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1 Whatis the Earth System Modeling Framework?

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

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

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

ESMF offers the flexibility needed by this diverse user ba#eis tested nightly on more than two dozen plat-
form/compiler combinations; can be run on one processohaugands; supports shared and distributed memory
programming models and a hybrid model; can run componenqtsesgially (on all the same processors) or concur-
rently (on mutually exclusive processors); and supponiglsiexecutable or multiple executable modes.

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

ESMF users may choose to extensively rewrite their codeskmadvantage of the ESMF infrastructure, or they may
decide to simply wrap their components in the ESMF supestira in order to utilize framework coupling services.
Either way, we encourage users to contact/our suppori tegomestions arise about how to best use the software, or
how to structure their application. ESMF is more than sofewi’s a group of people dedicated to realizing the vision
of a collaborative model development community that spasttutional and national bounds.

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

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

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

ESMF Superstructure
AppDriver
Component Classes: GridComp, CplComp, State

User Code

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

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

3 How to Contact User Support and Find Additional Information

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

The website, http://www.earthsystemmodeling.org, pevinore information of the ESMF project as a whole. The
website includes release notes and known bugs for eaclorertihe framework, supported platforms, project history,
values, and metrics, related projects, the ESMF managestreicture, and more. THESMFE User's Guideontains
build and installation instructions, an overview of the ESBlstem and a description of how its classes interrelate
(this version of the document corresponds to the last pwilision of the framework). Also available on the ESMF
website is thiESMF Developer’s Guidthat details ESMF procedures and conventions.

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

We welcome input on any aspect of the ESMF project. Send igmasstand comments to
esmt_support@Iist.woc.noaa.gov.
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5 Conventions

5.1 Typeface and Diagram Conventions

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

Style Meaning Example

italics documents ESMF Reference Manual
courier code fragments ESMF_TRUE

courier() ESMF methodname ESMF _Fi el dGet ()

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

ESMF class names frequently coincide with words commondgwsithin the Earth system domain (field, grid, com-

ponent, array, etc.) The convention we adopt in this marsudiat if a word is used in the context of an ESMF class
name it is capitalized, and if the word is used in a more gereraext it remains in lower case. We would write, for

example, that an ESMF Field class represents a physical field

Diagrams are drawn using the Unified Modeling Language (UNUNIL is a visual tool that can illustrate the structure
of classes, define relationships between classes, andlmeseguences of actions. A reader interested in more detail
can refer to a text such 8he Unified Modeling Language Reference Man{iZ]

5.2 Method Name and Argument Conventions

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

For method arguments that are multi-word, the first wordvweelocase and subsequent words begin with upper case.
ESMF class names (including typed flags) are an exceptiorentulti-word class names appear in argument lists,
all letters after the first are lower case. The first letterisdr case if the class is the first word in the argument
and upper case otherwise. For example, in an argumentdidbEiayout 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 functions.

A typical ESMF call looks like this:

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

where

<Cd assName> is the class name,

<QOper at i on> 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 fapbetion,
andr c is a return code.
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6 The ESMF Application Programming Interface

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

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

The Fortran interface is implemented so that the variatdes@ated with a class are stored in a derived type. For ex-
ample, arESMF_Fi el d derived type stores the data array, grid information, anthdsa associated with a physical
field. The derived type for each class is stored in a Fortradui®y and the operations associated with each class are
defined as module procedures. We use the Fortran featuresefig functions and optional arguments extensively to
simplify our interfaces.

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

6.1 Standard Methods and Interface Rules

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

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

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

e ESMF <O ass>Add(), ESMF_<C ass>AddRepl ace(), ESMF_<d ass>Renove(), and
ESMF_<d ass>Repl ace(), for manipulating objects of ESMF container classes - sisdBSM-_St at e
andESMF_Fi el dBundl e. For example, th&SM-_Fi el dBundl eAdd() method adds another Field to an
existing FieldBundle object.

e ESMF <O ass>Pri nt (), for printing the contents of an object to standard out. Thi&thod is mainly
intended for debugging.

e ESMF <Cl ass>ReadRest art () andESMF_<Cl ass>WiteRestart (), for saving the contents of a
class and restoring it exactly. Read and write restart nustiave not yet been implemented for most ESMF
classes, so where necessary the user needs to write redtas themselves.

e ESMF_<C ass>Val i dat e(), for determining whether a class is internally consisterfor example,
ESMF_Fi el dval i dat e() validates the internal consistency of a Field object.

6.2 Deep and Shallow Classes

The ESMF contains two types of classes.
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Deepclasses requirBSMF_<Cl ass>Cr eat e() andESM-_<C ass>Dest roy() calls. They involve memory
allocation take significant time to set up (involving memorgnagement) and should not be created in a time-critical
portion of code. Deep objects persist even after the methathich they were created has returned. Most classes
in ESMF, including GridComp, CplComp, State, Fields, Filddles, Arrays, ArrayBundles, Grids, and Clocks, fall
into this category.

Shal | ow classes do not posseBSMF_<Cl ass>Cr eat e() andESM-_<C ass>Destroy() calls. They are
simply declared and their values set usinge8MF_<Cl ass>Set () call. Examples of shallow classes are Time,
Timelnterval, and ArraySpec. Shallow classes do not takg to set up and can be declared and set within a time-
critical code segment. Shallow objects stop existing whemtethod in which they were declared has returned.

An exception to this is when a shallow object, such as a Timstdred in a deep object such as a Clock. The Clock
then carries a copy of the Time in persistent memory. The Ténteallocated with th&SMF_Cl ockDest r oy ()
call.

See Sectiofl9, Overall Design and Implementation Notesg faief discussion of deep and shallow classes from an
implementation perspective. For an in-depth look at thégthesnd inter-language issues related to deep and shallow
classes, see tliEESMF Implementation Repbrt

6.3 Special Methods

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

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 requaedrt ESMF and shut it down gracefully. ESMF
does not support restarts in the same executable, E8MF | niti al i ze() should not be called after
ESMF_Fi nalize().

e ESMF <Type>Conplnitialize(), ESMF_<Type>ConpRun(), and
ESMF_<Type>ConpFi nal i ze() are component methods that are used at the highest levelnwith
ESMF.<Type> may be<Gr i d>, for Gridded Components such as oceans or atmosphere€pdr>, for
Coupler Components that are used to connect them. The ¢mftémese methods is not part of the ESMF.
Instead the methods call into associated subroutinesnwiiter code.

6.4 The ESMF Data Hierarchy

The ESMF APl is organized around an hierarchy of classestrtin model data. The operations that are performed
on model data, such as regridding, redistribution, and hpttates, are methods of these classes.

The main data classes in ESMF, in order of increasing coritpjexe:
e Array An ESMF Array is a distributed, multi-dimensional arrayttican carry information such as its type,
kind, rank, and associated halo widths. It contains a rafar¢o a native Fortran array.

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

e Field A Field represents a physical scalar or vector field. It cimista reference to an Array along with grid
information and metadata.
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e FieldBundle A FieldBundle is a collection of Fields discretized on thensagrid. The staggering of data points
may be different for different Fields within a FieldBundleike the ArrayBundle, it is useful for performing
collective data operations and communications.

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

e Component A Component is a piece of software with a distinct functionSME- currently recognizes two
types of Components. Components that represent a physigadid or process, such as an atmospheric model,
are called Gridded Components since they are usually dizedeon an underlying grid. The Components
responsible for regridding and transferring data betweedddd Components are called Coupler Components.
Each Component is associated with an Import and an Expas.SEmmponents can be nested so that simpler
Components are contained within more complex ones.

Underlying these data classes are native language arr®MFRllows you to reference an existing Fortran array to
an ESMF Array or Field so that ESMF data classes can be reimdiyduced into existing code. You can perform

communication operations directly on Fortran arrays tgtothe VM class, which serves as a unifying wrapper for
distributed and shared memory communication libraries.

6.5 ESMF Spatial Classes

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

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

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

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

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

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

e Grid A Grid is an abstraction for a logically rectangular regionphysical space. It associates a coordinate
system, a set of coordinates, and a topology to a collectiagrid cells. Grids in ESMF are comprised of
DistGrids plus additional coordinate information.
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e Mesh A Mesh provides an abstraction for an unstructured grid. r@ioate information is set in nodes, which
represent vertices or corners. Together the nodes estdididooundaries of mesh elements or cells.

e LocStreamA LocStream is an abstraction for a set of unstructured daitgpwithout any topological relation-
ship to each other.

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

6.6 ESMF Maps

In order to define how the index spaces of the spatial clasdaterto each other, we require either implicit rules
(in which case the relationship between spaces is definecefaull), or special Map arrays that allow the user to
specify the desired association. The form of the specitinat usually that the position of the array element carries
information about the first object, and the value of the aekment carries information about the second object.
ESMF includes @i st Gri dToAr rayMap, agri dToFi el dvap, adi st Gi dToGr i dvap, and others.

6.7 ESMF Specification Classes

It can be useful to make small packets of descriptive par@arseESMF has one of these:

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

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

e Attributes, for storing metadata about Fields, FieldBundles, Stated other classes.
e TimeMgr, for calendar, time, 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.

7 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 componerkeiapplication. It is appropriate when interoperabikity

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

can usually be incorporated into such applications in a Wayis non-intrusive.
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In the bottom-up approach, the user selects desiredesilitlata communications, calendar management, perfoemanc
profiling, logging and error handling, etc.) from the ESMFrastructure and either writes new code using them,
introduces them into existing code, or replaces the funality in existing code with them. This makes sense when
maximizing code reuse and minimizing maintenance costg@h There may be a specific need for functionality or
the component writer may be starting from scratch. The cE@emanagement utility is a popular place to start.

7.1 Using the ESMF Superstructure

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

it is likely to be a good investment.

1. Decide how to organize the application as discrete Gddaled Coupler Components. This might involve
reorganizing code so that individual components are cjeseparated and their interactions consist of a minimal
number of data exchanges.

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

4. Pack time information into ESMF time management datagires.

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

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

7. Run the application using an ESMF Application Driver.

8 Overall Rules and Behavior

8.1 Local and Global Views and Associated Conventions

ESMF data objects such as Fields are distributed over DES,easich DE getting a portion of the data. Depending on

the task, a local or global view of the object may be prefexalvl a local view, data indices start with the first element

on the DE and end with the last element on the same DE. In algl@yg there is an assumed or specified order to the
set of DEs over which the object is distributed. Data ind&test with the first element on the first DE, and continue

across all the elements in the sequence of DEs. The lastri#ga represents the number of elements in the entire
object. The DistGrid provides the mapping between localglotal data indices.

The convention in ESMF is that entities with a global view éao prefix. Entities with a DE-local (and in some
cases, PET-local) view have the prefix “local.”
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Just as data is distributed over DEs, DEs themselves carsbédied over PETs. This is an advanced feature for
users who would like to create multiple local chunks of d&daalgorithmic or performance reasons. Local DEs are
those DEs that are located on the local PET. Local DE labaliwgys starts at 0 and goes to localDeCount-1, where
localDeCount is the number of DEs on the local PET. Global DEbers also start at 0 and go to deCount-1. The
DELayout class provides the mapping between local and g@Baxumbers.

8.2 Allocation Rules

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

ESMF methods that allocate their own space for data will [deate that space when the object is de-
stroyed. Methods which accept a user-allocated buffer, deample ESM-_Fi el dCreat e() with the
ESMF_DATACOPY _REFERENCE flag, will not deallocate that buffer at the time the objectiestroyed. The user
must deallocate the buffer when all use of it is complete.

Classes such as Fields, FieldBundles, and States may heaygsAFields, Grids and FieldBundles created externally
and associated with them. These associated items are nogygEbalong with the rest of the data object since it is
possible for the items to be added to more than one data aifjactime (e.g. the same Grid could be part of many
Fields). It is the user’s responsibility to delete thesmiavhen the last use of them is done.

8.3 Assignment, Equality, Copying and Comparing Objects

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

Deep object copies are implemented as a special variane&3hF_<Cl ass>Cr eat e() methods. It takes an ex-
isting deep object as on of the required arguments. At thigt pot all deep classes ha#8M-_<Cl ass>Cr eat e()
methods that allow object copy.

Due to the complexity of deep classes there are many aspbets eomparing two objects of the same class. ESMF
provideESMF_<C ass>Mat ch() methods, which are functions that return a class specificmfietg. At this point
not all deep classes halt&SM-_<Cl ass>Mat ch() methods that allow deep object comparison.

8.4 Attributes

Attributes are (name, value) pairs, where the name is a cterstring and the value can be either a single value or list
of i nt eger,real ,doubl e precision,l ogical,orcharacter values. Attributes can be associated with
Fields, FieldBundles, and States. Mixed types are not aibin a single attribute, and all attribute names must be
unique within a single object. Attributes are set by name,@an be retrieved either directly by name or by querying
for a count of attributes and retrieving names and valuestéx number.

8.5 Constants

Named constants are used throughout ESMF to specify thevaiimany arguments with multiple well defined
values in a consistent way. These constants are defined bjwadlgype that follows this pattern:
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ESMF_<CONSTANT_NAME>_FI ag
The values of the constant are then specified by this pattern:

ESMF_<CONSTANT _NAME> <VALUEL>
ESMF_<CONSTANT_NAME> <VALUE2>
ESMF_<CONSTANT_NAME> <VALUE3>

A master list of all available constants can be found in sefl.

9 Overall Design and Implementation Notes

1. Deep and shallow classeg.he deep and shallow classes described in Seciidn 6.2 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, aad#fiing 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, which holds # setaf system-wide capabilities.

10 Overall Restrictions and Future Work

1. 32-bit integer limitations. In general, Fortran array bounds should be limited to 2*13&lements or less.
This is due to the Fortran-95 limitation of returning defaitted (e.g., 32 bit) integers for array bound and size
inquiries, and consequent ESMF use of default sized insdfgetholding these values.
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Part Il

Applications

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

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

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

The bundled ESMF applications are built and installed dytiire usual ESMF installation process, which is described
in detail in the ESMF User’s Guide section "Building and &lhg the ESMF". After the installation the applications
will be located in theeESMF_APPSDI Rdirectory, which can be found as a Makefile variable ingbaf . nk file. The
esnf . nk file can be found in th&SM-_| NSTALL_LI BDI Rdirectory after a successful installation. The ESMF
User’s Guide discusses tlesnf . mk mechanism to access the bundled applications in more detglction "Using
Bundled ESMF Applications".

The following sections provide in-depth documentationtef bundled ESMF applications. In addition, each appli-
cation supports the standard- hel p  command line argument, providing a brief description of Hownvoke the
program.

11 ESMF _Info

11.1 Description

TheESMF_I nf o application prints basic information about the ESMF irlatadn tost dout .

The application usage is as follows:

ESMF_Info [--help]

wher e
--hel p prints a brief usage nessage

12 ESMF_RegridWeightGen

12.1 Description

This section describes the offline regrid weight generadjoplication provided by ESMF (for a description of ESMF
regridding in general see Sectiond4.2). Regridding, addled remapping or interpolation, is the process of chaggin
the grid that underlies data values while preserving gealif the original data. Different kinds of transformatare
appropriate for different problems. Regridding may be egethen communicating data between Earth system model
components such as land and atmosphere, or between diffet@rsets to support operations such as visualization.

Regridding can be broken into two stages. The first stagenisrgéion of an interpolation weight matrix that describes
how points in the source grid contribute to points in the idesion grid. The second stage is the multiplication of
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values on the source grid by the interpolation weight matriproduce values on the destination grid. This occurs
through a parallel sparse matrix multiply.

There are two options for accessing ESMF regridding fumetiity: integrated and offline. Integrated regridding is a
process whereby interpolation weights are generated bigsatine calls during the execution of the user’s code. The
integrated regridding can also perform the parallel spauateix multiply. In other words, ESMF integrated regridglin
allows a user to perform the whole process of interpolatidhiw their code. For a further description of ESMF
integrated regridding please see Seclion 2613.24. In asintm integrated regridding, offline regridding is a praces
whereby interpolation weights are generated by a sepafitéFEapplication, not within the user code. The ESMF
offline regridding application also only generates theripdéation matrix, the user is responsible for reading iis thi
matrix and doing the actual interpolation (multiplicatiby the sparse matrix) in their code. The rest of this section
further describes ESMF offline regridding.

For a discussion of installing and accessing ESMF apptinatsuch as this one please see the beginning of this part
of the reference manual (Sectiah II) or for the quickest epph to just building and accessing the applications please
refer to the "Building and using bundled ESMF applicatioBgttion in the ESMF User's Guide.

As described above, this tool reads in two grid files and astpeeights for interpolation between the two grids.
The input and output files are all in NetCDF format. The grigdilcan be defined in four different formats:
the SCRIP formaiZIZ4.1 as is used as an input to SCRIP [4]GREDSPEC Tile grid fildZIZ.2]13 following the
CFE metadata conventidns, the ESMF unstructured grid fdiZ&E2 or the proposed CF unstructured grid data model
(UGRID) [IZZ4% in the current ESMF release. GRIDSPEC is a@sed CF extension for the annotation of complex
Earth system grids. In the current ESMF release, we onlyatijgsingle tile grid file for rectangular lat/lon grid. For
UGRID, we support the 2D flexible mesh topology with mixedngles and quadrilaterals and fully 3D unstructured
mesh topology with hexahedrons and tetrahedrons.

The weight file is the same form@i_IR.5 as is output by SCRIR.ifiterpolation weights can be generated with the
bilinear, patch, or first order conservative methods dbsdrbelow. Masking is supported for 2D logically rectangula
(i.e. with grid_rank=2) grids in the SCRIP format. This a@pation can do regrid weight generation from a global or
regional source grid to a global or regional destinatiod.ghi assumes that the source and destination grids are on a
sphere and that the coordinates given in the files are latitundl longitude values. The coordinates can either be in
degrees or radians (this is indicated by the "units" attalaitached to the value). As is true with many global models,
this application currently assumes the latitude and lanlgitrefer to positions on a perfect sphere, as opposed to a
more complex and accurate representation of the eartt@strape such as would be used in a GIS system. (ESMF’s
current user base doesn’'t require this level of detail inespnting the earth’s shape, but it could be added in thedfutu

if necessary.) This file based regrid weight generationieatbn is parallel.

This application requires the NetCDF library to read thel §ites and to write out the weight files in NetCDF format.
To compile ESMF with the NetCDF library, please refer to thditd Party Libraries" Section in the ESMF User’s
Guide for more information.

Internally this application uses the ESMF public API to gexte the interpolation weights. If a source or destination
grid is logically rectangular, theBSMF_Gri dCreat e() BI33 is used to create an ESMF_Grid object. The
cell center coordinates of the input grid are put into theteestagger locationESM-_STAGGERLOC CENTER).

In addition, the corner coordinates are also put into th@@ostagger locationESM-_STAGGERLOC CORNER)

for conservative regridding. The meth&$M-_MeshCr eat e() B3.3® is used to create an ESMF_Mesh object,
if the source or destination grid is a cubed sphere grid or rstructured grid. When making this call, the flag
convert 3D is set toTRUE to convert the 2D coordinates into 3D Cartesian coordina@srrently, ESMF only
supports triangle or quadrilateral element types for a 2xMeTherefore, when the cells in an unstructured grid
contain more than four edges, they are broken into multipgsgle elements beforESM-_MeshCr eat e() is
called to create the ESMF_Mesh object. After the calcutatibthe weight matrix based on the broken up cells, the
matrix entries for the triangles are merged together, stiesoutput matrix is in terms of the original cells. Intelipa
ESMF_Fi el dRegri dSt or e() is used to generate the weight table and indices table reqmting the interpolation
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matrix.

The regridding occurs in 3D to avoid problems with periogieind with the pole singularity. This application supports
four options for handling the pole region (i.e. the emptysaabove the top row of the source grid or below the bottom
row of the source grid). Note that all of these pole optionsently only work for logically rectangular grids (i.e.
SCRIP format grids with grid_rank=2 or GRIDSPEC format g)idTlhe first option is to leave the pole region empty
("-p none"), in this case if a destination point lies abovdelow the top row of the source grid, it will fail to map,
yielding an error (unless "-i" is specified). With the nexbtaptions, the pole region is handled by constructing an
artificial pole in the center of the top and bottom row of grainis and then filling in the region from this pole to the
edges of the source grid with triangles. The pole is locatateaaverage of the position of the points surrounding
it, but moved outward to be at the same radius as the rest @fdimés in the grid. The difference between these two
artificial pole options is what value is used at the pole. Téfudlt pole option ("-p all") sets the value at the pole to be
the average of the values of all of the grid points surrougttie pole. For the other option ("-p N"), the user chooses a
number N from 1 to the number of source grid points around the. g-or each destination point, the value at the pole
is then the average of the N source points surrounding ttstindg¢ion point. For the last pole option ("-p teeth") no
artificial pole is constructed, instead the pole region igeced by connecting points across the top and bottom row of
the source Grid into triangles. As this makes the top andbotif the source sphere flat, for a big enough difference
between the size of the source and destination pole regitisgan still result in unmapped destination points. Only
pole option "none" is currently supported with the constveainterpolation method ("-m conserve") and with the
nearest neighbor interpolation methods ("-m nearest@tod™'-m neareststod").

Masking is supported for both the logically rectanguladgrand the unstructured grids. If the grid file is in the
SCRIP format, the variable "grid_imask" is used as the mkske value is set to O for a grid point, then that point is
considered masked out and won't be used in the weights geddrg the application. If the grid file is in the ESMF
format, the variable "element Mask" is used as the mask. Fpidadefined in the GRIDSPEC Tile grid or in the
UGRID convention, there is no mask variable defined. Howev&RIDSPEC or a UGRID file may contain both the
grid definition and the data. The grid mask is usually coresérdiusing the missing values defined in the data variable.
The regridding application provides the argumentdrc_missingvalue” or-"- dst_missingvalue" for users to specify
the variable name from where the mask can be constructed.

If a destination point can’t be mapped because it falls dettie unmasked source grid, then the default behavior of
the application is to stop with an error. By specifying "-"the equivalent-'- ignore_unmapped" the user can cause
the application to ignore unmapped destination points.his ¢ase, the output matrix won't contain entries for the
unmapped destination points. Note, that the unmapped detattion doesn’t currently work for nearest destination
to source method ("-m nearestdtos"), so when using thatadetls as if “-i” is always on.

Another variation in the regridding supported with sphalrgrids isline type. This is controlled by the-"- line_type"

or “-I” flag. This switch allows the user to select the pathloé tine which connects two points on a sphere surface.
This in turn controls the path along which distances areutaled and the shape of the edges that make up a cell. Both
of these quantities can influence how interpolation weigiéscalculated, for example in bilinear interpolation the
distances are used to calculate the weights and the celsedgeaised to determine to which source cell a destination
point should be mapped.

ESMF currently supports two line types: “cartesian” andeajcircle”. The “cartesain” option specifies that the line
between two points follows a straight path through the 30&sdan space in which the sphere is embedded. Distances
are measured along this 3D Cartesian line. Under this opgtia are approximated by planes in 3D space, and their
boundaries are 3D Cartesian lines between their cornetdihe “greatcircle” option specifies that the line between
two points follows a great circle path along the sphere setféA great circle is the shortest path between two points
on a sphere.) Distances are measured along the great atbleynder this option cells are on the sphere surface, and
their boundaries are great circle paths between their cpaiats.

This regridding application can be used to generate bilinggtch, nearest neighbor, or first-order conservative in-
terpolation weights. The following is a description of teasterpolation methods as relevant to the offline weight
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generation application, for a more in-depth descriptianSectiof 2Z]12.

The default interpolation method for the weight generasipplication is bilinear. The algorithm used by this applica
tion to generate the bilinear weights is the standard oneddn many textbooks. Each destination point is mapped
to a location in the source Mesh, the position of the destingpoint relative to the source points surrounding it
is used to calculate the interpolation weights. A reswitton bilinear interpolation is that ESMF doesn’t support
self-intersecting cells (e.g. a cell twisted into a bow.tie)

This application can also be used to generate patch intgfpolweights. Patch interpolation is the ESMF version
of a technique called "patch recovery" commonly used indieiement modelind [19] [15]. It typically results in
better approximations to values and derivatives when coaaa bilinear interpolation. Patch interpolation works b
constructing multiple polynomial patches to representdhia in a source element. For 2D grids, these polynomials
are currently 2nd degree 2D polynomials. The interpolatdderat the destination point is the weighted average of
the values of the patches at that point.

The patch interpolation process works as follows. For eaahcg element containing a destination point we construct
a patch for each corner node that makes up the element (e.gtcdegs for quadrilateral elements, 3 for triangular
elements). To construct a polynomial patch for a corner neelgather all the elements around that node. (Note that
this means that the patch interpolation weights dependserdurce element’s nodes, and the nodes of all elements
neighboring the source element.) We then use a least sdfitingsalgorithm to choose the set of coefficients for the
polynomial that produces the best fit for the data in the efeémeThis polynomial will give a value at the destination
point that fits the source data in the elements surroundiagtiiner node. We then repeat this process for each
corner node of the source element generating a new polyhémi@ach set of elements. To calculate the value at the
destination point we do a weighted average of the valuesalf eéthe corner polynomials evaluated at that point. The
weight for a corner’s polynomial is the bilinear weight oétHestination point with regard to that corner. The patch
method has a larger stencil than the bilinear, for this nedse patch weight matrix can be correspondingly larger than
the bilinear matrix (e.g. for a quadrilateral grid the panehtrix is around 4x the size of the bilinear matrix). This
can be an issue when performing a regrid weight generatienatipn close to the memory limit on a machine. A
restriction on patch interpolation is that ESMF doesn’tmup self-intersecting cells (e.g. a cell twisted into a bow
tie).

The nearest neighbor interpolation options work by assiogia point in one set with the closest point in another set.
If two points are equally close then the point with the snstlledex is arbitrarily used (i.e. the point with that would
have the smallest index in the weight matrix). There are tensions of this type of interpolation available in the
regrid weight generation application. One of these is tteremst source to destination method ("-m neareststod"). In
this method each destination point is mapped to the closests point. The other of these is the nearest destination to
source method ("-m nearestdtos"). In this method each eqoint is mapped to the closest destination point. Note,
that with this method the unmapped destination point dietectoesn’t work, so no error will be returned even if there
destination points which don’t map to any source point.

