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1 Description

The NUOPC Layer is an add-on to the standard ESMF libranprisists of generic code of two different kindgility
routinesandgeneric component3he NUOPC Layer further implements a dictionary for staddield metadata.

The utility routines are subroutines and functions thakpge frequently used calling sequences of ESMF methods
into single calls. Unlike the pure ESMF API, which is verysdacentric, the utility routines of the NUOPC Layer
often implement tasks that involve several ESMF classes.

The generic components are provided in form of Fortran mesltiat implement GridComp and CplComp specific
methods. Generic components are useful when implementif@®C compliant driver, model, mediator, or connector
components. The provided generic components form a hlgrahat allows the developer to pick and choose the
appropriate level of specification for a certain applicatidDepending on how specific the chosen level, generic
components require more or less specialization to resfiltiypimplemented components.

2 Design and Implementation Notes

The NUOPC Layer is implemented in Fortran on top of the pubidF Fortran API.

The NUOPC utility routines form a very straight forward Fart API, accessible through tihNJOPC Fortran module.
The interfaces only use native Fortran types and public E8ktved types. In order to access the utility API of the
NUOPC Layer, user code must include the following e lines:

use ESMF
use NUOPC

2.1 Generic Components

The NUOPC generic components are implementedcadi@ctionof Fortran modules. Each module implements a sin-
gle, well specified set of standalgSM-_Gr i dConp or ESM-_Cpl Conp methods. The nomenclature of the generic
component modules starts with theJOPC _ prefix and continues with the flavobr i ver, Model , Medi at or,

or Connect or . This is optionally followed by a string of additional deiptive terms. The four flavors of generic
components implemented by the NUOPC Layer are:

e NUOPC Driver - A generic driver component. It implements a child compdriearness, made of State
and Component objects, that follows the NUOPC Common Modehiecture. It is specialized by plugging
Model , Medi at or, andConnect or components into the harnesBr i ver components can be plugged
into the harness to construct component hierarchies. ThergeDr i ver initializes its child components
according to a standard Initialization Phase Definitiom drives their Run() methods according a customizable
run sequence.

e NUOPC Model - A generic model component that wraps a model code so it talgdaito be plugged into a
genericDr i ver component.

e NUOPC Medi at or - A generic mediator component that wraps custom couplimg ¢flux calculations, av-
eraging, etc.) so it is suitable to be plugged into a geraricver component.

e NUOPC _Connect or - A generic component that implements Field matching basetietadata and executes
simple transforms (Regrid and Redist). It can be pluggedargeneri®r i ver component.



The user code accesses the desired generic component(&lbging ause line for each one. Each generic com-
ponent defines a small set of public names that are made lateaitathe user code through thse statement. At

a minimum theSet Ser vi ces method is made public. Some of the generic components dedisiianal public
routines and labels as part of their user interface. It ismanended to rename the entries of an imported generic
component module in the local scope as part ofuthe association. This prevents name clashes.

use NUOPC <Generi cConp>, only: &
<Ceneri cConp>_SS => Set Services, &
<CenericConp>_| abel A => | abel A

A generic component is used by user code to implement a djizedaersion of the generic component. The user
component derives from the generic component code by imgaiing its own publicSet Ser vi ces routine that
calls into the generiSet Ser vi ces routine before doing anything else. It is through this medtra that the
deriving componeninherits functionality that is implemented in the generic componditite example shows how a
specific model component is implemented to derive from theegeNUOPC_NMbdel :

use NUOPC Mbdel, only: &
nodel _SS => Set Servi ces

subrouti ne Set Servi ces(nodel, rc)
type(ESM-_Gi dConp) :: nodel
integer, intent(out) :: rc

I derive this specific "nodel" conmponent from generic NUOPC Model
cal |l NUOPC _ConpDerive(nodel, nodel _SS, rc=rc)

I specializing code for "nodel" to follow

end subroutine

There are three mechanisms through which user code sgesigkeneric components. The first two methods specialize
through call-back mechanisms into user implemented restiithe third method specializes by setting the values of
parameters implemented by the generic component.

1. The specializing user code sets entry points for stanctamgponent methods not implemented by the generic
component by callin@lUOPC_ConpSet Ent r yPoi nt () . Methods (and phases) that need to be implemented
are clearly documented in the generic component desanipfithe user code may further overwrite standard
methods already implemented by the generic component dddeever, this should rarely be necessary, and
may indicate that there is a better fitting generic compoaeailable. Finally, some generic components come
with generic routines that are suitable candidates for thadard component methods, yet require that the
specializing code registers them as appropriate. Settitrg points for standard component methods should be
done in theSet Ser vi ces() routine right afteNUOPC_ConpDeri ve() is called.

2. Some generic components require that specific methodsatteehed to the component by calling
NUCPC_ConpSpeci al i ze() . If a generic component uses specialization through atalelmethods, the
specific method labels (i.e. the names by which these metredegistered) and the purpose of the method
are clearly documented. In some cases attachable methedgtional. This is clearly documented. Further,
some generic components attach a default method to a labiehwhen is used for all phases. This default can
be overwritten with a phase specific attachable method chAitg methods to the component should be done in
theSet Ser vi ces routine right after setting entry points for the standarchponent methods.



3. Some generic components offer methods that allow pagarspécialization. The options of this specialization
type are documented as part of tbet () methods.

Components that inherit from a generic component may chtwealy specialize certain aspects, leaving other as-
pects unspecified. This allows a hierarchy of generic coraptsto be implemented with a high degree of code
re-use. The variable level of specialization supports t differing user needs. Figuié 1 depicts the inheritance
structure of the standard generic components implememntdteilNUOPC Layer. There are two trees, one is rooted in
ESMF_Gri dConp, while the other is rooted iESM-_Cpl Conp.

NUOPC_Mbdel Base

Figure 1: The NUOPC Generic Componentinheritance stracfline tree on the left is rooted BESM~_Gr i dConp,
while the tree on the right is rooted ESM-_Cpl Conp. The ESMF data types are shown in green. The four main
NUOPC Generic Component flavors are shown in dark blue boXas yellow box shows a partial specialization in
the inheritance tree.



2.2 Field Dictionary

The NUOPC Layer uses standard metadata on Fields to guiddettision making that is implemented in generic
code. The generibllUOPC_Connect or component, for instance, uses theandar dNane Attribute to construct

a list of matching Fields between the import and export Staiéhe NUOPC Field Dictionary provides a software
implementation of a controlled vocabulary for tBeandar dNane Field Attribute. It also associates each registered
St andar dName with Canoni cal Uni ts.

The NUOPC Layer provides a number of default entries in tleddFDictionary, shown in the table below. The
St andar dNane Attribute of these entries complies with the Climate andeléast (CF) conventions as documented
at'http://ctconventions.org/Data/ct-standard-namasgtguidelines.htrl.

Currently it is common practice that a user of the NUOPC Lagetends the Field Dictionary by calling the
NUOPC Fi el dDi cti onar yAddEnt ry() interface to add additional entries. It is the intentionnorease the
number of default entries over time, and to more stronglgiage the NUOPC Field Dictionary as a means to in-
crease the interoperability between codes that use the NLQ@ker.

Currently the NUOPC Layer uses tanoni cal Uni t s entry to verify that Fields are provided in their canonical
units. The plan is to extend support to include unit coneergi the future.

| StandardName | CanonicalUnits |
air_pressure_at_sea_level Pa
magnitude_of_surface_downward_streda
precipitation_flux kg m-2s-1
sea_surface height_above_sea_level| m
sea_surface_salinity le-3
sea_surface_temperature K
surface_eastward_sea water_velocity m s-1
surface_downward_eastward_stress | Pa
surface_downward_heat_flux_in_air | Wm-2
surface_downward_water_flux kg m-2s-1
surface_downward_northward_stress | Pa
surface_net_downward_shortwave_flyxw m-2
surface_net_downward_longwave_flux W m-2
surface_northward_sea_water_velocity m s-1

2.3 Metadata

The NUOPC Layer makes extensive use of the ESMF Attributesdiaimplement metadata on Components, States,
and Fields. ESMF Attribute Packages (or AttPacks for stave)used to build an Attribute hierarchy for each object.

In some cases the lowest level NUOPC AttPack contains a dhégtPack defined by ESMF. For all objects, the
highest level of the NUOPC AttPack hierarchy is implementé@t convention="NUOPC", purpose="Instance". The
public NUOPC Layer API allows a user to add Attributes to tighbst AttPack hierarchy level.

2.3.1 Driver Component Metadata

The Driver component metadata is implemented as an ESMib#étiér Package:

e Convention: NUOPC


http://cfconventions.org/Data/cf-standard-names/docs/guidelines.html

e Purpose: Instance
e Includes:

— CIM Model Component Simulation Description (see for exagrthe Component Attribute packajes sec-
tion in the ESMF v5.2.0rp2 documentation)


http://www.earthsystemmodeling.org/esmf_releases/public/ESMF_5_2_0rp2/ESMF_refdoc/node6.html#SECTION06022100000000000000

Attribute name

Definition

| Controlled vocabulary

Ki nd

kind.

String value indicating componemtDriver

Verbosity

bosity of the component. This a
layer but should also be consider

ments verbose diagnostic output.

String value controlling the vert
tribute is used by the generic code

by any specializing code that imple

0,1, ... max

[-

pd

Profiling

String value controlling the profil
ing level. This attribute is used b
the generic code layer but shou
also be considered by any special

ing code that implements profiling|.

0,1, .. max

y
Id

Z_

ConpLabel

which the component was added
its parent driver.

String value holding the label underno restriction

to

InitializePhaseMap

List of string values, mapping th

a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number urj
der which the entry point is regis
tered.

logical NUOPC initialize phases, g

e IPDVXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z actua

withY,Z>0and Y, Z<
10

-ESMF phase number

RunPhaseMap

List of string values, mapping th
logical NUOPC run phases to th
actual ESMF run phase number u
der which the entry point is regis
tered.

e l[abel-string=Z, where
elabel-string can be cho-
nsen freely, and Z = actug
- ESMF phase number.

Fi nal i zePhaseMap

List of string values, mapping th
logical NUOPC finalize phases t
the actual ESMF finalize phas

is registered.

number under which the entry pointESMF phase number.

e l[abel-string=Z, where
olabel-string can be cho-
esen freely, and Z = actus

Internal I nitializePhaseMap.ist of string values, mapping th

logical NUOPC initialize phases, g
a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number ur]
der which the entry point is regis
tered.

e IPDvXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z actua

withY,Z>0and Y, Z<
10

Nest i ngGenerati on

Integer value enumerating nestir
level.

D, 1,2, ..

Nest | i ng

Integer value enumerating sibling
within the same generation.

0,1,2, ..

InitializeDataConplete

String value indicating whether a
initialize data dependencies ha
been satisfied.

| false, true
ve

InitializeDataProgress

String value indicating whethe
progress is being made resolvir
initialize data degendencies.

r false, true
g

-ESMF phase number




2.3.2 Model Component Metadata

The Model component metadata is implemented as an ESMbétitrPackage:

e Convention: NUOPC
e Purpose: Instance
e Includes:

— CIM Model Component Simulation Description (see for exagrthe Component Attribute packages sec-
tion in the ESMF v5.2.0rp2 documentation)

10


http://www.earthsystemmodeling.org/esmf_releases/public/ESMF_5_2_0rp2/ESMF_refdoc/node6.html#SECTION06022100000000000000

Attribute name

Definition

| Controlled vocabulary

Ki nd

kind.

String value indicating componentModel

Verbosity

bosity of the component. This a
layer but should also be consider

ments verbose diagnostic output.

String value controlling the vert
tribute is used by the generic code

by any specializing code that imple

0,1, ... max

[-

pd

Profiling

String value controlling the profil
ing level. This attribute is used b
the generic code layer but shou
also be considered by any special

ing code that implements profiling|.

0,1, .. max

y
Id

Z_

ConpLabel

which the component was added
its parent driver.

String value holding the label underno restriction

to

InitializePhaseMap

List of string values, mapping th

a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number urj
der which the entry point is regis
tered.

logical NUOPC initialize phases, g

e IPDVXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z actua

withY,Z>0and Y, Z<
10

-ESMF phase number

RunPhaseMap

List of string values, mapping th
logical NUOPC run phases to th
actual ESMF run phase number u
der which the entry point is regis
tered.

e l[abel-string=Z, where
elabel-string can be cho-
nsen freely, and Z = actug
- ESMF phase number.

Fi nal i zePhaseMap

List of string values, mapping th
logical NUOPC finalize phases t
the actual ESMF finalize phas

is registered.

number under which the entry pointESMF phase number.

e l[abel-string=Z, where
olabel-string can be cho-
esen freely, and Z = actus

Internal I nitializePhaseMap.ist of string values, mapping th

logical NUOPC initialize phases, g
a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number ur]
der which the entry point is regis
tered.

e IPDvXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z actua

withY,Z>0and Y, Z<
10

Nest i ngGenerati on

Integer value enumerating nestir
level.

D, 1,2, ..

Nest | i ng

Integer value enumerating sibling
within the same generation.

0,1,2, ..

InitializeDataConplete

String value indicating whether a
initialize data dependencies ha
been satisfied.

| false, true
ve

InitializeDataProgress

String value indicating whethe
progress is being made resolvir
initialize data depgndencies.

r false, true
g

-ESMF phase number




2.3.3 Mediator Component Metadata

The Mediator component metadata is implemented as an ESkiBbute Package:

e Convention: NUOPC
e Purpose: Instance
e Includes:

— CIM Model Component Simulation Description (see for exagrthe Component Attribute packages sec-
tion in the ESMF v5.2.0rp2 documentation)

12


http://www.earthsystemmodeling.org/esmf_releases/public/ESMF_5_2_0rp2/ESMF_refdoc/node6.html#SECTION06022100000000000000

Attribute name

Definition

| Controlled vocabulary

Ki nd

kind.

String value indicating componetMediator

Verbosity

bosity of the component. This a
layer but should also be consider

ments verbose diagnostic output.

String value controlling the vert
tribute is used by the generic code

by any specializing code that imple

0,1, ... max

[-

pd

Profiling

String value controlling the profil
ing level. This attribute is used b
the generic code layer but shou
also be considered by any special

ing code that implements profiling|.

0,1, .. max

y
Id

Z_

ConpLabel

which the component was added
its parent driver.

String value holding the label underno restriction

to

InitializePhaseMap

List of string values, mapping th

a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number urj
der which the entry point is regis
tered.

logical NUOPC initialize phases, g

e IPDVXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z actua

withY,Z>0and Y, Z<
10

-ESMF phase number

RunPhaseMap

List of string values, mapping th
logical NUOPC run phases to th
actual ESMF run phase number u
der which the entry point is regis
tered.

e l[abel-string=Z, where
elabel-string can be cho-
nsen freely, and Z = actug
- ESMF phase number.

Fi nal i zePhaseMap

List of string values, mapping th
logical NUOPC finalize phases t
the actual ESMF finalize phas

is registered.

number under which the entry pointESMF phase number.

e l[abel-string=Z, where
olabel-string can be cho-
esen freely, and Z = actus

Internal I nitializePhaseMap.ist of string values, mapping th

logical NUOPC initialize phases, g
a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number ur]
der which the entry point is regis
tered.

e IPDvXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z actua

withY,Z>0and Y, Z<
10

Nest i ngGenerati on

Integer value enumerating nestir
level.

D, 1,2, ..

Nest | i ng

Integer value enumerating sibling
within the same generation.

0,1,2, ..

InitializeDataConplete

String value indicating whether a
initialize data dependencies ha
been satisfied.

| false, true
ve

InitializeDataProgress

String value indicating whethe
progress is being made resolvir
initialize data depgndencies.

r false, true
g

-ESMF phase number




2.3.4 Connector Component Metadata

The Connector Component metadata is implemented as an ESiibute Package:

e Convention: NUOPC
e Purpose: General
e Includes:

— ESG General (see for example the Component Attribute pa&cksgction in the ESMF v5.2.0rp2 docu-
mentation)

14
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Attribute name

Definition

| Controlled vocabulary

Ki nd

String value indicating componeftConnector

kind.

Verbosity

String value controlling the vert

bosity of the component. This a
tribute is used by the generic coq
layer but should also be consider

by any specializing code that imple

ments verbose diagnostic output.

0,1, .. max
t_
e
ed

D

Profiling

String value controlling the profil
ing level. This attribute is used b
the generic code layer but shou
also be considered by any special

ing code that implements profiling|.

0,1, .. max

y
Id

Z_

ConpLabel

String value holding the label unde
which the component was added
its parent driver.

2rno restriction
to

InitializePhaseMap

List of string values, mapping th
logical NUOPC initialize phases, g
a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number urj
der which the entry point is regis
tered.

e IPDVXXpY=Z, where
f XX = two-digit revision

-number, e.g. 01, Y 3
| logical NUOPC phase
-number, Z = actua

withY,Z>0and Y, Z<
10

-ESMF phase number

RunPhaseMap

List of string values, mapping th
logical NUOPC run phases to th
actual ESMF run phase number u
der which the entry point is regis
tered.

e l[abel-string=Z, where
elabel-string can be cho-
nsen freely, and Z = actug
- ESMF phase number.

Fi nal i zePhaseMap

List of string values, mapping th
logical NUOPC finalize phases t
the actual ESMF finalize phas
number under which the entry poil
is registered.

e l[abel-string=Z, where
olabel-string can be cho-
esen freely, and Z = actus
tESMF phase number.

Cpl Li st

List of StandardNames of the cor

n-Standard namess per

nected Fields. Each StandardNaméeld dictionary, followed

entry may be followed by a colo
separated list of connection option
The details are discussed in secti

243

n by connection optiong
sdefined in section2.4.5.
on

2.3.5 State Metadata

The State metadata is implemented as an ESMF Attribute Backa

e Convention: NUOPC

e Purpose: Instance

15



e Includes:

— no other packages at the moment

e Description: Namespace implementation for import and expo

| Attribute name

| Definition

| Controlled vocabulary |

Nanmespace

String value holding the namespa
of all the objects contained in th
State.

Ce0 restriction
e

2.3.6 Field Metadata

The Field metadata is implemented as an ESMF Attribute Rpcka

Convention: NUOPC

Purpose: Instance

Includes:

— ESG General

Description: Basic Field description with connection aintkt stamp metadata.

| Attribute name | Definition | Controlled vocabulary |
Connect ed Connected status. false, true
Ti meSt anp Nine integer values representing\/A

ESMF Time object.

Pr oducer Connecti on

String value indicating connectio

nopen, targeted,

advertised Field object is defined.

details. connected
Consuner Connecti on String value indicating connectionopen, targeted,
details. connected
Updat ed String value indicating updated sta-false, true
tus during initialization.
Transf er O f er Geonthj ect String value indicating a compg- will provide,
nent’s intention to transfer the un-can provide,

derlying Grid or Mesh on which an cannot provide

Tr ansf er Act i onGeontbj ect

String value indicating the action
component is supposed to take wi
respect to transferring the underl
ing Grid or Mesh on which an ad
vertised Field object is defined.

aprovide, accept
th
V-

16




2.4 Initialization
2.4.1 Phase Maps and Component Labels

ESMF introduces the concept of standard component methaexdg:i al i ze, Run, andFi nal i ze. ESMF further
recognizes the need for being able to split each of the stdndathods into multiple phases. On the ESMF level,
phases are implemented by a simple intqgease index. The NUOPC layer adds an abstraction layer that allows
phases to be referenced by label.

For complex scenarios, e.g. multiple versions of multgstaitialize sequences, the use of an integer based phase
index quickly becomes confusing. The NUOPC Layer addressdssue by introducing three component level
attributes:I ni ti al i zePhaseMap, RunPhaseMap, andFi nal i zePhaseMap. These attributes map logical
NUOPC phase labels to integer ESMF phase indices. A NUOP®lam component fully documents its available
phases through the phase maps.

Currently the NUOPC Layer leverages thai ti al i zePhaseMap during the initialization loop that is imple-
mented by the generidlUOPC Dri ver. It looks for phase map entries according to the initialibage defini-
tion outlined in sectiol_Z4l2. ThBunPhaseMap is used when setting up run sequences in the Driver. The
NUOPC _Dri ver AddRunEl enent () takes thephaselLabel argument, and uses thiRinPhaseMap attribute
internally to translates the label into the correspondi8yE phase index. ThEi nal i zePhaseMap is currently

not used within the NUOPC Layer.

Within NUOPC, components under a driver are also referebgddbel. Every component is associated with a label
when itis added to a driver through tNeOPC_Dr i ver AddConp() call. Multiple instances of the same component
can be added to a driver, provided each instance is givergaeiabel. Connectors between components are identified
by providing the label of the source component and destinatbmponent.

2.4.2 Initialize Phase Definitions

The interaction between NUOPC compliant components dihiegdnitialization process is regulated by tindialize
Phase Definitionor IPD. The IPDs are versioned, with a higher version number inidigebackward compatibility
with all previous versions.

There are two perspectives of looking at the IPD. From theedmperspective the IPD regulates the sequence in
which it must call the different phases of the Initializegutines of its child components. To this end the generic
NUOPC _Dr i ver component implements support for IPDs up to a version speldifi the API documentation.

The other angle of looking at the IPD is from the driver's dhibmponents. From this perspective the IPD assigns
specific meaning to each initialize phase. The child comptmnef a driver can be divided into two groups with
respect to the meaning the IPD assigns to each initializeghin one group are the model, mediator, and driver
components, and in the other group are the connector comporhild components publish their available initialize
phases through theni ti al i zePhaseMap attribute.

The driver also calls into its own internal initialize mettso This allows the driver to participate in the initial-
ization of its children in a structured fashion. The intérimétialization phases of a driver are published via the
Internal I nitializePhaseMp attribute.

The following tables document the meaning of each init&lon phase of the available IPD versions for the child
components and for the driver component itself. The phaselisted in the same sequence in which the driver calls
them.
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| IPDVOO label Component | Meaning |
| PDv0Op1 driver-self unspecified by NUOPC
| PDv0Op1 models, mediators, drivers | Advertise their import and export Fields.
| PDv0Op1 connectors Construct theiCpl Li st Attribute.
| PDv0Op2 driver-self unspecified by NUOPC
| PDv0Op2 models, mediators, drivers | Realize their import and export Fields.
| PDv00p2a connectors Set the Connect ed Attribute on each
import and export Field according to the
Cpl Li st Attribute. Reconcile the import
and export States.
| PDv0Op2b connectors Precompute the RouteHandle.
| PDv0Op3 driver-self unspecified by NUOPC
| PDv0Op3 models, mediators, drivers | Check for compatibility of their Fields
Connect ed status.
| PDv0Op4 driver-self unspecified by NUOPC
| PDv0Op4 models, mediators, drivers | Handle Field data initialization. Times-
tamp their export Fields.
| IPDVO1 label Component | Meaning |
| PDv01p1 driver-self unspecified by NUOPC
| PDv01pl models, mediators, drivers | Advertise their import and export Fields.
| PDv01pl connectors Construct theiCpl Li st Attribute.
| PDv01p2 driver-self Modify the Cpl Li st Attributes on the
Connectors.
| PDv01p2 models, mediators, drivers | unspecified/unused by NUOPC
| PDv01p2 connectors Set the Connect ed Attribute on each
import and export Field according to the
Cpl Li st Attribute.
| PDv01p3 driver-self unspecified by NUOPC
| PDv01p3 models, mediators, drivers | Realize their "connected" import and ei-
port Fields.
| PDv01p3a connectors Reconcile the import and export States.
| PDv01p3b connectors Precompute the RouteHandle according to
theCpl Li st Attribute.
| PDv01p4 driver-self unspecified by NUOPC
| PDv01p4 models, mediators, drivers | Check for compatibility of their Fields
Connect ed status.
| PDv01p5 driver-self unspecified by NUOPC
| PDv01p5 models, mediators, drivers | Handle Field data initialization. Timeg-
tamp their export Fields.
| IPDVO2 label Component | Meaning |
| PDv02p1 driver-self unspecified by NUOPC
| PDv02pl models, mediators, drivers | Advertise their import and export Fields.
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| PDv02pl connectors Construct theiCpl Li st Attribute.

| PDv02p2 driver-self Modify the Cpl Li st Attributes on the
Connectors.

| PDv02p2 models, mediators, drivers | unspecified/unused by NUOPC

| PDv02p2 connectors Set the Connect ed Attribute on each
import and export Field according to the
Cpl Li st Attribute.

| PDv02p3 driver-self unspecified by NUOPC

| PDv02p3 models, mediators, drivers | Realize their "connected" import and ei-
port Fields.

| PDv02p3a connectors Reconcile the import and export States.

| PDv02p3b connectors Precompute the RouteHandle according to
theCpl Li st Attribute.

| PDv02p4 driver-self unspecified by NUOPC

| PDv02p4 models, mediators, drivers | Check for compatibility of their Fields
Connect ed status.

| PDv02p5 driver-self unspecified by NUOPC

| PDv02p5 models, mediators, drivers | Handle Field data initialization. Timeg-
tamp their export Fields.

