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1 Release Notes

ESMF v2.0 is a first usable release of the Earth System Magiélirmamework. While the ESMF still has much
growing to do over the coming years, we expect modelers toifirttis release tools that benefit real codes. You
may choose to start with the highest level of functionalitythie framework, the software for representing models
as components and coupling them to other models; or the tdeesl, the toolkits for data communication, 1/O,
logging, or calendar management. Wherever you begin, we tiggi you find the ESMF useful, and look forward to
hearing your comments on any aspect of the software. Sétidhis document includes instructions on submitting
comments on ESMF to our development team.

2 What is the Earth System Modeling Framework?

The ESMF is a structured collection of software buildingdiie that can be used or customized to develop Earth
system model components, and assemble them into appfisafibie simplest view of the ESMF is that it consists of an
infrastructure of utilities and data structures for creating model commsieand auperstructure for coupling them.
User code sits between these two layers, making calls toflastructure libraries beneath it and being scheduled and
synchronized by the superstructure above it. The confifuratsembles a sandwich, as shown in Fidiire 1.

The ESMF architecture is scalable, flexible paradigm fofding highly complex climate, weather, and related
applications from components such as atmospheric moaéeld,rhodels, and data assimilation systems. The ESMF
is not a single master application into which all componemst fit; rather it is a way of developing components so
that they can be used in many different user-written aptina. Model components that adopt ESMF are designed to
be usable in different contexts without code modificatiord may be incorporated into other ESMF-based modeling
systems within the Earth science community. In additionighHevel organization, ESMF provides a set of robust,
portable, performance optimized libraries for regriddidgta transfers, 1/O, time management, and other common
modeling functions. ESMF users may choose to extensivelyite their codes to take advantage of the ESMF
infrastructure, or they may decide to simply wrap usertemitcomponents in ESMF interfaces in order to adopt the
ESMF architecture and utilize framework coupling services

3 The ESMF Reference Manual for Fortran

The ESMF provides both Fortran and C++ versions of its iat@$ for many methods. THESMF Reference Manual
is a listing of ESMF standard interfaces for Fortthn.

Interfaces are grouped by class. A class is an object-edesftware design construct that embodies a specific
concept like a physical field. Superstructure classes stelfirst in thisManual followed by infrastructure classes.

The major classes in the ESMF superstructure are Compgmérith typically represent large pieces of function-
ality such as models, model couplers, and dynamics and glpsickages; and States, which are the data structures
used to store the fields and other data Components requisnaneke available. There are both data structures and
utilities in the ESMF infrastructure; classes include &lcollections of Fields on the same grid (called Bundles),
Arrays, and utilities for communication, decompositiome¢ management, and application configuration.

For how to get started with ESMF, see BEMF User’'s Guide This document includes installation instructions,
an overview of the whole framework, an extended example ofupled code, and other useful information.

4 How to Contact User Support and Find Additional Informatio n

The ESMF team can answer questions about the interfacespeelsn this document. For user support, please contact
esmf_support@ucar.edu.

1Since the audience for it is small, we have not yet preparaxirgprehensive reference manual for C++.
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Figure 1: Schematic of the ESMF “sandwich” architecturethiis design the framework consists of two parts, an
upper levebuperstructure 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, Log, Prof, DELayout, Machine

More information on the ESMF project as a whole is availalridlee ESMF website, http://www.esmf.ucar.edu.
The website includes a description of ESMF testbed appdicat related projects, the ESMF management struc-
ture, and more. Th&ESMF User’s Guidecontains installation instructions, an overview of the BSBYystem and
a description of how its classes interrelate. Other docusnawailable on the ESMF site include an exhaustive
ESMF Requirements Documemtd arESMF Developer’s Guidthat details our project procedures and conventions.

5 How to Submit New Requirements

The Developmentlink on the ESMF website includes on-line forms for the sutsitn of new requirements, if it
seems that the current API does not satisfy the needs of yaplication. We welcome input on any aspect of the
ESMF project; general questions and comments should becesmf@ucar.edu.

6 Conventions

6.1 Document Conventions

The following conventions for fonts and capitalization ased in this document.

Style Meaning Example

italics documents ESMF Reference Manual
courier code fragments ESMF_TRUE

courier() ESMF method name ESMF _Fi el dGet ()

boldface first definitions Anaddress spacss ...
boldface web links Developmentwebpage
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
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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 physata! fi

Diagrams are drawn using the Unified Modeling Language (UMUNIL is a visual tool that can illustrate the
structure of classes, define relationships between claasdsdescribe sequences of actions. A reader interested in
more detail can refer to a text such®se Unified Modeling Language Reference Man{/3|.

6.2 Method Name and Argument Conventions

There are conventions for how class methods are presemtadytiout this document. Although Fortran interfaces are
not case-sensitive, we use case to help parse multi-wor@siakive also use case to help make the presentation of
Fortran interfaces consistent with the presentation of Dierfaces.

Method names begin witESMF_, followed by the class name, followed by the name of the dparaeing
performed. Each new word is capitalized.

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 egoepihen 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 appeadas$ ayout or
srcDel ayout .

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 furtion

A typical ESMF call thus looks like this:

cal | ESMF_<d assNane><QCperati on>(cl assnane, firstArgunment,
secondArgunent, ..., rc)

where
<Cl assName> is the class name,
<nmet hod> is the name of the action to be performed,
cl assnane is a variable of the derived type associated with the class,
thear g* arguments are whatever other variables are required fapamtion,
andr c is a return code.

6.3 Locating Methods in this Manual

Methods for each class are located in the section devotedatoctass in th&Reference Manualln some classes,
methods are split into a number of different types. For eXanthere are separate listings for Basic Field Methods,
Field Overloads for Fortran Arrays, and Field Communiaagiol he methods in each listing are ordered alphabetically.
The split into different listings is a side effect of the amgted document generation system we use; it reflects which
methods are located in the same source files. It is sometteray@working to eliminate!



7 The ESMF Application Programming Interface

The ESMF Application Programming Interface (API) is basadhe object-oriented programming notion oflass

A class is a software construct that's used for grouping atetlated 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 calledenper at ur e is an object. That is about as far as we will go into formalwafe
engineering terminology.

The Fortran interface is implemented so that the variabdssa@ated with a class are stored in a derived type.
For example, aeSMF_Fi el d 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 Forttaneiaf generic functions and optional arguments
extensively to simplify our interfaces.

The modules for ESMF are bundled together and can be acce#tbeal singleUSE statementUSE ESM-_Mbd.

7.1

Standard Methods and Interface Rules

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

ESMF_ <O ass>Creat e() andESMF_<Cl ass>Destroy(), for creating and destroying classes. The
ESMF_<d ass>Cr eat e() method allocates memory for the class structure itself anthternal variables,
and initializes variables as appropriate. It is alwaystemnitas a Fortran function that returns a derived type
instance of the class.

ESMF <O ass>Set () andESMF_<Cl ass>Get (), for setting and retrieving a particular item or flag. In
general, these methods are overloaded for all cases wreeiteth can be manipulated as a name/value pair. If
identifying the item requires more than a name, or if thescia®f sufficient complexity that overloading in this
way would result in an overwhelming number of options, wertedipecifiESM-_<Cl ass>Set <Sonet hi ng>()
andESM-_<Cl ass>Get <Sonet hi ng>() interfaces.

ESMF_<d ass>Add(),ESM-_<d ass>Get (), andESMF_<Cl ass>Renpve() for manipulating items
that can be appended or inserted into a list of like itemsiwaltlass. For example, tiESM-_St at eAddFi el d()
method adds another Field to the list of Fields containetiéState class.

ESMF_<d ass>Pri nt (), for printing the contents of a class to standard out. Thithoekis mainly intended
for debugging.

ESMF_<Cl ass>ReadRest art () andESM-_<C ass>WiteRestart (), for saving the contents of a
class and restoring it exactly. Read and write restart nuktihave not yet been implemented for most ESMF
classes, so where necessary the user needs to write redteas themselves.

ESMF_<d ass>Val i dat e() , for determining whether a class is internally consistEnt.exampleESMF_Fi el dVal i dat €
checks whether the Array and Grid associated with a Field@msistent.

EXAMPLE
In this simple example, an ESMF Field is created with the natrenp’ .

USE ESMF_Mbd

type ESM-_Field :: field

field = ESM-_Fi el dCreate(’'tenp’)



7.2 Deep and Shallow Classes

The ESMF contains two types of classBeepclasses requireSMF_<Cl ass>Cr eat e() andESM-_<C ass>Dest r oy()
calls. They take significant time to set up and should not bated in a time-critical portion of code. Deep objects
persist even after the method in which they were createddtasned. Most classes in the ESMF, including Fields,
Bundles, Arrays, Grids and Clocks, fall into this category.

Shal | ow classes do not requifeSMF_<Cl ass>Cr eat e() andESM-_<Cl ass>Dest roy() calls. They
can simply be declared and their values set using&VF_<Cl ass>Set () call. Shallow classes do not take long to
set up and can be declared and set within a time-critical sedment. Shallow objects stop existing when the method
in which they were declared has returned.

An exception to this is when a shallow object, such as an I0Speaised to carry values into a deep object, for
example during aleSM-_Fi el dCr eat e() call during an application initialization phase. In thisseaan I0Spec
is passed in through theSMF_Fi el dCr eat e() argument list and the values of the I0Spec are copied into the
new Field object. Although the 10Spec is destroyed whenrhglization phase ends, the Field carries a copy of the
IOSpec in persistent memory. This internal IOSpec is dgstiavith theESMF_Fi el dDest r oy () call.

Other examples of shallow classes are Times, Timelnteraats ArraySpecs.

See SectioldXveral | Design and | npl enent ati on Not es, for a brief discussion of deep and shal-
low classes from an implementation perspective. For areptfdlook at the design and inter-language issues related
to deep and shallow classes, please se&8M- | npl enent ati on Report.

7.3 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() andESM-_Fi nal i ze() are required methods that must bracket the use of ESMF
within an application. They manage the resources requiregrt ESMF and shut it down gracefully.

e ESMF _<Type>Conpl nitialize(),ESM-_<Type>ConpRun(),andESM~_<Type>ConpFi nal i ze()
are component methods that are used at the highest levehl8MF. <Type> may be<G i d>, for Grid-
ded Components such as oceans or atmosphere§pbr>, for Coupler Components that are used to connect
them. The content of these methods is not part of the ESMEeddshe methods call into associated Fortran
subroutines within user code.

7.4 The ESMF Data Hierarchy

The ESMF API is organized around an hierarchy of five cladsaisdontain model field data. The operations that are
performed on model field data, such as regridding, redigioh, and halo updates, are accessed through 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 rafar¢o a native Fortran array.

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

e Bundle A Bundle is a collection of Fields discretized on the samd.gfihe staggering of data points may be
different for different Fields within a Bundle.

e StateA State represents the collection of data that a Compon#@reiequires to run (an Import State) or can
make available to other Components (an Export State). SStasg contain references to Bundles, Fields, or
Arrays.



e ComponentA Component is a substantial piece of software with a disfimection. ESMF currently recog-
nizes two types of Components. Components that represemgsacpl domain or process, such as an atmo-
spheric model, are called Gridded Components since theysarally discretized on an underlying grid. The
Components responsible for regridding and transferririg datween Gridded Components are called Coupler
Components. Each Component is associated with an ImpodmBcport State. Components can be nested so
that simpler components and applications can be used toasgmpore complex applications.

Underlying these data classes are native language arr&MFRllows you to reference an existing Fortran array
to an ESMF Array, Field, or Bundle, so that ESMF data clasaeshe readily introduced into existing code. You can
perform communication operations directly on Fortranysithrough the DELayout class, which serves as a unifying
wrapper for distributed and shared memory communicattmaties.

7.5 ESMF Spatial Classes

Like the hierarchy of model data classes, ranging from thek to the complex, the ESMF is organized around an
hierarchy of classes that represent different spacesiasstavith a computation. Each of these spaces can be indexed
in some fashion, in order to give the user control over howramatation is executed. For Earth system applications,
this hierarchy spans the environment associated with thmpater to the physical region described by the application.
The main spatial classes in ESMF, in order of those closdhietmachine to 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. Its primapope is resource allocation. Each Component
defines its own VM based on the resources it desires. The ateroka VM arePersistent Execution Threads
or PETs. A simple case is one in which every PET is associated with &h pfocess running on a separate
processor. If Components are nested, the parent compdimatas a subset of its PETSs to its children. The
children have some flexibility, subject to the constrairte computing environment, to decide how they want
to use the PETSs they've received.

e DELayout A DELayout represents a decomposition. Its basic elemeaidecomposition Elementsor DEs.
A DELayout associates a set of DEs and a topology - how the PEEsannected - with the PETs in a VM. The
user can also define communication weights between DEssiiruload balancing. DEs are not necessarily
one-to-one with PETs. For cache blocking, or user-managdt-threading, more DEs than PETs may be
defined. Fewer DEs than PETs may be defined if an applicatourines, for example, a decomposition that is
an integer multiple.

e Grid A Grid is an abstraction of a physical space. It associatemedinate system, a set of coordinates, and a
topology to a collection of grid cells.

o Field A Field may contain more dimensions than the Grid that it &sditized on. For example, for convenience
during integration, a user may want to define a single Fiejdailthat holds snapshots of the data at multiple
times. The Field must track what these additional dimerssinaan. Fields also keep track of the location of a
Field data point within its associated Grid cell.

Although it is not an ESMF class, the lineaddress spacef the computer is another fundamental index space
that must be mapped to data stored by the ESMF system.

7.6 ESMF DataMap Classes

In order to map the index spaces of the spatial classes, wireegjther implicit rules (in which case the relationship
between index spaces is defined by default), or specialedabst allow the user to specify the desired association.
The following classes define how the data is laid out in memory



e ArrayDataMap The ArrayDataMap class specifies how the address space obthputer relates to the array
rank (e.g. row or column major order), and, optionally, holisaof array ranks corresponds to a list of Grid
dimensions.

e FieldDataMap The FieldDataMap specifies the number of directional coreptsiin a vector Field, and how
they are interleaved.

e BundleDataMap The BundleDataMap dictates how the Fields within a Bundégisterleaved.

7.7 ESMF Specification Classes
At various places in the ESMF, it is useful to make neat packetiescriptive parameters. Some of these are:
e |OSpeg, for storing 10 parameters.

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

7.8 ESMF Utility Classes

There are a number of utilities in ESMF that can be used inuggetly. These are:
e TimeMgr, for calendar, date, clock and alarm functions.
e LogErr, forlogging and error handling.

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

8 Overall Rules and Behavior

8.1 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 willldeate that space when the object is destroyed.
Methods which accept a user-allocated buffer, for exar&3eF_Fi el dCr eat e() with the ESM-_DATA REF
flag, will not deallocate that buffer at the time the objectiéstroyed. The user must arrange for the buffer to be
deallocated when all use of it is complete.

Classes such as Fields, Bundles, and States may have AFialds, Grids and Bundles created externally and
associated with them. These associated items are not ged@tong with the rest of the data object since it is possible
for the items to be added to more than one data object at a #rgethe same Grid could be part of many Fields). It
is the user’s responsibility to delete these items whenasteuse of them is done.

8.2 Attributes

Attributes are (name, value) pairs, where the name is a ctarstring and the value can be either a single value
or list ofi nt/l *4, doubl e/R* 8, logical ESM~_Logi cal ), orchar */char act er values. Attributes can be
associated with Fields, Bundles, and States. Mixed typegaatrallowed in a single attribute, and all attribute names
must be unique within a single object. Attributes are setéye, and can be retrieved either directly by name or by
querying for a count of attributes and retrieving names atdes by index number.

10



9 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 componerieiapplication. It is appropriate when interoperability

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 itipteucontexts. Another reason for deciding on a
top-down approach is that the application contains legadg ¢hat for some reason (e.g., very large, difficult to work
with, highly performance-tuned, resource limitationgrhis little motivation to fully restructure. The supeustiure

can be incorporated into such applications in a way thatisintrusive.

In the bottom-up approach, the user selects desired egilfiata 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 thetfonality in existing code with them. This makes sense
when there is a specific need for some functionality, likeustlolata acommunications, or when the component writer
is starting from scratch.

9.1 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 ensurired #ach component has well-defined stages of exedition.

1. Decide how to organize the application as discrete Gddudel Coupler Components. The developer might
need to reorganize code so that individual components aamlyl separated and their interactions consist of a
minimal number of data exchanges.

2. Divide the code for each componentinto initialize, rurg &inalize methods. These methods can be multi-phase,
eg.,init_1, init_2.

3. Pack any data that will be transferred between compomant& SMF Import and Export State data structures.
The user must describe the distribution of grids over resesion a parallel computer via the VM and DELayout.