First-order conservative interpolatidn[22] is also aabié as a regridding method. This method will typically have
larger local interpolation error than the previous two noet but will do a much better job of preserving the value
of the integral of data between the source and destinatiain ¢m this method the value across each source cell is
treated as a constant. The weights for a particular destimaell are the area of intersection of each source cell with
the destination cell divided by the area of the destinatielh cAreas in this case are calculated by connecting the
corner coordinates of each grid cell (obtained from the fijiedl with great circles. If the user doesn’t specify the user
area’s option (*'- user_areas"), then the conservation will hold for the gogate areas calculated by ESMF (and
these are output to the weight file). This means the folloveiggation will hold: sum-over-all-source-cells(Vsi*Asi)

= sum-over-all-destination-cells(Vdj*Adj), where V ii¢ variable being regridded and A’ is the area of a cell as
calculated by ESMF. The subscripts s and d refer to sourcelestihation values, and the i and j are the source and
destination grid cell indices (flattening the arrays to 1 @nsion). If the user does specify the user area’s option,
then the conservation will be adjusted to work for the areasiged by the user in the grid files (and these areas
are output to the weight file). This means the following eguratvill hold: sum-over-all-source-cells(Vsi*Asi) =
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sum-over-all-destination-cells(Vdj*Adj), where A is theea of a cell as provided by the user.

Note that since the conservative assumes great circle ¢olgefis, the edges of a cell won't necessarily be the same
as a straight line in latitude longitude. For small edgeis, diifference will be small, but for long edges it could be
significant. This means if the user expects cell edges aiglstitnes in latitude longitude space, they should avoid
using one large cell with long edges to compute an averageaonagion (e.g. over an ocean basin). The user should
also avoid using cells which contain one edge that runs hajfev more around the earth, because the regrid weight
calculation assumes the edge follows the shorter gredé @ath. Also, there isn’t a unique great circle edge defined
between points on the exact opposite side of the earth fraenaolther (antipodal points). However, the user can
work around both of these problem by breaking the long edigetimo smaller edges by inserting an extra node, or
by breaking the large target grid cells into two or more seraifrid cells. This allows the application to resolve the
ambiguity in edge direction. Another restriction is thatN#Sdoesn’t support self-intersecting cells (e.g. a celsted

into a bow tie).

It is important to note that by default (i.e. using destioatarea normalization) conservative regridding doesn't
normalize the interpolation weights by the destinatiorctitm. This means that for a destination grid which only
partially overlaps the source grid the destination fieldalitis output from the regrid operation should be divided by
the corresponding destination fraction to yield the truerpolated values for cells which are only partially covere
by the source grid. The fraction also needs to be includedwebeputing the total source and destination integrals.
To include the fraction in the conservative weights, the aae specify the fraction area normalization type. This can
be done by specifying-"- norm_type fracarea” on the command line.

For weights generated using destination area normalizgéither by not specifying any normalization type or by
specifying * - norm_type dstarea"), the following pseudo-code shows loadjust a destination fieldlét _fi el d)
by the destination fractiordét _f r ac) calledf r ac_b in the weight file:

for each destination elenment i
if (dst_frac(i) not equal to 0.0) then
dst _field(i)=dst field(i)/dst frac(i)
end if
end for

For weights generated using destination area normalizgéither by not specifying any normalization type or by
specifying * - norm_type dstarea"), the following pseudo-code shows lmoeompute the total destination integral
(dst _t ot al ) given the destination field valuedgt fi el d) resulting from the sparse matrix multiply of the
weights in the weight file by the source field, the destinatioga (Ist _ar ea) calledar ea_b in the weight file,
and the destination fractiom$t fr ac) calledf r ac_b in the weight file. As in the previous paragraph, it also
shows how to adjust the destination fiettis¢ _f i el d) resulting from the sparse matrix multiply by the fraction
(dst _frac) calledf rac_b in the weight file:

dst _total =0.0
for each destination el enent
if (dst_frac(i) not equal to 0.0) then
dst _total =dst _total +dst_field(i)+dst_area(i)
dst _field(i)=dst_field(i)/dst_frac(i)
' If mass computed here after dst_field adjust, would need to be:
| dst_total =dst _total +dst field(i)+dst_area(i)=*dst _frac(i)
end if
end for

For weights generated using fraction area normalizatiers specifying * - norm_type fracarea"), no adjustment of
the destination fielddst _f i el d) by the destination fraction is necessary. The followingyz-code shows how to
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compute the total destination integrdbk(t _t ot al ) given the destination field valuedgt fi el d) resulting from
the sparse matrix multiply of the weights in the weight filetbg source field, the destination arda{ _ar ea) called
ar ea_b in the weight file, and the destination fractiast _f r ac) calledf r ac_b in the weight file:

dst _total =0.0
for each destination el enent i

dst _total =dst _total +dst_field(i)~dst_area(i)*dst_frac(i)
end for

For either normalization type, the following pseudo-cod®mves how to compute the total source integral
(src_t ot al) given the source field valuesi(c_fi el d), the source areas( c_ar ea) calledar ea_a in the
weight file, and the source fractioar(c_f r ac) calledf r ac_a in the weight file:

src_total=0.0
for each source el enment i

src_total =src_total +src_field(i)*src_area(i)*src_frac(i)
end for

The interpolation weights generated by this applicatiom antput to a NetCDF file (specified by the "-w" or
"- - weight" keywords). The format of this file is the same as thategated by SCRIP. See Section12.5 for a de-
scription of the format. Note that the sequence of the wsighthe file can vary with the number of processors used
to run the application. This means that two weight files gateet by using different numbers of processors can contain
exactly the same interpolation matrix, but can appear wdiffein a direct line by line comparison (such as would be
done by ncdiff).

12.2 Usage

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

ESMF_Regri dWei ght Gen
--source|-s src_grid_fil ename
--destination|-d dst_grid fil ename
--weight|-w out_weight file
--met hod| - m bi | i near | pat ch| near est dt os| near est st od| conser ve]
--pole|l-p none|all|teeth]|1]2|..]
--line_type|-1 cartesian|greatcircle]
--normtype dstarealfracarea]l
--ignore_unmapped| -i]
--ignore_degener at €]
--src_type SCRI P| GRI DSPEC| ESMF| UGRI D]
--dst _type SCRI P| GRI DSPEC| ESMF| UGRI D]
[-t SCRI P| GRI DSPEC| ESMF| UGRI D]
[-r]
[--src_regional]
[--dst_regional]
[--64bit_offset]
[--netcdf4]

[
[
[
[
[
[
[
[
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--src_neshnane dumy_var _nane]

--dst _neshnane dumy_var nane]
--src_m ssingval ue var _nane]
--dst _m ssi ngval ue var _nane]
--src_coordi nates | on_nane, | at _nane]
--dst _coordi nates | on_nane, var _nane]
--src_loc center|corner]
--dst _| oc center]|corner]
--user_areas]

- -check]

--no_Il og]

- - hel p]

--version]

[
[
[
[
[
[
[
[
[
[
[
[
[
[-V
wher e:

--source or -s - a required argunent specifying the source grid

file name

--destination or -d - a required argument specifying the destination
grid file nane

--weight or -w - a required argunent specifying the output regridding
wei ght file nane

--nmethod or -m - an optional argunent specifying which interpolation
nethod is used. The val ue can be one of the follow ng:

bilinear - for bilinear interpolation, also the
default method if not specified.
pat ch - for patch recovery interpolation
conserve - for first-order conservative interpolation
--pole or -p - an optional argunent indicating what to do with
t he pol e.

The val ue can be one of the follow ng:

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

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

teeth - No new pole point is constructed, instead
the holes at the poles are filled by
constructing triangles across the top and
bottomrow of the source Gid. This can be
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useful because no averagi ng occurs, however,
because the top and bottom of the sphere are
now flat, for a big enough m snmatch between
the size of the destination and source pole
regi ons, sone destination points may stil

not be able to be mapped to the source Gid.

<N> - Construct an artificial pole placed in the
center of the top (or bottom row of nodes,
but projected onto the sphere forned by the
rest of the grid. The value at this pole is
the average of the N source nodes next to
t he pol e and surroundi ng the destination
point (i.e. the value may differ for each
destination point. Here N ranges from1l to
t he nunber of nodes around the pole.

--line_type
or
-1 - an optional argunent indicating the type of path
lines (e.g. cell edges) follow on a spherica
surface. The default val ue depends on the regrid
net hod. For non-conservative nmethods the default is
cartesian. For conservative nmethods the default is
greatcircle.
--normtype - an optional argunent indicating the type of nornal -

i zation to do when generating conservative wei ghts.
The default value is dstarea.

--ignore_unmapped
or
-1 - ignore unmapped destination points. If not specified
the default is to stop with an error if an unmapped
point is found.

--ignore_degenerate

i gnore degenerate cells in the input grids. If not specified
the default is to stop with an error if an degenerate
cell is found.

--src_type - an optional argunent specifying the source grid file
type. The value could be one of SCRI P, GRIDSPEC, ESM-
or UGRID. The SCRIP file can be either structured or
unstructured grid. The GRIDSPEC is the only for the
structured grid defined in the CF convention
The ESMF and UCGRID file types are only available for
the unstructured grid. The default option is SCRI P

--dst _type - an optional argunent specifying the destination grid

file type. The val ue coul d be one of SCRI P, GRI DSPEC
ESMF or UGRID. The SCRIP file can be either structured
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--src_regiona

--dst _regiona

--64bit_offset

--netcdf 4

--src_neshnane

--dst _neshnane

or unstructured grid. The GRIDSPEC is the only for the
structured grid defined in the CF convention

UGRID. The ESMF and UGRID file types are only

avail abl e for the unstructured grid. The default

option is SCRIP.

an optional argunent specifying the file types for
both the source and the destination grid files. The
default optionis SCRIP. |If both -t and --src_type
or --dst_type are given at the same tine and they
di sagree with each other, an error nessage will be
gener at ed.

an optional argunent specifying that the source and
destination grids are regional grids. |f the argunent
is not given, the grids are assuned to be gl obal

an optional argunent specifying that the source is
a regional grid and the destination is a global grid.

an optional argunent specifying that the destination
is aregional grid and the source is a global grid.

an optional argunent specifying that the weight file
will be created in the Net COF 64-bit offset format

to allow variables |larger than 2GB. Note the 64-bit

of fset format is not supported in the Net COF version
earlier than 3.6.0. An error nessage will be generated
if this flag is specified while the application is
linked with a NetCDF library earlier than 3.6.0.

an optional argunent specifying that the output weight
will be created in the NetCDF4 format. This option
only works with NetCDF library version 4.1 and above
that was compiled with the NetCDF4 file format enabl ed
(with HDF5 conpression). An error message will be
generated if these conditions are not net.

this argunent is required if the source grid type is
UGRID. It defines the dumy vari abl e nane that has al
the topol ogy information stored in its attributes.

this argunent is required if the destination grid type
is UGRID. It defines the dumry variable nane that has
all the topology information stored in its attributes.

--src_m ssingvalue - an optional argunent that defines the variable name

in the source grid file if the file type is GRI DSPEC
or UGRID. The regridder will generate a mask using
the m ssing values of the data variable. The m ssing
val ue is defined using an attribute called "_Fill Val ue"
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--dst _m ssi ngval ue -

--src_coordi nates -

--dst _coordi nates -

--src_center -

--dst _center -

--user_areas -

--check -

or "m ssing_val ue"

an optional argunent that defines the variable name

in the destination grid file if the file type is

GRI DSPEC or UGRID. The regridder will generate a mask using
the m ssing values of the data variable. The m ssing

value is defined using an attribute called " _Fill Val ue"

or "m ssing_val ue"

an optional argunent that defines the |ongitude and
[atitude variable names in the source grid file if

the file type is GRIDSPEC. The variable nanes are
separated by conma. This argunent is required in case
there are multiple sets of coordinate vari abl es defined
inthe file. Wthout this argunent, the offline regrid
application will terminate with an error nessage when
nmul tiple coordinate variables are found in the file.

an optional argunent that defines the |ongitude and

[ atitude variable nanmes in the destination grid file

if the file type is GRIDSPEC. The variabl e names are
separated by conma. This argunment is required in case
there are multiple sets of coordinate variabl es defined
inthe file. Wthout this argunent, the offline regrid
application will terminate with an error nessage when
mul ti ple coordinate variables are found in the file.

an optional argunent that specifies whether to use the

center coordi nates or corner coordinates to do the regridding.
Currently, this flag is only required for non-conservative
regriddi ng when the source grid is an unstructured grid in
ESMF or UGRID format. For all other cases, only the center
coordinates is supported and that is also the default value if
this argunent is not specified.

an optional argunent that specifies whether to use the

center coordi nates or corner coordinates to do the regridding.
Currently, this flag is only required for non-conservative
regriddi ng when the destination grid is an unstructured grid in
ESMF or UGRID format. For all other cases, only the center
coordinates is supported and that is also the default value if
this argunent is not specified.

an optional argunment specifying that the conservation
is adjusted to hold for the user areas provided in
the grid files. If not specified, then the
conservation will hold for the ESMF cal cul at ed

(great circle) areas.

Wi chever areas the conservation holds for are output
to the weight file.

Check that the generated weights produce reasonabl e
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regridded fields. This is done by calling ESM-_Regrid()
on an anal ytic source field using the wei ghts generated
by this application. The nmean relative error between
the destination and analytic field is conputed, as well
as the relative error between the nmass of the source and
destination fields in the conservative case.

--no_l og - Turn off the ESMF Log files. By default, ESMF creates
multiple log files, one per PET.

--help - Print the usage nessage and exit.

--version - Print ESMF version and |icense information and exit.

-V - Print ESMF version nunmber and exit.

12.3 Examples

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

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

mpirun -np 4 ./ESM-_Regri dWightGen -s src.nc -d dst.nc -mconserve -w w. nc

The next example below shows the command to do the same thithg grevious example except for three changes.
The first change is this time the source grid is regionat 1 ¢c_r egi onal "). The second change is that for this
example bilinear interpolation{'m bi | i near ") is being used. Because bilinear is the default, we codd amit

the - m bi | i near". The third change is that in this example some of the detitingoints are expected to not be
found in the source grid, but the user is ok with that and justia those points to not appear in the weight file instead
of causing an error (" ").

mpirun -np 4 ./ESM-_RegridWightGen -i --src_regional -s src.nc -d dst.nc \
-mbilinear -w w. nc

The default grid file format is SCRIP, to use a grid file in amoutigrid format, you need to use the switches
"--src_type", "--dst_type"or"-t". For example, if the source grid is in UGRID format and thetdea-
tion grid is in GRIDSPEC format, the command to run the agion is:

npirun -np 4 ./ESM-_RegridWightGen -s src.nc -d dst.nc \
-mconserve -w w.nc --src_type UGRID --dst_type GRI DSPEC \
--src_meshnane nesh_dumy
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Since the source grid is a UGRID, an additional argumens't c_neshnane" needs to be provided. This is the
dummy variable used to define all the mesh topology inforomeiti the grid file.

The last example shows how to use the missing values of a ddtble to generate the grid mask for a GRIDSPEC
file, how to specify the coordinate variable names usingst c_coor di nat es" and use user defined area for the
conservative regridding.

mpirun -np 4 ./ESM-_Regri dWeightGen -s src.nc -d dst.nc -m conserve \
-W W.nc --src_type GRIDSPEC --src_m ssi ngval ue datavar \
--src_coordi nates lon,lat --user_areas

In the above example, "datavar" is the variable name defim#tki source grid that will be used to construct the mask
using its missing values. In additiorl, dn" and 'l at " are the variable names for the longitude and latitude \wlue
respectively.

12.4 Grid File Formats

This section describes the grid file formats supported by ESNhese are typically used either to describe grids to
ESMF_RegridWeightGen or to create grids within ESMF. THefang table summarizes the features supported by
each of the grid file formats.

Feature SCRIP | ESMF Unstruct.| GRIDSPEC| UGRID
Unstructured Grids YES YES NO YES
Logically-Rectangular Grids YES NO YES NO
2D Grids YES YES YES YES
3D Grids NO YES NO YES
Spherical Coordinates YES YES YES YES
Cartesian Coordinates NO YES NO NO
Non-Conserv Regrid on Corners NO YES NO YES

The rest of this section contains a detailed descriptioresach grid file format along with a simple example of the
format.

12.4.1 SCRIP Grid File Format

A SCRIP format grid file is a NetCDF file for describing gridshi3 format is the same as is used by the SCRIP [4]
package, and so grid files which work with that package shaldd work here. SCRIP format files are capable
of storing either 2D logically rectangular grids or 2D unstiured grids. The basic format for both of these grids
is the same and they are distinguished by the value ofthed_r ank variable. Logically rectangular grids have
gri d_r ank setto 2, whereas unstructured grids have this variabl® det t

The following is a sample header of a logically rectanguté fle:

netcdf remap_grid T42 {
di mensi ons:
grid_size = 8192 ;
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grid_corners = 4 ;
grid_rank = 2 ;

vari abl es:
int grid_dims(grid_rank) ;
doubl e grid center _lat(grid_size) ;

grid _center lat:units = "radi ans";

doubl e grid_center_lon(grid_size) ;
grid_center_lon:units = "radi ans"

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

doubl e grid corner_lat(grid _size, grid corners)
grid_corner_lat:units = "radi ans”

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

/1 gl obal attributes:
;title = "T42 Gaussian Gid" ;

}

Thegri d_si ze dimension is the total number of cells in the grigt;i d_r ank refers to the number of dimensions.
In this casegr i d_r ank is 2 for a 2D logically rectangular grid. The integer argayi d_di ns gives the number of
grid cells along each dimension. The number of cornersifestin each grid cell is givenbyri d_cor ners. The
grid corner coordinates need to be listed in an order sudhthkacorners are in counter-clockwise order. Also, note
that if your grid has a variable number of corners on gridszélien you should segfr i d_cor ner s to be the highest
value and use redundant points on cells with fewer corners.

The integer arragr i d_i mask is used to mask out grid cells which should not participatthanregridding. The
array should by zero for any points that do not participattheregridding and one for all other points. Coordinate
arrays provide the latitudes and longitudes of cell cerdarscell corners. The unit of the coordinates can be either
"radi ans" or "degr ees".

Here is a sample header from a SCRIP unstructured grid file:

net cdf ne4np4- pentagons {
di mensi ons:
grid_size = 866 ;
grid_corners = 5 ;
grid rank = 1 ;
vari abl es:
int grid_dims(grid_rank) ;
doubl e grid_center_lat(grid_size) ;
grid _center_lat:units = "degrees”
doubl e grid center _lon(grid_size) ;
grid _center_lon:units = "degrees”
doubl e grid_corner_lon(grid_size, grid_corners)
grid_corner_lon:units = "degrees";
grid_corner_lon:_FillValue = -9999. ;
doubl e grid corner_lat(grid_size, grid _corners)
grid_corner_lat:units = "degrees”
grid_corner_lat: _FillValue = -9999. ;
int grid_imask(grid_size) ;
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grid_imsk: FillValue = -9999. ;

doubl e grid _area(grid_size) ;
grid_area:units = "radi ans"2" ;
grid_area:long_nane = "area wei ghts" ;

}

The variables are the same as described above, howeve(ghéré r ank = 1). In this format there is no notion

of which cells are next to which, so to construct the unstmext mesh the connection between cells is defined by
searching for cells with the same corner coordinates. feegsameayri d_cor ner _| at andgri d_corner _| on
values).

Both the SCRIP grid file format and the SCRIP weight file formatk with the SCRIP 1.4 tools.

12.4.2 ESMF Unstructured Grid File Format

ESMF supports a custom unstructured grid file format for desg meshes. This format is more compatible than
the SCRIP format with the methods used to create an ESMF Mbpttp so less conversion needs to be done
to create a Mesh. The ESMF format is thus more efficient thaRIBGvhen used with ESMF codes (e.g. the
ESMF_RegridWeightGen application). However, this formdagsn’t currently support conversion to a dual mesh
which means that non-conservative regridding (e.g. Balines only supported on nodes.

The following is a sample header in the ESMF format followgdttlescription:

net cdf mesh-esnf {

di mensi ons:
nodeCount = 9 ;
el ement Count = 5 ;
maxNodePEl enment = 4 ;
coordDim= 2 ;

vari abl es:
doubl e nodeCoor ds(nodeCount, coordD m;
nodeCoords: units = "degrees" ;
i nt el enent Conn( el ement Count, naxNodePEl enent) ;
el ement Conn: | ong_name = "Node I ndices that define the el enent /
connectivity";
el ement Conn: _FillValue = -1 ;
byt e nuntl enent Conn( el enent Count) ;
nuntl ement Conn: | ong_name = "Nunber of nodes per elenent" ;
doubl e cent er Coor ds( el enent Count, coordbDi m ;
center Coords: units = "degrees" ;
doubl e el enent Area( el ement Count) ;
el ement Area: units = "radi ans®2" ;
el enment Area: | ong_nanme = "area wei ghts" ;

i nt el enent Mask( el ement Count) ;
el enent Mask: _Fill Val ue = -9999.
/1 gl obal attributes:
:gridType="unstructured";
:version = "0.9" ;

In the ESMF format the netCDF dimensions have the followingamngs. ThenodeCount dimension is the
number of nodes in the mesh. Tle¢ ement Count dimension is the number of elements in the mesh. The
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maxNodePEl enent dimension is the maximum number of nodes in any element imtash. For example, in

a mesh containing just triangles, theax NodePEIl enent would be 3. However, if the mesh contained one quadri-
lateral thenmaxNodePEl enent would need to be 4. Theoor dDi mdimension is the number of dimensions of
the points making up the mesh (i.e. the spatial dimensioh@htesh). For example, a 2D planar mesh would have
coor dDi mequal to 2.

In the ESMF format the netCDF variables have the followingamiags. ThenodeCoor ds variable contains the
coordinates for each nodeodeCoor ds is a two-dimensional array of dimensipnodeCount , coor dDi m) . For

a 2D Grid,coor dDi mis 2 and the grid can be either spherical or Cartisian. Iithiet s attribute is eithedegr ees

or radi ans, it is spherical. nodeCoor ds(:, 1) contains the longitude coordinates amodeCoor ds( : , 2)
contains the latitude coordinates. If the value oftimé t s attribute iskm ki | orret er s ornet er s, the grid is in
2D Cartesian coordinatesodeCoor ds(:, 1) contains the x coordinates anddeCoor ds(:, 2) contains the
y coordinates. The same order appliesént er Coor ds. For a 3D Grid,coor dDi mis 3 and the grid is assumed
to be CartesiannodeCoor ds(:, 1) contains the x coordinatespdeCoor ds(: , 2) contains the y coordinates,
andnodeCoor ds(:, 3) contains the z coordinates. The same order applieetd er Coor ds. A 2D grid in the
Cartesian coordinate can only be regridded into anotherrtDirgthe Cartesian coordinate.

The el enent Conn variable describes how the nodes are connected togetherno dach element. For each
element (i.e. each iteration of the first dimension of theiakde), this variable contains a list of 1-based in-
dices into thenodeCoor ds variable pointing to the nodes which make up that element.r ég@ample, if

el enent Conn( 2, 1. . 3) contains (1,2,4), then that means that the second elemasist® of the nodes whose
coordinates are described hpdeCoor ds( 1) , nodeCoor ds( 2) , andnodeCoor ds(4) . The order of the in-
dices describing the element is important. The proper daterlements available in an ESMF mesh can be found in
SectiorZ33.Z11. The file format does support 2D polygons witie corners than those in that section, but internally
these are broken into triangles. For these polygons, theec®should be listed such that they are in counter-cloekwis
order around the element. Because variables have to bagedss, the second dimension of theenent Conn vari-
able has to be the size of the largest number of nodes in amealgi.e.naxNodePEl enment ), the actual number
of nodes in an element is given by thenEl ement Conn variable. For a given dimension (i.e.oor dDi mj the
number of nodes in the element indicates the element shapexdmple in 2D, ihuEl enent Conn is 4 then the
elementis a quadrilateral. In 3D,nfunEl enent Conn is 8 then the element is a hexahedron.

The rest of the variables in the format are optional. €keat er Coor ds variable gives the coordinates of the center
of the corresponding element. This variable is currenttyused by ESMF. Thel enment Ar ea variable gives the
area (or volume in 3D) of the corresponding element. Thia é&@ised by ESMF during conservative interpolation.
If not specified, ESMF calculates the area (or volume) basetti® coordinates of the nodes making up the element.
The final variable is thel emrent Mask variable. This variable allows the user to specify a maskievdbr the
corresponding element. If the value is 1, then the elemantisasked and if the value is 0 the element is masked. If
not specified, ESMF assumes that no elements are masked.

The following is a picture of a small example mesh and a safaleIF format header using non-optional variables
describing that mesh:

2.0 7 ceee--- R 9
I I I
I 4 I 5 I
I I I
1.0 4 <c-co-- R 6
I |\ 3 |
I 1 I \ I
I | 2 \ |
0.0 1 ------- y 3
0.0 1.0 2.0
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Node i ndices at corners
El enent indices in centers

net cdf mesh-esnf {

di mensi ons:
nodeCount = 9 ;
el enent Count = 5 ;
maxNodePEl enment = 4 ;
coordDim= 2 ;

vari abl es:

doubl e nodeCoords(nodeCount, coordDi n;
nodeCoords: units = "degrees" ;

i nt el enent Conn( el ement Count, naxNodePEl enent) ;
el ement Conn: | ong_nanme = "Node I ndices that define the el enent /

connectivity";

el ement Conn: _FillValue = -1 ;

byt e nuntl enent Conn( el enent Count) ;
nunEl erent Conn: | ong_nanme = "Nunber of nodes per elenment" ;

/1 gl obal attributes:
1 gridType="unstructured";

:version = "0.9" ;
dat a:

nodeCoor ds=
0.0, 0.0,
1.0, 0.0,
2.0, 0.0,
0.0, 1.0,
1.0, 1.0,
2.0, 1.0,
0.0, 2.0,
1.0, 2.0,
2.0, 2.0 ;

el ement Conn=
1, 2, 5, 4,
2, 3, 5 -1,
3, 6, 5 -1,
4, 5,8, 7,
5 6, 9, 8;

nuntEl enent Conn= 4, 3, 3, 4, 4 ;

12.4.3 CF Convention GRIDSPEC File Format

ESMF_RegridWeightGen supports NetCDF files that follow@teGRIDSPEC convention for logically rectangular
lat/lon grids.
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GRIDSPEC is a draft proposal to extend the Climate and Fet€€&) metadata conventions for the representation
of gridded data for Earth System Models. The original GRIBESRtandard was proposed by V. Balaji and Z. Liang
of GFDL (see_ref). It was further developed by D. Kindig andPetzer of Tech X. The ESMF implementation is
based on the 02/09/2012 version of the proposal developeztatX (Unfortunately, the link to this document is now
broken and we have been unable to find a new one that works, sanitecurrently point to it).