A loop is entered over all those model, mediator, driver Congmts that use IPDv02 and have

unsatisfied data dependencies, repeating the followingstes:

Run() connectors Loop over all Connectors that conndot
the Component that is currently indexed py
the outer loop.

| PDv02p5 models, mediators, drivers | Handle Field data initializa:
tion. Timestamp  their expont
Fields and set theUpdated and
InitializeDataConplete At-
tributes accordingly.

Repeat these two steps until all data dependencies haveshbaésiied, or a dead-lock situation

is detected.

| IPDvO3 label | Component | Meaning |
| PDvO3p1 driver-self unspecified by NUOPC

| PDv03p1l models, mediators, drivers | Advertise their import and
export Fields and set the
Transf er O f er GeomDbj ect At-
tribute.

| PDv0O3p1 connectors Construct theiCpl Li st Attribute.

| PDv03p2 driver-self Modify the Cpl Li st Attributes on the
Connectors.

| PDv0O3p2 models, mediators, drivers | unspecified/unused by NUOPC

| PDv03p2 connectors Set the Connected Attribute on
each import and export Field accorgd-
ing to the Cpl Li st Attribute.  Set
the TransferActi onGeonbj ect
Attribute.
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| PDv03p3 driver-self unspecified by NUOPC

| PDv0O3p3 models, mediators, drivers | Realize their "connected" im-
port and export Fields that have
Transf er Acti onGeonthj ect
equal to "provide".

| PDvO3p3 connectors Transfer the Grid/Mesh/LocStream objects
(only DistGrid) for Field pairs that have a
provider and an acceptor side.

| PDv03p4 driver-self unspecified by NUOPC

| PDv03p4 models, mediators, drivers | Optionally modify the decomposition and
distribution information of the accepted
Grid/Mesh/LocStream by replacing the
DistGrid.

| PDv03p4 connectors Transfer the full Grid/Mesh/LocStream olp-
jects (with coordinates) for Field pairs that
have a provider and an acceptor side.

| PDv03p5 driver-self unspecified by NUOPC

| PDvO3p5 models, mediators, drivers | Realize  all Fields  that have
Transf er Acti onGeonthj ect
equal to "accept" on the transferred
Grid/Mesh/LocStream objects.

| PDv0O3p5a connectors Reconcile the import and export States.

| PDv0O3p5b connectors Precompute the RouteHandle according to
theCpl Li st Attribute.

| PDv03p6 driver-self unspecified by NUOPC

| PDv0O3p6 models, mediators, drivers | Check compatibility of their Fields
Connect ed status.

| PDv03p7 driver-self unspecified by NUOPC

| PDv03p7 models, mediators, drivers | Handle Field data initialization. Timeg-
tamp the export Fields.

A loop is entered over all those model, mediator, driver Congnmts that use IPDv02 and have

unsatisfied data dependencies, repeating the followingsteos:

Run() connectors Loop over all Connectors that conneot
the Componentthat is currently indexed py
the outer loop.

| PDv03p7 models, mediators, drivers | Handle Field data initializa:
tion. Time stamp the expont
Fields and set theUpdated and
InitializeDataConplete At-
tributes accordingly.

Repeat these two steps until all data dependencies haveshbaésiied, or a dead-lock situation

is detected.

| IPDv04 label | Component | Meaning |
| | PDv04p1 | driver-self | unspecified by NUOPC |
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| PDv04pl models, mediators, drivers | Advertise their import and
export Fields and set the
Transf er O f er GeomDbj ect At-

tribute.

| PDv04pla connectors Consider all connection possibilities for
theirCpl Li st Attribute.

| PDv04plb connectors Unambiguous construction of thejr
Cpl Li st Attribute.

| PDv04p2 driver-self Modify the Cpl Li st Attributes on the
Connectors.

| PDv04p2 models, mediators, drivers | unspecified/unused by NUOPC

| PDv04p2 connectors Set the Connected Attribute on

each import and export Field accorgd-
ing to the Cpl Li st Attribute.  Set
the TransferActi onGeontbj ect

Attribute.
| PDv04p3 driver-self unspecified by NUOPC
| PDv04p3 models, mediators, drivers | Realize their "connected" im-

port and export Fields that have
Transf er Acti onGeonthj ect
equal to "provide".

| PDv04p3 connectors Transfer the Grid/Mesh/LocStream objects
(only DistGrid) for Field pairs that have a
provider and an acceptor side.

| PDv04p4 driver-self unspecified by NUOPC

| PDv04p4 models, mediators, drivers | Optionally modify the decomposition and
distribution information of the accepted
Grid/Mesh/LocStream by replacing the
DistGrid.

| PDv04p4 connectors Transfer the full Grid/Mesh/LocStream ol-

jects (with coordinates) for Field pairs that
have a provider and an acceptor side.

| PDv04p5 driver-self unspecified by NUOPC

D

| PDv04p5 models, mediators, drivers | Realize  all Fields  that havi
Transf er Acti onGeonthj ect

equal to "accept" on the transferred
Grid/Mesh/LocStream objects.

| PDv04p5a connectors Reconcile the import and export States.

| PDv04p5b connectors Precompute the RouteHandle according to
theCpl Li st Attribute.

| PDv04p6 driver-self unspecified by NUOPC

| PDv04p6 models, mediators, drivers | Check compatibility of their Fields
Connect ed status.

| PDv04p7 driver-self unspecified by NUOPC

| PDv04p7 models, mediators, drivers | Handle Field data initialization. Timeg-

tamp the export Fields.

A loop is entered over all those model, mediator, driver Congmts that use IPDv02 and have
unsatisfied data dependencies, repeating the followingsteos:
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Run()

connectors

Loop over all Connectors that conneot
the Componentthat is currently indexed
the outer loop.

Py

I PDv04p7

models, mediators, drivers

Handle Field data initializa
tion. Time stamp the expor
Fields and set theUpdated and
InitializeDataConplete At-

tributes accordingly.

—

Repeat these two steps until all data dependencies haveshaésiied, or a dead-lock situation

ct

ct

is detected.
| IPDVO5 label | Component | Meaning |

| PDv05p1 driver-self Advertise import and export Fields and det
the Transf er O f er Geonthj ect
Attribute. Optionally set
Fi el dTransferPolicy Attribute
on States.

| PDv05p1 models, mediators, drivers | Advertise their import and
export Fields and set the
Transf er O f er Geonbj ect
Attribute. Optionally set
Fi el dTransferPol i cy Attribute
on States.

| PDv05p1 connectors ConsiderFi el dTr ansf er Pol i cy At-
tribute on import and export States. Agd-
vertise Fields to be transferred.

| PDv05p2 driver-self Optionally modify import and export
States before connectors constr
Cpl Li st Attribute.

| PDv05p2 models, mediators, drivers | Optionally modify import and export
States before connectors constr
Cpl Li st Attribute.

| PDv05p2a connectors Consider all connection possibilities for
theirCpl Li st Attribute.

| PDv05p2b connectors Unambiguous construction of thejr
Cpl Li st Attribute.

| PDv05p3 driver-self Modify the Cpl Li st Attributes on the
Connectors.

| PDv05p3 models, mediators, drivers | unspecified/unused by NUOPC

| PDv05p3 connectors Set the Connected Attribute on
each import and export Field accorg-
ing to the Cpl Li st Attribute.  Set
the TransferActi onGeonthj ect
Attribute.

22



| PDvO5p4

driver-self

Realize “connected"

and export Fields  that
Tr ansf er Acti onGeonthj ect
equal to "provide".

import
have

| PDvO5p4

models, mediators, drivers

im
hav

Realize their "connected"
port and export Fields that
Transf er Acti onGeonthj ect

equal to "provide".

[ PDvO5p4

connectors

Transfer the Grid/Mesh/LocStream objeq
(only DistGrid) for Field pairs that have
provider and an acceptor side.

I PDvO5p5

driver-self

Optionally modify the decomposition an
distribution information of the accepte
Grid/Mesh/LocStream by replacing th
DistGrid.

o o

(0]

I PDvO5p5

models, mediators, drivers

Optionally modify the decomposition an
distribution information of the accepte
Grid/Mesh/LocStream by replacing th
DistGrid.

D Qo

I PDvO5p5

connectors

Transfer the full Grid/Mesh/LocStream ob

jects (with coordinates) for Field pairs th
have a provider and an acceptor side.

[ PDvO5p6

driver-self

Realize all Fields that havi
Transf er Acti onGeonthj ect

equal to "accept" on the transferred

Grid/Mesh/LocStream objects.

D

I PDvO5p6

models, mediators, drivers

Realize all Fields that hav

Transf er Acti onGeonthj ect

equal to "accept" on the transferred

Grid/Mesh/LocStream objects.

D

| PDvO5p6a

connectors

Reconcile the import and export States.

I PDvO5p6b

connectors

Precompute the RouteHandle according
theCpl Li st Attribute.

I PDvO5p7

driver-self

unspecified by NUOPC

I PDvO5p7

models, mediators, drivers

Check compatibility of their Fields

Connect ed status.

I PDvO5p8

driver-self

unspecified by NUOPC

I PDvO5p8

models, mediators, drivers

Handle Field data initialization. Timesg

tamp the export Fields.

A loop is entered over a
unsatisfied data depend

Il those model, mediator, driver Congmts that use IPDv02 and have
encies, repeating the followingsteps:

Run()

connectors

Loop over all Connectors that conneot
the Componentthatis currently indexed
the outer loop.

I PDvO5p8

models, mediators, drivers

Handle Field data initializa
tion. Time stamp the expor
Fields and set theUpdated and
InitializeDataConplete At-

tributes accordingly.
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Repeat these two steps until all data dependencies haveskatéesiied, or a dead-lock situation
is detected.

2.4.3 Field Pairing

The NUOPC Model and Mediator components are required toridgeheir import and export Fields with a standard
set of Field metadata. This set includes 8teandar dNane attribute. The NUOPC Layer implements a strategy of
pairing advertised Fields that is based primarily onShandar dName of the Fields, and in more complex situations
further utilizes theNanespace attribute on States.

Field pairing is accomplished as part of the initializatmocedure and is a collective effort of the Driver and itdathi
components: Models, Mediator, Connectors. The exact lnakes between these components is outlined as part of
the Initialize Phase Definition in sectibn 214.2.

The Connectors are the most active players when it comeglt pairing. The end result of the process is where each
Connector has a list of Fields that it connects between iomState and its exportState. Each connector keeps this
list in its component level metadata@gl Li st attribute.

During the first stage of Field pairing, each Connector medddll of the Fields in its importState to all of the Fields
in its exportState by looking at thest andar dNarme attribute. For every matchtzondLevels calculated and stored
in the Field on the export side, i.e. on the consumer sideettnnection, in the Field8onsuner Connect i on
attribute. The larges found bondLevel is kept for each Faeldhe export side.

The bondLevel is a measure of how strong the pairing is cenisig the namespace rules explained in se¢fion]2.4.4.
Without the use of namespaces the bondLevel for all Fielcsghat match by theist andar dNan®e is equal to 1.

After the first stage, there may be umbiguous Field pairsgmtesAmbiguous Field pairs are those that map differ-
ent producer Fields (i.e. Fields in the importState of a @Gator) to thesameconsumer Field (i.e. a Field in the
exportState of a Connector). While the NUOPC Layer suppavirty multiple consumer Fields connected to a sin-
gle producer Field, it does not support the opposite camlitiThe second stage of Field pairing is responsible for
disambiguating Field pairs with the same consumer Field.

Field pair disambiguation is based on thendLevekhat was calculated and stored on the consumer side Field for
each pair during the first stage. The disambiguation rul@lsiselects the connection with the highest bondLevel and
discards all lesser connection to the same consumer sitte Hewever, if the highest bondLevel is not unique, i.e.
there are multiple pairs with the same bondLevel, disandtign is not possible and an error is returned to the Driver
by the Connector that finds the ambiguity first.

Assuming that the disambiguation step was successful,@achector holds a vali@pl Li st attribute with entries
that correspond to the Field pairs that it is responsibleAtthis stage the Driver can still overwrite this attribated
implement custom pairs if that is desired.

2.4.4 Namespaces

Namespaces are used to control and fine-tune the disamibiguéf-ield pairs during the initialization. The general
procedure of Field pairing and disambiguation is outlinedectiod’ 2,413, here the use of namespaces is described.

The NUOPC Layer implements hamespaces throughl#mespace attribute onESM-_St at e objects. The value

of this attribute is a simple character string. The NUOPCdraagutomatically creates the import and export States
of every Model and Mediator component that is added to a Rriviehe Nanespace attribute of these States is
automatically set to theonpLabel string that was provided duringUOPC _Dr i ver Add() . Doing this places
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every Field that is advertised through these States inBeledmponent’s unique namespace.

A secondary namespace can be added to a State usiy@RC St at eNanespaceAdd() method. This creates
a new State that is nested inside of an existing State, aadhsetlamespace attribute of the new State. Fields that
are advertised inside of such a nested State are in a namesfihdwo parts:NS1: NS2. HereNS1 is the preset
namespace of the import or export State (equal to the comgl),@&mdNS?2 is a freely chosen namespace string.

During Field pairing the namespace on each side of the cadiongs considered in the two part formsg1: NS2.

The first part is equal to the compLabel of the correspondimymonent, and NS2 is either the namespace of a nested
State, or empty if the Field is not inside a nested State. gJ#iis format, the calculation of theondLevelduring
Field pairing is governed by the following rules:

e Namespace matching is done in a cross wise fashion, mear8igidm one side is compared to NS2 of the
other side, and vice versa.

e The bondLevel is incremented by one counter for each créss-match between namespaces. (Considering
that the bondLevel starts out as 1 for any Field pair with miatg standard names, the maximum bondLevel
that can be reached is 3.)

e Finding one side of the cross-wise comparison being an estghyg is neither counted as a match nor a mis-
match. The bondLevel remains unchanged.

e A Field pair for which a mis-match in either of the two cross@&namespace comparisons is detected is dis-
carded from the possible pairs. It is not further considered

In practice then, a component that targets a specific otmepooent with its advertised Fields would add a secondary
namespace to its import or export State, and set that namespdahe complLabel of the targeted component. This
increases the bondLevel for each pair from 1 to 2. An evendribndLevel of 3 is achieved when both sides target
each other by specifying the other component’s compLabeltih a secondary namespace.

In conclusion, namespaces can affect the bondLevel caioaléor each pair, but they do not affect how pairs are
constructed and disambiguated. In particular, the remere for unambiguous Field pairs for each consumer Field
remains unchanged, and it is an error condition if the highesdLevel for a consumer Field does not correspond to
a unique Field pair.

2.4.5 Connection Options

Once the field pairing discussed in the previous sectioraigpteted, each Connector component holds an attribute by
the name o€pl Li st . TheCpl Li st is alist type attribute with as many entries as there aredfigidwhich the Con-
nector componentis responsible for connecting. The findtgda&ach of these entries is always Bieandar dNane

of the associated field. See secfiad 2.2 for a discussioredfithOPC field dictionary and standard names.

After the St andar dName part, eachCpl Li st entry may optionally contain a string ebnnection optionsEach
Driver component has the chance as part of the intéri@Bl04p2 phase (sde2.4.2) to modify tlpl Li st attribute
of all the Connectors that it drives.

The individual connection options are colon separatedijtegto the following format for eacpl Li st entry:
St andar dName[ : optionl[:option2[: ...]]

The format of the options is:
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Opti onNane=val uel[ =specl] [, val ue2[ =spec2] [, ...]]

OptionName and the value strings are case insensitive.eTdrersingle and multi-valued options as indicated in the
table below. For single valued options oyl uel is relevant. If the same option is listed multiple times,yothle
first occurrence will be used. If an option has a default valuie indicated in the table. If a value requires additional
specification viasspec then the specifications are listed in the table.

| OptionName | Definition | Type | Values |
srchMaskVal ues List of integer values that defingsmulti List of integers.
the mask values.

dst MaskVal ues List of integer values that defingsmulti List of integers.
the mask values.

r emapnet hod Redistribution or interpolation to single | redi st,
compute the regridding weights. bi | i near (default),

pat ch,

near est _stod,
near est dt os,
conserve

pol enet hod Extrapolation method around thesingle | none(default),
pole(s). al | avg,

npnt avg="integer
indicating number off
points"

unnappedacti on The action to take when unmappédsingle | i gnor e(default),
destination elements are encoyn- error
tered.

srcTer nProcessi ng Number of terms in each partialsingle | integer
sum of the interpolation to process
on the source side. This setting im-
pacts the bit-for-bit reproducibility
of the parallel interpolation results
between runs. The strictest bit-fof-
bit setting is achieved by setting the
value to 1.

t er nOr der Order of the terms in each par-single | f r ee(default),
tial sum of the interpolation. This srcseq, srcpet
setting impacts the bit-for-bit rer
producibility of the parallel in-
terpolation results between runs.

The strictest bit-for-bit setting i$
achieved by setting the value fo
srcseq.

pi pel i neDept h Maximum number of outstandingsingle | integer

non-blocking communication calls
during the parallel interpolation.
Only relevant for cases where the
automatic tuning procedure fails to
find a setting that works well on a
given hardware.

dunmpWei ght sFl ag Enable or disable dumping of thesingle | true,f al se(default)
interpolation weights into a file.
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2.4.6 Data-Dependencies during Initialize

For multi-model applications it is not uncommon that durstgrt-up one or more components depends on data from
one or more other components. These types of data-depdadeihuing initialize can become very complex very
quickly. Finding the "correct” sequence to initialize allhaponents for a complex dependency graph is not trivial. The
NUOPC Layer deals with this issue by repeatedly looping @iecomponents that indicate that their initialization
has data dependencies on other components. The loop iy fendgtéd when either all components have indicated
completion of their initialization, or a dead-lock situaiis being detected by the NUOPC Layer.

The data-dependency resolution loop is implemented asgbdritialize Phase Definition version 2 (IPDv02) as
defined in sectiol_Z4.2. Participating components comaateitheir current status to the NUOPC Layer via
Field and Component metadata. Participants are those amnfmothat contain ahPDv02p5 assignment in their

I nitializePhaseMap Attribute according to sectiohSZ BT, 2132 2.3.3, 2.

Every time a component’s PDv02p5 initialization phase is called it is responsible for segtirthe
InitializeDataConpl eteandl nitializeDataProgress Attributes according to its current status before
returning. For convenience, the NUOPC Layer provides ameimplementation of ah PDv02p5 phase initialize
method for Models and Mediators (available as ESMF Ini#&@lphase 5). This generic implementation takes care
of setting thel ni ti al i zeDat aPr ogr ess Attribute automatically. It does so by inspecting tbgdat ed Field
Attribute (see sectidnZ.3.6) on all the Fields in the congmtis exportState. The geneti®Dv02p5 implementation
must be specialized by attaching a method for specialiagitnt! abel _Dat al ni ti al i ze. This specialization
method is responsible for checking the Fields in the impattSand for initializing any internal data structures and
Fields in the exportState. Fields that are fully initiatiza the exportState must be indicated by setting tbpitat ed
Attribute to "true". Once the componentis fully initialidé must further setiténi t i al i zeDat aConpl et e At-
tribute to "true" before returning.

During the execution of the data-dependency resolutiop i@ NUOPC Layer calls all of the Connectdtsa
Model/Mediator component before calling the componenP®v02p5 method. Doing so ensures that all the cur-
rently available Fields are passed to the component beftries to access them durind®Dv02p5. Once a com-
ponent has set itsni t i al i zeDat aConpl et e Attribute to "true" it, and the Connectors to it, will no loagbe
called during the remainder of the resolution loop.

Whenall of the components with anPDv02p5 initialization phase have set théini ti al i zeDat aConpl et e
Attribute to "true”, the NUOPC Layer successfully exits theta-dependency resolution loop. The loop is also in-
terrupted before allni ti al i zeDat aConpl et e Attributes are set to "true" if a full cycle completes withh@ny
indicated progress. The NUOPC Layer flags this situation@stential dead-lock and returns with error.

2.4.7 Transfer of Grid/Mesh/LocStream Objects between Coqonents

There are modeling scenarios where the need arises todrgusfsical grid information from one component to
another. One common situation is that of modeling systemisutilize Mediator components to implement the inter-
actions between Model components. In these cases the Medi&tn carries out computations on a Model’s native
grid and performs regridding to the grid of other Model comgats. It is both cumbersome and error prone to recre-
ate the Model grid in the Mediator. The Initialize Phase D#éin version 3 (IPDv03) and above, defined in section
EZZ2, supportthe transferBEM-_Gri d, andESM-_Mesh, andESM-_Loc St r eamobjects between Model and/or
Mediator components during initialization.

The NUOPC Layer transfer protocol for GeomObjects (i.e. ESIKdrids, Meshes, or LocStreams) is
based on two Field attributesTr ansf er Of f er GeonObj ect and Tr ansf er Acti onGeontbj ect. The
Transf er O f er Geonbj ect attribute is used by the Model and/or Mediator componeniadaate for each
Field their intent for the associated GeomObject. The fieeleé values of this attribute are: "will provide", "can
provide", and "cannot provide". Thier ansf er O f er Geontbj ect attribute must be set during?PDv03p1.
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The generic Connector uses the intents from both sides argirciots a response according to the table below. The re-
sponse is provided by the Connector durirRpv03p2 by setting the value of thér ansf er Act i onGeontbj ect
attribute to either "provide" or "accept” on each Field.|#andicatingTr ansf er Act i onGeonbj ect equal to
"provide" must be realized on a Grid, Mesh, or LocStream dlijethe Model/Mediator initialize method for phase

| PDv0O3p3.

Fields that hold "accept" for the value of theansf er Act i onGeonthj ect attribute require two additional ne-
gotiation steps. By PDv03p4 the Model/Mediator component can access the transferreiNBrsh/LocStream
on the Fields that have the "accept" value. However, only DisGrid, i.e. the decomposition and distribu-
tion information of the Grid/Mesh/LocStream is availabtetlsis stage, not the full physical grid information such
as the coordinates. At this stage the Model/Mediator may ifpdtlis information by replacing the DistGrid
object in the Grid/Mesh/LocStream. The DistGrid that is eptthe Grid/Mesh/LocStream objects when leav-
ing the Model/Mediator phasePDv03p4 will consequently be used by the generic Connector to fubyngfer
the Grid/Mesh/LocStream object. The fully transferredecks are available on the Fields with "accept" during
Model/Mediator phasé PDv03p5, where they can be used to realize the respective Field sbj&ealizing typi-
cally just requires th&SM-_Fi el dEnmpt yConpl et e() call to be made. At this point all Field objects are fully
realized and the initialization process can proceed ad.usua

The following table shows how the generic Connector setsTtrensf er Act i onGeontbj ect attribute on the
Fields according to the incoming valuefansf er O f er Geontbj ect .

