataWrapper

sequence
type(testData), pointer :: p

end type

contains !

subroutine mygcomp_init(gcomp, istate, estate, clock, rc )

type(ESMF_GridComp):: gcomp
type(ESMF_State):: istate, estate
type(ESMF_Clock):: clock
integer, intent(out):: rc

! Local variables
type(dataWrapper) :: wrap
type(testData), pointer :: data
integer :: i

rc = ESMF_SUCCESS

I Allocate private data block
allocate(data)
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I Initialize private data block

data%testValue = 4567 I initialize scalar data
data%testScaling = 0.5 I initialize scalar data
allocate(data%testArray(10)) ! allocate array data

do i=1, 10
data%testArray(i) = real(i) ! initialize array data
enddo
! In a real ensemble application the initial data would be set to
I something unique for this ensemble member. This could be
I accomplished for example by reading a member specific conf ig file
! that was specified by the driver code. Alternatively, Attr ibutes,
! set by the driver, could be used to label the Component insta nces
I

as specific ensemble members.

I Set Internal State

wrap%p => data

call ESMF_GridCompSetinternalState(gcomp, wrap, rc)

end subroutine !

subroutine mygcomp_run(gcomp, istate, estate, clock, rc)
type(ESMF_GridComp):: gcomp
type(ESMF_State):: istate, estate
type(ESMF_Clock):: clock
integer, intent(out):: rc

! Local variables
type(dataWrapper) :: wrap
type(testData), pointer :: data
logical :: match = .true.
integer :: i

rc = ESMF_SUCCESS

I Get Internal State

call ESMF_GridCompGetinternalState(gcomp, wrap, rc)
if (rc/=ESMF_SUCCESS) return

I Access private data block and verify data
data => wrap%p

if (data%testValue .ne. 4567) match = .false. ! test scalar d ata
if (data%testScaling .ne. 0.5) match = .false. ! test scalar data
do i=1, 10
if (data%testArray(i) .ne. real(i)) match = .false. ! test a rray data
enddo

if (match) then

print  *, "got same values back from GetinternalState as original”
else

print  *, "did not get same values back"

rc = ESMF_FAILURE
endif
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end subroutine !

subroutine mygcomp_final(gcomp, istate, estate, clock, r c)
type(ESMF_GridComp):: gcomp
type(ESMF_State):: istate, estate
type(ESMF_Clock):: clock
integer, intent(out):: rc

! Local variables
type(dataWrapper) :: wrap
type(testData), pointer :: data

rc = ESMF_SUCCESS

I Get Internal State
call ESMF_GridCompGetinternalState(gcomp, wrap, rc)
if (rc/=ESMF_SUCCESS) return

! Deallocate private data block

data => wrap%p

deallocate(data%testArray) ! deallocate array data
deallocate(data)

end subroutine !

end module

15.3 Restrictions and Future Work

1. No optional arguments. User-written routines called by SetServices, and registéor Initialize, Run and
Finalize,must nodeclare any of the arguments as optional.

2. Namespace isolation.If possible, Gridded Components should attempt to make ah grivate, so public
names do not interfere with data in other components.

3. Single execution mode.It is not expected that a single Gridded Component be ablariotion in both se-
guential and concurrent modes, although Gridded Compeméwiifferent types can be nested. For example, a
concurrently called Gridded Component can contain sevested sequential Gridded Components.

15.4 Class API
15.4.1 ESMF_GridCompAssignment(=) - GridComp assignment

INTERFACE:

interface assignment(=)
gridcompl = gridcomp2

ARGUMENTS:

type(ESMF_GridComp) :: gridcompl
type(ESMF_GridComp) :: gridcomp2

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Assign gridcomp1l as an alias to the same ESMF GridComp oipj@eemory as gridcomp2. If gridcomp2 is invalid,
then gridcompl will be equally invalid after the assignment
The arguments are:

gridcompl TheESMF_GridComp object on the left hand side of the assignment.
gridcomp2 TheESMF_GridComp object on the right hand side of the assignment.

15.4.2 ESMF_GridCompOperator(==) - GridComp equality opeator

INTERFACE:

interface operator(==
if (gridcompl == gridcomp2) then ... endif
OR

result = (gridcompl == gridcomp?2)
RETURN VALUE:

logical :: result
ARGUMENTS:

type(ESMF_GridComp), intent(in) :: gridcompl
type(ESMF_GridComp), intent(in) :: gridcomp2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Test whether gridcompl and gridcomp?2 are valid aliasessg@déime ESMF GridComp object in memory. For a more
general comparison of two ESMF GridComps, going beyond imple alias test, the ESMF_GridCompMatch()
function (not yet implemented) must be used.

The arguments are:

gridcompl TheESMF_GridComp object on the left hand side of the equality operation.
gridcomp2 TheESMF_GridComp object on the right hand side of the equality operation.

15.4.3 ESMF_GridCompOperator(/=) - GridComp not equal ope&ator

INTERFACE:
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interface operator(/=)
if (gridcompl /= gridcomp2) then ... endif
result = (grid(gcl?mpl /= gridcomp?2)
RETURN VALUE:
logical :: result
ARGUMENTS:

type(ESMF_GridComp), intent(in) :: gridcompl
type(ESMF_GridComp), intent(in) :: gridcomp2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Test whether gridcompl and gridcomp?2 acg valid aliases to the same ESMF GridComp object in memory.aFor
more general comparison of two ESMF GridComps, going beyoadimple alias test, the ESMF_GridCompMatch()
function (not yet implemented) must be used.

The arguments are:

gridcompl TheESMF_GridComp object on the left hand side of the non-equality operation.
gridcomp2 TheESMF_GridComp object on the right hand side of the non-equality operation.

15.4.4 ESMF_GridCompCreate - Create a GridComp

INTERFACE:
recursive function ESMF_GridCompCreate(grid, &
config, configFile, clock, petList, contextflag, name, rc )
RETURN VALUE:
type(ESMF_GridComp) :: ESMF_GridCompCreate
ARGUMENTS:
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_Grid), intent(in), optional :: grid
type(ESMF_Config), intent(in), optional :: config
character(len= *), intent(in), optional :: configFile
type(ESMF_Clock), intent(in), optional :: clock
integer, intent(in), optional :: petList(:)
type(ESMF_Context_Flag), intent(in), optional :: contex tflag
character(len= *), intent(in), optional :: name
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.
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DESCRIPTION:

This interface creates aBSMF_GridComp object. By default, a separate VM context will be createddach
component. This implies creating a new MPI communicator alatating additional memory to manage the VM
resources. When running on a large number of processoggijrgge separate VM for each component could be both
time and memory inefficient. If the application is sequdntia., each component is running on all the PETs of the
global VM, it will be more efficient to use the global VM instkaf creating a new one. This can be done by setting
contextflag to ESMF_CONTEXT_PARENT_VM.

The return value is the neSMF_GridComp.

The arguments are:

[grid] Default ESMF_Grid associated with thigridcomp . Note that it is perfectly ok to not pass a Grid in for
this argument. This argument is simply a convenience foruger to allow them to associate a Grid with a
component for their later use. The grid isn’t actually usethe component code.

[config] An already-createESMF_Config configuration object from which the new component can read in
namelist-type information to set parameters for this runbotth are specified, this object takes priority over
configFile

[configFile] The filename of arESMF_Config format file. If specified, this file is opened &5MF_Config
configuration object is created for the file, and attachedh® mew component. The user can call
ESMF_GridCompGet() to get and use the object. If both are specified,abiefig object takes priority
over this one.

[clock] Component-specifiESMF_Clock. This clock is available to be queried and updated by the new
ESMF_GridCompas it chooses. This should not be the parent component chdgkh should be maintained
and passed down to the initialize/run/finalize routinessafely.

[petList] List of parentPETs given to the created child component by the parent comporiepetList  is not
specified all of the pare®ETs will be given to the child component. The order of PETgetList  determines
how the child local PETs refer back to the parent PETSs.

[contextflag] Specify the component’'s VM context. The default contex@&VF_CONTEXT_OWN _.\Ade section
[0.9 for a complete list of valid flags.

[name] Name of the newly-creatdelSMF_GridComp. This name can be altered from within tB8MF_GridComp
code once the initialization routine is called.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.5 ESMF_GridCompDestroy - Release resources asso@dtwith a GridComp

INTERFACE:
subroutine ESMF_GridCompDestroy(gridcomp, rc)

ARGUMENTS:
type(ESMF_GridComp), intent(inout) :: gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.
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DESCRIPTION:

Destroys arESMF_GridComp, releasing the resources associated with the object.
The arguments are:

gridcomp Release all resources associated with B88F GridComp and mark the object as invalid. It is an error
to pass this object into any other routines after being dgstt.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

15.4.6 ESMF_GridCompFinalize - Call the GridComp’s finalize routine

INTERFACE:
recursive subroutine ESMF_GridCompFinalize(gridcomp, &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) :: gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user-supplied finalization routin@fdeSMF_GridComp.
The arguments are:

gridcomp TheESMF_GridCompto call finalize routine for.

[importState] ESMF_State containing import data. If not present, a dummy argumenthvélpassed to the user-
supplied routine. The importState argument in the user cadaot be optional.

[exportState] ESMF_State containing export data. If not present, a dummy argumerntbeilpassed to the user-
supplied routine. The exportState argument in the user cadeot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pamamponent’s clock, and
will be treated as read-only by the child component. Thedcbidmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion P.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.
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[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to ceteggheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accommodating compusiehich must complete part of their work, return
to the caller and allow other processing to occur, and therirmee the original operation. For multiple-phase
child components, this is the integer phase nhumber to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.7 ESMF_GridCompGet - Get GridComp information

INTERFACE:
subroutine ESMF_GridCompGet(gridcomp, gridlsPresent, g rid, &

importStatelsPresent, importState, exportStatelsPrese nt, exportState, &
configlsPresent, config, configFilelsPresent, configFi le, &
clocklsPresent, clock, localPet, petCount, contextflag, &
currentMethod, currentPhase, comptype, vmisPresent, vm, name, rc)

ARGUMENTS:
type(ESMF_GridComp), intent(in) :: gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
logical, intent(out), optional :: gridlsPresent
type(ESMF_Grid), intent(out), optional :: grid
logical, intent(out), optional :: importStatelsPresent
type(ESMF_State), intent(out), optional :: importState
logical, intent(out), optional :: exportStatelsPresent
type(ESMF_State), intent(out), optional :: exportState
logical, intent(out), optional :: configlsPresent
type(ESMF_Config), intent(out), optional :: config
logical, intent(out), optional :: configFilelsPresent
character(len= *), intent(out), optional :: configFile
logical, intent(out), optional :: clocklsPresent
type(ESMF_Clock), intent(out), optional :: clock
integer, intent(out), optional :: localPet
integer, intent(out), optional :: petCount
type(ESMF_Context_Flag), intent(out), optional :: conte xtflag
type(ESMF_Method_Flag), intent(out), optional :: curren tMethod
integer, intent(out), optional :: currentPhase
type(ESMF_CompType_Flag), intent(out), optional :: comp type
logical, intent(out), optional :: vmisPresent
type(ESMF_VM), intent(out), optional :: vm
character(len= *), intent(out), optional :: name
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.
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DESCRIPTION:

Get information about aBSMF_GridComp object.
The arguments are:

gridcomp TheESMF_GridComp object being queried.
[gridisPresent] .true. if grid was set in GridComp objecfalse. otherwise.

[grid] Return the associated Grid. It is an error to query for thel @rnone is associated with the GridComp. If
unsure, gegridisPresent first to determine the status.

[importStatelsPresent] .true.  if importState  was set in GridComp objecfalse. otherwise.

[importState] Return the associated import State. Itis an error to querhfoimport State if none is associated with
the GridComp. If unsure, géhportStatelsPresent first to determine the status.

[exportStatelsPresent] .true.  if exportState  was set in GridComp objecfalse. otherwise.

[exportState] Return the associated export State. It is an error to queth&export State if none is associated with
the GridComp. If unsure, getxportStatelsPresent first to determine the status.

[configlsPresent] .true.  if config was set in GridComp objecfalse. otherwise.

[config] Return the associated Config. Itis an error to query for thefigdf none is associated with the GridComp.
If unsure, getonfiglsPresent first to determine the status.

[configFilelsPresent] .true.  if configFile was set in GridComp objecfalse. otherwise.

[configFile] Return the associated configuration filename. It is an eorquéry for the configuration filename if none
is associated with the GridComp. If unsure, genfigFilelsPresent first to determine the status.

[clockisPresent] .true.  if clock was setin GridComp objecfalse. otherwise.

[clock] Return the associated Clock. It is an error to query for theelCIf none is associated with the GridComp. If
unsure, getlockisPresent first to determine the status.

[localPet] Return the local PET id within thESMF_GridComp object.
[petCount] Return the number of PETs in the tBEMF_GridComp object.

[contextflag] Return theESMF_Context_Flag for thisESMF_GridComp. See sectioh 919 for a complete list of
valid flags.

[currentMethod] Return the curredfESMF_Method_Flag of the ESMF_GridComp execution. See secti¢n 9]31
for a complete list of valid options.

[currentPhase] Return the curremthase of theESMF_GridComp execution.
[comptype] Return the Component typgSMF_COMPTYPE_GRWESMF_COMPTYPE_CPL
[vmisPresent] .true. if vmwas setin GridComp objecfalse. otherwise.

[vm] Return the associated VM. Itis an error to query for the VMadhe is associated with the GridComp. If unsure,
getvmlisPresent first to determine the status.

[name] Return the name of theSMF_GridComp.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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15.4.8 ESMF_GridCompGetinternalState - Get private data lbock pointer

INTERFACE:
subroutine ESMF_GridCompGetinternalState(gridcomp, wr appedDataPointer, rc)
ARGUMENTS:

type(ESMF_GridComp) :: gridcomp
type(wrapper) . wrappedDataPointer
integer, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Available to be called by aBSMF_GridCompat any time afteESMF_GridCompSetinternalState has been
called. Since init, run, and finalize must be separate suines) data that they need to share in common can either
be module global data, or can be allocated in a private datxkland the address of that block can be registered with
the framework and retrieved by this call. When running nplétinstantiations of aRSMF_GridComp, for example
during ensemble runs, it may be simpler to maintain privat& épecific to each run with private data blocks. A
correspondinESMF_GridCompSetinternalState call sets the data pointer to this block, and this call rease

the data pointer. Note that therappedDataPointer argument needs to be a derived type which contains only a
pointer of the type of the data block defined by the user. Whakimg this call the pointer needs to be unassociated.
When the call returns, the pointer will now reference thgioal data block which was set during the previous call to
ESMF_GridCompSetinternalState

Only thelastdata block set viE SMF_GridCompSetinternalState will be accessible.

CAUTION: This method does not have an explicit Fortran ifstee. Do not specify argument keywords when calling
this method!

The arguments are:

gridcomp An ESMF_GridComp object.

wrappedDataPointer A derived type (wrapper), containing only an unassociatgdtpr to the private data block.
The framework will fill in the pointer. When this call returritte pointer is set to the same address set during
the lastESMF_GridCompSetinternalState call. This level of indirection is needed to reliably set and
retrieve the data block no matter which architecture or denjs used.

rc Return code; equalsSMF_SUCCESSthere are no errors. Note: unlike most other ESMF routittgs argument
is not optional because of implementation considerations.

15.4.9 ESMF_GridComplnitialize - Call the GridComp’s init ialize routine

INTERFACE:

recursive subroutine ESMF_GridComplnitialize(gridcomp , &
importState, exportState, clock, syncflag, phase, userRc , rc)

ARGUMENTS:
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type(ESMF_GridComp), intent(inout) ;. gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user initialization routine forlB®MF_GridComp.
The arguments are:

gridcomp ESMF_GridCompto call initialize routine for.

[importState] ESMF_State containing import data for coupling. If not present, a dunmanyument will be passed
to the user-supplied routine. The importState argumetitéruser code cannot be optional.