4. Pack time information into ESMF time management datactires.

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

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

7. Run the application using an ESMF Application Driver.

9.2 Using the ESMF Infrastructure

Adoption of infrastructure utilities and data structures dollow many different paths. The calendar management
utility is a popular place to start, since there is enouglcfiemality in the ESMF time manager to merit the effort
required to integrate it into codes and bundle it with an @&pgibn.

2ESMF aside, this sort of code structure helps to promotdagijun clarity and maintainability, and the effort putdrit is likely to be a good
investment in any case.

11



10 Global Options and Parameters

10.1 Flags
10.1.1 ESMF_AllocFlag

DESCRIPTION:
Indicates whether to allocate data or not.
Valid values are:

ESMF_ALLOC Allocate data.
ESMF_NO_ALLOC Do not allocate data at this time.

10.1.2 ESMF_BlockingFlag

DESCRIPTION:
Indicates whether to block during a communication call.
Valid values are:

ESMF_BLOCKING The called method will block until all (PET-)local operatmare complete. After the return of
a blocking method it is safe to modify or use all participgtiacal data.

ESMF_NONBLOCKING The called method will not block but return immediately afitiating the requested
operation. It is unsafe to modify or use participating lotaia before all local operations have completed.

10.1.3 ESMF_CopyFlag

DESCRIPTION:
Indicates whether to reference a data item or make a copy of it
Valid values are:

ESMF_DATA COPY Copy the data item to another buffer.
ESMF_DATA REF Reference the data item.

10.1.4 ESMF_IndexFlag

DESCRIPTION:
Indicates whether index is local (per DE) or global (per obje
Valid values are:

ESMF_INDEX_DELOCAL Refers to indices on the local DE.
ESMF_INDEX_GLOBAL Refers to object-wide indices.

10.1.5 ESMF _InterleaveFlag

DESCRIPTION:
Interleave is used when there are multiple variables odividual data items are vectors. Used58MVF_Fi el dDat aMap
andESM-_Bundl| eDat aMap. (The interleave option is not yet implemented.)

Valid values are:

ESMF_INTERLEAVE_BY_ BLOCK Items are listed in blocks, all items of one type followed Hlyitams of the
next type.

ESMF_INTERLEAVE_BY_ITEM Items are interleaved item by item.

12



10.1.6 ESMF_NeededFlag

DESCRIPTION:
Specifies whether or not a data item is needed for a partiaplalication configuration. Used ESMF_St at e.
Valid values are:

ESMF_NEEDED Data is needed.
ESMF_NOTNEEDED Data is not needed.

10.1.7 ESMF_ReadyFlag

DESCRIPTION:
Specifies whether a data item is ready to read or write.
Valid values are:

ESMF_READYTOREAD Data is ready to read.
ESMF_READYTOWRITE Data is ready to write.
ESMF_NOTREADY Data is not ready.

10.1.8 ESMF_ReduceFlag

DESCRIPTION:
Indicates reduce operation tdreduce() method.
Valid values are:

ESMF_SUM Use arithmetic sum to add all data elements.
ESMF_MIN Determine the minimum of all data elements.

ESMF_MAX Determine the maximum of all data elements.

10.1.9 ESMF_ReqgForRestartFlag

DESCRIPTION:
Specifies whether a data item is necessary for restart.
Valid values are:

ESMF_REQUIRED_FOR_RESTART Data is required for restart.
ESMF_NOTREQUIRED_FOR_RESTART Data is not required for restart.

10.1.10 ESMF_ValidFlag

DESCRIPTION:
Specifies whether a data item contains valid data.
Valid values are:

ESMF_VALID Datais ready to read.
ESMF_INVALID Data is ready to write.
ESMF_NOTREADY Data is not ready.

13



10.2 Parameters
10.2.1 ESMF_DataKind

DESCRIPTION:
Supported ESMF data kinds.
Valid values are:

ESMF_I1 1 byte integer.
ESMF_12 2 byte integer.
ESMF_14 4 byte integer.
ESMF_18 8 byte integer.
ESMF_R4 4 byte real.
ESMF_R8 8 byte real.
ESMF_C8 8 byte character.
ESMF_C16 16 byte character.

10.2.2 ESMF_DataType

DESCRIPTION:
Supported ESMF data types.
Valid values are:

ESMF_DATA_INTEGER Integer type.
ESMF_DATA_REAL Real type.
ESMF_DATA _LOGICAL Logical type.
ESMF_DATA_ CHARACTER Character type.

11 Overall Design and Implementation Notes

1. Deep and shallow classed.he deep and shallow classes described in Secfidn 7.2 wtiffeaw 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, aadafiing language, which is the language that the
user application is written in. Deep classes are allocatietthe 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. The Base is odeald system-wide capabilities,
such as Attributes. Attributes are implemented in the Béagscso they can be attached to any object in the
system which is built on the Base object. (This is true fodakp objects in the system.) Attributes are created
by making a private copy of the information provided durihg Bet call. Lists of values are supported, but they
are not intended for large data arrays. Attribute data isetbguring a Get operation.
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12 Overview of Superstructure

ESMF superstructure classes define an architecture fomadisg 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 computistgs)s, 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 FigurEl?). 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) applicatiamsriaximum portability and reconfigurability.

12.1 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 tidFfE&Shd one that is supplied by
the user. The part that is supplied by the framework is an E8&flved 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 gridsefample, a sea ice model. A Coupler Component
arranges and executes data transformations and transtersdm one or more Gridded Components. Gridded
Components and Coupler Components have standard methuidh,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 agsdtia name of a Fortran subroutine with a corre-
sponding standard ESMF operation. For example, a usetewiiiitialization routine callegopCceanl ni t
might be associated with the standard Initialize routin@fESMF Gridded Component named “POP” that
represents an ocean model.

e StateESMF components exchange information with other comp@amy through States. A State is an ESMF
derived type that can contain Fields, Bundles, Arrays, dhdréstates. A Gridded Componentis associated with
two States, ahmport State and anExport State. Its Import State holds the data that it receives from other
Gridded Components. Its Export State contains data thahintake available to other Gridded Components.

e Application Driver The Application Driver AppDriver ) is a small, generic driver program that contains the
“main” routine for an ESMF application.

An ESMF coupled application typically involves an AppDriva parent Gridded Component, two or more child
Gridded Components that require an inter-component dataagige, and one or more Coupler Components.
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Figure 2: ESMF enables applications such as a seasonaafin@odel to be structured hierarchically, and reconfig-
ured and extended easily.

SeasonalForecast

| Coupler |
Z 1 N
| Ocean | | Sealce | | AssimAtm |
| __Coupler _
| DataAssim | | AtmLand |
| Coupler |
L AN
| Atm | | Land |
| Coupler |
| Physics | | Dynamics |

The parent Gridded Component is responsible for creatiagetiild Gridded Components that are exchanging
data and creating the Coupler, for creating the necessgoprinand Export States, and for setting up the desired
sequencing. The AppDriver “main” routine calls the parerii@ed Component’s initialize, run, and finalize methods
in order to execute the application. For each of these stdndathods, the parent Gridded Component in turn calls
the corresponding methods in the child Gridded Componerddtze Coupler Component. For example, consider a
simple coupled ocean/atmosphere simulation. When thialiné method of the parent Gridded Component is called
by the AppDriver, it in turn calls the initialize methods &$ ichild atmosphere and ocean Gridded Components, and
the initialize method of an ocean-to-atmosphere Couplen@ment. FigurEl3 shows this schematically for a coupled
hurricane model with ocean and atmosphere components.

12.2 Distribution and Scoping of Components

Components are allocated computational resources in thedbPersistent Execution Threadsor PETs. A list of
a Component’s PETs is contained in a structure callggtaal Machine , or VM. The VM also contains information
about the topology and characteristics of the underlyingmater.

All data transfers within an ESMF application oceuithin a component. For example, a Gridded Component may
contain halo updates. Another example is that a Coupler @oemt may contain a regridding and data redistribution
between two Gridded Components. As a result, the archiecdUESMF does not depend on any particular data
communication mechanism, and new communication schemdsedatroduced without affecting 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.
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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.

AppDriver (“Main”)
Call Initialize Call Run Call Finalize
<
Initialize ] [ Run ] [ Finalize ]
Parent GridComp “Hurricane Model”
Call Initialize Call Run Call Finalize
<

Initialize Run | Finalize |

Child GridComp “Atmospherg”

Initialize | Run r_FinaIize

Child GridComp "Ocean”

Initialize | Run r_FinaIize

Child CplComp “Atm-Ocean Coupler”

A Gridded Component may exist across all the PETs in an agifit. 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.

When a set of Gridded Components and a Coupler runs in seguenthe same set of PETs the application
is executing in asequentialmode. When Gridded Components are created and run on muaxalusive sets of
PETs, and are coupled by a Coupler Component that extendshm/anion of these sets, the mode of execution is
concurrent.

Itis possible for ESMF applications to contain some compaets that are executing sequentially and others that
are executing concurrently. We might have, for examplepaphere and land components created on the same subset
of PETSs, ocean and sea ice components created on the remaifRteTs, and a Coupler created across all the PETs
in the application.

12.3 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 s different data buffer as an interim step. This is likely
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to be the most efficient way of performing inter-componentging. However, if desired, an application can also be
configured so that data from a source component is sent tdiaadiset 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 Componegtérn, as soon as the data is ready. Computations can
then proceed simultaneously with the data transfer.
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12.4 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 @ @

13 Application Driver and Required ESMF Methods

13.1 Description

The ESMF Application Driver ESM-_AppDri ver), is a generic ESMF driver program that contains a “main.”
Simpler applications may be able to use an Application Dnivihout modification; for more complex applications,
an Application Driver can be used as an extendable template.

ESMF provides a number of different Application Driverslie$ESM-_DI R/ sr ¢/ Super st ruct ur e/ AppDri ver
directory. An appropriate one can be chosen depending ortt@application is to be structured. Options when de-
ciding how to structure an application include choices abou

Sequential vs. Concurrent Executionln a serial execution model every PET executes the same &frddmponent
code until it has produced data needed by another Griddedb@oemt, and then all PETs change to running
the next Gridded Component or Coupler Component. This raspipeal of simplicity of data consumption
and production: when a Gridded Component starts all requiega is available for use, and when a Gridded
Componentfinishes all data produced is ready for consumptidghe next Gridded Component. This approach
also has the possibility of less data movement if the grigidind data decomposition is done such that each
processor’'s memory contains the data needed by the next@wmp

In a concurrent execution model subgroups of PETs run Gdidttemponents and all Gridded Components are
active at the same time. Data exchange must be coordinaieddre Gridded Components so that data deadlock
does not occur. This strategy has the advantage of allovangling to other Gridded Components at any time
during the computational process, including not havingetanmn to the calling level of code before making data
available. ESMF does not fully support the concurrent mddexecution at this time.

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@gldded Component. This simplifies the structure
of the Coupler Component code.

Couplers can also be written usindgiab 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 is implemented with a set of Fortran and @xterfaces to all
functions. The main executable program can be written heeiEortran or C++.

Number of Executables On a multiple processor machine a cooperating job can be yuwstdsting the same ex-
ecutable on all nodes. All processors run the same codehbutdmputation proceeds in parallel by each
processor working on a different subset of data. This3$&D model, Single Program Multiple Data.

The alternative is to start a different executable on diffiérprocessors. This is dPMD model, Multiple
Program Multiple Data. There are complications with markygontrol systems on multiprocessor machines in
getting the different executables started, and gettirggiptocess communcations established. Currently ESMF
does not support MPMD.

13.2 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 landlalso enables the entire application to be treated as a
sub-Gridded Component of another, larger applicationsirgel. When an application is organized in this fashion the
standard AppDriver can probably be used without much madito.

Examples of program organization using the AppDriver cafobad in thesr ¢/ Super st ruct ur e/ AppDri ver
directory. A set of subdirectories within the AppDriverefitory follows the naming convention:

<seq| conc>\_<pai rw se| hub>\_<f|c>driver\_<spnd| npnd>

The example that is currently implemented&sq_pai rwi se_f dri ver _spnd, which has sequential compo-
nent execution, a pairwise coupler, a main program in Fortiad all processors launching the same executable.

This simple example is also copied automatically into aley@iqui ck_st art 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. TREADME file in the AppDriver subdirectory or quick_start directory
contains instructions about which files to change.

The ChangeMe. F90 file contains a nunber of definitions

that are used by the AppDriver, such as the nane of the application’s
mai n configuration file and the nane of the application s SetServices
routine.

#i ncl ude " ChangeMe. F90"
program ESM-_AppDri ver

! ESMF nodul e, defines all ESMF data types and procedures
use ESMF_Mod

! Gidded Conponent registration routines. Defined in "ChangeMe. F90"
use USER APP _Mod, only : Set Services => USER APP_Set Servi ces

inmplicit none

I Local vari ables
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I Conponent s
type(ESM-_Gri dConp) :: conpGidded

| States, Virtual Machines, and Layouts
type(ESM-_VM :: defaultvm

type( ESM-_DELayout) :: defaul tlayout
type(ESMF_State) :: defaultstate

I Configuration information
type(ESMF_Config) :: config

! A conmon grid
type(ESMF_Gid) :: grid

I A clock, a calendar, and timesteps
type(ESMF_d ock) :: clock

type( ESM-_Cal endar) :: gregori anCal endar
type(ESM-_Tinmelnterval) :: tinmeStep
type(ESMF_Tine) :: startTine
type(ESMF_Tine) :: stopTine

! Variables related to grid and cl ock
integer :: i_max, j_max
real (ESM-_KIND I18) :: x_mn, x_max, y _mn, y_nax

! Return codes for error checks
integer :: rc
| ogi cal :: dummy

call ESMF_Initialize(rc=rc)
if (rc .ne. ESMF_SUCCESS) stop 99

dumy=ESMF_LogW ite("ESMF AppDriver start", ESMF_LOG | NFO)

! Read in Configuration information froma default config file
!

config = ESM-_Confi gCreate(rc)
call ESM-_ConfiglLoadFil e(config, USER CONFIG FILE, rc = rc)

I *** this section is inconplete. ***
I Get standard config paraneters, for exanple:

the default grid size and type
the default start tine, stop tine, and running intervals
for the main tine | oop.

e.g. to get an integer paranmeter fromthe config file:

|
|
!
!
|
! call ESMF_ConfigGetAttribute( config, ndays, |abel = Nunber_ of Days:’', &
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! default=30, rc =rc )

call ESMF_ConfigGetAttribute(config, i_max, unts:’, default=20, rc=rc)

call ESM-F_ConfigGetAttribute(config, j_max, unts:’, default=80, rc=rc)
n:’, default=0.0, rc=rc)
call ESMF_ConfigGetAttribute(config, y_mn, n: defaul t=-180.0, rc=rc)

call ESMF_ConfigGetAttribute(config, x_max,

call ESMF_ConfigGetAttribute(config, x_mn, ’
call ESMF_ConfigGetAttribute(config, y_max, '’

xX:' defaul t=90.0, rc=rc)
", default=180.0, rc=rc)

| Get the default VM which contains all PEs this job was started on.
call ESMF_VMGet d obal (defaultvm rc)

| Create the top Gidded conmponent, passing in the default |ayout.
compGi dded = ESM-_Gri dConpCr eat e(defaul tvm "ESMF Gi dded Conponent™, rc=rc)

dunmy=ESMF_LogW it e(" Conponent Create finished", ESM-_LOG | NFO)

call ESMF_Gri dConpSet Servi ces(conmpGri dded, Set Services, rc)
i f (ESMF_LogMsgFoundError(rc, "Registration failed", rc)) goto 10

! Based on values fromthe Config file, create a default Gid
I and Clock. W assune we have read in the variabl es bel ow from
! the config file.

gregori anCal endar = ESMF_Cal endar Creat e(" Gregori an", &
ESM-_CAL_GREGORI AN, rc)
call ESMF_Tinelnterval Set(ti meStep, S=2, rc=rc)

call ESMF_Ti neSet(startTine, yy=2004, mm=9, dd=25, &
cal endar =gr egor i anCal endar, rc=rc)

call ESMF_Ti neSet (stopTi me, yy=2004, mm=9, dd=26, &
cal endar =gr egori anCal endar, rc=rc)
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clock = ESMF_Cl ockCreate("Application Clock", tineStep, startTinme, &
stopTine, rc=rc)

! Same with the grid. Get a default |ayout based on the VM
defaul tl ayout = ESM-_DElLayout Creat e(defaul tvm rc=rc)

grid = ESMF_G'i dCreat eHor zXYUni (counts=(/i_max, j_max/), &
m nG obal CoordPerDi me(/x_mn, y mn/), &
max@d obal Coor dPer Di m=(/ x_max, y_max/), &
hor zSt agger =ESM-_CGRI D_HORZ_STAGGER _C _SE, &
nane="source grid", rc=rc)

call ESM-_GidDistribute(grid, delayout=defaultlayout, rc=rc)

! Attach the Gid to the Conponent
call ESMF_Gri dConmpSet (compGri dded, grid=grid, rc=rc)

defaultstate = ESMF_StateCreate("Default Gidded State", rc=rc)

Init, Run, and Finalize section

call ESM-_GidConplnitialize(compGidded, defaultstate, defaultstate, &
clock, rc=rc)
i f (ESMF_LogMsgFoundError(rc, "lnitialize failed", rc)) goto 10

call ESMF_Gi dConmpRun(conmpGri dded, defaultstate, defaultstate, &
clock, rc=rc)
i f (ESMF_LogMsgFoundError(rc, "Run failed", rc)) goto 10

call ESMF_Gri dConpFinalize(conpGidded, defaultstate, defaultstate, &
clock, rc=rc)
i f (ESMF_LogMsgFoundError(rc, "Finalize failed", rc)) goto 10
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I Clean up

call ESMF_C ockDestroy(cl ock, rc)

call ESMF_Cal endar Dest roy(gregori anCal endar, rc)
call ESM-_St ateDestroy(defaultstate, rc)

call ESMF_Gi dConmpDestroy(conpG i dded, rc)

call ESMF_DELayout Destroy(defaul t Layout, rc)

10 conti nue
call ESMF_Finalize(rc)

end program ESMF_AppDri ver

13.3 Restrictions and Future Work

1. Concurrent components not supported.Only applications in which components are executed sedligrdare
supported at this time.