Transfer O f er Geonbj ect Tr ansf er O f er GeonObj ect Outgoing setting by generic Connector
Incoming side A Incoming side B
"will provide" "will provide" A:Tr ansf er Acti onGeonthj ect ="provide"
B:Tr ansf er Act i onGeonmObj ect ="provide"
"will provide" "can provide" A:Tr ansf er Acti onGeonthj ect ="provide"
B:Tr ansf er Act i onGeonmObj ect ="accept"
"will provide" "cannot provide" A:Tr ansf er Acti onGeonthj ect ="provide"
B:Tr ansf er Act i onGeonObj ect ="accept"
"can provide" "will provide" A:Tr ansf er Acti onGeonthj ect ="accept"
B:Tr ansf er Act i onGeonObj ect ="provide"
"can provide" "can provide" if (A is import side) then
A:Tr ansf er Acti onGeonthj ect ="provide"
B:Tr ansf er Act i onGeonObj ect ="accept"
if (B is import side) then
A:Tr ansf er Acti onGeonthj ect ="accept"
B:Tr ansf er Act i onGeonmObj ect ="provide"
"can provide" "cannot provide" A:Tr ansf er Acti onGeonthj ect ="provide"
B:Tr ansf er Act i onGeonObj ect ="accept"
"cannot provide" "will provide" A:Tr ansf er Acti onGeonthj ect ="accept"
B:Tr ansf er Act i onGeonObj ect ="provide"
"cannot provide" "can provide" A:Tr ansf er Acti onGeonthj ect ="accept"
B:Tr ansf er Act i onGeonmObj ect ="provide"
"cannot provide" "cannot provide" Flagged as error!

2.4.8 Field Mirroring

In some cases it is helpful for a NUOPC component to automiétienirror or match the set of fields advertised in
another component. One purpose of this is to automaticadiglve the import data dependencies of a component, by
setting up a component that exactly provides all of the neéidkls. This is currently used in the NUOPC Component
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Explorer: when driving a child NUOPC Model with required iorpfields, the Component Explorer uses the field
mirroring capability to advertise in the driver-self exp8tate the exact set of fields advertised in the child NUOPC
Model. This ensures that the entire Initialize Phase Serpiaiill complete (because all dependencies are satisfied)
and all phases can be exercised by the Component Explorer.

The field mirror capability is also useful with NUOPC Medietasince these components often exactly reflect, in
separate States, the sets of fields of each of the conneatguboents. The field mirroring capability, therefore, can
be used to ensure that a Mediator is always capable of angdij®ids from connected components, and removes the
need to specify field lists in multiple places, i.e., bothhirita set of Model components connected to a Mediator and
within the Mediator itself.

The field mirror capability is supported in the Initialize @@ Definition version 5 (IPDv05) and higher, defined in
sectionfZ.Z2. During PDv05p1, driver-self, models, mediators, and drivers advertisldién their import and
export States. At this point, these components can alsormgdty set theFi el dTr ansf er Pol i cy Attribute in
their import and export States. The default value "Tramébee" indicates that no fields should be mirrored. The
other option, "TransferAll", indicates that fields shoullhirrored in the State of a connected component.

Duringl PDv05p1, each Connector consider theel dTr ansf er Pol i cy Attribute on both its import and export
States. Ifboth States have &i el dTr ansf er Pol i cy of "TransferAll", then fields are transferred between the
States in both directions (i.e., import to export and expminport). The transfer process works as follows: First, th
Transf er O f er Goentbj ect attribute is reversed between the providing side and acaeside. Intuitively, if a
field from the providing component is to be mirrored and it paovide its own geometric object, then the mirrored
field on the accepting side should be set to accept a georobject. Then, the field to be mirrored is advertised in the
accepting State using a callMJOPC_Adverti se() such that the mirrored field shares the same Standard Name.

At this point the Initialization Sequence continues as Us&nce fields to be mirrored have been advertised with
matching Standard Names, the field pairing algorithm willvrmoatch them in the usual way thereby establishing a
connection between the original and mirrored fields.
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3 API

3.1 Generic Component: NUOPC_Driver

MODULE:
nmodul e NUOPC Dri ver

DESCRIPTION:

Component that drives Model, Mediator, and Connector camepts. For every Driver time step the same run se-
quence, i.e. sequence of Model, Mediator, and Conn&ttormethods is called. The run sequence is fully customiz-
able. The default run sequence implements explicit timgpstey.

SUPER:
ESMF_G'i dConp

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subrouti ne Set Services(driver, rc)
type( ESM-_Gri dComp) :: o driver
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see sectibn ZK.2 for a precise definitivhg default implementation sets the following

mapping:
x IPDvOOpl = 1: (REQUIRED, NUOPC RROVIDED)

e IPDv0OOp1l (NUOPC ROVIDED)

— Allocate and initialize internal data structures.

— Iftheinternal clock is not yet set, set the default integiatk to be a copy of the incoming clock, but only
if the incoming clock is valid.

Required specializatioto set component servicdsabel _Set Model Ser vi ces.

x CallNUOPC_Dr i ver AddConp( ) for all Model, Mediator, and Connector components to be ddde
x Optionally replace the default clock.

Optional specializatiorio set run sequencéabel _Set RunSequence.

Execute Initialize phase=0 for all Model, Mediator, and @ector components. This is the method where
each component is required to initializelitei t i al i zePhaseMap Attribute.

— Optional specializatiotio analyze and modify theni ti al i zePhaseMap Attribute of the child com-
ponents before the Driver useslitabel _Modi fyl ni ti al i zePhaseMap.

— Drive the initialize sequence for the child components, patible with up to IPDv04, as documented in

sectiofZZP.
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RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Ifthe incoming clock is valid, set the internal stop time ttedime step interval on the incoming clock.
— Drive the time stepping loop, from current time to stop tinmerementing by time step.

x For each time step iteration the Model and Connector commsriRun() methods are being called
according to the run sequence.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

Execute the Finalize() methods of all Connector comporiardsder.

Execute the Finalize() methods of all Model components deor

Optional specializationo finalize custom parts of the componen&bel _Fi nal i ze.
Destroy all Model components and their import and expotesta

Destroy all Connector components.

Internal clean-up.

3.1.1 NUOPC_DriverAddComp - Add a GridComp child to a Driver

INTERFACE:

I Private name; call using NUOPC Driver AddConp()
subrouti ne NUOPC Driver AddGri dConmp(driver, conpLabel, &
conpSet Servi cesRouti ne, petlList, conp, rc)

ARGUMENTS:

type( ESM-_Gri dComp) ;o driver

character (|l en=+), i ntent(in) . conplLabel

i nterface

subrouti ne conpSet Servi cesRouti ne(gridconp, rc)

use ESMF
inmplicit none
type( ESM-_Gri dConp) ;. gridconp ! nust not be optional
i nteger, intent(out) N I must not be optional

end subroutine
end interface

i nteger, intent(in), optional :: petList(:)

type( ESMF_Gri dConp), intent(out), optional :: conp

i nteger, intent(out), optional :: rc
DESCRIPTION:

Create and add a GridComp (i.e. Model, Mediator, or Driverpahild component to a Driver. The component is
created on the providgaet Li st , or by default across all of the Driver PETS.
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The specifiedset Ser vi ces() routine is called back immediately after the new child compt has been created
internally. Very little around the component is set up at tirae (e.g. component attributes are not available). The
routine should therefore be very light weight, with the splepose of setting the entry points of the component —
typically by deriving from a generic component followed I tappropriate specilizations.

TheconplLabel must uniquely identify the child component within the costef the Driver component.

If the conp argument is specified, it will reference the newly createdjgonent on return.

3.1.2 NUOPC_DriverAddComp - Add a GridComp child from shared object to a Driver

INTERFACE:

I Private name; call using NUOPC Driver AddConp()
subrouti ne NUOPC Driver AddGri dCompSQ(driver, conpLabel, &
sharedObj, petlList, conmp, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;oo driver
character (|l en=+), i ntent(in) .. conplLabel
character (|l en=+), intent(in), optional :: sharedj
i nteger, intent(in), optional :: petList(:)
type( ESMF_Gri dConp), intent(out), optional :: conp
i nteger, intent(out), optional :: rc
DESCRIPTION:

Create and add a GridComp (i.e. Model, Mediator, or Driverpachild component to a Driver. The component is
created on the providgaet Li st , or by default across all of the Driver PETS.

The Set Ser vi ces() routine in theshar edQbj is called back immediately after the new child component has
been created internally. Very little around the componserdet up at that time (e.g. component attributes are not
available). The routine should therefore be very light Wagigvith the sole purpose of setting the entry points of the

component — typically by deriving from a generic componetibfved by the appropriate specilizations.

TheconplLabel must uniquely identify the child component within the costef the Driver component.

If the conp argument is specified, it will reference the newly createdjgonent on return.

3.1.3 NUOPC_DriverAddComp - Add a CplComp child to a Driver

INTERFACE:

I Private name; call using NUOPC Driver AddConp()
subrouti ne NUOPC Dri ver AddCpl Conmp(driver, srcConmpLabel, dstConpLabel, &
conpSet Servi cesRouti ne, petlList, conp, rc)
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ARGUMENTS:

type( ESM-_Gri dComp) ;1o driver
character (|l en=+), i ntent (in) .. srcConplLabel
character (|l en=+), i ntent(in) . dst ConpLabel
interface
subrouti ne conpSet Servi cesRouti ne(cpl conp, rc)
use ESMF
inmplicit none
t ype( ESM-_Cpl Conp) .. cplconp ! nust not be optional
i nteger, intent(out) N I must not be optional

end subroutine
end interface

i nteger, target, intent(in), optional :: petList(:)

type( ESMF_Cpl Conp), intent(out), optional :: conp

i nteger, intent(out), optional :: rc
DESCRIPTION:

Create and add a CplComp (i.e. Connector) as a child compemenDriver. The component is created on the
providedpet Li st, or by default across the union of PETs of the componentsated bysr cConpLabel and
dst ConplLabel .

The specifiedBet Ser vi ces() routine is called back immediately after the new child comga has been created
internally. Very little around the component is set up at titae (e.g. component attributes are not available). The
routine should therefore be very light weight, with the splepose of setting the entry points of the component —
typically by deriving from a generic component followed I tappropriate specilizations.

TheconplLabel must uniquely identify the child component within the costtef the Driver component.

If the conp argument is specified, it will reference the newly creatadjgonent on return.

3.1.4 NUOPC_DriverAddRunElement - Add RunElement for Modd, Mediator, or Driver

INTERFACE:

I Private name; call using NUOPC Driver AddRunEl enment ()
subrouti ne NUOPC Driver AddRunEl erent MPL(dri ver, slot, conpLabel, &
phaselLabel , rel axedflag, rc)

ARGUMENTS:
type( ESM-_Gri dComp) c: o driver
i nteger, i ntent(in) i1 slot
character (|l en=+), i ntent(in) .. conplLabel

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

character (|l en=+), intent(in), optional :: phaselLabel
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc

DESCRIPTION:
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Add an element associated with a Model, Mediator, or Drivnponent to the run sequence of the Driver. The
component must have been added to the Driver, and assouiditeclonplLabel prior to this call.

If phaseLabel was not specified, the first entry in tiRenPhaseMap attribute of the referenced component will
be used to determine the run phase of the added element.

By default an error is returned if no component is associatigd the specifiedconplLabel . This error can be
suppressed by settingel axedf | ag=. t r ue. , and no entry will be added to the run sequence.

Thesl ot number identifies the run sequence time slot in case mukligd@ences are available. Slots start counting
from 1.

3.1.5 NUOPC_DriverAddRunElement - Add RunElement for Conrector

INTERFACE:

I Private nanme; call using NUOPC Driver AddRunEl erment ()
subrouti ne NUOPC Driver AddRunEl ement CPL(driver, slot, srcConpLabel, &
dst CompLabel , phaselLabel , rel axedflag, rc)

ARGUMENTS:
type( ESM-_Gri dComp) :: driver
i nteger, i ntent (in) .. slot
character (|l en=+), i ntent(in) .. srcConplLabel
character (|l en=+), i ntent(in) . dst ConpLabel

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

character (|l en=+), intent(in), optional :: phaselLabel
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc

DESCRIPTION:

Add an element associated with a Connector component taitheaquence of the Driver. The component must have
been added to the Driver, and associated with ConpLabel anddst ConpLabel prior to this call.

If phaseLabel was not specified, the first entry in tiRenPhaseMap attribute of the referenced component will
be used to determine the run phase of the added element.

By default an error is returned if no component is associatithl the specifiedconplLabel . This error can be
suppressed by settingel axedf | ag=. t r ue. , and no entry will be added to the run sequence.

Thesl ot number identifies the run sequence time slot in case mubligd@ences are available. Slots start counting
from 1.

3.1.6 NUOPC_DriverAddRunElement - Add RunElement that links to another slot

INTERFACE:
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I Private name; call using NUOPC Driver AddRunEl enment ()

subrouti ne NUOPC Driver AddRunEl emrent L(driver, slot, linkSlot, rc)
ARGUMENTS:
type( ESM-_Gri dComp) ;o driver
i nt eger, i ntent(in) :: slot
i nteger, i ntent(in) ;. linkSl ot
i nteger, intent(out), optional :: rc
DESCRIPTION:

Add an element to the run sequence of the Driver that linkkéditne slot indicated blyi nk Sl ot .

3.1.7 NUOPC_DriverEgestRunSequence - Egest the run sequenas FreeFormat

INTERFACE:

subrouti ne NUOPC Dri ver Egest RunSequence(driver, freeFormat, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;1 o driver
t ype( NUOPC _FreeFormat), intent(out) :: freeFormat
i nteger, intent(out), optional :: rc
DESCRIPTION:

Egest the run sequence stored in the driver as a FreeForfeat.dbis the caller’s responsibility to destroy the cesht
freeFormat object.

3.1.8 NUOPC_DriverGetComp - Get a GridComp child from a Driver

INTERFACE:

I Private name; call using NUOPC Driver Get Conp()
subrouti ne NUOPC Driver Get Gri dConmp(driver, conpLabel, conp, petList, &
rel axedfl ag, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;oo driver
character (|l en=+), i ntent(in) .. conplLabel
type(ESM-_Gi dConp), intent(out), optional :: conp
i nteger, poi nter, optional :: petList(:)
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Query the Driver for a GridComp (i.e. Model, Mediator, or @ai) child component that was added under

conpLabel .

If provided, thepet Li st argument will be associated with the petList that was usetdate the referenced compo-

nent.

By default an error is returned if no component is associatithl the specifiedconplLabel . This error can be

suppressed by settingel axedf | ag=. t r ue. , and unassociated arguments will be returned.

3.1.9 NUOPC_DriveringestRunSequence - Ingest the run segace from FreeFormat

INTERFACE:

subrouti ne NUOPC Driverl ngest RunSequence(driver, freeFormat, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;1o driver
t ype(NUOPC _FreeFornmat), intent(in) .. freeFormat
i nteger, intent(out), optional :: rc
DESCRIPTION:

Ingest the run sequence from a FreeFormat object.

3.1.10 NUOPC_DriverGetComp - Get a CplComp child from a Driver

INTERFACE:

I Private name; call using NUOPC Driver Get Conp()
subrouti ne NUOPC Dri ver Get Cpl Conp(driver, srcConpLabel, dstConplLabel,
conp, petlList, relaxedflag, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ©: driver
character (|l en=+), i ntent (in) .. srcConplLabel
character (|l en=+), i ntent(in) . dst ConpLabel
type( ESM-_Cpl Conp), intent(out), optional :: conp
i nteger, poi nt er , optional :: petList(:)
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Query the Driver for a CplComp (i.e. Connector) child comgoithat was added undeonpLabel .

If provided, thepet Li st argument will be associated with the petList that was usetdate the referenced compo-
nent.

By default an error is returned if no component is associatigd the specifiedconplLabel . This error can be
suppressed by settingel axedf | ag=. t r ue. , and unassociated arguments will be returned.

3.1.11 NUOPC_DriverGetComp - Get all the GridComp child conponents from a Driver

INTERFACE:

I Private name; call using NUOPC Driver Get Conp()
subrouti ne NUOPC DriverGet Al |l Gri dConp(driver, conpList, petLists, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;oo driver
type(ESM-_Gri dConp), pointer, optional :: conplList(:)
type(type_petList), pointer, optional .. petLists(:)
i nteger, intent(out), optional :: rc
DESCRIPTION:

Get all the GridComp (i.e. Model, Mediator, or Driver) chiddmponents from a Driver. The incomicgnplLi st
andpet Li st s arguments must be unassociated. On return it becomes thensakility of the caller to deallocate
the associatedonplLi st andpet Li st s arguments

3.1.12 NUOPC_DriverGetComp - Get all the CplComp child compnents from a Driver

INTERFACE:

I Private name; call using NUOPC Driver Get Conp()
subrouti ne NUOPC Driver Get Al | Cpl Conp(driver, conpList, rc)

ARGUMENTS:
type( ESM-_Gri dComp) :: driver
type( ESM-_Cpl Conp), pointer .. conmpList(:)
i nteger, intent(out), optional :: rc
DESCRIPTION:
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Get all the CplComp (i.e. Connector) child components froBriaer. The incomingconpLi st andpet Li st's
arguments must be unassociated. On return it becomes thensskility of the caller to deallocate the associated
conplLi st andpet Li st s arguments

3.1.13 NUOPC_DriverNewRunSequence - Replace the run sequee in a Driver

INTERFACE:

subrouti ne NUOPC Dri ver NewRunSequence(driver, slotCount, rc)

ARGUMENTS:
type( ESM-_Gri dComp) :: driver
i nteger, i ntent(in) ;. sl ot Count
i nteger, intent(out), optional :: rc
DESCRIPTION:

Replace the current run sequence of the Driver with a new loatehtass| ot Count slots. Each slot uses its own
clock for time keeping.

3.1.14 NUOPC_DriverPrint - Print internal Driver informat ion

INTERFACE:

subrouti ne NUOPC DriverPrint(driver, orderflag, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ©: driver
| ogi cal , intent(in), optional :: orderflag
i nteger, intent(out), optional :: rc
DESCRIPTION:

Print internal Driver information. 1br der f | ag is provided and set tot r ue. , the output is ordered from lowest
to highest PET. Setting this flag makes the method collective

3.1.15 NUOPC_DriverSetRunSequence - Set internals of Rur§uence slot

INTERFACE:
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I Private name; call using NUOPC Driver Set RunSequence()
subrouti ne NUOPC Dri ver Set RunSequence(driver, slot, clock, rc)

ARGUMENTS:
type( ESM-_Gri dComp) c: o driver
i nteger, i ntent(in) ;. slot
type( ESM-_d ock), i ntent (in) .. clock
i nteger, intent(out), optional :: rc
DESCRIPTION:

Set thecl ock in the run sequence undgf ot of the Driver.
3.2 Generic Component: NUOPC_ModelBase

MODULE:
nodul e NUOPC_Mbdel Base

DESCRIPTION:

Partial specialization of a component with a defaxplicit time dependency. Each time tRein method is called
the component steps one timeStep forward on the passedantpdock. The component flags incompatibility during
Run if the current time of the incoming clock does not match therent time of the internal clock.

SUPER:
ESMF_G'i dConp

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subrouti ne Set Servi ces(nodel Base, rc)
type( ESM-_Gri dComp) . nodel Base
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see sectibn ZK.2 for a precise definitidhg default implementation sets the following

mapping:

IPDv0OOpl = 1: (EQUIRED, IMPLEMENTOR PROVIDED)
IPDv0OOp2 = 2: (EQUIRED, IMPLEMENTOR PROVIDED)
IPDv0OOp3 = 3: (EQUIRED, IMPLEMENTOR PROVIDED)
IPDv0OOp4 = 4: (EQUIRED, IMPLEMENTOR PROVIDED)

EE
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RUN:
e phase 1: (NUOPC ROVIDED)
— SPECIALIZATION REQUIRED/PROVIDED: | abel _Set RunC ock to check and set the internal Clock

against the incoming Clock.

x | F (Phase specific specialization present): Execute the [spesific specialization.

x ELSE: Execute the phase independent specializatiorROMPDED: By default check that internal
Clock and incoming Clock agree on current time and that time tstep of the incoming Clock is a
multiple of the internal Clock time step. Under these cdndi set the internal stop time to one time
step interval of the incoming Clock. Otherwise exit withariflagging an incompatibility.

— SPECIALIZATION REQUIRED/PROVIDED: | abel _Checkl nport to check Fields in the import State.

x | F (Phase specific specialization is present): Execute theguyzecific specialization.
x ELSE: Execute the phase independent specializatickoVPDED: By default check that all import
Fields are at the current time of the internal Clock.

— Time stepping loop: starting at current time, running tg<ime of the internal Clock.

* Timestamp the Fields in the export State according to theeotitime of the internal Clock.
x SPECIALIZATION REQUIRED: | abel _Advance to execute model or mediation code.
x Advance the current time of the internal Clock accordindi®time step of the internal Clock.

— SPECIALIZATION OPTIONAL: | abel _Ti mest anpExport to timestamp Fields in the export State.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializatioro finalize custom parts of the componehn&bel _Fi nal i ze.

3.3 Generic Component: NUOPC_Model

MODULE:
nodul e NUOPC_Mbdel

DESCRIPTION:

Model component with a defaudixplicit time dependency. Each time tRen method is called the model integrates
one timeStep forward on the passed in parent clock. Thenaketock is advanced at the end of ed&im call. The
component flags incompatibility duririgun if the current time of the incoming clock does not match theent time

of the internal clock.

SUPER:
NUOPC_Model Base

USE DEPENDENCIES:
use ESMF

SETSERVICES:
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subrouti ne Set Servi ces(nodel, rc)

type( ESM-_Gri dComp) : . nodel
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see sectibn Z.K.2 for a precise definitiohe default implementation sets the following
mapping:

x IPDvOOpl = 1: (EQUIRED, IMPLEMENTOR PROVIDED)
- Advertise Fields in import and export States.
x IPDv0OOp2 = 2: (EQUIRED, IMPLEMENTOR PROVIDED)
- Realize the advertised Fields in import and export States.
x IPDv0OOp3 = 3: (EQUIRED, NUOPC RROVIDED)
- Check compatibility of the Fields’ Connected status.
x |PDv0OOp4 = 4: (EQUIRED, NUOPC RROVIDED)
- Handle Field data initialization. Time stamp the exportdse

e |IPDv0OOp3, IPDv01p4, IPDv02p4: (NUOPQRBVIDED)
— Ifthe model internal clock is found to be not set, then settioelel internal clock as a copy of the incoming
clock.
— Optional specializatioo set the internal clock and/or alarmisaabel _Set C ock.
— Check compatibility, ensuring all advertised import Fgelte connected.

e |IPDvVOOp4, IPDVO1p5: (NUOPCHOVIDED)

— Optional specializatioro initialize export Fieldsl abel _Datal niti ali ze
— Time stamp Fields in export State for compatibility checkin

e |[PDv0O2p5: (NUOPC ROVIDED)

— Optional specializatiorto initialize export Fieldsl abel _Datal niti ali ze
— Timestamp Fields in export State for compatibility chegkin
— Set Component metadata used to resolve initialize datandepeies.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— SPECIALIZATION REQUIRED/PROVIDED: | abel _Set RunC ock to check and set the internal Clock
against the incoming Clock.
x | F (Phase specific specialization present): Execute the [spesific specialization.

x ELSE: Execute the phase independent specializatiorROMPDED: By default check that internal
Clock and incoming Clock agree on current time and that tine tStep of the incoming Clock is a
multiple of the internal Clock time step. Under these cdodi set the internal stop time to one time
step interval of the incoming Clock. Otherwise exit withariflagging an incompatibility.