[exportState] ESMF_State containing export data for coupling. If not present, a dunargument will be passed
to the user-supplied routine. The exportState argumeheimuser code cannot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidimponent can maintain a private clock for its
own internal time computations. If not present, a dummy argt will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion D.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether each of thelineriaresingle-phaser multi-phase Single-
phase routines require only one invocation to complete theik. Multi-phase routines provide multiple sub-
routines to accomplish the work, accomodating componehishwmust complete part of their work, return to
the caller and allow other processing to occur, and thenmaathe original operation. For multiple-phase child
components, this is the integer phase number to be invokatsifgle-phase child components this argument
is optional. The defaultis 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.10 ESMF_GridComplsPetLocal - Inquire if this GridComp is to execute on the calling PET

INTERFACE:
recursive function ESMF_GridComplsPetLocal(gridcomp, r C)

RETURN VALUE:
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logical :: ESMF_GridComplsPetLocal

ARGUMENTS:
type(ESMF_GridComp), intent(in) ;1 gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Inquire if thisESMF_GridComp object is to execute on the calling PET.
The return value isrue. if the componentis to execute on the calling PEdlse. otherwise.
The arguments are:

gridcomp ESMF_GridComp queried.
[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

15.4.11 ESMF_GridCompPrint - Print GridComp information

INTERFACE:
subroutine ESMF_GridCompPrint(gridcomp, rc)

ARGUMENTS:
type(ESMF_GridComp), intent(in) :: gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:
Prints information about aBSMF_GridComp to stdout

The arguments are:
gridcomp ESMF_GridCompto print.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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15.4.12 ESMF_GridCompReadRestart - Call the GridComp’s red restart routine

INTERFACE:
recursive subroutine ESMF_GridCompReadRestart(gridcom p, &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) ;. gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user read restart routine f&E&MF_GridComp.
The arguments are:

gridcomp ESMF_GridCompto call run routine for.

[importState] ESMF_State containing import data. If not present, a dummy argumenthelpassed to the user-
supplied routine. The importState argument in the user cadaot be optional.

[exportState] ESMF_State containing export data. If not present, a dummy argumerntbheilpassed to the user-
supplied routine. The exportState argument in the user cadeot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidimponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion P.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating comgsvetnich must complete part of their work, return
to the caller and allow other processing to occur, and theimmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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15.4.13 ESMF_GridCompRun - Call the GridComp’s run routine

INTERFACE:

recursive subroutine ESMF_GridCompRun(gridcomp, &
importState, exportState,&
clock, syncflag, phase, userRc, rc)

ARGUMENTS:
type(ESMF_GridComp), intent(inout) . gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user run routine forE8MF_GridComp.
The arguments are:

gridcomp ESMF_GridCompto call run routine for.

[importState] ESMF_State containing import data. If not present, a dummy argumentheélpassed to the user-
supplied routine. The importState argument in the user cadaot be optional.

[exportState] ESMF_State containing export data. If not present, a dummy argumerntbheilpassed to the user-
supplied routine. The exportState argument in the user cadeot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidimponent can maintain a private clock for its
own internal time computations. If not present, a dummy argt will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion B.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thiatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating comgsivetnich must complete part of their work, return
to the caller and allow other processing to occur, and theimmee the original operation. For multiple-phase
child components, this is the integer phase number to bekéwio For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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15.4.14 ESMF_GridCompSet - Set or reset information abouthte GridComp

INTERFACE:

subroutine ESMF_GridCompSet(gridcomp, grid, config, &
configFile, clock, name, rc)

ARGUMENTS:
type(ESMF_GridComp), intent(inout) :; gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_Grid), intent(in), optional :: grid
type(ESMF_Config), intent(in), optional :: config
character(len= *), intent(in), optional :: configFile
type(ESMF_Clock), intent(in), optional :: clock
character(len= *), intent(in), optional :: name
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Sets or resets information aboutB8SMF_GridComp.
The arguments are:

gridcomp ESMF_GridCompto change.
[grid] SettheESMF_Grid associated with thESMF_GridComp.

[config] Set the configuration information for tiEESMF_GridComp from this already createtSMF_Config ob-
ject. If specified, takes priority oveonfigFile

[configFile] Set the configuration filename for tlEESSMF_GridComp. An ESMF_Config object will be created
for this file and attached to tHeSMF_GridComp. Superceeded byonfig if both are specified.

[clock] Set the private clock for thiESMF_GridComp.
[name] Set the name of theSMF_GridComp.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.15 ESMF_GridCompSetEntryPoint - Set user routine asrdry point for standard GridComp method

INTERFACE:
recursive subroutine ESMF_GridCompSetEntryPoint(gridc omp, methodflag, &
userRoutine, phase, rc)

ARGUMENTS:
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type(ESMF_GridComp), intent(inout) :; gridcomp

type(ESMF_Method_Flag), intent(in) :: methodflag
interface
subroutine userRoutine(gridcomp, importState, exportSt ate, clock, rc)

use ESMF_CompMod
use ESMF_StateMod
use ESMF_ClockMod
implicit none

type(ESMF_GridComp) :: gridcomp I must not be optional
type(ESMF_State) :» importState ! must not be optional
type(ESMF_State) . exportState ! must not be optional
type(ESMF_Clock) ;o clock I must not be optional
integer, intent(out) ;orc I must not be optional

end subroutine
end interface

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: phase
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Registers a user-supplieerRoutine  as the entry point for one of the predefined Compomeethodflag s.
After this call theuserRoutine  becomes accessible via the standard Component method API.
The arguments are:

gridcomp An ESMF_GridComp object.

methodflag One of a set of predefined Component methods - e.gESMF_METHOD_INITIALIZE,
ESMF_METHOD_RUBSMF_METHOD_FINALIZESee section 9.31 for a complete list of valid method op-
tions.

userRoutine The user-supplied subroutine to be associated for this Gammtmethod . The subroutine must be
either a module scope procedure, or an external procedatréds a matching interface block specified for it.
It must not be an internal procedure which is contained witliother procedure. Argument types, intent and
order must match the interface signature, and must not haaptional  attribute.

[phase] Thephase number for multi-phase methods. For single phase methegdtse argument can be omitted.
The default setting is 1.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

15.4.16 ESMF_GridCompSetinternalState - Set private datdlock pointer

INTERFACE:
subroutine ESMF_GridCompSetinternalState(gridcomp, wr appedDataPointer, rc)
ARGUMENTS:
type(ESMF_GridComp) :: gridcomp
type(wrapper) . wrappedDataPointer
integer, intent(out) :: rc
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STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Available to be called by aeSMF_GridComp at any time, but expected to be most useful when called dihieg
registration process, or initialization. Since init, ramd finalize must be separate subroutines, data that theljtoee
share in common can either be module global data, or candeasdld in a private data block and the address of that
block can be registered with the framework and retrievedutysequent calls. When running multiple instantiations
of an ESMF_GridComp, for example during ensemble runs, it may be simpler to raainprivate data specific to
each run with private data blocks. A corresponddi®VIF _GridCompGetinternalState call retrieves the data
pointer.

Only thelastdata block set viE SMF_GridCompSetinternalState will be accessible.

CAUTION: This method does not have an explicit Fortran ifstee. Do not specify argument keywords when calling
this method!

The arguments are:

gridcomp An ESMF_GridComp object.

wrappedDataPointer A pointer to the private data block, wrapped in a derived tyjpéch contains only a pointer
to the block. This level of indirection is needed to reliat and retrieve the data block no matter which
architecture or compiler is used.

rc Return code; equalsSMF_SUCCESSthere are no errors. Note: unlike most other ESMF routittgs argument
is not optional because of implementation considerations.

15.4.17 ESMF_GridCompSetServices - Call user routine to gaster GridComp methods

INTERFACE:
recursive subroutine ESMF_GridCompSetServices(gridcom p, &
userRoutine, userRc, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) :: gridcomp
interface

subroutine userRoutine(gridcomp, rc)
use ESMF_CompMod
implicit none
type(ESMF_GridComp) . gridcomp ! must not be optional
integer, intent(out) ore ! must not be optional
end subroutine
end interface

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.
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DESCRIPTION:

Callinto user providedserRoutine  which is responsible for setting Component’s Initializ&)n(), and Finalize()
services.
The arguments are:

gridcomp Gridded Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
userRoutine  argument. Arguments inserRoutine  must not be declared as optional, and the types,
intent and order must match. The subroutine must be eitherdula scope procedure, or an external procedure
that has a matching interface block specified for it. It mudtime an internal procedure which is contained
within another procedure.

The userRoutine , when called by the framework, must make successive calls to
ESMF_GridCompSetEntryPoint() to preset callback routines for standard Component |iEg§),
Run(), and Finalize() methods.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

15.4.18 ESMF_GridCompSetServices - Call user routine, laded in shared object, to register GridComp

methods
INTERFACE:
! Private name; call using ESMF_GridCompSetServices()
recursive subroutine ESMF_GridCompSetServicesShObj(gr idcomp, userRoutine, &
sharedObj, userRc, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) ;1 gridcomp
character(len= *), intent(in) : userRoutine
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
character(len= *), intent(in), optional :: sharedObj
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Callinto user provided routine which is responsible fotisgtComponent’s Initialize(), Run(), and Finalize() sess.
The namediserRoutine  must exist in the shared object file specified in #iaredObj argument. All of the
platform specific details about dynamic linking and loadapgply.

The arguments are:

gridcomp Gridded Component.
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userRoutine Name of routine to be called, specified as a character strifige Component writer must supply a
subroutine with the exact interface shown feserRoutine  below. Arguments must not be declared as
optional, and the types, intent and order must match. Theostihe must be either a module scope procedure,
or an external procedure that has a matching interface Isloekified for it. It must not be an internal procedure
which is contained within another procedure.

INTERFACE:

interface

subroutine userRoutine(gridcomp, rc)
type(ESMF_GridComp) :: gridcomp I must not be optional
integer, intent(out) :: rc I must not be optional

end subroutine

end interface

DESCRIPTION:
The userRoutine , when called by the framework, must make successive calls to
ESMF_GridCompSetEntryPoint() to preset callback routines for standard Component |iEg§),

Run(), and Finalize() methods.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argument is not provided the
executable itself will be searched feserRoutine

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.19 ESMF_GridCompSetVM - Call user routine to set Grid@®@mp VM properties

INTERFACE:

recursive subroutine ESMF_GridCompSetVM(gridcomp, user Routine, &
userRc, rc)

ARGUMENTS:

type(ESMF_GridComp), intent(inout) :: gridcomp
interface
subroutine userRoutine(gridcomp, rc)
use ESMF_CompMod

implicit none
type(ESMF_GridComp) :: gridcomp ! must not be optional
integer, intent(out) ore ! must not be optional

end subroutine
end interface

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.
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DESCRIPTION:

Optionally call into user providedserRoutine  which is responsible for for setting Component’s VM projest
The arguments are:

gridcomp Gridded Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
userRoutine  argument. Arguments inserRoutine  must not be declared as optional, and the types,
intent and order must match. The subroutine must be eitherdula scope procedure, or an external procedure
that has a matching interface block specified for it. It mudtime an internal procedure which is contained
within another procedure.

The subroutine, when called by the framework, is expectedéoany of th&SMF_GridCompSetVMxxx()
methods to set the properties of the VM associated with theéd&d Component.

[userRc] Return code set byserRoutine  before returning.
[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

15.4.20 ESMF_GridCompSetVM - Call user routine, located inshared object, to set GridComp VM proper-

ties
INTERFACE:
! Private name; call using ESMF_GridCompSetVM()
recursive subroutine ESMF_GridCompSetVMShODbj(gridcomp , userRoutine, &
sharedObj, userRc, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) :: gridcomp
character(len= *), intent(in) .. userRoutine
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
character(len= *), intent(in), optional :: sharedObj
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Optionally call into user providedserRoutine  which is responsible for for setting Component’s VM projest
The namediserRoutine  must exist in the shared object file specified in gharedObj argument. All of the
platform specific details about dynamic linking and loadapgply.

The arguments are:

gridcomp Gridded Component.

userRoutine Routine to be called, specified as a character string. ThepGoent writer must supply a subroutine
with the exact interface shown faserRoutine  below. Arguments must not be declared as optional, and the
types, intent and order must match. The subroutine musttberea module scope procedure, or an external
procedure that has a matching interface block specifiedt.fdt must not be an internal procedure which is
contained within another procedure.

INTERFACE:
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interface

subroutine userRoutine(gridcomp, rc)
type(ESMF_GridComp) :: gridcomp ! must not be optional
integer, intent(out) :: rc I must not be optional

end subroutine

end interface

DESCRIPTION:
The subroutine, when called by the framework, is expectegéoany of th&SMF_GridCompSetVMxxx()
methods to set the properties of the VM associated with theéd&d Component.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argument is not provided the
executable itself will be searched faserRoutine

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.21 ESMF_GridCompSetVMMaxPEs - Associate PEs with PESin GridComp VM

INTERFACE:
subroutine ESMF_GridCompSetVMMaxPEs(gridcomp, &
maxPeCountPerPet, prefintraProcess, preflntraSsi, pref InterSsi, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) : gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: maxPeCountPerPet
integer, intent(in), optional :: prefintraProcess
integer, intent(in), optional :: prefintraSsi
integer, intent(in), optional :: prefinterSsi
integer, intent(out), optional :: rc
DESCRIPTION:

Set characteristics of tHeESMF_VMor this ESMF_GridComp. Attempts to associate up tnaxPeCountPerPet

PEs with each PET. Only PEs that are located on the same siygjksm image (SSI) can be associated with the same
PET. Within this constraint the call tries to get as closeassible to the number specified maxPeCountPerPet .

The other constraint to this call is that the number of PEsdsgrved. This means that the child Componentin the end
is associated with as many PEs as the parent Component pdtaidhe child. The number of child PETs however is
adjusted according to the above rule.

The typical use oESMF_GridCompSetVMMaxPEs() is to allocate multiple PEs per PET in a Component for
user-level threading, e.g. OpenMP.

The arguments are:

gridcomp ESMF_GridCompto set theeSMF_VMor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isatel humber of PEs.

[preflntraProcess] Communication preference within a single proce€aurrently options not documented. Use
default.

[prefintraSsi] Communication preference within a single system image)(S3lIrrently options not documented.
Use default.
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[prefinterSsi] Communication preference between different single systemges (SSlIs)Currently options not doc-
umented. Use default.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

15.4.22 ESMF_GridCompSetVMMaxThreads - Set multi-threacdd PETs in GridComp VM

INTERFACE:
subroutine ESMF_GridCompSetVMMaxThreads(gridcomp, &
maxPetCountPerVas, prefintraProcess, prefintraSsi, pre fInterSsi, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) : gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: maxPetCountPerVas
integer, intent(in), optional :: prefintraProcess
integer, intent(in), optional :: prefintraSsi
integer, intent(in), optional :: prefinterSsi
integer, intent(out), optional :: rc
DESCRIPTION:

Set characteristics of thESMF_VMor this ESMF_GridComp. Attempts to providemaxPetCountPerVas
threaded PETs in each virtual address space (VAS). Only &y thaeaded PETs as there are PEs located on the
single system image (SSI) can be associated with the VAShifVthis constraint the call tries to get as close as
possible to the number specified imaxPetCountPerVas

The other constraint to this call is that the number of PETwéserved. This means that the child Component in the
end is associated with as many PETs as the parent Compowerdqu to the child. The threading level of the child
PETs however is adjusted according to the above rule.

The typical use oESMF_GridCompSetVMMaxThreads() is to run a Component multi-threaded with groups of
PETSs executing within a common virtual address space.

The arguments are:

gridcomp ESMF_GridCompto set theeSMF_VMor.

[maxPetCountPerVas] Maximum number of threaded PETs in each virtual addressesf4kS). Default for each
SSlis the local number of PEs.

[preflntraProcess] Communication preference within a single procegaurrently options not documented. Use
default.

[prefintraSsi] Communication preference within a single system image)(S3lIrrently options not documented.
Use default.

[prefinterSsi] Communication preference between different single systemges (SSlIs)Currently options not doc-
umented. Use default.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.
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15.4.23 ESMF_GridCompSetVMMinThreads - Set a reduced thrading level in GridComp VM

INTERFACE:
subroutine ESMF_GridCompSetVMMinThreads(gridcomp, &
maxPeCountPerPet, prefintraProcess, preflntraSsi, pref InterSsi, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) : gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: maxPeCountPerPet
integer, intent(in), optional :: prefintraProcess
integer, intent(in), optional :: prefintraSsi
integer, intent(in), optional :: prefinterSsi
integer, intent(out), optional :: rc
DESCRIPTION:

Set characteristics of tHeSMF_VMor this ESMF_GridComp. Reduces the number of threaded PETs in each VAS.
Themaxargument may be specified to limit the maximum number of PEsalsingle PET can be associated with.
Several constraints apply: 1) the number of PEs cannot é)&)dPEs cannot migrate between single system images
(SSils), 3) the number of PETs cannot increase, only degrépB&ETs cannot migrate between virtual address spaces
(VASSs), nor can VASs migrate between SSis.