13.4 Required ESMF Methods

13.4.1 ESMF _Initialize - Initialize the ESMF

INTERFACE:

subroutine ESM-_I nitialize(defaultConfigFileNane, defaultcCal endar, &
defaul t LogFi | eNane, vm rc)

ARGUMENTS:
character (|l en=*), intent(in), optional :: defaultConfigFileName
type( ESM-_Cal endar Type), intent(in), optional :: defaultCal endar
character (|l en=*), intent(in), optional :: defaultLogFileNanme
type( ESM-_VM , intent(out), optional :: vm
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Initialize the ESMF. This method must be called before ammepESMF methods are used. Before exiting the appli-
cation the user must cdliSM-_Fi nal i ze() to release resources and clean up the ESMF gracefully.
The arguments are:

[defaultConfigFilename] Name of the default configuration file for the entire applimat
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[defaultCalendar] Sets the default calendarto be used by ESMF Time Managent $frecified, defaults tBSM-_ CAL _ NOCAL ENDAF

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

[vm] Returns the globd&SMF_VMthat was created during initialization.
[rc] Return code; equalBSM-_SUCCESS if there are no errors.

13.4.2 ESMF_Finalize - Clean up and close the ESMF

INTERFACE:

subroutine ESM-_Fi nal i ze(rc)
ARGUMENTS:

integer, intent(out), optional :: rc
DESCRIPTION:

Finalize the ESMF. This must be called before the applicatixits to allow the ESMF to flush buffers, close open
connections, and release internal resources cleanly.
The argument is:

[rc] Return code; equalESM-_SUCCESS if there are no errors.

13.4.3 User-Code SetServices Method

Many programs call some library routines. The library doeamation 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 argunststdnd perform specific operations.

One of the required interfaces a component must providesise¢h services method. This subroutine must have an
externally accessible name (be a public symbol), take a coett as the first argument, and an integer return code as
the second. The subroutine name is not predefined, it is sihiebgomponent writer, but must be provided as part of
the component documentation.

The required function of the set services subroutine isdister the rest of the required functions in the component,
currently initialize, run, and finalize methods. The ESMRInoel ESM-_<Gr i d/ Cpl >ConpSet Ent r yPoi nt ()
should be called for each of the required subroutines.

The names of the initialize, run, and finalize user-codeautiotes do not need to be public; in fact it is far better for
them to be private to lower the chances of public symbol dagletween different components.

Within the set services routine, the user can also regigtevate data block by calling thHESMF_<Gri d| Cpl >ConpSet | nt ernal S
method.

Note that a component does not call its own set servicesn@utine AppDriver or parent component code which is
creating a component will first cdiSM-_<Gr i d/ Cpl >ConpCr eat e() to create an "empty" component, and then
call the component-specific set services routine to as®Ei@MF-standard methods to user-code methods. After set
services has been called, the framework now will be able ltdlmcomponent’s initialize, run, and finalize routines
as required.

13.4.4 User-Code Initialize, Run, and Finalize Methods

User-code initialize, run, and finalize routines must bevigled for each component. See Sectibnsli4.6and 15.5 for
the prescribed interfaces and examples of how to set these up
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14 GridComp Class

14.1 Description

In Earth system modeling, the most natural way to think abouESMF Gridded Component, BEM-_Gr i dConp,

is as a piece of code representing a particular physical toriee. example, an atmospheric model or an ocean model.
In many large modeling systems, each components is dewvklopéts own group of domain experts. The ESMF
Gridded Component construct provides domain experts wétrectured, consistent set of component interfaces so
that it is straightforward, at least technically, to combsoftware from a number of groups, representing different
physical domains, to form a complex application.

Earth system software components tend to share a numbesioffbatures. Most contain a variety of physical fields;
refer to a (possibly noncontiguous) spatial region andétiat is partitioned across a set of computational resgurce
and require a clock, usually for stepping a governing set@E® forward in time. Most can also be divided into
distinct initialize, run, and finalize computational ph&is& hese common characteristics are used within ESMF to
define a Gridded Component data structure that is both ¢égiléor Earth system modeling and yet is still flexible
enough to represent a variety of domains.

More broadly, an ESMF Gridded Component can be based on dtwase with a computational function that is
associated with a grid. This might be a convection or ragilaticheme, a dynamical core, or a data assimilation
system. ESMF allows you to nest Gridded Components, so ligaplysics and dynamics within an atmospheric
model can be considered Gridded Components, along withinhespheric model itself.

A well-designed Gridded Component does not store informnaititernally about how it couples to other Gridded
Components. That allows it to be used in different contextsaut changes to source cdii®ata is passed between
Gridded Components using an intermediary Coupler Compodencribed in Sectidn 15.1.

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

The part provided by ESMF is the Gridded Component derivpd itself, ESM-_Gr i dConp. AnESMF_Gr i dConp

must be created for every portion of the application thattlvélrepresented as a separate component; for example, in a
climate model, there may be Gridded Components represgthiEniand, ocean, sea ice, and atmosphere. If the appli-
cation contains an ensemble of identical Gridded Companemery one has its own associaE®VF_Gri dConp.
Each Gridded Component has its own name and is allocatedaamhputational resources, in the form of an ESMF
Virtual Machine, or VM.

The user-written part of a Gridded Component is associatddanESM-_Gr i dConp derived type through a routine
called SetServices. This is a routine that the user muséwaitd declare public. Inside the SetServices routine the
user must calESMF_Set Ent r yPoi nt methods that associate a standard ESMF operation with tine o the
corresponding Fortran subroutine in their user code.

For example, a user-written initialization routine calfpgpCceanl ni t might be associated with the standard ini-
tialize routine of an ESMF Gridded Component named “POPt thpresents an ocean model.

14.2 GridComp Options
14.2.1 ESMF_GridCompType

DESCRIPTION:

The ESM-_Gri dConpType flag identifies what sort of physical domain or computaticigction a particular
ESMF_Gr i dConp represents. The flag values are purely informational; theyat used anywhere within the frame-
work. Use of this flag is optional.

Valid values are:

ESMF_ATM Atmospheric model.

3The idea here is to avoid situations in which slightly diéfer versions of the same model source are maintained fonwifiérent contexts -
standalone vs. coupled versions, for example.
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ESMF_LAND Land model.

ESMF_OCEAN Ocean model.
ESMF_SEAICE Sea ice model.

ESMF_RIVER River model.

ESMF_OTHER Other type of model or system.

14.3 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 Clodcoty manage time, and a VM to describe its own and
its child components’ computational resources.

I PROGRAM ESMF_GConpEx. F90 - Gi dded Conponent exanpl e

!
!
I 1 DESCRI PTI ON:
!
! The skel eton of one of nany possible Gidded conponent nodels.
I

! Exanpl e Gidded Conponent
nmodul e ESMF_Gr i ddedConpEx

! ESMF Framewor k nodul e
use ESMF_Mod

inmplicit none

publ i c GConp_Set Servi ces

cont ai ns

14.3.1 Specifying a User-Code SetServices Routine

EveryESM-_Gri dConp is required to provide and document a set services routirmanl have any name, but must
follow the declaration below: a subroutine which takesE8M-_Gri dConp as the first argument, and an integer
return code as the second.

It must call the ESMF methoBSMF_Gri dConpSet Ent r yPoi nt () to register with the framework what user-
code subroutines should be called to initialize, run, analiie the component. There are additional routines which
can be registered as well, for checkpoint and restart fansti

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.

subrouti ne GConp_Set Servi ces(conp, rc)
type(ESM-_Gi dConp) :: conp
integer :: rc

I Set Services the callback routines.

call ESMF_Gri dConmpSet Ent r yPoi nt (conp, ESMF_SETINI T, GComp_lnit, 0, rc)
call ESM-_Gri dConpSet Ent ryPoi nt (conp, ESMF_SETRUN, GConp_Run, 0, rc)
call ESMF_Gri dConpSet Ent r yPoi nt (conmp, ESMF_SETFI NAL, GConp_Final, 0, rc)
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! If desired, this routine can register a private data bl ock
! to be passed in to the routines above:

I call ESMF_Gri dConpSet Dat a(conp, mydat abl ock, rc)

rc = ESMF_SUCCESS

end subroutine

14.3.2 Specifying a User-Code Initialize Routine

When a higher level component is ready to begin usingaF_Gr i dConp, it will call its initialize routine. The
component writer must supply a subroutine with the exadincpsequence below; no arguments can be optional, and
the types and order must match.

At initialization time the component can allocate data spapen data files, set up initial conditions; anything itdsee

to do to prepare to run.

Ther c return code should be set if an error occurs, otherwise thee#SM-_ SUCCESS should be returned.

subroutine GConmp_Init(conp, inportState, exportState, clock, rc)
type(ESMF_Gri dConp) :: conp

type(ESMF_State) :: inportState, exportState
type(ESM-_O ock) :: clock
integer :: rc

print *, "Gidded Conp Init starting"

! This is where the nodel specific setup code goes.

' If the initial Export state needs to be filled, do it here.
Icall ESMF_St at eAddFi el d(export State, field, rc)

Icall ESMF_St at eAddBundl e(export State, bundle, rc)

print *, "Gidded Conp Init returning"

rc = ESMF_SUCCESS

end subroutine GConp_Init

14.3.3 Specifying a User-Code Run Routine

During the execution loop, the run routine may be called mtimgs. Each time it should read data from the

i mport St at e, use thecl ock to determine what the current time is in the calling componssmpute new values

or process the data, and produce any output and place it exthber t St at e.

When a higher level component is ready to useES&F G i dConp it will call its run routine. The component
writer must supply a subroutine with the exact calling seqaebelow; no arguments can be optional, and the types
and order must match.

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

Ther c return code should be set if an error occurs, otherwise thee#SM-_ SUCCESS should be returned.

subrouti ne GConmp_Run(conp, inportState, exportState, clock, rc)

type(ESM-_Gri dConp) :: conp
type(ESMF_State) :: inportState, exportState
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type(ESMF_d ock) :: clock
integer :: rc

print *, "Gidded Conp Run starting"

! call ESM-_StateGetField(), etc to get fields, bundles, arrays
' frominport state.

! This is where the nodel specific computation goes.

I Fill export state here using ESMF_StateAddField(), etc

print *, "Gidded Conp Run returning"

rc = ESMF_SUCCESS

end subroutine GConp_Run

14.3.4 Specifying a User-Code Finalize Routine

At the end of application execution, eaEBMF_Gr i dConp should deallocate data space, close open files, and flush
final results. These functions should be placed in a finatiméme.
Ther c return code should be set if an error occurs, otherwise thee#SM-_ SUCCESS should be returned.

subrouti ne GConp_Fi nal (conp, inportState, exportState, clock, rc)
type(ESMF_Gri dConp) :: conp

type(ESMF_State) :: inportState, exportState
type(ESM-_C ock) :: clock
integer :: rc

print *, "Gidded Conp Final starting"
! Add whatever code here needed
print *, "Gidded Conp Final returning"
rc = ESMF_SUCCESS

end subroutine GConp_Fi nal

end nodul e ESM-_Gri ddedConpEx

14.4 Restrictions and Future Work

1. No concurrent components. While the design of concurrently running Components idyfaiomplete, this
release of the framework does not support them. Only seligrexecuting Components can be run.

2. No Transforms. Components must exchange data throB§IVF_St at e objects. The input data are available
at the time the user Component code is called, and data tdureed to another Component are available when
that code returnsESM-_Xf or mobjects provide a way for a Component to prepare data to psfoamed
and sent to another Component from within the execution efuser Component code. Transforms are not
implemented in this version of the framework.

30



3. Data isolation. Gridded Components must only communicate with other coraptavia data in State objects.
They must not make direct references to data in other States.

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

5. Single execution mode.lt is not expected that a single Gridded Component be ablarotion in both se-
guential and concurrent modes, although Gridded Compsemémlifferent types can be nested. For example, a
concurrently called Gridded Component can contain sevested sequential Gridded Components. However,
only sequentially executing Components are supportedsirétease of the framework.

14.5 Class API: Basic GridComp Methods
14.5.1 ESMF_GridCompCreate - Create a new GridComp from a Cafig file

INTERFACE:

! Private nanme; call using ESM-_Gi dConmpCreat e()
function ESMF_G i dConpCr eat eConf (nane, gridconptype, grid, &
config, configFile, clock, rc)

RETURN VALUE:
type(ESMF_Gri dConp) :: ESMF_Gri dCompCr eat eConf

ARGUMENTS:
lexternal :: services
character(len=*), intent(in), optional :: name
type(ESM-_Gri dConpType), intent(in), optional :: gridconmptype
type(ESMF_Grid), intent(in), optional :: grid
type(ESM-_Config), intent(in), optional :: config
character(len=*), intent(in), optional :: configFile
type(ESMF_C ock), intent(inout), optional :: clock
integer, intent(out), optional :: rc

DESCRIPTION:

Create a nevESMF_Gr i dConp, specifying optional configuration file and other infornoaiti
The return value is the neBSM-_Gr i dConp.
The arguments are:

[name] Name of the newly-creatdeSMF_Gr i dConp. This name can be altered from within th8VF-_Gri dConp
code once the initialization routine is called.

[gridcomptype] ESMF_Gr i dConp modeltype, where modelincludESMF_ATM ESMF_LAND, ESM-_OCEAN,
ESMF_SEAI CE, ESMF_RI VER. Note that this has no meaning to the framework, it is an atiwot for user
code to query.

[grid] DefaultESMF_Gri d associated with thigri dconp.

[config] An already-create8SM-_Conf i g configuration object from which the neBSMF_Gr i dConp can read
in namelist-type information to set parameters for this run

[configFile] The filename of arESMF_Conf i g format file. If specified, this file is opened &BM-_Confi g
configuration object is created for the file and attached e&ortew ESM-_Gri dConp. The user can call
ESMF_Gri dCompGet () to get and use the object. If both are specified,abef i g object takes priority
over this one.
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[clock] Component-specifESM-_Cl ock. This clock is available to be queried and updated by theE@MF Gr i dConp
as it chooses. This should not be the parent component chdt&h should be maintained and passed down to

the initialize/run/finalize routines separately.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

14.5.2 ESMF_GridCompCreate - Create a new GridComp with VM eabled

INTERFACE:

! Private nanme; call using ESM-_Gi dConmpCreat e()
function ESMF_Gi dConpCreateVM vm nane, gridconptype, grid, &
config, configFile, clock, petlList,

RETURN VALUE:
type(ESM-_Gri dConp) :: ESMF_Gri dConpCreat eVM

ARGUMENTS:
lexternal :: services
type( ESM-_VM , i ntent(in) Dlovm
character (|l en=*), intent(in), optional :: nane
type(ESMF_Gri dConpType), intent(in), optional :: gridconptype
type(ESM-_Gri d), intent (in), optional :: grid
type( ESM-_Confi g), intent(in), optional :: config
character (|l en=*), intent(in), optional :: configFile
type( ESM-_d ock) , intent(inout), optional :: clock
i nt eger, intent(in), optional :: petList(:)
i nt eger, i ntent (out), optional :: rc
DESCRIPTION:

Create a nevESM-_Gr i dConp, setting the resources explicitly.
The return value is the neBSM-_Gr i dConp.
The arguments are:

rc)

vm ESM-_VMobiject for the parent component out of which tBBM-_Gri dConpCr eat e() call is issued. This

will become the parerESM-_VMof the newly creat&SMF_Gr i dConp.

