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Chapter 1

Introduction

A new fully parallel coupler for Earth System Models (ESMSASIS4, has been developed within the
European PRISM project. Chapter 2 provides a more detaéedription of OASIS4 sources and how to
get them from the PRISM CVS server (7).

An ESM coupled by OASIS4 consist of different applicatioms €éxecutables), which executions are
controlled by OASIS4. Each ESM application may host only onenore than one climate component
models (e.g. model of the ocean, sea-ice, atmosphere, &tcijiteract with the rest of the ESM at run-
time, the component models have to include specific callsadXASIS4 PRISM System Model Interface
Library (PSMILe ). Each application and component model must be provideld MAdL files (11) that

describe its coupling interface established throlRgMILe calls. The configuration of one particular
coupled ESM simulation, i.e. the coupling and I/O excharigaswill be performed at run-time between
the components or between the components and disk filesnéstmothe user also through XML files.

During the run, OASIS4 Driver's role is first to extract thenfiguration information defined by the user
in the XML files and then to organize the process managemeaheafoupled simulation. OASIS4 Trans-
former’s role is to perform the regridding needed to expresgshe grid of the target models, the coupling
fields provided by the source models on their grid. The Drived the Transformer are described in
chapter 3.

The PSMiLe , linked to the component models, includes the Data Exchaiigary (DEL), which per-
forms the MPI-based (Message Passing Interface) (10) agelsaof coupling data, either directly or
via additional Transformer processes, and the GFDL 1ogforary (2), which reads/writes the I/O data
from/to files following the NetCDF format (9). THeSMILe and its Application Programming Interface
(API) are described in chapter 4.

The structure and content of the descriptive and configuXiktd. files are then detailed in chapter 5 and
in appendix B. In chapter 6, instructions on how to compild am a coupled model using OASIS4 are
given. Report on OASIS4 scalability is finally given in chexpt.

OASIS4 functionality has been demonstrated with diffeféoy” models. A “toy” model is an empty
model in the sense that it contains no physics or dynamicspibduces, however, a realistic coupling in
terms of the number of component models, the number, sizentargolation of the coupling or I/O fields,
the coupling or I/O frequencies, etc. In appendix A, the gxantoy models available with OASIS4 are
described. OASIS4 has also been used to realize the coup@imgeen the MOM4 ocean model (12) and
a pseudo atmosphere model reading forcing fields from fildsanding them to MOM4 . The results of
this coupling are described in (4).

Other MPI-based parallel coupler performing field transfation exist, such as the ‘Mesh based parallel
Code Coupling (MpCCI)’ (1) or the ‘CCSM Coupler 6’ (3). Thaginality of OASIS4 relies in its great
flexibility, as the coupling and I/O configuration is extdipalefined by the user in XML files, in its
parallel neighborhood search based on the geographicetiptesn of the process local domains, and its
common treatment of coupling and 1/0O exchanges, both peddrby thePSMiILe library.
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Chapter 2

OASIS4 sources

2.1 Copyright Notice

Copyright 2004 by CERFACS, NEC-CCRLE, SGI Germany, NEC HP&te CNRS.

This software and ancillary information called OASIS4 isdsoftware. The public may copy, distribute,
use, prepare derivative works and publicly display OASISdar the terms of the Lesser GNU General
Public License (LGPL) as published by the Free Software Bation, provided that this notice and any
statement of authorship are reproduced on all copies. IfISA% modified to produce derivative works,
such modified software should be clearly marked, so as natrtfuse it with the current OASIS4 version.

The developers of the OASIS4 software attempt to build allghranodular, and user-friendly coupler
accessible to the climate modelling community. Althoughuse the tool ourselves and have made every
effort to ensure its accuracy, we can not make any guarariéessoftware is provided for free; in return,
the user assume full responsibility for use of the softwafbe OASIS4 software comes without any
warranties (implied or expressed) and is not guaranteeathk for you or on your computer. CERFACS,
NEC-CCRLE, SGI Germany, NEC HPCE, and CNRS and the variaiigiduals involved in development
and maintenance of the OASIS4 software are not responsibbnf damage that may result from correct
or incorrect use of this software.

2.2 Reference

If you feel that your research has benefited from the use d&®IS4 software, we will greatly appreciate
your reference to the following report:

Valcke, S., R. Redler, R. Vogelsang, D. Declat, H. Ritzdarfd T. Schoenemeyer, 2004: OASIS4 User
Guide. PRISM Report Series No 3, 66 pp.

2.3 How to obtain OASIS4 sources

OASIS4 sources, Makefiles, and toy examples can be retriewadthe PRISM CVS repository, which
presently is hosted dmedanocin Zurich. For more details, refer to (7) or to the PRISM welm¥inload’
page at http://prism.enes.org . The CVS module name is “MRCPI". The functionality described in
this report correspond to the sources tagged “"OASIS4To obtain the CVS login and password, please
contact us.
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2.4 OASIS4 directory structure

The OASIS4 structure obtained when extracting the moduRISIM_Cpl” from the CVS server is the
following?.:

-PRISM_Cpl/Makefile

make-tex
make_dir/ Makefile environment
-PRISM_Cpl/doc OASIS4 documentation
-PRISM_Cpl/examples Different ‘toy’ examples to test OASI S4
-PRISM_Cpl/include OASIS4 include files
-PRISM_Cpl/source/del PSMILe Data Exchange Library sourc es
[driver Driver and Transformer sources
fio PSMiLe 1/O sources
/mpp_io GFDL 1/O library used by PSMiLe
Ixml Routines for XML access used by Driver
and PSMiLe
-PRISM_Cpl/util Some utilities

10ASIS4 is not yet adapted to the PRISM Standard directougsire, compiling, and running environments.



Chapter 3

OASIS4 Driver and Transformer

OASIS4 Driver and Transformer tasks are described in traptr to give the user a complete understand-
ing of OASIS4 functionality. The realisation of these tasksun-time is however completely automatic
and transparent for the user. OASIS4 Driver and Transfoareparallel, although only the main process
is used to execute the Driver’s tasks.

3.1 The Driver

The first task of the Driver is to get the process managemémtniation defined by the user in the SCC
XML file (see section 5.3). The information is first extractesing the libxml C library (13), and then
passed from C to Fortran to fill up the Driver structures.

Once the Driver has accessed the SCC XML file informationjlit iithe user has chosen trspawn ap-
proach, launch the different executables (or applicajitimst compose the coupled model, following the
information given in the SCC file. For tlspawn approach, only the Driver should therefore be started and
a full MPI12 implementation (6) is required as the Driver uges MPI12MPI_CommSpawn_Multiple
functionality. If only MPI1 implementation is available}, the Driver and the applications must be all
started at once in the running script; this is the so-called_spawn approach (see also 6.4). The advan-
tage of thespawn approach is that each application keeps its own internahwomication context (e.g.
for internal parallelisation) unchanged as in the stantaimode, whereas in tht _spawn approach,
OASIS4 has to recreate an application communicator that treisised by the application for its own
internal parallelisation. Of course, thet _spawn is also possible if an MPI2 library is used.

The Driver then participates in the establishment of thiedéht MP1 communicators (see section 4.1.3),
and transfers the relevant SCC information to the diffecemiponent moddPSMILes (corresponding to
theirprism _init call, see section 4.1.1).

When the PRISM simulation context is set, the Driver accefise SMIOCs XML files information (see
section 5.4), which mainly defines all coupling and I/0O exafes (e.g. source or target components or
files, local transformations, etc.). The Driver sorts tlimponent specific information, and defines global
identifiers for the components, their grids, their coupli@gfields, etc. to ensure global consistency be-
tween the different processes patrticipating in the cogplifinally, the Driver sends to each component
PSMILe the information relevant for its coupling or I/O exchangeg( source or target components or
files and their global identifier) and information about trensformations required for the different cou-
pling fields. This corresponds to the componB&MILe prism _init _comp call (see section 4.1.2).
With such information, the PRISM applications and compasi@mne able to run without any other inter-
actions with the Driver.

Analysing the XML information, the PRISM Driver is able totdemine how many Transformer processes
are required, if any. The Driver processes are then usedetougx the Transformer routines (see Section
3.2).
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When a component reaches the end of its execution, its megsgnd a signal to the Transformer instance
by calling the PRISMTerminate routine (see Section 4.7.1). Once the Transfoimstance has received
as many signals as processes active in the coupled run, #msf@rmer routines stop and the Driver
finalizes the simulation.

3.2 The Transformer

The PRISM Transformer manages the regridding (also calledriterpolation) of the coupling fields,
i.e. the expression on the target component model grid ofiglicw field given by a source component
model on its grid. The Transformer performs only the weiglatieulation and the regriddinger se As
explained in section 4.5.1, the neighborhood search, he.déetermination for each target point of the
source points that will contribute to the calculation ofriggridded value, is performed in parallel in the
sourcePSMlLe.

The PRISM Transformer can be assimilated to an automateahets following predefined sequences of
actions considering what is demanded. The implementafitreclransformer is based on a loop over the
receptions of predefined arrays of ten Integers sent by tmpopentPSMILe . These ten integers give a
clear description of what has to be done by the Transformee. Transformer is thus able to react with a
pre-defined sequence of actions matching the corresposdingence activated on the sender side.

The first type of action that can be requested by the compdtehtiLe is to receive the grid information
resulting of the different neighbouring searches. The Ji@mer receives, for each intersection of source
and target process calculated by #8MiLe , the latitude, longitude, mask, or areas of all source and
target grid points in the intersection involved in the rddmg (EPIOS and EPIOT, see section 4.5.1).
The Transformer then calculates the weight correspondingath source neighbour depending on the
regridding method chosen by the user. The end of this phasesponds in the component models to the
PSMiILe routineprism _enddef .

During the simulation timestepping, the Transformer reeeiorders from théSMiLe linked to the
different component processes to receive data for tramsftbon (source component process) or to send
transformed data (target component process). After a tiecephe Transformer applies the appropriate
transformations or regridding following the informatioollected during the initialisation phase (here, the
regridding corresponds to applying the pre-calculatedyinsito the source field). In case of request of
fields, the Transformer is able to control if the requestdd fias already been received and transformed.
If so, the data field is sent; if not, the data field will be sesitsaon as it will have been received and
treated.

At the end of the run, the Transformer is informed by the pguditing processes once they are ready to
finish the coupled simulation; the Transformer then givestiiind back to the Driver.