The typical use oESMF_GridCompSetVMMinThreads() is to run a Component across a set of single-threaded
PETSs.

The arguments are:

gridcomp ESMF_GridCompto set theeSMF_VMor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isote humber of PEs.

[preflntraProcess] Communication preference within a single procegaurrently options not documented. Use
default.

[preflntraSsi] Communication preference within a single system image)(S3lIrrently options not documented.
Use default.

[preflnterSsi] Communication preference between different single systesges (SSIs)Currently options not doc-
umented. Use default.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.24 ESMF_GridCompValidate - Check validity of a GridCamp

INTERFACE:
subroutine ESMF_GridCompValidate(gridcomp, rc)

ARGUMENTS:
type(ESMF_GridComp), intent(in) :: gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Currently all this method does is to check that fiielcomp was created.
The arguments are:

gridcomp ESMF_GridCompto validate.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.25 ESMF_GridCompWait - Wait for a GridComp to return

INTERFACE:
subroutine ESMF_GridCompWait(gridcomp, syncflag, userR C, rc)
ARGUMENTS:
type(ESMF_GridComp), intent(inout) :: gridcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

When executing asychronously, wait forBEMF_GridCompto return.
The arguments are:

gridcomp ESMF_GridCompto wait for.

[syncflag] Blocking behavior of this method call. See secfion B.44 flistaof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

15.4.26 ESMF_GridCompWriteRestart - Call the GridComp’s write restart routine
INTERFACE:
recursive subroutine ESMF_GridCompWriteRestart(gridco mp, &

importState, exportState, clock, syncflag, phase, userRc , rc)
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ARGUMENTS:

type(ESMF_GridComp), intent(inout) :; gridcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user write restart routine foE&MF_GridComp.
The arguments are:

gridcomp ESMF_GridCompto call run routine for.

[importState] ESMF_State containing import data. If not present, a dummy argumenthelpassed to the user-
supplied routine. The importState argument in the user cadaot be optional.

[exportState] ESMF_State containing export data. If not present, a dummy argumerntbheilpassed to the user-
supplied routine. The exportState argument in the user cadeot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidlmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion B.44 flistaof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating compsvetnich must complete part of their work, return
to the caller and allow other processing to occur, and therimmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16 CplComp Class
16.1 Description

In a large, multi-component application such as a weathexcksting or climate prediction system running within
ESMF, physical domains and major system functions are septed as Gridded Components (see Se€fion 15.1).
A Coupler Component, dESMF_CplComp arranges and executes the data transformations betwedaritided
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Components. Ideally, Coupler Components should contathalinformation about inter-component communication
for an application. This enables the Gridded Componentsiapplication to be used in multiple contexts; that is, used
in different coupled configurations without changes tortlseurce code. For example, the same atmosphere might
in one case be coupled to an ocean in a hurricane predictialelmand to a data assimilation system for numerical
weather prediction in another. A single Coupler Componantauple two or more Gridded Components.

Like Gridded Components, Coupler Components have two pamtsthat is provided by the user and another that is
part of the framework. The user-written portion of the sa@itaiis the coupling code necessary for a particular exchange
between Gridded Components. This portion of the Coupler @orant code must be divided into separately callable
initialize, run, and finalize methods. The interfaces fasth methods are prescribed by ESMF.

The term “user-written” is somewhat misleading here, sinithin a Coupler Component the user can leverage ESMF
infrastructure software for regridding, redistributidower-level communications, calendar management, aner oth
functions. However, ESMF is unlikely to offer all the soft@anecessary to customize a data transfer between Gridded
Components. For instance, ESMF does not currently offds tmo unit tranformations or time averaging operations,
SO users must manage those operations themselves.

The second part of a Coupler Component isEl®MF_CplCompderived type within ESMF. The user must create one
of these types to represent a specific coupling functiorh) asdhe regular transfer of data between a data assimilation
system and an atmospheric modgel.

The user-written part of a Coupler Component is associaiddan ESMF_CplCompderived type through a rou-
tine calledESMF_SetServices() . This is a routine that the user must write and declare pulbliiside the
ESMF_SetServices() routine the user must catSMF_SetEntryPoint() methods that associate a stan-
dard ESMF operation with the name of the corresponding &oitubroutine in their user code. For example, a user
routine called “couplerinit” might be associated with th&mlard initialize routine in a Coupler Component.

16.2 Use and Examples

A Coupler Component manages the transformation of datadsstwomponents. It contains a list of State objects
and the operations needed to make them compatible, ingjudich things as regridding and unit conversion. Coupler
Components are user-written, following prescribed ESMérfaces and, wherever desired, using ESMF infrastructure
tools.

16.2.1 Implement a user-cod&etServices  routine

Every ESMF_CplCompis required to provide and document a public set servicen®ult can have any name,
but must follow the declaration below: a subroutine whidkesmanESMF_CplCompas the first argument, and an
integer return code as the second. Both arguments are edcarid mushotbe declared asptional . If an intent

is specified in the interface it must beent(inout) for the first andntent(out) for the second argument.
The set services routine must call the ESMF metB&MF_CplCompSetEntryPoint() to register with the
framework what user-code subroutines should be calleditialine, run, and finalize the component. There are
additional routines which can be registered as well, focckpeint and restart functions.

Note that the actual subroutines being registered do nat teelve public to this module; only the set services routine
itself must be available to be used by other code.

I Example Coupler Component
module ESMF_CouplerEx

I ESMF Framework module
use ESMF

implicit none

public CPL_SetServices

contains

subroutine CPL_SetServices(comp, rc)
type(ESMF_CplComp) ;1 comp I must not be optional

2|t is not necessary to create a Coupler Component for eadtidodl datatransfer.
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integer, intent(out) :: rc ! must not be optional

I Set the entry points for standard ESMF Component methods

call ESMF_CplCompSetEntryPoint(comp, ESMF_METHOD _INIT IALIZE, &
userRoutine=CPL_Init, rc=rc)

call ESMF_CplCompSetEntryPoint(comp, ESMF_METHOD_RUN, &
userRoutine=CPL_Run, rc=rc)

call ESMF_CplCompSetEntryPoint(comp, ESMF_METHOD_FINA LIZE, &
userRoutine=CPL_Final, rc=rc)

rc = ESMF_SUCCESS
end subroutine

16.2.2 Implement a user-codénitialize routine

When a higher level component is ready to begin using&mMF_CplComp it will call its initialize routine.

The component writer must supply a subroutine with the exéetface shown below. Arguments must not be declared
as optional, and the types and order must match.

At initialization time the component can allocate data spapen data files, set up initial conditions; anything itdee
to do to prepare to run.

Therc return code should be set if an error occurs, otherwise the#=SMF_SUCCES$hould be returned.

subroutine CPL_Init(comp, importState, exportState, clo ck, rc)
type(ESMF_CplComp) ;. comp I must not be optional
type(ESMF_State) . importState I must not be optional
type(ESMF_State) . exportState I must not be optional
type(ESMF_Clock) .. clock I must not be optional
integer, intent(out) :: rc ! must not be optional

print  *, "Coupler Init starting”

! Add whatever code here needed

I Precompute any needed values, fill in any inital values
I needed in Import States

rc = ESMF_SUCCESS

print  *, "Coupler Init returning"

end subroutine CPL_Init

16.2.3 Implement a user-cod&®un routine

During the execution loop, the run routine may be called mtimgs. Each time it should read data from the
importState  , use theclock to determine what the current time is in the calling componssmpute new values

or process the data, and produce any output and place it exffa@tState

When a higher level component is ready to useBEB&F_CplCompit will call its run routine.

The component writer must supply a subroutine with the eixéetface shown below. Arguments must not be declared
as optional, and the types and order must match.

It is expected that this is where the bulk of the model comimriaor data analysis will occur.

Therc return code should be set if an error occurs, otherwise theeEEMF_SUCCESShould be returned.
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subroutine CPL_Run(comp, importState, exportState, cloc k, rc)

type(ESMF_CplComp) ;1 comp I must not be optional
type(ESMF_State) . importState I must not be optional
type(ESMF_State) . exportState I must not be optional
type(ESMF_Clock) it clock ! must not be optional
integer, intent(out) :: rc ! must not be optional

print  *, "Coupler Run starting"

! Add whatever code needed here to transform Export state dat a
I into Import states for the next timestep.

rc = ESMF_SUCCESS
print  *, "Coupler Run returning"

end subroutine CPL_Run

16.2.4 Implement a user-codé&inalize  routine

At the end of application execution, eaElsMF_CplCompshould deallocate data space, close open files, and flush
final results. These functions should be placed in a finatiméme.

The component writer must supply a subroutine with the eixéetface shown below. Arguments must not be declared
as optional, and the types and order must match.

Therc return code should be set if an error occurs, otherwise theEEMF_SUCCESShould be returned.

subroutine CPL_Final(comp, importState, exportState, cl ock, rc)
type(ESMF_CplComp) ;1 comp I must not be optional
type(ESMF_State) . importState I must not be optional
type(ESMF_State) . exportState ! must not be optional
type(ESMF_Clock) :: clock I must not be optional
integer, intent(out) :: rc I must not be optional

print  *, "Coupler Final starting"

! Add whatever code needed here to compute final values and
I finish the computation.

rc = ESMF_SUCCESS
print  *, "Coupler Final returning”

end subroutine CPL_Final

16.2.5 Implement a user-cod&etVM routine

EveryESMF_CplCompcan optionally provide and document a public set vm routihean have any name, but must
follow the declaration below: a subroutine which take&€&MF_CplCompas the first argument, and an integer return
code as the second. Both arguments are required andnoilst declared asptional . If an intent is specified in
the interface it must bmtent(inout) for the first andntent(out) for the second argument.
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The set vm routine is the only place where the child compocantuse th&ESMF_CplCompSetVMMaxPEs(), or
ESMF_CplCompSetVMMaxThreads() , or ESMF_CplCompSetVMMinThreads() call to modify aspects of
its own VM.

A component’s VM is started up right before its set serviaegine is enteredeSMF_CplCompSetVM() is execut-
ing in the parent VM, and must be callbdforeESMF_CplCompSetServices()

subroutine GComp_SetVM(comp, rc)
type(ESMF_CplComp) ;. comp I must not be optional
integer, intent(out) :: rc ! must not be optional

type(ESMF_VM) :: vm
logical :: pthreadsEnabled

I Test for Pthread support, all SetVM calls require it
call ESMF_VMGetGlobal(vm, rc=rc)
call ESMF_VMGet(vm, pthreadsEnabledFlag=pthreadsEnabl ed, rc=rc)

if (pthreadsEnabled) then

! run PETs single-threaded

call ESMF_CplCompSetVMMinThreads(comp, rc=rc)
endif

rc = ESMF_SUCCESS
end subroutine

end module ESMF_CouplerEx

16.3 Restrictions and Future Work

1. No optional arguments. User-written routines called by SetServices, and registéor Initialize, Run and
Finalize,must notddeclare any of the arguments as optional.

2. No Transforms. Components must exchange data throBE@MF_State objects. The input data are available
at the time the component code is called, and data to be egttonanother component are available when that
code returns.

3. No automatic unit conversions. The ESMF framework does not currently contain tools for gerniing unit
conversions, operations that are fairly standard withioger Components.

4. No accumulator. The ESMF does not have an accumulator tool, to perform tineeagng of fields for cou-
pling. This is likely to be developed in the near term.
16.4 Class API
16.4.1 ESMF_CplCompAssignment(=) - CplComp assignment

INTERFACE:

interface assignment(=)
cplcompl = cplcomp2

ARGUMENTS:
type(ESMF_CplComp) :: cplcompl
type(ESMF_CplComp) :: cplcomp2
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STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Assign cplcompl as an alias to the same ESMF CplComp objew¢imory as cplcomp2. If cplcomp2 is invalid, then
cplcompl will be equally invalid after the assignment.
The arguments are:

cplcompl TheESMF_CplCompobject on the left hand side of the assignment.
cplcomp2 TheESMF_CplCompobject on the right hand side of the assignment.

16.4.2 ESMF_CplCompOperator(==) - CplComp equality operaor

INTERFACE:

interface operator(==
if (cplcompl == cplcomp2) then ... endif
OR

result = (cplcompl == cplcomp?2)
RETURN VALUE:

logical :: result
ARGUMENTS:

type(ESMF_CplComp), intent(in) :: cplcompl
type(ESMF_CplComp), intent(in) :: cplcomp2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Test whether cplcompl and cplcomp?2 are valid aliases tctine £ SMF CplComp object in memory. For a more gen-
eral comparison of two ESMF CplComps, going beyond the srmafiis test, the ESMF_CplCompMatch() function
(not yet implemented) must be used.

The arguments are:

cplcompl TheESMF_CplCompobject on the left hand side of the equality operation.
cplcomp2 TheESMF_CplCompobject on the right hand side of the equality operation.
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16.4.3 ESMF_CplCompOperator(/=) - CplComp not equal opertor

INTERFACE:

interface operator(/=)
if (cplcompl /= cplcomp2) then ... endif
OR

result = (cplcompl /= cplcomp2)
RETURN VALUE:

logical :: result
ARGUMENTS:

type(ESMF_CplComp), intent(in) :: cplcompl
type(ESMF_CplComp), intent(in) :: cplcomp2

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Test whether cplcompl and cplcomp2 awt valid aliases to the same ESMF CplComp object in memory. For a
more general comparison of two ESMF CplComps, going beybadimple alias test, the ESMF_CplCompMatch()
function (not yet implemented) must be used.

The arguments are:

cplcompl TheESMF_CplCompobject on the left hand side of the non-equality operation.
cplcomp2 TheESMF_CplCompobject on the right hand side of the non-equality operation.

16.4.4 ESMF_CplCompCreate - Create a CplComp

INTERFACE:
recursive function ESMF_CplCompCreate(config, configFi le, &

clock, petList, contextflag, name, rc)

RETURN VALUE:
type(ESMF_CplComp) :: ESMF_CplCompCreate

ARGUMENTS:

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_Config), intent(in), optional :: config
character(len= *), intent(in), optional :: configFile
type(ESMF_Clock), intent(in), optional :: clock
integer, intent(in), optional :: petList(;)
type(ESMF_Context_Flag), intent(in), optional :: contex tflag
character(len= *), intent(in), optional :: name
integer, intent(out), optional :: rc
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STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

This interface creates &#SMF_CplCompobject. By default, a separate VM context will be createdefach compo-
nent. This implies creating a new MPI communicator and alliog additional memory to manage the VM resources.
When running on a large number of processors, creating astepdM for each component could be both time and
memory inefficient. If the application is sequential, isach componentis running on all the PETs of the global VM, it
will be more efficient to use the global VM instead of creatingew one. This can be done by settowgtextflag

to ESMF_CONTEXT_PARENT_VM.

The return value is the neSMF_CplComp

The arguments are:

[config] An already-createESMF_Config configuration object from which the new component can read in
namelist-type information to set parameters for this runbotth are specified, this object takes priority over
configFile

[configFile] The filename of alESMF_Config format file. If specified, this file is opened, &SMF_Config
configuration object is created for the file, and attachedh® mew component. The user can call
ESMF_CplCompGet() to get and use the object. If both are specified, abefig object takes priority
over this one.

[clock] Component-specifiESMF_Clock. This clock is available to be queried and updated by the new
ESMF_CplCompas it chooses. This should not be the parent component cldikh should be maintained
and passed down to the initialize/run/finalize routinesasafely.

[petList] List of parentPETs given to the created child component by the parent comporiepetList  is not
specified all of the pare®ETs will be given to the child component. The order of PETgetList  determines
how the child local PETs refer back to the parent PETSs.

[contextflag] Specify the component’'s VM context. The default contex@&VF_CONTEXT_OWN _.\Ade section
[0.9 for a complete list of valid flags.