— SPECIALIZATION REQUIRED/PROVIDED: | abel _Checkl nport to check Fields in the import State.

x | F (Phase specific specialization is present): Execute theg@yzecific specialization.
x ELSE: Execute the phase independent specializaticroVPDED: By default check that all import
Fields are at the current time of the internal Clock.
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— Time stepping loop: starting at current time, running tg<ime of the internal Clock.

* Timestamp the Fields in the export State according to theeotitime of the internal Clock.
x SPECIALIZATION REQUIRED: | abel _Advance to execute model code.
x Advance the current time of the internal Clock accordinditime step of the internal Clock.

— Timestamp all Fields in the export State according to theemitime of the internal Clock, which now is
identical to the stop time of the internal Clock.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializationo finalize custom parts of the componehn&ibel _Fi nal i ze.

3.3.1 NUOPC_ModelGet - Get info from a Model

INTERFACE:

subrouti ne NUOPC Mddel Get (nodel , driverd ock, nodel O ock, &
i nport State, exportState, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;. nodel
type( ESM-_d ock), intent(out), optional :: driverd ock
t ype( ESM-_d ock), i ntent (out), optional :: nodel d ock
type(ESM-_State), intent(out), optional :: inportState
type(ESM-_St ate), intent(out), optional :: exportState
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access Model information.

3.4 Generic Component: NUOPC_Mediator

MODULE:
nodul e NUOPC Medi at or

DESCRIPTION:

Mediator component with a defawkplicittime dependency. Each time tRen method is called, the time stamp
on the imported Fields must match the current time (on balirthoming and internal clock). Before returning, the
Mediator time stamps the exported Fields with the same otitirae, before advancing the internal clock one timeStep
forward.

SUPER:
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NUOPC _Model Base

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subrouti ne Set Services(nedi ator, rc)
type( ESM-_Gri dComp) ;. nmediator
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see sectibn ZK.2 for a precise definitivhg default implementation sets the following

mapping:
x IPDvOOpl = 1: (EQUIRED, IMPLEMENTOR PROVIDED)
- Advertise Fields in import and export States.
x IPDvOOp2 = 2: (EQUIRED, IMPLEMENTOR PROVIDED)
- Realize the advertised Fields in import and export States.
x IPDvOOp3 = 3: (EQUIRED, NUOPC RROVIDED)
- Check compatibility of the Fields’ Connected status.
x |PDvOOp4 = 4: (EQUIRED, NUOPC RROVIDED)
- Handle Field data initialization. Time stamp the exportdse

e |IPDvOOp3, IPDv01p4, IPDv02p4: (NUOPQRBVIDED)

— Set the Mediator internal clock as a copy of the incominglcloc
— Check compatibility, ensuring all advertised import Fgeltte connected.

e |IPDVOOp4, IPDVO1p5: (NUOPCHOVIDED)

— Optional specializatioro initialize export Fieldsl abel _Datal niti ali ze
— Time stamp Fields in import and export States for compétjtihecking.

e |IPDV0O2p5: (NUOPC ROVIDED)

— Optional specializatioro initialize export Fieldsl abel _Datal niti al i ze
— Time stamp Fields in export State for compatibility checkin
— Set Component metadata used to resolve initialize datandepeies.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— SPECIALIZATION REQUIRED/PROVIDED: | abel _Set RunC ock to check and set the internal Clock
against the incoming Clock.

x | F (Phase specific specialization present): Execute the [spesific specialization.
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x ELSE: Execute the phase independent specializatiorROVPDED: By default check that internal
Clock and incoming Clock agree on current time and that time tstep of the incoming Clock is a
multiple of the internal Clock time step. Under these cdodi set the internal stop time to one time
step interval of the incoming Clock. Otherwise exit withariflagging an incompatibility.

— SPECIALIZATION REQUIRED/PROVIDED: | abel _Checkl nport to check Fields in the import State.

x | F (Phase specific specialization is present): Execute theguyzecific specialization.

x ELSE: Execute the phase independent specializaticroVPDED: By default check that all import
Fields are at the current time of the internal Clock.

— Time stepping loop: starting at current time, running tggime of the internal Clock.

* Timestamp the Fields in the export State according to theeotitime of the internal Clock.
x SPECIALIZATION REQUIRED: | abel _Advance to execute mediation code.
x Advance the current time of the internal Clock accordindi®time step of the internal Clock.

— SPECIALIZATION OPTIONAL: | abel _Ti mest anpExport to timestamp Fields in the export State.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializationo finalize custom parts of the componehn&ibel _Fi nal i ze.

3.4.1 NUOPC_MediatorGet - Get info from a Mediator

INTERFACE:

subrouti ne NUOPC Medi at or Get (nedi ator, driverd ock, nediatorC ock, &
i nport State, exportState, rc)

ARGUMENTS:
type( ESM-_Gri dComp) :: nediator
type( ESM-_d ock), intent(out), optional :: driverd ock
type( ESM-_d ock), intent(out), optional :: nediatord ock
type(ESM-_State), intent(out), optional :: inportState
type(ESM-_State), intent(out), optional :: exportState
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access Mediator information.
3.5 Generic Component: NUOPC_Connector

MODULE:
nodul e NUOPC_Connect or
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DESCRIPTION:

Component that makes a unidirectional connection betweetiem mediator, and or driver components. During
initialization field pairing is performed between the impand export side according to section214.3, and pairedsfield
are connected. By default the bilinear regrid method is ukgthg Run to transfer data from the connected import
Fields to the connected export Fields.

SUPER:
ESMF_Cpl Conp

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subrouti ne Set Servi ces(connector, rc)
t ype( ESM-_Cpl Conp) .1 connector
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 04 (see sectibn ZW.2 for a precise definitidhg default implementation sets the following

mapping:

IPDv0O4pla = phase : (RQUIRED, NUOPC RROVIDED)
IPDv04plb = phase : (RQUIRED, NUOPC RROVIDED)
IPDv04p2 = phase : (BQUIRED, NUOPC RROVIDED)
IPDv04p3 = phase : (BQUIRED, NUOPC RROVIDED)
IPDv04p4 = phase : (BQUIRED, NUOPC RROVIDED)
IPDv04p5a = phase : (RUIRED, NUOPC RROVIDED)
IPDv04p5b = phase : (RQUIRED, NUOPC RROVIDED)

e |[PDvO1p1l, IPDvO2pl: (NUOPCHROVIDED)

* ¥ X X XK X X

— Construct a list of matching Field pairs between import axybet State based on ti&t andar dNane
Field metadata.

— Store this list ofSt andar dNane entries in theCpl Li st attribute of the Connector Component meta-
data.
e IPDV01p2, IPDv02p2: (NUOPCHROVIDED)

— Allocate and initialize the internal state.

— Use theCpl Li st attribute to constructr cFi el ds anddst Fi el ds FieldBundles in the internal state
that hold matched Field pairs.

— Set theConnect ed attribute tot rue in the Field metadata for each Field that is added to the
sr cFi el ds anddst Fi el ds FieldBundles.

e |IPDV01p3, IPDv02p3: (NUOPCHOVIDED)
— Use theCpl Li st attribute to constructr cFi el ds anddst Fi el ds FieldBundles in the internal state
that hold matched Field pairs.
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— Set theConnect ed attribute tot rue in the Field metadata for each Field that is added to the
sr cFi el ds anddst Fi el ds FieldBundles.

— Optional specializationio precompute a Connector operatidrabel _Conput eRout eHandl e. Sim-
ple custom implementations store the precomputed comratioicRouteHandle in theh member of
the internal state. More complex implementations usesthat e member in the internal state to store
auxiliary Fields, FieldBundles, and RouteHandles.

— By default (if| abel _Conput eRout eHandl e wasnot provided) precompute the Connector Route-
Handle as a bilinear Regrid operation betwseFi el ds anddst Fi el ds, withunmappedacti on
set toESMF_UNMAPPEDACTI ON_I GNORE. The resulting RouteHandle is stored in thie member of
the internal state.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializatiorio execute a Connector operatidnabel _Execut eRout eHandl e. Simple
custom implementations access #wecFi el ds, dst Fi el ds, andr h members of the internal state
to implement the required data transfers. More complex@mgntations access teé at e member in
the internal state, which holds the auxiliary Fields, Hialddles, and RouteHandles that potentially were
added during the optiondlabel _Conput eRout eHandl e method during initialize.

— By default (ifl abel _Execut eRout eHandl e wasnot provided) execute the precomputed Connector
RouteHandle betweesr cFi el ds anddst Fi el ds.

— Update the time stamp on the Fieldglisit Fi el ds to match the time stamp on the FieldsincFi el ds.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializatiorto release the custom Connector operatioabel _Rel easeRout eHandl e;
or by default, ifl abel _Rel easeRout eHandl e was not provided, release the default Connector
RouteHandle.

— Optional specializationo finalize custom parts of the componehn&ibel _Fi nal i ze.
— Internal clean-up.

3.5.1 NUOPC_ConnectorGet - Get parameters from a Connector

INTERFACE:

subrouti ne NUOPC_Connect or Get (connector, srcFields, dstFields, rh, state, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) :: connector
type(ESM-_Fi el dBundl e), intent(out), optional :: srcFields
type( ESM-_Fi el dBundl e), intent(out), optional :: dstFields
t ype( ESM-_Rout eHandl e), intent(out), optional :: rh
type(ESM-_State), intent(out), optional :: state
i nt eger, intent(out), optional :: rc
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DESCRIPTION:

Get parameters from theonnect or internal state.

3.5.2 NUOPC_ConnectorSet - Set parameters in a Connector

INTERFACE:

subrouti ne NUOPC _Connect or Set (connector, srcFields, dstFields, rh, state, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) ;. connector
type(ESM-_Fi el dBundl e), intent(in), optional :: srcFields
type(ESM-_Fi el dBundl e), intent(in), optional :: dstFields
type(ESM-_Rout eHandl e), intent(in), optional :: rh
type(ESM-_State), intent(in), optional :: state
i nteger, intent(out), optional :: rc
DESCRIPTION:

Set parameters in theonnect or internal state.
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3.6 General Generic Component Methods

3.6.1 NUOPC_CompAreServicesSet - Check if SetServices waadled

INTERFACE:

I Private name; call using NUOPC _ConpAreServicesSet ()
function NUOPC Gri dConpAreServi cesSet (conp, rc)

RETURN VALUE:

[ ogi cal :: NUOPC _Gri dCompAreServi cesSet
ARGUMENTS:

type(ESM-_Gi dConp), intent(in) ::1 conp

i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t r ue. if SetServices has been called fmnp. Otherwise returnf al se. .

3.6.2 NUOPC_CompAreServicesSet - Check if SetServices weaalled

INTERFACE:

I Private name; call using NUOPC ConpAreServicesSet ()
function NUOPC_Cpl ConpAreServi cesSet (conp, rc)

RETURN VALUE:

| ogi cal :: NUOPC_Cpl CompAreServi cesSet
ARGUMENTS:

type( ESM-_Cpl Conmp), intent(in) :1 conp

i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t r ue. if SetServices has been called foonp. Otherwise returnf al se. .
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3.6.3 NUOPC_CompAttributeAdd - Add NUOPC GridComp Attribu tes

INTERFACE:

I Private nanme; call using NUOPC ConpAttri but eAdd()
subrouti ne NUOPC Gri dConpAttributeAdd(conmp, attrList, rc)

ARGUMENTS:
type( ESM-_Gri dComp) .. conp
character (|l en=+), i ntent(in) croattrlist(:)
i nteger, intent(out), optional :: rc
DESCRIPTION:

Add Attributes to the highest level of the standard NUOPCPAtk hierarchy (convention="NUOPC", pur-
pose="Instance").

3.6.4 NUOPC_CompAttributeAdd - Add NUOPC CplComp Attribut es

INTERFACE:

I Private nanme; call using NUOPC ConpAttri but eAdd()
subrouti ne NUOPC_Cpl ConpAttri but eAdd(conp, attrList, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) .. conp
character (|l en=+), i ntent(in) cooattrList(:)
i nteger, intent(out), optional :: rc
DESCRIPTION:

Add Attributes to the highest level of the standard NUOPCPAtk hierarchy (convention="NUOPC", pur-
pose="Instance").

3.6.5 NUOPC_CompAttributeEgest - Egest NUOPC GridComp Attibutes in FreeFormat

INTERFACE:

I Private name; call using NUOPC ConpAttri but eEgest ()
subrouti ne NUOPC Gri dConpAttributeEge(conp, freeFormat, rc)
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ARGUMENTS:

t ype( ESMF_Gri dConp) , intent(in) ;1 conp

t ype( NUOPC_FreeFormat), intent(out) i freeFormat

i nteger, intent(out), optional :: rc
DESCRIPTION:

Egest the Attributes of the highest level of the standard RQCAttPack hierarchy (convention="NUOPC", pur-
pose="Instance") as a FreeFormat object. It is the callesponsibility to destroy the creatédeeFor mat object.

3.6.6 NUOPC_CompAttributeEgest - Egest NUOPC CplComp Attibutes in FreeFormat

INTERFACE:

I Private name; call using NUOPC ConpAttri but eEgest ()
subrouti ne NUOPC_Cpl ConpAttri but eEge(conp, freeFormat, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp) , intent(in) :: conp
t ype( NUOPC _FreeFornmat), intent(out) . freeFormat
i nteger, intent(out), optional :: rc
DESCRIPTION:

Egest the Attributes of the highest level of the standard IRGQAttPack hierarchy (convention="NUOPC", pur-
pose="Instance") as a FreeFormat object. It is the callesponsibility to destroy the creatédeeFor mat object.

3.6.7 NUOPC_CompAttributeGet - Get a NUOPC GridComp Attribute

INTERFACE:

I Private name; call using NUOPC ConpAttributeGet()
subrouti ne NUOPC Gri dConpAttributeCGet(conp, name, value, rc)

ARGUMENTS:
type(ESM-_Gi dConp), intent(in) :1 conp
character(*), i ntent(in) ;. name
character(*), i ntent (out) .. val ue
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Access the Attributeane inside ofconp using the highest level of the standard NUOPC AttPack hibrafcon-
vention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.8 NUOPC_CompAttributeGet - Get a NUOPC CplComp Attribute

INTERFACE:

I Private nanme; call using NUOPC ConpAttributeCet ()
subrouti ne NUOPC _Cpl ConpAttri buteGet (conp, nane, value, rc)

ARGUMENTS:
type( ESMF_Cpl Conp), intent(in) ;1 conp
character(*), i ntent(in) © hame
character(*), i ntent (out) .. val ue
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access the Attributeane inside ofconp using the highest level of the standard NUOPC AttPack hibrafcon-
vention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.9 NUOPC_CompAttributeGet - Get a NUOPC GridComp Attribute

INTERFACE:

I Private name; call using NUOPC ConpAttributeGet()
subrouti ne NUOPC GridConpAttributeCGetl (conp, name, value, rc)

ARGUMENTS:
type(ESM-_Gri dConp), intent(in) :1 conp
character(*), i ntent(in) ;. name
i nteger, i ntent (out) ;. val ue
i nteger, intent(out), optional :: rc
DESCRIPTION:
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Access the Attributeane inside ofconp using the highest level of the standard NUOPC AttPack hibrafcon-
vention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.10 NUOPC_CompAttributeGet - Get a NUOPC CplComp Attribute

INTERFACE:

I Private nanme; call using NUOPC ConpAttri buteCet ()
subrouti ne NUOPC Cpl ConpAttri buteGetl (conp, name, value, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conmp), intent(in) :1 conp
character(*), i ntent(in) © hame
i nteger, i ntent (out) .. val ue
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access the Attributeane inside ofconp using the highest level of the standard NUOPC AttPack hibrafcon-
vention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.11 NUOPC_CompAttributeGet - Get a NUOPC GridComp Attribute

INTERFACE:

I Private nane; call using NUOPC ConpAttributeCet ()
subrouti ne NUOPC Gri dConmpAttributeGetSL(conp, nane, val uelist, itenmCount, &

rc)
ARGUMENTS:
type( ESM-_Gri dConp), intent(in) ;1 conp
character(*), i ntent (in) ;. name
character(*), intent(out), optional :: valueList(:)
i nteger, intent(out), optional :: itenCount
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access the Attributeane inside ofconp using the highest level of the standard NUOPC AttPack hibrafcon-
vention="NUOPC", purpose="Instance").

52



Return with error if the Attribute is not present or not set.

3.6.12 NUOPC_CompAttributeGet - Get a NUOPC CplComp Attribute

INTERFACE:

I Private name; call using NUOPC ConpAttributeGet()
subrouti ne NUOPC Cpl ConpAttri buteGet SL(conp, nane, val uelList, itenCount, &

rc)
ARGUMENTS:
t ype( ESM-_Cpl Conp), intent(in) ::1 conp
character(*), i ntent(in) © hame
character(*), intent(out), optional :: valueList(:)
i nteger, intent(out), optional :: itenmCount
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access the Attributeane inside ofconp using the highest level of the standard NUOPC AttPack hibrafcon-
vention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.13 NUOPC_CompAttributeGet - Get a NUOPC GridComp Attribute

INTERFACE:

I Private nanme; call using NUOPC ConpAttri buteCet ()
subrouti ne NUOPC Gi dConpAttributeGet TK(conp, nane, typekind, rc)

ARGUMENTS:
t ype( ESMF_Gri dConp), intent(in) ;1 conp
character(*), i ntent (in) ;. nane
t ype( ESM-_TypeKi nd_Fl ag), intent(out) : . typekind
i nteger, intent(out), optional :: rc
DESCRIPTION:

Query thet ypeki nd of the Attributenane inside ofconp using the highest level of the standard NUOPC AttPack
hierarchy (convention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.
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3.6.14 NUOPC_CompAttributeGet - Get a NUOPC CplComp Attribute

INTERFACE:

I Private nanme; call using NUOPC ConpAttri buteCet ()
subrouti ne NUOPC Cpl ConpAttri but eGet TK(conp, nane, typekind, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) , i ntent (in) ;. oconp
character(*), i ntent (in) 1 nhane
t ype( ESMF_TypekKi nd_Fl ag), intent (out) ;1 typekind
i nteger, intent(out), optional :: rc
DESCRIPTION:

Query thet ypeki nd of the Attributenane inside ofconp using the highest level of the standard NUOPC AttPack
hierarchy (convention="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.15 NUOPC_CompAttributelngest - Ingest free format NUGPC GridComp Attributes

INTERFACE:

I Private name; call using NUOPC ConpAttri butel ngest ()
subrouti ne NUOPC Gi dConpAttributel ng(conmp, freeFormat, addFl ag, rc)

ARGUMENTS:
type( ESM-_Gri dComp) , i ntent (in) 11 conp
t ype(NUOPC _FreeFornmat), intent(in) . freeFormat
| ogi cal , intent(in), optional :: addFl ag
i nteger, intent(out), optional :: rc
DESCRIPTION:

Ingest the Attributes from a FreeFormat object onto the éstjtievel of the standard NUOPC AttPack hierarchy
(convention="NUOPC", purpose="Instance").

If addFl ag is. f al se. (default), an error will be returned if an attribute is to bgested that was not previously
added to theonp object. IfaddFl ag is. t r ue. , all missing attributes will be added by this method autocady
as needed.
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3.6.16 NUOPC_CompAttributelngest - Ingest free format NUGPC CplComp Attributes

INTERFACE:

I Private nanme; call using NUOPC ConpAttri butel ngest ()
subrouti ne NUOPC Cpl ConpAttributel ng(conp, freeFormat, addFlag, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp) , intent(in) :: conp
t ype( NUOPC _FreeFormat), intent(in) :: freeFormat
| ogi cal , intent(in), optional :: addFl ag
i nteger, intent(out), optional :: rc
DESCRIPTION:

Ingest the Attributes from a FreeFormat object onto the dstjteevel of the standard NUOPC AttPack hierarchy
(convention="NUOPC", purpose="Instance").

If addFl ag is. f al se. (default), an error will be returned if an attribute is to bgested that was not previously
added to theonp object. IfaddFl ag is. t r ue. , all missing attributes will be added by this method autooadly
as needed.

3.6.17 NUOPC_CompAttributeSet - Set a NUOPC GridComp Attrbute

INTERFACE:

I Private nane; call using NUOPC ConpAttri buteSet ()
subrouti ne NUOPC Gri dConpAttributeSet S(conp, name, value, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;. oconp
character(*), intent(in) 1 nhane
character(*), intent(in) ;. val ue
i nteger, i ntent(out), optional iiorc
DESCRIPTION:

Set the Attributenane inside ofconp on the highest level of the standard NUOPC AttPack hierafchyven-
tion="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.
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3.6.18 NUOPC_CompAttributeSet - Set a NUOPC CplComp Attritute

INTERFACE:

I Private nanme; call using NUOPC ConpAttri buteSet ()
subrouti ne NUOPC Cpl ConpAttri but eSet S(conp, name, val ue, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) ;. oconp
character(*), intent(in) 1 nane
character(*), intent(in) :: val ue
i nteger, i ntent(out), optional iiorc
DESCRIPTION:

Set the Attributenane inside ofconp on the highest level of the standard NUOPC AttPack hierafcloyven-
tion="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.19 NUOPC_CompAttributeSet - Set a NUOPC GridComp Attrbute

INTERFACE:

I Private name; call using NUOPC ConpAttributeSet()
subrouti ne NUOPC GridConpAttributeSetl (conp, name, value, rc)

ARGUMENTS:
type( ESM-_Gri dComp) :1 oconp
character(*), intent(in) ;. nane
i nteger, i ntent (in) ;. val ue
i nteger, i ntent (out), optional tiorc
DESCRIPTION:

Set the Attributenane inside ofconp on the highest level of the standard NUOPC AttPack hierafcloyven-
tion="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.20 NUOPC_CompAttributeSet - Set a NUOPC CplComp Attritute

INTERFACE:
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I Private name; call using NUOPC ConpAttri buteSet ()
subrouti ne NUOPC Cpl ConpAttri buteSetl (conp, name, value, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) 11 oconp
character(*), intent(in) ;. nane
i nteger, i ntent(in) ;. val ue
i nteger, i ntent (out), optional iiorc
DESCRIPTION:

Set the Attributenane inside ofconp on the highest level of the standard NUOPC AttPack hierafcloyven-
tion="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.21 NUOPC_CompAttributeSet - Set a NUOPC GridComp List Atribute

INTERFACE:

I Private nanme; call using NUOPC ConpAttri buteSet ()
subrouti ne NUOPC Gri dConpAttributeSet SL(conp, nane, val uelist, rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;. oconp
character(*), intent(in) ;. nane
character(*), intent(in) :: valueList(:)
i nteger, i ntent(out), optional iiorc
DESCRIPTION:

Set the Attributenane inside ofconp on the highest level of the standard NUOPC AttPack hierafcloyven-
tion="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.22 NUOPC_CompAttributeSet - Set a NUOPC CplComp List Atribute

INTERFACE:

I Private nanme; call using NUOPC ConpAttri buteSet ()
subrouti ne NUOPC Cpl ConpAttri but eSet SL(conp, nane, val uelList, rc)
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ARGUMENTS:

t ype( ESM-_Cpl Conp) ;. oconp

character(*), intent(in) 1 nhane

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

i nteger, i ntent (out), optional iiorc
DESCRIPTION:

Set the Attributenane inside ofconp on the highest level of the standard NUOPC AttPack hierafchyven-
tion="NUOPC", purpose="Instance").