Chapter 4

OASIS4 Model Interface library (PSMILe)

To communicate with the rest of the coupled system, each coem model needs to perform appropriate
calls to thePRISM System Model Interface LibraryPSMILe). The PSMILe is the software layer that
manages the coupling data flow between any two (possibliMiereomponent models, directly or via
additional Transformer processes, and handles data If@todiles.

ThePSMiILe is layered, and while it is not designed to handle the combiméernal communication, it
completely manages the communication to other model coemierand the details of the 1/O file access.
The detailed communication patterns among the possiblgliphcomponent models are established by
thePSMILe. They are based on the source and target components idéfdifieach coupling exchange
by the user in the SMIOC XML files (see section 5.4) and on tballdomain covered by each component
process. This complexity is hidden from the component cadesell as the exchanges of coupling fields
per sebuilt on top of MPI. In order to minimize communication, tRSMILe also includes some local
transformations on the coupling fields, like accumulatereraging, gathering or scattering, and performs
the required transformation locally before the exchangé wther components of tHeRISMsystem.

The interface was designed to keep modifications of the mumtits at a minimum when implementing
the API. Some complexity arises however in the API from thed® transfer not only the coupling data
but also the meta-data as will be explained below.

In order to match the data structures of the various comporauhes (in particular for the geograph-
ical information) as closely as possible, Fortran90 owting is used. All grid description and field
arrays provided by the component code throughRS#MILe API (e.g. the grid point location through
prism _set _points , see 4.3.8) can have one, two or three humerical dimensiwmhgan be of type
“Real” or “Double precision”. There is no need to copy theadatrays prior to th€SMILe API call in
order to match some predefined interR&MILe shape. To interpret the received array correctly, a prop-
erly defined grid type it is required (see section 4.3.1)esitme grid type implicitly specifies the shape of
the data arrays passed to tA8MiLe.

A major principle followed throughout the declaration phiasd during the transmission of transient fields
is that of using identifiers (Id) to data objects accessibléhe user space once they have been declared.
Like in MPI, the memory that is used for storing internal eg@ntations of various data objects is not
directly accessible to the user, and the objects are actesséeheir Id. Those Ids are of typ&lTEGER

and represent an index in a table of the respective objebis.object and its associated Id are significant
only on the process where it was created.

ThePSMILe API routines that are defined and implemented are not sutgjenbdifications between the
different versions of th®@ RISMcoupler. However new routines may be added in the futuregpat new
functionality. In addition to that theSMILe is extendable to new types of coupling data and new types
of grids.

The next sections describe the functioning of #&MILe, and explain its different routines in the logical
order in which they should be called in a component model.
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4.1 Initialisation phase

The developer first has to use in his code the PRISM modulse(PRISM’ |, see
PRISM.Cpl/include/prismf.FO0 ), which declares all PRISM structures and PRISM integerethm
parameters frorprism.inc  (data types, grid types, error codes, etc.). The followmgines then par-
ticipate in the coupling initialisation phase:

4.1.1 prisminit

prism _init (appl _name, ierror)

| Argument | Intent | Type | Definition
appl _-name | In character(len=%*) name of application in SCC XML file
ierror Out Integer returned error code

Table 4.1: prism.init arguments

The initialisation of the PRISM interface and the couplingvieonment is performed with a call to
prism _init . This routine belongs to the class of so-called collectads@nd therefore has to be called
once initially by each process of each application, eitheérectly or indirectly via
prism _init _comp (see 4.1.2).

Since all communication is built on MPI routines, the irigation of the MPI library is checked be-
low prism _init , and a call toMPI_Init is performed if it has not been called already by the ap-
plication. It is therefore not allowed to place a callMPI_Init  after theprism _init  call in the
application code, since this will lead to a runtime errorhamhost MPI implementations. Conversely,
a call toprism _terminate  (see 4.7.1) will terminate the coupling. MPI_Init has been called
beforeprism _init , internal message passing within the application is stifgible after the call to
prism _terminate ;inthis caseMPI_Finalize  must be called somewhere affgism _terminate

in order to shut down the parallel application in a well dedimay.

Within prism _init , it is detected if the coupled model has been started irspagvn or not _spawn
mode (see 3.1). Ispawn mode, all spawned processes remaipiism _init and participate in the
launching of further processes until the spawning of alliappons is completed.

Belowprism _init call, the SCC XML information (see 5.3) is transfered frora Driver to the appli-
cation procesPSMiLe (see 3.1).

4.1.2 prisminit_comp

prism _nit _comp (comp.d, comp _name, ierror)

| Argument | Intent | Type | Definition
comp.id Out Integer returned component Id
comp_name | In character(len=%*) name of component in SCC XML file
ierror Out Integer returned error code

Table 4.2: prism.init_.comp arguments

prism _nit _compneeds to be called initially by each process once for eaclpoosnt model executed
by the process, no matter if different component models x@ewted sequentially by the process or if the
process is devoted to only one single component model.

If prism _init has not been called before by the procgsism _init _comp calls it and returns with
a warning. Although recommended, it is therefore not nesgde implement a call tprism _init

Below theprism _init _comp call, the component SMIOC XML information (see 5.4) is tif@ned
from the Driver to the component procd8SMiLe(see 3.1).
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4.1.3 prismgetlocalcomn

prism _get _localcomm (comp .d, local = _comm, ierror)
| Argument | Intent | Type | Definition \
comp.id In Integer component Id oPRISM Appl _id

local _comm| Out Integer returned MPI communicator to be used by the component or
the application for its internal communication
ierror Out Integer returned error code

Table 4.3: prism getlocalcomm arguments

MPI communicators for the application and the componentehimtiernal communication, separated from
the MPI communicators used for coupling exchanges, aregedwy thePSMILe and can be accessed
viaprism _get _local _comm

If comp.id argument is the component Id returned by rougmmsm _init _comp, local _commis
a communicator gathering all component processes whidbdcptism _init _comp with the same
comp_name argument; if instead, the predefined named intdgfetSM appl _id is provided, the re-
turnedlocal _commis a communicator gathering all processes of the applicatio

This routine needs to be called only by MPI parallel codes thie only MPI specific call in theSMILe
API.

4.1.4 prisminitialized

prism _initialized (flag, ierror)

| Argument] Intent | Type | Definition \
flag Out Logical logical indicating whetheprism _init  was already called or nat
ierror Out Integer returned error code

Table 4.4: prism.initialized arguments

This routine checks iprism _init  has been called before.flag is true,prism _init was success-
fully called; if flag is false,prism _init was not called yet.
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4.2 Retrieval of SCC XML information

This section presentBSMILe routine that can be used in the application code to retrig®€ ML
information (see 5.3).

4.2.1 prismgetnb_ranklists

prism _get _nb_ranklists (comp _-name, nb _ranklists, ierror)
| Argument | Intent | Type | Definition \
comp_name In character(len=*) name of the component in the SCC XML file
nb _ranklists Out Integer number of rank lists for the component in the
SCCfile
ierror Out Integer returned error code

Table 4.5: prism.get nb_ranklists arguments

This routine needs to be called bef@rsm _get _ranklists (see 4.2.2) to obtain the number of rank
lists that are specified for the component model in the SCC XiML(i.e. the number of elementank
specified for the elemembmponent , see 5.3).

4.2.2 prismgetranklists

prism _get _ranklists (comp _-name, nb _ranklists,ranklists, ierror)
| Argument | Intent | Type | Definition \
comp_name In character(len=*) name of the component in the SCC XML file
nb _ranklists In Integer number of rank lists
ranklists Out Integer Array(nb _ranklists,3) contain-
ing for the nb_ranklists lists of
component ranks: a minimum value
(nb _ranklists,1) , @ maximum value
(nb _ranklists,?2) , an increment value
(nb _ranklists,3)
ierror Out Integer returned error code

Table 4.6: prism.getranklists arguments

This routine returns the lists of ranks that are specifiedifercomponent in the SCC XML file. The ranks
are the numbers of the application processes used to rumthpanent model; in the SCC XML file, the
component model ranks are given as lists of 3 numbers giuirgach list, a minimum value, a maximum
value, and an increment value (see also section 5.3). Fonmgaif processes numbered 0 to 7 are used
to run a component model, this can be describe with one rankdjj 7, 1); if processes 0to 2 and 5 to 7
are used, this can be described with two rank lists (0, 2, dYan7, 1). If no maximum values is specified
in the SCC file the maximum value is set to the minimum valuaolincrement is specified the increment
is setto 1.

Rationale: The application rank lists may be needed before the calrigm _init _comp in order to
run the components according to the rank lists. Since a coemidd is available only after the call to
prism _nit _comp, the component name is required as input argument tortke _get _ranklists

call instead of the component Id.
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4.3 Grids and related quantities definition

NB: Apects included in thBeSM Le design but not fully implemented or tested are describediainted
fonts hereafter.

In order to describe the grids on which the variables of camepd models are placed, a slightly new
approach was chosen.

The first step is to declare a grid (spgsm _def _grid in 4.3.1). The grid volume elements which
discretize the sphere need then to be defined by providingdheer points (vertices) of these volume
elements (seprism _set _corners in 4.3.2). At this time, other properties of these volumeradats
can also provided, such as the volume element dimensioepiisen _set _scalefactors in 4.3.3).

A 4th dimension within the volume which represents theitvaaif different subgrid classes can also be
defined so that variables with subgrid informations can h@esented (sepri smset subgri d in
4.3.6.

In a second step, different sets of points on which the commomodel calculates its variables can be
placed in these volume elements. Usually, there will be amg definition of volume elements per
grid but a larger number of sets of points for different viales on the same grid. The model developer
describes where the points are located (s&&m _set _points in 4.3.8). Points can represent means,
extrema or other properties of the variables within the n@uFor vectors, three different sets of points
can be placed and associated with each other (seesmset vect or in 4.3.9) so that the different
vector components need not to be at the same location (staygeids). Local properties of the points
can also be described, e.g. the local angle of the grid at thiet{seepr i smset _angl e in 4.3.10).

3D description of all grids

All grids have to be described as covering a 3D domain. A 2[asarin a 3D space necessarily requires
information about the location in the third dimension. Frample, the grid used in an ocean model to
calculate the field of sea surface temperature (SST) wouldekeribed vertically by a coordinate array
of extent 1 in the vertical direction; the (only) level at whithe SST field is calculated would be defined
(prism _set _points ) as well as its vertical boundpiism _set _corners ).

Fields not located on a geographical grid (‘gridless’ fields

The description of the grid and related quantities is dorallp for the domain treated by the local
process. The patterns used to exchange (or read/writeptigicg (or 1/0) fields will usually be based
on the geographical description of the process local domiim fields not located on a geographical
grid, the coupling exchanges (or the I/O) are also suppqrbesed on the description of the process local
partition in terms of indices in the global index space (se&eM4and 4.3.7).