[name] Name of the newly-creatdeSM-_G i dConp. This name can be altered from within 88VF_Gr i dConp

code once the initialization routine is called.

[gridcomptype] ESM-_Gri dConp model type, where modelincludeSM-_ATM ESMF_LAND, ESMF_OCEAN,
ESM-_SEAI CE, ESMF_RI VER. Note that this has no meaning to the framework, it is an atiwot for user

code to query.

[grid] DefaultESMF_Gri d associated with thigri dconp.

[config] Analready-createHSMF_Conf i g configuration object from which the new component can readimelist-
type information to set parameters for this run. If both @ecified, this object takes priority oveonf i gFi | e.

[configFile] The filename of aieSM-_Conf i g format file. If specified, this file is opened &$M-_Conf i g con-
figuration object is created for the file, and attached to #vecomponent. The user can da8M-_Gri dConpCet ()

to get and use the object. If both are specified ctbef i g object takes priority over this one.
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[clock] Component-specifESM-_Cl ock. This clock is available to be queried and updated by theE@MF Gr i dConp
as it chooses. This should not be the parent component chdt&h should be maintained and passed down to
the initialize/run/finalize routines separately.

[petList] List of PETs in the giverESM-_VMthat the parent componentis giving to the created child corapt. If
pet Li st is not specified all of the parenPETs will be given to the child component.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

14.5.3 ESMF_GridCompDestroy - Release resources for a Griebmp

INTERFACE:
subrouti ne ESM-_Gri dConpDestroy(gridconp, rc)

ARGUMENTS:
type(ESMF_Gri dConp) :: gridconp
integer, intent(out), optional :: rc
DESCRIPTION:

Releases all resources associated withESSF_Gri dConp.
The arguments are:

gridcomp Release all resources associated with B8 G i dConp and mark the object as invalid. It is an error
to pass this object into any other routines after being dgstt.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

14.5.4 ESMF_GridCompFinalize - Call the GridComp’s finalize routine

INTERFACE:

recursive subroutine ESMF_G i dConpFi nal i ze(gridconp, inportState, &
export State, clock, phase, blockingflag, rc)

ARGUMENTS:
type (ESMF_Gri dComp) :: gridcomp
type (ESMF_State), intent(inout), optional :: inportState
type (ESMF_State), intent(inout), optional :: exportState
type (ESMF_d ock), intent (in), optional :: clock
i nt eger, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
i nt eger, i ntent (out), optional :: rc
DESCRIPTION:

Call the associated user-supplised finalization code f@@@v+ G- i dConp.
The arguments are:

gridcomp TheESM-_Gri dConp to call finalize routine for.
[importState] ESMF_St at e containing import data.
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[exportState] ESMF_St at e containing export data.

[clock] ExternalESMF_Cl ock 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.

[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 thetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nngsESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to béaulo

[blockingflag] UseESMF_BLOCKI NG (default) orESMF_NONBL OCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.5.5 ESMF_GridCompGet - Query a GridComp for information

INTERFACE:

subrouti ne ESM-_Gri dConpGet (gri dconp, nane, gridconptype, &
grid, config, configFile, clock, vm rc)

ARGUMENTS:
type( ESM-_G i dConp) , i ntent(in) ;1 gridconmp
character (|l en=*), intent(out), optional :: nane
type(ESM-_G i dConpType), intent(out), optional :: gridconptype
type(ESM-_Gri d), intent(out), optional :: grid
type( ESM-_Confi g), intent(out), optional :: config
character (|l en=*), intent(out), optional :: configFile
type( ESM-_d ock) , intent(out), optional :: clock
type( ESM-_VM , intent(out), optional :: vm
i nt eger, intent(out), optional :: rc
DESCRIPTION:

Returns information about é8SMF_G i dConp. For queries where the caller only wants a single value,igpine
argument by name. All the arguments after ¢iné dconp argument are optional to facilitate this.
The arguments are:

gridcomp ESM-_Gri dConp object to query.

[name] Return the name of theSMF_Gr i dConp.

[gridcomptype] Return the model type of thESM-_Gri dConp.

[grid] ReturntheESM-_Gri d associated with thiESMF_Gr i dConp.
[config] Return theESMF_Conf i g object for thisESMF_Gr i dConp.
[configFile] Return the configuration filename for tieSM-_Gr i dConp.
[clock] Return the private clock for thiESMF_Gri dConp.

[vm] Return theESM-_VMfor thisESMF_Gri dConp.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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14.5.6 ESMF_GridComplnitialize - Call the GridComp’s init ialize routine

INTERFACE:

recursive subroutine ESMF_GidConplnitialize(gridconp, inmportState, &
export State, clock, phase, blockingflag, rc)

ARGUMENTS:
type (ESMF_Gri dConp) ;. gridconp
type (ESMF_State), intent(inout), optional :: inportState
type (ESMF_State), intent(inout), optional :: exportState
type (ESMF_d ock), intent(in), optional :: clock
i nt eger, intent (in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
i nt eger, i ntent (out), optional :: rc
DESCRIPTION:

Call the associated user initialization code for a gridcomp
The arguments are:

gridcomp ESMF_Gri dConp to call initialize routine for.
[importState] ESM-_St at e containing import data for coupling.
[exportState] ESMF_St at e containing export data for coupling.

[clock] ExternalESM-_Cl ock 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.

[phase] Component providers must document whether their each of thtines 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 compsvelnich must complete part of their work, return
to the caller and allow other processing to occur, and thaetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nngsESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to beéaulo

[blockingflag] Valid values ar&eSMF_BLOCKI NG (the default) oleSM-_ NONBLOCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.5.7 ESMF_GridCompPrint - Print the contents of a GridComp

INTERFACE:
subrouti ne ESM-_Gri dConpPrint (gridconp, options, rc)

ARGUMENTS:
type(ESM-_Gri dConp) :: gridconp
character (len = *), intent(in), optional :: options
integer, intent(out), optional :: rc
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DESCRIPTION:

Prints information about aBSMF_Gri dConp to st dout .
The arguments are:

gridcomp ESM-_Gri dConp to print.
[options] Print options are not yet supported.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.5.8 ESMF_GridCompReadRestart - Call the GridComp’s retore routine

INTERFACE:

recursive subroutine ESM-_Gi dConpReadRestart (gri dconp, iospec, clock, &
phase, bl ockingflag, rc)

ARGUMENTS:
type (ESMF_Gi dConp), intent(inout) :: gridconp
type (ESMF_I OSpec), intent(inout), optional :: iospec
type (ESMF_C ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user restore code fgr adconp.
The arguments are:

gridcomp ESMF_Gri dConp object to call readrestart routine for.
[iospec] ESMF_| OSpec object which describes 1/O options.

[clock] ExternalESMF_Cl ock 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 computation&SM-_St at e containing export data for coupling.

[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, accomodating comgsivetnich must complete part of their work, return
to the caller and allow other processing to occur, and thaetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nmesESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to b&at:df multiple-phase restore, which phase number
this is. Pass in 0 dESMF_SI NGLEPHASE for non-multiples.

[blockingflag] Valid values ar&eSMF_BLOCKI NG (the default) oleSM-_ NONBLOCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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14.5.9 ESMF_GridCompRun - Call the GridComp’s run routine

INTERFACE:

recursive subroutine ESM-_Gi dConpRun(gridconp, inportState, exportState, &
cl ock, phase, blockingflag, rc)

ARGUMENTS:
type (ESMF_Gri dConp) ;. gridconp
type (ESMF_State), intent(inout), optional :: inportState
type (ESMF_State), intent(inout), optional :: exportState
type (ESMF_d ock), intent(in), optional :: clock
i nt eger, intent (in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
i nt eger, i ntent (out), optional :: rc
DESCRIPTION:

Call the associated user run code forl=8MF_Gr i dConp.
The arguments are:

gridcomp ESMF_Gri dConp to call run routine for.
[importState] ESMF_St at e containing import data.
[exportState] ESMF_St at e containing export data.
[clock] External clock for passing in time information.

[clock] ExternalESM-_Cl ock for passing in time information. This is generally the pammponent’s clock, and
will be treated as read-only by the child component. Thedchidmponent can maintain a private clock for its
own internal time computations.

[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 compsvenich must complete part of their work, return
to the caller and allow other processing to occur, and thetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nngsESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to b&atidf multiple-phase restore, which phase number
this is. Pass in 0 dESM-_SI NGLEPHASE for non-multiples.

[blockingflag] UseESMF_BLOCKI NG (default) orESMF_NONBL OCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.5.10 ESMF_GridCompSet - Set or reset information abouthie GridComp

INTERFACE:

subrouti ne ESM-_Gri dConpSet (gri dconp, nane, gridconptype, grid, &
config, configFile, clock, rc)

ARGUMENTS:
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type(ESM-_Gri dConp) , i ntent (inout) ;. gridconp

character (|l en=*), intent(in), optional :: nane

type(ESM-_G i dConpType), intent(in), optional :: gridconptype

type(ESMF_Gri d), intent(in), optional :: grid

type( ESM-_Confi g), intent(in), optional :: config

character (|l en=*), intent(in), optional :: configFile

type( ESMF_d ock), intent(in), optional :: clock

i nt eger, intent(out), optional :: rc
DESCRIPTION:

Sets or resets information about BBM-_Gr i dConp. The caller can set individual values by specifying the argu
ments by name. All the arguments excgpi dconp are optional to facilitate this.
The arguments are:

gridcomp ESMF_Gri dConp to change.

[name] Set the name of thESM-_Gr i dConp.

[gridcomptype] Set the model type for thiESM-_Gr i dConp.
[grid] SettheESMF_Gri d associated with thESMF_Gri dConp.

[config] Set the configuration information for tiESMF_Gr i dConp from this already createSMF_Conf i g ob-
ject. If specified, takes priority overonf i gFi | e.

[configFile] Set the configuration filename for tHEsSM-_Gri dConp. An ESM-_Conf i g object will be created
for this file and attached to tHeSMF_Gr i dConp. Superceeded byonf i g if both are specified.

[clock] Set the private clock for thiESMF_Gr i dConp.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.5.11 ESMF_GridCompValidate - Check validity of a GridCamp

INTERFACE:
subrouti ne ESM-_Gri dConpVal i dat e(gri dconp, options, rc)

ARGUMENTS:
type(ESM-_Gi dConp) :: gridconp
character (len = *), intent(in), optional :: options
integer, intent(out), optional :: rc

DESCRIPTION:

Currently all this method does is to check that tfré dconp exists.
The arguments are:

gridcomp ESMF_Gri dConp to validate.
[options] Validation options are not yet supported.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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14.5.12 ESMF_GridCompWriteRestart - Call the GridComp’s checkpoint routine

INTERFACE:

recursive subroutine ESMF_Gi dConpWiteRestart(gridconp, iospec, clock, &
phase, bl ockingflag, rc)

ARGUMENTS:
type (ESMF_Gi dConp), intent(inout) :: gridconp
type (ESMF_I OSpec), intent(inout), optional :: iospec
type (ESMF_C ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
t ype( ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user checkpoint code foES8NVF_Gr i dConp.
The arguments are:

gridcomp ESMF_Gri dConp to call writerestart routine for.
[iospec] ESMF_| OSpec object which describes 1/0 options.

[clock] ExternalESMF_Cl ock 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.

[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 compsvenich must complete part of their work, return
to the caller and allow other processing to occur, and thetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nmesESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to béaulo

[blockingflag] Valid values ar&eSMF_BLOCKI NG (the default) oleSM-_ NONBLOCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.5.13 ESMF_GridCompWait - Wait for a GridComp to return

INTERFACE:
subrouti ne ESM-_Gri dConmpWi t (gri dconp, rc)
ARGUMENTS:
type(ESM-_Gi dConp), intent(in) :: gridconp
i nt eger, intent(out), optional :: rc
DESCRIPTION:

When executing asychronously, wait forBSM-_Gr i dConp to return.
The arguments are:

gridcomp ESMF_Gri dConp to wait for.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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14.6 Class API: SetServices and Related Methods
14.6.1 ESMF_GridCompGetinternalState - Get private data lbock pointer

INTERFACE:

subrouti ne ESM-_Gri dConpGet | nt ernal State(gri dconp, dataPointer, rc)
ARGUMENTS:

type(ESM-_Gri dConp), intent(inout) :: gridconp

type(any), pointer, intent(in) :: dataPointer
integer, intent(out), optional :: rc
DESCRIPTION:

Available to be called by aBSM-_Gr i dConp at any time afteESM-_Gr i dConpSet | nt er nal St at e 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 datkpblnd the address of that block can be registered
with the framework and retrieved by this call. When runningltiple instantiations of aeSM~_Gr i dConp, for
example during ensemble runs, it may be simpler to maintairaie data specific to each run with private data
blocks. A correspondingSMF_Gri dConpSet | nt er nal St at e call sets the data pointer to this block, and this
call retrieves the data pointer.

The arguments are:

gridcomp An ESMF_Gri dConp object.

dataPointer A derived type, containing only a pointer to the private datck. The framework will fill in the block
and when this call returns the pointer is set to the same asldet duringSM-_Gr i dConpSet | nt er nal St at e.
This level of indirection is needed to reliably set and mteithe data block no matter which architecture or com-
piler is used.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.

14.6.2 ESMF_GridCompSetEntryPoint - Set name of GridComp sbroutines

INTERFACE:

subrouti ne ESM-_Gri dConpSet Ent ryPoi nt (gri dconp, subroutineType, &
subrouti neNane, phase, rc)

ARGUMENTS:
type( ESMF_Gri dConp), intent(inout) :: gridconp
character(len=*), intent(in) :: subroutineType
subroutine, intent(in) :: subroutineName
integer, intent(in) :: phase
integer, intent(out), optional :: rc
DESCRIPTION:

Intended to be called by &BM-_Gr i dConp during the registration process. ASM-_Gr i dConp callsESM-_Gri dConpSet Ent |
for each of the predefined init, run, and finalize routineggsocate the internal subroutine to be called for each func-

tion. If multiple phases for init, run, or finalize are needthis can be called with phase numbers.

After this subroutine returns, the framework now knows hovedll the initialize, run, and finalize routines for this

child ESM-_Gri dConp.

The arguments are:
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gridcomp An ESMF_Gri dConp object.
subroutineType One of a set of predefined subroutine types -ESVF_SETI NI T,ESM-_SETRUN, ESMF_SETFI NAL.

subroutineName The name of thgr i dconp subroutine to be associated with thebr out i neType. This sub-
routine does not have to be public to the module.

[phase] For ESMF_Gr i dConps which need to initialize or run or finalize with mutiple pkasthe phase number
which corresponds to this subroutine name. For single psalssoutines, either omit this argument, or use
the parameteESMF_SI NGLEPHASE. TheESM-_Gr i dConp writer must document the requirements of the
ESMF_Gri dConp for how and when the multiple phases are expected to be called

[rc] Return code; equalESM-_SUCCESS if there are no errors.

14.6.3 ESMF_GridCompSetinternalState - Set private data lock pointer

INTERFACE:

subrouti ne ESM-_Gri dConpSet | nt ernal State(gri dconp, dataPointer, rc)
ARGUMENTS:

type(ESM-_Gri dConp), intent(inout) :: gridconp

type(any), pointer, intent(in) :: dataPointer
integer, intent(out), optional :: rc
DESCRIPTION:

Available to be called by aeSM-_Gri dConp 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 candeatdid 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_Gri dConp, for example during ensemble runs, it may be simpler to raainprivate data specific to
each run with private data blocks. A correspondi®vF_Gri dConpGet | nt er nal St at e call retrieves the data
pointer.

The arguments are:

gridcomp An ESMF_Gri dConp object.

dataPointer A pointer to the private data block, wrapped in a derived type&h contains only a pointer to the block.
This level of indirection is needed to reliably set and mtei the data block no matter which architecture or
compiler is used.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

14.6.4 ESMF_GridCompSetServices - Register GridComp intéace routines

INTERFACE:
subrouti ne ESM-_Gri dConmpSet Servi ces(gridconp, subroutineName, rc)
ARGUMENTS:
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type(ESMF_Gri dConp) :: gridconp

subroutine :: subroutineNane
integer, intent(out), optional :: rc
DESCRIPTION:

Call a griddedESMF_Gri dConp’s setservices registration routine. The parent componargt first create an
ESMF_Gri dConp, then call this routine. The arguments are the object retlifrom the create call, plus the public,
well-known subroutine name that is the registration raufior thisESM-_Gri dConp. This name must be docu-
mented by th&SMF_G i dConp provider.