GRIDSPEC extends the current CF convention to support gadaigs, i.e., a grid consisting of multiple logically
rectangular grid tiles. It also provides a mechanism foriistpa grid dataset in multiple files. Therefore, it introdac
different types of files, such as a mosaic file that defines thkipfe tiles and their connectivity, a host file that
aggregates the grid mosiac and the data files, and a tile fieegmgle tile grid definition.

Currently, ESMF only supports the Grid creation and regrigdrom a single tile grid file. A tile file is a CF compliant
NetCDF file for a logically rectangular lat/lon grid based the! CFE Metadata Conventions V1.6. An example grid
file is shown below. The cell center coordinate variablesdatermined by the value of its attributeni t s. The
longitude variable has the attribute value set to eittegr ees_east ,degr ee_east ,degr ees_E, degree_E,
degr eesE or degr eeE. The latitude variable has the attribute value sedegr ees_nort h, degree_nort h,
degrees_N, degree_N, degr eesNor degr eeN. The latitude and the longitude variables are one-dimeasio
arrays if the grid is a regular lat/lon grid, two-dimensibaerays if the grid is curvilinear. The bound coordinate
variables define the bound or the corner coordinates of a Takt bound variable name is specified in bmuinds
attribute of the latitude and longitude variables. In thkofeing example, the latitude bound variabld iat _bnds

and the longitude bound variableli®n_bnds. The bound variables are 2D arrays for a regular lat/lon grid

a 3D array for a curvilinear grid. The first dimension of theubd array is 2 for a regular lat/lon grid and 4 for a
curvilinear grid. The bound coordinates for a curvilineadds defined in counterclockwise order. In the example
below, the grid is a regular lat/lon grid, thus the coordinadriables are 1D and the bound variables are 2D with the
first dimension equal to 2. The bound coordinates will be lieaahd stored in a ESMF Grid object as the corner
stagger coordinates when doing a conservative regrid.da tteere are multiple sets of coordinate variables defined in
a grid file, the offline regrid application will return an erfor duplicate latitude or longitude variables unless teeru
uses*-src_coordi nates"or"--src_coordi nat es"to specify the coordinate variable names to be used in
the regrid.

Since a GRIDSPEC tile file does not have a way to specify trbrgask, the mask is usually derived by the missing
values stored in a data variable. ESMF_RegridWeightGevighes an option for users to derive the grid mask from a
data variable’s missing values. The value of the missingevid defined by the variable attributessi ng_val ue or

_Fi I I Val ue. If the value of the data point is equal to the missing valbe grid mask for that grid point is set to O,
otherwise, itis setto 1. In the following grid, the variable can be used to derive the grid mask. A data variable could
be a 2D, 3D or 4D. For example, it may have additional depthtiamel dimensions. It is assumed that the first and the
second dimensions of the data variable should be the lagyand the latitude dimension. ESMF_RegridWeightGen
will use the first 2D data values to derive the grid mask.

netcdf single tile grid {

di nensi ons:

time =1 ;

bound = 2 ;

lat = 181 ;

lon = 360 ;

vari abl es:

doubl e lat(lat)

| at: bounds = "l at_bnds" ;
l[at:units = "degrees_north" ;
lat:long _nanme = "l atitude" ;
| at: standard_nane = "l atitude"
doubl e | at _bnds(l at, bound)
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doubl e lon(lon) ;

| on: bounds = "l on_bnds" ;

[ on: 1 ong_name = "l ongitude" ;

| on: standard_nane = "l ongitude" ;
[on:units = "degrees_east" ;
doubl e | on_bnds(l on, bound) ;
float so(tine, lat, lon) ;

so: standard_nane = "sea_water_salinity" ;
so:units = "psu" ;

so: m ssing_val ue = 1.e+20f ;

}

12.4.4 CF Convention UGRID File Format

ESMF_RegridWeightGen supports NetCDF files that followlt&RID conventions for unstructured grids.

The UGRID file format is a proposed extension to the CF metadanventions for the unstructured grid data model.
The latest proposal can be found| at https://github.comdegpnventions/ugrid-conventicns. The proposal is still
evolving, the Mesh creation APl and ESMF_RegridWeightGetthie current ESMF release is based on UGRID
Version 0.9.0 published on October 29, 2013.

In the UGRID proposal, a 1D, 2D, or 3D mesh topology can be ddffior an unstructured grid. Currently, ESMF
supports two types of meshes: (1) the 2D flexible mesh togyoddpre each cell (a.k.a. "face" as defined in the UGRID
document) in the mesh is either a triangle or a quadrilatarad (2) the fully 3D unstructured mesh topology where
each cell (a.k.a. "volume" as defined in the UGRID documenthe mesh is either a tetrahedron or a hexahedron.
Pyramids and wedges are not currently supported in ESMRhbytcan be defined as degenerate hexahedrons.

The main addition of the UGRID extension is a dummy varialtiat tdefines the mesh topology. This ad-
ditional variable has a required attributé _r ol e with value " mesh_t opol ogy". In addition, it has two
more required attributes:t opol ogy_di nensi on and node_coordi nates. If it is a 2D mesh (i.e.,

t opol ogy_di nensi on equals to 2), an additional attributeace_node_connecti vi ty is required. Ifitis

a 3D mesh (i.et opol ogy_di nensi on equals to 3), two additional attributes! une_node_connectivity
andvol ure_shape_t ype are required. The value of attributeode_coor di nat es is a list of the names
of the node longitude and latitude variables, plus the ¢lewavariable if it is a 3D mesh. The value of attribute
face_node_connectivity orvol ume_node_connecti vi ty is the variable name that defines the corner
node indices for each mesh cell. The additional attrimdeune_shape_t ype for the 3D mesh points to a flag
variable that specifies the shape type of each cell in the mesh

Below is a sample 2D mesh calleétVCOM gri d2d. the dummy mesh topology variablefi¥com nesh. As
described above, itsf _r ol e attribute has to beesh_t opol ogy andt opol ogy_di nensi on attribute has to
be 2 for a 2D mesh. It defines the node coordinate variable si&origel on andl at . It also specifies the face/node
connectivity variable name aw.

The variablenv is a two-dimensional array that defines the node indicesaif &ece. The first dimension defines the
maximal number of nodes for each face. In this example, ittisaagle mesh so the number of nodes per face is 3.
Since each face may have different number of corner nodes sbthe cells may have fewer nodes than the specified
dimension. In that case, it is filled with the missing value§imkd by the attributeFi | | Val ue. If _Fi | | Val ue

is not defined, the default value is -1. The nodes are in coetdekwise order. An optional attributs art _i ndex
defines whether the node index is 1-based or O-baseslt df t _i ndex is not defined, the default node index is
0-based.

The coordinate variables follows the CF metadata converftio coordinates. They are 1D array with attribute
st andar d_nane being eithet at i t ude orl ongi t ude. The units of the coordinates can be eitdegr ees or
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radi ans.

The UGRID files may also contain data variables. The data radgdated at the nodes or at the faces. Two additional
attributes are introduced in the UGRID extension for theadatriables:| ocati on andnmesh. Thel ocati on
attribute defines where the data is located, it can be eithee or node. Thenesh attribute defines which mesh
topology this variable belongs to since multiple mesh tog@s may be defined in one file. Theor di nat es
attribute defined in the CF conventions can also be used tziass the variables to their locations. ESMF checks
bothl ocat i on andcoor di nat es attributes to determine where the data variable is defined .upboth attributes
are present,ocat i on attribute takes the precedence. ESMF_RegridWeightGesithealata variable on the face to
derive the element masks for the mesh cell and variable ondte to derive the node masks for the mesh.

When creating a ESMF Mesh from a UGRID file, user has to prottidemesh topology mesh variable name to
ESMF_MeshCreate().

net cdf FVCOM grid2d {
di mensi ons:

node = 417642
nel e = 826866
three = 3 ;

time =1 ;
vari abl es:

/1 Mesh topol ogy
int fvcom nesh;

fvcom nesh: cf_role = "mesh_t opol ogy" ;

fvcom nesh: t opol ogy_di nensi on = 2. ;

fvcom nesh: node_coordi nates = "lon lat" ;
fvcom nesh: face _node_connectivity = "nv" ;
int nv(nele, three) ;

nv: standard_name = "face_node_connectivity" ;

nv:start _index = 1. ;

/1 Mesh node coordi nates
float |on(node) ;

| on: standard_nane = "l ongi tude" ;
lon:units = "degrees_east" ;
float |at(node) ;
| at: standard_nane = "l atitude" ;
lat:units = "degrees_north" ;

/1 Data variable

float ua(time, nele) ;

ua: standard_nanme = "barotropi c_eastward _sea_ water_velocity" ;
ua: m ssing_val ue = -999. ;

ua: |l ocation = "face" ;

ua: nesh = "fvcom nesh" ;

float va(time, nele) ;

va: standard_name = "barotropic_northward_sea_water_vel ocity" ;
va: m ssing_value = -999. ;

va:location = "face" ;

va: mesh = "fvcom mesh" ;

}

58



Following is a sample 3D UGRID file containing hexahedronlscel the dummy mesh topology variable is
fvcom nesh. Its cf_rol e attribute has to beresh_t opol ogy andt opol ogy_di nensi on attribute has
to be 3 for a 3D mesh. There are two additional required atiei vol une_node_connecti vi t y specifies a
variable name that defines the corner indices of the mesharedlvol ume_shape_t ype specifies a variable name
that defines the type of the mesh cells.

The node coordinates are defined by variahledel on, nodel at andhei ght . Currently, the units attribute for the
height variable is eitheki | onet er s, kmor net er s. The variablever ti ds is a two-dimensional array that de-
fines the corner node indices of each mesh cell. The first ditoenlefines the maximal number of nodes for each cell.
There is only one type of cells in the sample grid, i.e. herats, so the maximal number of nodes is 8. The node
order is defined iT—332.1. The index can be either 1-baseebaséd and the default is 0-based. Setting an optional
attributest art _i ndex to 1 changed it to 1-based index scheme. The varisb#ht ype is a one-dimensional in-
teger array that defines the shape type of each cell. Cuyr&8MF only supports tetrahedron and hexahedron shapes.
There are three attributes mesht ype: f| ag_r ange, f1 ag_val ues, andf | ag_neani ngs representing the
range of the flag values, all the possible flag values, and #aning of each flag value, respectivdly.ag_r ange

andf | ag_val ues are either a scalar or an array of integdrsag_nmeani ngs is a text string containing a list of
shape types separated by space. In this example, thergzisrmkhape type, thus, the valuesresht ype are all 1.

net cdf wam ugri d100_110 {
di mensi ons:

nnodes = 78432 ;

ncells = 66030 ;

eight = 8 ;

vari abl es:

int mesh ;

mesh: cf _role = "nesh_t opol ogy"

nesh: t opol ogy_di mensi on = 3. ;

nmesh: node_coor di nat es = "nodel on nodel at hei ght"
mesh: vol ume_node_connectivity = "vertids"
mesh: vol ume_shape_type = "meshtype" ;

doubl e nodel on( nnodes)

nodel on: standard_nanme = "l ongi tude" ;
nodel on: units = "degrees_east" ;

doubl e nodel at (nnodes)

nodel at: standard_nane = "l atitude"
nodel at: units = "degrees_north"

doubl e hei ght (nnodes)

hei ght : standard_nane = "el evati on"

hei ght:units = "kiloneters" ;

int vertids(ncells, eight) ;

vertids:cf_role = "vol ume_node_connectivity" ;

vertids:start _index = 1. ;

i nt nmeshtype(ncells) ;

neshtype: cf _role = "vol une_shape_type" ;
meshtype: flag_range = 1. ;

meshtype: fl ag_val ues = 1. ;
mesht ype: fl ag_meani ngs = "hexahedron" ;

}
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12.5 Regrid Interpolation Weight File Format

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

net cdf t42npas-bilinear {
di mensi ons:

n_a = 8192 ;
n_b = 20480
n_s = 42456 ;
nv_a = 4 ;
nvb =3 ;

numwgts = 1 ;
src_grid_rank
dst _grid _rank
vari abl es:

int src_grid_dinms(src_grid_rank)
int dst_grid_dinms(dst_grid_rank)
doubl e yc_a(n_a)

2,
1;

yc_a:units = "degrees" ;
doubl e yc_b(n_b) ;
yc_b:units = "radi ans"
doubl e xc_a(n_a)
Xc_a:units = "degrees"
doubl e xc_b(n_b) ;
XC_b:units = "radi ans" ;
double yv_a(n_a, nv_a) ;
yv_a:units = "degrees"
doubl e xv_a(n_a, nv_a)
XV_a:units = "degrees" ;
double yv_b(n_b, nv_b) ;
yv_b:units = "radi ans" ;
doubl e xv_b(n_b, nv_b)
Xv_b:units = "radi ans"
int mask_a(n_a)
mask_a:units = "unitless"
int mask_b(n_b) ;
mask_b:units = "unitl ess”
doubl e area_a(n_a)
area_a:units = "square radi ans"
doubl e area_b(n_b)
area_b:units = "square radi ans”
double frac_a(n_a) ;
frac_a:units = "unitl ess"
doubl e frac_b(n_b)
frac_b:units = "unitl ess"
int col(n_s)

int romn_s) ;

doubl e S(n_s)
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/1 gl obal attributes:

;title = "ESMF O fline Regridding Wi ght Generator" ;
:normalization = "destarea" ;

:map_nethod = "Bilinear remapping" ;

:conventions = "NCAR-CSM' ;

:domain_a = "T42 grid.nc" ;

:domain_b = "grid-dual.nc" ;

cgrid_file_src = "T42_grid.nc" ;

cgrid_file_dst = "grid-dual.nc" ;

:CVS revision = "5.3.0 beta snapshot" ;

Variables ended with "a" are the variables for the source grid and the ones ended 'withi are the vari-
ables for the destination grid. For instang®,_a andyc_a are corresponding to thgri d_cent er _| on and
grid_center_| at variables in the source grid file. The grid information irdéis the center and corner coor-
dinates and the grid mask arraymék _a andnask_b) from the input grid files. The grid areaar(ea_a and

ar ea_b) are either provided by the user or computed®8MF_Regr i dWei ght Gen. The grid area array is only
output when the conservative remapping option is used. 8hees of the area array are set to zero for bilinear and
patch remappings. The grid frac arrafs &c_a andf r ac_b) are calculated blffSMF_Regr i d\Wei ght Gen. For
conservative remapping, the grid frac array returns tha feetion of the grid cell which participates in the remap-
ping. For bilinear and patch remapping, the destinatiod fyac array is one where the grid point participates in the
remapping and zero otherwise. For bilinear and patch remgpiine source grid frac array is always set to zero.

Thei ndi ces andwei ght s generated biESMF_Fi el dRegr i dSt or e() are stored in the output file as variables
col ,rowandS. Wherecol andr ow are the indices to the source and the destination grid cEllese are a one-
dimension array with length defined by dimensions. S is the weight which is multiplied by the source value
indicated bycol and then summed with the destination value indicated dwy to build the final interpolated value
of the destination.

The global attributes in the interpolation weight file désersome information about the process which generated the
weights. The i t | e is always fixed at “ESMF Offline Regridding Weight Generafior'a weight file generated by the
ESMF offline weight generation application. Tihher mal i zat i on attribute describes how the conservative weights
are calculated, currently this is always set to “destareaahise this is the only option which we currently support.
The setting “destarea” means that the conservative weryletcalculated by dividing the area of the intersection
of the source and destination cells by the area of the déistinaell. This is set even when the weights are not
conservative in which case it can be ignored. Ta@_ et hod attribute indicates the interpolation type. The format
of the interpolation weight file was developed by a group idet®f ESMF, because of its use by utilities outside
of ESMF control, the range of some of the meta data is comstdai Thenap_net hod is one of these. Because
of this constraint, there is no map method correspondingatotpinterpolation. A weight file generated with the
“patch” interpolation method will haverap_net hod set to “Bilinear remapping”. Theonvent i ons attribute
indicates the format of the weight file, currently only “NCABSM” is supported. The attributetonai n_a and
grid_file_src bothindicate the source grid file name. The attributesai n_b andgri d_fil e_dst both
indicate the destination grid file nam&VS _r evi si on indicates the version of ESMF containing the application
which was used to generate the weight file.

The following code shows how to apply the weights in the wefiéa to interpolate a source field (src_field) defined
over the source grid to a destination field (dst_field) defiovat the destination grid. The variabless, n_b, r ow,
col , andS are from the weight file.

| Initialize destination field to 0.0
doi=1, n_b
dst _field(i)=0.0
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enddo

I Apply weights
do i=1, n_s

dst _field(row(i))=dst _field(rowi))+S(i)*src_field(col(i))
enddo

If the first-order conservative interpolation method wascéfied ("-m conserve") then the destination field may need
to be adjusted by the destination fractidm @c_b) if the destination grid extends outside the unmasked sogrid.

(If it isn't known if the destination extends outside the smy then it doesn’t hurt to apply the destination fraction i
either case. If it doesn’t extend outside, then the fraotidhbe 1.0 everywhere anyway.) The following code shows
how to adjust an already interpolated destination field fitdt) by the destination fraction. The variablesb, and

f rac_b are from the weight file:

I Adjust destination field by fraction
do i=1, n_b
if (frac_b(i) .ne. 0.0) then
dst _field(i)=dst _field(i)/frac_b(i)
endi f
enddo

12.6 ESMF_RegridWeightGenCheck

The ESMF_RegridWeightGen application is used in|the ESMIgriRWeightGenCheck external dEmo to generate
interpolation weights. These weights are then tested hygugiem for a regridding operation and then comparing
them against an analytic function on the destination griis External demo is also used to regression test ESMF
regridding, and it is run nightly on over 90 combinationstofistured and unstructured, regional and global grids, and
regridding methods.

13 ESMF_Regrid

13.1 Description

This section describes the file-based regridding apptingirovided by ESMF (for a description of ESMF regridding
in general see Sectidn 2K.2). Regridding, also called reingpor interpolation, is the process of changing the
grid that underlies data values while preserving qualibiethe original data. Different kinds of transformationg ar
appropriate for different problems. Regridding may be egathen communicating data between Earth system model
components such as land and atmosphere, or between diffet@arsets to support operations such as visualization.

Regridding can be broken into two stages. The first stagenisrgéion of an interpolation weight matrix that describes
how points in the source grid contribute to points in the idesion grid. The second stage is the multiplication of
values on the source grid by the interpolation weight matriproduce values on the destination grid. This occurs
through a parallel sparse matrix multiply.

The ESM-_Regr i dWei ght Gen application described in Secti@nl12 performs the first stfghe regridding pro-
cess - generate the interpolation weight matrix. This tadlamly calculates the interpolation weights, it also agpli
the weights to a variable stored in the source grid file andiyces the interpolated values on the destination grid.
The interpolated output variable is written out to the deston grid file. This tool only supports two CF compliant
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file formats: the GRIDSPEC Tile grid file formdf(_IZM1.3) fotamically rectangular grid and the UGRID file for-
mat(TZ.ZH4) for unstructured grid. The SCRIP forrhaf(IB.4nd the ESMF unstructured grid formai(1214.2) are not
supported because there is no way to define a variable fielg tisese two formats. Currently, the tool only works
with 2D grids, the support for the 3D grid will be made avaitaim the future release. The variable array can be up
to four dimensions. The variable type is currently limitedsingle or double precision real numbers. The support for
other data types, such as integer or short will be added ifutbee release.

The user interface of this tool is greatly simplified fr&8MF_Regr i dWei ght Gen. User only needs to provide two
input file names, the source and the destination variableesamd the regrid method. The tool will figure out the type
of the grid file automatically based on the attributes of thgable. If the variable has@oor di nat es attribute, the
grid file is a GRIDSPEC file and the value of theor di nat es defines the longitude and latitude variable’s names.
For example, following is a simple GRIDSPEC file with a vateabamedPSL and coordinate variables namledn
andl at .

net cdf sinple_gridspec {
di nensi ons:
| at
| on
vari abl es:
float PSL(lat, lon) ;
PSL:time = 50.
PSL:units = "Pa"
PSL: 1 ong_nanme = "Sea | evel pressure" ;
PSL: cel | _net hod "tinme: nmean" ;

192
288 ;

PSL: coor di nat es “lon lat" ;
double lat(lat) ;

lat:long_nane = "l atitude" ;

lat:units = "degrees_north" ;
doubl e lon(lon) ;

[ on: 1 ong_name = "l ongitude" ;

[on:units = "degrees_east" ;

If the variable has aesh attribute and & ocat i on attribute, the grid file is in UGRID formal(12.3.4). The valu

of mesh attribute is the name of a dummy variable that defines the rnegstiogy. If the application performs a
conservative regridding, the value of thecat i on attribute has to béace, otherwise, it has to beode. This is
because ESMF only supports non-conservative regriddintp@mlata stored at the nodes of a ESMF_Mesh object,
and conservative regridding on the data stored at the dei€ESMF_Mesh object.

Here is an example 2D UGRID file:

netcdf sinple_ugrid {
di mensi ons:

node = 4176 ;
nel e = 8268 ;
three = 3 ;
time =2 ;
vari abl es:
float |on(node) ;
[on:units = "degrees_east" ;

float |at(node) ;
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lat:units = "degrees_north"
float lonc(nele) ;
lonc:units = "degrees_east" ;
float latc(nele) ;
latc:units = "degrees_north" ;
int nv(nele, three) ;
nv: standard_nane = "face_node_connectivity" ;
nv:start _index = 1. ;
float zeta(time, node)
zeta: standard_nanme = "sea_surface_hei ght _above_geoi d" ;
zeta: FillValue = -999. ;
zeta:l ocation = "node"
zeta: mesh = "fvcom nesh" ;
float ua(tine, nele) ;
ua: st andard_name = "barotropi c_eastward_sea_water_velocity" ;
ua: _FillVvalue = -999. ;
ua: |l ocation = "face"
ua: mesh = "fvcom nesh" ;
float va(tine, nele) ;
va: standard_name = "barotropi c_northward_sea water_vel ocity" ;
va: FillVvalue = -999. ;
va: |l ocation = "face"
va: nesh = "fvcom nesh" ;
i nt fvcom nesh(node)
fvcom nesh: cf_role = "mesh_t opol ogy" ;
fvcom nesh: di mension = 2. ;
fvcom nesh: | ocati ons = "face node"
fvcom nesh: node_coordi nates = "lon lat"
fvcom nesh: face _coordinates = "lonc latc" ;

fvcom nesh: f ace_node_connectivity = "nv" ;

There are three variables defined in the above UGRID filet-a on the node of the mesha andva on the face of
the mesh. All three variables have one extra time dimension.

If the variable specified for the destination file does naadly exist in the file, the file type is determined as follows:
First search for a variable that hasfa_r ol e attribute of valueresh_t opol ogy. If successful, the file isa UGRID
file. The destination variable will be created on the noddhefregrid method is non-conservative and the source
variable is located on the nodes. Otherwise, the destimatdable will be created on the face. If the destination file
is not a UGRID file, check if there is a variable with itai t s attribute set talegr ees_east and another variable
with it's uni t s attribute set talegr ees_west . If such a pair is found, the file is a GRIDSPEC file and the above
two variables will be used as the coordinate variables fentriable to be created. If more than one pair of coordinate
variables are found in the file, the application will fail tvian error message.

If the destination variable exists in the destination giliel it has to have the same number of dimensions and the same
type as the source variable. Except for the latitude andifodg dimensions, the size of the destination variable’s
extra dimensions (e.g., time and vertical layers) has temaith the source variable. If the destination varialbesdoe
not exist in the destination grid file, a new variable will beated with the same type and matching dimensions as
the source variable. All the attributes of the source véeiakill be copied to the destination variable except those
related to the grid definition (i.ecoor di nat es attribute if the destination file is in GRIDSPEC formatmsh and

| ocat i on attributes if the destination file is in UGRID format.
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Additional rules beyond the CF convention are adopted terdahe whether there is a time dimension defined in the
source and destination files. In this application, only aatision with a namei ne is considered as a time dimension.

If the source variable hastd ne dimension and the destination variable is not already defitiee application first
checks if there is &i me dimension defined in the destination file. If so, the valuethet i ne dimension in both
files have to be identical. If the time dimension values darétch, the application terminates with an error message.
The application does not check the existencetof ae variable or if theuni t s attribute of thet i ne variable match

in two input files. If the destination file does not have iane dimension, it will be created. UNLIMITED time
dimension is allowed in the source file, but theme dimension created in the destination file is not UNLIMITED.

This application requires the NetCDF library to read thel dites and write out the interpolated variable. To compile
ESMF with the NetCDF library, please refer to the "Third Raiibraries” Section in the ESMF User’s Guide for more
information.

Internally this application uses the ESMF public API to penfi regridding. If a source or destination grid is logically
rectangular, theBSM-_Gr i dCr eat e() (BI.EIB) is used to create an ESMF_Grid object from theTite coordi-
nate variables are stored at the center stagger locdieMH_STAGCERLOC_CENTER). If the application performs
a conservative regridding, theddCor ner St ager argument is set td RUE and the bound variables in the grid
file will be read in and stored at the corner stagger locati3M- STAGGERLOC CORNER). If the variable has an
_Fi I'l Val ue attribute defined, a mask will be generated using the misshges of the variable. The data variable
is defined as a ESMF_Field object at the center stagger toc@SM- STAGGERLOC_CENTER) of the grid.

If the source grid is an unstructured grid and the the regmthiod is nearest neighbor, or if the destination grid is
unstructured and the regrid method is non-conservai@/ LocSt r eanCr eat e( ) (BZZI% is used to create
an ESMF_LocStream object. Otherwi&SM-_MeshCr eat e( ) (B34T) is used to create an ESMF_Mesh object
for the unstructured input grids. Currently, only the 2D tumstured grid is supported. If the application performs a
conservative regridding, the variable has to be defined efficite of the mesh cells, i.e., lt®cat i on attribute has

to be set td ace. Otherwise, the variable has to be defined on the node arldatsa i on attribute is set tmode).

Similar to ESMF_Regr i dWi ght Gen application (Sectiofi12), this application supports Ieilin patch, nearest
neighbor, or first-order conservative interpolation. Tlsdiptions of different interpolation methods can be fbun
at Sectior.24]2 and Sectibnl12. It also supports differel® pethods for non-conservative interpolation and allows
user to choose to ignore the errors when some of the destinatints cannot be mapped by any source points.