Return with error if the Attribute is not present or not set.

3.6.23 NUOPC_CompCheckSetClock - Check Clock compatibilf and set stopTime

INTERFACE:

I Private name; call using NUOPC ConpCheckSet d ock()
subrouti ne NUOPC G'i dConpCheckSet Cl ock(conp, external d ock, rc)

ARGUMENTS:
type( ESM-_Gri dComp) , i ntent (i nout) 11 oconp
type( ESM-_d ock), i ntent (in) ;. external C ock
i nteger, intent(out), optional :: rc
DESCRIPTION:

Compareext er nal C ock to the internal clock o€ onp to make sure they match in their current time. Also ensure
that the time step of the external clock is a multiple of thegtistep of the internal clock. If both conditions are satisfie
then set the stop time of the internal clock so it is reachethmtime step of the external clock. Otherwise leave the
internal clock unchanged and return with error. The dimectf the involved clocks is taking into account.

3.6.24 NUOPC_CompDerive - Derive a GridComp from a generic@mponent

INTERFACE:

I Private name; call using NUOPC ConpDerive()
subrouti ne NUOPC Gri dConpDerive(conp, genericSet ServicesRoutine, rc)

ARGUMENTS:
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type( ESM-_Gri dConp), intent(in) ;1 conp

i nterface
subrouti ne genericSet Servi cesRouti ne(gridconp, rc)
use ESMF
inmplicit none
type( ESM-_G i dConp) ;. gridconp ! nust not be optional
i nteger, intent(out) coorc I nmust not be optional

end subroutine
end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

Derive a GridComp (i.e. Model, Mediator, or Driver) from anggic component by calling into the specified
Set Ser vi ces() routine of the generic component. This is typically the fiall in theSet Ser vi ces() routine
of the specializing component, and is followedMyOPC ConpSpeci al i ze() calls.

3.6.25 NUOPC_CompDerive - Derive a CplComp from a generic ecoponent

INTERFACE:

I Private name; call using NUOPC ConpDerive()
subrouti ne NUOPC_Cpl ConpDeri ve(conp, genericSet Servi cesRoutine, rc)

ARGUMENTS:
type( ESM-_Cpl Conp), intent(in) .. conp
interface
subrouti ne generi cSet Servi cesRouti ne(cpl conp, rc)

use ESMF
inmplicit none
t ype( ESM-_Cpl Conp) ;. cplconp ! nust not be optional
i nteger, intent(out) coorc I nmust not be optional

end subroutine
end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

Derive a CplComp (i.e. Connector) from a generic compongrddiling into the specifie®et Ser vi ces() rou-
tine of the generic component. This is typically the firstl dalthe Set Ser vi ces() routine of the specializing
component, and is followed IWJOPC_ConpSpeci al i ze() calls.

3.6.26 NUOPC_CompFilterPhaseMap - Filter the Phase Map of &ridComp

INTERFACE:
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I Private name; call using NUOPC ConpFilterPhaseMap()
subrouti ne NUOPC _Gri dConpFi | t er PhaseMap(conp, nethodfl ag, acceptStringList, &
rc)

ARGUMENTS:
type( ESM-_Gri dComp) ;. conp
t ype( ESM-_Met hod_Fl ag), intent(in) :: methodf | ag
character (|l en=+), i ntent (in) ;. acceptStringList(:)
i nteger, intent(out), optional :: rc

DESCRIPTION:

Filter all PhaseMap entries in a GridComp (i.e. Model, Méaliaor Driver) that donot match any entry in the
accept StringlLi st.

3.6.27 NUOPC_CompFilterPhaseMap - Filter the Phase Map of &plComp

INTERFACE:

I Private name; call using NUOPC ConpFilterPhaseMap()
subrouti ne NUOPC_Cpl ConpFi | t er PhaseMap(conp, nethodflag, acceptStringList, &
rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) 11 conp
t ype( ESMF_Met hod_Fl ag), intent(in) :: met hodf | ag
character (|l en=+), i ntent (in) :: acceptStringList(:)
i nteger, intent(out), optional :: rc

DESCRIPTION:

Filter all PhaseMap entries in a CplComp (i.e. Connecta) tlonotmatch any entry in thaccept St ri ngLi st .

3.6.28 NUOPC_CompSearchPhaseMap - Search the Phase Map dbadComp

INTERFACE:

I Private name; call using NUOPC _ConpSear chPhaseMap()
subrouti ne NUOPC _Gri dConpSear chPhaseMap( conp, net hodfl ag, phaselLabel, &
phasel ndex, rc)

ARGUMENTS:
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type( ESM-_Gri dComp) ;. conp

t ype( ESM-_Met hod_Fl ag), intent(in) :: methodf | ag

character (|l en=+), intent(in), optional :: phaselLabel

i nteger, i ntent (out) ;. phasel ndex

i nteger, intent(out), optional :: rc
DESCRIPTION:

Search all PhaseMap entries in a GridComp (i.e. Model, Mediar Driver) to see iphaselLabel is found. Return
the associated ESMphasel ndex, or- 1 if not found. If phaselLabel is not specified, sgthasel ndex to the
first entry in the PhaseMap, o1l if there are no entries.

3.6.29 NUOPC_CompSearchPhaseMap - Search the Phase Map d€plComp

INTERFACE:

I Private name; call using NUOPC _ConpSear chPhaseMap()
subrouti ne NUOPC_Cpl ConpSear chPhaseMap(conp, net hodfl ag, phaselLabel, &
phasel ndex, rc)

ARGUMENTS:
t ype( ESM~_Cpl Conp) 11 conp
t ype( ESM-_Met hod_Fl ag), intent(in) :: methodf |l ag
character (|l en=+), intent(in), optional :: phaselLabel
i nteger, i ntent (out) . phasel ndex
i nteger, intent(out), optional :: rc
DESCRIPTION:

Search all PhaseMap entries in a CplComp (i.e. Connect@gedfphaselabel is found. Return the associated
ESMFphasel ndex, or- 1 if not found. IfphaselLabel is not specified, sgthasel ndex to the first entry in the
PhaseMap, or 1 if there are no entries.

3.6.30 NUOPC_CompSetClock - Initialize and set the interniaClock of a GridComp

INTERFACE:

I Private name; call using NUOPC ConpSet C ock()
subrouti ne NUOPC _Gri dConmpSet Cl ock(conp, external C ock, stabilityTi meStep, rc)

ARGUMENTS:
type( ESM-_Gri dComp) , i ntent (i nout) 11 oconp
type( ESM-_d ock), i ntent (in) ;. external C ock
type(ESM-_Tinmelnterval), intent(in), optional :: stabilityTi meStep
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Set the component internal clock as a copgwf er nal O ock, but with a timeStep that is less than or equal to the
stabilityTimeStep. At the same time ensure that the time8féhe external clock is a multiple of the timeStep of the
internal clock. If the stabilityTimeStep argument is nodyided then the internal clock will simply be set as a copy
of the external clock.

3.6.31 NUOPC_CompSetEntryPoint - Set entry point for a GridComp

INTERFACE:

I Private name; call using NUOPC ConpSet EntryPoi nt ()
subrouti ne NUOPC _G'i dConpSet Ent ryPoi nt (conp, nethodfl ag, phaselLabel List, &
user Routine, rc)

ARGUMENTS:
type( ESM-_Gri dComp) . conp
t ype( ESMF_Met hod_Fl ag), intent(in) :: methodfl ag
character (|l en=+), i ntent (in) . phaselLabel List(:)
interface

subroutine userRoutine(gridconp, inportState, exportState, clock, rc)
use ESM-_ConpMod
use ESMF_St at eMod
use ESMF_Cl ockMod
implicit none

type( ESM-_Gri dConp) ;. gridconp ! must not be optional
type( ESMF_St at e) . inmportState ! must not be optional
type( ESM-_St at e) :: exportState ! must not be optional
type( ESMF_d ock) .. clock ! must not be optional
i nteger, intent(out) coorc ! must not be optional

end subroutine
end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

Set an entry point for a GridComp (i.e. Model, Mediator, oiver). Publish the new entry point in the correct
PhaseMap component attribute.

3.6.32 NUOPC_CompSetEntryPoint - Set entry point for a Cpl@mp

INTERFACE:

I Private name; call using NUOPC ConpSet EntryPoi nt ()
subrouti ne NUOPC_Cpl ConpSet EntryPoi nt (conp, net hodfl ag, phaselLabel List, &
user Routine, rc)
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ARGUMENTS:

t ype( ESM~_Cpl Conp)

t ype( ESMF_Met hod_Fl ag), intent(in)
i ntent (in)

character (|l en=+),
i nterface
subrouti ne userRouti ne(cpl conp,

use ESM-_ConpMod

use ESM-_St at eMbd

use ESMF_Cl ockMod

implicit none

t ype( ESM-_Cpl Conp)

type( ESMF_St at e)

type( ESM-_St at e)

type( ESMF_d ock)

conp

i mport St at e,

cpl comp

i mport State
export State
cl ock

i nteger, intent(out) re
end subroutine
end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

net hodf | ag
phaselLabel Li st (:)

exportState, c

nmust
must
nmust
nmust
must

not
not
not
not
not

be
be
be
be
be

| ock, rc)

opt i onal
opt i onal
opt i onal
opt i onal
opti onal

Set an entry point for a CplComp (i.e. Connector). Publighrtbw entry point in the correBhaseMap component

attribute.

3.6.33 NUOPC_CompSetinternalEntryPoint - Set internal etry point for a GridComp

INTERFACE:

I Private name; call using NUOPC ConpSet| nternal EntryPoi nt ()
subrouti ne NUOPC _Gri dConpSet | nt Ent r yPoi nt (conp,

user Routi ne, rc)
ARGUMENTS:

type( ESM-_Gri dComp)

t ype( ESMF_Met hod_Fl ag), intent(in)
i ntent (in)

character (|l en=+),
interface
subroutine userRoutine(gridconp,
use ESM-_ConpMod
use ESMF_St at eMod
use ESMF_Cl ockMod
inmplicit none
type( ESM-_Gri dConp)
type( ESMF_St at e)
type( ESM-_St at e)
type( ESMF_d ock)
i nteger, intent(out)
end subroutine

conp

i mport St at e,

gri dconp

i mport State
export State
cl ock

re
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net hodf | ag
phaselLabel Li st (:)

met hodf | ag,

phaselabel Li st

export St at e,

must
must
nmust
must
must

not
not
not
not
not

be
be
be
be
be

cl ock, rc)

opti onal
opti onal
opt i onal
opti onal
opt i onal
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end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

Set aninternal entry point for a GridComp (i.e. Driver). Only Drivers cuntéy utilize internal entry points. Internal
entry points allow user specialization on the driver leugiidg initialization and run sequencing.

3.6.34 NUOPC_CompSetServices - Try to find and call SetSenés in a shared object

INTERFACE:

I Private name; call using NUOPC ConpSet Services()
recursive subrouti ne NUOPC Gri dConpSet Servi ces(conp, sharedObj, userRc, rc)

ARGUMENTS:
type( ESM-_Gri dComp) , i ntent (i nout) 11 oconp
character (|l en=+), intent(in), optional :: sharedbj
i nteger, intent(out), optional :: userRc
i nteger, intent(out), optional :: rc
DESCRIPTION:

Try to find a routine calledSet Ser vi ces"in theshar edQbj file and execute the routine. An attempt is made to
find a routine that is close in name t8ét Ser vi ces", allowing for compiler name mangling, i.e. upper and lower
case, as well as trailing underscores.

3.6.35 NUOPC_CompSpecialize - Specialize a derived Grid@gp

INTERFACE:

I Private name; call using NUOPC ConpSpeci alize()
subrouti ne NUOPC _Gri dConpSpeci al i ze(conp, speclLabel, specPhaselabel, &
specRoutine, rc)

ARGUMENTS:
type( ESM-_Gri dComp) . conp
character(len=+), intent(in) . speclabel
character(len=+), intent(in), optional :: specPhaselLabel
interface
subrouti ne specRoutine(gridconp, rc)
use ESMF
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inmplicit none
type( ESM-_G i dConp) ;. gridconp ! nust not be optional
i nteger, intent(out) N I must not be optional
end subroutine
end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

Specialize a derived GridComp (i.e. Model, Mediator, on@r). If specPhaselabel is specified, the specializa-
tion only applies to the associated phase. Otherwise tta@adjzation applies to all phases.

3.6.36  NUOPC_CompSpecialize - Specialize a derived CplC@m

INTERFACE:

I Private nanme; call using NUOPC ConpSpeci alize()
subrouti ne NUOPC_Cpl ConpSpeci al i ze(conmp, speclLabel, specPhaselLabel, &
specRouti ne, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conp) :1 conp
character(len=+), intent(in) .. speclLabe
character(len=+), intent(in), optional :: specPhaselLabe
i nterface
subrouti ne specRoutine(cpl conp, rc)
use ESMF
inmplicit none
t ype( ESM-_Cpl Conp) i cplconp ! nust not be optiona
i nteger, intent(out) coorc I nmust not be optiona

end subroutine
end interface
i nteger, intent(out), optional :: rc

DESCRIPTION:

Specialize a derived CplComp (i.e. ConnectorkpiecPhaselabel is specified, the specialization only applies to
the associated phase. Otherwise the specialization applal phases.

3.7 Field Dictionary Methods

3.7.1 NUOPC_FieldDictionaryAddEntry - Add an entry to the NUOPC Field dictionary

INTERFACE:

subrouti ne NUOPC Fi el dDi cti onar yAddEnt ry( st andar dNane, canoni cal Units, rc)
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ARGUMENTS:

character(*), i ntent (in) .. standar dNane

character(*), i ntent(in) :: canonical Units

i nteger, intent(out), optional :: rc
DESCRIPTION:

Add an entry to the NUOPC Field dictionary. If necessary tleti@hary is first set up.

3.7.2 NUOPC_FieldDictionaryEgest - Egest NUOPC Field diadnary into FreeFormat

INTERFACE:

subrouti ne NUOPC Fi el dDi cti onaryEgest (freeFormat, rc)

ARGUMENTS:
t ype( NUOPC _FreeFornmat), intent(out) . freeFormat
i nteger, intent(out), optional :: rc
DESCRIPTION:

Egest the contents of the NUOPC Field dictionary into a Foef&t object. It is the caller’s responsibility to destroy
the created r eeFor mat object.

3.7.3 NUOPC_FieldDictionaryGetEntry - Get information about a NUOPC Field dictionary entry

INTERFACE:

subrouti ne NUOPC Fi el dDi cti onaryGet Entry(standardNane, canonical Units, rc)

ARGUMENTS:
character(*), i ntent (in) .. standar dNane
character(*), intent(out), optional :: canonicalUnits
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return the canonical units that the NUOPC Field dictionagoaiates with thet andar dNane.
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3.7.4 NUOPC_FieldDictionaryHasEntry - Check whether the NUOPC Field dictionary has a specific entry

INTERFACE:

function NUOPC Fi el dDi cti onaryHasEntry(standardNane, rc)

RETURN VALUE:
| ogical :: NUOPC FieldDictionaryHasEntry
ARGUMENTS:
character(*), i ntent(in) .. standar dNane
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t rue. if the NUOPC Field dictionary has an entry with the speci¢écandar dNane, . f al se. other-
wise.

3.7.5 NUOPC_FieldDictionaryMatchSyno - Check whether theNUOPC Field dictionary considers the stan-
dard names synonyms

INTERFACE:

function NUOPC Fi el dDi cti onaryMat chSyno( st andar dNanel, standardNanme2, rc)

RETURN VALUE:
| ogi cal :: NUOPC Fiel dDictionaryMatchSyno
ARGUMENTS:
character(*), i ntent(in) .. standar dNanmel
character(*), i ntent (in) .. standar dNane2
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t rue. if the NUOPC Field dictionary considesst andar dNanmel andst andar dNane2 synonyms,

. fal se. otherwise. An entry with standard namesdfandar dName 1 must exist in the field dictionary, or else an
error will be returned. Howevest andar dNane2 need not correspond to an existing entrysifandar dName?2
does not correspond to an existing entry in the field dictigrthe value of .false. will be returned.
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3.7.6  NUOPC_FieldDictionarySetSyno - Set synonyms in theWDPC Field dictionary

INTERFACE:

subrouti ne NUOPC Fi el dDi cti onarySet Syno( st andar dNanes, rc)

ARGUMENTS:
character(*), i ntent(in) ;. standar dNanes(:)
i nteger, intent(out), optional :: rc

DESCRIPTION:

Set all of the elements of tret andar dNanes argument to be considered synonyms by the field dictionargne
elementinst andar dNanes must correspond to the standard name of already existimiggirt the field dictionary,
or else an error will be returned.

3.7.7 NUOPC_FieldDictionarySetup - Setup the NUOPC Field idtionary

INTERFACE:
subrouti ne NUOPC Fi el dDi cti onarySet up(rc)
ARGUMENTS:
i nteger, i ntent (out), optional ilorc
DESCRIPTION:

Setup the NUOPC Field dictionary.

3.8 Free Format Methods

3.8.1 NUOPC_FreeFormatAdd - Add lines to a FreeFormat objetc

INTERFACE:

subrouti ne NUOPC _Fr eeFor mat Add(freeFormat, stringList, rc)

ARGUMENTS:
t ype( NUOPC _Fr eeFor mat) , intent(inout) :: freeFornat
character (|l en=+), i ntent (in) ;o ostringlist(:)
i nteger, optional, intent(out) ilorc
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DESCRIPTION:

Add lines to a FreeFormat object. The capacity oEeFor mat is increased by at list the size f ri ngLi st , but
potentially more. The elements&t ri nglLi st are added to the end bf eeFor nat .

3.8.2 NUOPC_FreeFormatCreate - Create a FreeFormat object

INTERFACE:

I call using generic interface: NUOPC FreeFor nat Create
function NUOPC FreeFormat Creat eDef aul t (stri ngList, capacity, rc)

RETURN VALUE:

t ype(NUOPC _FreeFormat) :: NUOPC_FreeFor mat Cr eat eDef aul t

ARGUMENTS:
character(len=+), optional, intent(in) :: stringList(:)
i nteger, optional, intent(in) :: capacity
i nteger, optional, intent(out) :: rc
DESCRIPTION:

Create a new FreeFormat objectstfr i ngLi st is provided, then the newly created object will hold the led
strings and the count is that ef ze(stri ngLi st). If capaci ty is provided, it is used to set the capacity of
the newly created FreeFormat object. Providirmapaci t y that is smaller thasi ze( stri ngLi st) triggers an
error.

3.8.3 NUOPC_FreeFormatCreate - Create a FreeFormat objedtom Config

INTERFACE:

I call using generic interface: NUOPC FreeFor mat Creat e
function NUOPC FreeFor mat Creat eRead(confi g, |abel, relaxedflag, rc)

RETURN VALUE:

t ype( NUOPC _FreeFormat) :: NUOPC _FreeFor nat Creat eRead

ARGUMENTS:
t ype( ESM-_Confi g) i config
character (|l en=+), i ntent(in) ;. | abel
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Create a new FreeFormat object from ESMF_Config object.cldrd i g object must exist, andabel must refer-
ence a table attribute withimonf i g.

By default an error is returned ifabel is not found inconfi g. This error can be suppressed by setting
rel axedf | ag=. t rue. , and an empty FreeFormat object will be returned.

3.8.4 NUOPC_FreeFormatDestroy - Destroy a FreeFormat objg

INTERFACE:

subrouti ne NUOPC _Fr eeFor mat Destroy(freeFormat, rc)

ARGUMENTS:
t ype( NUOPC _Fr eeFor mat) , intent(inout) :: freeFornat
i nteger, optional, intent(out) ilorc
DESCRIPTION:

Destroy a FreeFormat object. All internal memory is dealted.

3.8.5 NUOPC_FreeFormatGet - Get information from a FreeFomat object

INTERFACE:
subrouti ne NUOPC _FreeFor mat Get (freeFormat, |ineCount, capacity, stringList, rc)

ARGUMENTS:

t ype( NUOPC _Fr eeFor mat) , intent(in) :: freeFornmat

i nteger, optional, intent(out) :: IineCount

i nteger, optional, intent(out) :: capacity

char act er (1 en=NUOPC_Fr eeFor mat Len), optional, pointer ;1 ostringlist(:)

i nteger, optional, intent(out) :: rc
DESCRIPTION:

Get information from a FreeFormat object.
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3.8.6 NUOPC_FreeFormatGetLine - Get line info from a FreeFomat object

INTERFACE:

subrouti ne NUOPC_Fr eeFor mat Get Li ne(freeFormat, |
t okenLi st, rc)

ARGUMENTS:

t ype( NUOPC _Fr eeFor mat) ,

i nteger,

char act er (1 en=NUOPC_Fr eeFor mat Len), optional,

i nteger, optional,

char act er (1 en=NUOPC_Fr eeFor mat Len), optional,

i nteger, optional,
DESCRIPTION:

Get information about a specific line in a FreeFormat object.

ne, lineString,

ntent (in)
ntent (i n)
nt ent (out)
nt ent (out)
nt ent (out)
nt ent (out)

f r eeFor mat
i ne
lineString

t okenCount

t okenLi st (:)
rc

t okenCount ,

3.8.7 NUOPC_FreeFormatLog - Write a FreeFormat object to tle default Log

INTERFACE:

subrouti ne NUOPC _FreeFor mat Log(freeFormat, rc)

ARGUMENTS:
t ype( NUOPC _Fr eeFor mat) , i ntent (in)
i nteger, optional, intent(out)
DESCRIPTION:

Write a FreeFormat object to the default Log.

f r eeFor mat

rc

3.8.8  NUOPC_FreeFormatPrint - Print a FreeFormat object

INTERFACE:

subrouti ne NUOPC FreeFormatPrint(freeFormat, rc)

ARGUMENTS:
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t ype( NUOPC _Fr eeFor mat) , i ntent (in) .. freeFormat
i nteger, optional, intent(out) ilorc

DESCRIPTION:

Print a FreeFormat object.

3.9 Utility Routines

3.9.1 NUOPC_AddNamespace - Add a namespace to a State

INTERFACE:

subrouti ne NUOPC AddNanespace(state, namespace, nestedStateNane, &
nestedState, rc)

ARGUMENTS:
type(ESM-_State), intent(inout) ;. state
character(l en=+), intent(in) ;. nanespace
character(len=+), intent(in), optional :: nestedStateNane
type(ESM-_State), intent(out), optional :: nestedState
i nteger, intent(out), optional :: rc

DESCRIPTION:

Add a namespace t®t at e. Namespaces are implemented via nested states. Thisceeagsted state inside of
st at e. The nested state is returnedreesst edSt at e. If provided,nest edSt at eNane will be used to name the
newly created nested state. The default name of the nestiedsequal tmanespace.

The arguments are:

state TheESMF_St at e object to which the namespace is added.
namespaceThe namespace string.

[nestedStateName]Name of the nested state. Defaultsi@respace.
[nestedState] Optional return of the newly created nested state.

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

3.9.2 NUOPC_Advertise - Advertise a single Field in a State

INTERFACE:

I call using generic interface: NUOPC Advertise
subrouti ne NUOPC AdvertiseFi el d(state, StandardNane, Units, &
LongName, Short Name, name, Transfer O fer Geonbj ect, rc)
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ARGUMENTS:

type(ESM-_State), intent(inout) .. state
character(*), i ntent(in) ;. Standar dNane
character(*), intent(in), optional :: Units
character(*), intent(in), optional :: LongNane
character(*), intent(in), optional :: ShortNanme
character(*), intent(in), optional :: nane
character(*), intent(in), optional :: TransferO ferGeonlhject
i nteger, intent(out), optional :: rc
DESCRIPTION:

Advertise a field in a state. This creates an empty field and @addst at e. The "StandardName", "Units", "Long-
Name", "ShortName", and "TransferOfferGeomObject" bitties of the field are set according to the provided input..