Grids evolving during the run

If the grid definition changes during the run, it is allowedthe code to recall the different routines
defining the grid described in this section. A comparisonatédrrays will automatically be performed
by PSM Le that will detect which part of the data information has chadgAppropriate actions will then
be performed concerning the modified part only.
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4.3.1 prismdef_grid
prism _def grid (grid  .id, grid _name, comp.d, grid _valid _shape, grid _type,

ierror)
| Argument | Intent | Type | Definition \

grid _id Out Integer returned grid Id

grid _name In character(len=%*) name of the grid in the PMIOD and
SMIOC XML files (unique within the
component)

comp.id In Integer component Id as provided by
prism _nit _comp

grid _valid _shape | In Integer array@, ndim ) (see Table 4.8) giving
for each dimension the minimum and
maximum index of the valid range (see
below)

grid _type In Integer PRISM integer named parameter de-
scribing the grid structure (see Tahle
4.8)

ierror Out Integer returned error code

Table 4.7: prism.def.grid arguments

This routine declares a grid and describes its structure.

e grid _valid _shape

The arraygrid _valid _shape is dimensionedZ,ndim )and gives, for each of thedim dimen-
sions (see Table 4.8), the minimum and maximum local indéxegacorresponding to the “valid”
part of the arrays treated by the process, without the hglomei.e.ilocoy , ilochigh, jloCiow, jlochign
on figure 4.1. For example, if the extent of the first dimenssoh00, it may be that the “valid” part
of the array goes from 2 to 98.

e grid _type
The argumengrid _type describes the grid type and implicitly specifies the shapthefgrid
description and field arrays passed to BfeMILe. Grids that are supported cover regular grids,
irregular grids in longitude and latitude and/or the vetdticompletely unstructured grids, and hor-
izontally unstructured grids with regular or irregular tieail axis. Table 4.8 lists:

— the possible values @frid _type for the different grids supported lBSMILe;

— the corresponding shape of the grid description arsaifs _1st _array ,sclf _2nd_array |,
sclf 3rd _.array in prism _set _scalefactors , Oor points _1st _array ,
points _2nd_array ,points _3rd _array inprism _set _points ;

— the corresponding shape of the arrayask _array ,angle _array ,subgrid _array and
var _array respectively irprism _set _mask, prism _set _angle ,prism _set _subgrid ,
andprism _put /prism _get ;

— corresponding number of dimensiondim .

For fields not located on a geographical grid (‘gridless’d&®)prism _def _grid still has to be called
with grid _type=PRISM gridless and the ‘grid’ is described solely by its shape and by itsifiant
(see 4.3.7), with no geographical information attached.

The PSMILe API as it is currently defined is able to receive and store dioates of unstuctured grids
(see grid typePRISM.unstructlonlat regvrt , PRISMunstructlonlat sigmavrt , and
PRISM.unstructlonlatvrt below). 1/O of fields defined on unstructured grids are sujggbas
long as the partition definition (see 4.3.7) of the grid isvited. However, additional information and



4.3. GRIDS AND RELATED QUANTITIES DEFINITION

(¢halopign, jhalopign)

local part

(ilochigh, jlochign)
’ :

(ihalOsz ) jhalol()w)

%(ilOCzow ’ jloclow)

overlap

Figure 4.1: Halo region and local (valid) domain.

grid_type 1starray | 2nd.array | 3rd.array | maskarray ndim
anglearray
subgridarray
var.array
PRISM.reglonlatvrt 0] )] (K) (i,},K) 3
PRISM.irrlonlat regvrt (i) (i) (k) (i,j,K) 3
PRISMirrlonlatvrt (i,j,k) (i,j,k) (i,j,k) (i,j,k) 3
PRISM.irrlonlat _sigmauvrt (i) (i) (i,j,K) (i,j,K) 3
PRISMreglonlat  _sigmavrt 0] )] (i,j,K) (i,j,K) 3
PRISM.unstructlonlat Tegvrt (npthor) | (npthor) | z(k) (npt.hor,k) 2
PRISM.unstructlonlat _Sigmauvrt (npthor) | (npthor) | (npthork) | (npthor,k) 2
PRISM.unstructlonlatvrt (npttot) | (npttot) | (npttot) (npt.tot) 1
PRISMgridless 3

Table 4.8: Possible values ajrid _type for the different grids supported BBSMiLe.

related API routines have to be defined for processing caggdields provided on those grids. Therefore,

coupling of fields defined on an unstructured grid is not cedsyet.
Other characteristics of the grid will be described by otleeitines, and the link will be made by the grid

identifiergrid _id .
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4.3.2 prismsetcorners

prism _set _corners (grid _id, nc, corner _actual
corner _2nd _array, corner

_shape, corner
_3rd _array, ierror)

_1st _array,

| Argument | Intent | Type | Definition \

grid _id In Integer grid Id returned byrism _def _grid

nc In Integer total number of corners for each volume
element

corner _actual _shape | In Integer array(2,ndim)  giving for eachndim
dimension ofcorner xxx _array the
minimum and maximum index of the ac-
tual range (see below)

corner _1st _array In Real or Double corner longitude (see Table 4.10)

corner _2nd_array In Real or Double corner latitude (see Table 4.10)

corner _3rd _array In Real or Double corner vertical position (see Table 4.10)

ierror Out Integer returned error code

Table 4.9: prism.setcorners arguments

For geographical grids, the volume elements which dissedtie computing domain covered locally by
the process are defined by giving the corner points (vejticethose volume elements. The exchange
and repartitioning between two coupled component modebs fi¢ld provided on a geographical grid

(‘gridded field") will be based on this geographical destioip of the local partition.

e corner _actual _shape

The arraycorner _actual _shape is dimensionedZ,ndim ) and gives, for each of thedim
dimensions (see Table 4.8), the minimum and maximum loa#@xnvalues corresponding to the
“actual” part of the arrays treated by the process includiialg regionscorner _actual _shape

is therefore greater or equal to thed _valid _shape (see section 4.3.1). For example, if the
actual extent of the first dimension is 100, it may be that gdelvndex goes from 0 to 99, or from
1to 100.

e corner _Xxx _array
Units of cor ner xxx_array

Units of arrayscorner xxx _array describing the grid volume elements should be indicated in
the PMIOD and SMIOC XML files; they are not included in thgsm _set _corners call.

In the currenfPSMILe version,corner _1st _array andcorner _2nd_array must be respec-
tively provided in degrees East and degrees North (spheracadinate system). Other units will
eventually be supported later when appropriate automatigarsion will be implemented.

Forcorner _3rd _array , units must be the same on the source and target dideslater stage,
PSM Le will allow the transfer of functions and associated variylit will then be able to perform
transformation of units (e.g. calculate the pressure at ipalar hybrid level k, given the com-
ponents of the hybrid coordinate at level k, a field of refeeepressure, and the surface pressure
field). Furthermore, in case vertical interpolation is neededy anlts in which linear interpolation
make sense are supported (e.g. meters or pressure, butbr@)hyf no vertical interpolation is
required, all vertical units are allowed (as long as thetlaeesame on the source and target sides).

Shape ofcor ner _act ual shape
Table 4.10 gives the expected shape ofdbmer xxx _array for the variouggrid _type .
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| grid _type | cornetlstarray | corner2nd array | cornet3rd.array |
PRISM.reglonlatvrt (1,2) (4,2) (k,2)
PRISMirrlonlat regvrt (i,), NChary) (i,), NChary) (k,2)
PRISM.irrlonlatvrt (i,j,k,nc) (i,j,k,nc) (i,j,k,nc)
PRISM.irrlonlat _sigmauvrt (i,j,nCharf) (i,j,nCharf) (i,j,k,nc)
PRISMreglonlat  _sigmavrt (1,2) (4,2) (i,j,k,nc)
PRISM.unstructlonlat Tegvrt (npthor,ng,,;r) | (npthor,ngqys) | (k.2)
PRISM.unstructlonlat _sigmavrt (npthor,ng,,;¢) | (npthor,ng,s) | (npthork,nc)
PRISM.unstructlonlatvrt (npt.tot,nc) (npt.tot,nc) (npt.tot,nc)

Table 4.10: Dimensions otorner xxx _arrays for the variougyrid _type ; nc is the total number of corners

for each volume elementic ;¢ is nc divided by 2;i , j , k, npt _hor , andnpt _tot are the extent

of the respective numerical dimensions (see Table 4.8).

4.3.3 prismsetscalefactor

prism _set _scalefactor(grid id, sclf  _actual _shape, sclf _1st _array,
sclf _2nd_array, sclf _3rd _array, ierror ierror)
| Argument | Intent | Type | Definition \
grid _id In Integer grid Id returned byrism _def _grid
sclf _actual _shape | In Integer array(2,ndim)  giving for eachndim

dimension of sclf xxx _array the
minimum and maximum index of actua
range (seeorner _actual _shape in

4.3.2)
sclf _1st _array In Real or Double Array containing the first scalefactor.
sclf _2nd _array In Real or Double Array containing the second scalefactoy.
sclf _3rd _array In Real or Double Array containing the third scalefactor.
ierror Out Integer returned error code

Table 4.11: prismsetscalefactor arguments. The shapes suif _1st _array , scif _2nd_array and
sclf _3rd _array depends on gridiype (see Table 4.8).

The volume element pseudo-dimensions are provided wtR8M Le call. An exact or pseudo horizon-
tal area in the latitude-longitude plane can be calculatsdtive product of the first two scalefactors; the
exact volume of the volume element can be calculated by tiuigir of the 3 scalefactors. This routine is
implemented but not used by OASIS4 yet.
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4.3.4 prismsetmask

prism _set _-mask(mask .id, grid _.d, mask _actual _shape, mask _array,
new_mask, ierror)

| Argument | Intent | Type | Definition \
mask_id InOut | Integer mask Id
grid _id In Integer grid Id returned byprism _def _grid
mask_actual _shape | In Integer array2,ndim) giving for each ndim di-

mension of mask_array the  minimum
and maximum index of actual range (see
corner _actual _shape in4.3.2)
mask_array In Logical array of logicals; see Table 4.8 for its dimensions;
if an array element is .true. (.false.), the corfe-
sponding field grid point is (is not) valid.
new_mask In Logical if .true. a mask is specified for the first time for
this maskid (Out); if .false. mask values for this
maskid (In) are updated
ierror Out Integer returned error code
Table 4.12: prism.setmask arguments

This routine defines a mask array. Different masks can beatefor the same grid. One particular mask
will be attached to a field by specifying the correspondimask_id in theprism _def _var call used to
declare the field (see section 4.4.1).