13.2 Usage

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

ESMF_Regrid
--source|-s src_grid_fil enanme
--destination|-d dst_grid_fil ename
--src_var var_nane
--dst _var var_nane
[--met hod| - m bi | i near| pat ch| near est dt os| near est st od| conser ve]
[--pole|l-p none|all|teeth]|1]2]..]
[--ignore_unmapped|-i]
[--1gnore_degenerate]
[-r]
[--src_regional]
[--dst_regional]
[--no_l og]
[--help]
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[ -
[-

wher e
--source or

--destination or

-- src_var

-- dst_var

--nmet hod or

--pole or -p

-version]

-S

-m

-d

a required argunent specifying the source grid

file nanme

a required argunent specifying the destination

grid file nane

a required argunent specifying the name of the variable
inthe src grid file to be interpolated from

a required argunent specifying the nane of the variable
to be interpolated to. The variable may or may not
exist in the destination grid file

an optional argunent specifying which interpolation
nethod is used. The val ue can be one of the follow ng:

bil i near for

bilinear interpolation, also the

default method if not specified.

pat ch - for

nearstdtos - for
nearststod - for
conserve - for

patch recovery interpolation

near est destination to source interpolation
nearest source to destination interpolation
first-order conservative interpolation

an optional argunent indicating what to do with

t he pol e.

The val ue can be one of the follow ng:

none - No pol e,

the source grid ends at the top

(and bottom) row of nodes specified in
<source grid>.

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

teeth - No new pole point is constructed, instead
the holes at the poles are filled by
constructing triangles across the top and
bottomrow of the source Gid. This can be

useful because no averagi ng occurs, however,
because the top and bottom of the sphere are
now flat, for a big enough m snmatch between
the size of the destination and source pole
regi ons, sone destination points nmay stil

not be able to be mapped to the source Gid.
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<N> - Construct an artificial pole placed in the
center of the top (or botton) row of nodes,
but projected onto the sphere forned by the
rest of the grid. The value at this pole is
t he average of the N source nodes next to
t he pol e and surroundi ng the destination
point (i.e. the value may differ for each
destination point. Here N ranges from1l to
t he nunber of nodes around the pole.

--ignore_unmapped
or
-1 - ignore unmapped destination points. If not specified
the default is to stop with an error if an unmapped
point is found.

--ignore_degenerate - ignore degenerate cells in the input grids. If not specified
the default is to stop with an error if an degenerate
cell is found.

-r - an optional argunent specifying that the source and
destination grids are regional grids. |If the argunent
is not given, the grids are assuned to be gl obal

--src_regional - an optional argunent specifying that the source is
a regional grid and the destination is a global grid.

--dst _regional - an optional argunent specifying that the destination
is aregional grid and the source is a global grid.

--no_l og - Turn off the ESMF error | og
--help - Print the usage nessage and exit.
--version - Print ESMF version and license information and exit.

-V - Print ESMF versi on nunber and exit.

13.3 Examples

The example below regrids the node variab&t a defined in the sample UGRID fi[e[IB.1) to the destination grid
defined in the sample GRIDSPEC file(113.1) using bilinearideting method and write the interpolated data into a
variable namedet a.

npirun -np 4 ESMF Regrid -s sinple_ugrid.nc -d sinple_gridspec.nc \
--src_var zeta --dst_var zeta
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In this case, the destination variable does not exist inpl e_ugri d. nc and thet i e dimension is not defined in
the destination file. The resulting output file has a new tiineethsion and a new variabket a. The attributes from
the source variableet a are copied to the destination variable exceptrfesh andl ocati on. A new attribute
coor di nat es is created for the destination variable to specify the namhése coordinate variables. The header of
the output file looks like:

net cdf sinpl e_gridspec {
di mensi ons:
| at
| on
time =
vari abl es:
float PSL(lat, lon) ;
PSL:time = 50. ;
PSL:units = "Pa"
PSL: 1 ong_nanme = "Sea | evel pressure" ;
PSL: cel | _net hod "tinme: nmean" ;

2,
8

19
28
2

PSL: coor di nat es “lon lat" ;
double lat(lat) ;

lat:long _nanme = "latitude" ;

lat:units = "degrees_north" ;
doubl e lon(lon) ;

[ on: 1 ong_name = "l ongitude" ;

[on:units = "degrees_east" ;
float zeta(time, lat, lon) ;

zet a: standard_nane = "sea_surface_hei ght _above geoi d" ;

zeta: FillValue = -999. ;

zeta:coordinates = "lon lat" ;

The next example shows the command to do the same thing asafieys example but for a different variahla.
Sinceua is defined on the face, we can only do a conservative regigddin

npirun -np 4 ESMF Regrid -s sinple_ugrid.nc -d sinple_gridspec.nc \
--src_var ua --dst_var ua -m conserve

14 ESMF_Scrip2Unstruct

14.1 Description

TheESMF_Scri p2Unst r uct application is a parallel program that converts a SCRIP &ugnid file[TZ.Z1L into an
unstructured grid file in the ESMF Unstructured file forfinai#l2 or in the UGRID file formdt12.4.4. This application
program can be used together wEBMF_Regr i dWei ght Gen [I2 application for the unstructured SCRIP format
grid files. An unstructured SCRIP grid file will be converteda the ESMF unstrutured file format internally in
ESMF_Regri dWei ght Gen. The conversion subroutine used EB$SM-_Regr i dWei ght Gen is sequential and
could be slow if the grid file is very big. It will be more efficieto run theESMF_Scr i p2Unst r uct first and then
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regrid the output ESMF or UGRID file usirlgSMF_Regr i dWei ght Gen. Note that a logically rectangular grid file
in the SCRIP format (i.e. the dimensigni d_r ank is equal to 2) can also be converted into an unstructured grid
file with this application.

The application usage is as follows:

ESMF_Scri p2Unstruct inputfile outputfile dualflag [filefornmat]

wher e
inputfile - a SCRIP format grid file
outputfile - the output file nane
dual f1 ag - 0 for straight conversion and 1 for dual

nmesh. A dual nesh is a nmesh constructed
by putting the corner coordinates in the
center of the elenments and using the
center coordinates to formthe nesh
corner vertices.

fileformat - an optional argunent for the output file
format. It could be either ESMF or UGRID.
If not specified, the output fileis in
the ESMF fornat.
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15 Overview of Superstructure

ESMF superstructure classes define an architecture fomédisg Earth system applications from modelicgmpo-
nents A component may be defined in terms of the physical domainithepresents, such as an atmosphere or sea
ice model. It may also be defined in terms of a computationattion, such as a data assimilation system. Earth
system research often requires that such componerdeuyged together to create an application. By coupling we
mean the data transformations and, on parallel computistesys, 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 ptalglomains 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 hierarchical application structurehicfvarge components branch into smaller sub-components
(see FigurEl?). ESMF also makes it easier for the same comptmee 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.
Multiple program, multiple datastream (MPMD) option forileility.

15.1 Superstructure Classes

There are a small number of classes in the ESMF supersteuctur

e ComponentAn ESMF component has two parts, one that is supplied by ESMFoae that is supplied by the
user. The part that is supplied by the framework is an ESMivelétype 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 gridseXxample, 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 methidh,include initialize, run, and finalize. These
methods can be multi-phase.

The second part of an ESMF Component is user code, such asel arathta assimilation system. Users set
entry points within their code so that it is callable by thenfrework. In practice, setting entry points means that
within user code there are calls to ESMF methods that agsotia name of a Fortran subroutine with a cor-
responding standard ESMF operation. For example, a usgefvinitialization routine calledry Oceanl ni t
might be associated with the standard initialize routinemESMF Gridded Component named “myOcean”
that represents an ocean model.

e State ESMF Components exchange information with other Companenly through States. A State is an
ESMF derived type that can contain Fields, FieldBundlesays, ArrayBundles, and other States. A Compo-
nent is associated with two States,larport State and anExport State. Its Import State holds the data that it
receives from other Components. Its Export State contaitesttiat it makes available to other Components.
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Figure 2: ESMF enables applications such as the atmosphenieral circulation model GEOS-5 to be structured
hierarchically, and reconfigured and extended easily. Baghn this diagram is an ESMF Gridded Component.

GEOS-5

|

|

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

An ESMF coupled application typically involves a parentdaied Component, two or more child Gridded Components
and one or more Coupler Components.

The parent Gridded Component is responsible for creatimghiid Gridded Components that are exchanging data, for
creating the Coupler, for creating the necessary Importtaqubrt States, and for setting up the desired sequencing.
The application’s “main” routine calls the parent Griddedn@ponent’s initialize, run, and finalize methods in order
to execute the application. For each of these standard mgthibe parent Gridded Component in turn calls the
corresponding methods in the child Gridded Components hadCbupler Component. For example, consider a
simple coupled ocean/atmosphere simulation. When thialiné method of the parent Gridded Componentis called
by the application, it in turn calls the initialize methodsts child atmosphere and ocean Gridded Components, and
the initialize method of an ocean-to-atmosphere Couplen@ment. FigurEl3 shows this schematically.

15.2 Hierarchical Creation of Components

Components are allocated computational resources in thedbPersistent Execution Threadsor PETs. A list of

a Component’s PETs is contained in a structure calletitaal Machine , or VM. The VM also contains information
about the topology and characteristics of the underlyimgmater. Components are created hierarchically, with garen
Components creating child Components and allocating samakkaf their PETs to each one. By default ESMF creates
a new VM for each child Component, which allows Componentailor their VM resources to match their needs. In
some cases a child may want to share its parent’s VM - ESMF@®tgthis too.
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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 agtjit. A Gridded Component may also reside on
a subset of PETs in an application. These PETs may whollycaenwith, be wholly contained within, or wholly
contain another Component.

15.3 Sequential and Concurrent Execution of Components

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

Figurel3 illustrates a typical configuration for a simple plea sequential application, and Figlite 5 shows a possible
configuration for the same application running in a conaitrneode.

Parent Components can select if and when to wait for conatlyrexecuting child Components, synchronizing only
when required.
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It is possible for ESMF applications to contain some Compobsets 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 remaifieTs, and a Coupler created across all the PETs
in the application.

15.4 Intra-Component Communication

All data transfers within an ESMF application ocauithin a component. For example, a Gridded Component may
contain halo updates. Another example is that a Coupler @oet may redistribute data between two Gridded

Components. As aresult, the architecture of ESMF does marakon any particular data communication mechanism,
and new communication schemes can be introduced withadtaffy the overall structure of the application.

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

15.5 Data Distribution and Scoping in Components

The scope of distributed objects is the VM of the currentlg@aring Component. For this reason, all PETs in the
current VM must make the same distributed object creatidls.c/hen a Coupler Component running on a super-
set of a Gridded Component's PETs needs to make commumiozdits involving objects created by the Gridded
Component, an ESMF-supplied function callE8MF_St at eReconci | e() creates proxy objects for those PETs
that had no previous information about the distributed ciisjeProxy objects contain no local data but can be used in
communication calls (such as regrid or redistribute) tadbe the remote source for data being moved to the current
PET, or to describe the remote destination for data beingashénom the local PET. Figuid 6 is a simple schematic
that shows the sequence of events in a reconcile call.

15.6 Performance

The ESMF design enables the user to configure ESMF applisasio that data is transferred directly from one com-
ponent to another, without requiring that it be copied ot e different data buffer as an interim step. This is likely
to be the most efficient way of performing inter-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 Component #gacas soon as the data is ready. Computations can then
proceed simultaneously with the data transfer.
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Figure 4: Schematic of the run method of a coupled applinatigth an “Atmosphere” and an “Ocean” Gridded Com-
ponent running sequentially with an “Atm-Ocean CouplerfieTtop-level “Hurricane Model” Gridded Component
contains the sequencing information and time advanceroept | The application driver, Coupler, and all Gridded
Components are distributed over nine PETSs.

PETs -
1 2 3 4 5 6 7 8 9
-
3
® AppDriver (“Main”)
Call Run
\j
( Run ]
GridComp “Hurricane Model”
LOOP Call Run
f Run ]
GridComp
“Atmosphere”
{ Run ]
GridComp
“Ocean”
r Run ]
CplComp
“Atm-Ocean Coupler”
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Figure 5: Schematic of the run method of a coupled applinatidgth an “Atmosphere” and an “Ocean” Gridded
Component running concurrently with an “Atm-Ocean Coupl€he top-level “Hurricane Model” Gridded Compo-
nent contains the sequencing information and time advaectloop. The application driver, Coupler, and top-level
“Hurricane Model” Gridded Component are distributed overenPETs. The “Atmosphere” Gridded Component is

distributed over three PETs and the “Ocean” Gridded Compiiselistributed over six PETS.
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AppDriver (*“Main”)
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f Run ]
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Figure 6: AnESMF_St at eReconci | e() call creates proxy objects for use in subsequent commuaoiceslls.
The reconcile call would normally be made during Coupleiafization.
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15.7 Object Model

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

Comp

Possible extensions

GridComp CplComp @ @

16 Application Driver and Required ESMF Methods

16.1 Description

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

ESMF provides a number of different application driver tdautgs in the
$ESM-_DI R/ src/ Super struct ure/ AppDri ver directory. An appropriate one can be chosen depend-
ing on how the application is to be structured:

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

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

Pairwise vs. Hub and SpokeCoupler Components are responsible for taking data fronGrieled Component and
putting it into the form expected by another Gridded Comman€his mightinclude regridding, change of units,
averaging, or binning.
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Coupler Components can be written foslirwise data exchange: the Coupler Component takes data from a
single Component and transforms it for use by another si@gidded Component. This simplifies the structure
of the Coupler Component code.

Couplers can also be written usindiab and spokenodel where a single Coupler accepts data from all other
Components, can do data merging or splitting, and formatsfdaall other Components.

Multiple Couplers, using either of the above two models ansanixture of these approaches, are also possible.

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

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

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

16.2 Constants
16.2.1 ESMF_END

DESCRIPTION:
TheESMF_End_FI ag determines how an ESMF application is shut down.

The type of this flag is:
t ype( ESM-_End_Fl ag)

The valid values are:

ESMF_END_ABORT Global abort of the ESMF application. There is no guarartte¢ all PETs will shut down
cleanly during an abort. However, all attempts are madedoegnt the application from hanging and the LogErr
of at least one PET will be completely flushed during the abbhis option should only be used if a condition
is detected that prevents normal continuation or ternnadif the application. Typical conditions that warrant
the use ofeSM-_END_ABORT are those that occur on a per PET basis where other PETs mdgdi@d in
communication calls, unable to reach the normal termingimint. An aborted application returns to the parent
process with a system dependent indication that a failucaroed during execution.

ESMF_END_NORMAL Normal termination of the ESMF application. Wait for all PEDBf the global VM
to reachESMF_Fi nal i ze() before termination. This is the clean way of terminating gpligation.
MPI _Fi nal i ze() will be called in case of MPI applications.

ESMF_END_KEEPMPI Same a€£SMF_END NORMAL butMPI _Fi nal i ze() will notbe called. It is the user
code’s responsibility to shut down MPI cleanly if necessary
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16.3 Use and Examples

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

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

<seq| concur >_<pai rwi se| hub>_ <f | c>dri ver _<spnd| npnd>

The example that is currently implementedisg_pai rwi se_fdri ver _spnd, which has sequential component
execution, a pairwise coupler, a main program in Fortrad,ahprocessors launching the same executable. It is also
copied automatically into a top-levgli ck_st art directory at compilation time.

The user can copy the AppDriver files into their own local diogy. Some of the files can be used unchanged. Others
are template files which have the rough outline of the codenbetl additional application-specific code added in
order to perform a meaningful function. TREADNME file in the AppDriver subdirectory aqui ck_st art directory
contains instructions about which files to change.

Examples of concurrent component execution can be fourtteisystem tests that are bundled with the ESMF distri-
bution.

EXAMPLE: This is an AppDriver.F90 file for a sequential ESM- application.

The ChangeMe.F90 file that’s included bel ow contai ns a nunber of
definitions that are used by the AppDriver, such as the nanme of the
application’s main configuration file and the nane of the application’s
Set Services routine. This file is in the sane directory as the
AppDriver.Fo0 file.

#i ncl ude " ChangeMe. F90"

program ESM-_AppDri ver
#def i ne ESMF_METHOD " pr ogr am ESMF_AppDri ver"

#i ncl ude "ESMF. h"

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

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

inmplicit none



Define | ocal variables

I Conponents and States
type(ESM-_Gri dConp) :: conpGidded
type(ESM-_State) :: defaultstate

I Configuration information
type(ESMF_Config) :: config

! A conmmon Gid
type(ESMF_Gid) :: grid

I A dock, a Calendar, and tinmesteps
type(ESMF_O ock) :: clock
type(ESMF_Tinelnterval) :: timeStep
type(ESMF_Tine) :: startTinme
type(ESMF_Tine) :: stopTine

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

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

call ESMF_Initialize(defaultCal Ki nd=ESM-_CALKI ND_GREGORI AN, rc=l ocal rc)
i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &

ESMF_CONTEXT, rcToReturn=rc)) &

call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ ABORT)

call ESMF_LogWite("ESMF AppDriver start", ESMF_LOGVSG | NFO)

Create and | oad a configuration file.

The USER CONFIG FILE is set to sanple.rc in the ChangeMe. F90 file.
The sanple.rc file is also included in the directory with the
AppDriver.F90 file.

config = ESMF_Confi gCreate(rc=l ocal rc)

i f (ESMF_LogFoundError(localrc, ESMF ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ABORT)

call ESMF_ConfigLoadFil e(config, USER CONFIG FILE, rc = localrc)
i f (ESMF_LogFoundError(local rc, ESM-_ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ ABORT)

Get configuration informtion.
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A configuration file like sanple.rc m ght include:
- size and coordinate informati on needed to create the default Gid.
- the default start time, stop tine, and running intervals

for the main tine | oop.

call ESMF_ConfigGetAttribute(config, i _max, label="1 Counts:’, &
defaul t =10, rc=localrc)
i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ABORT)
call ESMF _ConfigGetAttribute(config, j_max, |label=J Counts:’, &
def aul t =40, rc=localrc)
i f (ESMF_LogFoundError(local rc, ESM-_ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ABORT)

compGi dded = ESM-_Gri dConmpCr eat e( nane="ESM- G i dded Component", &
rc=l ocal rc)
i f (ESMF_LogFoundError(localrc, ESMF ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ ABORT)

call ESMF_LogWite("Conponent Create finished", ESM-_LOGVEG | NFO

call ESMF_Gi dConmpSet Servi ces(conmpGi dded, user Routi ne=Set Servi ces, rc=rc)
i f (ESMF_LogFoundError(rc, nsg="Registration failed", rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ ABORT)

call ESMF_Tinelnterval Set(ti neStep, s=2, rc=localrc)

i f (ESMF_LogFoundError(localrc, ESM-_ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

call ESMF_TineSet(startTine, yy=2004, nm9, dd=25, rc=localrc)
i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

call ESMF_Ti neSet (stopTi me, yy=2004, mm=9, dd=26, rc=localrc)

i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
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call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

clock = ESMF_Cl ockCreate(timeStep, startTime, stopTinme=stopTinme, &
nane="Application C ock", rc=localrc)
i f (ESMF_LogFoundError(localrc, ESM-_ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

Create and initialize a Gid.

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

The upper indices for the Gid are read in fromthe sanple.rc file,
where they are set to (/10,40/). This neans a Gid will be

created with 10 grid cells in the x direction and 40 grid cells in the
y direction. The Gid section in the Reference Manual shows how to set
coor di nat es.

grid = ESMF_G'i dCreat eNoPeri Di m( mex| ndex=(/i_max, j_max/), &
nane="source grid", rc=localrc)
i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

! Attach the grid to the Conponent

call ESMF_Gri dConpSet (conpGri dded, grid=grid, rc=localrc)

i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

Create and initialize a State to use for both inport and export.
In a real code, separate inport and export States would normally be
creat ed.

defaultstate = ESMF_St at eCreat e(nane="Default State", rc=localrc)
i f (ESMF_LogFoundError(localrc, ESM ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ABORT)

Call the initialize, run, and finalize nmethods of the top conponent.

When the initialize nethod of the top conponent is called, it will in
turn call the initialize nethods of all its child conmponents, they
will initialize their children, and so on. The sanme is true of the

run and finalize nethods.

call ESM-_GidConplnitialize(compGidded, inportState=defaultstate, &
export St at e=def aul t state, clock=cl ock, rc=localrc)
i f (ESMF_LogFoundError(rc, nsg="Initialize failed", rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)
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call ESMF_Gri dCompRun(conmpGri dded, inport State=defaultstate, &
export St at e=def aul t state, cl ock=cl ock, rc=localrc)
i f (ESMF_LogFoundError(rc, nsg="Run failed", rcToReturn=rc)) &
call ESMF_Finalize(rc=localrc, endfl ag=ESM-_END_ABORT)

call ESMF_Gi dConpFinal i ze(conpGri dded, inportState=defaultstate, &
export St at e=def aul t state, clock=cl ock, rc=localrc)
i f (ESMF_LogFoundError(rc, nsg="Finalize failed", rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ABORT)

call ESMF_Cl ockDestroy(cl ock, rc=localrc)

i f (ESMF_LogFoundError(localrc, ESM-_ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ ABORT)

call ESMF_St at eDestroy(defaultstate, rc=localrc)
i f (ESMF_LogFoundError(localrc, ESMF ERR PASSTHRU, &
ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ ABORT)
call ESMF_Gi dConpDestroy(conpG i dded, rc=localrc)
i f (ESMF_LogFoundError(localrc, ESM- ERR PASSTHRU, &

ESMF_CONTEXT, rcToReturn=rc)) &
call ESMF_Finalize(rc=local rc, endfl ag=ESM-_END_ABORT)

call ESMF_Finalize()

end program ESMF_AppDri ver

16.4 Required ESMF Methods

There are a few methods that every ESMF application mustagunt First, ESMF I nitialize() and
ESMF_Fi nal i ze() are in complete analogy tPl I nit () andMPI _Fi nal i ze() known from MPI. All

ESMF programs, serial or parallel, must initialize the ES8§Btem at the beginning, and finalize it at the end of exe-

cution. The behavior of calling any ESMF method befB8VF_| niti al i ze(), or afterESM-_Fi nal i ze() is
undefined.

Second, every ESMF Component that is accessed by an ESMEatjapi requires that its set services routine is called
throughESM-_<Gri d/ Cpl >ConpSet Ser vi ces() . The Component must implement one public entry point, its

set services routine, that can be called throughBBF _<Gri d/ Cpl >ConpSet Ser vi ces() library routine.

The Component set services routine is responsible fongegtitry points for the standard ESMF Component methods

Initialize, Run, and Finalize.
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Finally, the Component library calESMF_<Gri d/ Cpl >ConpSet VM) can optionally be issuebefore call-
ing ESMF_<Gri d/ Cpl >ConpSet Servi ces(). Similar toESM-_<Gri d/ Cpl >ConpSet Ser vi ces(), the
ESMF_<Gri d/ Cpl >CompSet VM) call requires a public entry point into the Component. ibal the Component
to adjust certain aspects of its execution environmentits@wn VM, before it is started up.

The following sections discuss the above mentioned aspentsre detail.

16.4.1 ESMF_lInitialize - Initialize ESMF

INTERFACE:

subroutine ESM- I nitialize(defaultConfigFileNane, defaultCal Kind, &
def aul t LogFi | eNare, | ogappendfl ag, |ogkindflag, npi Cormunicator, &
i oUni t LBound, i oUnitUBound, vm rc)

ARGUMENTS:

-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
character (|l en=«), intent(in), optional :: defaultConfigFileName

[
type(ESMF_Cal Kind_Flag), intent(in), optional :: defaultCalKind
character (|l en=+), intent(in), optional :: defaultLogFileNanme
| ogi cal , intent(in), optional :: |ogappendflag
type(ESMF_LogKi nd_Flag), intent(in), optional :: |ogkindflag

i nt eger, intent(in), optional :: npiConmunicator

i nt eger, intent(in), optional :: ioUnitLBound

i nt eger, intent(in), optional :: ioUnitUBound

type( ESM-_VM , intent(out), optional :: vm

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

STATUS:
e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care maestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:

7.0.0 Added argumentogappendf | ag to allow specifying that the existing log files will be oveitten.

DESCRIPTION:

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

Typically ESM-_I nitialize() will call MPI _I nit() internally unless MPI has been initialized by the user
code before initializing the framework. If the MPI initiahtion is left toESMF_| ni ti al i ze() itinherits all of the
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MPI implementation dependent limitations of what may or may be done befor®Pl | ni t (). For instance, it
is unsafe for some MPI implementations, such as MPICH, taQibdfore the MPI environment is initialized. Please
consult the documentation of your MPI implementation faiadls.

Note that when using MPICH as the MPI library, ESMF needs ttage application command line arguments for
MPI _Init(). However, ESMF acquires these arguments internally andiglee does not need to worry about

providing them. Also, note that ESMF does not alter the comdriane arguments, so that if the user obtains them
they will be as specified on the command line (including thekeh MPICH would normally strip out).

By default, ESM~_I ni ti al i ze() will open multiple error log files, one per processor. Thiwvésy useful for
debugging purpose. However, when running the applicatioradarge number of processors, opening a large
number of log files and writing log messages from all the pseoes could become a performance bottleneck.
Therefore, it is recommended to turn the Error Log featufeirothese situations by settingogki ndf | ag to
ESMF_LOGKIND_NONE.

When integrating ESMF with applications where Fortran mmitnber conflicts exist, the optioniabUni t LBound
andi oUni t UBound arguments may be used to specify an alternate unit numbge r&ee sectidn 50.2.1 for more
information on how ESMF uses Fortran unit numbers.

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

The arguments are:

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

[defaultCalKind] Sets the default calendar to be used by ESMF Time Managese®tier{ Z1.2]1 for a list of valid
options. If not specified, defaults E5SM-_CALKI ND_NOCALENDAR.

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

[logappendflag] If the default log file already exists, a value.dfal se. will set the file position to the beginning
of the file. A value of. t r ue. sets the position to the end of the file. If not specified, défda. t r ue. .

[logkindflag] Sets the default Log Type to be used by ESMF Log Manager. SamsELZZP for a list of valid
options. If not specified, defaults ESM-_LOGKI ND_MULTI .