The call checks the provided information against the NUORGIMictionary to ensure correctness. Defaults are set
according to the NUOPC Field Dictionary.

The arguments are:

state TheESMF_St at e object through which the field is advertised.

StandardName The "StandardName" attribute of the advertised field. Mesd BtandardName found in the NUOPC
Field Dictionary.

[Units] The "Units" attribute of the advertised field. Must be comiae to the canonical units specified in the NUOPC
Field Dictionary for the specified StandardName. (Cursettls is restricted to be identical to the canonical
untis specified in the NUOPC Field Dictionary.) If omittetetdefault is to use the canonical units associated
with the StandardName in the NUOPC Field Dictionary.

[LongName] The "LongName" attribute of the advertised field. NUOPC doatsrestrict the value of this attribute.
If omitted, the default is to use the StandardName.

[ShortName] The "ShortName" attribute of the advertised field. NUOPCsdo& restrict the value of this attribute.
If omitted, the default is to use the StandardName.

[name] The actual name of the advertised field by which it is accebs#te state object. NUOPC does not restrict
the value of this variable. If omitted, the default is to use value of the ShortName.

[TransferOfferGeomObject] The "TransferOfferGeomObject" attribute of the advediield. NUOPC controls the
vocabulary of this attribute. Valid options are "will prolg", "can provide”, "cannot provide". If omitted, the
default is "will provide".

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

3.9.3 NUOPC_Advertise - Advertise a list of Fields in a State

INTERFACE:

I call using generic interface: NUOPC Advertise
subrouti ne NUOPC AdvertiseFi el ds(state, StandardNanes, &
Transfer O f er GeomObj ect, rc)
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ARGUMENTS:

type(ESM-_State), intent(inout) .. state
character(*), i ntent(in) :: Standar dNanes(:)
character(*), intent(in), optional :: TransferO ferGeonlhject
i nteger, intent(out), optional :: rc

DESCRIPTION:

Advertise a list of fields in a state. This creates a list of gnfiglds and adds it to thet at e. The "StandardName",
and "TransferOfferGeomObject" attributes of all the fields set according to the provided input. The "Units",
"LongName", and "ShortName" attributes for each field ateaseording to the defaults documented under method

B32
The call checks the provided information against the NUORRIMictionary to ensure correctness.

The arguments are:

state TheESMF_St at e object through which the fields are advertised.

StandardNames A list of "StandardName" attributes of the advertised fieldkist be StandardNames found in the
NUOPC Field Dictionary.

[TransferOfferGeomObject] The "TransferOfferGeomObject" attribute associated whth advertised fields. This
setting applies to all the fields advertised in this call. NR@controls the vocabulary of this attribute. Valid

options are "will provide", "can provide", "cannot providéf omitted, the default is "will provide".

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

3.9.4 NUOPC_AdjustClock - Adjust the timestep in a clock

INTERFACE:

subrouti ne NUOPC_Adj ust Cl ock(cl ock, nmaxTi nestep, rc)

ARGUMENTS:
t ype( ESM-_O ock) i1 clock
type(ESM-_Tinmelnterval ), intent(in), optional :: maxTi mestep
i nteger, intent(out), optional :: rc
DESCRIPTION:

Adjust thecl ock to have a potentially smaller timestep. The timestep onntberingc!| ock object is compared to
themaxTi mest ep, and reset to the smaller of the two.

The arguments are:

clock The clock to be adjusted.
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[maxTimestep] Upper bound of the timestep alloweddh ock.

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

3.9.5 NUOPC_CheckSetClock - Check a Clock for compatibilit and set its values

INTERFACE:

subrouti ne NUOPC_CheckSet Cl ock(set O ock, checkd ock, setStartTi meToCurrent, rc)

ARGUMENTS:
t ype( ESM-_d ock), i ntent (i nout) :: setd ock
type( ESM-_d ock), i ntent (in) ;. checkd ock
| ogi cal , intent(in), optional :: setStartTi neToCurrent
i nteger, intent(out), optional :: rc
DESCRIPTION:

Compareset O ock tocheckd ock to ensure they match in their current fime. Further ensutdllegimeStep of
checkd ock is a multiple of the timeStep afet Cl ock. If both conditions are satisfied then the stopTime of the
set C ock is set oneeheckC ock timeStep ahead of the current time. The direction of thelkcisconsidered.

By default the startTime of theet C ock is not modified. However, get St art Ti mneToCurrent == .true.
the startTime obet O ock is set to the currentTime afheckC ock.

The arguments are:

setClock TheESMF_Cl ock object to be checked and set.
checkClock The reference clock object.

[setStartTimeToCurrent] If . true. then also set the startTime Bet Cl ock according to the startTime in
checkd ock. The defaultis f al se. .

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

3.9.6 NUOPC_GetAttribute - Get the value of a NUOPC Field Attibute

INTERFACE:

I call using generic interface: NUOPC GetAttribute
subrouti ne NUOPC Get Attri buteFieldVval (field, name, value, rc)

ARGUMENTS:
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type(ESM-_Field), intent(in) .. field

character(*), i ntent(in) ©1 nane

character(*), i ntent (out) ;. val ue

i nteger, intent(out), optional :: rc
DESCRIPTION:

Access the attributeane inside off i el d using the conventioNUOPC and purposénst ance. Returns with error
if the attribute is not present or not set.

The arguments are:

field TheESM-_Fi el d object to be queried.
name The name of the queried attribute.
value The value of the queried attribute.

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

3.9.7 NUOPC_GetAttribute - Get the typekind of a NUOPC FieldAttribute

INTERFACE:

I call using generic interface: NUOPC GetAttribute
subrouti ne NUOPC Get Attri buteFi el dTK(field, name, typekind, rc)

ARGUMENTS:
type( ESM-_Fi el d) , i ntent (in) :: field
character(*), i ntent (in) ;. nane
t ype( ESM-_TypeKi nd_Fl ag), intent(out) :: typekind
i nteger, intent(out), optional :: rc
DESCRIPTION:

Query thet ypeki nd of the attributenane inside off i el d using the conventioNUOPC and purposénst ance.
Returns with error if the attribute is not present or not set.

The arguments are:

field TheESM-_Fi el d object to be queried.

name The name of the queried attribute.

typekind The typekind of the queried attribute.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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3.9.8 NUOPC_GetAttribute - Get the value of a NUOPC State Attibute

INTERFACE:

I call using generic interface: NUOPC GetAttribute
subrouti ne NUOPC Get AttributeState(state, nanme, value, rc)

ARGUMENTS:
type(ESM-_State), intent(in) .. state
character(*), i ntent(in) ©1 nhane
character(*), i ntent (out) .. val ue
i nteger, intent(out), optional :: rc
DESCRIPTION:

Access the attributeane inside ofst at e using the conventioNUOPC and purposénst ance. Returns with error
if the attribute is not present or not set.

The arguments are:

state TheESMF_St at e object to be queried.
name The name of the queried attribute.
value The value of the queried attribute.

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

3.9.9 NUOPC_GetStateMemberLists - Build lists of informaton of State members

INTERFACE:

recursive subrouti ne NUOPC Get St at eMenber Li sts(state, StandardNaneList, &
Connect edLi st, Nanmespacelist, itemNaneList, fieldList, rc)

ARGUMENTS:
type(ESM-_State), i ntent (in) .. state
char act er (ESM-_MAXSTR), pointer, optional ;. Standar dNaneLi st (:)
char act er (ESMF_MAXSTR), pointer, optional :: ConnectedList(:)
char act er (ESM-_MAXSTR), pointer, optional ;. Nanespacelist(:)
char act er (ESM-_MAXSTR), pointer, optional ;o itemNaneList(:)
type( ESM-_Fi el d) , poi nter, optional c: fieldList(:)
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Construct lists containing the StandardNames, field naaresconnected status of the fieldssinat e. Return this
information in the list arguments. Recursively parse tgfonested States.

All pointer arguments present must enter this method uréssal. On return, the deallocation of an associated pointe
becomes the responsibility of the caller.

The arguments are:

state TheESMF_St at e object to be queried.

[StandardNameList] If present, return a list of the "StandardName" attributeath member.
[ConnectedList] If present, return a list of the "Connected" attribute offeaember.
[NamespacelList] If present, return a list of the namespace of each member.
[itemNameList] If present, return a list of each member name.

[fieldList] If present, return a list of the member fields.

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

3.9.10 NUOPC_IsAtTime - Check if a Field is at the given Time

INTERFACE:

I call using generic interface: NUOPC | sAtTi ne
function NUOPC IsAtTineField(field, time, rc)

RETURN VALUE:
logical :: NUOPC |IsAtTineField
ARGUMENTS:
type(ESM-_Field), intent(in) :: field
type(ESMF_Tinme), intent(in) cotine
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t rue. if fi el d has a timestamp attribute that matchésre. Otherwise returnsf al se. .

The arguments are:

field TheESM-_Fi el d object to be checked.
time The time to compare against.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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3.9.11 NUOPC_IsAtTime - Check if Field(s) in a State are at th given Time

INTERFACE:

I call using generic interface: NUOPC | sAtTi ne
function NUOPC | sAtTi meState(state, time, fieldName, count, rc)

RETURN VALUE:
[ ogical :: NUOPC_ IsAtTi meState
ARGUMENTS:
type(ESM-_State), intent(in) ;. state
type(ESM-_Tinme), intent(in) cootine
character(*), intent(in), optional :: fieldNane
i nteger, i ntent(out), optional :: count
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t r ue. if the field(s) inst at e have a timestamp attribute that matchésre. Otherwise returnf al se. .

The arguments are:

state TheESMF_St at e object to be checked.
time The time to compare against.

[fieldName] The name of the field ist at e to be checked. If provided, and the state does not contaidawith
fi el dName, returnan errorim c. If not provided, checkll the fields contained ist at e andreturn t r ue.
if all the fields are at the correct time.

[count] If provided, the number of fields that are at time are returtiefli el dNan®e is present themount cannot
be greater than 1.

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

3.9.12 NUOPC_IsConnected - Check if a Field is connected

INTERFACE:

I call using generic interface: NUOPC | sConnected
function NUOPC_ | sConnect edFi el d(field, rc)

RETURN VALUE:

 ogi cal :: NUOPC_ | sConnect edField
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ARGUMENTS:

type(ESM-_Field), intent(in) :: field
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. true. ifthefi el dis connected. Otherwise returfial se. .

The arguments are:

field TheESM-_Fi el d object to be checked.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.13 NUOPC_IsConnected - Check if Field(s) in a State ar@onected

INTERFACE:

I call using generic interface: NUOPC | sConnected
function NUOPC | sConnectedState(state, fieldNane, count, rc)

RETURN VALUE:
l ogi cal :: NUOPC | sConnectedState
ARGUMENTS:
type(ESM-_State), intent(in) .. state
character(*), intent(in), optional :: fieldNane
i nteger, i ntent(out), optional :: count
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t r ue. if the field(s) inst at e are connected. Otherwise returhal se. .

The arguments are:

state TheESMF_St at e object to be checked.

[fieldName] The name of the field ist at e to be checked. If provided, and the state does not contaidawith
fi el dName, returnan errorim c. If not provided, checkll the fields contained ist at e andreturn t r ue.
if all the fields are connected.

[count] If provided, the number of fields that are connected are metlir If f i el dNan®e is present therount
cannot be greater than 1.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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3.9.14 NUOPC_IsUpdated - Check if a Field is marked as updatk

INTERFACE:

I call using generic interface: NUOPC | sUpdat ed
function NUOPC | sUpdat edFiel d(field, rc)

RETURN VALUE:
 ogi cal :: NUOPC | sUpdat edField
ARGUMENTS:
type(ESM-_Field), intent(in) .. field
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t r ue. if the field has its "Updated" attribute set to "true". Othemweturn f al se. .

The arguments are:

field TheESM-_Fi el d object to be checked.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.15 NUOPC_IsUpdated - Check if Field(s) in a State are mé&ed as updated

INTERFACE:

I call using generic interface: NUOPC | sUpdat ed
function NUOPC | sUpdat edState(state, fiel dNanme, count, rc)

RETURN VALUE:
| ogi cal :: NUOPC | sUpdat edSt at e
ARGUMENTS:
type(ESM-_State), intent(in) ;. state
character(*), intent(in), optional :: fieldNane
i nteger, i ntent(out), optional :: count
i nteger, intent(out), optional :: rc
DESCRIPTION:

Return. t r ue. if the field(s) inst at e have the "Updated" attribute set to "true". Otherwise metudral se. .

The arguments are:
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state TheESMF_St at e object to be checked.

[fieldName] The name of the field ist at e to be checked. If provided, and the state does not contaitdawith
fi el dName, returnan errorim c. If not provided, checkll the fields contained iat at e andreturn t r ue.
if all the fields are updated.

[count] If provided, the number of fields that are updated are retlirdd i el dNane is present thenount cannot
be greater than 1.

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

3.9.16 NUOPC_NoOp - No-Operation attachable method for GdComp

INTERFACE:

subrouti ne NUOPC NoOp(gconp, rc)

ARGUMENTS:
type( ESM-_Gri dComp) . gconp
integer, intent(out) :: rc
DESCRIPTION:

No-Op method with an interface that matches the requiresifentr attachable method for ESMF_GridComp objects.

The arguments are:

gcomp TheESMF_Gr i dConp object to which this method is attached.
rc Return code; equalsSM-_SUCCESS if there are no errors.

3.9.17 NUOPC_Realize - Realize previously advertised Fid inside a State on a single Grid with internal
allocation

INTERFACE:

I call using generic interface: NUOPC Realize
subrouti ne NUOPC Real i zeConpl ete(state, grid, typekind, selection, &
dat aFi | | Schene, rc)

ARGUMENTS:
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type( ESM-_St at e) .. state

type(ESM-_Gid), intent(in) coogrid

type( ESM-_TypeKi nd_Fl ag), intent(in), optional :: typekind

character (|l en=+), intent(in), optional :: selection

character (|l en=+), intent(in), optional :: dataFill Schene

i nteger, intent(out), optional :: rc
DESCRIPTION:

Realize or remove fields inside st at e according tosel ecti on. All of the fields that are realized are created
internally on the samgr i d object, allocating memory for as many field dimensions asethee grid dimensions.

The type and kind of the created fields is according to argtimgpeki nd.
Realized fields are filled with data according to tret aFi | | Scherne argument.

The arguments are:

state TheESMF_St at e object in which the fields are realized.
grid TheESMF_Gri d object on which to realize the fields.

[typekind] The ESMF_Gri d object on which to realize the fields. The typekind of the rin&dly created
field(s). The valid options arESM-_TYPEKI ND_| 4, ESM~_TYPEKI ND_I 8, ESMF_TYPEKI ND_R4, and
ESM-_TYPEKI ND_R8 (default).

[selection] Selection of mode of operation:

e "realize_all" (default)
e "realize_connected_renove ot hers”

[dataFillScheme] Realized fields will be filled according to the selected fihame. Se@?for fill schemes. Default
is to leave the data in realized fields uninitialized.

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

3.9.18 NUOPC_Realize - Realize a previously advertised Hiein a State

INTERFACE:

I call using generic interface: NUOPC Realize
subrouti ne NUOPC RealizeField(state, field, rc)

ARGUMENTS:
type(ESM-_State), intent(inout) .. state
type(ESM-_Field), intent(in) :: field
i nteger, intent(out), optional :: rc
DESCRIPTION:

Realize a previously advertised fieldsh at e by replacing the advertised field with el d of the same name.

The arguments are:
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state TheESMF_St at e object in which the fields are realized.
field The new field to put in place of the previously advertised (gfnfield.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.19 NUOPC_SetAttribute - Set the value of a NUOPC Field Atibute

INTERFACE:

I call using generic interface: NUOPC SetAttribute
subrouti ne NUOPC Set AttributeField(field, nanme, value, rc)

ARGUMENTS:
t ype( ESM-_Fi el d) . field
character(*), intent(in) ;. nane
character(*), intent(in) :: val ue
i nteger, i ntent(out), optional ciorc
DESCRIPTION:

Set the attribut@arne inside off i el d using the conventioNUOPC and purposénst ance.

The arguments are:

field TheESM~_Fi el d object on which to set the attribute.
name The name of the set attribute.
value The value of the set attribute.

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

3.9.20 NUOPC_SetAttribute - Set the value of a NUOPC State #ibute

INTERFACE:

I call using generic interface: NUOPC SetAttribute
subrouti ne NUOPC SetAttributeState(state, nanme, value, rc)

ARGUMENTS:
type( ESM-_St at e) :: state
character(*), intent(in) ;. nane
character(*), intent(in) .. val ue
i nteger, i ntent (out), optional ilorc
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DESCRIPTION:

Set the attribut@ane inside ofst at e using the conventioNUOPC and purposé nst ance.

The arguments are:

state TheESMF_St at e object on which to set the attribute.
name The name of the set attribute.
value The value of the set attribute.

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

Auxiliary routines are provided with the NUOPC Layer as aw@rience to the user. Typically more work is needed
on these methods before considering them NUOPC core furadiiyp.

3.10.1 NUOPC_Write - Write a distributed factorList to file

INTERFACE:

I call using generic interface: NUOPC Wite
subrouti ne NUOPC FactorsWite(factorList, fileNane, rc)

ARGUMENTS:
real (ESM-_KIND R8), pointer .. factorList(:)
character(*), i ntent (in) . fileName
i nteger, intent(out), optional :: rc
DESCRIPTION:

Write the destributed act or Li st to file. Each PET calls with its local list of factors. The ctilen writes the
distributed factors into a single file. The order of the fastia the file is first by PET, and within each PET the PET-
local order is preserved. Changing the number of PETs fos#inee regrid operation will likely change the order of
factors across PETs, and therefore files written will differ

The arguments are:

factorList The distributed factor list.
fileName The name of the file to be written to.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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3.10.2 NUOPC_Write - Write Field data to file

INTERFACE:

I call using generic interface: NUOPC Wite
subroutine NUOPC FieldWite(field, fileName, overwite, status, tineslice, &
iofm, rel axedflag, rc)

ARGUMENTS:
type( ESM-_Fi el d) , i ntent (in) :: field
character(*), i ntent (in) . fil eNane
| ogi cal , intent(in), optional :: overwite
type(ESM-_Fil eStatus_Flag), intent(in), optional :: status
i nteger, intent(in), optional :: tineslice
type( ESM-_I OFm _Fl ag), intent(in), optional :: iofm
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc
DESCRIPTION:

Write the datairfi el d tof i | e under the field’s "StandardName" attribute if supportedimj tof nt .

The arguments are:

field TheESM-_Fi el d object whose data is to be written.
fileName The name of the file to write to.

[overwrite] A logical flag, the default is .false., i.e., existing Fieldta maynot be overwritten. If .true., the data
corresponding to each field’s name will be be overwrittethdft i mesl i ce option is given, only data for the
given timeslice may be overwritten. Note that it is alwaysearor to attempt to overwrite a NetCDF variable
with data which has a different shape.

[status] The file status. Valid options areESM-_FI LESTATUS NEW ESMF_FI LESTATUS QOLD,
ESMF_FI LESTATUS_REPLACE, andESMF_FI LESTATUS _UNKNOWN (default).

[timeslice] Time slice counter. Must be positive. The behavior of thii@pmay depend on the setting of the
overw it e flag:

overwite = .fal se.: Ifthetimeslice value is less than the maximum time alreadé file, the write
will fail.
overwite = .true.: Any positive timeslice value is valid.

By default, i.e. by omitting theé i mesl i ce argument, no provisions for time slicing are made in the outp
file, however, if the file already contains a time axis for tlagiable, a timeslice one greater than the maximum
will be written.

[iofmt] The 10 format. Valid options ar&SM~_| OFMI_BI N and ESMF_| OFMTI_NETCDF. If not present, file
names with a bi n extension will useESM-_| OFMTI_BI N, and file names with anc extension will use
ESMF_| OFMT_NETCDF. Other files default t&eSMF_| OFMI_NETCDF.

[relaxedflag] If . t rue., then no error is returned even if the call cannot write the dilie to library limitations.
Defaultis. f al se. .

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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3.10.3 NUOPC_Write - Write the Fields within a State to NetCOF files

INTERFACE:

I call using generic interface: NUOPC Wite
subroutine NUOPC StateWite(state, fieldNaneList, fileNanePrefix, overwite, &
status, tinmeslice, relaxedflag, rc)

ARGUMENTS:
type(ESM-_State), i ntent (in) .. state
character (|l en=+), intent(in), optional :: fieldNaneList(:)
character (|l en=+), intent(in), optional :: fileNamePrefix
| ogi cal , intent(in), optional :: overwite
type(ESM-_Fil eStatus_Flag), intent(in), optional :: status
i nteger, intent(in), optional :: tineslice
| ogi cal , intent(in), optional :: relaxedflag
i nteger, intent(out), optional :: rc
DESCRIPTION:

Write the data of the fields within at at e to NetCDF files. Each field is written to an individual file ugithe
"StandardName" attribute as NetCDF attribute.

The arguments are:

state TheESMF_St at e object containing the fields.
[fieldNameList] List of names of the fields to be written. By default write &létfields inst at e.
[fileNamePrefix] File name prefix, common to all the files written.

[overwrite] A logical flag, the default is .false., i.e., existing Fieldtd maynot be overwritten. If .true., the data
corresponding to each field’s name will be be overwrittethdft i nesl i ce option is given, only data for the
given timeslice may be overwritten. Note that it is alwaysearor to attempt to overwrite a NetCDF variable
with data which has a different shape.

[status] The file status. Valid options areESM-_FI LESTATUS NEW ESMF_FI LESTATUS QOLD,
ESMF_FI LESTATUS_REPLACE, andESMF_FI LESTATUS_UNKNOWN (default).

[timeslice] Time slice counter. Must be positive. The behavior of thii@pmay depend on the setting of the
overw it e flag:

overwite = .fal se.: Ifthetimeslice value is less than the maximum time alreade file, the write
will fail.
overwite = .true.: Any positive timeslice value is valid.

By default, i.e. by omitting theé i mesl i ce argument, no provisions for time slicing are made in the outp
file, however, if the file already contains a time axis for tlagiable, a timeslice one greater than the maximum
will be written.

[relaxedflag] If . true., then no error is returned even if the call cannot write the dilie to library limitations.
Defaultis. f al se. .

[rc] Return code; equalsSM-_SUCCESS if there are no errors.
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4 Standardized Component Dependencies

Most of the NUOPC Layer deals with specifying the interacti@tween ESMF components within a running ESMF
application. ESMF provides several mechanisms of how aficgion can be made up of individual Components.
This chapter deals with reigning in the many options supgabisty ESMF and setting up a standard way for assembling
NUOPC compliant components into a working application.

ESMF supports single executable as well as some forms ofpteuixecutable applications. Currently the NUOPC
Layer only addresses the case of single executable applisatWhile it is generally true that executing single exe-
cutable applications is easier and more widely supported &xecuting multiple executable applications, building a
single executable from multiple components can be chaigndrhis is especially true when the individual compo-
nents are supplied by different groups, and the assemblyeofital application happens apart from the component
development. The purpose of standardizing component deperes as part of the NUOPC Layer is to provide a
solution to the technical aspect of assembling applicatimrilt from NUOPC compliant components.