4.3.5 prismsetvectormask

prism _set vectormask(vectormask did, mask _ids, new _vectormask, ierror)
| Argument | Intent | Type | Definition \
vectormask id InOut | Integer Id of a set of 3 masks
mask_ids In Integer array(3) containing thenask_id s that correspond to
the masks of the 3 component of a vector field
new_vectormask In Logical if .true. a set of 3 masks is specified for the first time

for this vectormaskd (Out); if .false. mask_id val-
ues for this vectormasld (In) are updated
ierror Out Integer returned error code

Table 4.13: prism.setvectormask arguments

This routine associates timeask_id s that correspond to the masks of the 3 component of a veckdr fie
This set of 3mask_id s will be attached to a vector field in the correspondingm _def _var call (see
section 4.4.1)1/O of vector fields are currently supported but coupling ettor fields are not
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4.3.6 prismsetsubgrid

prism _set _subgrid (subgrid dd, subgrid  _name, grid _.id, nbr _subgrids,
subgrid _actual _shape, subgrid _array, new _subgrid, ierror)

| Argument | Intent | Type | Definition \

subgrid _id InOut | Integer subgrid Id

subgrid _name In character(len=%*) name of the subgrid in the
PMIOD and SMIOC XML files
(unique within the component)

grid _id In Integer grid Id returned by
prism _def _grid

nbr _subgrids In Integer number of subgrid classes

subgrid _actual _shape | In Integer array(2,ndim) giving for
each ndim dimension of
subgrid _array the min-
imum and maximum in-
dex of actual range (see
corner _actual _shape in
4.3.2)

subgrid _array In Real or Double array giving the fraction for each
subgrid class in each cell; see
Table 4.8 for its dimensions

new_subgrid In Logical if .true. subgrid classes are spegc-
ified for the first time for this
subgridid (Out); if .false. sub-
grid classes for this subgridi
(In) are updated

ierror Out Integer returned error code

Table 4.14:prism.setsubgrid arguments

With pri smset _subgri d , a 4th dimension within the volume elements, which reptestae frac-
tion of different subgrid classes, can also be defined sovaaables with subgrid informations can be
exchanged. This routine is implemented but not fully tegsed



CHAPTER 4. OASIS4 MODEL INTERFACE LIBRARY (PSMILE)

4.3.7 prismdef_partition

prism _def _partition (grid dd, nbr _subdomains, offset array, extent _array,
ierror)
| Argument | Intent | Type | Definition \
grid _id In Integer grid Id returned byprism _def _grid
nbr subdomains | In Integer number of subdomains, in the global index space, gov-
ered by thegrid _valid _shape domain
offset _array In Integer arrayfbr _subdomains, ndim ) containing for each

subdomain the offset in eaaidim dimension in the
global index space.
extent _array In Integer arrayfibr _subdomains, ndim ) containing for each
subdomain the extent in eactdim dimension in the
global index space.
ierror Out Integer returned error code

Table 4.15: prism.def_partition arguments

The local partition treated by the model process can alsoeeribed in term of indices in the global
index space.

The global index space is a unique and common indexing fagral points of the component model.
For example, if a component model covers a global domain @fg2fal points that is distributed over two
processes covering 100 points each, the first and secontigpeldcal indices (assuming that arrays have
only 1 numerical dimension, i.endim=1 ) will both be (1:100); however, theglobal indices will be
respectively (1:100) and (101:200).

A partition may also cover different sets of points discanad in the global index space; each one of
those sets of point constitutes one subdomain and has tesbelukrl by its offset and extent in the global
index space. Let's suppose, for example, that the 200 giintgpof a component model are distributed
over two processes such that points 1 to 50 and 76 to 100 atedrey the first process and such that
points 51 to 75 and 101 to 200 are treated by the second prdoetsss case, the number of subdomains
for each process is 2, and the first process subdomains caesbgelad (still assuming that arrays have
only 1 numerical dimension i.endim=1 ) with global offsets of 0 and 7%offset _array(1,1)=0
offset _array(2,1)=75 ) and extents of 50 and 25 exXtent _array(1,1)=50
extent _array(2,1)=25 ), while the second process subdomains can be describedbsl giffsets

of 50 and 100 ¢ffset _array(1,1)=50 , offset _array(2,1)=100 ) and extent of 25 and 100
(extent _array(1,1)=25 ,extent _array(2,1)=100 ).

For I/O of fields given on unstructured grid, this informatis mandatory to use the parallel /O mode
(see section 4.6).

In a future version, coupling exchanges and/or I/O of ‘gesl’ fields, i.e. fields not located on a geo-
graphical grid, will also be supported, based on the ded@ipof the process local partition in terms of
indices in the global index space. For ‘gridded’ fields, thisscription has the potential advantage, for
full matching source and target grids, of optimizing thegidiorhood search (not implemented yet).
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4.3.8 prismsetpoints

prism _set _points ( point did, point  _name, grid _id, points  _actual _shape,
points _1st _array, points _2nd _array, points _3rd _array,
new_points, ierror)

| Argument | Intent | Type | Definition \

point _id INOut | Integer set of points Id

point _name In character(len=%*) name of set of points name in the
PMIOD and SMIOC XML files
(unigue within the component)

grid _d In Integer grid Id returned by
prism _def _grid

points _actual _shape | In Integer array(2,ndim) giving for
each ndim dimension of
points _xxx _array the
minimum and maximury
index of actual range (sege
corner _actual _shape in
4.3.2)

points _1st _array In Real or Double array giving the longitudes fof

this set of grid points; see Table
4.8 for its dimensions

points _2nd _array In Real or Double array giving the latitudes for thi
set of grid points; see Table 4|8
for its dimensions

points _3rd _array In Real or Double array giving the vertical position
for this set the grid points; see Ta-
ble 4.8 for its dimensions
new_points In Logical if .true. points are specified fo
the first time for this poinid
(Out); if .false. points for thig
point.id (In) are updated

ierror Out Integer returned error code

Table 4.16: prism.setpoints arguments

\"2J

1°2)

—

With prism _set _points the model developer describes the geographical locatidheovariables on
the grid. Variables can represent means, extrema or otlugegres of the variables within volume.
Different sets of points can be defined for the same grid ¢etasyl grids); each set will have a differ-
entpoint _id . A full 3D description has to be provided; for example, a depaints discretizing a
2D surface must be given a vertical position. Units paints _1st _array , points _2nd_array
and points _3rd _array must be respectively the same than the onesctoner _1st _array ,
corner 2nd_array andcorner _3rd _array (see section 4.3.2).
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4.3.9 prismsetvector

prism _set _vector (vector did, vector _name, array _ids, new _vector, ierror)

| Argument | Intent | Type | Definition \
vector _id InOut | Integer Id of the vector sets of points

vector _name | In character(len=%*) name of the vector sets of points in the

PMIOD and SMIOC XML files (unique
within the component)

array _ids In Integer array(3) containing theoint _id s returned
by previous calls toprism _set _points
used to define the set of points for each vegtor
component
new_vector In Logical if .true. vector sets of points are specified for
the first time for this vectaid (Out); if .false.
vector sets of points for this vectdd (In) are
updated

ierror Out Integer returned error code

Table 4.17: prism.setvector arguments

For vector fields, sets of points which have been defined fcin gactor component by a previous call to
prism _set _points can be linked together with a call fwism _set _vector (e.g. on a Arakawa C
grid all three vector components are located on differetst gepoint in the physical space). In any case,
three validpoint _id s need to be specified array _ids . I/O of vector fields are currently supported
but coupling of vector fields are not

4.3.10 prismsetangle

prism _set _angle(point  .d, angle _actual _shape, angle _array, new _angle, ierror)

| Argument | Intent | Type | Definition \

point _id In Integer point set Id returned by
prism _set _points

angle _actual _shape | In Integer array(2,ndim)  giving for eachndim
dimension ofangle _array the min-
imum and maximum index of actual
range (seecorner _actual _shape
in4.3.2)

angle _array In Real or Double array giving the local angle of the grid

at the each grid point; see Table 4.8 for
its dimensions
new_angle In Logical if .true. angles are defined for the first
time for thispoint _id (Out); if .false.
angles for thispoint _id (In) are up-
dated

ierror Out Integer returned error code

Table 4.18: prism.setangle arguments

The local angle of the grid at the each grid point can be déwadi If a vector sets of points is defined by 3
callstopri smset _poi nt and associated bgri smset _vect or, than the angles for each of these
3 sets of points will have to be defined by a sepapatesmset _angl e . This routine is implemented
but not fully tested yet.
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4.4 Declaration of Coupling/IO fields

4.4.1 prismdef.var

prism _def var(var .d, var _name, grid _.id, point _d, mask _.d, var _nodims,
var _actual _shape, var _type, ierror)

| Argument | Intent | Type | Definition \

var _id Out Integer returned field Id

var _name In character(len=*) name of the field in the PMIOL
and SMIOX XML files (at-
tribute local name of element
transient ) (unique within the
component)

grid _d In Integer Id of the field grid (as returned by
prism _def grid )

point _id In Integer Id of the field set of points as returned by

prism _set _points (for scalar field),
or Id of the subgrid as returned
by prism _set _subgrid (for subgrid
field), or Id of the vector sets of points as
returned byprism _set vector (for
vector field), or PRISMLUNDEFINED
(for ‘gridless’ field)

mask_id In Integer Id of the field mask as returned
by prism _set _mask, or Id of
the set of 3 masks as returned py
prism _set _vectormask (for vector
field), or PRISM.UNDEFINED

var _nodims In Integer var.nodims(1): the number of dimer
sions of var _array that will con-
tain the coupling/IO field (see 4.6),
ie. ndim (see Table 4.8) ext
cept for subgrid, vector, and bun-
dle fields, for which it isndim+1 ;
varnodims(2): number of subgrids,
bundles, or vector components (3),|0
otherwise.

var _actual _shape | In Integer array(2,ndim)  giving for eachndim
dimension ofvar _array the mini-
mum and maximum index of actual
range (seecorner _actual _shape

in4.3.2)

var _type In Integer field type: PRISM in-
teger named parameter
PRISM.Integer PRISMReal
or PRISM.Double _Precision

ierror Out Integer returned error code

Table 4.19: prism.def_var arguments

After the initialisation and grid definition phases, eacldfithat will be send/received to/from another
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component model (coupling field) or that will be writtenfdeto/from a disk file (10 field) through
PSMILe'put’/'send’ actions needs to be declared and associatéiu te previously defined grids and
masks.