[name] Name of the newly-creatddSMF_CplComp This name can be altered from within tB&MF_CplComp
code once the initialization routine is called.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

16.4.5 ESMF_CplCompDestroy - Release resources assocthtth a CplComp

INTERFACE:
subroutine ESMF_CplCompDestroy(cplcomp, rc)

ARGUMENTS:
type(ESMF_CplComp), intent(inout) :: cplcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Destroys arESMF_CplComp releasing the resources associated with the object.
The arguments are:

cplcomp Release all resources associated with B88F CplCompand mark the object as invalid. Itis an error to
pass this object into any other routines after being destioy

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.6 ESMF_CplCompFinalize - Call the CplComp’s finalize outine

INTERFACE:
recursive subroutine ESMF_CplCompFinalize(cplcomp, &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) ;2 cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user-supplied finalization routin@fdESMF_CplComp
The arguments are:

cplcomp TheESMF_CplCompto call finalize routine for.

[importState] ESMF_State containing import data for coupling. If not present, a dumanyument will be passed
to the user-supplied routine. The importState argumettéruser code cannot be optional.

[exportState] ESMF_State containing export data for coupling. If not present, a dunargument will be passed
to the user-supplied routine. The exportState argumeheimuser code cannot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidimponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.
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[syncflag] Blocking behavior of this method call. See secfion D.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating comgsivetnich must complete part of their work, return
to the caller and allow other processing to occur, and thexirmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.7 ESMF_CplCompGet - Get CplComp information

INTERFACE:
subroutine ESMF_CplCompGet(cplcomp, configlsPresent, ¢ onfig, &

configFilelsPresent, configFile, clockisPresent, clock , localPet, &
petCount, contextflag, currentMethod, currentPhase, vml sPresent, &
vm, name, rc)

ARGUMENTS:
type(ESMF_CplComp), intent(in) i cplcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
logical, intent(out), optional :: configlsPresent
type(ESMF_Config), intent(out), optional :: config
logical, intent(out), optional :: configFilelsPresent
character(len= *), intent(out), optional :: configFile
logical, intent(out), optional :: clocklsPresent
type(ESMF_Clock), intent(out), optional :: clock
integer, intent(out), optional :: localPet
integer, intent(out), optional :: petCount
type(ESMF_Context_Flag), intent(out), optional :: conte xtflag
type(ESMF_Method_Flag), intent(out), optional :: curren tMethod
integer, intent(out), optional :: currentPhase
logical, intent(out), optional :: vmisPresent
type(ESMF_VM), intent(out), optional :: vm
character(len= *), intent(out), optional :: name
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Get information about aBSMF_CplCompobject.
The arguments are:

cplcomp TheESMF_CplCompobject being queried.
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[configlsPresent] .true.  if config was set in GridComp objecfalse. otherwise.

[config] Return the associated Config. It is an error to query for thefigaf none is associated with the CplComp.
If unsure, getonfiglsPresent first to determine the status.

[configFilelsPresent] .true.  if configFile was set in GridComp objecfalse. otherwise.

[configFile] Return the associated configuration filename. It is an eorquery for the configuration filename if none
is associated with the CplComp. If unsure, genfigFilelsPresent first to determine the status.

[clockisPresent] .true.  if clock was setin GridComp objecfalse. otherwise.

[clock] Return the associated Clock. It is an error to query for treelClf none is associated with the CplComp. If
unsure, getlockisPresent first to determine the status.

[localPet] Return the local PET id within thESMF_CplCompobject.
[petCount] Return the number of PETs in the tBSMF_CplCompobject.

[contextflag] Return theESMF_Context_Flag for this ESMF_CplComp See sectionh 919 for a complete list of
valid flags.

[currentMethod] Return the currenESMF_Method_Flag of the ESMF_CplCompexecution. See secti¢n 9]31
for a complete list of valid options.

[currentPhase] Return the curremihase of theESMF_CplCompexecution.
[vmisPresent] .true. if vmwas setin GridComp objecfalse. otherwise.

[vm] Return the associated VM. It is an error to query for the VMahe is associated with the CplComp. If unsure,
getvmlisPresent first to determine the status.

[name] Return the name of thESMF_CplComp
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.8 ESMF_CplCompGetinternalState - Get private data bbck pointer

INTERFACE:
subroutine ESMF_CplCompGetinternalState(cplcomp, wrap pedDataPointer, rc)
ARGUMENTS:

type(ESMF_CplComp) 2 cplcomp
type(wrapper) :: wrappedDataPointer
integer, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.
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DESCRIPTION:

Available to be called by aBSMF_CplCompat any time afteESMF_CplCompSetinternalState has been
called. Since init, run, and finalize must be separate suines) data that they need to share in common can either
be module global data, or can be allocated in a private datkland the address of that block can be registered with
the framework and retrieved by this call. When running npldtinstantiations of aBESMF_CplComp for example
during ensemble runs, it may be simpler to maintain privat& épecific to each run with private data blocks. A
correspondingeSMF_CplCompSetinternalState call sets the data pointer to this block, and this call reése

the data pointer. Note that therappedDataPointer argument needs to be a derived type which contains only a
pointer of the type of the data block defined by the user. Whakimg this call the pointer needs to be unassociated.
When the call returns, the pointer will now reference thgiodl data block which was set during the previous call to
ESMF_CplCompSetinternalState

Only thelastdata block set vie SMF_CplCompSetinternalState will be accessible.

CAUTION: This method does not have an explicit Fortran iftee. Do not specify argument keywords when calling
this method!

The arguments are:

cplcomp An ESMF_CplCompobiject.

wrappedDataPointer A derived type (wrapper), containing only an unassociatgdtpr to the private data block.
The framework will fill in the pointer. When this call returritte pointer is set to the same address set during
the lastESMF_CplCompSetinternalState call. This level of indirection is needed to reliably set and
retrieve the data block no matter which architecture or dtenjs used.

rc Return code; equaBSMF_SUCCES§there are no errors. Note: unlike most other ESMF routittgs argument
is not optional because of implementation considerations.

16.4.9 ESMF_CplComplnitialize - Call the CplComp’s initialize routine

INTERFACE:
recursive subroutine ESMF_CplComplnitialize(cplcomp, &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) ;. cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user initialization routine forle®MF_CplComp
The arguments are:
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cplcomp ESMF_CplCompto call initialize routine for.

[importState] ESMF_State containing import data for coupling. If not present, a durmanyument will be passed
to the user-supplied routine. The importState argumetitéruser code cannot be optional.

[exportState] ESMF_State containing export data for coupling. If not present, a dunargument will be passed
to the user-supplied routine. The exportState argumehgmiser code cannot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argt will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion B.44 flistaof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating comgsivetnich must complete part of their work, return
to the caller and allow other processing to occur, and therimmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.
[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

16.4.10 ESMF_CplComplsPetLocal - Inquire if this CplComp & to execute on the calling PET

INTERFACE:
recursive function ESMF_CplComplsPetLocal(cplcomp, rc)
RETURN VALUE:
logical :: ESMF_CplComplsPetLocal
ARGUMENTS:
type(ESMF_CplComp), intent(in) ;. cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:
Inquire if thisESMF_CplCompobject is to execute on the calling PET.

The return value igrue.  if the componentis to execute on the calling PEalse. otherwise.
The arguments are:

cplcomp ESMF_CplCompqueried.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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16.4.11 ESMF_CplCompPrint - Print CplComp information

INTERFACE:
subroutine ESMF_CplCompPrint(cplcomp, rc)

ARGUMENTS:
type(ESMF_CplComp), intent(in) ;. cplcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:
Prints information about aBSMF_CplCompto stdout

The arguments are:
cplcomp ESMF_CplCompto print.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.12 ESMF_CplCompReadRestart — Call the CplComp’s reacestart routine

INTERFACE:
recursive subroutine ESMF_CplCompReadRestart(cplcomp, &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) ;2 cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user read restart routine fdE@mMF_CplComp
The arguments are:
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cplcomp ESMF_CplCompto call run routine for.

[importState] ESMF_State containing import data. If not present, a dummy argumenthelpassed to the user-
supplied routine. The importState argument in the user cadaot be optional.

[exportState] ESMF_State containing export data. If not present, a dummy argumentbeilpassed to the user-
supplied routine. The exportState argument in the user cadeot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion D.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thiatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating compsvetnich must complete part of their work, return
to the caller and allow other processing to occur, and thetimmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@éwio For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.13 ESMF_CplCompRun - Call the CplComp’s run routine

INTERFACE:
recursive subroutine ESMF_CplCompRun(cplcomp, &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) ;. cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user run routine forE®MF_CplComp
The arguments are:
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cplcomp ESMF_CplCompto call run routine for.

[importState] ESMF_State containing import data for coupling. If not present, a dumanyument will be passed
to the user-supplied routine. The importState argumettéruser code cannot be optional.

[exportState] ESMF_State containing export data for coupling. If not present, a dunargument will be passed
to the user-supplied routine. The exportState argumehgmiser code cannot be optional.

[clock] ExternalESMF_Clock for passing in time information. This is generally the pamamponent’s clock, and
will be treated as read-only by the child component. Thedcbidmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion D.44 flisteof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating compsmvelnich must complete part of their work, return
to the caller and allow other processing to occur, and therirmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@io For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.14 ESMF_CplCompSet - Set or reset information about th CplComp

INTERFACE:
subroutine ESMF_CplCompSet(cplcomp, config, configFile , &
clock, name, rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) :: cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_Config), intent(in), optional :: config
character(len= *), intent(in), optional :: configFile
type(ESMF_Clock), intent(in), optional :: clock
character(len= *), intent(in), optional :: name
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Sets or resets information aboutBSMF_CplComp
The arguments are:

cplcomp ESMF_CplCompto change.
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[name] Set the name of thESMF_CplComp

[config] Setthe configurationinformation for tlieSMF_CplCompfrom this already creatddSMF_Config object.
If specified, takes priority ovaronfigFile

[configFile] Set the configuration filename for tHESMF_CplComp An ESMF_Config object will be created for
this file and attached to tHeSMF_CplComp Superceeded bgonfig  if both are specified.

[clock] Set the private clock for thiESMF_CplComp
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.15 ESMF_CplCompSetEntryPoint - Set user routine as éry point for standard Component method

INTERFACE:

recursive subroutine ESMF_CplCompSetEntryPoint(cplcom p, methodflag, &
userRoutine, phase, rc)

ARGUMENTS:
type(ESMF_CplComp), intent(inout) ;. cplcomp
type(ESMF_Method_Flag), intent(in) :: methodflag
interface
subroutine userRoutine(cplcomp, importState, exportSta te, clock, rc)

use ESMF_CompMod
use ESMF_StateMod
use ESMF_ClockMod

implicit none

type(ESMF_CplComp) 2 cplcomp ! must not be optional
type(ESMF_State) : importState ! must not be optional
type(ESMF_State) :» exportState ! must not be optional
type(ESMF_Clock) ;. clock I must not be optional
integer, intent(out) ore I must not be optional

end subroutine
end interface

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: phase
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Registers a user-supplieerRoutine  as the entry point for one of the predefined Compomeethodflag s.
After this call theuserRoutine  becomes accessible via the standard Component method API.
The arguments are:

cplcomp An ESMF_CplCompobject.

methodflag One of a set of predefined Component methods - e.gESMF_METHOD_INITIALIZE,
ESMF_METHOD_RUBSMF_METHOD_FINALIZESee sectioh 9.31 for a complete list of valid method op-
tions.

116



userRoutine The user-supplied subroutine to be associated forrttethodflag . The Component writer must
supply a subroutine with the exact interface shown aboveéheuserRoutine  argument. Arguments in
userRoutine  must not be declared as optional, and the types, intent atet arust match. The subroutine
must be either a module scope procedure, or an externalguaethat has a matching interface block specified
for it. It must not be an internal procedure which is contdiméthin another procedure.

[phase] Thephase number for multi-phase methods. For single phase methegidhdse argument can be omitted.
The default setting is 1.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.16 ESMF_CplCompSetinternalState - Set private datalbck pointer

INTERFACE:
subroutine ESMF_CplCompSetinternalState(cplcomp, wrap pedDataPointer, rc)
ARGUMENTS:

type(ESMF_CplComp) 2 cplcomp
type(wrapper) . wrappedDataPointer
integer, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Available to be called by aBESMF_CplCompat any time, but expected to be most useful when called duhiag
registration process, or initialization. Since init, ramd finalize must be separate subroutines data that theytmeed
share in common can either be module global data, or can @easdid in a private data block and the address of that
block can be registered with the framework and retrievedutysequent calls. When running multiple instantiations
of anESMF_CplComp for example during ensemble runs, it may be simpler to raairgrivate data specific to each
run with private data blocks. A correspondiB§MF_CplCompGetinternalState call retrieves the data pointer.
Only thelastdata block set vieSMF_CplCompSetinternalState will be accessible.

CAUTION: This method does not have an explicit Fortran ifstee. Do not specify argument keywords when calling
this method!

The arguments are:

cplcomp An ESMF_CplCompobiject.

wrappedDataPointer A pointer to the private data block, wrapped in a derived tyjpéch contains only a pointer
to the block. This level of indirection is needed to reliat and retrieve the data block no matter which
architecture or compiler is used.

rc Return code; equalsSMF_SUCCESSthere are no errors. Note: unlike most other ESMF routittés argument
is not optional because of implementation considerations.
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16.4.17 ESMF_CplCompSetServices - Call user routine to régter CplComp methods

INTERFACE:

recursive subroutine ESMF_CplCompSetServices(cplcomp, userRoutine, &
userRc, rc)

ARGUMENTS:

type(ESMF_CplComp), intent(inout) :; cplcomp
interface
subroutine userRoutine(cplcomp, rc)
use ESMF_CompMod
implicit none
type(ESMF_CplComp) ;> cplcomp ! must not be optional
integer, intent(out) ;orc ! must not be optional
end subroutine
end interface

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call into user providediserRoutine  which is responsible for for setting Component’s Initialfy, Run(), and
Finalize() services.
The arguments are:

cplcomp Coupler Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
userRoutine  argument. Arguments inserRoutine  must not be declared as optional, and the types,
intent and order must match. The subroutine must be eitherdula scope procedure, or an external procedure
that has a matching interface block specified for it. It mudtime an internal procedure which is contained
within another procedure.

The userRoutine , when called by the framework, must make successive calls to
ESMF_CplCompSetEntryPoint() to preset callback routines for standard Component liagg),
Run(), and Finalize() methods.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.18 ESMF_CplCompSetServices - Call user routine, loted in shared object, to register CplComp meth-
ods

INTERFACE:
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! Private name; call using ESMF_CplCompSetServices()

recursive subroutine ESMF_CplCompSetServicesShObij(cpl comp, userRoutine, &
sharedObj, userRc, rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) :: cplcomp
character(len= *), intent(in) . userRoutine
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
character(len= *), intent(in), optional :: sharedObj
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Callinto user provided routine which is responsible fotisgtComponent’s Initialize(), Run(), and Finalize() seps.
The namediserRoutine  must exist in the shared object file specified in #iaredObj argument. All of the
platform specific details about dynamic linking and loadapgply.

The arguments are:

cplcomp Coupler Component.

userRoutine Name of routine to be called, specified as a character strifige Component writer must supply a
subroutine with the exact interface shown fmerRoutine  below. Arguments must not be declared as
optional, and the types, intent and order must match. Theostihe must be either a module scope procedure,
or an external procedure that has a matching interface Isjpegified for it. It must not be an internal procedure
which is contained within another procedure.

INTERFACE:
interface
subroutine userRoutine(cplcomp, rc)
type(ESMF_CplComp) . cplcomp I must not be optional
integer, intent(out) :: rc I must not be optional

end subroutine
end interface

DESCRIPTION:

The wuserRoutine , when called by the framework, must make successive calls to
ESMF_CplCompSetEntryPoint() to preset callback routines for standard Component liagg),
Run(), and Finalize() methods.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argument is not provided the
executable itself will be searched feserRoutine

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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16.4.19 ESMF_CplCompSetVM - Call user routine to set CplCom VM properties

INTERFACE:

recursive subroutine ESMF_CplCompSetVM(cplcomp, userRo utine, &
userRc, rc)

ARGUMENTS:

type(ESMF_CplComp), intent(inout) ;. cplcomp
interface
subroutine userRoutine(cplcomp, rc)
use ESMF_CompMod

implicit none
type(ESMF_CplComp) ;2 cplcomp ! must not be optional
integer, intent(out) ore ! must not be optional

end subroutine
end interface

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Optionally call into user providedserRoutine  which is responsible for for setting Component’s VM projest
The arguments are:

cplcomp Coupler Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
userRoutine  argument. Arguments inserRoutine  must not be declared as optional, and the types,
intent and order must match. The subroutine must be eitherdula scope procedure, or an external procedure
that has a matching interface block specified for it. It mudtime an internal procedure which is contained
within another procedure.