After this subroutine returns, the framework now knows hoveall the initialize, run, and finalize routines for the
ESMF_Gri dConp.

The arguments are:

gridcomp An ESMF_Gr i dConp object.

subroutineName The public name of thgr i dconp’s ESMF_Gr i dConpSet Ser vi ces call. AnNESM-_Gr i dConp
writer must provide this information. Note that this is thedual subroutine, not a character string.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

15 CplComp Class
15.1 Description

In a large, multi-component application such as a weathechsting or climate prediction system running within
ESMF, physical domains and major system functions are septed as Gridded Components (see Se@®)n A
Coupler Component, &SM-_Cpl Conp, arranges and executes the data transformations betwee@rittded Com-
ponents. Ideally, Coupler Components should contain aeliformation about inter-component communication for
an application. This enables the Gridded Components inghbcation to be used in multiple contexts; that is, used
in different coupled configurations without changes tortkeurce code. For example, the same atmosphere mightin
one case be coupled to an ocean in a hurricane predictionlpnamdkin another coupled to a data assimilation system
for numerical weather prediction.

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@fitevis the coupling code necessary for a particular ex-
change between Gridded Components. The term “user-wrigesomewhat misleading here, since within a Coupler
Component the user can leverage ESMF infrastructure sidtiea regridding, redistribution, lower-level communi-
cations, calendar management, and other functions. Honwe8MF is unlikely to offer all the software necessary to
customize a data transfer between Gridded Components. EBEK-not currently offer tools for unit tranformations
or time averaging operations, so users must manage thoeatiops themseves.

The user-written Coupler Component code must be dividedseparately callable initialize, run, and finalize methods
The interfaces for these methods are prescribed by ESMF.

The second part of a Coupler Component isE8&F_Cpl Conp derived type within ESMF. The user must create one
of these types to represent a specific coupling functiorh asahe regular transfer of data between a data assimilation
system and an atmospheric modkl.

The user-written part of a Coupler Component is associatddam ESM-_Cpl Conp derived type through a routine
called SetServices. This is a routine that the user musewaitd declare public. Inside the SetServices routine
the user must calESMF_Set Ent r yPoi nt methods that associate a standard ESMF operation with tie 04

the corresponding Fortran subroutine in their user code.ekample, a user routine called “couplerinit” might be
associated with the standard initialize routine in a Cou@lemponent.

Coupler Components can be written to transform data betagmair of Gridded Components, or a single Coupler
Component can couple more than two Gridded Components.

4Itis not necessary to create a Coupler Component for eadtidndl datatransfer.
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15.2 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, ingsdich things as regridding and unit conversion. Coupler
Components are user-written, following prescribed ESMérfaces and, wherever desired, using ESMF infrastructure
tools.

I I PROGRAM ESMF_Cpl Ex. F90 - Coupl er Conponent exanpl e

!

I 1 DESCRI PTI ON:

!

! The skel eton of one of many possi bl e Coupl er conponent nodels.
!

! Exanpl e Coupl er Component
nmodul e ESMF_Coupl er Ex

I ESMF Framewor k nodul e
use ESMF_Mod

inmplicit none

public CPL_Set Services

cont ai ns

15.2.1 Specifying a User-Code SetServices Routine

EveryESM-_Cpl Conp is required to provide and document a set services routtrean have any name, but must
follow the declaration below: a subroutine which takesE8M-_Cpl Conp as the first argument, and an integer
return code as the second.

It must call the ESMF methodSM-_Cpl ConpSet Ent r yPoi nt () to register with the framework what user-code
subroutines should be called to initialize, run, and firatlze component. There are additional routines which can be
registered as well, for checkpoint and restart functions.

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

subrouti ne CPL_Set Servi ces(conp, rc)

type( ESMF_Cpl Conp) :: conp
integer :: rc

I Set Services the callback routines.

call ESMF_Cpl ConpSet EntryPoi nt (conp, ESMF_SETINIT, CPL_lnit, 0, rc)
call ESM-_Cpl ConpSet EntryPoi nt (conp, ESMF_SETRUN, CPL_Run, 0, rc)
call ESM-_Cpl ConpSet EntryPoi nt (conp, ESMF_SETFINAL, CPL Final, 0, rc)

! If desired, this routine can register a private data bl ock
! to be passed in to the routines above:
I call ESM~_Cpl ConpSet I nternal State(conp, nydatabl ock, rc)

rc = ESMF_SUCCESS
end subroutine
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15.2.2 Specifying a User-Code Initialize Routine

When a higher level component is ready to begin usinge8NF_Cpl Conp, it will call its initialize routine. The
component writer must supply a subroutine with the exadincpsequence below; no arguments can be 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.

Ther c return code should be set if an error occurs, otherwise the M- SUCCESS should be returned.

subroutine CPL_Init(conp, inportState, exportState, clock, rc)
type( ESM-_Cpl Conp) :: conp
type(ESMF_State) :: inportState
type(ESMF_State) :: exportState
type(ESM-_d ock) :: clock
integer :: rc
type(ESMF_State) :: nestedstate

print *, "Coupler Init starting"

I Add what ever code here needed

! Preconmpute any needed values, fill in any inital val ues
! needed in Inport States

rc = ESMF_SUCCESS

print *, "Coupler Init returning"

end subroutine CPL_Init

15.2.3 Specifying a User-Code Run Routine

During the execution loop, the run routine may be called mgimgs. Each time it should read data from the

i mport St at e, use thecl ock 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 exther t St at e.

When a higher level component is ready to useE8kF _Cpl Conp it will call its run routine. The component writer
must supply a subroutine with the exact calling sequenaahelo arguments can be 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.

Ther c return code should be set if an error occurs, otherwise the#5M-_SUCCESS should be returned.

subroutine CPL_Run(conp, inportState, exportState, clock, rc)
type( ESMF_Cpl Conp) :: conp
type(ESMF_State) :: inportState
type(ESMF_State) :: exportState
type(ESMF_O ock) :: clock
integer :: rc

type(ESM-_State) :: nestedstate
print *, "Coupler Run starting"

! Add what ever code needed here to transform Export state data
! into Inport states for the next tinestep.
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rc = ESMF_SUCCESS
print *, "Coupler Run returning"

end subroutine CPL_Run

15.2.4 Specifying a User-Code Finalize Routine

At the end of application execution, eaEBM~_Cpl Conp should deallocate data space, close open files, and flush
final results. These functions should be placed in a finatiméime.
Ther c return code should be set if an error occurs, otherwise the#5M-_SUCCESS should be returned.

subroutine CPL_Final (conp, inportState, exportState, clock, rc)
type( ESMF_Cpl Conp) :: conp
type(ESM-_State) :: inportState
type(ESMF_State) :: exportState
type(ESMF_d ock) :: clock
integer :: rc

type(ESMF_State) :: nestedstate
print *, "Coupler Final starting"

! Add what ever code needed here to conmpute final val ues and
! finish the conputation.

rc = ESMF_SUCCESS
print *, "Coupler Final returning"
end subroutine CPL_Fi nal

end nodul e ESM-_Coupl er Ex

15.3 Restrictions and Future Work

1. No concurrent components. While the design of concurrently running components islffaiomplete, this
release of the framework does not support them. Only sefgligreéxecuting components can be run.

2. No Transforms. Components must exchange data throB§VF_ St at e objects. The input data are available
at the time the component code is called, and data to be eztionanother component are available when that
code returnsESMF_Xf or mobjects provide a way for a component to prepare data to heftramed and sent
to another component from within the execution of the congpdreode. Transforms are not implemented in
this version of the framework.

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

4. No accumulator. The ESMF does not have an accumulator tool, to perform tineea@ng of fields for cou-
pling. This is likely to be developed in the near term.
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15.4 Class API: Basic CplComp Methods
15.4.1 ESMF_CplCompCreate - Create a new CplComp from a Conifile

INTERFACE:

I Private nanme; call using ESMF_Cpl CompCreat e()
function ESMF_Cpl ConpCr eat eConf (nanme, config, configFile, clock, rc)

RETURN VALUE:
type( ESMF_Cpl Conp) :: ESM-_Cpl ConpCr eat eConf

ARGUMENTS:
character(len=*), intent(in), optional :: name
type( ESMF_Config), intent(in), optional :: config
character(len=*), intent(in), optional :: configFile
type(ESM-_d ock), intent(in), optional :: clock
integer, intent(out), optional :: rc

DESCRIPTION:

Create a nevESMF_Cpl Conp, specifying optional configuration file information.
The return value is the neeSM-_Cpl Conp.
The arguments are:

[name] Name of the newly-creatddSM-_Cpl Conp. This name can be altered from within t&8M-_Cpl Conp
code once the initialization routine is called.

[config] An already-createBSM-_Conf i g configuration object from which the neBSMF_Cpl Conp can read in
namelist-type information to set parameters for this runbotth are specified, this object takes priority over
configFile.

[configFile] The filename of aeSMF_Conf i g format file. If specified, this file is opened, &$M-_Conf i g con-
figuration object is created for the file and attached to theE®MV-_ Cpl Conp. The user can caiSMF_Cpl ConpGet ()
to get and use the object. If both are specified ctbef i g object takes priority over this one.

[clock] Component-specifESM-_Cl ock. This clock is available to be queried and updated by theE@wF Cpl Conp
as it chooses. This should not be the parent component chdt&h should be maintained and passed down to
the initialize/run/finalize routines separately.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.2 ESMF_CplCompCreate - Create a new CplComp with VM enkled

INTERFACE:

I Private name; call using ESMF_Cpl CompCreat e()
function ESMF_Cpl ConpCreateVM vm nane, config, configFile, &
clock, petlList, rc)

RETURN VALUE:
type( ESM-_Cpl Conp) :: ESM-_Cpl ConpCr eat eVM
ARGUMENTS:
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type( ESM-_VM , i ntent (in) coovm
character(len=*), intent(in), optional :: nane
type(ESM-_Config), intent(in), optional :: config
character(len=*), intent(in), optional :: configFile
type(ESM-_C ock), intent(in), optional :: clock
i nt eger, intent(in), optional :: petList(:)
i nt eger, intent(out), optional :: rc
DESCRIPTION:

Create a nevESMF_Cpl Conp, setting the resources explicitly.
The return value is the neeSM-_Cpl Conp.
The arguments are:

vm ESM-_VMobject for the parent component out of which tBSM-_Cpl ConpCr eat e() call is issued. This
will become the parerESM-_VMof the newly create@&SM-_Cpl Conp.

[name] Name of the newly-creatddSM-_Cpl Conp. This name can be altered from within t&8M-_Cpl Conp
code once the initialization routine is called.

[config] Analready-createHSMF_Conf i g configuration object from which the new component can readimelist-
type information to set parameters for this run. If both @ecified, this object takes priority oveonf i gFi | e.

[configFile] The filename of aESMF_Conf i g format file. If specified, this file is opened, &M-_Conf i g con-
figuration object is created for the file, and attached to #veecomponent. The user can da8M-_Cpl ConpGet ()
to get and use the object. If both are specified cbef i g object takes priority over this one.

[clock] Component-specifESM-_Cl ock. This clock is available to be queried and updated by theE@WF Cpl Conp
as it chooses. This should not be the parent component aldt&h should be maintained and passed down to
the initialize/run/finalize routines separately.

[petList] List of PETs in the giverESM-_VMthat the parent componentis giving to the created child corapt. If
pet Li st is not specified all of the parenPETs will be given to the child component.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.3 ESMF_CplCompDestroy - Release resources for a CplG&p

INTERFACE:
subrouti ne ESM-_Cpl ConpDestroy(cpl conp, rc)

ARGUMENTS:
type( ESM-_Cpl Conmp) :: cpl conp
integer, intent(out), optional :: rc
DESCRIPTION:

Releases all resources associated withEsisF_Cpl Conp.
The arguments are:

cplcomp Release all resources associated with B85 Cpl Conp and mark the object as invalid. Itis an error to
pass this object into any other routines after being desttoy

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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15.4.4 ESMF_CplCompFinalize - Call the CplComp’s finalize outine

INTERFACE:

recursive subroutine ESM-_Cpl ConpFi nal i ze(cpl conp, inportState, &
export State, clock, phase, blockingflag, rc)

ARGUMENTS:
type (ESMF_Cpl Conp) :: cplconp
type (ESMF_State), intent(inout), optional :: inmportState
type (ESMF_State), intent(inout), optional :: exportState
type (ESMF_C ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user-supplied finalization routinefdeSM-_Cpl Conp.
The arguments are:

cplcomp TheESMF_Cpl Conp to call finalize routine for.
[importState] ESMF_St at e containing import data for coupling.
[exportState] ESMF_St at e containing export data for coupling.

[clock] ExternalESMF_Cl ock 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.

[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 thaetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nmesESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to béatl.o

[blockingflag] UseESMF_BL OCKI NG (default) orESMF_NONBL OCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.5 ESMF_CplCompGet - Query a CplComp for information

INTERFACE:

subrouti ne ESM-_Cpl ConpGet (cpl conp, name, config, &
configFile, clock, vm rc)

ARGUMENTS:
type( ESMF_Cpl Conp), intent(in) :: cplconp
character(len=*), intent(out), optional :: name
type(ESMF_Config), intent(out), optional :: config
character(len=*), intent(out), optional :: configFile
type(ESM-_d ock), intent(out), optional :: clock
type(ESM-_ VM, intent(out), optional :: vm
integer, intent(out), optional :: rc
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DESCRIPTION:

Returns information about d&SM-_Cpl Conp. For queries where the caller only wants a single value,igptie
argument by name. All the arguments aftgd conp argument are optional to facilitate this.
The arguments are:

cplcomp ESMF_Cpl Conp to query.

[name] Return the name of theSMF_Cpl Conp.

[config] Return theESMF_Conf i g object for thisESMF_Cpl Conp.
[configFile] Return the configuration filename for tiESMF_Cpl Conp.
[clock] Return the private clock for thiESMF_Cpl Conp.

[vm] Return theESMF_VMfor thisESMF_Cpl Conp.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

15.4.6 ESMF_CplComplnitialize - Call the CplComp’s initialize routine

INTERFACE:

recursive subroutine ESMF_Cpl Conpl nitialize(cplconp, inportState, &
export State, clock, phase, blockingflag, rc)

ARGUMENTS:
type (ESMF_Cpl Conmp) :: cpl conp
type (ESMF_State), intent(inout), optional :: inportState
type (ESMF_State), intent(inout), optional :: exportState
type (ESMF_O ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user initialization code forEsiviF_Cpl Conp.
The arguments are:

cplcomp ESMF_Cpl Conp to call initialize routine for.
[importState] ESMF_St at e containing import data for coupling.
[exportState] ESMF_St at e containing export data for coupling.

[clock] ExternalESM-_Cl ock 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.

[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 compsvelnich must complete part of their work, return
to the caller and allow other processing to occur, and thetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nngsESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to béatlo
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[blockingflag] Valid values ar&eSMF_BLOCKI NG (the default) olESM-_ NONBLOCKI NG.
[rc] Return code; equalESM-_SUCCESS if there are no errors.

15.4.7 ESMF_CplCompPrint - Print the contents of a CplComp

INTERFACE:
subrouti ne ESM-_Cpl ConpPri nt (cpl conp, options, rc)

ARGUMENTS:
type( ESMF_Cpl Conp) :: cplconp
character (len = *), intent(in), optional :: options
integer, intent(out), optional :: rc

DESCRIPTION:

Prints information about aBSMF_Cpl Conp to st dout .
The arguments are:

cplcomp ESMF_Cpl Conp to print.
[options] Print options are not yet supported.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.8 ESMF_CplCompReadRestart — Call the CplComp’s rest@ routine

INTERFACE:

recursive subrouti ne ESMF_Cpl ConpReadRest art (cpl conp, iospec, clock, &
phase, blockingflag, rc)

ARGUMENTS:
type (ESMF_Cpl Conp), intent(inout) :: cplconp
type (ESMF_I OSpec), intent(inout), optional :: iospec
type (ESMF_C ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user restore code foESNF_Cpl Conp.
The arguments are:

cplcomp ESMF_Cpl Conp to call readrestart routine for.
[iospec] ESMF_| OSpec object which describes 1/0 options.

[clock] ExternalESM-_Cl ock 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 computationESM~_St at e containing export data for coupling.
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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 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 thetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nmesESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to b&atidf multiple-phase restore, which phase number
this is. Pass in 0 dESMF_SI NGLEPHASE for non-multiples.