As with the other parts of the NUOPC Layer, the standardizedponent dependencies specify aspects that ESMF
purposefully leaves unspecified. Having a standard wayabwi¢gh component dependencies has several advantages.
It makes reading and understand NUOPC compliant applitsititore easily. It also provides a means to promote best
practices across a wide range of application systems. Bligiinthe goal of standardizing the component dependencies
is to support "plug & build" between NUOPC compliant compiiseand applications, where everything needed to
use a component by a upper level software layer is suppliadstandard way, ready to be used by the software.

There is one aspect of the standardized component depgnithen@ffects the component code itsélhe name of

the public set services entry point into a NUOPC compliant component must be called "SetServices" The only
exception to this rule are components that are written int@/@&nd made available for static linking. In this case,
because of lack of namespace protection,3beSer vi ces part must be followed by a component specific suffix.
This will be discussed later in this chapter. For all othesesa unique namespaces exist that allow the entry point to
be calledSet Ser vi ces across all components.

Having standardized the name of the single public entrytpoto a component solves the issue of having to commu-
nicate its name to the software layer that intends to usedhgonent. At the same time, limiting the public entry
point to a single accepted name does not remove any fleyilfiiét is generally leveraged by ESMF applications.
Within the context of the NUOPC Layer, there is great flextipitlesigned into the initialize steps. Removing the need
to have to deal with alternative set services routines fesasd clarifies the NUOPC approach.

The remaining aspects of component dependency standidodizdl deal with build specific issues, i.e. how does
the software layer that uses a component compile and liniksighe component code. For now the NUOPC Layer
does not deal with the question on how the component itsddéisg built. Instead the focus is on the information
that a component must provide about itself, and the form#itisfinformation, in order to be usable by another piece
of software. This clear separation allows components teigeotheir own independent build system, which often
is critical to ensure bit-for-bit reproducibility. At theame time it does not prevent build systems to be connected
top-down if that is desirable.

Technically the problem of passing component specific haifldrmation up the build hierarchy is solved by using
GNU makefile fragments that allow every component to prouidermation in form of variables to the upper level
build system. The NUOPC Layer standardization requirgs Ehaery component must provide a makefile fragment
that defines 6 variables:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

The convention for makefile fragments is to provide them sfilith a suffix of. mk. The NUOPC Layer currently
adds no further restriction to the name of the makefile fragnfile of a component. There seems little gain in
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standardizing the name of the NUOPC compliant makefile feagrof a component since the location must be made
available anyway, and adding the specific file name at the etitbsupplied path does not appear inappropriate.

The meaning of the 6 makefile variables is defined in a man@gstipports many different situations, ranging from
simple statically linked components to situations whem@ponents are made available in shared objects, not loaded
by the application until needed during runtime. The desifpaiof the NUOPC Layer component makefile fragment
is to have each component provide a simple makefile fragnmentit self-describing. Usage of advanced options
requires a more sophisticated build system on the softveger thatusesthe component, while at the same time the
same standard format is able to keep simple situations simpl

An indepth understanding of the capabilities of the NUOP@drebuild dependency standard requires looking at
various common cases in detail. The remainder of this chaptiedicated to this effort. Here a general definition of
each variable is provided.

e ESMF_DEP_FRONT - The name of the Fortran module to be used in a USE statenrd(iftiteends in ".h") the
name of the header file to be used in an #include statemerit jtogr{ds in ".s0") the name of the shared object
to be loaded at run-time.

e ESMF_DEP_| NCPATH- The include path to find module or header files during contipita Must be specified
as absolute path.

e ESMF _DEP_CMPL_OBJS- Object files that need to be considered as compile deperedehdust be specified
with absolute path.

e ESMF DEP_LI NK_OBJS - Object files that need to be considered as link dependenMest be specified
with absolute path.

e ESMF_DEP_SHRD_ PATH- The path to find shared libraries during link-time (and dgniun-time unless over-
ridden by LD_LIBRARY_PATH). Must be specified as absolutéhpa

e ESMF _DEP_SHRD LI BS - Shared libraries that need to be specified during link-tiamel must be available
during run-time. Must be specified with absolute path.

The following sections discuss how the standard makefignfient is utilized in common use cases. It shows how the
. nk file would need to look like in these cases. Each sectionéuxtbntains hints of how a complianirk file can be
auto-generated by the component build system (provide} sig well as hints on how it can be used by an upper level
software layer (consumer side). Makefile segments providéukese hint sections aret part of the NUOPC Layer
component dependency standard. They are only providedidsex&onvenience to the user, showing best practices of
how the standardnk files can be used in practice. Any specific compiler and lirilegys shown in the hint sections
are those compliant with the GNU Compiler Collection.

The NUOPC Layer standard only covers the contents of thefile itself.

4.1 Fortran components that are statically built into the executable

Statically building a component into the executable rezgithat the associated files (object files, and for Fortran the
associated module files) are available when the applic&iteing built. It makes the component code part of the
executable. A change in the component code requires reitaiimp and re-linking of the executable.

A NUOPC compliant Fortran component that defines its pubdlityepoint in a module called "ABC", where all
component code is contained in a single object file called.@hmakes itself available by providing the following
. ik file:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS

ABC
<absol ute path to associated ABC nodule file>
<absol ute pat h>/abc. o

89



ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

<absol ut e pat h>/abc. o

If, however, the component implementation is spread acesgsral object files (e.g. abc.o and xyz.0), they must all
be listed in theeESMF_DEP_LI NK_OBJSvariable:

ABC

<absol ute path to associated ABC nodule file>
<absol ut e path>/abc. o

<absol ut e pat h>/abc. o <absol ute pat h>/xyz.o

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

In cases that require a large number of object files to bedinmk® the executable it is often more convenientto provide
them in an archive file, e.g. "libABC.a". Archive files areaipecified irESM-_DEP_LI NK_OBJS:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

ABC

<absol ute path to associated ABC nodule file>
<absol ute pat h>/abc. o

<absol ute path>/1i bABC. a

Hints for the provider side: A build rule for creating a compliant self-describingrk file can be added to the
component’s makefile. For the case that component "ABC" [deémented in object files listed in variable "OBJS", a
build rule that produces "abc.mk" could look like this:

. PRECI QUS: % o

%nk : %o

@cho "# ESMF sel f-describing build dependency makefile fragnent" > $@
@cho >> $@

@cho "ESMF_DEP_FRONT = ABC' >> $@

@cho "ESMF_DEP_I NCPATH = ‘pwd"" >> $@

@cho "ESMF_DEP_CMPL_OBJS = ‘pwd' /" $< >> $@

@cho "ESMF_DEP_LINK_OBJS = "$(addprefix ‘pwd/, $(OBIS)) >> $@

@cho "ESMF_DEP_SHRD PATH = " >> $@

@cho "ESMF_DEP_SHRD LIBS = " >> $@

abc. mk: $(0BJS)

Hints for the consumer side: The format of the NUOPC compliantk files allows the consumer side to collect
the information provided by multiple components into onedafénternal variables. Notice that in the makefile code
below it is critical to use the = style assignment instead of a simplén order to have the assignment be based on the
currentvalue of the right hand variables.

i ncl ude abc. nk
DEP_FRONTS
DEP_I NCS
DEP_CWMPL_OBJS :
DEP_LI NK _OBJS :
DEP_SHRD PATH :

$( DEP_FRONTS) - DFRONT_ABC=$( ESMF_DEP_FRONT)

$(DEP_I NCS) $(addprefix -1, $(ESMF_DEP_| NCPATH))

$( DEP_CVPL_OBJS) $(ESMF_DEP_CMPL_OBJS)

$( DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

$( DEP_SHRD_PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH))
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DEP_SHRD LI BS : = $(DEP_SHRD_ LI BS) $(addprefix -1, $(ESM-_DEP_SHRD LI BS))
i nclude xyz. nk
DEP_FRONTS
DEP_| NCS
DEP_CMPL_QOBIJS :
DEP_LI NK_OBJS :
DEP_SHRD_PATH :
DEP_SHRD LI BS :

$( DEP_FRONTS) - DFRONT_XYZ=$( ESMF_DEP_FRONT)

$(DEP_I NCS) $(addprefix -1, $(ESMF_DEP_| NCPATH))

$( DEP_CWPL_OBJS) $(ESMF_DEP_CMPL_OBJS)

$( DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

$( DEP_SHRD_PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH))
$(DEP_SHRD LI BS) $(addprefix -1, $(ESMF_DEP_SHRD LI BS))

Besides the accumulation of information into the interreiables, there is a small amount of processing going on.
The module name provided by tESM-_DEP_FRONT variable is assigned to a pre-processor macro. The intentio
of this macro is to be used in a FortrllSE statement to access the Fortran module that contains tHie jpigbess
point of the component.

The include paths ifrESMF_DEP_| NCPATH are prepended with the appropriate compiler flag (here."-IThe
ESMF_DEP_SHRD PATHandESM-_DEP_SHRD LI BS variables are also prepended by the respective compiler
and linker flags in case a component brings in a shared lilokpgndencies.

Once the. nk files of all component dependencies have been included awkgsed in this manner, the internal
variables can be used in the build system of the applicatiper| as shown in the following example:

. SUFFI XES: .f90 .F90 .c .C

%0 : %f90
$(ESM-_F90COWPI LER) -c $(DEP_FRONTS) $(DEP_I NCS) \
$( ESMF_F90COWPI LEOPTS) $( ESMF_F90COWPI LEPATHS) $( ESM-_F90COWVPI LEFREENCCPP) $<

%0 : % F90

$( ESMF_F90COMPI LER) -c¢ $( DEP_FRONTS) $(DEP_I NCS) \
$( ESMF_F90COMPI LECPTS) $( ESMF_F90COMPI LEPATHS) $( ESMF_F90COMPI LEFREECPP) \
$( ESMF_F90COMPI LECPPFLAGS) $<

%0 : %c

$(ESMF_CXXCOWPI LER) -c¢ $(DEP_FRONTS) $(DEP_I NCS) \
$( ESMF_CXXCOWPI LEOPTS) $( ESMF_CXXCOWPI LEPATHSLOCAL) $( ESMF_CXXCOWPI LEPATHS) \
$( ESMF_CXXCOWPI LECPPFLAGS) $<

%0 : %C

$( ESMF_CXXCOWPI LER) -c¢ $(DEP_FRONTS) $(DEP_I NCS) \
$( ESMF_CXXCOWVPI LEOPTS) $( ESMF_CXXCOWPI LEPATHSLOCAL) $( ESMF_CXXCOWVPI LEPATHS) \
$( ESMF_CXXCOWPI LECPPFLAGS) $<

app: app.o appSub. o $(DEP_LI NK_OBJS)

$( ESMF_F90LI NKER) $( ESMF_F90LI NKOPTS) $( ESMF_F90LI NKPATHS) \
$( ESMF_F90LI NKRPATHS) -0 $@ $" $(DEP_SHRD PATH) $(DEP_SHRD LI BS) \
$( ESMF_F9OESMFLI NKLI BS)

app. o: appSub. o
appSub. o: $(DEP_CMPL_OBJS)

91



4.2 Fortran components that are provided as shared libraris

Providing a component in form of a shared library required the associated files (object files, and for Fortran the
associated module files) are available when the applicetibeing built. However, different from the statically lied
case, the component code doest become part of the executable, instead it will be loadedrsg¢glgt each time the
executable is loaded during start-up. This requires tlea¢#ecutable finds the component shared libraries, on which i
depends, during start-up. A change in the component codeatiypdoes not require re-compilation and re-linking of
the executable, instead a new version of the componentdtiarary will be loaded automatically when it is available
at execution start-up.

A NUOPC compliant Fortran component that defines its pubdicyepoint in a module called "ABC", where all
component code is contained in a single shared libraryddlieABC.so", makes itself available by providing the
following . nk file:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

ABC
<absol ute path to associated ABC nmodule fil e>

<absol ute path to |i bABC. so>
l'i bABC. so

Hints for the provider side: The following build rule will create a compliant self-deixing . k file ("abc.mk") for
a component that is made available as a shared library. eeassumes that component "ABC" is implemented in
object files listed in variable "OBJS".

. PRECI QUS: % so

%nk : %so

@cho "# ESMF sel f-describing build dependency makefile fragnent" > $@
@cho >> $@

@cho "ESMF_DEP_FRONT = ABC' >> $@

@cho "ESMF_DEP_I NCPATH = ‘pwd"" >> $@

@cho "ESMF_DEP_CMPL_OBJS = " >> $@

@cho "ESMF_DEP_LINK_OBJS =" >> $@

@cho "ESMF_DEP_SHRD PATH = *‘ pwd‘ " >> $@

@cho "ESMF_DEP_SHRD LIBS = "$* >> $@

abc. nk:

abc. so: $(0BJY)
$(ESMF_CXXLI NKER) -shared -0 $@ $<
mw $@Iib$@
rm-f $<

Hints for the consumer side: The format of the NUOPC compliantrk files allows the consumer side to collect the
information provided by multiple components into one sahtérnal variables. This is independent on whether some
or all of the components are provided as shared libraries.

The path specified iESM-_DEP_SHRD PATHis required when building the executable in order for thkdirto find

the shared library. Depending on the situation, it may bé&aele to also encode this search path into the executable
through the RPATH mechanism as shown below. However, in stames, e.g. when the actual shared library to be
used during execution isotavailable from the same location as during build-time, iymat be useful to encode the
RPATH. In either case, having set thB LI BRARY_PATHenvironment variable to the desired location of the shared
library at run-time will ensure that the correct library fisefound.

Notice that in the makefile code below it is critical to use thestyle assignment instead of a simpién order to
have the assignment be based ondheentvalue of the right hand variables.
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i ncl ude abc. nk
DEP_FRONTS
DEP_I NCS
DEP_CWMPL_OBJS :

$( DEP_FRONTS) - DFRONT_ABC=$( ESMF_DEP_FRONT)

$(DEP_I NCS) $(addprefix -1, $(ESMF_DEP_I NCPATH))

$( DEP_CVPL_OBJS) $( ESMF_DEP_CMPL_OBJS)

DEP_LI NK_OBJS : = $(DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

DEP_SHRD PATH : = $(DEP_SHRD_PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH)) \
$(addprefix -W$(COWA) - r pat h$( COMMA) , $( ESM-_DEP_SHRD_PATH) )

DEP_SHRD LIBS : = $(DEP_SHRD LIBS) $(addprefix -1, $(ESMF_DEP_SHRD LI BS))

(Here COMMVA is a variable that contains a single comma which would caystas issues if it was written into the
"addprefix" command directly.)

The internal variables set by the above makefile code cantibersed by exactly the same makefile rules shown for
the statically linked case. In fact, component "ABC" thatngs in through "abc.mk" could either be a statically linked
component or a shared library component. The makefile conl@rshere for the consumer side handles both cases
alike.

4.3 Components that are loaded during run-time as shared olgjcts

Making components available in the form of shared objedtsval the executable to be built in the complete absence
of any information that depends on the component code. Theiiormation required when building the executable
is the name of the shared object file that will supply the congmbd code during run-time. The shared object file of
the component can be replaced at will, and it is not until tiore, when the executable actually tries to access the
component, that the shared object must be available to bledba

A NUOPC compliant component where all component code, @inlyits public access point, is contained in a single
shared object called "abc.so", makes itself available byiding the following. nk file:

ESM-_DEP_FRONT abc. so
ESMF_DEP_| NCPATH

ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_0OBJS
ESMF_DEP_SHRD PATH

ESMF_DEP_SHRD_LI BS

The other parts of therk file may be utilized in special cases, but typically the sHatgect should be self-contained.

It is interesting to note that at this level of abstractidrere is no more difference between a component written in
Fortran, and a component written in in C/C++. In both casespiliblic entry point available in the shared object
must beSet Ser vi ces as required by the NUOPC Layer component dependency stan®yOPC does allow for
customary name mangling by the Fortran compiler.)

Hints for the provider side: The following build rule will create a compliant self-deiing . k file ("abc.mk") for
a component that is made available as a shared object. Thasasmes that component "ABC" is implemented in
object files listed in variable "OBJS".

. PRECI QUS: % so

%nk : %so
@cho "# ESMF sel f-describing build dependency makefile fragnent" > $@
@cho >> $@
@cho "ESMF_DEP_FRONT = "$< >> $@
@cho "ESM-_DEP_| NCPATH =" >> $@
@cho "ESMF_DEP_CMPL_OBJS = " >> $@
@cho "ESMF_DEP_LINK_OBJS = " >> $@
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@cho "ESMF_DEP_SHRD PATH = " > $@
@cho "ESMF_DEP_SHRD LIBS = " >> $@

abc. nk:

abc. so: $(0BJIY)
$( ESMF_CXXLI NKER) -shared -0 $@ $<
rm-f $<

Hints for the consumer side: The format of the NUOPC compliantik files still allows the consumer side to collect
the information provided by multiple components into onedagénternal variables. This still holds when some or all
of the components are provided as shared objects. In factéry simple to make all of the component sections in the
consumer makefile handle both cases.

Notice that in the makefile code below it is critical to use thestyle assignment instead of a simpién order to
have the assignment be based ondheentvalue of the right hand variables.

i ncl ude abc. nk
ifneq (,$(findstring .so, $( ESMF_DEP_FRONT)))

DEP_FRONTS : = $(DEP_FRONTS) - DFRONT_SO ABC=\"$(ESMF_DEP_FRONT)\"
el se

DEP_FRONTS = $(DEP_FRONTS) - DFRONT_ABC=$( ESM-_DEP_FRONT)

endi f

DEP_FRONTS $( DEP_FRONTS) - DFRONT_ABC=$( ESMF_DEP_FRONT)

DEP_I NCS $(DEP_INCS) $(addprefix -1, $(ESM-_DEP_I NCPATH))

DEP_CMPL_OBJS : = $(DEP_CMPL_OBJS) $( ESMF_DEP_CMPL_OBJS)

DEP_LI NK_OBJS : = $(DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

DEP_SHRD_PATH : = $(DEP_SHRD PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH)) \
$(addprefix -W$(COMA) - r pat h$( COMA) , $( ESMF_DEP_SHRD_PATH) )

DEP_SHRD LI BS : = $(DEP_SHRD LIBS) $(addprefix -1, $(ESMF_DEP_SHRD LI BS))

The above makefile segment supports component "ABC" thaeseribed in "abc.mk" to be made available as
a Fortran static component, a Fortran shared library, oraseshobject. The conditional around assigning vari-
able DEP_FRONTS either leads to having set the madr®ONT_ABC as before, or setting a different macro
FRONT_SO_ABC. The former indicates that a Fortran module is availablettiercomponent and requiresUSE
statement in the code. The latter macro indicates that thoaent is made available through a shared object, and
the macro can be used to specify the name of the shared abjibet associated call.

Again the internal variables set by the above makefile codebeaused by the same makefile rules shown for the
statically linked case.

4.4 Components that depend on components

The NUOPC Layer supports component hierarchies where a @oemp can be a child of another component. This
hierarchy of components translates into component buiigeddencies that must be dealt with in the NUOPC Layer
standardization of component dependencies.

A component that sits in an intermediate level of the compohirarchy depends on the components "below" while
at the same time it introduces a dependency by itself for #nerg further "up” in the hierarchy. Within the NUOPC
Layer component dependency standard this means that grenediate component functions as a consumer of its
child components’ nk files, and as a provider of its owmk file that is then consumed by its parent. In practice this
double role translates into passing link dependenciesiaanetd library dependencies through to the parent, while the
front and compile dependency is simply defined my the inteliate component itself.
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Consider a NUOPC compliant component that defines its pehblicy point in a module called "ABC", and where all
component code is contained in a single object file called.tabFurther assume that component "ABC" depends on
two components "XXX" and "YYY", where "XXX" provides thenk file:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

XXX

<absol ute path to the associated XXX nodule fil e>
<absol ut e pat h>/ xxx. o

<absol ut e pat h>/ xxx. o

and "YYY" provides the following:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

YYY
<absol ute path to the associated XXX nodule fil e>

<absol ute path to |ibYYY.so>
[ibYYY. so

Then the. nk file provided by "ABC" needs to contain the following infortian:

ABC

<absol ute path to the associ ated ABC nodule file>
<absol ut e pat h>/abc. o

<absol ut e pat h>/ abc. o <absol ute pat h>/ xxx. o

<absol ute path to |ibYYY.so>

[ibYYY. so

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

Hints for an intermediate component that is consumer and preider: For the consumer side it is convenient to
collect the information provided by multiple component degencies into one set of internal variables. However,
the details on how some of the imported information is preedsnto the internal variables depends on whether the
intermediate component is going to make itself availabtestatic or dynamic access.

In the static case all link and shared library dependenciest be passed to the next higher level, and these dependen-
cies should simply be collected and passed on to the next leve

i ncl ude xxx. nk
DEP_FRONTS
DEP_I NCS
DEP_CWMPL_OBJS :
DEP_LI NK_OBJS :
DEP_SHRD PATH :
DEP_SHRD LI BS :

$( DEP_FRONTS) - DFRONT_XXX=$( ESMF_DEP_FRONT)
$(DEP_INCS) $(addprefix -1, $(ESMF_DEP_| NCPATH))
$( DEP_CMVPL_OBJS) $( ESMF_DEP_CMPL_OBJS)

$( DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

$( DEP_SHRD_PATH) $( ESMF_DEP_SHRD_PATH)

$( DEP_SHRD LI BS) $( ESMF_DEP_SHRD LI BS)

i ncl ude yyy. nk
DEP_FRONTS

DEP_| NCS :
DEP_CMPL_QOBIJS :
DEP_LI NK_OBJS :
DEP_SHRD PATH :
DEP_SHRD LI BS :

$( DEP_FRONTS) - DFRONT_YYY=$( ESMF_DEP_FRONT)
$(DEP_INCS) $(addprefix -1, $(ESMF_DEP_| NCPATH))
$( DEP_CMVPL_OBJS) $( ESMF_DEP_CMPL_OBJS)

$(DEP_LI NK_OBJS) $( ESMF_DEP_LI NK_OBJS)

$( DEP_SHRD_PATH) $( ESMF_DEP_SHRD_PATH)

$( DEP_SHRD LI BS) $( ESMF_DEP_SHRD LI BS)

. PRECI QUS: % o
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%nk : %o
@cho "# ESMF sel f-describing build dependency makefile fragment" > $@
@cho >> $@

@cho "ESMF_DEP_FRONT = ABC' >> $@
@cho "ESMF_DEP_I NCPATH = ‘pwd* " >> $@
@cho "ESMF_DEP_CMPL_OBJS = * pwd‘ / " $< >> $@
@cho "ESMF_DEP_LINK_OBJS = ‘pwd‘ /"$< $(DEP_LI NK_OBJS) >> $@
@cho "ESMF_DEP_SHRD_PATH = " $( DEP_SHRD PATH) >> $@
@cho "ESMF_DEP_SHRD LIBS = " $(DEP_SHRD LI BS) >> $@

In the case where the intermediate component is linked ignamic library, or a dynamic object, all of its object
and shared library dependencies can be linked in. In this itas more useful to do some processing on the shared
library dependencies, and not to include them in the prodiucd file.

i ncl ude xxx. nk
DEP_FRONTS

DEP_I NCS :
DEP_CWMPL_OBJS :

$( DEP_FRONTS) - DFRONT_XXX=$( ESMF_DEP_FRONT)

$(DEP_I NCS) $(addprefix -1, $(ESMF_DEP_I NCPATH))

$( DEP_CMPL_OBJS) $( ESMF_DEP_CMPL_OBJS)

DEP_LI NK_OBJS : = $(DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

DEP_SHRD PATH : = $(DEP_SHRD_PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH)) \
$(addprefix -W$(COWA) -r pat h$( COMMR) , $( ESMF_DEP_SHRD_PATH) )

DEP_SHRD LIBS : = $(DEP_SHRD LIBS) $(addprefix -1, $(ESMF_DEP_SHRD LI BS))

i ncl ude yyy. nk
DEP_FRONTS

DEP_| NCS :
DEP_CMPL_OBIJS :

$( DEP_FRONTS) - DFRONT_YYY=$( ESMF_DEP_FRONT)

$(DEP_I NCS) $(addprefix -1, $(ESMF_DEP_I NCPATH))

$( DEP_CWPL_OBJS) $( ESMF_DEP_CMPL_OBJS)

DEP_LI NK_OBJS : = $(DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

DEP_SHRD PATH : = $(DEP_SHRD_PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH)) \
$(addprefix -W$(COWA) -r pat h$( COMMA) , $( ESM-_DEP_SHRD_PATH) )

DEP_SHRD LIBS : = $(DEP_SHRD LIBS) $(addprefix -1, $(ESMF_DEP_SHRD LI BS))

.PRECIQUS: % 0
%nk : %o

@cho "# ESMF sel f-describing build dependency makefile fragment" > $@
@cho >> $@

@cho "ESMF_DEP_FRONT = ABC' >> $@
@cho "ESMF_DEP_I NCPATH = ‘pwd* " >> $@
@cho "ESMF_DEP_CMPL_OBJS = * pwd' /" $< >> $@
@cho "ESMF_DEP_LINK_OBJS = *‘ pwd‘ /" $< >> $@
@cho "ESMF_DEP_SHRD PATH = " >> $@
@cho "ESMF_DEP_SHRD LI BS = >> $@

4.5 Components written in C/C++

ESMF provides a basic C API that supports writing componants or C++. There is currently no C version of
the NUOPC Layer API available, making it harder, but not irsgible to write NUOPC Layer compliant ESMF
components in C/C++. For the sake of completeness, the NU®R{Monent dependency standardization does cover
the case of components being written in C/C++.