The subroutine, when called by the framework, is expectadgséany of th&aSMF_CplCompSetVMxxx()
methods to set the properties of the VM associated with thgp@o Component.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

16.4.20 ESMF_CplCompSetVM - Set CplComp VM properties in raitine located in shared object

INTERFACE:

! Private name; call using ESMF_CplCompSetVM()
recursive subroutine ESMF_CplCompSetVMShObj(cplcomp, u serRoutine, &
sharedObj, userRc, rc)

ARGUMENTS:
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type(ESMF_CplComp), intent(inout) :: cplcomp

character(len= *), intent(in) : userRoutine
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
character(len= *), intent(in), optional :: sharedObj
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Optionally call into user providedserRoutine  which is responsible for for setting Component’s VM projeest
The namediserRoutine  must exist in the shared object file specified in #iaredObj argument. All of the
platform specific details about dynamic linking and loadapgply.

The arguments are:

cplcomp Coupler Component.

userRoutine Routine to be called, specified as a character string. ThepGaoent writer must supply a subroutine
with the exact interface shown faserRoutine  below. Arguments must not be declared as optional, and the
types, intent and order must match. The subroutine musttherea module scope procedure, or an external
procedure that has a matching interface block specifiedt.fdt must not be an internal procedure which is
contained within another procedure.

INTERFACE:
interface
subroutine userRoutine(cplcomp, rc)
type(ESMF_CplComp) ;. cplcomp I must not be optional
integer, intent(out) :: rc I must not be optional

end subroutine
end interface

DESCRIPTION:
The subroutine, when called by the framework, is expectadgséany of th&aSMF_CplCompSetVMxxx()
methods to set the properties of the VM associated with thep@o Component.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argument is not provided the
executable itself will be searched feserRoutine

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.21 ESMF_CplCompSetVMMaxPEs - Associate PEs with PETie CplComp VM
INTERFACE:
subroutine ESMF_CplCompSetVMMaxPEs(cplcomp, &

maxPeCountPerPet, prefintraProcess, prefintraSsi, pref InterSsi, rc)
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ARGUMENTS:

type(ESMF_CplComp), intent(inout) :: cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: maxPeCountPerPet
integer, intent(in), optional :: prefintraProcess
integer, intent(in), optional :: prefintraSsi
integer, intent(in), optional :: prefinterSsi
integer, intent(out), optional :: rc
DESCRIPTION:

Set characteristics of tHeSMF_VMor this ESMF_CplComp Attempts to associate up tnaxPeCountPerPet

PEs with each PET. Only PEs that are located on the same siysjkam image (SSI) can be associated with the same
PET. Within this constraint the call tries to get as close@ssible to the number specified inaxPeCountPerPet .

The other constraint to this call is that the number of PEsasgrved. This means that the child Componentin the end
is associated with as many PEs as the parent Component pddaidhe child. The number of child PETs however is
adjusted according to the above rule.

The typical use oESMF_CplCompSetVMMaxPEs() is to allocate multiple PEs per PET in a Component for user-
level threading, e.g. OpenMP.

The arguments are:

cplcomp ESMF_CplCompto set theESMF_VMor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isatel humber of PEs.

[preflntraProcess] Communication preference within a single proce€aurrently options not documented. Use
default.

[preflntraSsi] Communication preference within a single system image)(S3lIrrently options not documented.
Use default.

[prefinterSsi] Communication preference between different single systemges (SSIs)Currently options not doc-
umented. Use default.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

16.4.22 ESMF_CplCompSetVMMaxThreads - Set multi-threadd PETs in CplComp VM

INTERFACE:
subroutine ESMF_CplCompSetVMMaxThreads(cplcomp, &

maxPetCountPerVas, prefintraProcess, prefintraSsi, pre fInterSsi, rc)
ARGUMENTS:

type(ESMF_CplComp), intent(inout) ;2 cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --

integer, intent(in), optional :: maxPetCountPerVas

integer, intent(in), optional :: preflntraProcess

integer, intent(in), optional :: prefintraSsi

integer, intent(in), optional :: prefinterSsi

integer, intent(out), optional :: rc
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DESCRIPTION:

Set characteristics of tHESMF_VMor thisESMF_CplComp Attempts to providenaxPetCountPerVas threaded
PETs in each virtual address space (VAS). Only as many tbceB&Ts as there are PEs located on the single system
image (SSI) can be associated with the VAS. Within this cainst the call tries to get as close as possible to the
number specified bynaxPetCountPerVas

The other constraint to this call is that the number of PETwéserved. This means that the child Component in the
end is associated with as many PETs as the parent Compoweidqu to the child. The threading level of the child
PETs however is adjusted according to the above rule.

The typical use oESMF_GridCompSetVMMaxThreads() is to run a Component multi-threaded with groups of
PETSs executing within a common virtual address space.

The arguments are:

cplcomp ESMF_CplCompto set theESMF_VMor.

[maxPetCountPerVas] Maximum number of threaded PETSs in each virtual addressesf4kS). Default for each
SSlis the local number of PEs.

[preflntraProcess] Communication preference within a single procegaurrently options not documented. Use
default.

[prefintraSsi] Communication preference within a single system image)(S3lIrrently options not documented.
Use default.

[prefinterSsi] Communication preference between different single systesges (SSlIs)Currently options not doc-
umented. Use default.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.23 ESMF_CplCompSetVMMinThreads - Set a reduced threding level in GridComp VM

INTERFACE:
subroutine ESMF_CplCompSetVMMinThreads(cplcomp, &
maxPeCountPerPet, prefintraProcess, prefintraSsi, pref InterSsi, rc)
ARGUMENTS:
type(ESMF_CplComp), intent(inout) ;2 cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(in), optional :: maxPeCountPerPet
integer, intent(in), optional :: preflntraProcess
integer, intent(in), optional :: prefintraSsi
integer, intent(in), optional :: prefinterSsi
integer, intent(out), optional :: rc
DESCRIPTION:

Set characteristics of tHeESMF_VMor this ESMF_CplComp Reduces the number of threaded PETs in each VAS.
Themaxargument may be specified to limit the maximum number of PEsalsingle PET can be associated with.
Several constraints apply: 1) the number of PEs cannot &)@)dPEs cannot migrate between single system images
(SSils), 3) the number of PETs cannot increase, only degrépB&ETs cannot migrate between virtual address spaces
(VASSs), nor can VASs migrate between SSis.

The typical use oESMF_GridCompSetVMMinThreads() is to run a Component across a set of single-threaded
PETs.

The arguments are:
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cplcomp ESMF_CplCompto set theESMF_VMor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isoted humber of PEs.

[preflntraProcess] Communication preference within a single proceg€urrently options not documented. Use
default.

[preflntraSsi] Communication preference within a single system image)(S3lrrently options not documented.
Use default.

[preflnterSsi] Communication preference between different single systesges (SSIs)Currently options not doc-
umented. Use default.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

16.4.24 ESMF_CplCompValidate — Ensure the CplComp is interally consistent

INTERFACE:
subroutine ESMF_CplCompValidate(cplcomp, rc)

ARGUMENTS:
type(ESMF_CplComp), intent(in) ;. cplcomp

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Currently all this method does is to check that tipicomp  was created.
The arguments are:

cplcomp ESMF_CplCompto validate.
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

16.4.25 ESMF_CplCompWait - Wait for a CplComp to return

INTERFACE:
subroutine ESMF_CplCompWait(cplcomp, syncflag, userRc, rc)

ARGUMENTS:

type(ESMF_CplComp), intent(inout) :» cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --

type(ESMF_Sync_Flag), intent(in), optional :: syncflag

integer, intent(out), optional :: userRc

integer, intent(out), optional :: rc
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STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

When executing asychronously, wait forBBMF_CplCompto return.
The arguments are:

cplcomp ESMF_CplCompto wait for.

[syncflag] Blocking behavior of this method call. See secfion B.44 flistaof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

16.4.26 ESMF_CplCompWriteRestart — Call the CplComp’s wrte restart routine

INTERFACE:
recursive subroutine ESMF_CplCompWriteRestart(cplcomp , &
importState, exportState, clock, syncflag, phase, userRc , rc)
ARGUMENTS:
type(ESMF_CplComp),  intent(inout) ;2 cplcomp
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_State), intent(inout), optional :: importStat e
type(ESMF_State), intent(inout), optional :: exportStat e
type(ESMF_Clock), intent(inout), optional :: clock
type(ESMF_Sync_Flag), intent(in), optional :: syncflag
integer, intent(in), optional :: phase
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Call the associated user write restart routine foE&MF_CplComp
The arguments are:

cplcomp ESMF_CplCompto call run routine for.

[importState] ESMF_State containing import data. If not present, a dummy argumentlvélpassed to the user-
supplied routine. The importState argument in the user cadaot be optional.

[exportState] ESMF_State containing export data. If not present, a dummy argumentbeilpassed to the user-
supplied routine. The exportState argument in the user cadeot be optional.
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[clock] ExternalESMF_Clock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedcbidmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argt will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfion B.44 flistaof valid blocking options. Default option
is ESMF_SYNC_VASBLOCKIN@ich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accomodating compsvetnich must complete part of their work, return
to the caller and allow other processing to occur, and therirmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[userRc] Return code set byserRoutine  before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

17 State Class

17.1 Description

A State contains the data and metadata to be transferreébe®SMF Components. It is an important class, because
it defines a standard for how data is represented in dataféranisetween Earth science components. The State
construct is a rational compromise between a fully prescrilnterface - one that would dictate what specific fields
should be transferred between components - and an inténfadech data structures are completely ad hoc.

There are two types of States, import and export. An impaateStontains data that is necessary for a Gridded
Component or Coupler Component to execute, and an expdd &atains the data that a Gridded Component or
Coupler Component can make available.

States can contain Arrays, ArrayBundles, Fields, FieldBes and other States. They cannot directly contain native
language arrays (i.e. Fortran or C style arrays). Objeces $tate must span the VM on which they are running.
For sequentially executing components which run on the sshef PETSs this happens by calling the object create
methods on each PET, creating the object in unison. For eoely executing components which are running on
subsets of PETs, an additional method, callssMF_StateReconcile() , iIs provided by ESMF to broadcast
information about objects which were created in sub-corepts

State methods include creation and deletion, adding ani@viety data items, adding and retrieving attributes, and
performing queries.

17.2 Constants

17.2.1 ESMF_STATEINTENT

DESCRIPTION:

Specifies whether BSMF_State contains data to be imported into a component or exported #@component.
The type of this flag is:

type(ESMF_Statelntent_Flag)

The valid values are:

ESMF_STATEINTENT_IMPORT Contains data to be imported into a component.
ESMF_STATEINTENT_EXPORT Contains data to be exported out of a component.
ESMF_STATEINTENT_UNSPECIFIED The intent has not been specified.
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17.2.2 ESMF_STATEITEM

DESCRIPTION:

Specifies the type of object being added to or retrieved froflB&MF_State.
The type of this flag is:

type(ESMF_Stateltem_Flag)

The valid values are:

ESMF_STATEITEM_ARRAY Refersto areSMF_Array within anESMF_State .
ESMF_STATEITEM_ARRAYBUNDLE Refersto arESMF_Array within anESMF_State .
ESMF_STATEITEM_FIELD Refersto &aSMF_Field within anESMF_State .
ESMF_STATEITEM_FIELDBUNDLE Refersto &2SMF_FieldBundle within anESMF_State .
ESMF_STATEITEM_ROUTEHANDLE Refersto &£SMF_RouteHandle withinanESMF_State .
ESMF_STATEITEM_STATE Refersto ESMF_State within anESMF_State .

17.3 Use and Examples

A Gridded Component generally has one associated impdg Sta one export State. Generally the States associated
with a Gridded Component will be created by the Gridded Camepd’'s parent component. In many cases, the States
will be created containing no data. Both the empty Statestlamehewly created Gridded Component are passed by
the parent component into the Gridded Component’s ireafhethod. This is where the States get prepared for use
and the import State is first filled with data.

States can be filled with data items that do not yet have diateedd. Fields, FieldBundles, Arrays, and ArrayBundles
each have methods that support their creation without hdata allocation - the Grid and Attributes are set up but
no Fortran array of data values is allocated. In this appgroatien a State is passed into its associated Gridded
Component’s initialize method, the incomplete Arrays|dseFieldBundles, and ArrayBundles within the State can
allocate or reference data inside the initialize method.

States are passed through the interfaces of the Gridded anpléZ Components’ run methods in order to carry
data between the components. While we expect a Gridded Quenps import State to be filled with data during
initialization, its export State will typically be filled @r the course of its run method. At the end of a Gridded
Component’s run method, the filled export State is passethoatigh the argument list into a Coupler Component’s
run method. We recommend the convention that it enters thupl@oComponent as the Coupler Component’s import
State. Here is it transformed into a form that another Grdd@emponent requires, and passed out of the Coupler
Component as its export State. It can then be passed intathenethod of a recipient Gridded Component as that
component’s import State.

While the above sounds complicated, the rule is simple: & $t@ing into a component is an import State, and a State
leaving a component is an export State.

Objects inside States are normally createdriirson where each PET executing a component makes the same object
create call. If the object contains data, like a Field, eaef Fhay have a different local chunk of the entire dataset
but each Field has the same name and is logically one partiofke slistributed object. As States are passed between
components, if any object in a State was not created in udeall the current PETs then some PETs have no object
to pass into a communication method (e.g. regrid or datatréalition). TheESMF_StateReconcile() method
must be called to broadcast information about these obje@h PETs in a component; after which all PETs have a
single uniform view of all objects and metadata.

If components are running in sequential mode on all aval®iTs and States are being passed between them there is
no need to calESMF_StateReconcile  since all PETs have a uniform view of the objects. Howevegifiponents

are running on a subset of the PETSs, as is usually the case mhaing in concurrent mode, then when States
are passed into components which contain a superset of Bi©§s, for example, a Coupler Component, all PETs
must callESMF_StateReconcile  on the States before using them in any ESMF communicatiohadst The
reconciliation process broadcasts information aboutatbjghich exist only on a subset of the PETs. On PETS missing
those objects it createspsoxy object which contains any qualities of the original objdatspenough information for

it to be a data source or destination for a regrid or data trifalision operation. There is an option to turn off metadata
reconciliation in theeSMF_StateReconcile  call.
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17.3.1 State create and destroy

States can be created and destroyed at any time during aji@tiexecution. Th&ESMF_StateCreate()  routine
can take many different combinations of optional argumeRéder to the API description for all possible methods of
creating a State. An empty State can be created by providilygponame and type for the intended State:

state = ESMF_StateCreate(name, stateintent=ESMF_STATEI NTENT_IMPORT, rc=rc)

When finished with aiESMF_State , theESMF_StateDestroy method removes it. However, the objects inside
the ESMF_State created externally should be destroyed separately, singets can be added to more than one
ESMF_State .