The units of a coupling/IO field is indicated in the PMIOD andI®C XML files, not in its declaration
call. By consulting the appropriate PMIODs, the user isdfme able to check if the units of a coupling
field match on the source and target side and if not, he hasomsehappropriate transformations in the
SMIOCs.

For the case where a set of fields ordered along an extra dimensharing the same units, and located
on the same set of points (e.g. chemical species), need tedied together, the ‘bundle’ notion has
been introduced. Such bundle field should be declared as au@ing/IO field and the number of bun-
dles should be indicate mar _nodi ns( 2) ; only onevar _i d will be returned. This implies that the
complete bundle will have to be transfered (send) to the termomponent at once, and that the remote
component must be able to treat these bundles; both comfzohave to agree on the precise sequence of
the physical fields contained in this fields.
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4.5 Neighborhood search and determination of communicatio patterns

4.5.1 prismenddef

prism _enddef (ierror)

| Argument| Intent | Type | Definition \
| ierror | Out | Integer | returned error code \
Table 4.20: prism.enddef arguments

Followingprism _init , prism _enddef is the second collective call and has to be called once by each
application process when all components within the apidinehave completed their definition phase.

To perform the exchange of coupling fields during the rurs reiquired to establish communication only
between those pairs of processes that actually have to mgeldata based on the user defined coupling
configuration in the SMIOCs XML files (see section 5.4).

For each coupling exchange involving a regridding betwéaersburce and the target grids, the neighbor-
hood search is performed. It identifies, for each grid pofreach target process, the source grid points
and corresponding source process that will be used to eddctiie target grid point value. For a coupling

exchange involving only repartitioning, each target giihp corresponds exactly to only one source grid
point; in this case the ‘neighborhood search’ process ifilesitfor each grid point of each target process,
on which source process the matching source grid point &dolc

In order to save memory and CPU time in the neighbourhoodtkeard the establishment of the com-
munication patterngprism _enddef works in a parallel way on the local grid domain covered byheac
application process as much as possible. In an initial st process calculates a bounding box covering
its local geographical volume domain previously definecpkigm _set _corners (see section 4.3.2).
The bouding boxes of all processes are sent to and collegtal jprocesses. Each source process calcu-
lates the intersection of its bounding box with each othecess bounding box, thereby identifying the
potential interpolation partners and corresponding bowntox intersection. (For ‘gridless fields’, see
4.3.1, the intersection calculation is based on the localalp description in the global index space, see
4.3.7.) For each bounding box intersection, the sourceggssocreates a sequence of simplified grids and
corresponding bounding boxes, each one coarsened by ad&avith respect to the previous one, until
falling back onto the bounding box covering the whole irtet®n (similar to a Multigrid Algorithm).
Starting on the coarsest level the search algorithm detessnat each multigrid level, the source bounding
box for each target grid point in the intersection. When therfding box at the finer level is identified,
the neighbours of the target grid point, i.e. the sourcetpgiarticipating in its calculation (regridding
case) or the matching source grid point (repartitioning/ @alse), are identified. For each intersection of
source and target grid processes, the ‘Ensemble of griddPpanticipating in the Interpolation Operation
(EPIQY)’ (or in the repartitioning) on the source side (EP)@8d on the target side (EPIOT) are identi-
fied. The results of this search are transfered to the targeeps. For the coupling exchange involving
regridding, the EPIOS and EPIOT definition and all relateid grformation are also transferred to the
Transformer (see sectidi?).

As the results of the neighbourhood search are known in thees®SMILe, only the usefull grid points
will be effectively sent later on during the coupling excbas, minimizing the amount of data to be
transferred.



CHAPTER 4. OASIS4 MODEL INTERFACE LIBRARY (PSMILE)

4.6 Exchange of coupling and I/O fields

ThePSMILe exchanges are based on the principle of “end-point” dathange. When producing data,
no assumptions are made in the source component code cocetnich other component will consume
these data or whether they will be written to a file, and at Wifiequency. Likewise, when asking for data
a target component does not know which other component npodélices them or whether they are read
in from a file. The target or the source (another componenteinada file) for each field is defined by
the user in the SMIOC XML file (see section 5.4) and the cogpéirchanges and/or the I/O actions take
place according to the user external specifications. Thelwetween the coupled mode and the forced
mode is therefore totally transparent for the componentehdeurthermore source data can be directed
to more than one target (other component models and/or d¢sy.fi

The sending and receivinl@SMILe callsprism _put andprism _get can be placed anywhere in the
source and target code and possibly at different locationthé different coupling fields. These routines
can be called by the model at each timestep. The actual datkict the call is performed and the date
bounds for which itis valid are given as arguments; the seyitkceiving is actually performed only if the
date and date bounds corresponds to a time at which it shewdtivated, given the field coupling or I/O
dates indicated by the user in the SMIOC; a change in the Taupt I/O dates is therefore also totally
transparent for the component model itself. R&MILe can also take into account a timelag between
the sendingrism _put and the correspondingrism _get defined by the user in the SMIOC.

Local transformations can be performed in the source coemp®SMILe below theprism _put and/or
in the target componem®SMILe below theprism _get like time accumulation, time averaging, alge-
braic operations, statistics, scattering, gathering ¢segon 5.4.4).

When the action is activated at a coupling or I/O date, eaobgss sends or receives only its local partition
of the data, corresponding to its local grid defined preMiou3he coupling exchange, including data
repartitioning if needed, then occurs, either directlywssn the component models, or via additional
Transformer processes if regridding needed (see sectn 3.

If the user specifies that the source op@dsm _get or the target of gorism _put is a disk file, the
PSMiLe exploits the GFDL mppo package (2) for its file 1/0. The supported file format is GBF
according to the CF convention (5). The migppackage is driven by RSMILe internal layer which
interfaces with various sources of information. For insggrthe definition of grids and masks as well
as the form of the data (bundle or vector) of a field is providtedugh thePSMILe API. On the other
hand the information with regard to the CF standard name aitcre provided by the SMIOC XML file
through the Driver.

The mppio package can operate in two general I/O modes:

- Distributed 1/0

Each process works on a individual file containing the 1/Odfieh the domain onto which that
process works. Domain partitioning information is writi@to the resulting files such they can be
merged into one file during a post processing step.

- (pseudo) Parallel I/O

The whole field is read from or written to one file. The domairtipaning information is exploited
such that the data are collected - stitched together - duhiegwrite operation or distributed to
the parallel processes of a component model during the neahation. This domain stitching or
distribution is automatically done by tHeSMILe of the component model master process and
happens transparently for the parallel component modsf.itsor unstructured grids, this mode is
supported only if the definion of the local partition in terofandices in the global index space is
provided withprism _def _partition (see section 4.3.7).

A fully parallel 1/0 using the parallel NetCDF (8) library drMPI-1O is currently under investigation.
This would allow parallel 10 of distributed data into a siegletCDF file which is controlled by MPI-IO
instead of collecting the data on the master process first.
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The PSMILe I/O layer also copes with the fact that the input data may lveagpaccross a number of
different files, and that NetCDF file format has certain restrictions witpeet to size of a file. Therefore,
on output chunking of a series of time stamps across mulfifge will be provided depending on a
threshold value of the file size.

4.6.1 prismput

prism _put (var _d, date, date _bounds, var _array, info, ierror)
| Argument | Intent | Type | Definition \
var _id In Integer field Id returned from
prism _def _var
date In Type(PRISM _Time _Struct) date at the beginning of time step jat
which theprism _put is performed
date _bounds | In Type(PRISM _Time _Struct) array(2) giving the date bounds be-
tween which this call is valid
var _array In Integer, Real or Double field array to be sent (see Table 4.8
for its dimensions)
info Out Integer returned info about action pefr-
formed
ierror Out | Integer returned error code

Table 4.21: prism_put arguments

This routine should be called to sendr _array content to a target component or file. The target is
defined by the user in the SMIOC XML files (see section 5.4)sTbutine can be called in the component
model code at each timestep; the actual date at which this gatformed and the date bounds for which it
is valid must be given as argumentsRRISM.Time _Struct  structures (seBRISM.Cpl/include/
prismf.F90 );the sending is actually performed only if the date and Batends corresponds to a time
at which it should be activated, given the field coupling @ dates indicated by the user in the SMIOC
XML file. The meaning of the differerinfo returned can be accessed using the royim&mn _error

(see section 4.8.3).

This routine will return even if the correspondipgsm _get has not been performed on the target side,

both for exchange through the Transformer and for direchamge (as the content of thar _array is
buffered in thePSMiLe ).

The system calls ’'scandi’ and ‘alphasort are used to imglet this feature (see routine
PRISM.Cpl/source/io/psmile Jdo _scandir.c ). In case of problems with these system calls, one may
try to compile with the -D.MYALPHASORT. If there are still problems, one has to commehi calls to
psmile _io _scandir _no_of _files and psmile _io _scandir in psmile _open_file _byid.F90 , but then that
PSMiILe functionality will not be provided anymore.
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4.6.2 prismget

prism _get(var _id, date, date _bounds, var _array, info, ierror)
| Argument | Intent | Type | Definition \
var _id In Integer field Id returned by
prism _def _var
date In Type(PRISM _Time _Struct) date at the beginning of time step jat
which theprism _get is performed
date _bounds | In Type(PRISM _Time _Struct) array(2) giving the date bounds bg-
tween which this call is valid
var _array Out Integer, Real or Double field array to be received (see Tahle
4.8 for its dimensions)
info Out | Integer returned info about action per-
formed
ierror Out Integer returned error code

Table 4.22: prism.get arguments

This routine should be called to receive a figltt _array from a source component or file. The source
is defined by the user in the SMIOC XML files (see section 5.4 fdkprism _put , this routine can be
called in the component model code at each timestep; thalatzdte at which the call is performed and the
date bounds for which it is valid must be given as argumehtsyéceiving is actually performed only if
the date and date bounds corresponds to a time at which iklshewctivated, given the field coupling or
I/O dates indicated by the user in the SMIOC XML file. The megrof the differeninfo returned can
be accessed using the routipesm _error  (see section 4.8.3). This routine will return only when the
correspondingrism _put will have been performed on the source side and when datdevdlvailable
invar _array , after regridding if needed.