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

[ioUnitLBound] Lower bound for Fortran unit numbers used within the ESMFalilp. Fortran units are primarily
used for log files. Legal unit numbers are positive integ@rgalue higher than 10 is recommended in order to
avoid the compiler-specific reservations which are tyydalund on the first few units. If not specified, defaults
to ESM-_LOG_FORT_UNI T_NUMBER, which is distributed with a value of 50.

[ioUnitUBound] Upper bound for Fortran unit numbers used within the ESMRlip Must be set to a value at least
5 units higher tham oUni t LBound. If not specified, defaults t&SM-_LOG_UPPER, which is distributed
with a value of 99.

[vm] Returns the glob&SM-_VMthat was created during initialization.

[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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16.4.2 ESMF_Finalize - Clean up and shut down ESMF

INTERFACE:

subroutine ESM-_Fi nal i ze(endfl ag, rc)

ARGUMENTS:

-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
type(ESM-_End_Fl ag), intent(in), optional :: endflag
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

This must be called once on each PET before the applicatits texallow ESMF to flush buffers, close open con-
nections, and release internal resources cleanly. Thergdtargumengéndf | ag may be used to indicate the mode
of termination. Note that this call must be issued only oreeRET withendf | ag=ESMF_END NORMAL, and that
this call may not be followed bSM-_| ni ti al i ze() . This last restriction means that it is not possible to mesta
ESMF within the same execution.

The arguments are:

[endflag] Specify mode of termination. The defaultBSM-_END NORMAL which waits for all PETs of the global
VM to reachESMF_Fi nal i ze() before termination. See sectibn 1612.1 for a complete fidt@escription
of valid flags.

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

16.4.3 User-codé&et Ser vi ces method

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

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

The onlyrequiredpublic interface of a Component is its SetServices methbds Jubroutine must have an externally
accessible name (be a public symbol), take a component &issttergument, and an integer return code as the second.
Both arguments are required and moistbe declared aspt i onal . If anintent is specified in the interface it must be

i ntent (i nout) forthe firstand nt ent (out ) for the second argument. The subroutine name is not predefine
it is set by the component writer, but must be provided asqfdite component documentation.

The required function that the SetServices subroutine prstide is to specify the user-code entry points for the
standard ESMF Component methods. To this end the useewtServices routine calls the
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ESMF_<Gri d/ Cpl >CompSet Ent r yPoi nt () method to set each Component entry point.
See sectiorls 17.2.1 ahd 1812.1 for examples of how to wriserapde SetServices routine.

Note that a component does not call its own SetServicesnmutihe AppDriver or parent component code, which
is creating a component, will first caiSM-_<Gri d/ Cpl >ConpCr eat e() to create a component object, and
then must call int&ESMF_<Gri d/ Cpl >ConpSet Ser vi ces( ), supplying the user-code SetServices routine as an
argument. The framework then calls into the user-code ®at®s, after the Component’s VM has been started up.

It is good practice to package the user-code implementingnaponent into a Fortran module, with the user-code
SetService routine being the only public module method. ESMpports three mechanisms for accessing the user-
code SetServices routine from the calling AppDriver or paoemponent.

e Fortran USE association The AppDriver or parent component utilizes the standandr&n USE statement
on the component module to make all public entities avadlabhe user-code SetServices routine can then be
passed directly into thESMF_<Gri d/ Cpl >ConpSet Ser vi ces() interface documented 174119 and
82719, respectively.

Pros Standard Fortran module use: name mangling and interfamekang is handled by the Fortran compiler.

Cons Fortran 90/95 has no mechanism to implement a "smart" digray scheme through USE association.
Any change in a lower level component module (even just agdinchanging a comment!) will trigger a
complete recompilation of all of the higher level compoisghtoughout the component hierarchy. This situation
is particularily annoying for ESMF componentized code, retthe prescribed ESMF component interfaces, in
principle, remove all interdependencies between compsrikat would require recompilation.

Fortransubmodulesintroduced as an extension to Fortran 2003, and now path&Fortran 2008 standard,
are designed to avoid this "false" dependency issue. A chdage to an ESMF component that keeps the
actual implementation within a submodule, will not triggerecompilation of the components further up in the
component hierarchy. Unfortunately, as of mid-2015, only tompiler vendors support submodules.

e External routine: The AppDriver or parent component provides an explicieiface block for an external
routine that implements (or calls) the user-code SetSesvigutine. This routine can then be passed directly into
theESMF_<Gri d/ Cpl >ConpSet Ser vi ces() interface documented [ZI7.4119 dnd 184.19, respectively
(In practice this can be implemented by the component as tarre subroutine that simply calls into the
user-code SetServices module routine.)

Pros Avoids Fortran USE dependencies: a change to lower levaepoment code will not trigger a complete
recompilation of all of the higher level components throoghthe component hierarchy. Name mangeling is
handled by the Fortran compiler.

Cons The user-code SetServices interface is not checked byotiheiter. The user must ensure uniqueness of
the external routine name across the entire application.

e Name lookup The AppDriver or parent component specifies the user-cat8esvices routine by name.
The actual lookup and code association does not occur wmtilme. The name string is passed into the
ESMF_<Gri d/ Cpl >ConpSet Ser vi ces() interface documented [NZI7.4120 dndI8.1.20, respectively

Pros Avoids Fortran USE dependencies: a change to lower levaepoment code will not trigger a complete
recompilation of all of the higher level components throogtthe component hierarchy. The component code
does not have to be accessible until runtime and may be aai shared object, thus avoiding relinking of
the application.

Cons The user-code SetServices interface is not checked byotin@iter. The user must explicitly deal with
all of the Fortran name mangeling issues: 1) Accessing a taadutine requires precise knowledge of the
name mangeling rules of the specific compiler. AlternayivBe user-code SetServices routine may be imple-
mented as an external routine, avoiding the module name @eliagg2) Even then, Fortran compilers typically
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append one or two underscores on a symbol name. This mustnisaleoed when passing the name into the
ESMF_<Gri d/ Cpl >ConpSet Ser vi ces() method.

16.4.4 User-codéni ti ali ze, Run, andFi nal i ze methods

The required standard ESMF Component methods, for whichagske entry points must be set, are Initialize, Run,
and Finalize. Currently optional, a Component may alsorsey @oints for the WriteRestart and ReadRestart methods.

Section§ 17211 adld 18.P.1 provide examples of how the potnys for Initialize, Run, and Finalize are set during the
user-code SetServices routine, usingBs/F_ <G i d/ Cpl >ConpSet Ent r yPoi nt () library call.

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

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

See sectiodsT722 17317 2.4,[and TH.2. 2.1 B 2B 418r examples of how to write entry points for the staxdar
ESMF Component methods.

16.4.5 User-cod&et VMmethod

When the AppDriver or parent component code caB®VF <G i d/ Cpl >ConpCr eat e() it has the option to
specify apet Li st argument. All of the parent PETs contained in this list beesasources of the child component.
By default, without thepet Li st argument, all of the parent PETs are provided to the childpmmrent.

Typically each component has its own virtual machine (VMjeab However, using the optionabnt ext f | ag
argument durindeSMF_<Gri d/ Cpl >ConmpCr eat e() a child component can inherit its parent component’s VM.
Unless a child component inherits the parent VM, it has th@oapo set certain aspects of how its VM utilizes the
provided resources. The resources provided via the pakEns Bre the associated processing elements (PEs) and
virtual address spaces (VASS).

The optional user-written SetVM routine is called from theargnt for the child through the
ESMF_<Gri d/ Cpl >CompSet VM) method. This is the only place where the child component @&inas-
pects of its own VM before it is started up. The child compdiseXM must be running before the SetServices
routine can be called, and thus the parent must call themgdtitsSM-_ <Gri d/ Cpl >ConpSet VM) methodbefore
ESMF_<Gri d/ Cpl >ConpSet Ser vi ces() .

Inside the user-code called by the SetVM routine, the corapbhas the option to specify how the PETs share the
provided parent PEs. Further, PETs on the same single systage (SSI) can be set to run multi-threaded within a
reduced number of virtual address spaces (VAS), allowingnaponent to leverage shared memory concepts.

Section§ 17215 arfldI8.P.5 provide examples for simplews#en SetVM routines.

16.4.6 Use of nt er nal procedur es as user-provided procedures
Internal procedures are nested within a surrounding proregdnd only local to the surrounding procedure. They are
specified by using the CONTAINS statement.

Prior to Fortran-2008 an internal procedure could not bel asea user-provided callback procedure. In Fortran-2008
this restriction was lifted. It is important to note that iEEF is passed an internal procedure, that the surrounding
procedure be active whenever ESMF calls it. This helps enthat local variables at the surrounding procedures
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scope are properly initialized.

When internal procedures contained within a main prograinana used for callbacks, there is no problem. This is
because the main program unit is always active. However vifiternal procedures are used within other program
units, initialization could become a problem. The follogioutlines the issue:

nodul e my_procs_nod
use ESMF
inmplicit none
cont ai ns

subroutine nmy_procs (...)
integer :: my_setting

call ESMF_Gri dConpSet Ent ryPoi nt (gri dconp, nethodfl ag=ESM-_METHOD | NI TI ALI ZE, &
user Routine=ny_grid proc_init, rc=localrc)

my_setting = 42
cont ai ns
subroutine nmy _grid proc_init (gridconp, inportState, exportState, clock, rc)

! ny_setting is possibly uninitialized when ny_grid proc_init is used as a call-back
sonmet hing = nmy_setting

end subroutine ny_grid proc_init
end subroutine ny_procs
end nodul e my_procs_nod

The Fortran standard does not specify whether variaiylesettings statically or automatically allocated, unless it is
explicitly given the SAVE attribute. Thus there is no gudegnthat its value will persist afteny_procshas finished.
The SAVE attribute is usually given to a variable via speaifya SAVE attribute in its delaration. However it can also
be inferred by initializing the variable in its declaration

i nteger, save : ny_setting
or,
integer :: ny_setting = 42

Because of the potential initialization issues, it is recmended that internal procedures only be used as ESMF call-
backs when the surrounding procedure is also active.
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17 GridComp Class

17.1 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 ggreach as an atmospheric model or an ocean model.
Gridded Components may also represent individual prosesseh as radiation or chemistry. It's up to the application
writer to decide how deeply to “componentize.”

Earth system software components tend to share a numbersif femtures. Most ingest and produce a variety
of physical fields, refer to a (possibly noncontiguous) ighatgion and a grid that is partitioned across a set of
computational resources, and require a clock for thingsstiepping a governing set of PDEs forward in time. Most
can also be divided into distinct initialize, run, and fizalcomputational phases. These common characteristics are
used within ESMF to define a Gridded Component data strutiaitds tailored for Earth system modeling and yet is
still flexible enough to represent a variety of domains.

A well designed Gridded Component does not store informaititernally about how it couples to other Gridded
Components. That allows it to be used in different contextsaut changes to source code. The idea here is to avoid
situations in which slightly different versions of the samedel source are maintained for use in different contexts -
standalone vs. coupled versions, for example. Data is gassend out of Gridded Components using an ESMF State,
this is described in Sectidn21.1.

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

ESMF provides the Gridded Component derived tyg®\VF Gri dConp. An ESMF_Gri dConp must be created

for every portion of the application that will be represehis a separate component. For example, in a climate model,
there may be Gridded Components representing the landnosea ice, and atmosphere. If the application contains
an ensemble of identical Gridded Components, every onethiasvn associateHSM-_Gri dConp. Each Gridded
Component has its own name and is allocated a set of compuahtiesources, in the form of an ESMF Virtual
Machine, oiVM

The user-written part of a Gridded Component is associatbtdanESM-_Gr i dConp derived type through a routine
calledESMF_Set Ser vi ces() . This is a routine that the user must write, and declare pulslside the SetServices
routine the user must cdliSM~_Set Ent r yPoi nt () methods that associate a standard ESMF operation with the
name of the corresponding Fortran subroutine in their useée c

17.2 Use and Examples

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

This section shows how to create Gridded Components. Foodstmrations of the use of Gridded Components,
see the system tests that are bundled with the ESMF softwsirébdtion. These can be found in the directory
esnf/src/systemtests.
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17.2.1 Implement a user-codé&et Ser vi ces routine

EveryESM-_Gr i dConp is required to provide and document a public set servicesn@ult can have any name,
but must follow the declaration below: a subroutine whidkesaanESM-_Gr i dConp as the first argument, and an
integer return code as the second. Both arguments are edcarid mushotbe declared aspt i onal . If an intent
is specified in the interface it must bat ent (i nout ) for the first and nt ent (out ) for the second argument.

The set services routine must call the ESMF metB&4F_Gri dConpSet Ent r yPoi nt () to register with the
framework what user-code subroutines should be calleditialine, run, and finalize the component. There are
additional routines which can be registered as well, focckpeint and restart functions.

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

! Exanpl e Gri dded Component
nodul e ESMF_Gr i ddedConpEx

! ESMF Framewor k nodul e
use ESMF

inmplicit none

publ i c GConp_Set Servi ces
publ i c GConp_Set VM

cont ai ns

subrouti ne GConp_Set Servi ces(conp, rc)
type( ESM-_Gri dConp) ;. oconp ! nust not be optional
integer, intent(out) =:: rc ! nust not be optional

| Set the entry points for standard ESMF Conponent net hods

call ESM-_Gri dConpSet Ent r yPoi nt (conp, ESM-_METHOD | NI Tl ALI ZE, &
user Routi ne=CConp_Init, rc=rc)

call ESMF_Gri dConpSet Ent ryPoi nt (conp, ESMF_METHOD RUN, &
user Rout i ne=CConp_Run, rc=rc)

call ESMF_Gi dConmpSet Ent r yPoi nt (conp, ESMF_METHOD FI NALI ZE, &
user Rout i ne=CConp_Fi nal, rc=rc)

rc = ESMF_SUCCESS

end subroutine

17.2.2 Implement a user-codéni ti al i ze routine

When a higher level component is ready to begin usingai=_Gr i dConp, it will call its initialize routine.

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

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

Ther c return code should be set if an error occurs, otherwise thue#SM-_ SUCCESS should be returned.
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subroutine GConp_Init(conp, inportState, exportSt ate clock, rc)

type( ESM-_G i dConp) 11 conp nmust not be optional

type( ESM-_St at e) ©: inmportState ! nmust not be optional

type( ESMF_St at e) ;. exportState I must not be optional

type( ESMF_d ock) :: clock I must not be optional
I

integer, intent(out) :: rc nmust not be optional
print », "Gidded Comp 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 eAdd(exportState, field, rc)

Icall ESMF_St at eAdd(export State, bundle, rc)

print », "Gidded Conmp Init returning"

rc = ESMF_SUCCESS

end subroutine GConp_Init

17.2.3 Implement a user-cod&®un routine

During the execution loop, the run routine may be called mtimgs. Each time it should read data from the
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 exther t St at e.

When a higher level component is ready to useBBBF G i dConp it will call its run routine.

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

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

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

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

type( ESM-_G i dConp) 11 oconp I must not be optional
type( ESM-_St at e) ©: inmportState I must not be optional
type( ESMF_St at e) ;. exportState I must not be optional
type( ESMF_d ock) :: clock I must not be optional
integer, intent(out) :: rc I must not be optional

print », "Gidded Conmp Run starting"

I call ESMF_StateGet(), etc to get fields, bundles, arrays
' frominport state.

! This is where the nodel specific conputation goes.

' Fill export state here using ESM-_St at eAdd(), etc

print », "Gidded Comp Run returning"
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rc = ESMF_SUCCESS

end subroutine GConp_Run

17.2.4 Implement a user-cod&i nal i ze 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 finatiméime.

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

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) ;. oconp I must not be optional
type( ESM-_St at e) i inmportState I must not be optional
type( ESM-_St at e) i exportState I must not be optional
type( ESMF_d ock) .1 clock I must not be optional
integer, intent(out) :: rc I must not be optional

print », "Gidded Conp Final starting"
! Add what ever code here needed

print =, "Gidded Conp Final returning"
rc = ESMF_SUCCESS

end subroutine GConp_Fi nal

17.2.5 Implement a user-cod&et VMroutine

EveryESMF_G i dConp can optionally provide and document a public set vm routihean have any name, but
must follow the declaration below: a subroutine which takeESM-_Gri dConp as the first argument, and an
integer return code as the second. Both arguments are edcarid mushotbe declared aspt i onal . If an intent
is specified in the interface it must bat ent (i nout ) for the first and nt ent (out ) for the second argument.

The set vm routine is the only place where the child compoocamuse th&ESM-_Gr i dConpSet VMVaxPEs () , or
ESMF_Gri dConpSet VMVaxThr eads (), or ESM-_Gri dConpSet VMM nThr eads() call to modify aspects
of its own VM.

A component’'s VM is started up right before its set serviaagtine is entered.ESM-_Gri dConpSet VM) is
executing in the parent VM, and must be calteforeESM-_Gri dConpSet Ser vi ces() .

subrouti ne GConp_Set VM conp, rc)
type( ESM-_G i dConp) 11 oconp ! nmust not be optional
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integer, intent(out) =:: rc ! nust not be optional

type(ESMF_ VM :: vm
| ogi cal :: pthreadsEnabl ed

I Test for Pthread support, all SetVMcalls require it
call ESMF_VMGet d obal (vm rc=rc)
call ESMF_VMGet (vm pt hr eadsEnabl edFl ag=pt hr eadsEnabl ed, rc=rc)

i f (pthreadsEnabl ed) then

I run PETs single-threaded

call ESMF_Gi dConmpSet VMM nThr eads(conp, rc=rc)
endi f

rc = ESMF_SUCCESS
end subroutine

end nodul e ESM-_Gri ddedConpEx

17.2.6 Set and Get the Internal State

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

The code below demonstrates the basic Internal State ABBbF_<Gri d| Cpl >Set | nt er nal St at e() and
ESMF_<Gri d| Cpl >Get | nt er nal St at e() . Notice that an extra level of indirection to the user datadses-
sary!

I ESMF Franewor k nmodul e
use ESMF

use ESM-_Test Mbd
inmplicit none

type(ESM-_Gri dConp) :: conp
integer :: rc, finalrc

| Internal State Vari abl es
type testData

sequence
i nteger :: testValue
real :: testScaling
end type
type dat aW apper
sequence
type(testData), pointer :: p
end type

type(dataWapper) :: wapl, wap2
type(testData), target :: data
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type(testData), pointer :: datap ! extra level of indirection

call ESMF_Initialize(defaultlogfil ename="Internal StateEx.Log", &
| ogki ndf | ag=ESMF_LOGKI ND_MULTI, rc=rc)
if (rc /= ESMF_SUCCESS) call ESM-_Finalize(endfl ag=ESM-_END_ABORT)

I Creation of a Conponent
conp = ESMF_Gi dConpCr eat e( nanme="test", rc=rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESM-_FAI LURE

I This could be called, for exanple, during a Conponent’s initialize phase.

I Initialize private data bl ock
dat a% est Val ue = 4567
dat a% est Scaling = 0.5

I Set Internal State

wapl% => data

call ESMF_Gri dConpSet | nternal State(conp, wapl, rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESM-_FAI LURE

I This could be called, for exanple, during a Conponent’s run phase.

I CGet Internal State
call ESMF_Gri dCompGet | nternal State(conmp, wap2, rc)
if (rc .ne. ESMF_SUCCESS) finalrc = ESM-_FAI LURE

I Access private data block and verify data

datap => wap2%

if ((datap% estValue .ne. 4567) .or. (datap%estScaling .ne. 0.5)) then
print =, "did not get sane val ues back"
finalrc = ESM-_FAI LURE

el se
print =, "got sane values back from Getlnternal State as original"

endi f

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

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

nodul e user _nod
use ESMF
inmplicit none

| nodul e vari abl es
private

I Internal State Variables

type testData

sequence
i nt eger :: testValue ! scal ar data
r eal ;. testScaling ! scal ar data
real, pointer :: testArray(:) ! array data

end type

type dat aW apper
sequence

type(testData), pointer :: p
end type

(ofo] 1o Tt I B i e R

subrouti ne mygconp_init(gconp, istate, estate, clock, rc)
type(ESM-_Gri dConp) :: gconp
type(ESMF_State):: istate, estate
type(ESMF_d ock):: clock
integer, intent(out):: rc

! Local variables

type(dat aWapper) :: wap
type(testData), pointer :: data
integer :: i

rc = ESMF_SUCCESS

! Allocate private data bl ock
al | ocat e(dat a)

I Initialize private data bl ock

dat a% est Val ue = 4567 I initialize scalar data
data% est Scaling = 0.5 I initialize scalar data
al l ocate(data% est Array(10)) ! allocate array data

do i=1, 10
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data% estArray(i) =real (i) ! initialize array data
enddo

! In a real ensenble application the initial data would be set to

! somet hing unique for this ensenmble menber. This coul d be

! accomplished for exanple by reading a menber specific config file
! that was specified by the driver code. Alternatively, Attributes,
! set by the driver, could be used to | abel the Conponent instances
! as specific ensenbl e nmenbers.

I Set Internal State
wap% => data
call ESMF_GridConpSet | nternal State(gconp, wap, rc)

end subroutine l------m oo

subrouti ne mygconp_run(gconp, istate, estate, clock, rc)
type(ESM-_Gri dConp) :: gconp
type(ESMF_State):: istate, estate
type(ESM-_d ock):: cl ock
integer, intent(out):: rc

! Local variables
type(dat aWapper) :: wrap

type(testData), pointer :: data
logical :: match = .true.
i nteger :: i

rc = ESMF_SUCCESS

I Get Internal State
call ESMF_Gi dConmpGCet | nt ernal State(gconp, wap, rc)
if (rc/=ESMF_SUCCESS) return

I Access private data bl ock and verify data
data => wap%

if (data% estValue .ne. 4567) natch = .fal se. I test scalar data
if (data% estScaling .ne. 0.5) match = .false. ! test scalar data
do i=1, 10
if (data% estArray(i) .ne. real(i)) match = .false. ! test array data
enddo

if (match) then

print =, "got sane values back from Getlnternal State as original"
el se

print =, "did not get sane val ues back"

rc = ESMF_FAI LURE
endi f

end subroutine l------mmmm e o
subrouti ne mygconp_final (gconp, istate, estate, clock, rc)
type(ESM-_Gri dConp) :: gconp

type(ESMF_State):: istate, estate
type(ESMF_d ock):: clock
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integer, intent(out):: rc

! Local variabl es

type(dat aWapper) :: wap

type(testData), pointer :: data

rc = ESMF_SUCCESS

I Get Internal State

call ESMF_GridConpGet | nternal State(gconp, wap, rc)
i f (rc/=ESMF_SUCCESS) return

! Deal |l ocate private data bl ock

data => wrap%

deal | ocate(data% est Array) ! deallocate array data
deal | ocat e(dat a)

end SUbFroUt i Ne I ----m o m e oo

end nodul e

17.3 Restrictions and Future Work

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

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

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

17.4 Class API

17.4.1 ESMF_GridCompAssignment(=) - GridComp assignment

INTERFACE:

i nterface assignnent (=)
gridconpl = gridconp2

ARGUMENTS:

type(ESM-_Gri dConp) :: gridconpl
type(ESM-_Gi dConp) :: gridconmp2

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

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

The arguments are:

gridcompl TheESM-_Gr i dConp object on the left hand side of the assignment.
gridcomp2 TheESM-_Gr i dConp object on the right hand side of the assignment.

17.4.2 ESMF_GridCompOperator(==) - GridComp equality opeator

INTERFACE:
i nterface operator(==
if (gridconpl == gridconp2) then ... endif
result = (gcj)?i dconmpl == gridconp2)
RETURN VALUE:
logical :: result
ARGUMENTS:

type( ESMF_Gri dConp), intent(in) :: gridconpl
type(ESM-_Gi dConp), intent(in) :: gridconp2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

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

The arguments are:

gridcompl TheESM-_Gr i dConp object on the left hand side of the equality operation.
gridcomp2 TheESM-_Gr i dConp object on the right hand side of the equality operation.
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17.4.3 ESMF_GridCompOperator(/=) - GridComp not equal ope&ator

INTERFACE:
i nterface operator (/=)
if (gridconpl /= gridconp2) then ... endif
result = (gcj)?i dconpl /= gridconp2)
RETURN VALUE:
logical :: result
ARGUMENTS:

type( ESMF_Gri dConp), intent(in) :: gridconpl
type(ESM-_Gi dConp), intent(in) :: gridconp2

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

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

The arguments are:

gridcompl TheESM-_Gr i dConp object on the left hand side of the non-equality operation.
gridcomp2 TheESMF_Gr i dConp object on the right hand side of the non-equality operation.

17.4.4 ESMF_GridCompCreate - Create a GridComp

INTERFACE:

recursive function ESMF_Gi dConpCreate(grid, &
config, configFile, clock, petList, contextflag, nanme, rc)

RETURN VALUE:
type(ESM-_Gi dConp) :: ESMF_Gri dConmpCreate

ARGUMENTS:
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-- The follow ng argunents reqw re argunment keyword synt ax (e.g. rc=rc). --

type(ESMF_Gri d) intent (in), 0pt| onal :: grid
type( ESMF_Conf i g), intent (in), optional :: config
character (|l en=+), intent(in), optional :: configFile
type( ESM-_d ock) , intent (in), optional :: clock
i nt eger, intent (in), optional :: petList(:)
type(ESMF_Context Flag), intent(in), optional :: contextflag
character (|l en=«), intent (in), optional :: name
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

This interface creates aBSMF_G i dConp object. By default, a separate VM context will be createddach
component. This implies creating a new MPI communicator a@iatating additional memory to manage the VM
resources. When running on a large number of processoegjrgge separate VM for each component could be both
time and memory inefficient. If the application is sequdntia., each component is running on all the PETs of the
global VM, it will be more efficient to use the global VM instkaf creating a new one. This can be done by setting
cont ext f1 ag to ESMF_CONTEXT_PARENT_VM.

The return value is the neBSM-_Gr i dConp.

The arguments are:

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

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

[configFile] The filename of arESMF_Conf i g format file. If specified, this file is opened &8M-_Conf i g
configuration object is created for the file, and attachedh® mew component. 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.

[clock] Component-specifiESM-_Cl ock. This clock is available to be queried and updated by the new
ESM-_Gri dConp as it chooses. This should not be the parent component chdgkh should be maintained
and passed down to the initialize/run/finalize routinessafely.

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

[contextflag] Specify the component’'s VM context. The default contex@®VF CONTEXT_OWN_VM See section
for a complete list of valid flags.