17.3.2 Add items to a State

Creation of an emptyESMF_State, and adding anESMF_FieldBundle to it. Note that the
ESMF_FieldBundle does not get destroyed when tBEMF_State is destroyed; th&SMF_State only con-
tains a reference to the objects it contains. It also doesak a copy; the original objects can be updated and code
accessing them by using t&SMF_State will see the updated version.

statename = "Ocean"
state2 = ESMF_StateCreate(name=statename, &
stateintent=ESMF_STATEINTENT_EXPORT, rc=rc)

bundlename = "Temperature"
bundlel = ESMF_FieldBundleCreate(hname=bundlename, rc=r C)
print  *, "FieldBundle Create returned", rc

call ESMF_StateAdd(state2, (/bundlel/), rc=rc)
print  *, "StateAdd returned", rc

call ESMF_StateDestroy(state2, rc=rc)

call ESMF_FieldBundleDestroy(bundlel, rc=rc)

17.3.3 Add placeholders to a State

If a component could potentially produce a large number éibogl items, one strategy is to add the names only of
those objects to thESMF_State . Other components can call framework routines to selB88F_NEEDEBag

to indicate they require that data. The original componantguery this flag and then produce only the data that is
required by another component.

statename = "Ocean"

state3 = ESMF_StateCreate(name=statename, &
stateintent=ESMF_STATEINTENT_EXPORT, rc=rc)

dataname = "Downward wind:needed"

call ESMF_AttributeSet (state3, dataname, .false., rc=rc )
dataname = "Humidity:needed"
call ESMF_AttributeSet (state3, dataname, .false., rc=rc )
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17.3.4 Mark an itemNEEDED
How to set theNEEDEtate of an item.

dataname = "Downward wind:needed"
call ESMF_AttributeSet (state3, name=dataname, value=.t rue., rc=rc)

17.3.5 Create dNEEDEDtem

Query an item for thé&lEEDEDstatus, and creating an item on demand. Similar flags exi$Ready", "Valid", and
"Required for Restart", to mark each data item as readynlgaveen validated, or needed if the application is to be
checkpointed and restarted. The flags are supported to betdinate the data exchange between components.

dataname = "Downward wind:needed"
call ESMF_AttributeGet (state3, dataname, valuelist=nee dedFlag, rc=rc)

if (rc == ESMF_SUCCESS .and. neededFlag(1)) then
bundlename = dataname
bundle2 = ESMF_FieldBundleCreate(name=bundlename, rc=r c)

call ESMF_StateAdd(state3, (/bundle2/), rc=rc)

else
print *, "Data not marked as needed", trim(dataname)
endif

17.3.6 ESMF_StateReconcile() usage

The set services routines are used to tell ESMF which rolnié the user code for the initialize, run, and finalize
blocks of user level Components. These are the separateginas called by the code below.

I Initialize routine which creates "field1" on PETs 0 and 1
subroutine compl_init(gcomp, istate, ostate, clock, rc)
type(ESMF_GridComp) :: gcomp
type(ESMF_State) .. istate, ostate
type(ESMF_Clock) :: clock
integer, intent(out) :: rc

type(ESMF_Field) :: fieldl
integer :: localrc

print  *, "i am compl_init"

fieldl = ESMF_FieldEmptyCreate(name="Compl Field", rc=l ocalrc)
call ESMF_StateAdd(istate, (/field1/), rc=localrc)

rc = localrc

end subroutine compl_init
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I Initialize routine which creates "field2" on PETs 2 and 3
subroutine comp?2_init(gcomp, istate, ostate, clock, rc)
type(ESMF_GridComp) :: gcomp
type(ESMF_State) .. istate, ostate
type(ESMF_Clock) :: clock
integer, intent(out) :: rc

type(ESMF_Field) :: field2
integer :: localrc

print  *, "i am comp2_init"
field2 = ESMF_FieldEmptyCreate(name="Comp2 Field", rc=l ocalrc)
call ESMF_StateAdd(istate, (/field2/), rc=localrc)
rc = localrc
end subroutine comp2_init
subroutine comp_dummy(gcomp, rc)
type(ESMF_GridComp) :: gcomp
integer, intent(out) :: rc

rc = ESMF_SUCCESS
end subroutine comp_dummy

IPROGRAM: ESMF_StateReconcileEx - State reconciliation
IDESCRIPTION:

This program shows examples of using the State Reconcile fu nction

! ESMF Framework module

use ESMF

use ESMF_StateReconcileEx Mod
implicit none

! Local variables

integer :: rc, petCount

type(ESMF_State) :: statel

type(ESMF_GridComp) :: compl, comp2

type(ESMF_VM) :: vm

character(len=ESMF_MAXSTR) :: complname, comp2name, sta tename

A Component can be created which will run only on a subset®ttirrent PET list.

I Get the global VM for this job.
call ESMF_VMGetGlobal(vm=vm, rc=rc)

complname = "Atmosphere”
compl = ESMF_GridCompCreate(name=complname, petList=(/ 0, 1 /), rc=rc)
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print  *, "GridComp Create returned, name = ", trim(complname)

comp2name = "Ocean"
comp2 = ESMF_GridCompCreate(name=comp2name, petList=(/ 2, 3 /), rc=rc)

print  *, "GridComp Create returned, name = ", trim(comp2name)

statename = "Ocn2Atm"
statel = ESMF_StateCreate(name=statename, rc=rc)

Here we register the subroutines which should be calledhitalization. Then we call ESMF_GridComplnitialize()
on all PETs, but the code runs only on the PETs given in theigtatthen the Component was created.

Because this example is so short, we call the entry point dodetly instead of the normal procedure of nesting it in
a separate SetServices() subroutine.

I This is where the VM for each component is initialized.

! Normally you would call SetEntryPoint inside set services ,

I but to make this example very short, they are called inline b elow.

I This is o.k. because the SetServices routine must execute f rom within
! the parent component VM.

call ESMF_GridCompSetVM(compl, comp_dummy, rc=rc)

call ESMF_GridCompSetVM(comp2, comp_dummy, rc=rc)

call ESMF_GridCompSetServices(compl, comp_dummy, rc=rc )

call ESMF_GridCompSetServices(comp2, comp_dummy, rc=rc )

print  *, "ready to set entry point 1"
call ESMF_GridCompSetEntryPoint(compl, ESMF_METHOD _IN ITIALIZE, &
compl_init, rc=rc)

print  *, "ready to set entry point 2"

call ESMF_GridCompSetEntryPoint(comp2, ESMF_METHOD _IN ITIALIZE, &
comp2_init, rc=rc)

print  *, "ready to call init for comp 1"

call ESMF_GridComplnitialize(compl, exportState=state 1, rc=rc)
print  *, "ready to call init for comp 2"
call ESMF_GridComplnitialize(comp2, exportState=state 1, rc=rc)

Now we havestatel containingfieldl on PETs 0 and 1, anstatel containingfield2 on PETs 2 and 3.
For the code to have a rational view of the data, we ESIMF_StateReconcile ~ which determines which objects
are missing from any PET, and communicates information atih@uobject. There is the option of turning metadata
reconciliation on or off with the optional parameter showrthie call below. The default behavior is for metadata
reconciliation to be off. After the call to reconcile, IEMF_State objects now have a consistent view of the data.

print *, "State before calling StateReconcile()"
call ESMF_StatePrint(statel, rc=rc)

call ESMF_StateReconcile(statel, vm=vm, &
attreconflag=ESMF_ATTRECONCILE_OFF, rc=rc)

print *, "State after calling StateReconcile()"
call ESMF_StatePrint(statel, rc=rc)

end program ESMF_StateReconcileEx
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17.3.7 Read Arrays from a netCDF file and add to a State

This program shows an example of reading and writing Arragsifa State from/to a NetCDF file.

I ESMF Framework module
use ESMF
implicit none

! Local variables

type(ESMF_State) :: state

type(ESMF_Array) :: latArray, lonArray, timeArray, humid Array, &
tempArray, pArray, rhArray

type(ESMF_VM) :: vm

integer :: localPet, rc

The following line of code will read all Array data containiech NetCDF file, place them iBESMF_Arrays and add
them to arESMF_State . Only PET 0 reads the file; the States in the other PETs renmaptye Currently, the data
is not decomposed or distributed; each PET has only 1 DE alyd®#T O contains data after reading the file. Future
versions of ESMF will support data decomposition and distibn upon reading a file.

Note that the third party NetCDF library must be installed. or Fmore details, see the "ESMF
Users Guide", "Building and Installing the ESMF, Third BRartibraries, NetCDF" and the website
http://www.unidata.ucar.edu/software/netcdf.

! Read the NetCDF data file into Array objects in the State on P ET O
call ESMF_StateRead(state, "io_netcdf_testdata.nc”, rc =rc)
I If the NetCDF library is not present (on PET 0), cleanup and e Xit

if (rc == ESMF_RC_LIB_NOT_PRESENT) then
call ESMF_StateDestroy(state, rc=rc)
goto 10

endif

Only reading data int&SMF_Arrays is supported at this timeESMF_ArrayBundles , ESMF_Fields , and
ESMF_FieldBundles  will be supported in future releases of ESMF.

17.3.8 Print Array data from a State

To see that the State now contains the same data as in thédlllowing shows how to print out what Arrays are
contained within the State and to print the data containghinveach Array. The NetCDF utility "ncdump” can be
used to view the contents of the NetCDF file. In this exampiy 8ET 0 will contain data.

if (localPet == 0) then
! Print the names and attributes of Array objects contained i n the State
call ESMF_StatePrint(state, rc=rc)

I Get each Array by name from the State

call ESMF_StateGet(state, "lat", latArray, rc=rc)
call ESMF_StateGet(state, "lon", lonArray, rc=rc)
call ESMF_StateGet(state, "time", timeArray, rc=rc)

call ESMF_StateGet(state, "Q", humidArray, rc=rc)
call ESMF_StateGet(state, "TEMP", tempArray, rc=rc)
call ESMF_StateGet(state, "p", pArray, rc=rc)
call ESMF_StateGet(state, "rh", rhArray, rc=rc)

I Print out the Array data
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call ESMF_ArrayPrint(latArray, rc=rc)
call ESMF_ArrayPrint(lonArray, rc=rc)
call ESMF_ArrayPrint(timeArray, rc=rc)
call ESMF_ArrayPrint(humidArray, rc=rc)
call ESMF_ArrayPrint(tempArray, rc=rc)

call ESMF_ArrayPrint(pArray, rc=rc)
call ESMF_ArrayPrint(rhArray, rc=rc)
endif

Note that the Arrays "lat", "lon", and "time" hold spatialcatemporal coordinate data for the dimensions latitude,
longitude and time, respectively. These will be used inrfeineleases of ESMF to cred&SMF_Grids .

17.3.9 Write Array data within a State to a netCDF file
All the Array data within the State on PET 0 can be written ou NetCDF file as follows:

I Write Arrays within the State on PET 0 to a NetCDF file
call ESMF_StateWrite(state, "io_netcdf testdata out.n c", rc=rc)

Currently writing is limited to PET 0; future versions of EE&Mvill allow parallel writing, as well as parallel reading.

17.4 Restrictions and Future Work

1. No synchronization of object ids at object create time Object IDs are using during the reconcile process to
identify objects which are unknown to some subset of the AHRTise currently running VM. Object IDs are
assigned in sequential order at object create time.

One important request by the user community during the ESbhj€cb design was that there be no communi-
cation overhead or synchronization when creating distedh&E SMF objects. As a consequence it is required to
create these objects imisonacross all PETs in order to keep the ESMF object identifiadticsync.

17.5 Design and Implementation Notes

1. States contain the name of the associated Component, Biflagport or Export, and a list of data objects,
which can be a combination of FieldBundles, Fields, andfoays. The objects must be named and have the
proper attributes so they can be identified by the receiveh®fdata. For example, units and other detailed
information may need to be associated with the data as aipétr

2. Data contained in States must be created in unison on é&tlofthe current VM. This allows the creation
process to avoid doing communications since each PET capuenany information it needs to know about
any remote PET (for example, the grid distribute method cempute the decomposition of the grid on not only
the local PET but also the remote PETSs since it knows each PE®king the identical call). For all PETs to
have a consistent view of the data this means objects mustée gnigue names when created, or all objects
must be created in the same order on all PETs so ESMF can ¢genersistent default names for the objects.

When running components on subsets of the original VM allRES's can create consistent objects but then
when they are put into a State and passed to a component wiffeedt VM and a different set of PETSs, a
communication call (reconcile) must be made to communitegenissing information to the PETs which were
not involved in the original object creation. The recona#dl broadcasts object lists; those PETs which are
missing any objects in the total list can receive enoughrinfdion to reconstruct a proxy object which contains
all necessary information about that object, with no loaibgdon that PET. These proxy objects can be queried
by ESMF routines to determine the amount of data and what R&ft®in data which is destined to be moved
to the local PET (for receiving data) and conversely, capmigine which other PETs are going to receive data
and how much (for sending data).

133



[
[ e o
L VNP Il T
. = L? [)Eﬁ-‘ A, “E :’5'[\::-:'\} “_rf s
s an A SRET
Sibee MENN AL Nk N
- = Sy
iy FeR T
= b 1-—-', - {L-.-"i] i
1 il
T BT I
e = =1 |

Source Grid Decomposition

Figure 7: The mapping of PETs (processors) to DEs (data)isdirce grid created lmser_modell.F90 in the
FieldExcl system test.
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Figure 8: The mapping of PETs (processors) to DEs (dataginéstination grid created lmger_model2.F90  in
the FieldExcl system test.

For example, the FieldExcl system test creates 2 GriddedpBaoents on separate subsets of PETs. They use
the option of mapping particular, non-monotonic PETs to DHEse following figures illustrate how the DEs are
mapped in each of the Gridded Components in that test:

In the coupler code, all PETs must make the reconcile catireediccessing data in the State. On PETs which
already contain data, the objects are unchanged. On PETH wi@re not involved during the creation of the
FieldBundles or Fields, the reconcile call adds an obje¢héoState which contains all the same metadata
associated with the object, but creates a slightly diffe@nid object, called a Proxy Grid. These PETs contain
no local data, so the Array object is empty, and the DELayouttfe Grid is like this:
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17.6 Object Model

The following is a simplified UML diagram showing the struetwf the State class. States can contain FieldBundles,
Fields, Arrays, or nested States. See AppendiA&Brief Introduction to UML, for a translation table that lists the
symbols in the diagram and their meaning.

—> State

0..n —
0..n
0..n 0..n 0..n
Bundle Field Array

17.7 Class API
17.7.1 ESMF_StateAssignment(=) - State assignment

INTERFACE:

interface assignment(=)
statel = state2

ARGUMENTS:

type(ESMF_State) :: statel
type(ESMF_State) :: state2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Assign statel as an alias to the same ESMF State object in masatate2. If state? is invalid, then statel will be
equally invalid after the assignment.
The arguments are:

statel TheESMF_State object on the left hand side of the assignment.
state2 TheESMF_State object on the right hand side of the assignment.

17.7.2 ESMF_StateOperator(==) - State equality operator

INTERFACE:
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interface operator(==

if (statel == state2) then ... endif
OR

result = (statel == state2)

RETURN VALUE:
logical :: result
ARGUMENTS:

type(ESMF_State), intent(in) :: statel
type(ESMF_State), intent(in) :: state2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Test whether statel and state2 are valid aliases to the s&ME Etate object in memory. For a more general compar-
ison of two ESMF States, going beyond the simple alias testESMF_StateMatch() function (not yet implemented)
must be used.

The arguments are:

statel TheESMF_State object on the left hand side of the equality operation.
state2 TheESMF_State object on the right hand side of the equality operation.

17.7.3 ESMF_StateOperator(/=) - State not equal operator

INTERFACE:

interface operator(/=)

if (statel /= state2) then ... endif
OR

result = (statel /= state2)

RETURN VALUE:
logical :: result
ARGUMENTS:

type(ESMF_State), intent(in) :: statel
type(ESMF_State), intent(in) :: state2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:
Test whether statel and state2 ard valid aliases to the same ESMF State object in memory. For @ mgen-
eral comparison of two ESMF States, going beyond the simds test, the ESMF_StateMatch() function (not yet

implemented) must be used.
The arguments are:
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statel TheESMF_State object on the left hand side of the non-equality operation.

state2 TheESMF_State object on the right hand side of the non-equality operation.

17.7.4 ESMF_StateAdd - Add a list of items to a State

INTERFACE:
subroutine ESMF_StateAdd(state, <itemList>, rc)
ARGUMENTS:

type(ESMF_State), intent(inout) :: state
<itemList>, see below for supported values

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Add a list of items to &SMF_State . It is an error if any item in <itemlist> already matches, e, an item
already contained iatate
Supported values for <itemList> are:

type(ESMF_Array), intent(in) :: arrayList(:)
type(ESMF_ArrayBundle), intent(in) :: arraybundleLi¥t(
type(ESMF_Field), intent(in) :: fieldList(:)
type(ESMF_FieldBundle), intent(in) :: fieldbundleLi3t(:
type(ESMF_RouteHandle), intent(in) :: routehandleL)st(
type(ESMF_State), intent(in) :: nestedStateList(:)

The arguments are:

state An ESMF_State to which the <itemList> will be added.