[blockingflag] Valid values ar&eSMF_BLOCKI NG (the default) oleSM-_ NONBLOCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.9 ESMF_CplCompRun - Call the CplComp’s run routine

INTERFACE:

recursive subroutine ESMF_Cpl ConpRun(cpl conp, inportState, exportState, &
cl ock, phase, bl ockingflag, rc)

ARGUMENTS:
type (ESMF_Cpl Conmp) :: cpl conp
type (ESMF_State), intent(inout), optional :: inmportState
type (ESMF_State), intent(inout), optional :: exportState
type (ESMF_O ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user run code forlE8MF_Cpl Conp.
The arguments are:

cplcomp ESMF_Cpl Conp to call run routine for.
[importState] ESM-_St at e containing import data for coupling.
[exportState] ESMF_St at e containing export data for coupling.

[clock] ExternalESMF_Cl ock 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.

[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 thaetirmaee the original operation. For single-phase child
components this argument is optional, but if specified it nmesESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to b&at:df multiple-phase restore, which phase number
this is. Pass in 0 dESMF_SI NGLEPHASE for non-multiples. External clock for passing in time infaation.

[blockingflag] UseESMF_BL OCKI NG (default) orESMF_NONBL OCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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15.4.10 ESMF_CplCompSet - Set or reset information about th CplComp

INTERFACE:

subrouti ne ESM-_Cpl CompSet (cpl conp, nane, config, configFile, clock, rc)
ARGUMENTS:

type( ESMF_Cpl Conp), intent(inout) :: cplconp

character(len=*), intent(in), optional :: name
type(ESM-_Config), intent(in), optional :: config
character(len=*), intent(in), optional :: configFile
type(ESMF_d ock), intent(in), optional :: clock
integer, intent(out), optional :: rc

DESCRIPTION:

Sets or resets information aboutB&8MF_Cpl Conp. The caller can set individual values by specifying the argnts
by name. All the arguments excegqtl conp are optional to facilitate this.
The arguments are:

cplcomp ESMF_Cpl Conp to change.
[name] Set the name of theSM-_Cpl Conp.

[config] Setthe configurationinformation for tlieSMF_Cpl Conp from this already createdSMF_Conf i g object.
If specified, takes priority ovazonfi gFi | e.

[configFile] Set the configuration filename for tHESM-_Cpl Conp. An ESMF_Conf i g object will be created for
this file and attached to tHeSM-_Cpl Conp. Superceeded byonf i g if both are specified.

[clock] Set the private clock for thiESMF_Cpl Conp.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.11 ESMF_CplCompValidate — Ensure the CplComp is interally consistent

INTERFACE:
subrouti ne ESM-_Cpl ConpVal i dat e(cpl conp, options, rc)
ARGUMENTS:
type( ESMF_Cpl Conp) :: cplconp
character (len = *), intent(in), optional :: options
integer, intent(out), optional :: rc
DESCRIPTION:

Currently all this method does is to check that th conp exists.
The arguments are:

cplcomp ESMF_Cpl Conp to validate.
[options] Validation options are not yet supported.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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15.4.12 ESMF_CplCompWriteRestart — Call the CplComp’s chekpoint routine

INTERFACE:

recursive subroutine ESM-_Cpl ConpWiteRestart(cpl conp, iospec, clock, &
phase, bl ockingflag, rc)

ARGUMENTS:
type (ESMF_Cpl Conp), intent(inout) :: cplconp
type (ESMF_I OSpec), intent(inout), optional :: iospec
type (ESMF_C ock), intent(in), optional :: clock
integer, intent(in), optional :: phase
type (ESMF_BI ocki ngFl ag), intent(in), optional :: blockingflag
integer, intent(out), optional :: rc
DESCRIPTION:

Call the associated user checkpoint code foES8NF_Cpl Conp.
The arguments are:

cplcomp ESMF_Cpl Conp to call writerestart routine for.
[iospec] ESMF_| OSpec object which describes 1/0 options.

[clock] ExternalESM-_Cl ock 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.

[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 compsvenich must complete part of their work, return
to the caller and allow other processing to occur, and thetirmae the original operation. For single-phase child
components this argument is optional, but if specified it nmesESMF_SI NGLEPHASE. For multiple-phase
child components, this is the integer phase number to béaulo

[blockingflag] Valid values ar&eSMF_BLOCKI NG (the default) oleSM-_ NONBLOCKI NG.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.4.13 ESMF_CplCompWait - Wait for a CplComp to return

INTERFACE:
subrouti ne ESM~_Cpl ConpWi t (cpl conp, rc)
ARGUMENTS:
type( ESM-_Cpl Conp), intent(in) 2 cplconp
i nt eger, intent(out), optional :: rc
DESCRIPTION:

When executing asychronously, wait for BSMF_Cpl Conp to return.
The arguments are:

cplcomp ESMF_Cpl Conp to wait for.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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15.5 Class API: SetServices and Related Methods
15.5.1 ESMF_CplCompGetinternalState - Get private data bbck pointer

INTERFACE:

subrouti ne ESM-_Cpl CompGet | nt er nal St at e(cpl conp, dataPointer, rc)
ARGUMENTS:

type( ESM-_Cpl Conp), intent(inout) :: cplconp

type(any), pointer, intent(in) :: dataPointer
integer, intent(out), optional :: rc
DESCRIPTION:

Available to be called by aBSM-_Cpl Conp at any time afteESMF_Cpl ConpSet | nt er nal St at e 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 dat&kpand the address of that block can be registered with
the framework and retrieved by this call. When running npldtinstantiations of aBESM~_Cpl Conp, for example
during ensemble runs, it may be simpler to maintain privat& épecific to each run with private data blocks. A
correspondingeSM-_Cpl ConpSet | nt er nal St at e call sets the data pointer to this block, and this call rease

the data pointer.

The arguments are:

cplcomp An ESM-_Cpl Conp object.

dataPointer A derived type, containing only a pointer to the private dateck. The framework will fill in the block
and when this call returns the pointer is set to the same asldet duringSM-_Cpl ConpSet | nt er nal St at e.
This level of indirection is needed to reliably set and mteithe data block no matter which architecture or com-
piler is used.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.5.2 ESMF_CplCompSetEntryPoint - Set name of CplComp subutines

INTERFACE:

subrouti ne ESM~_Cpl ConpSet Ent r yPoi nt (cpl conp, subroutineType, &
subrouti neNane, phase, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), intent(inout) :: cplconp
character(len=*), intent(in) :: subroutineType
subroutine, intent(in) :: subroutineName
integer, intent(in) :: phase
integer, intent(out), optional :: rc
DESCRIPTION:

Intended to be called by &BM-_Cpl Conp during the registration process. ASM-_Cpl Conp callsESM-_Cpl ConpSet Ent r y P
for each of the predefined init, run, and finalize routineggsocate the internal subroutine to be called for each func-

tion. If multiple phases for init, run, or finalize are needthis can be called with phase numbers.

After this subroutine returns, the framework now knows hovedll the initialize, run, and finalize routines for this

child ESMF_Cpl Conp.

The arguments are:
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cplcomp An ESM-_Cpl Conp object.
subroutineType One of a set of predefined subroutine types - ESVF_SETI NI T, ESM-_SETRUN, ESMF_SETFI NAL.

subroutineName The name of thepl conp subroutine to be associated with thebr out i neType. This sub-
routine does not have to be public to the module.

[phase] For ESM-_Cpl Conps which need to initialize, run, or finalize with mutiple pkasthe phase number
which corresponds to this subroutine name. For single plalssoutines, either omit this argument, or use
the parameteESMF_SI NGLEPHASE. The ESM-_Cpl Conp writer must document the requirements of the
ESMF_Cpl Conp for how and when the multiple phases are expected to be called

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.5.3 ESMF_CplCompSetinternalState - Set private data loick pointer

INTERFACE:

subrouti ne ESM-_Cpl ConpSet | nt er nal St at e(cpl conp, dataPointer, rc)
ARGUMENTS:

type( ESM-_Cpl Conp), intent(inout) :: cplconp

type(any), pointer, intent(in) :: dataPointer
integer, intent(out), optional :: rc
DESCRIPTION:

Available to be called by a&BSMF_Cpl Comnp at 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 theljtoee
share in common can either be module global data, or candeatdid 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_Cpl Conp, for example during ensemble runs, it may be simpler to ragirgrivate data specific to each
run with private data blocks. A correspondiB§MVF_Cpl ConpGet | nt er nal St at e call retrieves the data pointer.
The arguments are:

cplcomp An ESM-_Cpl Conp object.

dataPointer A pointer to the private data block, wrapped in a derived type&h contains only a pointer to the block.
This level of indirection is needed to reliably set and mtei the data block no matter which architecture or
compiler is used.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

15.5.4 ESMF_CplCompSetServices - Register CplComp inteate routines

INTERFACE:

subrouti ne ESM-_Cpl ConpSet Servi ces(cpl conp, subrouti neNanme, rc)
ARGUMENTS:

type( ESMF_Cpl Conp), intent(inout) :: cplconp

subroutine, intent(in) :: subroutineNane
integer, intent(out), optional :: rc
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DESCRIPTION:

CallanESMF_Cpl Conp's setservices registration routine. The parent compamest first create aBSM-_Cpl Conp,
then call this routine. The arguments are the object retufr@m the create call, plus the public, well-known,
subroutine name that is the registration routine for #8F_Cpl Conp. This name must be documented by the
ESMF_Cpl Conp provider.

After this subroutine returns the framework now knows hoveadi the initialize, run, and finalize routines for the
ESMF_Cpl Conp.

The arguments are:

cplcomp An ESM-_Cpl Conp object.

subroutineName The public name of thepl conp’s ESM-_Cpl ConpSet Ser vi ces call. AnESM-_Cpl Conp
writer must provide this information. Note this is the adtsizbroutine, not a character string.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.

16 State Class
16.1 Description

A State contains the data and metadata to be transferreé&efaSMF components. It is an important class, because
it defines a standard for how data is represented in Earthcemmponents. The State construct is a rational compro-
mise between a fully prescribed interface - one that wouttht what specific fields should be transferred between
components - and an interface in which data structures anpletely 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 expdg &atains the data that a Gridded Component or

Coupler Component can make available.

States can contain Bundles, Fields, Arrays, and othersStateey cannot contain Fortran arrays.

State methods include creation and deletion, adding aniéviety data items, adding and retrieving attributes, and

performing queries.

16.2 State Options
16.2.1 ESMF_StateltemType

DESCRIPTION:
Specifies the type of object being added to or retrieved froflB&MF_State.
Valid values are:

ESMF_STATEITEM_BUNDLE Refers to areSM-_Bundl| e within anESM-_St at e.
ESMF_STATEITEM_FIELD ReferstoareESMF_Fi el d within anESM-_St at e.
ESMF_STATEITEM_ARRAY Refers to areSM-_Ar r ay within anESMF_St at e.
ESMF_STATEITEM_STATE Refersto areSMF_St at e within anESM-_St at e.
ESMF_STATEITEM_NAME Refers to a data name used as a placeholder withiESMr_St at e.
ESMF_STATEITEM_UNKNOWN Object type within arESMF_St at e is unknown.

16.2.2 ESMF_StateType

DESCRIPTION:
Specifies whether alBSMF_St at e contains data to be imported into a component or exported &component.
Valid values are:
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ESMF_STATE_IMPORT Contains data to be imported into a component.
ESMF_STATE_EXPORT Contains data to be exported out of a component.
ESMF_STATE_INVALID Does not contain valid data.

16.3 Use and Examples

In ESMF applications States are created at the same timesasothponents that they will be associated with. A
Gridded Componentgenerally has one associated impoe &tdtone export State. In most cases the States associated
with a Gridded Component will be created by the Gridded Cameptis parent component with no data buffers yet
attached. Both the incomplete States and the pointer to eldyrcreated Gridded Component are passed by the
parent component into the Gridded Component’s initializghod. This is where the States get prepared for use and
the import State is first filled with data.

States can be created without the Fields, Arrays, Bundiespther States they will eventually contain in a number
of ways. They can be created with names as placeholders wWiese data items will eventually be. When the States
are passed into the Gridded Component’s initialize methadd, Bundle, and Array create calls can be made in that
method to replace the name placeholders with real datatsbjec

States can also be filled with data items that do not yet hateeallmcated. Fields, Bundles, and Arrays each have
methods that support their creation without actual datascation - the grid and metadata are set up but no Fortran
array of data values is allocated. In this approach, wherate $ passed into its associated Gridded component’s
initialize method, the incomplete Arrays, Fields, and Blesdvithin the State can allocate or reference data insigle th
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 thgpl€poComponent 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: & $ting into a component is an import State, and a State
leaving a component is an export State.

Data items within a State can be marked needed or not neegleehhding on whether they are required for a particular
application configuration. If the item is marked not needbd, user can make the Gridded Component’s initialize
method clever enough to not allocate the data for that iteall @nd not compute it within the Gridded Component
code. For example, some diagnostics may not be desired fomasl.

Other flags will eventually be available for data items withi State, such as data ready for reading or writing, data
valid or invalid, and data required for restart or not. Thasenot yet fully implemented, so only the default value for
each value can be set at this time.

I PROGRAM ESMF _StateEx - State creation and operation
!
I 1 DESCRI PTI ON:
!
I This program shows exanpl es of State creation and mani pul ation
I ESMF Framewor k nodul e
use ESMF_Mod
inmplicit none
! Local variables
integer :: X, y, rc

charact er (ESM-_MAXSTR) :: statenane, bundl enane, datanamne
type(ESMF_Field) :: fieldl
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type(ESMF_Bundl e) :: bundl el, bundl e2
type(ESM-_State) :: statel, state2, state3, stated

16.3.1 Empty State Create
Creation of an emptiESMF_St at e, which will be added to later.

stat enane = " At nosphere”
statel = ESMF_St at eCr eat e( st at enane, st at et ype=ESM-_STATE | MPORT, rc=rc)

16.3.2 Adding Items to a State

Creation of an emptzSMF_St at e, and adding aiESMF_Bundl e to it. Note that the&eESMF_Bundl e does not get
destroyed when theSMF_St at e is destroyed; th&SMF_St at e only contains a reference to the objects it contains.
It also does not make a copy; the original objects can be epdatd code accessing them by usingEBlF_St at e

will see the updated version.

statenane = "Ccean"
state2 = ESMF_St at eCr eat e( st at enane, statetype=ESM-_STATE EXPORT, rc=rc)

bundl enanme = " Tenper at ure"
bundl el = ESMF_Bundl eCr eat e( name=bundl enane, rc=rc)
print *, "Bundle Create returned", rc

call ESMF_St at eAddBundl e(state2, bundl el, rc)
print *, "StateAddBundle returned", rc

call ESMF_St at eDestroy(state2, rc)

call ESMF_Bundl eDestroy(bundl el, rc)

16.3.3 Adding Placeholders to a State

If a component could potentially produce a large number ¢ibogl items, one strategy is to add the names only of
those objects to thESMF_St at e. Other components can call framework routines to setB8F_NEEDED flag

to indicate they require that data. The original componantguery this flag and then produce only the data what is
required by another component.

statenane = "Ccean”
state3 = ESMF_St at eCr eat e( st at enane, st atetype=ESM-_STATE EXPORT, rc=rc)

dat anane = " Downward w nd"
call ESMF_St at eAddNaneOnl y( st at e3, dat anane, rc)

datanane = "Humi dity"
call ESM-_St at eAddNaneOnl y(st at e3, dat anane, rc)
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16.3.4 Marking an Item Needed
How to set theNEEDED state of an item.

dat anane = " Downward w nd"
call ESMF_St at eSet Needed( st at e3, dat anane, ESMF_NEEDED, rc)

16.3.5 Creating a Needed Item

Query an item for thé&\EEDED status, and creating an item on demand. Similar flags exi$Ready", "Valid", and
"Required for Restart", to mark each data item as readynigavéen validated, or needed if the application is to be
checkpointed and restarted. The flags are supported to befginate the data exchange between components.

dat anane = " Downward w nd"
i f (ESMF_St at el sNeeded( st ate3, datanane, rc)) then

bundl enane = dat anane
bundl e2 = ESMF_Bundl eCr eat e( nane=bundl enane, rc=rc)

call ESM-_St at eAddBundl e(st at e3, bundl e2, rc)

el se
print *, "Data not marked as needed", trin(datanane)

endi f

16.4 Restrictions and Future Work

1. Flags not fully implemented. The flags for indicating various qualities associated waktadtems in a State -
validity, whether or not the item is required for restargaawvrite status - are not fully implemented. Although
their defaults can be set, the associated methods forgaeitich getting these flags have not been implemented.