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

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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17.4.5 ESMF_GridCompDestroy - Release resources assoedtwith a GridComp

INTERFACE:

recursive subrouti ne ESMF_Gi dConpDest roy(gridconp, &
tinmeout, tineoutFlag, rc)

ARGUMENTS:
type( ESMF_Gri dConp), intent(inout) ;1 gridconp
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nt eger, intent(in), optional :: tineout
| ogi cal , intent(out), optional :: tinmeoutFlag
i nt eger, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds prigvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care maestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Destroys arESMF_Gr i dConp, releasing the resources associated with the object.

The arguments are:

gridcomp Release all resources associated with B88 G i dConp and mark the object as invalid. It is an error
to pass this object into any other routines after being dgstt.

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Theé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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17.4.6 ESMF_GridCompFinalize - Call the GridComp’s finalize routine

INTERFACE:

recursive subroutine ESMF_G i dConpFi nalize(gridconp, &
i mport State, exportState, clock, syncflag, phase, tineout, timeoutFlag, &
userRc, rc)

ARGUMENTS:

type(ESM-_Gri dConp), int ent(i nout ) ;1 gridconp
-- The following arguments require argument keyword synt ax (e.g. rc=rc). --

type(ESMF_State), i ntent (inout), opt| onal :: importState
type( ESMF_St at e), intent (inout), optional :: exportState
type( ESMF_d ock), intent(inout), optional :: clock
type(ESMF_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent (in), optional :: phase
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: tineoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user-supplied finalization routin@fdeSM-_Gr i dConp.

The arguments are:

gridcomp TheESM~_Gri dConp to call finalize routine for.

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

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

[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. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.
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[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i9986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

17.4.7 ESMF_GridCompGet - Get GridComp information

INTERFACE:

subrouti ne ESM-_Gri dConmpGet (gri dconp, gridlsPresent, grid, &
i mport Statel sPresent, inportState, exportStatel sPresent, exportState, &
configlsPresent, config, configFilelsPresent, configFile, &
cl ockl sPresent, clock, |ocal Pet, petCount, contextflag, &
current Met hod, currentPhase, conptype, vm sPresent, vm nane, rc)

ARGUMENTS:
type( ESMF_Gri dConp) ,

i ntent (in) gri dconp
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-- The follomnng argunents require argument keyword syntax (e.g. rc=rc). --
| ogi cal , intent(out), optional :: gridlsPresent
type(ESNF_ﬁ}|d), i ntent (out), optional grid
| ogi cal , i ntent (out), optional i mport St at el sPresent
type(ESMF_State), i ntent (out), optional i nport State
| ogi cal , i ntent (out), optional export St at el sPresent
type(ESM-_St ate) , i ntent(out), optional export State
| ogi cal , i ntent (out), optional confi gl sPresent
type( ESM-_Confi g), i ntent (out), optional config
| ogi cal , i ntent (out), optional confi gFil el sPresent
character (|l en=+), i ntent (out), optional configFile
| ogi cal , i ntent (out), optional cl ockl sPresent
type( ESM-_d ock) , i ntent (out), optional cl ock
i nt eger, i ntent (out), optional | ocal Pet
i nt eger, i ntent (out), optional pet Count
type(ESM-_Cont ext _Flag), intent(out), optional contextfl ag



type( ESM-_Met hod_Fl ag), intent(out), optional :: currentMthod
i nt eger, intent(out), optional :: currentPhase
type( ESM-_ConmpType_Fl ag), intent(out), optional :: conptype
| ogi cal , intent(out), optional :: vm sPresent
type( ESM-_VM , intent(out), optional :: vm
character (|l en=x), intent(out), optional :: nane
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Get information about aBSMF_Gr i dConp object.

The arguments are:

gridcomp TheESM-_Gri dConp object being queried.
[gridisPresent] . true. if gri d was set in GridComp objectf al se. otherwise.

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

[importStatelsPresent] . t rue. if i nport St at e was set in GridComp objectf al se. otherwise.

[importState] Return the associated import State. Itis an error to querhimport State if none is associated with
the GridComp. If unsure, getnpor t St at el sPr esent first to determine the status.

[exportStatelsPresent] . t rue. if export St at e was set in GridComp objectf al se. otherwise.

[exportState] Return the associated export State. It is an error to quethexport State if none is associated with
the GridComp. If unsure, getxpor t St at el sPr esent first to determine the status.

[configlsPresent] . t r ue. if confi g was set in GridComp objectf al se. otherwise.

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

[configFilelsPresent] . t rue. if confi gFi | e was setin GridComp objectf al se. otherwise.

[configFile] Return the associated configuration filename. It is an eorquery for the configuration filename if none
is associated with the GridComp. If unsure, genf i gFi | el sPresent first to determine the status.

[clockisPresent] . t rue. if cl ock was set in GridComp objectf al se. otherwise.

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

[localPet] Return the local PET id within thESMF_Gr i dConp object.
[petCount] Return the number of PETs in the tB8M~_Gr i dConp object.

[contextflag] Return theESMF_Cont ext _Fl ag for thisESM-_Gr i dConp. See sectioh 51.1L0 for a complete list
of valid flags.
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[currentMethod] Return the currerESM-_Met hod_Fl ag of theESMF_Gr i dConp execution. See secti@n 51140
for a complete list of valid options.

[currentPhase] Return the curremthase of theESM-_Gr i dConp execution.
[comptype] Return the Component type. See seclionl51.9 for a compétief valid flags.
[vmisPresent] . t r ue. if vmwas setin GridComp objectf al se. otherwise.

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

[name] Return the name of theSMF_Gr i dConp.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

17.4.8 ESMF_GridCompGetinternalState - Get private data bock pointer

INTERFACE:

subrouti ne ESM-_Gri dConmpGet | nt ernal St ate(gri dconp, w appedDat aPoi nter, rc)

ARGUMENTS:
type( ESM-_G i dConp) :: gridcomp
type(w apper) ;. wrappedDat aPoi nt er
i nt eger, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

Available to be called by aBSM-_Gr i dConp at any time afteESM-_Gri 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 datkland the address of that block can be registered with
the framework and retrieved by this call. When running nplatinstantiations of aeRSMF_Gr i dConp, for example
during ensemble runs, it may be simpler to maintain privat& épecific to each run with private data blocks. A
correspondinESM-_Gri dConpSet | nt er nal St at e call sets the data pointer to this block, and this call rease

the data pointer. Note that the appedDat aPoi nt er argument needs to be a derived type which contains only a
pointer of the type of the data block defined by the user. Whakimg this call the pointer needs to be unassociated.
When the call returns, the pointer will now reference thgioal data block which was set during the previous call to
ESMF_Gri dConmpSet | nt er nal St at e.

Only thelastdata block set viESM-_Gr i dConpSet | nt er nal St at e will be accessible.

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

The arguments are:

107



gridcomp An ESMF_Gri dConp object.

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

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

17.4.9 ESMF_GridComplnitialize - Call the GridComp’s init ialize routine

INTERFACE:

recursive subroutine ESMF_GidConplnitialize(gridconp, &
i mport State, exportState, clock, syncflag, phase, tineout, tinmeoutFlag, &
userRc, rc)

ARGUMENTS:

type(ESMF_Gri dConp), int ent(i nout) ;. gridconp
-- The followi ng argunents require argunent keyword synt ax (e.g. rc=rc). --

type(ESM-_St ate) , intent(inout), optional :: inmportState
type(ESMF_St ate), intent(inout), optional :: exportState
type( ESMF_d ock), intent(inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: phase
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: timeoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds prigvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care maestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti neout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user initialization routine fore8M-_Gr i dConp.

The arguments are:
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gridcomp ESMF_Gri dConp to call initialize routine for.

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

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

[clock] 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. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionbll.54flist of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Theé i meout argument is only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

17.4.10 ESMF_GridComplsCreated - Check whether a GridCommbject has been created

INTERFACE:

function ESM-_Gi dConpl sCreat ed(gri dconp, rc)

RETURN VALUE:
| ogical :: ESMF_GidConplsCreated
ARGUMENTS:
type(ESM-_G i dConp), intent(in) :: gridconp
-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc
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DESCRIPTION:

Return. true. if the gri dconp has been created. Otherwise retufral se. . If an error occurs, i.erc /=
ESMF_SUCCESS is returned, the return value of the function will also.deal se. .

The arguments are:

gridcomp ESMF_Gri dConp queried.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

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

INTERFACE:

recursive function ESM-_Gri dConpl sPet Local (gri dconp, rc)

RETURN VALUE:
| ogi cal :: ESMF_Gri dConpl sPet Local
ARGUMENTS:
type( ESM-_Gri dConp), intent(in) ;1 gridconp
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nteger, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Inquire if thisESM-_Gr i dConp object is to execute on the calling PET.
The return value ist r ue. if the componentis to execute on the calling PEfTal se. otherwise.

The arguments are:

gridcomp ESMF_Gri dConp queried.
[rc] Return code; equalESM-_SUCCESS if there are no errors.
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17.4.12 ESMF_GridCompPrint - Print GridComp information

INTERFACE:

subrouti ne ESM-_Gri dConpPrint (gridconp, rc)

ARGUMENTS:
type(ESM-_Gi dConp), intent(in) :: gridconp

-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nteger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:
Prints information about aBSMF_Gri dConp to st dout .

The arguments are:

gridcomp ESMF_Gri dConp to print.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

17.4.13 ESMF_GridCompReadRestart - Call the GridComp’s red restart routine

INTERFACE:

recursive subroutine ESMF_Gi dConpReadRest art (gri dconp, &
i mport State, exportState, clock, syncflag, phase, tineout, timeoutFlag, &
userRc, rc)

ARGUMENTS:

type(ESMF_Gri dConp), int ent(i nout) ;. gridconp
-- The follow ng arguments require argunent keyword synt ax (e.g. rc=rc). --

type(ESMF_St ate), intent(inout), optional :: inportState
type( ESI\/F_St ate), intent(inout), optional :: exportState
type( ESM-_d ock) , intent(inout), optional :: clock
type(ESMF_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: phase
i nt eger, intent (in), optional :: timeout
| ogi cal , i ntent (out), optional :: tineoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc
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STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti neout . Added argumertti neout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user read restart routine f&E@-_Gri dConp.

The arguments are:

gridcomp ESMF_Gri dConp to call run routine for.

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

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

[clock] ExternalESMF_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. If not present, a dummy argt will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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17.4.14 ESMF_GridCompRun - Call the GridComp’s run routine

INTERFACE:

recursive subroutine ESM-_Gi dConpRun(gri dconp, &
i mport State, exportState, clock, syncflag, phase, tineout, timeoutFlag, &
userRc, rc)

ARGUMENTS:

type(ESM-_Gri dConp), int ent(i nout ) ;1 gridconp
-- The following arguments require argument keyword synt ax (e.g. rc=rc). --

type(ESMF_State), i ntent (inout), opt| onal :: importState
type( ESMF_St at e), intent (inout), optional :: exportState
type( ESMF_d ock), intent(inout), optional :: clock
type(ESMF_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent (in), optional :: phase
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: tineoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user run routine fore®VF_Gr i dConp.

The arguments are:

gridcomp ESMF_Gri dConp to call run routine for.

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

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

[clock] ExternalESMF_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. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.
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[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i9986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

17.4.15 ESMF_GridCompServiceLoop - Call the GridComp’s sevice loop routine

INTERFACE:

recursive subrouti ne ESM-_Gi dConpServi ceLoop(gri dconp, &
i mport State, exportState, clock, syncflag, port, timeout, tineoutFlag, rc)

ARGUMENTS:

type(ESMF_Gri dConp), int ent(i nout) ;. gridconp
-- The followi ng argunents require argunent keyword synt ax (e.g. rc=rc). --

type(ESM-_St ate), intent(inout), optional :: inmportState
type(ESMF_St ate), intent(inout), optional :: exportState
type( ESM-_d ock), intent(inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: port
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: timeoutFlag
i nt eger, i ntent (out), optional :: rc

DESCRIPTION:

Call the ServiceLoop routine for aBSM-_Gr i dConp. This tries to establish a "component tunnel" between the
actualComponent (calling this routine) anddlaal Component connecting to it through a matching SetServiakks c

The arguments are:

gridcomp ESMF_Gri dConp to call service loop routine for.
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[importState] ESMF_St at e containing import data for coupling. If not present, a dunamyument will be passed
to the user-supplied routine. The importState argumettéruser code cannot be optional.

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

[clock] ExternalESMF_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. Thedcbidimponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.

[port] Incase a port number is provided, the "component tunnebtesdished using sockets. The actual component
side, i.e. the side that calls inESM-_Gri dConpSer vi ceLoop(), starts to listen on the specified port as
the server. The valid port range is [1024, 65535]. In casgtra argument isnot specified, the "component
tunnel” is established within the same executable using lmmmmunication methods (e.g. MPI).

[timeout] The maximum period in seconds that this call will wait for coomications with the dual component,
before returning with a timeout condition. The default i986i.e. 1 hour. (NOTE: Currently this option is only
available for socket based component tunnels.)

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

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

17.4.16 ESMF_GridCompSet - Set or reset information abouthie GridComp

INTERFACE:

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

ARGUMENTS:

type(ESM-_Gri dConp), int ent(i nout) ;. gridconp
-- The follow ng argunents require argunent keyword synt ax (e.g. rc=rc). --

type(ESM-_Gri d), intent(in), optional :: grid
t ype( ESMF_Confi g), intent(in), optional :: config
character (|l en=+), intent(in), optional :: configFile
type( ESM-_d ock) , intent(in), optional :: clock
character (|l en=+), intent(in), optional :: nane
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.
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DESCRIPTION:

Sets or resets information aboutB8MF_Gr i dConp.

The arguments are:

gridcomp ESMF_Gri dConp to change.
[grid] SettheESMF_Gri d associated with thESMF_Gri dConp.

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

[configFile] Set the configuration filename for tHESMF_Gri dConp. An ESMF_Conf i g object will be created
for this file and attached to tHeESM-_Gr i dConp. Superceeded byonf i g if both are specified.

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

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

INTERFACE:

recursive subroutine ESMF_G i dConpSet Ent ryPoi nt (gri dconp, nethodfl ag, &
user Routi ne, phase, rc)

ARGUMENTS:
t ype( ESMF_Gri dConp) , i ntent (inout) ;1 gridconp
type( ESM-_Met hod_Fl ag), intent(in) :: met hodfl ag
interface

subroutine userRoutine(gridconp, inportState, exportState, clock, rc)
use ESM-_ConpMod
use ESM-_St at eMbd
use ESMF_C ockMod
inmplicit none

type( ESM-_Gri dComp) :: gridcomp I must not be optional
type( ESM-_St at e) ;. inportState ! must not be optional
type( ESM-_St at e) :: exportState ! must not be optional
t ype( ESM-_O ock) :: clock I must not be optional
i nteger, intent(out) coorc I must not be optional

end subroutine
end interface
-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
i nt eger, intent(in), optional :: phase
i nt eger, intent(out), optional :: rc

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Registers a user-supplieser Rout i ne as the entry point for one of the predefined Compomaithodf | ags.
After this call theuser Rout i ne becomes accessible via the standard Component method API.

The arguments are:

gridcomp An ESMF_Gri dConp object.

methodflag One of a set of predefined Component methods - e.gESM-_METHOD | NI Tl ALI ZE,
ESMF_METHOD_RUN, ESMF_METHOD_FI NALI ZE. See sectiofi . 51,10 for a complete list of valid method
options.

userRoutine The user-supplied subroutine to be associated for this ©@osret hod. Argument types, intent and
order must match the interface signature, and must not hawpt i onal attribute. Prior to Fortran-2008, the
subroutine must be either a module scope procedure, oreamekprocedure that has a matching interface block
specified for it. An internal procedure which is containedhivi another procedure must not be used. From
Fortran-2008 onwards, an internal procedure containelinwvéither a main program or a module procedure
may be used. If the internal procedure is contained withinoalue procedure, it is subject to initialization
requirements. SeE_16.1.6

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

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

17.4.18 ESMF_GridCompSetinternalState - Set private dat#lock pointer

INTERFACE:

subrouti ne ESM-_Gri dConpSet | nternal State(gri dconp, w appedDat aPoi nter, rc)

ARGUMENTS:
type( ESM-_G i dConp) :: gridcomp
type(w apper) : . wr appedDat aPoi nt er
i nt eger, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

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
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share in common can either be module global data, or candeasdld in a private data block and the address of that
block can be registered with the framework and retrieveduipssquent 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®v_Gri dConpGet | nt er nal St at e call retrieves the data
pointer.

Only thelastdata block set viESM-_Gri dConpSet | nt er nal St at e will be accessible.

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

The arguments are:

gridcomp An ESMF_Gri dConp object.

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

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

17.4.19 ESMF_GridCompSetServices - Call user routine to gaster GridComp methods

INTERFACE:

recursive subrouti ne ESMF_Gi dConpSet Servi ces(gri dconp, &
user Routi ne, userRc, rc)

ARGUMENTS:

type(ESMF_Gri dConp), intent(inout) ;. gridconp
interface
subrouti ne userRoutine(gridconp, rc)
use ESM-_ConpMod
inmplicit none
type( ESM-_Gri dComp) :: gridconp ! nust not be optiona
i nteger, intent(out) coorc ! nust not be optiona
end subroutine
end interface
-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

118



Callinto user providedser Rout i ne which is responsible for setting Component’s Initializ&Wun(), and Finalize()
services.

The arguments are:

gridcomp Gridded Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the

user Rout i ne argument. Arguments inser Rout i ne must not be declared as optional, and the types,
intent and order must match. Prior to Fortran-2008, theautbre must be either a module scope procedure, or
an external procedure that has a matching interface bloméifsgd for it. An internal procedure which is con-
tained within another procedure must not be used. Froma&wo2008 onwards, an internal procedure contained
within either a main program or a module procedure may be.us#tk internal procedure is contained within

a module procedure, it is subject to initialization reqments. Sed._16.4.6

The userRoutine, when called by the framework, must make successive calls
ESMF_Gri dConpSet Ent ryPoi nt () to preset callback routines for standard Component |izgg),
Run(), and Finalize() methods.

[userRc] Return code set byser Rout i ne before returning.

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

17.4.20 ESMF_GridCompSetServices - Call user routine thragh name lookup, to register GridComp meth-
ods

INTERFACE:

! Private nane; call using ESMF _Gi dConpSet Servi ces()
recursive subrouti ne ESMF_G i dConpSet Servi cesShQbj (gri dconp, userRoutine, &
sharedObj, userRouti neFound, userRc, rc)

ARGUMENTS:
type( ESMF_Gri dConp), intent(inout) ;1 gridconp
character (|l en=x), i ntent (in) :: userRoutine

-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --

character (|l en=+), intent(in), optional :: sharedQObj
| ogi cal , intent(out), optional :: userRoutineFound
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-

piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

to

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features

that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:
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6.3.0r Added argumentiser Rout i neFound. The new argument provides a way to test availability withou
causing error conditions.

DESCRIPTION:

Call into a user provided routine which is responsible fatisg Component’s Initialize(), Run(), and Finalize()
services. The namagser Rout i ne must exist in the executable, or in the shared object spddiffshar edCbj .
In the latter case all of the platform specific details abguiadhic linking and loading apply.

The arguments are:

gridcomp Gridded Component.

userRoutine Name of routine to be called, specified as a character strifige Component writer must supply a

subroutine with the exact interface shown foser Rout i ne below. Arguments must not be declared as
optional, and the types, intent and order must match. Poidtartran-2008, the subroutine must be either
a module scope procedure, or an external procedure that imatching interface block specified for it. An
internal procedure which is contained within another pdoce must not be used. From Fortran-2008 onwards,
an internal procedure contained within either a main pnogvaa module procedure may be used. If the internal
procedure is contained within a module procedure, it isestttip initialization requirements. Sde:_1614.6

INTERFACE:
interface
subrouti ne userRoutine(gridconmp, rc)
type(ESM-_Gi dConp) :: gridconp I must not be optional
i nteger, intent(out) :: rc I must not be optional

end subroutine
end interface

DESCRIPTION:

The userRoutine, when called by the framework, must make successive calls to
ESMF_Gri dConmpSet Ent ryPoi nt () to preset callback routines for standard Component |iE&é),
Run(), and Finalize() methods.

[sharedObj] Name of shared object that containser Rout i ne. If theshar edObj argumentis not provided the

executable itself will be searched feser Rout i ne.

[userRoutineFound] Report back whether the specifisder Rout i ne was found and executed, or was not avail-

able. If this argument is present, not finding theer Rout i ne will not result in returning an error inc. The
default is to return an error if theser Rout i ne cannot be found.

[userRc] Return code set byser Rout i ne before returning.

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

17.4.21 ESMF_GridCompSetServices - Set to serve as Dual Cponent for an Actual Component

INTERFACE:
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! Private nane; call using ESMF _Gi dConpSet Servi ces()
recursive subrouti ne ESM-_Gi dConpSet Servi cesConp(gridconmp, &
actual Gidconp, rc)

ARGUMENTS:
type( ESMF_Gri dConp), intent(inout) ;1 gridconp
type( ESMF_Gri dConp), intent(in) ;1 actual Gidconp
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc
DESCRIPTION:

Set the services of a Gridded Component to serve a "dual” Goerg for an "actual" Component. The component
tunnel is VM based.

The arguments are:

gridcomp Dual Gridded Component.
actualGridcomp Actual Gridded Component.

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

17.4.22 ESMF_GridCompSetServices - Set to serve as Dual Cpanent for an Actual Component through
sockets

INTERFACE:

! Private nane; call using ESMF _Gi dConpSet Servi ces()
recursive subroutine ESMF_Gi dConpSet Servi cesSock(gridconmp, port, &
server, timeout, tinmeoutFlag, rc)

ARGUMENTS:
type( ESMF_Gri dConp), intent(inout) ;1 gridconp
i nt eger, i ntent (in) 11 port

-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --

character (|l en=+), intent(in), optional :: server
i nt eger, intent(in), optional :: tineout
| ogi cal , intent(out), optional :: tineoutFlag
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set the services of a Gridded Component to serve a "dual" Goew for an "actual” Component. The component
tunnel is socket based.

The arguments are:
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gridcomp Dual Gridded Component.
port Port number under which the actual component is being sefMealvalid port range is [1024, 65535].

[server] Server name where the actual componentis being served.efaeldi.e. if theser ver argument was not
provided, isl ocal host .

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

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

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

INTERFACE:

recursive subrouti ne ESMF_Gi dConpSet VM gri dconp, userRoutine, &
userRc, rc)

ARGUMENTS:

type(ESMF_Gri dConp), intent(inout) ;. gridconp
interface
subroutine userRoutine(gridconp, rc)
use ESM-_ConpMod
inmplicit none
type( ESM-_Gri dComp) :: gridconp ! nust not be optiona
i nteger, intent(out) coorc ! nust not be optiona
end subroutine
end interface
-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
i nteger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

Optionally call into user providedser Rout i ne which is responsible for for setting Component’s VM projest

The arguments are:

gridcomp Gridded Component.
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userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
user Rout i ne argument. Arguments inser Rout i ne must not be declared as optional, and the types,
intent and order must match. Prior to Fortran-2008, themutbre must be either a module scope procedure, or
an external procedure that has a matching interface bloméifsgd for it. An internal procedure which is con-
tained within another procedure must not be used. Fromd&wo2008 onwards, an internal procedure contained
within either a main program or a module procedure may be.us#tk internal procedure is contained within
a module procedure, it is subject to initialization reqmemnts. Sed._16.4.6

The subroutine, when called by the framework, is expectegéoany of th&SM-_Gr i dConpSet VIVKXX (')
methods to set the properties of the VM associated with thed&d Component.

[userRc] Return code set byser Rout i ne before returning.

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

17.4.24 ESMF_GridCompSetVM - Call user routine through narre lookup, to set GridComp VM properties

INTERFACE:

! Private name; call using ESM-_Gri dConpSet VM)
recursive subroutine ESMF_Gi dConpSet VMShCbj (gri dconp, userRoutine, &
sharedObj, userRc, rc)

ARGUMENTS:
type(ESM-_Gri dConp), intent(inout) :: gridconp
character (|l en=«), i ntent (in) :: userRoutine

-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --

character (|l en=«), intent(in), optional :: sharedbj
i nteger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then it wompile with the current version.

DESCRIPTION:

Optionally call into user providedser Rout i ne which is responsible for for setting Component’s VM projest
The namediser Rout i ne must exist in the executable, or in the shared object spddiffeshar edCbj . In the
latter case all of the platform specific details about dyredinking and loading apply.

The arguments are:

gridcomp Gridded Component.

userRoutine Routine to be called, specified as a character string. ThepGoent writer must supply a subroutine
with the exact interface shown faser Rout i ne below. Arguments must not be declared as optional, and
the types, intent and order must match. Prior to FortrarB2€@ subroutine must be either a module scope
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procedure, or an external procedure that has a matchingaogeblock specified for it. An internal procedure
which is contained within another procedure must not be .ussaim Fortran-2008 onwards, an internal proce-
dure contained within either a main program or a module gtocemay be used. If the internal procedure is

contained within a module procedure, it is subject to ititaion requirements. SeE_T61.6

INTERFACE:
i nterface
subrouti ne userRoutine(gridconmp, rc)
type(ESM-_Gi dConp) :: gridconp I nust not be optional
integer, intent(out) :: rc I must not be optional

end subroutine
end interface

DESCRIPTION:

The subroutine, when called by the framework, is expectegéoany of th&SM-_Gr i dConpSet VIVKXX ()
methods to set the properties of the VM associated with thed&d Component.

[sharedObj] Name of shared object that containser Rout i ne. If theshar edObj argumentis not provided the

executable itself will be searched faser Rout i ne.
[userRc] Return code set byser Rout i ne before returning.

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

17.4.25 ESMF_GridCompSetVMMaxPEs - Associate PEs with PESin GridComp VM

INTERFACE:

subrouti ne ESM-_Gri dConpSet VWMMaxPEs(gri dconp, &
maxPeCount Per Pet, preflntraProcess, preflntraSsi, preflnterSsi, rc)

ARGUMENTS:

type(ESM-_G i dConp), int ent(i nout ) :: gridconp
-- The foll owi ng argunent s require argunent keyword syntax (e.g. rc=rc). --

i nt eger, intent(in), optional :: maxPeCount Per Pet
i nt eger, intent(in), optional :: preflntraProcess
i nt eger, intent(in), optional :: preflntraSsi
i nt eger, intent(in), optional :: preflnterSsi
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set characteristics of tHeESMF_VMfor this ESMF_Gr i dConp. Attempts to associate up tmxPeCount Per Pet

PEs with each PET. Only PEs that are located on the same siygjkam image (SSI) can be associated with the same

PET. Within this constraint the call tries to get as closeassible to the number specified mgx Pe Count Per Pet .
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The other constraint to this call is that the number of PEsasgrved. This means that the child Componentin the end
is associated with as many PEs as the parent Component pdxaidhe child. The number of child PETs however is
adjusted according to the above rule.