4.6.3 prismput_inquire

prism _put _inquire (var _id, date, date _bounds, info, ierror)
| Argument | Intent | Type | Definition \
var _id In Integer field Id returned from
prism _def _var
date In Type(PRISM _Time _Struct) date at the beginning of time step fat
which theprism _put would be per-
formed

date _bounds | In Type(PRISM _Time _Struct) array(2) giving the date bounds b
tween which the field would be valig
info Out Integer returned info: O the corresponding
prism _put would not be activated
1, the correspondingprism _get
would be activated

ierror Out Integer returned error code

Table 4.23: prism_putinquire arguments

9]
1

This function is called to inquire if the correspondipgsm _put (i.e. for samevar _id , date , and
date _bounds ) would effectively be activated. This can be useful if thécakation of the related
var _array is CPU consuming.
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4.6.4 prismput_restart

prism _put _restart (var id, date, date _bounds, data _array, info, ierror)
| Argument | Intent | Type | Definition \
var _id In Integer transient handle from
prism _def _var
date In Type(PRISM _Time _Struct) date at the beginning of time step jat

which the prism _put _restart
is performed

date _bounds | In Type(PRISM _Time _Struct) array dimensioned (2) giving the
date bounds between which this data
is valid

data _array In Integer, Real or Double data array to be transferred

info Out | Integer returned info about action per-
formed

ierror Out | Integer returned error code

Table 4.24: prism putrestart arguments

This function forces the writing of a field into a coupling tas file. If a coupling restart file of a coupling
field is needefi but not available, it might be useful to run the source corepbmodel beforehand to
create the first coupling restart file of an experiment expfievith a call to prism _put _restart  (in
this case, the coupling field lag has to be equal to 0). Notedinge theprism _enddef performs
some 10 related initialisation, prism _put _restart  cannot be invoked before thrism _enddef

is completed. For more information see section A.2.

The time information for each data set that is written in®rtistart file corresponds to the upper boundary
of the time interval which is represented by the data set.e$tart from a particular data set the job start
date indicated in the SCC.XML needs to correspond to theimedjtime info in the restart file.

Note: Currently it is only possible to dump raw fields into the Net€file. Fields written to a restart file
viaprism _put _restart are currently taken as is and are not processed with resplecti operations
like gathering/scattering averaging, summation or anyctdn operations.

2For coupling fields with lag> 0 (see elementag in section 5.4.4), a coupling restart file is needed to staet t
run. In this case, two restart files are opened, one for rgadimd one for writing. At the beginning of a run, the re-
spective sourcd?SMILe processes read their partitions in the coupling restartdiileng theprism _enddef phase and
send their local information to the Transformer which perfe the interpolation and sends the interpolated fields ¢o th
target component model. The name of the reading restart filst oe <field_locaLhame>_<componentocal name>
-_<applicationlocal name>_rst.<date>, where <date> is the current run start date. Below the last calptism _put in
the run, the coupling field is also automatically writtent®writing coupling restart file; in this case tkedate> is the current
run end date.
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4.7 Termination Phase

4.7.1 prismterminate

prism _terminate (ierror)

| Argument| Intent | Type | Definition \
| ierror | Out | Integer | returned error code \
Table 4.25: prism.terminate arguments

In analogy to the initialisation phase, a callggsm _terminate , which again is a collective call, will
make the calling process to wait for other processes paaticig in the coupling to reach tipgism _terminate
as well. At this point, the following actions are performed:

e All open units under control of theSMILe are closed.

e The output to standard out is flushed.

e The Driver is notified about the termination of the respexpivocess.

e All memory under control oPSMILe is deallocated.
After calling prism _terminate  no coupling exchanges are possible anymore for this praasso
further 1/0O actions under control of tHeSMILe can be performed; however, it is still possible for the
application to perform local operations and to write adai#il output which shall not be under control of
the PSMILe. Furthermore, ifMPI_Init  has been called in the code before the calptiem _init
component internal MPI communication is still possibleeathe call toprism _terminate , until the

MPI_Finalize is called by the component (see also section 4.1.1). Otkepvism _terminate
will call MPI1_Finalize

4.7.2 prismterminated

prism _terminated (flag, ierror)

| Argument] Intent | Type | Definition
flag Out Logical if .true., prismterminate was already called
ierror Out Integer returned error code

Table 4.26: prism.terminated arguments

This routine can be used to check whethgsm _terminate  has already been called by this process.
This may help to detect ambiguous implementations of nmaltiiponent applications.

4.7.3 prismabort

prism _abort (ierror)

| Argument| Intent | Type | Definition \
| ierror | Out | Integer | returned error code \
Table 4.27:prism.abort arguments

It is common practice in non parallel Fortran codes to teat@rhe program by calling a Fortr&TOPin
case a runtime error is detected. In MPI-parallelized citdestrongly recommended to cAllPI_Abort
instead to ensure that all parallel processes are stoppkthas to avoid non-defined termination of the
parallel program. For coupled application, ®8MILe provides gorism _abort call which guarantees
a clean and well-defined shut down of the coupled model. Wametend to us@rism _abort instead
of a FortranSTOPor aMPI_Abort .
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4.8 Query and Info Routines

4.8.1 prismgetcalendar.type

prism _get _calendar _type (calendar _name, calendar _type _d, ierror)

| Argument | Intent | Type | Definition
calendar _name Out Character(len=132) name of calendar used
calendar _type _id | Out Integer Id of calendar used
ierror Out Integer returned error code

Table 4.28: prism.get.calendartype arguments

This routine returns the name and the Id of the calendar usédPSMiILe. Currently, the only calendar
supported is the ‘Proleptic Gregorian Calendar’ (i.e. ag@rian calendar extended to dates before
15 Oct 1582) and its Id is 1 (i.e. the PRISM integer name paranRRISM Cal _Gregorian = 1
seePRISM Cpl/include/prism.inc ). In a further version, the calendar type should be chosdn an
specified by the user in an XML configuration file, read in frams XML file by the Driver, and transfered
to thePSMiLe.

4.8.2 prism.calc_newdate

prism _calc _newdate (date, date _incr, ierror)
| Argument | Intent | Type | Definition \
date INOut | Type(PRISM _Time _Struct) In and Out date
date _incr In Integer, Real or Double Increment in seconds to add to the
date
ierror Out Integer returned error code

Table 4.29: prism.calc.newdate arguments
This routine adds a time incrementddte _incr seconds to thdate given as In argument and returns

the result in thedate as Out argument. The time increment may be negative. Forate siructure
PRISM Time _Struct , seePRISM Cpl/include/prismf.F90

4.8.3 prism.error

prism _error (ierror, error _message)

| Argument | Intent | Type | Definition
ierror In Integer an error code returned byRESMILe routine
error _message | Out character(len=*) corresponding error string

Table 4.30: prism.error arguments

This routine returns the string of the error messag®r _message corresponding to the error code
ierror  returned by othePSMILe routines. In general, O is returned as error code if the meutiom-
pleted without error; a positive error code means a seveltggmn was encountered.

The Gregorian calendar considers a leap year every yeahighioultiple of 4 but not multiple of 100, and every year which
is a multiple of 400.
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4.8.4 prismversion

prism _version()

This routine prints a message giving the version ofRI&MILe library currently used.
4.8.5 prismgetreal_kind_type

prism _get _real _kind _type (kindr, type, ierror)

| Argument] Intent | Type | Definition
kindr In Integer kind type parameter of REAL variables
type Out Integer PRISM datatype corresponding kindr
ierror Out Integer returned error code

Table 4.31: prismgetrealkind_type arguments

This routine returns itype the PRISM datatype which corresponds to the kind type pasarkiedr
type can be either PRISMReal = 4, or PRISMDouble _Precision = 5 (see
PRISM Cpl/include/prism.inc ).

4.8.6 prismremove mask

prism _remove -mask ( mask _id, ierror )

| Argument] Intent | Type | Definition
mask.d | In Integer mask Id as returned hyrism _set _mask
ierror Out Integer returned error code

Table 4.32: prism.removemask arguments

The routine removes the mask information linked the maskagk_id given as argument.



Chapter 5

OASIS4 description and configuration
XML files

This document describes the XML files used with Oasis4 in RRiS

e describe each application:
the “Application Description” (AD)
e specify the general characteristics of a (coupled) model ru
the “Specific Coupling Configuration” (SCC)
e describe the relations a component model is able to edtabiih the rest of the coupled model
through inputs and outputs:
the “Potential Model Input and Output Description” (PMIOD)

¢ specify the relations the component model will establistittie rest of the coupled model through
inputs and outputs for a specific run:

the Specific Model Input and Output Configuration (SMIOC).

31
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5.1 Introduction to XML concepts

Extensible Markup Language (XML) is a simple, very flexibdsttformat. Originally designed to meet
the challenges of large-scale electronic publishing, XBlklso playing an increasingly important role in
the exchange of a wide variety of data on the Web and elsewlfereXML document is simply a file
which follows the XML format.

The purpose of a DTD or a Schema is to define the legal buildiockb of an XML document. The AD,
SCC, PMIOD and SMIOC XML documents must follows the DTD désexa in ad.dtd, scc.dtd, pmiod.dtd
and smioc.dtd respectively. The Schema correspondinget®MiOD and the SMIOC, pmiod.xsd and
smioc.xsd, have also been written. Those DTD and Schemavailde in appendix B, and in the
directoryPRISM.Cpl/util/xmlfiles

The xmllint command with the following options can be used to validateXiti file file.xmlagainst a
DTD file.dtd

xmllint --noout --valid --postvalid --dtdvalid file.dtd f ile.xml
or against a Schema fifde.xsd
xmllint --noout --valid --postvalid --schema file.xsd fil e.xml

The building blocks of XML documents are Elements, Tags, Attdbutes.

e Elements
Elements are the main building blocks of XML documents.

Examples of XML elements ipmiod.dtd  are “component” or “code”. Elements can contain text
(“#PCDATA’ in the DTD), other elements, or be empty.

When an element is marked in the DTD with
— * it may appear 0, 1, or many times in the XML file;
— +, itmay appear 1, or many times in the XML file;
— ?, it may not appear or appear once in the XML file.
e Tags
Tags are used to markup elements.

In the XML file, a starting tag like<elementname> mark up the beginning of an element, and an
ending tag like</elementname> mark up the end of an element.

Example:<laboratory-Meteo-France/laboratory-
An empty element will appear aselementname 5.

e Attributes
Attributes provide extra information about elements.
Attributes are placed inside the start tag of an element.
Example:<elementname attributename="attributevalue” />

The name of the element is “elemamme”. The name of the attribute is “attributame”. The
value of the attribute is “attributealue”. Note that here since the element itself is emptydtased
bya“/.