16.5 Design and Implementation Notes

States contain the name of the associated Component, a flagfort or Export, and a list of data objects, which
can be a combination of Bundles, Fields, and/or Arrays. Tijeats must be named and have the proper attributes so
they can be identified by the receiver of the data. For exanuoligs and other detailed information may need to be
associated with the data as an Attribute.
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16.6 Object Model

The following is a simplified UML diagram showing the strutiof the State class. See AppendixABrief Intro-
duction to UML, for a translation table that lists the symbols in the diagead their meaning.

State
/\
0..n
0..n 0..n 0..n
Bundle Field Array

16.7 Class API: Basic State Methods
16.7.1 ESMF_StateAddArray - Add an Array to a State

INTERFACE:

I Private nanme; call using ESMF_Stat eAddArray()
subrouti ne ESM-_St at eAddOneArray(state, array, rc)

ARGUMENTS:
type(ESM-_State), intent(inout) :: state
type(ESMF_Array), intent(in) :: array
integer, intent(out), optional :: rc
DESCRIPTION:

Add a singlear r ay reference to an existingt at e. Thear r ay name must be unique within tts¢ at e.
The arguments are:

state An ESMF_St at e object.

array TheESMF_Ar r ay to be added. Thisis a reference only; whenE$/F_St at e is destroyed the objects con-
tained in it will not be destroyed. Also, tHESMF_Ar r ay cannot be safely destroyed before BE&MVF_St at e
is destroyed. Since objects can be added to multiple carsiit remains the user’s responsibility to manage
the destruction of objects when they are no longer in use.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.2 ESMF_StateAddArray - Add a list of Arrays to a State
INTERFACE:
I Private nanme; call using ESMF_St at eAddArray()
subrouti ne ESM-_St at eAddArrayli st(state, arrayCount, arraylist, rc)
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ARGUMENTS:

type(ESMF_State), intent(inout) :: state
integer, intent(in) :: arrayCount
type(ESMF_Array), dinmension(:), intent(in) :: arrayList
integer, intent(out), optional :: rc
DESCRIPTION:

Add multipleESMF_Ar r ays to anESMF_St at e.
The arguments are:

state An ESMF_St at e object.
arrayCount The number oESMF_Ar r ays to be added.

arrayList The list (Fortran array) dESMF_Ar r ay s to be added. This is a reference only; wherBBbF_St at e is
destroyed the objects contained in it will not be destroydso, theESM-_Ar r ays cannot be safely destroyed
before theESMF_St at e is destroyed. Since objects can be added to multiple cargiit remains the user’s
responsibility to manage the destruction of objects whegy dre no longer in use.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.3 ESMF_StateAddAttribute - Add an integer attribute

INTERFACE:

! Private name; call using ESM-_StateAddAttri bute()
subrouti ne ESM-_St at eAddl nt Attr(state, nanme, value, rc)

ARGUMENTS:
type(ESM-_State), intent(in) :: state
character (len = *), intent(in) :: nane
integer, intent(in) :: value
integer, intent(out), optional :: rc
DESCRIPTION:

Attaches an integer attribute to teéat e. The attribute has mane and aval ue.
The arguments are:

state An ESMF_St at e object.
name The name of the attribute to add.
value The integer value of the attribute to add.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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16.7.4 ESMF_StateAddAttribute - Add an integer list attribute

INTERFACE:

I Private name; call using ESM-_StateAddAttri bute()
subrouti ne ESM-_StateAddl ntListAttr(state, nane, count, valuelList, rc)

ARGUMENTS:

type(ESM-_State), intent(in) :: state

character (len = *), intent(in) :: nane

integer, intent(in) :: count

i nteger, dinmension(:), intent(in) :: valueli st

integer, intent(out), optional :: rc
DESCRIPTION:

Attaches an integer list attribute to teéat e. The attribute has naanme and aval ueLi st. The number of integer
items in theval ueLi st is given bycount .
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to add.

count The number of integers in theal uelLi st .
valueList The integer values of the attribute to add.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.

16.7.5 ESMF_StateAddAttribute - Add a real attribute

INTERFACE:

I Private name; call using ESM-_StateAddAttri bute()
subrouti ne ESM-_St at eAddReal Attr(state, nane, value, rc)

ARGUMENTS:

type(ESM-_State), intent(in) :: state

character (len = *), intent(in) :: nane

real, intent(in) :: value

integer, intent(out), optional :: rc
DESCRIPTION:

Attaches a real attribute to tls& at e. The attribute has nane and aval ue.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to add.

value The real value of the attribute to add.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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16.7.6 ESMF_StateAddAttribute - Add a real list attribute

INTERFACE:

I Private name; call using ESM-_StateAddAttri bute()
subrouti ne ESM-_St at eAddReal Li st Attr(state, nane, count, valueList, rc)

ARGUMENTS:

type(ESM-_State), intent(in) :: state

character (len = *), intent(in) :: nane

integer, intent(in) :: count

real, dinmension(:), intent(in) :: valuelist

integer, intent(out), optional :: rc
DESCRIPTION:

Attaches a real list attribute to tls¢ at e. The attribute has pame and aval uelLi st . The number of real items in
theval uelLi st is given bycount .
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to add.
count The number of reals in theal ueLi st .
value The real values of the attribute to add.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.7 ESMF_StateAddAttribute - Add a logical attribute

INTERFACE:

I Private name; call using ESM-_StateAddAttri bute()
subrouti ne ESM-_St at eAddLogi cal Attr(state, nane, value, rc)

ARGUMENTS:

type(ESM-_State), intent(in) :: state

character (len = *), intent(in) :: nane

type(ESMF_Logical), intent(in) :: value

integer, intent(out), optional :: rc
DESCRIPTION:

Attaches a logical attribute to tled at e. The attribute has mane and aval ue.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to add.

value The logical true/false value of the attribute to add.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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16.7.8 ESMF_StateAddAttribute - Add a logical list attribute

INTERFACE:

I Private name; call using ESM-_StateAddAttri bute()

subrouti ne ESM-_St at eAddLogi cal Li st Attr(state, nane, count, valueList, rc)
ARGUMENTS:

type(ESM-_State), intent(in) state

character (len = *), intent(in) nane

i nteger, intent(in) count

type(ESMF_Logi cal ), dinmension(:), intent(in) val ueli st

integer, intent(out), optional :: rc
DESCRIPTION:

Attaches a logical list attribute to thet at e. The attribute has name and aval ueli st . The number of logical

items in theval ueLi st is given bycount .
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to add.

count The number of logicals in theal ueLi st .
valueList The logical true/false values of the attribute.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.

16.7.9 ESMF_StateAddAttribute - Add a character attribute

INTERFACE:
I Private name; call using ESM-_StateAddAttri bute()
subrouti ne ESM-_St at eAddChar Attr (state, nane, val ue,
ARGUMENTS:
type(ESM-_State), intent(in) state
character (len = *), intent(in) nanme
character (len = *), intent(out) val ue
integer, intent(out), optional :: rc
DESCRIPTION:

Attaches a character attribute to #eat e. The attribute has aane and aval ue.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to add.

value The character value of the attribute to add.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

rc)
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16.7.10 ESMF_StateAddBundle - Add a Bundle to a State

INTERFACE:

! Private nanme; call using ESMF_St at eAddBundl e()
subrouti ne ESM-_St at eAddOneBundl e(state, bundle, rc)

ARGUMENTS:
type(ESMF_State), intent(inout) :: state
type(ESMF_Bundl e), intent(in) :: bundle
integer, intent(out), optional :: rc
DESCRIPTION:

Add a singleébundl e reference to an existimgt at e. Thebundl e name must be unique within tis¢ at e.
The arguments are:

state TheESMF_St at e object.

bundle The ESM-_Bundl e to be added. This is a reference only; when B8M-_St at e is destroyed the ob-
jects contained in it will not be destroyed. Also, tB8M-_Bundl e cannot be safely destroyed before the
ESMF_St at e is destroyed. Since objects can be added to multiple cargiit remains the user’s responsi-
bility to manage the destruction of objects when they areongér in use.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.11 ESMF_StateAddBundle - Add a list of Bundles to a Stat

INTERFACE:

! Private nanme; call using ESMF_St at eAddBundl e()
subrouti ne ESM-_St at eAddBundl elLi st (st ate, bundl eCount, bundl eList, rc)

ARGUMENTS:

type(ESMF_State), intent(inout) :: state
integer, intent(in) :: bundl eCount
type(ESM-_Bundl e), dimension(:), intent(in) :: bundleLi st
integer, intent(out), optional :: rc
DESCRIPTION:

Add multipleESMF_Bundl es to anESM-_St at e.
The arguments are:

state An ESMF_St at e object.
bundleCount The number oESM-_Bundl es to be added.

bundleList The list (Fortran array) dSM-_Bund| esto be added. Thisis areference only; wherB8bF_St at e
is destroyed the objects contained in it will not be destdoydlso, theESMF_Bundl es cannot be safely
destroyed before thESMF_St at e is destroyed. Since objects can be added to multiple carsiit remains
the user’s responsibility to manage the destruction ofaibj@hen they are no longer in use.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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16.7.12 ESMF_StateAddField - Add a Field to a State

INTERFACE:

I Private nanme; call using ESMF_St at eAddFi el d()
subrouti ne ESM-_St at eAddOneFi el d(state, field, rc)

ARGUMENTS:
type(ESMF_State), intent(inout) :: state
type(ESMF_Field), intent(in) :: field
integer, intent(out), optional :: rc
DESCRIPTION:

Add a singlef i el d reference to an existingt at e. Thef i el d name must be unique within tts¢ at e.
The arguments are:

state An ESMF_St at e object.

field TheESM-_Fi el d to be added. This is a reference only; whenEHS/F_St at e is destroyed the objects con-
tained in it will not be destroyed. Also, tieSMF_Fi el d cannot be safely destroyed before E&VF_St at e
is destroyed. Since objects can be added to multiple carsiit remains the user’s responsibility to manage
the destruction of objects when they are no longer in use.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.13 ESMF_StateAddField - Add a list of Fields to a State

INTERFACE:

! Private nanme; call using ESMF_St at eAddFi el ds()
subrouti ne ESM-_St at eAddFi el dLi st (state, fieldCount, fieldList, rc)

ARGUMENTS:

type(ESM-_State), intent(inout) :: state
integer, intent(in) :: fieldCount
type(ESM-_Field), dinension(:), intent(in) :: fieldList
integer, intent(out), optional :: rc
DESCRIPTION:

Add multipleESMF_Fi el dsto anESMF_St at e.
The arguments are:

state An ESMF_St at e object.
fieldCount The number oESM-_Fi el ds to be added.

fieldList The list (Fortran array) dESM-_Fi el dsto be added. This is a reference only; whenEB®F_St at e is
destroyed the objects contained in it will not be destroydso, theESMF_Fi el ds cannot be safely destroyed
before theESMF_St at e is destroyed. Since objects can be added to multiple cargiit remains the user’s
responsibility to manage the destruction of objects whew #re no longer in use.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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16.7.14 ESMF_StateAddNameOnly - Add a name to a State as a plsholder

INTERFACE:

! Private name; call using ESM-_St at eAddNameOnl y()
subrouti ne ESM-_St at eAddOneNane(state, nanme, rc)

ARGUMENTS:
type(ESMF_State), intent(inout) :: state
character (len=*), intent(in) :: name
integer, intent(out), optional :: rc
DESCRIPTION:

Add the character stringamne to an existingst at e. It can subsequently be replaced by an actual object with the
same name. Theane must be unique within thet at e. It is available to be marked needed by the consumer of the
exportESMF_St at e. Then the data provider can replace the name with the aggllF Bundl e, ESM-_Fi el d,

or ESMF_Ar r ay which carries the needed data.

The arguments are:

state An ESMF_St at e object.
name The name to be added as a placeholder for a data object.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.15 ESMF_StateAddNameOnly - Add a list of names to a Stat

INTERFACE:

! Private name; call using ESM-_St at eAddNanmeOnl y()
subrouti ne ESM-_St at eAddNaneLi st (st ate, nameCount, namelist, rc)

ARGUMENTS:

type(ESM-_State), intent(inout) :: state

integer, intent(in) :: naneCount

character (len=*), intent(in) :: nameList(:)

integer, intent(out), optional :: rc
DESCRIPTION:

Add a list of names to an existingt at e. They can subsequently be replaced by actual objects wittsdme
name. Each name in theaneLi st must be unique within thet at e It is available to be marked needed by the
consumer of the expoESMF_St at e. Then the data provider can replace the name with the agghfF Bundl e,
ESMF_Fi el d, or ESM~_Ar r ay which carries the needed data. Unneeded data need not batgehe

The arguments are:

state An ESMF_St at e object.

nameCount The count of names in theaneLi st .

nameList A list (Fortran array) of character strings to be added asgflalders for data objects.
[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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16.7.16 ESMF_StateAddState - Add a State to a State

INTERFACE:

I Private nanme; call using ESMF_Stat eAddSt at e()
subrouti ne ESM-_St at eAddOneSt at e(state, nestedState, rc)

ARGUMENTS:
type(ESM-_State), intent(inout) :: state
type(ESMF_State), intent(in) :: nestedState
integer, intent(out), optional :: rc
DESCRIPTION:

Add anest edSt at e reference to an existingt at e. Thenest edSt at e name must be unique within the con-
tainerst at e.
The arguments are:

state An ESMF_St at e object. This is the container object.

nestedStateTheESMF_St at e to be added. This is the nested object. This is areferengewhén theESM-_St at e
is destroyed the objects contained in it will not be destdoydso, nestedeSMF_St at es cannot be safely de-
stroyed before the containESM-_St at e is destroyed. Since objects can be added to multiple carsin
remains the user’s responsibility to manage the destructiobjects when they are no longer in use.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.17 ESMF_StateAddState - Add a list of States to a State

INTERFACE:

I Private nanme; call using ESMF_Stat eAddSt at e()
subrouti ne ESM-_St at eAddSt at eLi st (state, nestedStateCount, nestedStatelist, rc)

ARGUMENTS:

type(ESMF_State), intent(inout) :: state
integer, intent(in) :: nestedStateCount
type(ESM-_State), dinension(:), intent(in) :: nestedStatelist
integer, intent(out), optional :: rc
DESCRIPTION:

Add multiple nestedESM-_St at es to a containeESMF_St at e. The nestedESM-_St at e names must be unique
within the containeESM-_St at e.
The arguments are:

state An ESMF_St at e object. This is the container object.
nestedStateCountThe number oESMF_St at es to be added.

nestedStateList The list (Fortran array) dESM-_ St at es to be added. This is a reference only; when the container
st at e is destroyed the objects contained in it will not be destdoydso, thenest edSt at eLi st cannot be
safely destroyed before the contaisérat e is destroyed. Since objects can be added to multiple carsiit
remains the user’s responsibility to manage the destnuctiobjects when they are no longer in use.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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16.7.18 ESMF_StateCreate - Create a new State

INTERFACE:

function ESMF_St at eCr eat e(st at eNane, statetype, &
bundl eLi st, fieldList, arraylList, nestedStatelList, &
nanelLi st, itenCount, &
neededf| ag, readyflag, validflag, reqgforrestartflag, rc)

RETURN VALUE:
type(ESMF_State) :: ESMF _StateCreate

ARGUMENTS:
character(len=*), intent(in), optional :: stateName
type(ESM-_St at eType), intent(in), optional :: statetype
type(ESMF_Bundl e), dinmension(:), intent(in), optional :: bundl eLi st
type(ESMF_Field), dinension(:), intent(in), optional :: fieldList
type(ESM-_Array), dinension(:), intent(in), optional :: arrayli st
type(ESMF_State), dinension(:), intent(in), optional :: nestedStateList
character(len=*), dinension(:), intent(in), optional :: naneList
integer, intent(in), optional :: itemCount
type( ESM-_NeededFl ag), optional :: neededfl ag
type( ESMF_ReadyFl ag), optional :: readyflag
type(ESM-_Val i dFl ag), optional :: validflag
type( ESM-_ReqFor Restart Fl ag), optional :: reqforrestartflag
integer, intent(out), optional :: rc

DESCRIPTION:

Create a nevESM-_St at e, set default characteristics for objects added to it, anoally add initial objects to it.
The arguments are:

[stateName] Name of thisESM-_St at e object. A default name will be generated if none is specified.

[statetype] Import or ExportESM-_St at e. Valid values ardeSM-_STATE_| MPORT, ESM-_STATE_EXPORT,
or ESM~_STATE_UNSPECI FI ED The default isESM-_STATE_UNSPEC! FI ED.

[bundleList] A list (Fortran array) oESMF_Bundl es.

[fieldList] A list (Fortran array) oESMF_Fi el ds.

[arrayList] A list (Fortran array) oESMF_Ar r ays.