The issue of whether a component is written in Fortran or G/Galy matters when the dependent software layer has a
compile dependency on the component. In other words, coengsithat are accessed through a shared object have no
compile dependency, and the language is of no effecf{skeHo@/ever, components that are statically linked or made
available through shared libraries do introduce compifgedelencies. These compile dependencies become language
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dependent: a Fortran component must be accessed ViSthstatement, while a component with a C interface must
be accessed vid ncl ude.

The decision between the three cases: compile dependerclfaniran component, compile dependency on a C/C++
component, or no compile dependency can be made oB3ME_DEP_FRONT variable. By default it is assumed

to contain the name of the Fortran module that provides thdigentry point into a component written in Fortran.
However, if the contents of thESMF_DEP_FRONT variable ends in h, it is interpreted as the header file of a
component with a C interface. Finally, if it ends irso, there is no compile dependency, and the component is
accessible through a shared object.

A NUOPC compliant component written in C/C++ that definepiiblic access pointin "abc.h", where all component
code is contained in a single object file called "abc.o", nsateelf available by providing the followingrrk file:

ESMF_DEP_FRONT
ESMF_DEP_| NCPATH
ESMF_DEP_CMPL_OBJS
ESMF_DEP_LI NK_OBJS
ESMF_DEP_SHRD_PATH
ESMF_DEP_SHRD_LI BS

abc. h

<absol ute path to abc. h>
<absol ute pat h>/abc. o
<absol ut e pat h>/abc. o

Hints for the implementor:

There are a few subtle complications to cover for the caseevoeomponent with C interface comes in as a compile
dependency. First there is Fortran name mangling of symhloish includes underscores, but also changes to lower
or upper case letters. The ESMF C interface provides a m&drd (X) that deals with the underscore issue on the
C component side, but it cannot address the lower/upperissse. The ESMF convention for using C in Fortran
assumes all external symbols lower case. The NUOPC Laylemn®this convention in accessing components with C
interface from Fortran.

Secondly, there is no namespace protection of the publiy oints. For this reason, the public entry point cannot
just beset ser vi ces for all components written in C. Instead, for component$w@tinterface, the public entry
point must beset ser vi ces_nane, where "name" is the same as the root name of the header fibfisden
ESMF_DEP_FRONT. (The absence of namespace protection is still an issueewhealtiple C components with the
same name are specified. This case requires that componenémamed to something more unique.)

Finally there is the issue of providing an explicit Fortrateirface for the public entry point. One way of handling
this is to provide the explicit Fortran interface as partle tomponents header file. This is essentially a few lines
of Fortran code that can be used by the upper software layierglement the explicit interface. As such it must be
protected from being processed by the C/C++ compiler:

#if (defined _ STDC || defined __ cpl usplus)
I C/ Ct+ block ------------
#i ncl ude "ESMC. h"

extern "C' {
void FTN _X(setservices_abc) (ESMC Gri dConp gconp, int *rc);

}
#el se
e R Fortran block ----------
interface
subrouti ne setservices_abc(gconp, rc)

use ESMF
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type(ESM-_Gri dConp) :: gconp
integer, intent(out) :: rc
end subroutine
end interface

#endi f

An upper level software layer that intends to use a compothatitcomes with such a header file can then use it
directly on the Fortran side to make the component availafitle an explicit interface. For example, assuming the
macroFRONT _H_ATMF holds the name of the associated header file:

#i fdef FRONT _H ATMF
nodul e ABC

#i ncl ude FRONT_H ATMF
end nodul e

#endi f

This puts the explicit interface of treet ser vi ces_abc entry point into a module named "ABC". Except for this
small block of code, the C/C++ component becomes indistéigible from a component implemented in Fortran.

Hints for the provider side: Adding a build rule for creating a compliant self-descripimk file into the component's
makefile is straight forward. For the case that the companéabc.h" is implemented in object files listed in variable
"OBJS", a build rule that produces "abc.mk" could look likest

.PRECI QUS: %o
%nk : %o
@cho "# ESMF sel f-describing build dependency makefile fragment" > $@
@cho >> $@

@cho "ESMF_DEP_FRONT
@cho "ESMF_DEP_| NCPATH
@cho "ESMF_DEP_CMPL_OBJS
@cho "ESMF_DEP_LI NK_OBJS
@cho "ESMF_DEP_SHRD PATH
@cho "ESMF_DEP_SHRD LI BS

abc. h" >> $@

“pwd‘ " >> $@
“pwd /" $< >> $@
“pwdt /" $< >> $@
" >> $@
" >> $@

abc. nk:

abc.o: abc.h

Hints for the consumer side: The format of the NUOPC complianivk files still allows the consumer side to collect
the information provided by multiple components into onea$enternal variables. This still holds even when any of
the provided components could come in as a Fortran compdoestatic linking, as a C/C++ component for static
linking, or as a shared object. All of the component sectintise consumer makefile can be made capable of handling
all three cases. However, if it is clear that a certain conepois for sure supplied as one of these flavors, it may be
clearer to hard-code support for only one mechanism forcisponent.

Notice that in the makefile code below it is critical to use thestyle assignment instead of a simpién order to
have the assignment be based ondheentvalue of the right hand variables.

This example shows how the section for a specific componertieaade compatible with all component dependency
modes:

i ncl ude abc. nk
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ifneq (,$(fi ndstri ng . h, $(ESMF_DEP_FRONT)))

DEP_FRONTS = $( DEP  FRONTS) - DFRONT_H_ABC=\"$( ESMF_DEP_FRONT) \ "
else ifneq (, $(f| ndstring .so, $( ESM-_DEP_FRONT)))

DEP_FRONTS  := $(DEP_FRONTS) - DFRONT_SO ABC=\" $( ESVF_DEP_FRONT)\"
el se

DEP_FRONTS = $( DEP_FRONTS) - DFRONT_ABC=$( ESMF_DEP_FRONT)

endi f

DEP_FRONTS $( DEP_FRONTS) - DFRONT_ABC=$( ESMF_DEP_FRONT)

DEP_I NCS $(DEP_INCS) $(addprefix -1, $(ESMF_DEP_| NCPATH))

DEP_CMPL_OBJS : = $(DEP_CMPL OBJS) $(ESMF_DEP CMPL OBJS)

DEP_LI NK_OBJS : = $(DEP_LI NK_OBJS) $(ESMF_DEP_LI NK_OBJS)

DEP_SHRD PATH : = $(DEP_SHRD_PATH) $(addprefix -L, $(ESMF_DEP_SHRD PATH)) \
$(addprefix -W$(COWA) -r pat h$( COMA) , $( ESM-_DEP_SHRD_PATH) )

DEP_SHRD LIBS : = $(DEP_SHRD LIBS) $(addprefix -1, $(ESMF_DEP_SHRD LI BS))

The above makefile segment will end up setting md&RONT_H ABC to the header file name, if the component
described in "abc.mk" is a C/C++ component. It will insteatimacroFRONT_SO_ABCto the shared object if this is
how the component is made available, or set m&ERONT _ABCto the Fortran module name if that is the mechanism
for gaining access to the component code. The calling cod@®athese macros to activate the corresponding code,
as well as has access to the required name string in each case

The internal variables set by the above makefile code candmthysthe same makefile rules shown for the statically
linked case. This usage implements the correct dependates; and passes the macros through the compiler flags.

5 NUOPC Layer Compliance

The NUOPC Layer introduces a modeling system architectasedbon Models, Mediators, Connectors, and Drivers.
The Layer defines the rules of engagement between these cemigoMany of these rules are formulated on the basis
of metadata. This metadata can be expected for compliance.

One of the challenges when inspecting a component for NUOBg2l compliance is that many of the rules of
engagement are run-time rules. This means that they adtieedgnamical behavior of a component during run-time.
For this reason, comprehensive compliance testing carmdbbe statically but requires the execution of code.

Currently there are two sets of tools available to addressssue of NUOPC Layer compliance testing. Tam-
pliance Checkers a runtime analysis tool that can be enabled by setting anFE&hvironment variable at runtime.
When active, the Compliance Checker intercepts all intemas between components that go throught the ESMF
componentinterface, and analyzes them with respect to tHeRC Layer rules of engagement. Warnings are printed
to the log files when issues or non-compliances are detected.

The Component Exploreis another compliance testing tool. It focuses on intengctiith a single component, and
analyzing it during the early initialization phases. Then@mnent Explorer and Compliance Checker are compatible
with each other and it is often useful to use them both at theedame.

5.1 The Compliance Checker

The NUOPC Compliance Checker is a run-time analysis todld¢ha be turned on for any ESMF application. The
Compliance Checker is turned off by default, as to not negbtiaffect performance critical runs. The Compliance
Checker is enabled by setting the following ESMF runtimeremment variable:

ESMF_RUNTI ME_COVPL| ANCECHECK=0ON
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As a run-time variable, setting it does not require recoaijih of the ESMF library or the user application. The same
executable and library will start to generate CompliancedBer output when the above variable is found set during
execution.

The function of the Compliance Checker is to intercept dafiactions between the components of an ESMF applica-
tion, and to analyze them according to the NUOPC Layer rulengagement. The following aspects are currently
reported on:

Presence of the standard ESMF Initialize, Run, and Finaligthods and the number of phases in each.

Timekeeping and whether it conforms with the NUOPC Layeesul

Fields or FieldBundles (not Arrays/ArrayBundles) beingged between Components.

Details about the Fields being passed through import andregpates.

Component and Field metadata.

Besides the above aspects, the output of the Compliancek@halso provides a means to easily get an idea of the
exact dynamical control flow between the components of alicgtion.

The Compliance Checker uses the ESMF Log facility to prodheecompliance report during the execution of an

ESMF application. The output is located in the default ESMJg ffiles. There are advantages of using the existing
Log facility to generate the compliance report. First, tf&ME Log facility offers time stamping of messages, and
deals with all of the file access and multi-PET issues. Seogoitdg through the ESMF Log guarantees that all the
output appears in the correct chronological order. Thidiepfo all of the output, including entries from other ESMF

system levels or from the user level.

A sample output of the Compliance Checker output in action:

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM >START regi ster conpliance check.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER: | - >| - >| ->: ATM phase Zero for Initialize registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM 5 phase(s) of Initialize registered.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER | - >| - >| - > ATM 1 phase(s) of Run registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM 1 phase(s) of Finalize registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM >STOP regi ster conpliance check.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER: | - >| - >| - >: ATMRMED: >START regi ster conpliance check.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATMRMED: phase Zero for Initialize registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM2MED: 3 phase(s) of Initialize registered.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER: | - >| - >| - > ATMRMVED: 1 phase(s) of Run registered.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER: | - >| - >| - >: ATM2VED: 1 phase(s) of Finalize registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATMEMED: >STCP regi ster conpliance check.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: MED2ATM >START regi ster conpliance check.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER: | - >| - >| - >: MED2ATM phase Zero for Initialize registered.

20131108 172844. 458 | NFO PETO COMPLI ANCECHECKER: | - >| - >| - >: MED2ATM 3 phase(s) of Initialize registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: MED2ATM 1 phase(s) of Run registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: MED2ATM 1 phase(s) of Finalize registered.

20131108 172844. 458 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: MED2ATM >STOP regi ster conpl i ance check.

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| ->: ATM >START I nitializeProl ogue for phase= 0

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| ->| ->: ATM inportState nane: nodel Conp 1 Inport State

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| ->: ATM inportState stateintent: ESMF_STATEI NTENT_| MPORT

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | ->| - >| ->: ATM inportState itenCount: 0

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| ->: ATM export State nane: nodel Conp 1 Export State

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM exportState stateintent: ESMF_STATEI NTENT_EXPORT

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM exportState itenCount: 0

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| ->: ATM ESMF Stats: the virtual menory used by this PET (in KB): 974868

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM ESMF Stats: the physical menmory used by this PET (in KB): 49440

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM ESMF Stats: ESMF Fortran objects referenced by the ESMF garbage coll ection: 0O
20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| - >| - >: ATM ESMF Stats: ESMF objects (F & C++) referenced by the ESMF garbage col l ection: 0O
20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | - >| ->| ->: ATM >STOP I nitializeProl ogue for phase= 0

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM >START InitializeEpilogue for phase= 0

20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM ESMF Stats: the virtual nenory used by this PET (in KB): 974868

20131108 172844. 459 | NFO PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM ESMF Stats: the physical nenmory used by this PET (in KB): 49448

20131108 172844. 459 | NFO PETO COMPLI ANCECHECKER: | <- | <-| <-: ATM ESMF Stats: ESMF Fortran objects referenced by the ESMF garbage col |l ection: 0
20131108 172844. 459 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM ESMF Stats: ESMF objects (F & C++) referenced by the ESMF garbage col | ection: 0
20131108 172844. 459 | NFO PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM GridConp | evel attribute check: convention: 'NUOPC , purpose: 'General’.

20131108 172844. 459 WARNI NG PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM ==> Conponent |evel attribute: <ShortName> present but NOT set!
20131108 172844. 459 WARNI NG PETO COVPLI ANCECHECKER: | <- | <- | <-: ATM Conponent |evel attribute: <LongName> present but NOT set!
20131108 172844. 459 WARNI NG PETO COVPLI ANCECHECKER: | <- | <- | <-: ATM Conponent |evel attribute: <Description> present but NOT set!
20131108 172844. 459 WARNI NG PETO COVPLI ANCECHECKER: | <- | <- | <-: ATM Conponent |evel attribute: <Mdel Type> present but NOT set!
20131108 172844. 459 WARNI NG PETO COVPLI ANCECHECKER: | <- | <- | <-: ATM Conponent |evel attribute: <Rel easeDate> present but NOT set!
20131108 172844.459 WARNI NG PETO COVPLI ANCECHECKER: | <- | <- | <-: ATM Conponent |evel attribute: <PreviousVersion> present but NOT set!
20131108 172844. 459 WARNING PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM Conponent | evel attribute: <ResponsiblePartyRol e> present but NOT set!
20131108 172844. 459 WARNING PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM Conponent | evel attribute: <Name> present but NOT set!

20131108 172844. 459 WARNING PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM Conponent | evel attribute: <EnmilAddress> present but NOT set!
20131108 172844.459 WARNING PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM ==> Conponent |evel attribute: <Physical Address> present but NOT set!
20131108 172844.459 WARNING PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM ==> Conponent |evel attribute: <URL> present but NOT set!

Y

VVVVVVV

20131108 172844. 459 | NFO PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM Conponent |evel attribute: <Verbosity> present and set: high
20131108 172844. 459 | NFO PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM Conponent |evel attribute: <InitializePhaseMap>[1] present and set: |PDv02pl=1
20131108 172844. 460 | NFO PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM Conponent |evel attribute: <InitializePhaseMap>[2] present and set: |PDv02p3=2
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20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM Conponent |evel attribute: <InitializePhaseMap>[3] present and set: |PDv02p4=3

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM Conponent |evel attribute: <InitializePhaseMap>[4] present and set: |PDv02p5=5
20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM Conponent |evel attribute: <NestingGeneration> present and set: 0
20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER | <-| <-| <-: ATM Conponent |evel attribute: <Nestling> present and set: 0

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM inportState nane: nodel Conp 1 Inport State

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM inportState stateintent: ESM-_STATEI NTENT_I MPORT

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM inportState itenmCount: 0

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM exportState nane: nodel Conp 1 Export State

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM exportState stateintent: ESM-_STATEI NTENT_EXPORT

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM exportState itenCount: 0

20131108 172844. 460 | NFO PETO COMPLI ANCECHECKER: | <-| <-| <-: ATM The inconing C ock was not nodified.

20131108 172844.460 WARNING PETO COWPLI ANCECHECKER: | <-| <-|<-: ATM ==> The internal Cock is not present!

20131108 172844. 460 | NFO PETO COWPLI ANCECHECKER: | <-| <-| <-: ATM >STOP InitializeEpilogue for phase= 0

All of the output generated by the Compliance Checker casttiie stringCOMPLI ANCECHECK, which can be used
to grep on. The checker currently generates two types ofagess NFOfor general analysis output, aléARNI NG
for when issues with respect to the NUOPC Layer rules arectiste

In practice, when dealing with applications that have bemponentized down to a very low level of the model,
the output generated by the Compliance Checker can becoemelo®iming. For this reasondept h parameter is
available that can be specified for the Compliance Checkéramment variable:

ESMF_RUNTI ME_COWPLI ANCECHECK=ON: dept h=4

This will limit the number of component levels that the Corapte Checker parses (here 4 levels), starting from the
top level application.

5.2 The Component Explorer

The NUOPC Component Explorer is a run-time tool that can lel s gain insight into a NUOPC Layer compli-
ant component, or to test a component’s compliance. The Goerg Explorer is currently available as a separate
download from the prototype repository:

htt ps://sourceforge. net/p/esnfcontrib/svn/ HEAD t r ee/ NUOPC/ t r unk/ Conmponent Expl orer/

There are two parts to the Component Explorer. First th@seriopcExpl or er Scri pt is used to compile and
link the explorer application specifically against a spediftomponent. This part of the explorer leverages and tests
the standardized component dependencies discussedimnddciThis step is initiated by calling the explorer script
with the component’s mk-file as an argument:

. I nuopcExpl orer Scri pt <conponent-nk-file>

Any issues found during this step are reported. The suadessimpletion of this step will produce an executable
callednuopcExpl or er App. Success is indicated by

SUCCESS: nuopcExpl orer App successfully built
...exiting nuopcExpl orerScript.

and failure by

FAI LURE: nuopcExpl orerApp failed to build
...exiting nuopcExpl orerScript.

The second part of the Component Explorer is the explordicgtion itself. It can either be built using the explorer
script as outlined above (recommended when a makefile fragfoethe component is available) or by using the
makefile directly:
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make nuopcExpl orer App

In the second case the resultingopcExpl or er App is not tied to a specific component, instead the executable
expects a component in form of a shared object to be specifed @mmand line argument when executing
nuopcExpl or er App. In either case the explorer application needs to be statedrding to the execution re-
quirements of the component it attempts to explore. This magn that input files must be present, and that the
executable be launched on a sufficient number of processeterrhs of the commonpi r un tool, launching of
nuopcExpl or er App may look like this

nmpi run -np X ./ nuopcExpl orer App
for an executable that was built against a specific compoariike this
nmpi run -np X ./ nuopcExpl orer App <conponent -shared-object-file>

for an executable that expects a the component in form of iedludbject.

The nuopcExpl or er App expects to find a configuration file by the nameeofpl or er. confi g in the run
directory. The configuration file contains several basic ehpdrameter used to explore the component. An example
configuration file is shown here:

### NUOPC Conponent Explorer configuration file ###

start_year: 2009
start_nonth: 12
start _day: 01
start _hour: 00
start_m nute: 0
start _second: 0
stop_year: 2009
st op_nont h: 12
st op_day: 03
stop_hour: 00
stop_m nut e: 0
st op_second: 0
st ep_seconds: 21600

filter_initialize_phases: no

enabl e_run: yes
enabl e _finalize: yes

ThenuopcExpl or er App starts to interact with the specified component, using tferimation read in from the
configuration file. During the interaction the finding areaepd to stdout, with output that will look similar to this:

NUOPC Conponent Expl orer App
Expl oring a conponent with a Fortran nmodule front. ..
Model conponent # 1 InitializePhaseMap:

| PDvOOp1=1

| PDv0O0p2=2
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| PDVOOp3=3

| PDv00p4=4

Model conponent # 1 // nane = ocnA
ocnA: <LongName> . Attribute is present but NOT set!
ocnA: <Short Name> : Attribute is present but NOT set!

ocnA: <Description>: Attribute is present but NOT set!

ochA: inportState // itenCount = 2

ocnA: inportState // item# 001 // [FIELD name = pnsl
<St andar dName> = air_pressure_at_sea_ | evel

<Units> = Pa
<LongNane> = Air Pressure at Sea Level
<Short Name> = pnsl

ocnA: inportState // item# 002 // [FIELD name = rsns
<St andar dNane> surface_net _downward_shortwave fl ux

<Units> = Wm?2
<LongNane> = Surface Net Downward Shortwave Fl ux
<Short Name> = rsns

ocnhA: exportState // itenCount =1
ocnA: exportState // item# 001 // [FIELD name = sst
<St andar dNanme> = sea_surface_tenperature

<Units> = K
<LongNane> = Sea Surface Tenperature
<Short Name> = sst

Turning on the Compliance Checker (see sedfioh 5.1) willltés additional information in the log files.
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6 Appendix A: Run Sequence

The NUOPC Driver utilizes an internal class to paramettieertin sequence. TIMJOPC_RunSequence provides
a unified data structure that allows simple as well as conpiexloops to be encoded and executed. There are entry
points that allow different run phases to be mapped agaissictly different time loops.

Figure[2 depicts the data structures surrounding\H&PC_RunSequence, starting with the InternalState of the
NUOPC_Dr i ver generic component.

NUOPC_Driver :: InternalState: modelComp(:)
L7 012325 ™[ 3
type(ESMF_GridComp), pointer::modelComp(:) L———a EO ..........
type(ESMF_CplComp),pointer::connectorComp(:f:) <}
type(NUOPC_RunSequence), pointer::runSeq(:) o1 T~ [T
integer::runPhaseToRunSeqMap(10) % A O O

g 3 O I N
c
/ sal M1 11 [+
) 5

i<0,next=>NULL()

runPhaseToRunSeqMap()

—NUOPC_RunSequence————

type(ESMF_Clock)::clock
type(NUOPC_RunElement), pointer::firg

—NUOPC_RunSequence———————————] KN _RE— r/N_RE— | RE—
type(ESMF_Clock)::clock / / J / J
type(NUOPC_RunElement), pointer::firg phase hase hase
xt next next——>|

i<0, next=>.not.NULL()

— — —
model component reference connector component reference ENDDO LINK

Figure 2: NUOPC_RunSequence class as it relates to theusutirgy data structures.
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