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

The arguments are:

gridcomp ESMF_Gri dConp to set theeSM-_ VMfor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isatel humber of PEs.

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

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

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

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

17.4.26 ESMF_GridCompSetVMMaxThreads - Set multi-threacdd PETs in GridComp VM

INTERFACE:

subrouti ne ESM-_Gri dConpSet VMMaxThr eads(gri dconp, &
maxPet Count Per Vas, preflntraProcess, prefintraSsi, preflnterSsi, rc)

ARGUMENTS:

type(ESM-_Gri dConp), int ent(i nout) ;. gridconp
-- The follow ng argunents require argunent keyword syntax (e.g. rc=rc). --

i nt eger, intent(in), optional :: maxPet Count PerVas
i nt eger, intent(in), optional :: preflntraProcess
i nt eger, intent(in), optional :: preflntraSsi
i nt eger, intent(in), optional :: preflnterSsi
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set characteristics of thESM-_VM for this ESMF_Gri dConp. Attempts to providenaxPet Count Per Vas
threaded PETs in each virtual address space (VAS). Only &y thaeaded PETs as there are PEs located on the
single system image (SSI) can be associated with the VAShifthis constraint the call tries to get as close as
possible to the number specified tmx Pet Count Per Vas.

The other constraint to this call is that the number of PETwéserved. This means that the child Component in the
end is associated with as many PETs as the parent Compomweidqu to the child. The threading level of the child
PETs however is adjusted according to the above rule.
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The typical use oESM-_Gri dConpSet VMVaxThr eads() is to run a Component multi-threaded with groups of
PETSs executing within a common virtual address space.

The arguments are:

gridcomp ESMF_Gri dConp to set theeSM-_VMfor.

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

[preflntraProcess] Communication preference within a single proceg€urrently options not documented. Use
default.

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

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

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

17.4.27 ESMF_GridCompSetVMMinThreads - Set a reduced thrading level in GridComp VM

INTERFACE:

subrouti ne ESM-_Gri dConpSet VWM nThr eads(gri dconp, &
maxPeCount Per Pet, preflntraProcess, preflintraSsi, preflnterSsi, rc)

ARGUMENTS:

type(ESM-_G i dConp), int ent(i nout ) :: gridconp
-- The foll owi ng argunent s require argunent keyword syntax (e.g. rc=rc). --

i nt eger, intent(in), optional :: maxPeCount Per Pet
i nt eger, intent(in), optional :: preflntraProcess
i nt eger, intent(in), optional :: preflntraSsi
i nt eger, intent(in), optional :: preflnterSsi
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set characteristics of tHeESM-_VMfor thisESMF_Gr i dConp. Reduces the number of threaded PETs in each VAS.
Themax argument may be specified to limit the maximum number of PEsalsingle PET can be associated with.

Several constraints apply: 1) the number of PEs cannot &)@)dPEs cannot migrate between single system images
(SSils), 3) the number of PETs cannot increase, only degrépB&ETs cannot migrate between virtual address spaces
(VASSs), nor can VASs migrate between SSis.

The typical use oESMF_Gri dConpSet VMM nThr eads() is to run a Component across a set of single-threaded
PETs.

The arguments are:
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gridcomp ESMF_Gri dConp to set theeSM-_VMfor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isatel humber of PEs.

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

[prefintraSsi] Communication preference within a single system image)(S3lrrently options not documented.
Use default.

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

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

17.4.28 ESMF_GridCompValidate - Check validity of a GridCamp

INTERFACE:

subrouti ne ESM-_Gri dConpVal i date(gri dconp, rc)

ARGUMENTS:
type( ESMF_Gri dConp), intent(in) ;1 gridconp

-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Currently all this method does is to check that tfré dconp was created.

The arguments are:

gridcomp ESMF_Gri dConp to validate.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

17.4.29 ESMF_GridCompWait - Wait for a GridComp to return

INTERFACE:
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subrouti ne ESM-_Gri dConpWai t (gri dconp, syncflag, &
ti meout, timeoutFlag, userRc, rc)

ARGUMENTS:

type(ESM-_Gi dConp), i ntent(inout) :: gridconp
-- The followi ng argunents require argunent keymord syntax (e.g. rc=rc). --

type(ESMF_Sync_Flag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: tineout
| ogi cal , intent(out), optional :: tineoutFlag
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

When executing asynchronously, wait forB8MF_Gr i dConp to return.

The arguments are:

gridcomp ESMF_Gri dConp to wait for.

[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[timeout] The maximum period in seconds the actual component is atldwexecute a previously invoked com-
ponent method before it must communicate back to the duapooent. If the actual component does not
communicate back in the specified time, a timeout condisaaised on the dual side (this side). The default is
3600, i.e. 1 hour. Thei nmeout argument is only supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

INTERFACE:

recursive subroutine ESMF_Gi dConpWiteRestart(gridconp, &
i mport State, exportState, clock, syncflag, phase, tineout, timeoutFlag, &
userRc, rc)

ARGUMENTS:

type(ESM-_Gri dConp), int ent(i nout ) ;1 gridconp
-- The following arguments require argument keyword synt ax (e.g. rc=rc). --

type(ESMF_State), i ntent (inout), opt| onal :: importState
type( ESMF_St at e), intent (inout), optional :: exportState
type( ESMF_d ock), intent(inout), optional :: clock
type(ESMF_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent (in), optional :: phase
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: tineoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user write restart routine foE&VF_Gr i dConp.

The arguments are:

gridcomp ESMF_Gri dConp to call run routine for.

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

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

[clock] ExternalESMF_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. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.
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[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i9986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

18 CplComp Class

18.1 Description

In a large, multi-component application such as a weathexcksting or climate prediction system running within
ESMF, physical domains and major system functions are septed as Gridded Components (see Se€fiod 17.1).
A Coupler Component, dESM-_Cpl Conp, arranges and executes the data transformations betwedaritided
Components. Ideally, Coupler Components should contathelinformation about inter-component communication
for an application. This enables the Gridded Componentsiapplication to be used in multiple contexts; that is, used
in different coupled configurations without changes tortlseurce code. For example, the same atmosphere might
in one case be coupled to an ocean in a hurricane predictialelmand to a data assimilation system for numerical
weather prediction in another. A single Coupler Componantauple two or more Gridded Components.

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

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

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) asdhe regular transfer of data between a data assimilation
system and an atmospheric model.

The user-written part of a Coupler Component is associaiddam ESM-_Cpl Conp derived type through a rou-
tine calledESM-_Set Servi ces(). This is a routine that the user must write and declare puhbliside the

2|t is not necessary to create a Coupler Component for eadtidodl datatransfer.
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ESMF_Set Ser vi ces() routine the user must caiSM-_Set Ent r yPoi nt () methods that associate a stan-
dard ESMF operation with the name of the corresponding &oitubroutine in their user code. For example, a user
routine called “couplerlnit” might be associated with thamlard initialize routine in a Coupler Component.

18.2 Use and Examples

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

18.2.1 Implement a user-cod&et Ser vi ces routine

Every ESMF_Cpl Conp is required to provide and document a public set serviceSn®u It can have any name,
but must follow the declaration below: a subroutine whidketaanESMF_Cpl Conp as the first argument, and an
integer return code as the second. Both arguments are eelcaiid mushot be declared aspt i onal . If an intent
is specified in the interface it must bat ent (i nout ) for the firstand nt ent (out) for the second argument.

The set services routine must call the ESMF metB&iF Cpl ConpSet Ent r yPoi nt () to register with the
framework what user-code subroutines should be calleditialine, run, and finalize the component. There are
additional routines which can be registered as well, fockpeint and restart functions.

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

! Exanpl e Coupl er Component
nmodul e ESMF_Coupl er Ex

I ESMF Framewor k nodul e
use ESMF

inmplicit none

public CPL_Set Services

cont ai ns

subrouti ne CPL_Set Servi ces(conp, rc)
t ype( ESM-_Cpl Conp) ;. oconp ! nust not be optional
integer, intent(out) :: rc ! nmust not be optional

| Set the entry points for standard ESMF Conponent net hods

call ESMF_Cpl ConpSet Ent ryPoi nt (conp, ESMF_METHOD | NI TI ALI ZE, &
user Routi ne=CPL_Init, rc=rc)

call ESM-_Cpl ConpSet Ent ryPoi nt (conp, ESMF_METHOD RUN, &
user Routi ne=CPL_Run, rc=rc)

call ESMF_Cpl ConpSet Ent ryPoi nt (conp, ESMF_METHOD FI NALI ZE, &
user Routi ne=CPL_Fi nal, rc=rc)

rc = ESMF_SUCCESS
end subroutine
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18.2.2 Implement a user-codéni ti al i ze routine

When a higher level component is ready to begin using®=_Cpl Conp, it will call its initialize routine.

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

At initialization time the component can allocate data spapen data files, set up initial conditions; anything 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(conmp, inportState, exportState, clock, rc)

t ype( ESM-_Cpl Conp) ;. oconp ! must not be optional

type( ESM-_St at e) i inmportState ! must not be optional

type( ESM-_St at e) i exportState ! must not be optional

type( ESMF_d ock) .1 clock ! must not be optional
I

integer, intent(out) :: rc nmust not be optional
print =, "Coupler Init starting"

I Add what ever code here needed

! Preconpute any needed values, fill in any inital val ues

! needed in Inport States

rc = ESMF_SUCCESS

print =, "Coupler Init returning"

end subroutine CPL _Init

18.2.3 Implement a user-cod&®un routine

During the execution loop, the run routine may be called méimgs. 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 extber t St at e.

When a higher level component is ready to useBB®F_Cpl Conp it will call its run routine.

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

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

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

subroutine CPL_Run(conp, inportState, exportState, clock, rc)

t ype( ESM-_Cpl Conp) ;. oconp ! must not be optional
type( ESMF_St at e) ;. inportState ! must not be optional
type( ESM-_St at e) ©: exportState ! must not be optional
type( ESMF_d ock) .1 clock ! must not be optional
integer, intent(out) =:: rc ! must not be optional
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print =, "Coupler Run starting"

I Add what ever code needed here to transform Export state data
! into Inport states for the next tinestep.

rc = ESMF_SUCCESS
print =, "Coupler Run returning"

end subroutine CPL_Run

18.2.4 Implement a user-cod&i nal i ze 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.

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

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

subroutine CPL_Final (conp, inportState, exportState, clock, rc)
. |

t ype( ESM-_Cpl Conp) 11 oconp I must not be optional
type( ESM-_St at e) ©: inmportState I must not be optional
type( ESMF_St at e) .. exportState I must not be optional
type( ESMF_d ock) :: clock I must not be optional
integer, intent(out) :: rc I must not be optional

print =, "Coupler Final starting"

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

rc = ESMF_SUCCESS
print =, "Coupler Final returning"

end subroutine CPL_Final

18.2.5 Implement a user-cod&et VMroutine

EveryESMF_Cpl Comnp can optionally provide and document a public set vm routibhean have any name, but must
follow the declaration below: a subroutine which take&8iVF_Cpl Conp as the first argument, and an integer return
code as the second. Both arguments are required andnoiist declared aspt i onal . If an intent is specified in
the interface it must bent ent (i nout) for the first and nt ent (out) for the second argument.
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The set vm routine is the only place where the child compocantuse th&SM-_Cpl ConpSet VMVaxPEs() , or
ESMF_Cpl ConpSet VMVaxThr eads() , or ESMF_Cpl ConpSet VMM nThr eads() call to modify aspects of
its own VM.

A component’s VM is started up right before its set servicegine is enteredeSM-_Cpl ConpSet VM) is execut-
ing in the parent VM, and must be callbéforeESMF_Cpl ConpSet Ser vi ces() .

subrouti ne GConp_Set VM conp, rc)
t ype( ESM-_Cpl Conp) 11 oconp ! nmust not be optional
integer, intent(out) =:: rc ! nust not be optional

type(ESMF_ VM :: vm
| ogi cal :: pthreadsEnabl ed

I Test for Pthread support, all SetVMcalls require it
call ESMF_VMGet d obal (vm rc=rc)
call ESMF_VMzet (vm pt hr eadsEnabl edFl ag=pt hr eadsEnabl ed, rc=rc)

i f (pthreadsEnabl ed) then
! run PETs single-threaded
call ESMF_Cpl ConpSet VMM nThr eads(conp, rc=rc)
endi f
rc = ESMF_SUCCESS
end subroutine

end nodul e ESM-_Coupl er Ex

18.3 Restrictions and Future Work

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

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 sgttonanother component are available when that
code returns.

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@ing of fields for cou-
pling. This is likely to be developed in the near term.

18.4 Class API

18.4.1 ESMF_CplCompAssignment(=) - CplComp assignment

INTERFACE:
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i nterface assignnment (=)
cpl compl = cpl comp2

ARGUMENTS:

type( ESM-_Cpl Conp) :: cpl conpl
type( ESMF_Cpl Conp) :: cpl conp2

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Assign cplcompl as an alias to the same ESMF CplComp objeatmory as cplcomp2. If cplcomp2 is invalid, then
cplcompl will be equally invalid after the assignment.

The arguments are:

cplcompl TheESM-_Cpl Conp object on the left hand side of the assignment.
cplcomp2 TheESM-_Cpl Conp object on the right hand side of the assignment.

18.4.2 ESMF_CplCompOperator(==) - CplComp equality operaor

INTERFACE:

i nterface operator(==

if (cplconmpl == cplconp2) then ... endif
result = (CO;I compl == cpl conp2)

RETURN VALUE:
logical :: result

ARGUMENTS:

type( ESM-_Cpl Conp), intent(in) :: cplconpl
type( ESMF_Cpl Conp), intent(in) :: cplconp2

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.
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DESCRIPTION:

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

The arguments are:

cplcompl TheESM-_Cpl Conp object on the left hand side of the equality operation.
cplcomp2 TheESM-_Cpl Conp object on the right hand side of the equality operation.

18.4.3 ESMF_CplCompOperator(/=) - CplComp not equal opertor

INTERFACE:

i nterface operator (/=)
if (cplconmpl /= cplconp2) then ... endif
OoR

result = (cplconpl /= cpl conp2)
RETURN VALUE:

logical :: result
ARGUMENTS:

type( ESMF_Cpl Conp), intent(in) :: cplconpl
type( ESM-_Cpl Conp), intent(in) :: cplconp2

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

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

The arguments are:

cplcompl TheESM-_Cpl Conp object on the left hand side of the non-equality operation.
cplcomp2 TheESM-_Cpl Conp object on the right hand side of the non-equality operation.
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18.4.4 ESMF_CplCompCreate - Create a CplComp

INTERFACE:

recursive function ESMF_Cpl ConpCreate(config, configFile, &
cl ock, petlList, contextflag, nanme, rc)

RETURN VALUE:
type( ESMF_Cpl Conp) :: ESM-_Cpl ConpCreate
ARGUMENTS:

-- The follow ng argunents reqw re argunent keyword synt ax (e.g. rc=rc). --

type( ESM-_Confi g), intent(in), optional :: config
charact er (1 en=+), intent(in), optional :: configFile
type( ESM-_d ock) , intent(in), optional :: clock
i nt eger, intent(in), optional :: petList(:)
type(ESMF_Context Flag), intent(in), optional :: contextflag
character (|l en=«), intent(in), optional :: nane
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

This interface creates &B8M-_Cpl Conp object. By default, a separate VM context will be createdefach compo-
nent. This implies creating a new MPI communicator and alliog additional memory to manage the VM resources.
When running on a large number of processors, creating astepdM for each component could be both time and
memory inefficient. If the application is sequential, isach componentis running on all the PETs of the global VM, it
will be more efficient to use the global VM instead of creatingew one. This can be done by settoant ext f | ag

to ESMF_CONTEXT_PARENT_VM.

The return value is the neeSM-_Cpl Conp.

The arguments are:

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

[configFile] The filename of arESMF_Conf i g format file. If specified, this file is opened, &8M-_Conf i g
configuration object is created for the file, and attachedh® mew component. The user can call
ESMF_Cpl ConpCet () to get and use the object. If both are specified, db@f i g object takes priority
over this one.

[clock] Component-specifiESM-_Cl ock. This clock is available to be queried and updated by the new
ESMF_Cpl Conp as it chooses. This should not be the parent component cldtdkh should be maintained
and passed down to the initialize/run/finalize routinessafely.
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[petList] List of parentPETs given to the created child component by the parent comporiepet Li st is not
specified all of the pare®ETs will be given to the child component. The order of PETgét Li st determines
how the child local PETs refer back to the parent PETSs.

[contextflag] Specify the component’'s VM context. The default contex@®VF_ CONTEXT_OWN_VM See section
for a complete list of valid flags.

[name] Name of the newly-create8SMF_Cpl Conp. This name can be altered from within tBEM~_Cpl Conp
code once the initialization routine is called.

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

18.4.5 ESMF_CplCompDestroy - Release resources assocthtath a CplComp

INTERFACE:

recursive subroutine ESMF_Cpl ConpDestroy(cpl conp, &
tinmeout, tineoutFlag, rc)

ARGUMENTS:
type( ESM-_Cpl Conp), intent(inout) :: cplconp
-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
i nt eger, intent(in), optional :: tineout
| ogi cal , intent(out), optional :: timeoutFl ag
i nt eger, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti neout . Added argumertti neout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Destroys arESMF_Cpl Conp, releasing the resources associated with the object.

The arguments are:

cplcomp Release all resources associated with B8 Cpl Conp and mark the object as invalid. It is an error to
pass this object into any other routines after being desttoy
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[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

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

18.4.6 ESMF_CplCompFinalize - Call the CplComp’s finalize outine

INTERFACE:

recursive subrouti ne ESMF_Cpl ConpFi nal i ze(cpl conp, &
i mport State, exportState, clock, syncflag, phase, tineout, tinmeoutFlag, &
userRc, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), intent(inout) ;. cplconp
-- The followi ng argunents require argunent keymord syntax (e.g. rc=rc). --

type(ESM-_St ate) , intent(inout), optional :: inmportState
type(ESMF_St ate), intent(inout), optional :: exportState
type( ESMF_d ock), intent(inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: phase
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: timeoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds prigvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care maestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti neout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user-supplied finalization routinefdeSM-_Cpl Conp.

The arguments are:
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cplcomp TheESMF_Cpl Conp to call finalize routine for.

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

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

[clock] ExternalESMF_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. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionbll.54flist of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.7 ESMF_CplCompGet - Get CplComp information

INTERFACE:

subrouti ne ESM-_Cpl CompGet (cpl conp, confi gl sPresent, config, &
configFilelsPresent, configFile, clocklsPresent, clock, |ocalPet, &
pet Count, contextflag, currentMethod, currentPhase, vm sPresent, &
vm nane, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), i ntent (in) .. cplconp
-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
| ogi cal , intent(out), optional :: configlsPresent
type( ESM-_Confi g), intent(out), optional :: config
| ogi cal , intent(out), optional :: configFilelsPresent
character (|l en=x), intent(out), optional :: configFile
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| ogi cal , intent(out), optional :: clocklsPresent
type( ESM-_d ock) , intent(out), optional :: clock
i nt eger, intent(out), optional :: |ocal Pet
i nt eger, i ntent (out), optional :: petCount
type(ESM-_Context _Flag), intent(out), optional :: contextflag
type(ESM-_Met hod_Fl ag), intent(out), optional :: currentMethod
i nt eger, intent(out), optional :: currentPhase
| ogi cal , intent(out), optional :: vm sPresent
type( ESM-_VM , intent(out), optional :: vm
character (|l en=+), intent(out), optional :: nane
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Get information about aBSMF_Cpl Conp object.

The arguments are:

cplcomp TheESMF_Cpl Conp object being queried.
[configlsPresent] . t rue. if confi g was set in CplComp objectf al se. otherwise.

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

[configFilelsPresent] . t r ue. if confi gFi | e was setin CplComp objectf al se. otherwise.

[configFile] Return the associated configuration filename. It is an eorquery for the configuration filename if none
is associated with the CplComp. If unsure, getf i gFi | el sPresent first to determine the status.

[clockisPresent] . t rue. if cl ock was setin CplComp objectf al se. otherwise.

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

[localPet] Return the local PET id within theESM-_Cpl Conp object.
[petCount] Return the number of PETs in the tB8M~_Cpl Conp object.

[contextflag] Return theESM-_Cont ext _Fl ag for this ESM-_Cpl Conp. See section 5110 for a complete list of
valid flags.

[currentMethod] Return the currerESM-_Met hod_Fl ag of the ESMF_Cpl Conp execution. See secti@n 51140
for a complete list of valid options.

[currentPhase] Return the currerithase of the ESM-_Cpl Conp execution.
[vmisPresent] . t rue. if vmwas setin CplComp objectf al se. otherwise.

[vm] Return the associated VM. It is an error to query for the VMdhe is associated with the CplComp. If unsure,
getvim sPresent firstto determine the status.

[name] Return the name of theSMF_Cpl Conp.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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18.4.8 ESMF_CplCompGetinternalState - Get private data bbck pointer

INTERFACE:

subrouti ne ESM-_Cpl CompGet | nt er nal St at e( cpl conp, wr appedDat aPoi nter, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) ;. cplconp
type(w apper) : . wr appedDat aPoi nt er
i nt eger, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

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 datkland the address of that block can be registered with
the framework and retrieved by this call. When running npldtinstantiations of aBSM~_Cpl Conp, for example
during ensemble runs, it may be simpler to maintain privat& épecific to each run with private data blocks. A
correspondingeSMF_Cpl ConpSet | nt er nal St at e call sets the data pointer to this block, and this call reése

the data pointer. Note that tle appedDat aPoi nt er argument needs to be a derived type which contains only a
pointer of the type of the data block defined by the user. Whakimg this call the pointer needs to be unassociated.
When the call returns, the pointer will now reference thgioal data block which was set during the previous call to
ESMF_Cpl ConpSet I nt er nal St at e.

Only thelastdata block set vieSM-_Cpl ConpSet | nt er nal St at e will be accessible.

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

The arguments are:

cplcomp An ESM-_Cpl Conp object.

wrappedDataPointer A derived type (wrapper), containing only an unassociat@dtpr to the private data block.
The framework will fill in the pointer. When this call returrte pointer is set to the same address set during
the lastESM-_Cpl ConmpSet | nt er nal St at e call. This level of indirection is needed to reliably set and
retrieve the data block no matter which architecture or dtenjs used.

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

18.4.9 ESMF_CplComplnitialize - Call the CplComp’s initialize routine

INTERFACE:
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recursive subroutine ESMF _Cpl Conmpl nitialize(cplconmp, &
i mport State, exportState, clock, syncflag, phase, tineout, timeoutFlag, &
userRc, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), intent(inout) .. cplconp
-- The followi ng argunents require argunent keymord syntax (e.g. rc=rc). --

type(ESM-_St ate) , intent(inout), optional :: inmportState
type(ESMF_State), intent(inout), optional :: exportState
type( ESMF_d ock), intent(inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: phase
i nt eger, intent(in), optional :: tineout
| ogi cal , i ntent (out), optional :: timeoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds prigvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user initialization routine foreBM~_Cpl Conp.

The arguments are:

cplcomp ESMF_Cpl Conp to call initialize routine for.

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

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

[clock] ExternalESMF_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. If not present, a dummy argt will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionbll.54flist of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.
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[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to ceteggheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accommodating compusiehich must complete part of their work, return
to the caller and allow other processing to occur, and therirmee the original operation. For multiple-phase
child components, this is the integer phase nhumber to bek@u/o For single-phase child components this
argument is optional. The default is 1.

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Theé i neout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.10 ESMF_CplComplsCreated - Check whether a CplComp gbct has been created

INTERFACE:

function ESM-_Cpl Conpl sCreat ed(cpl conp, rc)

RETURN VALUE:
| ogi cal :: ESMF_Cpl Conpl sCreat ed
ARGUMENTS:
t ype( ESMF_Cpl Conp), intent(in) ;1 cplconp
-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc
DESCRIPTION:

Return. t rue. if the cpl conp has been created. Otherwise retufmal se. . If an error occurs, i.erc /=
ESM-_SUCCESS is returned, the return value of the function will also.deal se. .

The arguments are:

cplcomp ESMF_Cpl Conp queried.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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18.4.11 ESMF_CplComplsPetLocal - Inquire if this CplComp & to execute on the calling PET

INTERFACE:

recursive function ESM-_Cpl Conpl sPet Local (cpl conp, rc)

RETURN VALUE:
| ogi cal :: ESMF_Cpl Conpl sPet Local
ARGUMENTS:
t ype( ESMF_Cpl Conp), intent(in) ;1 cplconp
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

Inquire if thisESMF_Cpl Conp object is to execute on the calling PET.
The return value ist r ue. if the componentis to execute on the calling PEfTal se. otherwise.

The arguments are:

cplcomp ESMF_Cpl Conp queried.
[rc] Return code; equalESM-_SUCCESS if there are no errors.

18.4.12 ESMF_CplCompPrint - Print CplComp information

INTERFACE:

subrouti ne ESM-_Cpl ConpPrint (cpl conp, rc)

ARGUMENTS:
type( ESM-_Cpl Conp), intent(in) 2. cplconp

-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Prints information about aBSM-_Cpl Conp to st dout .

The arguments are:

cplcomp ESMF_Cpl Conp to print.
[rc] Return code; equalESM-_SUCCESS if there are no errors.

18.4.13 ESMF_CplCompReadRestart — Call the CplComp’s readestart routine

INTERFACE:

recursive subrouti ne ESMF_Cpl ConpReadRest art (cpl conp, &
i mport State, exportState, clock, syncflag, phase, tineout, timeoutFlag, &
userRc, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), intent(inout) .. cplconp
-- The followi ng argunents require argunent keymnrd syntax (e.g. rc=rc). --

type(ESM-_St ate) , intent(inout), optional :: inmportState
type(ESMF_State), intent(inout), optional :: exportState
type( ESM-_d ock) , intent(inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: phase
i nt eger, intent(in), optional :: timeout
| ogi cal , i ntent (out), optional :: timeoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds prigvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FlI ag. The new arguments provide access to the
fault-tolerant component features.
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DESCRIPTION:

Call the associated user read restart routine fdE@_Cpl Conp.