<itemList> The list of items to be added. This is a reference only; where®MF_State is destroyed the <item-
List> items contained within it will not be destroyed. Algbg items in the <itemList> cannot be safely de-
stroyed before th&SMF_State is destroyed. Since <itemList> items can be added to maltiphtainers, it
remains the responsibility of the user to manage their destn when they are no longer in use.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.
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17.7.5 ESMF_StateAddReplace - Add or replace a list of item® a State

INTERFACE:
subroutine ESMF_StateAddReplace(state, <itemList>, rc)
ARGUMENTS:

type(ESMF_State), intent(inout) :: state
<itemList>, see below for supported values

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Add or replace a list of items to @a8SMF_State . If an item in <itemlist> does not match any items alreadyspre
in state , itis added. Items with names already present irsthée  replace the existing item.
Supported values for <itemList> are:

type(ESMF_Array), intent(in) :: arrayList(:)
type(ESMF_ArrayBundle), intent(in) :: arraybundleLi¥t(
type(ESMF_Field), intent(in) :: fieldList(:)
type(ESMF_FieldBundle), intent(in) :: fieldbundleLi$t(:
type(ESMF_RouteHandle), intent(in) :: routehandleL)st(
type(ESMF_State), intent(in) :: nestedStateList(:)

The arguments are:

state An ESMF_State to which the <itemList> will be added or replaced.

<itemList> The list of items to be added or replaced. This is a referenbe when theESMF_State is destroyed
the <itemList> items contained within it will not be destemy Also, the items in the <itemList> cannot be safely
destroyed before thESMF_State is destroyed. Since <itemList> items can be added to maltiphtainers,
it remains the responsibility of the user to manage theitrdeBon when they are no longer in use.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

17.7.6 ESMF_StateCreate - Create a new State

INTERFACE:

function ESMF_StateCreate(stateintent, &
arraylList, arraybundleList, &
fieldList, fieldbundleList, &
nestedStatelList, &
routehandleList, name, rc)
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RETURN VALUE:
type(ESMF_State) :: ESMF_StateCreate

ARGUMENTS:

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
type(ESMF_Statelntent_Flag), intent(in), optional :: st ateintent
type(ESMF_Array), intent(in), optional :: arrayList(:)
type(ESMF_ArrayBundle), intent(in), optional :: arraybu ndleList(:)
type(ESMF_Field), intent(in), optional :: fieldList(:)
type(ESMF_FieldBundle), intent(in), optional :: fieldbu ndleList(:)
type(ESMF_State), intent(in), optional :: nestedStateLi st(?)
type(ESMF_RouteHandle), intent(in), optional :: routeha ndleList(:)
character(len= +), intent(in), optional :: name
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Create a nevESMF_State , set default characteristics for objects added to it, anoally add initial objects to it.
The arguments are:

[stateintent] Import or Export ESMF_State . Valid values are ESMF_STATEINTENT_IMPORT
ESMF_STATEINTENT_EXPORT or ESMF_STATEINTENT_UNSPECIFIED The default is
ESMF_STATEINTENT_UNSPECIFIED

[arrayList] A list (Fortran array) oESMF_Array s.

[arraybundleList] A list (Fortran array) oESMF_ArrayBundle s.

[fieldList] A list (Fortran array) oESMF_Field s.

[fieldbundleList] A list (Fortran array) oESMF_FieldBundle s.

[nestedStateList] A list (Fortran array) oESMF_State s to be nested inside the outeBMF_State .
[routehandleList] A list (Fortran array) oESMF_RouteHandle s.

[name] Name of thisESMF_State object. A default name will be generated if none is specified.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

17.7.7 ESMF_StateDestroy - Release resources for a State

INTERFACE:
recursive subroutine ESMF_StateDestroy(state, rc)
ARGUMENTS:

type(ESMF_State), intent(inout) :: state
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
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STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Releases resources associated withEE@MF_State . Actual objects added t6SMF_State s will not be destroyed,
it remains the responsibility of the user to destroy thegeatb in the correct context.
The arguments are:

state Destroy contents of thiESMF_State .
[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

17.7.8 ESMF_StateGet - Get information about a State

INTERFACE:

I Private name; call using ESMF_StateGet()
subroutine ESMF_StateGetInfo(state, &
itemSearch, nestedFlag, stateintent, &
itemCount, itemNamelList, itemTypeList, name, rc)

ARGUMENTS:
type(ESMF_State), intent(in) :: state

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
character (len= *), intent(in), optional :: itemSearch
logical, intent(in), optional :: nestedFlag
type(ESMF_Statelntent_Flag), intent(out), optional :: s tateintent
integer, intent(out), optional :: itemCount
character (len= +), intent(out), optional :: itemNameList(:)
type(ESMF_Stateltem_Flag), intent(out), optional :: ite mTypeList(:)
character (len= +), intent(out), optional :: name
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Returns the requested information about 8B&MF_State . The optionaitemSearch argument may specify the
name of an individual item to search for. When used in cortjonavith thenestedFlag , nested States will also be
searched.

The arguments are:

state An ESMF_State object to be queried.

[itemSearch] Query objects by name in the State. WhenttlestedFlag option is set to .true., all nested States
will also be searched for the specified name.

[nestedFlag] When set to.false. , returns information at the current State level only (d&fawhen set to
.true. , additionally returns information from nested States
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[stateintent] Returns the type, e.g., Import or Export, of tliSMF_State . Possible values are listed in Sec-
tion[TZ7.2.1.

[itemCount] Count of items in thiESMF_State . When thenestedFlag option is set tatrue. , the count will
include items present in nested States. When usimgSearch , it will count the number of items matching
the specified name.

[temNameList] Array of item names in thiESMF_State . When thenestedFlag option is set tatrue. , the
list will include items present in nested States. When ugtieigmSearch , it will return the names of items
matching the specified naméemNameList must be at leastemCount long.

[itemTypelList] Array of possible item object types in thiESMF_State . When thenestedFlag option is set
to .true. , the list will include items present in nested States. WhangitemSearch , it will return the
types of items matching the specified name. Must be at lEasCount long. Return values are listed in

Sectior 17.212.
[name] Returns the name of thESMF_State .
[rc] Return code; equaESMF_SUCCESIibthere are no errors.

Typically, anESMF_StateGet() information request will be performed twice. The first tintiee itemCount
argument will be used to query the size of arrays that areatedirrays can then be allocated to the correct size for
itemNameList anditemtypeList as needed. A second callESMF_StateGet()  will thenfill in the values.

17.7.9 ESMF_StateGet - Retrieve an item from a State

INTERFACE:

subroutine ESMF_StateGet(state, itemName, <item>, rc)

ARGUMENTS:
type(ESMF_State), intent(in) :: state
character (len= *), intent(in) :: itemName
<item>, see below for supported values
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Returns an <item> from aESMF_State by name. If theESMF_State contains the <item> directly, only
itemName is required.

If the state contains nestetESMF_State s, theitemName argument may specify a fully qualified name to access
the desired item with a single call. This is performed ushey'?” character to separate the names of the intermediate
State names leading to the desired item. (EEgmName="statel/state12/item” ).

Supported values for <item> are:

type(ESMF_Array), intent(out) :: array
type(ESMF_ArrayBundle), intent(out) :: arraybundle
type(ESMF_Field), intent(out) :: field
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type(ESMF_FieldBundle), intent(out) :: fieldbundle
type(ESMF_RouteHandle), intent(out) :: routehandle
type(ESMF_State), intent(out) :: nestedState
The arguments are:
state State to query for an <item> namagdmName .
itemName Name of <item> to be returned. This name may be fully qualifieakder to access nested State items.
<item> Returned reference to the <item>.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

17.7.10 ESMF_StateGet - Get information about an item in a $tte

INTERFACE:

! Private name; call using ESMF_StateGet()
subroutine ESMF_StateGetltemInfo(state, itemName, item Type, rc)

ARGUMENTS:

type(ESMF_State), intent(in) :: state
character (len= +), intent(in) :: itemName
type(ESMF_Stateltem_Flag), intent(out) :: itemType
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Returns the type for the item namedme in this ESMF_State . If no item with this name exists, the value
ESMF_STATEITEM_NOTFOUNIII be returned and the error code will not be set to an erfidus this routine
can be used to safely query for the existance of items by name¢her or not they are expected to be there. The error
code will be set in case of other errors, for example ifB8MF_State itself is invalid.

The arguments are:

state ESMF_State to be queried.
itemName Name of the item to return information about.

itemType Returned item types for the item with the given name, inclggilaceholder names. Options are listed in
Sectior 17.212. If no item with the given name is fouB@MF_STATEITEM_NOTFOUNE be returned and
rc will not be set to an error.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.
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17.7.11 ESMF_StatePrint - Print State information

INTERFACE:

subroutine ESMF_StatePrint(state, options, nestedFlag, rc)
ARGUMENTS:

type(ESMF_State), intent(in) :: state

character(len= +), intent(in), optional :: options

logical, intent(in), optional :: nestedFlag
integer, intent(out), optional :: rc

DESCRIPTION:

Prints information about thetate to stdout
The arguments are:

state TheESMF_State to print.

[options] Print options: " ", or "brief" - print names and types of thgeatis within the state (default), "long" - print
additional information, such as proxy flags

[nestedFlag] When set tofalse. , prints information about the current State level only éidt), When set to
true. , additionally prints information from nested States

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

17.7.12 ESMF_StateRead — Read data items from a file into a S&a

INTERFACE:
subroutine ESMF_StateRead(state, fileName, rc)
ARGUMENTS:
type(ESMF_State), intent(inout) :: state
character (len= +), intent(in) :: fileName
integer, intent(out), optional :: rc
DESCRIPTION:

Currently limited to read in all Arrays from a netCDF file anddathem to a State object. Future releases will enable
more items of a State to be read from a file of various formats.

Only PET 0 reads the file; the States in other PETs remain er@ptyently, the data is not decomposed or distributed;
each PET has only 1 DE and only PET 0 contains data after rgaldinfile. Future versions of ESMF will support
data decomposition and distribution upon reading a file. Sextior] 17.317 for an example.

Note that the third party NetCDF library must be installedr fore details, see the "ESMF Users Guide", "Building
and Installing the ESMF, Third Party Libraries, NetCDF" dhd website http:

The arguments are:

state TheESMF_State to add items read from file. Currently only Arrays are supgart
fileName File to be read.

[rc] Return code; equalESMF_SUCCESS there are no errors. EquaSMF_RC_LIB_NOT_PRESENIT the
NetCDF library is not present.
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17.7.13 ESMF_StateReconcile — Reconcile State data acredisPETs in a VM

INTERFACE:
subroutine ESMF_StateReconcile(state, vm, attreconflag , rc)
ARGUMENTS:
type(ESMF_State), intent(inout) ;. state
type(ESMF_VM), intent(in), optional :: vm
type(ESMF_AttReconcileFlag), intent(in), optional :: at treconflag
integer, intent(out), optional :: rc
DESCRIPTION:

Must be called for anfESMF_State which contains ESMF objects that have not been created ¢imedlETs of the
currently runningeSMF_Component. For example, if a coupler is operating on data which wasteteby another
componentthat ran on only a subset of the coupRESs, the coupler must make this call first before operating gn an
data inside thaESMF_State . After calling ESMF_StateReconcile  all PETs will have a common view of all
objects contained in thiESMF_State . The option to reconcile the metadata associated with tfectsbcontained

in this ESMF_State also exists. The default behavior for this capability isntat reconcile metadata unless told
otherwise.

The arguments are:

state ESMF_State to reconcile.
[vm] ESMF_VMor thisESMF_Component By default, it set to the current vm.

[attreconflag] Flag to tell if Attribute reconciliation is to be done as wa#i data reconciliation. This flag is docu-
mented in section 9.4.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

17.7.14 ESMF_StateRemove - Remove an item from a State

INTERFACE:
subroutine ESMF_StateRemove (state, itemName, rc)
ARGUMENTS:

type(ESMF_State), intent(inout) :: state
character(  *), intent(in) :: itemName

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Remove an existing reference to an item fro®tate .
The arguments are:

state TheESMF_State within whichitemName will be replaced.
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itemName The name of the item to be removed. This is a reference onky.it€m itself is unchanged.

If the state contains nesteBSMF_State s, theitemName argument may specify a fully qualified name to
remove the desired item with a single call. This is performasithg the “/” character to separate the names of
the intermediate State names leading to the desired item., EmName="statel/state12/item”

Since items could potentially be referenced by multipletaorers, it remains the responsibility of the user to
manage their destruction when they are no longer in use.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

17.7.15 ESMF_StateReplace - Replace a list of items withinGtate

INTERFACE:
subroutine ESMF_StateReplace(state, <itemList>, rc)
ARGUMENTS:

type(ESMF_State), intent(inout) :: state
<itemList>, see below for supported values

-- The following arguments require argument keyword syntax (e.g. rc=rc). --
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:

Replace a list of items with BSMF_State . If an item in <itemlist> does not match any items alreadyspre in
state , an error is returned.
Supported values for <itemList> are:

type(ESMF_Array), intent(in) :: arrayList(:)
type(ESMF_ArrayBundle), intent(in) :: arraybundleLi¥t(
type(ESMF_Field), intent(in) :: fieldList(:)
type(ESMF_FieldBundle), intent(in) :: fieldbundleLi$t(:
type(ESMF_RouteHandle), intent(in) :: routehandleL)st(
type(ESMF_State), intent(in) :: nestedStateList(:)

The arguments are:

state An ESMF_State within which the <itemList> items will be replaced.

<itemList> The list of items to be replaced. This is a reference only; wthee ESMF_State is destroyed the
<itemList> contained in it will not be destroyed. Also, thems in the <itemList> cannot be safely destroyed
before theESMF_State is destroyed. Since <itemList> items can be added to maltiphtainers, it remains
the responsibility of the user to manage their destructibamthey are no longer in use.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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17.7.16 ESMF_StateValidate - Check validity of a State

INTERFACE:
subroutine ESMF_StateValidate(state, nestedFlag, rc)
ARGUMENTS:
type(ESMF_State), intent(in) :: state
-- The following arguments require argument keyword syntax (e.g. rc=rc). --
logical, intent(in), optional :: nestedFlag
integer, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF from 5.2.0r up to the currentsi@n, then it will compile with the current
version.

DESCRIPTION:
Validates that thestate is internally consistent. Currently this method deterraiiiehe State is uninitialized or

already destroyed. The method returns an error code if pnabhre found.
The arguments are:

state TheESMF_State to validate.

[nestedFlag] .false. - validates at the current State level only (defaiit)e. - recursively validates any nested
States

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

17.7.17 ESMF_StateWrite — Write items from a State to file

INTERFACE:
subroutine ESMF_StateWrite(state, fileName, rc)
ARGUMENTS:
type(ESMF_State), intent(in) . state
character (len= +), intent(in) :: fileName
integer, intent(out), optional :: rc
DESCRIPTION:

Currently limited to write out all Arrays of a State objectmetCDF file. Future releases will enable more item types
of a State to be written to files of various formats.

Writing is currently limited to PET 0; future versions of ESMvill allow parallel writing, as well as parallel reading.
See Sectioh 17.3.7 for an example.

Note that the third party NetCDF library must be installed. or Fmore details, see the "ESMF
Users Guide", "Building and Installing the ESMF, Third Rartibraries, NetCDF" and the website
http://www.unidata.ucar.edu/software/netcdf.

The arguments are:

state TheESMF_State from which to write items. Currently limited to Arrays.
fileName File to be written.

[rc] Return code; equalESMF_SUCCESSHS there are no errors. EquasSMF_RC_LIB_NOT_PRESENIT the
NetCDF library is not present.
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18 Attachable Methods
18.1 Description

ESMF allows user methods to be attached to Components ated SRaoviding this capability supports a more object
oriented way of model design.

Attachable methods on Components can be used to impleneottitept of generic Components where the special-
ization requires attaching methods with well defined nariés methods are then called by the generic Component
code.

Attaching methods to States can be used to supply data apesalong with the data objects inside of a State object.
This can be useful where a producer Component not only segplidata set, but also the associated processing
functionality. This can be more efficient than providingalthe possible sets of derived data.

18.2 Use and Examples

The following examples demonstrate how a producer Compattathes a user defined method to a State, and how
it implements the method. The attached method is then ex@dytthe consumer Component.