As indicated in the DTD, an attribute may be “REQUIRED” (iiemust be present in the XML
file), “IMPLIED"(i.e. it may or may not appear in the XML file)rdFIXED” (i.e. it must be present
in the XML file and has a fixed and pre-defined value).
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5.2 The Application Description (AD)

The Application Description (AD) describes the generalrahteristics of one application. The AD DTD
is given in Appendix B.1 and in directoRISM.Cpl/util/xmlfiles . There is one AD per applica-
tion, i.e. per code which when compiled forms one executalie AD is written by the application devel-
opet. The AD file name must beapplicationlocal.name>_ad.xml where<applicationlocaLname>

is the application locahame attribute in the scc.xml file (see section 5Bhe AD information will be
available to the user through the GUI when he selects theiegdpn for his coupled model.

The AD contains the element ‘application’ which is composéd

o the application name (attribute ‘locaame’)which must match argumeagppl _name of PSMILe
call prism _init (see section 4.1.1);

e a description of the application (attribute ‘lamgame’)

e the mode into which the application may be started (atteibstartmode’: ‘spawn’, ‘notspawn’ or
‘notspawnor_spawn’, see section 3.1);

o the mode into which the application may run (attribute ‘dowygpmode’: ‘coupled’, ‘standalone’,
or ‘coupledor_standalone’;

¢ the arguments with which the application may be launchesh{eht ‘argument’);

o the total number of processes the application can run omésle‘nbrprocs’);

¢ the platforms on which the application has run (elementfpien’);

o the list of components included in the application (elemenmponent’); for each component:

— the component name (attribute ‘locaame’) which must match the argumeaimp_name of
PSMiILe call prism _init _comp (see section 4.1.2);

— adescription of the component (attribute ‘langme’);

— the simulated part of the climate system (attribute ‘sirrada eitherocean, sea._ice ,
ocean _biogeochemistry  ,atmosphere , atmospheric _chemistry , orland ); if
an AD contains more than one component simulating the samefdhe climate system, the
user will have in the SCC (see below) to choose among thesparwents;

— whether or not this component is always active in the apdina(attribute ‘default’: either
true orfalse );

— the number of processes on which the component can run (eténte procs’).

5.3 The Specific Coupling Configuration (SCC)

The Specific Coupling Configuration (SCC) contains the gargraracteristics and process management
information of one coupled model simulation. The SCC DTDiigeg in Appendix B.2 and in directory
PRISM.Cpl/util/xmlfiles . There is one SCC per coupled model (or per stand-alonecagiph).

In the complete PRISM system, the SCC will be generated b@ltheit includes choices made by the
user based on the information contained in the ADs of saleapglications, but also other user’s choices
and running environment informatioithe SCC file name must sec.xml 2.

After the call toprism _init  in the application code, some of the SCC information is agibéesdirectly

by the model, with specifieSMILe calls (see section 4.2). In many cases, coherence with thpiling

and running environment and scripts has to be ensured.

10n the longer term, in order to avoid duplication of inforioat it is foreseen to develop a tool to extract automatjcall
AD information which is already in the code (e.g. the compurmames given argumenbmp_name of prism _init _comp
calls).

2When using therismrun  command to execute the toy examples (see section 6.4) eadifffile name can be specified
with “-f”. Note that this will overwrite an existingcc.xml in the directory where thprismrun s started.
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The SCC contains:
e some general information on the experiment defined by the(akament ‘experiment’):

— the experiment name (attribute ‘locahme’);
— adescription of the experiment (attribute ‘langme”);

— the mode into which all applications of the coupled model bélstarted (attribute ‘starnode’:
eitherspawn or not _spawn, see section 3.1); this user’s choice, restricted by thsibpitis
ties given in the ADs, determines the way the applicatiomsishbe started in the run script
(see section 6.4).

— the number of processes used for the Driver/Transformem(@ht ‘nbrprocs’ of element
‘driver’) This argument is needed in tlt _spawn case in order to split the global commu-
nicator. In thespawn case it must be identical to the number of processes usedrtalst
Driver/Transformer (i.e. the size of the initial communaragiven by the “-np” parameter of
thempirun command or the “-dnnp” parameter of th@rismrun  script (see section 6.4).

— the start date of the experiment (element ‘stiate’)
— the end date of the experiment (element ‘etade’)

e some general information on the current run, defined by thaing environment, which must be
therefore changed for each run (element ‘run’):

— the start date of the run (element ‘stddte’); the start date should correspond to the lower
bound of the time interval which is represented by the firsetstep of the run.

— the end date of the run (element ‘eddte’); the end date should correspond to the upper
bound of the time interval which is represented by the Iasetstep of the run. the end date
of the current run has to be used as start date for the subdeque especially when a lag is
defined.

o the list of applications chosen by the user (elements ‘apptin’). For each chosen application:

— the application name (as given in the corresponding ADJilfate ‘localname’) which must
match argumenaippl _name of PSMILe call prism _init

— the application executable name, defined by the compilimg@mment (attribute ‘executableame’)
(used only inspawn mode as argument of tidP1_CommSpawn_Multiple ).

— whether or not application stdout is redirect or not (uselsice) (attribute ‘redirect’, either
true orfalse )

— alist of launching arguments (chosen by the user in the iN&ngin the corresponding AD)
(elements ‘argument’);

— alist of hosts (elements ‘host’); for each host:

x the host name (attribute ‘localame’) (used only irspawn mode as argument of the
MPI_ComnSpawn_Multiple ).

x the number of processes to run this host (element wbrs’) (used in theot _spawn
method to split the global communicator; for tapawn method, used as argument in
MPI_ComnSpawn_Multiple ).

— the list of components activated (elements ‘componentseh by the user in the list given in
the corresponding AD); for each component:

* the component name (as given in the corresponding AD)lgat&i‘localname’), which
must match the argumeabmp_name of PSMILe call prism _init _comp (see 4.1.2);

x the lists of ranks in the total number of processes for thdigon (elements ‘ranks’):
The ranks are the numbers of the application processesr(gtauith zero) used to run the
component model. They are given as lists of 3 numbers giwimgach list, a minimum
value, a maximum value, and an increment value. For exarfigmcesses numbered 0
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to 31 are used to run a component model, this can be describeoné rank list (0, 31,
1); if processes 0 to 2 and 5 to 7 are used, this can be desaritletvo rank lists (0, 2,
1) and (5, 7, 1).
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5.4 The Potential Model Input and Output Description (PMIOD) and the
Specific Model Input and Output Configuration (SMIOC)

NB: For completeness, all the elements and attributes tretarrently in the PMIOD and SMIOC DTD
and Schema will be described in the following sections. Heweome of those elements or attributes
are not considered by the current OASIS4 &®M Le version, or their corresponding functionality is
not yet supported. The description of those elements anbwdds, that are all optional, will appear in
slanted characters

The Potential Model Input and Output Description (PMIOD3}ckbes the relations a component model
is able to establish with the rest of the coupled model thnaaguts and outputs. There is one PMIOD
per component model. The PMIOD DTD and Schema are given ireAgiges B.3.1 and B.3.2, and
in directory PRISM Cpl/util/xmilfiles . The PMIOD is written by the component develcher
The PMIOD file name must beapplicationlocal name>_<componentiocal name>_pmiod.xml where
<applicationlocal name> is the application locahame attribute aneccomponentiocal name> is the
component locahame attribute in the scc.xml file. In the complete PRISMaystthe PMIOD of com-
ponents included in selected applications will be avadlabrough the GUI to the user in the definition
phase of a coupled model.

The Specific Model Input and Output Configuration (SMIOC)dfdes the relations the component model

establishes at run time with the rest of the coupled modeutiin inputs and outputs for a specific run. The

SMIOC DTD and Schema are given in Appendix B.4.1 and B.4.2addectoryPRISM.Cpl/util/xmlfiles

It is generated in the composition phase by the user thrduglsul for each component model based on

the corresponding PMIOD information. The SMIOC file name tines<applicationlocal name>_<componentlocal name:
where <applicationlocalL.name> is the application locahame attribute aneccomponeniocal name>

is the component locatame attribute in the scc.xml file. The PMIOD and the SMIOCehawalog struc-

ture, syntax and content rufes

For coupled components, a coherence between the resp8biN@Cs has to be ensured. For example, if
component B is specified, in component A SMIOC, as the taxgear ouput variable, then component
A must be identified, in component B SMIOC, as the source fercttrresponding input variable. In the

complete PRISM system, this coherence will be automagi@ibured by the GUI.

The PMIOD and SMIOC contains 6 types of information:

general characteristics of the component

information on the grids

information on the coupling/IO fields, also called ‘tramdigariables’
information on the persistent variables (to be further dedin
information on internal dependency between elementstfstie defined)

5.4.1 Component model general characteristics

This type of information gives an overview of the componerddel; it is defined by the component
developer in the PMIOD and should appear as is in the SMIOC:

¢ the component name (attribute ‘locaame’), which must match thé*2 argument oPSMiLe call
prism _init _comp(see section 4.1.2);

e a short general description of the component model (at&ilbong_name’)

30n the longer term, in order to avoid duplication of inforinat it is foreseen to develop a tool to extract automatycall
PMIOD information which is already in the code (e.g. the comgnt name given argumertmp_nameof prism _init _comp
calls)

“However, on the longer term it is foreseen to keep all therijgtae information only in the PMIOD, and all the configugin
information only in the SMIOC
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e the simulated part of the climate system (attribute ‘sirteda either ocean, sea.ice ,
ocean _biogeochemistry  ,atmosphere ,atmospheric _chemistry ,orland );

o the name of the laboratory developing the component (elefiadoratory’ in element ‘code’)
o the contact for additional information (element ‘contantelement ‘code’)
o the reference in the literature (element ‘documentatiorélement ‘code’)

e the Fortran Units used by the component (element ‘Fortnaits’ in element ‘code’), given as lists
of 3 numbers giving, in each list, a minimum value, a maximwiug, and an increment value (see
also the description of the lists of ranks given in secti®).5.

5.4.2 Grid families and grids

This part contains information on the grids used by the carepomodel. There might one or more grid
families per component; for each grid family (element ‘gfgnily’), there may be one or more grids
(elements ‘grid’). All grids of all families are describeg¢ the component developer in the PMIOD. In
the SMIOC, the user chooses one grid (with all its sub-eléspevhich he is not allowed to modify) for

each grid family.