The arguments are:

cplcomp ESMF_Cpl Conp to call run routine for.

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

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

[clock] ExternalESMF_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. Thedcbilmponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i©986i.e. 1 hour. Theé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.14 ESMF_CplCompRun - Call the CplComp’s run routine

INTERFACE:

recursive subroutine ESMF_Cpl ConmpRun(cpl conp, &
i mport State, exportState, clock, syncflag, phase, tineout, tinmeoutFlag, &
userRc, rc)

ARGUMENTS:
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t ype( ESM-_Cpl Conp), i nt ent(i nout) .. cplconp
-- The followi ng argunents require argunent keyword synt ax (e.g. rc=rc). --

type(ESM-_St ate) , intent(inout), optional :: inmportState
type( ESMF_St at e) , intent(inout), optional :: exportState
type( ESM-_d ock) , intent (inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: phase
i nt eger, intent (in), optional :: timeout
| ogi cal , i ntent (out), optional :: timeoutFl ag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds prigvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mhestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:

5.3.0 Added argumertti meout . Added argumertti meout FlI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user run routine forz®MVF_Cpl Conp.

The arguments are:

cplcomp ESMF_Cpl Conp to call run routine for.

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

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

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

[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[phase] Component providers must document whether their each of thatines aresingle-phaser multi-phase
Single-phase routines require only one invocation to cetegheir work. Multi-phase routines provide multiple
subroutines to accomplish the work, accommodating compusiehich must complete part of their work, return
to the caller and allow other processing to occur, and theirmee the original operation. For multiple-phase
child components, this is the integer phase number to bek@u/o For single-phase child components this
argument is optional. The default is 1.
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[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.15 ESMF_CplCompServiceLoop - Call the CplComp’s seige loop routine

INTERFACE:

recursive subroutine ESMF_Cpl ConmpSer vi ceLoop(cpl conp, &
i mport State, exportState, clock, syncflag, port, timeout, tineoutFlag, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), i nt ent(i nout) .. cplconp
-- The followi ng argunents require argunent keyword synt ax (e.g. rc=rc). --

type(ESM-_St ate) , intent(inout), optional :: inmportState
type( ESMF_St at e) , intent(inout), optional :: exportState
type( ESM-_d ock) , intent (inout), optional :: clock
type(ESM-_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: port
i nt eger, intent (in), optional :: timeout
| ogi cal , i ntent (out), optional :: timeoutFlag
i nt eger, i ntent (out), optional :: rc

DESCRIPTION:

Call the ServiceLoop routine for &5M-_Cpl Conp. This tries to establish a "component tunnel” betweerattaal
Component (calling this routine) anddaal Component connecting to it through a matching SetServiakks c

The arguments are:

cplcomp ESMF_Cpl Conp to call service loop routine for.

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

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

[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. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.
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[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghbut does
not synchronize PETSs that run in different VASs.

[port] Incase a port number is provided, the "component tunnebtesbdished using sockets. The actual component
side, i.e. the side that calls inEESMF_Cpl ConpSer vi ceLoop(), starts to listen on the specified port as
the server. The valid port range is [1024, 65535]. In casetired argument isnot specified, the "component
tunnel” is established within the same executable usingl lImmmmunication methods (e.g. MPI).

[timeout] The maximum period in seconds that this call will wait for goomications with the dual component,
before returning with a timeout condition. The default i986i.e. 1 hour. (NOTE: Currently this option is only
available for socket based component tunnels.)

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

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

18.4.16 ESMF_CplCompSet - Set or reset information about th CplComp

INTERFACE:

subrouti ne ESM-_Cpl ConpSet (cpl conp, config, configFile, &
cl ock, nane, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), intent(inout) 2. cplconp
-- The followi ng argunents require argunent keymord syntax (e.g. rc=rc). --

type(ESMF_Config), intent(in), optional :: config
character (|l en=«), intent(in), optional :: configFile
type( ESMF_d ock), intent(in), optional :: clock
character (|l en=+), intent(in), optional :: nane
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:

Sets or resets information aboutB8M-_Cpl Conp.

The arguments are:

cplcomp ESMF_Cpl Conp to change.
[name] Set the name of thESM~_Cpl Conp.
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[config] Setthe configurationinformation for tlieSMF_Cpl Conp from this already createdSM-_Conf i g object.
If specified, takes priority ovaronf i 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 tHeESM-_Cpl Conp. Superseded bgyonf 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.

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

INTERFACE:

recursive subroutine ESMF_Cpl ConpSet EntryPoi nt (cpl conp, nethodflag, &
user Routi ne, phase, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), i ntent (i nout) :: cplconp
t ype( ESMF_Met hod_Fl ag), intent(in) :: methodfl ag
interface

subroutine userRoutine(cplconp, inportState, exportState, clock, rc)
use ESM-_ConpMod
use ESM-_St at eMbd
use ESMF_Cl ockMod
inmplicit none

t ype( ESM-_Cpl Conp) 2 cplconp I must not be optional
type( ESM-_St at e) ;. inportState ! must not be optional
type( ESM-_St at e) ;. exportState ! must not be optional
t ype( ESM-_O ock) :: clock I must not be optional
i nteger, intent(out) coorc I must not be optional

end subroutine
end interface
-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --
i nt eger, intent(in), optional :: phase
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

DESCRIPTION:
Registers a user-supplieser Rout i ne as the entry point for one of the predefined Compomazithodf | ags.
After this call theuser Rout i ne becomes accessible via the standard Component method API.

The arguments are:
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cplcomp An ESM-_Cpl Conp object.

methodflag One of a set of predefined Component methods - e.gESM-_METHOD | NI Tl ALI ZE,
ESMF_METHOD_RUN, ESMF_METHOD_FI NALI ZE. See sectiofi . 51,10 for a complete list of valid method
options.

userRoutine The user-supplied subroutine to be associated forrteishodf | ag. The Component writer must
supply a subroutine with the exact interface shown aboveéheuser Rout i ne argument. Arguments in
user Rout i ne must not be declared as optional, and the types, intent ated orust match. Prior to Fortran-
2008, the subroutine must be either a module scope proceaiuagd external procedure that has a matching
interface block specified for it. An internal procedure whis contained within another procedure must not be
used. From Fortran-2008 onwards, an internal proceduriaited within either a main program or a module
procedure may be used. If the internal procedure is cordaivithin a module procedure, it is subject to
initialization requirements. SeEE_TGH.6

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

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

18.4.18 ESMF_CplCompSetinternalState - Set private datalbck pointer

INTERFACE:

subrouti ne ESM-_Cpl CompSet | nt er nal St at e( cpl conp, wr appedDat aPoi nter, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) ;. cplconp
type(w apper) ;. wrappedDat aPoi nt er
i nt eger, intent(out) :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Available to be called by aBSMF_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 theytmeed
share in common can either be module global data, or candeasdld in a private data block and the address of that
block can be registered with the framework and retrieveduipssquent calls. When running multiple instantiations
of anESMF_Cpl Conp, for example during ensemble runs, it may be simpler to raairgrivate data specific to each
run with private data blocks. A correspondiB§VF_Cpl ConpGet | nt er nal St at e call retrieves the data pointer.

Only thelastdata block set viESM-_Cpl ConpSet | nt er nal St at e will be accessible.

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

The arguments are:
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cplcomp An ESM-_Cpl Conp object.

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

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

18.4.19 ESMF_CplCompSetServices - Call user routine to régter CplComp methods

INTERFACE:

recursive subrouti ne ESMF_Cpl ConpSet Servi ces(cpl conp, userRoutine, &
userRc, rc)

ARGUMENTS:

type( ESM-_Cpl Conp), intent(inout) 2. cplconp
interface
subroutine userRoutine(cpl conp, rc)
use ESM-_ConpMod
inmplicit none
t ype( ESM-_Cpl Conp) :: cplconp ! nust not be optiona
i nteger, intent(out) lorc ! nust not be optiona
end subroutine
end interface
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Call into user providediser Rout i ne which is responsible for for setting Component’s Initialfy, Run(), and
Finalize() services.

The arguments are:

cplcomp Coupler Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
user Rout i ne argument. Arguments inser Rout i ne must not be declared as optional, and the types,
intent and order must match. Prior to Fortran-2008, theautbre must be either a module scope procedure, or
an external procedure that has a matching interface bloméifsgd for it. An internal procedure which is con-
tained within another procedure must not be used. Fromd&wo2008 onwards, an internal procedure contained
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within either a main program or a module procedure may be.usétk internal procedure is contained within
a module procedure, it is subject to initialization reqoiemts. Sed._16.4.6

The userRoutine, when called by the framework, must make successive calls to
ESMF_Cpl ConpSet EntryPoi nt () to preset callback routines for standard Component |iE&é),
Run(), and Finalize() methods.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.20 ESMF_CplCompSetServices - Call user routine thragh name lookup, to register CplComp methods

INTERFACE:

! Private nane; call using ESMF_Cpl CompSet Servi ces()
recursive subrouti ne ESMF_Cpl ConpSet Servi cesShCbj (cpl conp, userRoutine, &
sharedObj, userRouti neFound, userRc, rc)

ARGUMENTS:
type( ESM-_Cpl Conp), intent(inout) ;1 cplconp
character (|l en=«), i ntent (in) :: userRoutine

-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --

character (|l en=+), intent(in), optional :: sharedQObj
| ogi cal , intent(out), optional :: userRoutineFound
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care maestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:

6.3.0r Added argumentiser Rout i neFound. The new argument provides a way to test availability withou
causing error conditions.

DESCRIPTION:

Call into a user provided routine which is responsible fatisg Component’s Initialize(), Run(), and Finalize()
services. The namagser Rout i ne must exist in the executable, or in the shared object spddiffshar edCbj .
In the latter case all of the platform specific details abgunadhic linking and loading apply.

The arguments are:
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cplcomp Coupler Component.

userRoutine Name of routine to be called, specified as a character strifige Component writer must supply a
subroutine with the exact interface shown foser Rout i ne below. Arguments must not be declared as
optional, and the types, intent and order must match. Poidtartran-2008, the subroutine must be either
a module scope procedure, or an external procedure that mmatching interface block specified for it. An
internal procedure which is contained within another pdoce must not be used. From Fortran-2008 onwards,
an internal procedure contained within either a main pnogvaa module procedure may be used. If the internal
procedure is contained within a module procedure, it isestttip initialization requirements. Sde:_1614.6

INTERFACE:
i nterface
subrouti ne userRoutine(cpl conp, rc)
t ype( ESM~_Cpl Conp) :: cplconp I must not be optional
integer, intent(out) :: rc I must not be optional

end subroutine
end interface

DESCRIPTION:

The userRoutine, when called by the framework, must make successive calls to
ESMF_Cpl ConpSet EntryPoi nt () to preset callback routines for standard Component |iEgg),
Run(), and Finalize() methods.

[sharedObj] Name of shared object that containser Rout i ne. If the shar edCbj argumentis not provided the
executable itself will be searched feser Rout i ne.

[userRoutineFound] Report back whether the specifisder Rout i ne was found and executed, or was not avail-
able. If this argument is present, not finding theer Rout i ne will not result in returning an error inc. The
default is to return an error if theser Rout i ne cannot be found.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.21 ESMF_CplCompSetServices - Set to serve as Dual Coomgnt for an Actual Component

INTERFACE:

! Private nane; call using ESMF_Cpl CompSet Servi ces()
recursive subroutine ESMF_Cpl ConpSet Ser vi cesConp(cpl conp, &
act ual Cpl conp, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), intent(inout) ;1 cplconp
type( ESM-_Cpl Conp), intent(in) :: actual Cpl comp
-- The followi ng argunents require argunent keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc
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DESCRIPTION:

Set the services of a Coupler Component to serve a "dual" Goem for an "actual" Component. The component
tunnel is VM based.

The arguments are:

cplcomp Dual Coupler Component.
actualCplcomp Actual Coupler Component.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

18.4.22 ESMF_CplCompSetServices - Set to serve as Dual Cooment for an Actual Component through
sockets

INTERFACE:

! Private nane; call using ESMF_Cpl ConmpSet Servi ces()
recursive subrouti ne ESMF_Cpl ConmpSet Ser vi cesSock(cpl comp, port, &
server, tinmeout, tinmeoutFlag, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), intent(inout) ;1 cplconp
i nt eger, i ntent (in) :: port

-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --

character (|l en=+), intent(in), optional :: server
i nt eger, intent(in), optional :: tineout
| ogi cal , intent(out), optional :: timeoutFlag
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set the services of a Coupler Component to serve a "dual” Goe for an "actual" Component. The component
tunnel is socket based.

The arguments are:

cplcomp Dual Coupler Component.
port Port number under which the actual component is being sefMeglvalid port range is [1024, 65535].

[server] Server name where the actual componentis being served.efaelti.e. if theser ver argument was not
provided, isl ocal host .

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i986i.e. 1 hour.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.
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[rc] Return code; equalESM-_SUCCESS if there are no errors.

18.4.23 ESMF_CplCompSetVM - Call user routine to set CplCom VM properties

INTERFACE:

recursive subroutine ESMF_Cpl ConpSet VM cpl conp, userRoutine, &
userRc, rc)

ARGUMENTS:

type( ESM-_Cpl Conp), intent(inout) 2. cplconp
interface
subroutine userRoutine(cpl conp, rc)
use ESM-_ConpMod
inmplicit none
t ype( ESM-_Cpl Conp) :: cplconp ! nust not be optiona
i nteger, intent(out) lorc ! nust not be optiona
end subroutine
end interface
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Optionally call into user providedser Rout i ne which is responsible for for setting Component’s VM projest

The arguments are:

cplcomp Coupler Component.

userRoutine The Component writer must supply a subroutine with the exaigrface shown above for the
user Rout i ne argument. Arguments inser Rout i ne must not be declared as optional, and the types,
intent and order must match. Prior to Fortran-2008, theautbre must be either a module scope procedure, or
an external procedure that has a matching interface bloméifsgd for it. An internal procedure which is con-
tained within another procedure must not be used. Fromd&wo2008 onwards, an internal procedure contained
within either a main program or a module procedure may be.usétk internal procedure is contained within
a module procedure, it is subject to initialization reqoiemts. Sed._16.4.6

The subroutine, when called by the framework, is expectag&any of th&aeSMF_Cpl ConpSet VIVKxX( )
methods to set the properties of the VM associated with thep@o Component.

[userRc] Return code set byser Rout i ne before returning.

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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18.4.24 ESMF_CplCompSetVM - Call user routine through namdookup, to set CplComp VM properties

INTERFACE:

! Private nane; call using ESMF_Cpl CompSet VM)
recursive subroutine ESMF_Cpl ConpSet VMShQbj (cpl conp, userRoutine, &
sharedObj, userRc, rc)

ARGUMENTS:
type( ESM-_Cpl Conp), intent(inout) :: cplconp
character (|l en=+), i ntent (in) ;. userRoutine

-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --

character (|l en=x), intent(in), optional :: sharedQObj
i nt eger, intent(out), optional :: userRc
i nteger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Optionally call into user providedser Rout i ne which is responsible for for setting Component’s VM projest
The namediser Rout i ne must exist in the executable, or in the shared object spddiffeshar edCbj . In the
latter case all of the platform specific details about dyredinking and loading apply.

The arguments are:

cplcomp Coupler Component.

userRoutine Routine to be called, specified as a character string. ThepGoent writer must supply a subroutine
with the exact interface shown farser Rout i ne below. Arguments must not be declared as optional, and
the types, intent and order must match. Prior to FortrarB2€: subroutine must be either a module scope
procedure, or an external procedure that has a matchingaogeblock specified for it. An internal procedure
which is contained within another procedure must not be .uSsaim Fortran-2008 onwards, an internal proce-
dure contained within either a main program or a module ptoemay be used. If the internal procedure is
contained within a module procedure, it is subject to ititaion requirements. SeE_16H.6

INTERFACE:
i nterface
subrouti ne userRoutine(cpl conmp, rc)
t ype( ESM-_Cpl Conp) .. cplconp ! nust not be optional
integer, intent(out) :: rc I must not be optional

end subroutine
end interface

DESCRIPTION:

The subroutine, when called by the framework, is expectag&any of th&aeSM-_Cpl ConpSet VIVKxXx( )
methods to set the properties of the VM associated with thep@o Component.
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[sharedObj] Name of shared object that containser Rout i ne. If the shar edObj argumentis not provided the
executable itself will be searched faoser Rout i ne.

[userRc] Return code set byser Rout i ne before returning.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

18.4.25 ESMF_CplCompSetVMMaxPEs - Associate PEs with PETiB CplComp VM

INTERFACE:

subrouti ne ESM-_Cpl ConpSet VMVaxPEs( cpl conp, &
maxPeCount Per Pet, preflntraProcess, preflintraSsi, preflnterSsi, rc)

ARGUMENTS:

type( ESM-_Cpl Conmp), int ent(i nout ) :: cplconp
-- The follow ng argunent s require argunent keyword syntax (e.g. rc=rc). --

i nt eger, intent(in), optional :: maxPeCount Per Pet
i nt eger, intent(in), optional :: preflntraProcess
i nt eger, intent(in), optional :: preflntraSsi
i nt eger, intent(in), optional :: preflnterSsi
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set characteristics of tHeSM-_VMfor this ESM-_Cpl Conp. Attempts to associate up ttaxPeCount Per Pet
PEs with each PET. Only PEs that are located on the same siygjkam image (SSI) can be associated with the same
PET. Within this constraint the call tries to get as closeassible to the number specified mx Pe Count Per Pet .

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

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

The arguments are:

cplcomp ESMF_Cpl Conp to set theESMF_VVMfor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isoted humber of PEs.

[preflntraProcess] Communication preference within a single proceg€urrently options not documented. Use
default.

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

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

[rc] Return code; equalBSM-_SUCCESS if there are no errors.
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18.4.26 ESMF_CplCompSetVMMaxThreads - Set multi-threadd PETs in CplComp VM

INTERFACE:

subrouti ne ESM-_Cpl ConpSet VMvaxThr eads(cpl conp, &
maxPet Count Per Vas, preflntraProcess, preflintraSsi, preflnterSsi, rc)

ARGUMENTS:

type( ESM-_Cpl Conp), int ent(i nout) ;. cplconp
-- The follow ng argument s require argunent keyword syntax (e.g. rc=rc). --

i nt eger, intent(in), optional :: maxPet Count PerVas
i nt eger, intent(in), optional :: preflntraProcess
i nt eger, intent(in), optional :: preflntraSsi
i nt eger, intent(in), optional :: preflnterSsi
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set characteristics of tHeESMF_ VMfor thisESMF_Cpl Conp. Attempts to provideraxPet Count Per Vas threaded
PETs in each virtual address space (VAS). Only as many tbrtkB&Ts as there are PEs located on the single system
image (SSI) can be associated with the VAS. Within this cainst the call tries to get as close as possible to the
number specified byraxPet Count Per Vas.

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

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

The arguments are:

cplcomp ESMF_Cpl Conp to set theESMF_VMfor.

[maxPetCountPerVas] Maximum number of threaded PETSs in each virtual addressesfpgkS). Default for each
SSl is the local number of PEs.

[preflntraProcess] Communication preference within a single proceg€urrently options not documented. Use
default.

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

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

[rc] Return code; equalESM-_SUCCESS if there are no errors.
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18.4.27 ESMF_CplCompSetVMMinThreads - Set a reduced threding level in CplComp VM

INTERFACE:

subrouti ne ESM-_Cpl ConpSet VMM nThr eads(cpl conp, &
maxPeCount Per Pet, preflntraProcess, preflntraSsi, preflnterSsi, rc)

ARGUMENTS:

type( ESM-_Cpl Conp), int ent(i nout) ;. cplconp
-- The follow ng argument s require argunent keyword syntax (e.g. rc=rc). --

i nt eger, intent(in), optional :: maxPeCount Per Pet
i nteger, intent(in), optional :: preflntraProcess
i nt eger, intent(in), optional :: preflntraSsi
i nt eger, intent(in), optional :: preflnterSsi
i nt eger, intent(out), optional :: rc

DESCRIPTION:

Set characteristics of tHeESMF_VMfor this ESM-_Cpl Conp. Reduces the number of threaded PETs in each VAS.
Themax argument may be specified to limit the maximum number of PEsalsingle PET can be associated with.

Several constraints apply: 1) the number of PEs cannot é)@)dPEs cannot migrate between single system images
(SSils), 3) the number of PETSs cannot increase, only degrépBETs cannot migrate between virtual address spaces
(VASSs), nor can VASs migrate between SSis.

The typical use oESM-_Cpl ConpSet VMM nThr eads() is to run a Component across a set of single-threaded
PETSs.

The arguments are:

cplcomp ESMF_Cpl Conp to set theESMF_VMfor.
[maxPeCountPerPet] Maximum number of PEs on each PET. Default for each SSI isatel humber of PEs.

[preflntraProcess] Communication preference within a single proceg€urrently options not documented. Use
default.

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

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

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

18.4.28 ESMF_CplCompValidate — Ensure the CplComp is interally consistent

INTERFACE:

subrouti ne ESM-_Cpl ConpVal i dat e(cpl conp, rc)
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ARGUMENTS:

t ype( ESMF_Cpl Conp), intent(in) ;1 cplconp
-- The followi ng argunents require argument keyword syntax (e.g. rc=rc). --
i nt eger, intent(out), optional :: rc
STATUS:

e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

DESCRIPTION:

Currently all this method does is to check that thpd conp was created.

The arguments are:

cplcomp ESMF_Cpl Conp to validate.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

18.4.29 ESMF_CplCompWait - Wait for a CplComp to return

INTERFACE:

subrouti ne ESM-_Cpl CompWai t (cpl conp, syncflag, &
timeout, tinmeoutFlag, userRc, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), i ntent (i nout) :: cplconp
-- The followi ng argunents require argunment keyword syntax (e.g. rc=rc). --

type( ESMF_Sync_Fl ag), intent(in), optional :: syncflag
i nt eger, intent(in), optional :: tineout
| ogi cal , intent(out), optional :: tineoutFlag
i nt eger, intent(out), optional :: userRc
i nt eger, intent(out), optional :: rc

STATUS:

e This interface is backward compatible with ESMF versioaststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then ithwompile with the current version.

e This interface was modified since ESMF version 5.2.0r. Thetfat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.

Changes made after the 5.2.0r release:
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5.3.0 Added argumertti neout . Added argumertti meout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

When executing asynchronously, wait fore8M-_Cpl Conp to return.

The arguments are:

cplcomp ESMF_Cpl Conp to wait for.

[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.

[timeout] The maximum period in seconds the actual component is atldavexecute a previously envoked com-
ponent method before it must communicate back to the duapooent. If the actual component does not
communicate back in the specified time, a timeout condisarised on the dual side (this side). The default is
3600, i.e. 1 hour. Thei meout argument is only supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached.f al se. otherwise. Ifti meout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

18.4.30 ESMF_CplCompWriteRestart — Call the CplComp’s wrte restart routine

INTERFACE:

recursive subrouti ne ESM-_Cpl ConpW iteRestart(cpl conp, &
i mport State, exportState, clock, syncflag, phase, tineout, tinmeoutFlag, &
userRc, rc)

ARGUMENTS:

t ype( ESM-_Cpl Conp), intent(inout) .. cplconp
-- The followi ng argunents require argunent keymnrd syntax (e.g. rc=rc). --

type(ESMF_State), intent(inout), optional :: inportState
type(ESMF_St ate), intent(inout), optional :: exportState
type( ESM-_d ock) , intent (inout), optional :: clock
type(ESMF_Sync_Fl ag), intent(in), optional :: syncflag
i nteger, intent(in), optional :: phase
i nt eger, intent (in), optional :: timeout
| ogi cal , i ntent (out), optional :: tineoutFlag
i nt eger, i ntent (out), optional :: userRc
i nt eger, i ntent (out), optional :: rc

STATUS:
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e This interface is backward compatible with ESMF versiomststg at 5.2.0r. If code using this interface com-
piles with any version of ESMF starting with 5.2.0r, then il wompile with the current version.

¢ This interface was modified since ESMF version 5.2.0r. Thetfaat code using this interface compiles with the
current ESMF version does not guarantee that it compilds pritvious versions of this interface. If user code
compatibility with version 5.2.0r is desired then care mestaken to limit the use of this interface to features
that were available in the 5.2.0r release.
Changes made after the 5.2.0r release:

5.3.0 Added argumertti neout . Added argumertti neout FI ag. The new arguments provide access to the
fault-tolerant component features.

DESCRIPTION:

Call the associated user write restart routine foE&VF_Cpl Conp.

The arguments are:

cplcomp ESMF_Cpl Conp to call run routine for.

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

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

[clock] ExternalESMF_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. Thedcbidimponent can maintain a private clock for its
own internal time computations. If not present, a dummy argut will be passed to the user-supplied routine.
The clock argument in the user code cannot be optional.

[syncflag] Blocking behavior of this method call. See secfionbll.54flst of valid blocking options. Default option
is ESMF_SYNC_VASBL OCKI NGwhich blocks PETs and their spawned off threads across eaghout does
not synchronize PETSs that run in different VASs.

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

[timeout] The maximum period in seconds that this call will wait in commitations with the actual component,
before returning with a timeout condition. The default i9986i.e. 1 hour. Thé i meout argumentis only
supported for connected dual components.

[timeoutFlag] Returns. true. if the timeout was reached,f al se. otherwise. Ifti neout Fl ag was not
provided, a timeout condition will lead to a return coderaf \ = ESM-_SUCCESS. Otherwise the return
value oft i meout Fl ag is the sole indicator of a timeout condition.

[userRc] Return code set byser Rout i ne before returning.

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

19.1 Description

In Earth system modeling, a particular piece of code repte@sga physical domain, such as an atmospheric model or
an ocean model, is typically implemented as an ESMF Griddadg@®nent, oESMC_Gr i dConp. However, there
are times when physical domains, or realms, need to be mqesl but aren’t actual pieces of code, or software.
These domains can be implemented as ESMF Science Compoorde®/C_Sci Conp.

Unlike Gridded and Coupler Components, Science Compormeeatsot associated with software; they don’t include
execution routines such as initialize, run and finalize. Twn purpose of a Science Component is to provide a
container for Attributes within a Component hierarchy.

19.2 Use and Examples

A Science Component 