18.2.1 Producer Component attaches user defined method

The producer Component attaches a user defined methedportState during the Component’s initialize
method. The user defined method is attached with IébalCalculation by which it will become accessi-
ble to the consumer Component.

subroutine init(gcomp, importState, exportState, clock, rc)
I arguments
type(ESMF_GridComp):: gcomp
type(ESMF_State):: importState, exportState
type(ESMF_Clock):: clock
integer, intent(out):: rc

call ESMF_MethodAdd(exportState, label="finalCalculat ion", &
userRoutine=finalCalc, rc=rc)

rc =0
end subroutine !

18.2.2 Producer Component implements user defined method

The producer Componentimplements the attached, user defiathodinalCalc . Strict interface rules apply for
the user defined method.

subroutine finalCalc(state, rc)
I arguments
type(ESMF_State):: state
integer, intent(out):: rc
| access data objects in state and perform calculation
print  *, "dummy output from attached method "

rc =0
end subroutine !
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18.2.3 Consumer Component executes user defined method

The consumer Component executes the user defined method iompibrtState

subroutine init(gcomp, importState, exportState, clock, rc)
! arguments
type(ESMF_GridComp):: gcomp
type(ESMF_State):: importState, exportState
type(ESMF_Clock):: clock
integer, intent(out):: rc

integer:: userRc

call ESMF_MethodExecute(importState, label="finalCalc ulation", &
userRc=userRc, rc=rc)

rc =0
end subroutine !

18.3 Restrictions and Future Work

1. Not reconciled. Attachable Methods are PET-local settings on an objectrddtly Attachable Methods cannot
be reconciled (i.e. ignored durireSMF_StateReconcile() ).

2. No copy nor move.Currently Attachable Methods cannot be copied or moved éetvobjects.

18.4 Class API
18.4.1 ESMF_MethodAdd - Attach user method to State

INTERFACE:

! Private name; call using ESMF_MethodAdd()
subroutine ESMF_MethodStateAdd(state, label, userRouti ne, rc)

ARGUMENTS:

type(ESMF_State) .. state
character(len= +), intent(in) ;o label
interface
subroutine userRoutine(state, rc)
use ESMF_StateMod
implicit none
type(ESMF_State) .. state ! must not be optional
integer, intent(out) ;orc I must not be optional
end subroutine
end interface
integer, intent(out), optional :: rc

DESCRIPTION:

AttachuserRoutine
The arguments are:

state TheESMF_State to attach to.
label Label of method.
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userRoutine The user-supplied subroutine to be associated withethe!

The subroutine must have the exact interface shown abouwbdarserRoutine  argument. Arguments in
userRoutine  must not be declared as optional, and the types, intent atet arust match. The subroutine
must be either a module scope procedure, or an externalguroethat has a matching interface block specified
for it. It must not be an internal procedure which is contdiméthin another procedure.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

18.4.2 ESMF_MethodAdd - Attach user method, located in shad object, to State

INTERFACE:
! Private name; call using ESMF_MethodAdd()
subroutine ESMF_MethodStateAddShObj(state, label, user Routine, &
sharedObj, rc)
ARGUMENTS:
type(ESMF_State) .. state
character(len= *), intent(in) i label
character(len= *), intent(in) :: userRoutine
character(len= +), intent(in), optional :: sharedObj
integer, intent(out), optional :: rc
DESCRIPTION:

AttachuserRoutine
The arguments are:

state TheESMF_State to attach to.
label Label of method.

userRoutine Name of user-supplied subroutine to be associated witkathed |, specified as a character string.

The subroutine must have the exact interface showBSMF_MethodStateAdd for the userRoutine
argument. Arguments inserRoutine  must not be declared as optional, and the types, intent ated orust
match. The subroutine must be either a module scope prageniuan external procedure that has a matching
interface block specified for it. It must not be an internalgadure which is contained within another procedure.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argumentis not provided the
executable itself will be searched faserRoutine

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

18.4.3 ESMF_MethodExecute - Execute user method attached State

INTERFACE:

! Private name; call using ESMF_MethodExecute()

subroutine ESMF_MethodStateExecute(state, label, exist flag, userRc, rc)
ARGUMENTS:
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type(ESMF_State) .. state

character(len= *), intent(in) i label

logical, intent(out), optional :: existflag

integer, intent(out), optional :: userRc

integer, intent(out), optional :: rc
DESCRIPTION:

Execute attached method.
The arguments are:

state TheESMF_State to attach to.
label Label of method.

[existflag] Returnedtrue. indicates that the method specifiedlapel

[userRc] Return code set by attached method before returning.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

exists and was executed. A return value
of .false. indicates that the method does not exist and consequensiynateexecuted. By default, i.e. if
existflag was not specified, the latter condition will leadrto not equaESMF_SUCCESIeing returned.
However, ifexistflag was specified, a method not existing is not an error condition

18.4.4 ESMF_MethodRemove - Remove user method attached ttage

INTERFACE:

! Private name; call using ESMF_MethodRemove()
subroutine ESMF_MethodStateRemove(state, label, rc)

ARGUMENTS:

type(ESMF_State) .. state

character(len= *), intent(in) i label

integer, intent(out), optional :: rc
DESCRIPTION:

Remove attached method.
The arguments are:

state TheESMF_State to attach to.
label Label of method.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

18.4.5 ESMF_MethodAdd - Attach user method to GridComp
INTERFACE:

! Private name; call using ESMF_MethodAdd()

subroutine ESMF_MethodGridCompAdd(gcomp, label, userRo
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ARGUMENTS:

type(ESMF_GridComp) :; gcomp
character(len= *), intent(in) i label
interface

subroutine userRoutine(gcomp, rc)
use ESMF_CompMod

implicit none
type(ESMF_GridComp) :; gcomp I must not be optional
integer, intent(out) ore I must not be optional

end subroutine
end interface
integer, intent(out), optional :: rc

DESCRIPTION:

AttachuserRoutine
The arguments are:

gcomp TheESMF_GridCompto attach to.
label Label of method.

userRoutine The user-supplied subroutine to be associated withethe!

The subroutine must have the exact interface shown abouwbhdarserRoutine  argument. Arguments in
userRoutine  must not be declared as optional, and the types, intent atet arust match. The subroutine
must be either a module scope procedure, or an externalguroethat has a matching interface block specified
for it. It must not be an internal procedure which is contdiméthin another procedure.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

18.4.6 ESMF_MethodAdd - Attach user method, located in shad object, to GridComp

INTERFACE:
! Private name; call using ESMF_MethodAdd()
subroutine ESMF_MethodGridCompAddShObj(gcomp, label, u serRoutine, &
sharedObj, rc)
ARGUMENTS:
type(ESMF_GridComp) :; gcomp
character(len= *), intent(in) i label
character(len= *), intent(in) :: userRoutine
character(len= +), intent(in), optional :: sharedObj
integer, intent(out), optional :: rc
DESCRIPTION:

AttachuserRoutine
The arguments are:

gcomp TheESMF_GridCompto attach to.

label Label of method.

152



userRoutine Name of user-supplied subroutine to be associated witlkathed |, specified as a character string.

The subroutine must have the exact interface shoia8RF_MethodGridCompAdd for theuserRoutine
argument. Arguments inserRoutine  must not be declared as optional, and the types, intent ated orust
match. The subroutine must be either a module scope progeniuan external procedure that has a matching
interface block specified for it. It must not be an internalgadure which is contained within another procedure.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argumentis not provided the
executable itself will be searched faserRoutine

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

18.4.7 ESMF_MethodAdd - Attach user method to CplComp

INTERFACE:
! Private name; call using ESMF_MethodAdd()
subroutine ESMF_MethodCplCompAdd(cplcomp, label, userR outine, rc)
ARGUMENTS:
type(ESMF_CplComp) ;. cplcomp
character(len= *), intent(in) i label
interface

subroutine userRoutine(cplcomp, rc)
use ESMF_CompMod

implicit none
type(ESMF_CplComp) :: cplcomp ! must not be optional
integer, intent(out) ore I must not be optional

end subroutine
end interface
integer, intent(out), optional :: rc

DESCRIPTION:

AttachuserRoutine
The arguments are:

cplcomp TheESMF_CplCompto attach to.
label Label of method.

userRoutine The user-supplied subroutine to be associated withethe!

The subroutine must have the exact interface shown abouwbhdarserRoutine  argument. Arguments in
userRoutine  must not be declared as optional, and the types, intent atet arust match. The subroutine
must be either a module scope procedure, or an externalguroethat has a matching interface block specified
for it. It must not be an internal procedure which is contdiméthin another procedure.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.
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18.4.8 ESMF_MethodAdd - Attach user method, located in shad object, to CplComp

INTERFACE:
! Private name; call using ESMF_MethodAdd()
subroutine ESMF_MethodCplCompAddShObj(cplcomp, label, userRoutine, &
sharedObj, rc)
ARGUMENTS:
type(ESMF_CplComp) i cplcomp
character(len= +), intent(in) ;o label
character(len= +), intent(in) :: userRoutine
character(len= +), intent(in), optional :: sharedObj
integer, intent(out), optional :: rc
DESCRIPTION:

AttachuserRoutine
The arguments are:

cplcomp TheESMF_CplCompto attach to.
label Label of method.

userRoutine Name of user-supplied subroutine to be associated witlathed |, specified as a character string.

The subroutine must have the exact interface shovigSNF_MethodCplCompAdd for the userRoutine
argument. Arguments inserRoutine  must not be declared as optional, and the types, intent aled orust
match. The subroutine must be either a module scope progeniuan external procedure that has a matching
interface block specified for it. It must not be an internalg@dure which is contained within another procedure.

[sharedObj] Name of shared object that contairserRoutine . If the sharedObj argument is not provided the
executable itself will be searched faserRoutine

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

18.4.9 ESMF_MethodExecute - Execute user method attached GridComp

INTERFACE:
! Private name; call using ESMF_MethodExecute()
subroutine ESMF_MethodGridCompExecute(gcomp, label, ex istflag, userRec, rc)
ARGUMENTS:
type(ESMF_GridComp) 1 gcomp
character(len= +), intent(in) ;o label
logical, intent(out), optional :: existflag
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
DESCRIPTION:

Execute attached method.
The arguments are:
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gcomp TheESMF_GridCompto attach to.
label Label of method.

[existflag] Returnedtrue. indicates that the method specifiedlapel exists and was executed. A return value
of .false. indicates that the method does not exist and consequensiynateexecuted. By default, i.e. if
existflag was not specified, the latter condition will leadrto not equaESMF_SUCCESISeing returned.
However, ifexistflag was specified, a method not existing is not an error condition

[userRc] Return code set by attached method before returning.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

18.4.10 ESMF_MethodExecute - Execute user method attachéa CplComp

INTERFACE:
! Private name; call using ESMF_MethodExecute()
subroutine ESMF_MethodCplCompExecute(cplcomp, label, e xistflag, userRc, rc)
ARGUMENTS:
type(ESMF_CplComp) i cplcomp
character(len= *), intent(in) i label
logical, intent(out), optional :: existflag
integer, intent(out), optional :: userRc
integer, intent(out), optional :: rc
DESCRIPTION:

Execute attached method.
The arguments are:

cplcomp TheESMF_CplCompto attach to.
label Label of method.

[existflag] Returnedtrue. indicates that the method specifiedlapel exists and was executed. A return value
of .false. indicates that the method does not exist and consequensiynataexecuted. By default, i.e. if
existflag was not specified, the latter condition will leadrto not equaESMF_SUCCESISeing returned.
However, ifexistflag was specified, a method not existing is not an error condition

[userRc] Return code set by attached method before returning.

[rc] Return code; equaBSMF_SUCCESIibthere are no errors.

18.4.11 ESMF_MethodRemove - Remove user method attached@idComp

INTERFACE:

! Private name; call using ESMF_MethodRemove()
subroutine ESMF_MethodGridCompRemove(gcomp, label, rc)

ARGUMENTS:
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type(ESMF_GridComp) ;. gcomp

character(len= *), intent(in) i label
integer, intent(out), optional :: rc
DESCRIPTION:

Remove attached method.
The arguments are:

gcomp TheESMF_GridCompto attach to.
label Label of method.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

18.4.12 ESMF_MethodRemove - Remove user method attached@plComp

INTERFACE:
! Private name; call using ESMF_MethodRemove()
subroutine ESMF_MethodCplCompRemove(cplcomp, label, rc )
ARGUMENTS:
type(ESMF_CplComp) ;. cplcomp
character(len= *), intent(in) i label
integer, intent(out), optional :: rc
DESCRIPTION:

Remove attached method.
The arguments are:

cplcomp TheESMF_CplCompto attach to.
label Label of method.

[rc] Return code; equaESMF_SUCCESIibthere are no errors.

19 Web Services

19.1 Description

The goal of the ESMF Web Services is to provide the tools mmalt SMF Users to make their Components available
via a web service. The first step is to make the Component &seand then make it accessible via the Web.

At the heart of this architecture is the Component Servibis is the application that does the model work. The
ESMF Web Services part provides a way to make the model @bézsi a network API (Application Programming
Interface). ESMF provides the tools to turn a model compbimea a service as well as the tools to access the service
from the network.

The Process Controller is a stand-alone application tratiges a control mechanism between the end user and the
Component Service. The Process Controller is respongibladnaging client information as well as restricting dien
access to a Component Service. (The role of the Processdllenis expected to expand in the future.)
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Figure 11: The diagram describes the ESMF Web Services adtarchitecture. The architecture defines a multi-
tiered set of applications that provide a flexible approaxtatcessing model components.
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The tomcat/axis2 application provides the access via the Wig standard SOAP protocols. Part of this application
includes the SOAP interface definition (using a WSDL file) &dlwas some java code that provides the access to the
Process Controller application.

Finally, the Registrar maintains a list of Component Sasithat are currently available; Component Services exgist
themselves with the Registrar when they startup, and ustexghemselves when they shutdown. The list of available
services is maintained in an XML file and is accessible froeRlegistrar using its network API.

19.1.1 Creating a Service around a Component
19.1.2 Code Modifications

One of the goals in providing the tools to make Componentssatvices was to make the process as simple and easy
as possible. Any model component that has been implemesied the ESMF Component Framework can easily be
turned into a Component Services with just a minor changkedd\pplication driver code. (For details on the ESMF
Framework, see the ESMF Developers Documentation.)

The primary function in ESMF Web Services is the ESMF_Webi8esLoop routine. This function registers the
Component Service with the Registrar and then sets up a netvexket service that listens for requests from a
client. It starts a loop that waits for incoming requests arahages the routing of these requests to all PETs. Itis
also responsible for making sure the appropriate ESMFme{aSMF _Initialize, ESMF_Run or ESMF_Finalize) is
called based on the incoming request. When the client hapleted its interaction with the Component Service, the
loop will be terminated and it will unregister the Compon8etvice from the Registrar.

To make all of this happen, the Application Driver just netmeplace its calls to ESMF _Initialize, ESMF_Run, and
ESMF_Finalize with a single call to ESMF_WebServicesLoop.

use ESMF_WebServMod
call ESMF_WebServicesLoop(gridComponent, portNumber, r eturnCode)

That’s all there is to turning an ESMF Component into a nekagecessible ESMF Component Service. For a detailed
example of an ESMF Component turned into an ESMF Componeanicge see the Examples in the Web Services
section of the Developer’ Guide.

19.1.3 Accessing the Service

Now that the Component is available as a service, it can besaed remotely by any client that can communicate via
TCP sockets. The ESMF library, in addition to providing tleevice tools, also provides the classes to create C++
clients to access the Component Service via the sockefanter

However, the goal of ESMF Web Services is to make an ESMF Coemtcaccessible through a standard web service,
which is accomplished through the Process Controller aaddmcat/Axis2 applications

19.1.4 Client Application via C++ API

Interfacing to a Component service is fairly simple using BESMF library. The following code is a simple example
of how to interface to a Component Service in C++ and reghestitialize operation (the entire sample client can be
found in the Web Services examples section of the ESMF Digion):

#include "ESMCI_WebServCompSvrClient.h"

int main(int argc, char * argv[])
{
int portNum = 27060;
int clientld = 101;
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int rc = ESMF_SUCCESS;

ESMCI::ESMCI_WebServCompSvrClient
client("localhost”, portNum, clientld);

rc = client.init();
printf("Initial