[nestedStateList] A list (Fortran array) oESM-_St at es to be nested inside the oute8M-_St at e.
[nameList] A list (Fortran array) of character string name placehalder

[itemCount] The total number of things — Bundles, Fields, Arrays, Stated Names — to be addedi if emCount
is not specified, it will be computed internally based on tragkth of each object list. Ift enCount is specified
this routine will do an error check to verify the total numinéitems found in the argument lists matches this
count of the expected number of items.

[neededflag] Set the default value for new items added toE3MF_St at e. Possible values are listed in Sec-
tion[IO.16. If not specified, the default value is seE&VF NEEDED.

[readyflag] Set the default value for new items added toE®MF_St at e. Possible values are listed in Sec-
tion[IO.TY. If not specified, the default value is seE&VF READYTOREAD.
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[validflag] Setthe default value for new items added t&e&VF_St at e. Possible values are listed in Secfion I0.1.10.
If not specified, the default value is setESM~_VALI D.

[regforrestartflag] Set the default value for new items added toESM-_St at e. Possible values are listed in
SectiorZI0.T19. If not specified, the default value is s&%bF REQUI RED FOR RESTART.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.19 ESMF_StateDestroy - Release resources for a State

INTERFACE:
subrouti ne ESM-_St at eDestroy(state, rc)

ARGUMENTS:

type(ESM-_State) :: state

integer, intent(out), optional :: rc
DESCRIPTION:

Releases all resources associated withEHINF_St at e. ESM-_St at es contain references only to other objects;
when theESMF_St at e is destroyed objects contained in it will not be destroyeljeCts inside &SMF_St at e can-
not be destroyed before the contail&M-_St at e is destroyed. Since objects can be added to multiple carsgin
it remains the user’s responsibility to manage the destmidf objects when they are no longer in use.

The arguments are:

state Destroy contents of thiESM-_St at e.
[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.20 ESMF_StateGet - Get information about a State

INTERFACE:

subrouti ne ESM-_St at eGet (state, name, statetype, itenCount, &
i temNanmeLi st, stateitentypelList, rc)

ARGUMENTS:
type(ESMF_State), intent(in) :: state
character (len=*), intent(out), optional :: nane
type(ESM-_St at eType), intent(out), optional :: statetype
integer, intent(out), optional :: itenCount
character (len=*), intent(out), optional :: itemNameList(:)
type(ESM-_St at el temType), intent(out), optional :: stateitentypeList(:)
integer, intent(out), optional :: rc
DESCRIPTION:

Returns the requested information about 8-St at e.
The arguments are:
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state An ESMF_St at e object to be queried.

[name] Name of thisESM-_St at e.

[statetype] Import or ExportESM-_St at e. Possible values are listed in Section 14.2.2.
[itemCount] Count of items irst at e, including all objects as well as placeholder names.

[itemNameList] Array of item names irst at e, including placeholder names.t emNaneLi st must be at least
i t emCount long.

[stateitemtypelList] Array of possible item object types st at e, including placeholder names. Must be at least
i t enCount long. Options are listed in SectiGn 1612.1.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.21 ESMF_StateGetArray - Retrieve a data Array from a Sate

INTERFACE:
subrouti ne ESM-_St ateGet Array(state, arrayName, array, nestedStateNane, rc)
ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len=*), intent(in) :: arrayNane
type(ESM-_Array), intent(out) :: array

character (len=*), intent(in), optional :: nestedStateNane
integer, intent(out), optional :: rc

DESCRIPTION:

Returns arESM-_Ar r ay from anESM-_St at e by name. If theESMF_St at e contains the object directly, only
arr ayNane is required. If thest at e contains multiple nesteHSM-_St at es and the object is one level down,
this routine can return the object in a single call by spegifine propemest edSt at eNane. ESMF_St at es
can be nested to any depth, but this routine only searchewnrnmediate descendents. It is an error to specify a
nest edSt at eNane if the st at e contains no nesteSM-_St at es.

The arguments are:

state State to query for aBSM-_Ar r ay namedar r ay Nane.
arrayName Name ofESMF_Ar r ay to be returned.
array Returned reference to tlESMF_Ar r ay.

[nestedStateName]Optional. An error if specified when thet at e argument contains no nesteSM-_St at es.
Required if thest at e contains multiple nesteBSM-_St at es and the object being requested is in one level
down in one of the nesteiSMF_St at e. ESM-_St at e must be selected by thieest edSt at eNane.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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16.7.22 ESMF_StateGetAttribute - Retrieve an integer attibute

INTERFACE:

I Private name; call using ESM-_StateGetAttri bute()
subrouti ne ESM-_StateGetlntAttr(state, name, value, rc)

ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len = *), intent(in) :: nane

integer, intent(out) :: value

integer, intent(out), optional :: rc
DESCRIPTION:

Returns an integer attribute from théat e.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to retrieve.

value The integer value of the named attribute.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.23 ESMF_StateGetAttribute - Retrieve an integer lisattribute

INTERFACE:

I Private name; call using ESM-_StateGet Attri bute()
subrouti ne ESM-_StateGetlIntListAttr(state, nane, count, val uelist,

ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len = *), intent(in) :: nane

integer, intent(in) :: count

i nteger, dinmension(:), intent(out) :: val ueLi st

integer, intent(out), optional :: rc
DESCRIPTION:

Returns an integer list attribute from théat e.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to retrieve.

count The number of values in the attribute.

valueList The integer values of the named attribute. The list must leastcount items long.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

rc)
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16.7.24 ESMF_StateGetAttribute - Retrieve a real attribue

INTERFACE:

I Private name; call using ESM-_StateGetAttri bute()
subrouti ne ESM-_St at eGet Real Attr(state, nane, value, rc)

ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len = *), intent(in) :: nane

real, intent(out) :: value

integer, intent(out), optional :: rc
DESCRIPTION:

Returns a real attribute from tls¢ at e.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to retrieve.

value The real value of the named attribute.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.25 ESMF_StateGetAttribute - Retrieve a real list attibute

INTERFACE:

I Private name; call using ESM-_StateGet Attri bute()
subrouti ne ESM-_St at eGet Real Li st Attr(state, nane, count, val ueli st,

ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len = *), intent(in) :: nane

integer, intent(in) :: count

real, dinmension(:), intent(out) :: valueli st

integer, intent(out), optional :: rc
DESCRIPTION:

Returns a list of real attributes from th¢ at e.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to retrieve.

count The number of values in the attribute.

valueList The real values of the named attribute. The list must be atéeunt items long.
[rc] Return code; equalBSM-_SUCCESS if there are no errors.

rc)
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16.7.26 ESMF_StateGetAttribute - Retrieve a logical attripute

INTERFACE:

I Private name; call using ESM-_StateGetAttri bute()
subrouti ne ESM-_St at eGet Logi cal Attr(state, nane, value, rc)

ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len = *), intent(in) :: nane

type(ESMF_Logical), intent(out) :: value

integer, intent(out), optional :: rc
DESCRIPTION:

Returns a logical attribute from tist at e.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to retrieve.

value The logical value of the named attribute.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.27 ESMF_StateGetAttribute - Retrieve a logical list Hribute

INTERFACE:

I Private name; call using ESM-_StateGet Attri bute()
subrouti ne ESM-_St at eGet Logi cal Li st Attr(state, nane, count, val ueli st,

ARGUMENTS:

type(ESMF_State), intent(in) :: state
character (len = *), intent(in) :: nane
integer, intent(in) :: count
type(ESMF_Logical ), dinmension(:), intent(out) :: val ueli st
integer, intent(out), optional :: rc
DESCRIPTION:

Returns a logical list attribute from tist at e.
The arguments are:

state An ESMF_St at e object.

name The name of the attribute to retrieve.

count The number of values in the attribute.

valueList The logical values of the named attribute. The list must Heagttcount items long.
[rc] Return code; equalBSM-_SUCCESS if there are no errors.

rc)
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16.7.28 ESMF_StateGetAttribute - Retrieve a character atibute

INTERFACE:

I Private name; call using ESMF_Fiel dGet Attri bute()
subrouti ne ESM-_St at eGet Char Attr(state, nane, value, rc)

ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len = *), intent(in) :: nane

character (len = *), intent(out) :: value

integer, intent(out), optional :: rc
DESCRIPTION:

Returns a character attribute from thieat e.
The arguments are:

state An ESMF_St at e object.
name The name of the attribute to retrieve.
value The character value of the named attribute.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.29 ESMF_StateGetAttributeCount - Query the number ofattributes

INTERFACE:
subrouti ne ESM-_St at eGet Attri but eCount (state, count, rc)
ARGUMENTS:

type(ESM-_State), intent(in) :: state

i nteger, intent(out) :: count

integer, intent(out), optional :: rc
DESCRIPTION:

Returns the number of attributes associated with the givext e in the argumentount .
The arguments are:

state An ESMF_St at e object.
count The number of attributes associated with this object.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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16.7.30 ESMF_StateGetAttributelnfo - Query State attribues by name

INTERFACE:

I Private name; call using ESMF_StateGetAttri butel nfo()
subrouti ne ESM-_St at eGet Attrl nf oByNane(state, nane, datatype,

ARGUMENTS:

type(ESM-_State), intent(in) :: state
character(len=*), intent(in) :: name
type( ESM-_Dat aType), intent(out), optional :: datatype
integer, intent(out), optional :: count
integer, intent(out), optional :: rc

DESCRIPTION:

Returns information associated with the named attribatdudingdat at ype andcount .
The arguments are:

state An ESMF_St at e object.
name The name of the attribute to query.

datatype The datatype of the attribute.

count The number of items in this attribute. For character types)ength of the character string.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

count, rc)

16.7.31 ESMF_StateGetAttributelnfo - Query State attribues by index number

INTERFACE:

! Private nanme; call using ESMF_StateGetAttri butelnfo()
subroutine ESM-_St ateGet AttrlnfoByNun(state, attributel ndex,

ARGUMENTS:

type(ESMF_State), intent(in) :: state
integer, intent(in) :: attributelndex
character(len=*), intent(out), optional :: name
type( ESM-_Dat aType), intent(out), optional :: datatype
integer, intent(out), optional :: count
integer, intent(out), optional :: rc

DESCRIPTION:

nane, dat atype,

Returns information about an attribute by specifying anrakindex number. Attributes with unknown names can be

gueried using this routine.
The arguments are:

state An ESMF_St at e object.

attributelndex The index number of the attribute to query.
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name Returns the name of the attribute.
datatype Returns the datatype of the attribute.
count Returns the number of items in this attribute. For charagfes, this is the length of the character string.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

16.7.32 ESMF_StateGetBundle - Retrieve a Bundle from a Stat

INTERFACE:

subrouti ne ESM-_St at eGet Bundl e( st ate, bundl eNane, bundle, &
nest edSt at eNane, rc)

ARGUMENTS:
type(ESMF_State), intent(in) :: state
character (len=*), intent(in) :: bundl eName
type(ESMF_Bundl e), intent(out) :: bundle
character (len=*), intent(in), optional :: nestedStateNane
integer, intent(out), optional :: rc

DESCRIPTION:

Returns arESMF_Bundl e from anESMF_St at e by name. If theESMF_St at e contains the object directly, only
bundl eNane is required. If thest at e contains multiple nesteBSM-_St at es and the object is one level down,
this routine can return the object in a single call by spegitine propemest edSt at eNane. ESMF_St at es
can be nested to any depth, but this routine only searchewmrnmediate descendents. It is an error to specify a
nest edSt at eNane if the st at e contains no nesteSM-_St at es.

The arguments are:

state State to query for 8SM-_Bundl e namedund| enarre.
bundleName Name ofESMF_Bundl e to be returned.
bundle Returned reference to tiESM-_Bundl e.

[nestedStateName]Optional. An error if specified when thet at e argument contains no neste$M-_St at es.
Required if thest at e contains multiple nesteSM-_St at es and the object being requested is in one level
down in one of the nesteiSMF_St at e. ESM-_St at e must be selected by thieest edSt at eNane.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.

16.7.33 ESMF_StateGetField - Retrieve a Field from a State

INTERFACE:

subroutine ESM-_StateGetFi el d(state, fieldNanme, field, &
nest edSt at eNane, rc)

ARGUMENTS:
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type(ESMF_State), intent(in) :: state

character (len=*), intent(in) :: fieldNane
type(ESM-_Field), intent(out) :: field
character (len=*), intent(in), optional :: nestedStateNane
integer, intent(out), optional :: rc

DESCRIPTION:

Returns arESM-_Fi el d from anESM-_St at e by name. If theESMF_St at e contains the object directly, only
fi el dname is required. If thest at e contains multiple nesteBSMF_St at es and the object is one level down,
this routine can return the object in a single call by spegifine propemest edSt at eNane. ESMF_St at es
can be nested to any depth, but this routine only searchewnrnmediate descendents. It is an error to specify a
nest edSt at eNane if the st at e contains no nesteSM-_St at es.

The arguments are:

state State to query for aBSM-_Fi el d named i el dNane.
fieldName Name ofESM-_Fi el d to be returned.
field Returned reference to tiESM-_Fi el d.

[nestedStateName]Optional. An error if specified when thet at e argument contains no nesteSM-_St at es.
Required if thest at e contains multiple nesteESM-_St at es and the object being requested is in one level
down in one of the nesteSMF_St at e. ESM-_St at e must be selected by thieest edSt at eNane.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.

16.7.34 ESMF_StateGetNeeded - Query whether a data item ieeded

INTERFACE:
subrouti ne ESM-_St at eGet Needed(state, itemName, neededfl ag, rc)
ARGUMENTS:

type(ESMF_State), intent(in) :: state

character (len=*), intent(in) :: itemNanme

type( ESM-_NeededFl ag), intent(out) :: neededfl ag

integer, intent(out), optional :: rc
DESCRIPTION:

Returns the status of tmeeededf | ag for the data item named byt enNane in theESMF_St at e.
The arguments are:

state TheESMF_St at e to query.
itemName Name of the data item to query.

neededflagWhether state item is needed or not for a particular appticatonfiguration. Possible values are listed

in Sectior 10.116.
[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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16.7.35 ESMF_StateGetState - Retrieve a State nested in aft

INTERFACE:
subrouti ne ESM-_St at eGet Stat e(state, nestedStateNane, nestedState, rc)
ARGUMENTS:

type(ESM-_State), intent(in) :: state

character (len=*), intent(in) :: nestedStateNanme

type(ESMF_State), intent(out) :: nestedState

integer, intent(out), optional :: rc
DESCRIPTION:

Returns a nesteHSM-_ St at e from anothelESMF_St at e by name. This does not allow the caller to retrieve an
ESMF_St at e from two levels down. It returns immediate child objectsyonl
The arguments are:

state TheESMF_St at e to query for a nesteESM-_St at e namedst at eNane.
nestedStateNameName of neste@SM-_St at e to return.
nestedStateReturnedeSM-_St at e.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.36 ESMF_StatelsNeeded — Return logical true if dataéim needed

INTERFACE:
function ESMF_St at el sNeeded(state, itenmName, rc)
RETURN VALUE:
| ogi cal :: ESMF_St at el sNeeded
ARGUMENTS:
type(ESM-_State), intent(in) :: state
character (len=*), intent(in) :: itenmNane
integer, intent(out), optional :: rc
DESCRIPTION:

Returns true if the status of theeeded flag for the data item named hiyt emNane in the ESM-_St at e is
ESMF_STATEI TEM NEEDED. Returns false for no item found with the specified name on itearked not needed.
Also sets error code dlat anamne not found.

The arguments are:

state ESMF_St at e to query.
itemName Name of the data item to query.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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16.7.37 ESMF_StatePrint - Print the internal data for a Stat

INTERFACE:

subroutine ESM-_StatePrint(state, options, rc)

ARGUMENTS:
type(ESMF_State) :: state
character (len = *), intent(in), optional :: options
integer, intent(out), optional :: rc

DESCRIPTION:

Prints information about thet at e to st dout .
The arguments are:

state TheESMF_St at e to print.
[options] Print options are not yet supported.

[rc] Return code; equalESM-_SUCCESS if there are no errors.

16.7.38 ESMF_StateSetNeeded - Set if a data item is needed

INTERFACE:
subrouti ne ESM-_St at eSet Needed(state, itemName, neededfl ag, rc)
ARGUMENTS:

type(ESM-_State), intent(inout) :: state

character (len=*), intent(in) :: itenmNanme

type( ESM-_NeededFl ag), intent(in) :: neededfl ag

integer, intent(out), optional :: rc
DESCRIPTION:

Sets the status of theeeded flag for the data item named by enNane in theESMF_St at e.
The arguments are:

state TheESMF_St at e to set.

itemName Name of the data item to set.

neededflag Set status of data item to this. See Sediion ID.1.6 for pessitues.
[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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