Each grid (element ‘grid’) is described by:

e the grid name (attribute ‘locatame’), which must match th&2argumengrid _nameof PSMILe
call prism _def _grid (see section 4.3.1).

o for the physical domain covered by the grid (element ‘phglsspace’):

— ageneral description (attribute ‘longame’)

— for the longitude dimension (element ‘longitudénension’): the domain minimum and max-
imum and the units (elements ‘valigin’, ‘valid_max’, and attribute ‘units’: for now, only
degrees _east supported, see also section 4.3.2)

— for the latitude dimension (element ‘latitudiémension’): the domain minimum and maxi-
mum and the units (elements ‘validin’, ‘valid_max’, and attribute ‘units’: for now, only
degrees _north supported, see also section 4.3.2)

— for the vertical dimension (element ‘verticdimension’):

*

*

*

*

*

*

the domain minimum (element ‘valichin’)
the domain maximum (element ‘valichax’)

the units (attribute ‘units’: eitheneters ,bar ,millibar  ,decibar ,atmosphere ,
pascal ,hPa,dimensionless ,, see also section 4.3.2)

the direction in which the coordinate values are increa&tigibute ‘positive’, eitheup
or down)

possibly a ‘unitsstandardname’ attribute
possibly a ‘longname’ attribute
possibly a ‘formulaterms’ attribute (for dimensionless vertical coordingtese (5))

¢ for the sampled domain covered by the grid (element ‘samppete’):

— whether or not the grid covers the pole (attribute ‘potevered’, eithetrue orfalse )

— the grid mesh structure type (attribute ‘gigbe’, which must match argumegtid _type
of prism _def _grid (see section 4.3.1), eithBRISM.reglonlatvrt ,
PRISM.irrlonlat regvrt , PRISMirrlonlat _sigmavrt
PRISMreglonlat  _sigmavrt , PRISM.unstructlonlat regvrt
PRISM.unstructlonlat sigmavrt ,PRISM.unstuctlonlatvrt ,PRISMgridless )

— for each global index dimension (elements ‘indexitigrension’):

*

the index name (attribute ‘locaiame’)
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+x whether or not the number of indices in this dimension is tidependent (attribute
‘time_dependency’, eitheérue orfalse )

* whether or not the grid is periodic is this dimension (atité‘periodic’ eithertrue or
false )

x the typical number of indices, i.e. the resolution, in thimension (element ‘extent’)

* the number of overlapping grid points in this index dimensibany (element ‘nhroverlap’)

e the computational space covered by the grid (element ‘coengpace’). In thePSM Le , a grid
is defined by its volume elements which discretize the dooasered. In these volume elements, a
number of sets of points, on which the variables are caledlatan be placed. For vectors, three
sets of points can be placed so that the vector componentts maeto be at the same location.
Subgrids can also be defined in the volume elements by givengéaction atributed each of the
subgrid classes. Element ‘compidpace’ gives the user a description of the sets of points, of
vector sets of points, and on subgrids declared in the comorode, but is currently not used in
thePSM Le:

— elements ‘points’: the sets of points defined on the gridladed in the code withiPSM Le
call pri smset _poi nt s (see section 4.3.2); for each set:
+ a local name which must matck®argument in prisiset point (attribute ‘localname’)
* a description of the set of points (attribute ‘lamgme’)

x whether or not the geographical position of this set of poiattime dependent (attribute
‘time_dependency’, eithérue or false )

— elements ‘subgrid’: the subgrids defined on the grid, dexdan the code withPSM Le call
pri smset _subgri d (see section 4.3.6); for each subgrid:

* alocal name which must match®argument in prismset subgrid (attribute ‘localname?)
+ a description of the subgrid (attribute ‘longame’)

x whether or not the definition of this subgrid is time dependattribute ‘time dependency’
eithertrue orfalse )

* an associated set of points if needed for localisation oftitegrid in the volume element
(attribute ‘associatedboints local_name’)

— elements ‘vector’: the vector sets, declared in the code &M Le call pri smset _vect or
(see section 4.3.9), which associates, for a vector vagiable 3 pre-defined sets of points on
which the vector components are located; for each vector set

* a local name which must matclf2argument inPSM Le call pri smset vect or
(attribute ‘localLname’)

* a description of the vector (attribute ‘longname’)

x the local name of the set of points on which the first compoisetdcated (attribute
‘firstcomp.pointslocal_name’)

x the local name of the set of points on which the second comp@nécated (attribute
‘secondcomppointslocal_name’)

x the local name of the set of points on which the third compbisetocated (attribute
‘thirdcomp.pointslocal_name’)

5.4.3 Coupling/10 fields (transient variables)

The coupling/IO fields, also called transient variables,saralar, vector or bundle variables which values
evolve during the run as they are received/provided by tmepoment model at a priori unknown times
from/to its external environment (another model or a disk) fihroughPSMILe calls prism _put and
prism _get (see sections 4.6.1 and 4.6.2).
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Some of the coupling/IO field information is defined by the pament developer in the PMIOD and
should appear as is in the SMIOC, whereas some of this intiwmanay be modified and/or defined by
the user depending on the coupling configuration he/sheswarassembfe Elements or attributes that
are defined by the developer in the PMIOD and that cannot @tbhyg the user in the SMIOC are marked
‘PMIOD defined’ below.

The element ‘transient’, which must appear fo each coufifindield, has the following attributes and
sub-elements:

e attribute ‘localname’: it must match? argument in the correspondiRBMILe callprism _def _var
(see sections 4.4.1) (PMIOD defined);

e attribute ‘longname’: gives a general description of the variable (PMIODn@el);

e element ‘transienstandardname’. one or more PRISM standard names following the CF con-
vention (if they exist). This uniquely identifies the natwkthe coupling/IO field. In case of
vector, three elements need to be specified (one for eachrvemiponent). In case of bundles,
one element giving a generic name (etgmperature ) plus one element per bundle species
giving a specific name for the species (sgp _water _temperature , air _temperature
snow_temperature ) need to be specified. For bundle of vectors, three elemeévitsggthe
generic names of the vector components (eags_flux _eastward , mass_flux _westward ,
mass_flux _up), then one element per bundle species giving the speciesfispgame (e.qg.
nitrogen _oxide , hydrogen _peroxide ,methane ,carbon _monoxide )need to be spec-
ified (PMIOD defined);

e element ‘physics’: a description of the coupling/IO fieldypital constraints; this information is
only descriptive (PMIOD defined):
— attribute ‘transientype’: the coupling/IO field physical type (either ‘singlévector’, ‘bun-
dle’, or ‘bunvec’ for bundle of vectors);
element ‘physicalnits’: the coupling/IO field units;
element ‘validmin’: its physically acceptable minimum value.
element ‘validmax’: its physically acceptable maximum value.
— element ‘nbrbundles’: for bundle variables, the number of bundles.

e element ‘numeric’, which attribute ‘datatype’ gives theupbing/IO field numeric type (either
xs:real ,xs:double ,orxs:integer );thisinformation is only descriptive (PMIOD defined):

e element ‘computation’, which attributes and sub-elemgivis some information on the coupling/IO
field computational characteristics; this information idyodescriptive (PMIOD defined):

— attribute ‘maks’, which tells whether or not a mask is assieal to the coupling/IO field (either
true orfalse ).

— attribute ‘masktime_dependency’, which tells whether or not the mask evolveh tirite (ei-
thertrue orfalse ).

— attribute ‘conditionalcomputation’, which, if present, indicates under which digon the
coupling/IO field is effectively sent and/or received.

— attribute ‘methodtype’, which, if present, indicates what the coupling/|IOdigalue repre-
sents on the grid cell, eithanean, max, min, median , variance , or something else
described in a character string.

— element ‘associatedridfamily’, which attribute ‘localname’ must be the same than the one
of the grid family associated to the coupling/IO field.

— element ‘associatedomputespace’, which attribute ‘locahame’ must be the same than the
one of the computational space associated to the couglinfigld (i.e. the attribute ‘lo-

50n the longer term it is foreseen to keep all the descriptif@rmation only in the PMIOD, and all the configuring informa
tion only in the SMIOC.
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cal.name’ of either the associated set of points -element ‘pojnthe associated subgrid -
element ‘subgrid’-, or the associated vector sets - elewentor’.

e element ‘intent’, which contains in its sub-elements allgling and 1/0 information (source and/or
target, frequency, transformations, interpolation,)efor the coupling/IO field. In the component
code, the coupling/IO field may be exported (WRBMILe prism _put call, see section 4.6.1) or
imported (withPSMILe prism _get call, see section 4.6.2 ), or both. The sub-elements ofrithte
are:

— element ‘output’; If the coupling/lO field is exported thgtuaprism _put , it can be ef-
fectively be sent to none, one, or many targets, each tagjeglwescribed in one element
‘ouput’. The element ‘output’ is described in more detailséection 5.4.4.

— element ‘input’: If the coupling/lO field is imported throlagaprism _get , this import is
described in one element ‘inputf an import comes from a combination of different sources,
these sources must be described in different sub-elemendsn’. The element ‘input’ is
described in more details in section 5.4.5.

e element ‘transientependency’: If the developer wants to indicate a depernydeetween the cou-
pling/IO field and another coupling/lO field from the same poment, he has to define an element
‘transientdependency’ and to specify this dependency in the attrildeie variable’. For example,
coupling/IO field A is a transieniependency of coupling/IO field B if coupling/IO field A is use
in the calculation of variable B. This information may be deg to prevent deadlocks (PMIOD
defined).

5.4.4 The ‘output’ element

If the coupling/IO field is exported through@ism _put in the component code, the developer must
describe one default target file in an ‘output’ element inEMIOD. In the SMIOC, the user is allowed
to remove or modify this ‘output’ element, and/or add addhi#il ‘output’ elements to describe additional
targets (corresponding to the same priguat). The only sub-elements of ‘output’ the user is not aéovto
modify is ‘minimalperiod’ and ‘scattering’ (see below). A more detailed diggim of element ‘output’,

its attributes and sub-elements is given here.

1. attribute ‘transioutname’: a symbolic name defined by the user for that specifipptdguelement.

2. element ‘minimalperiod’: The period at which thprism _put is called in the code (PMIOD
defined). To define this period the developer may specify aburof seconds, minutes, hours,
days, months, and/or years, with respectively the sub-@aisrinbrsecs’, ‘nbrmins’, ‘nbr_hours’,
‘nbr_days’, ‘nbrmonths’, ‘nbryears’.

3. element ‘exchangdate’: The dates at which the coupling or I/O is effectivebtfprmed. To
express these dates, the user has to specify one (and onlgfdahe following sub-element:

e element ‘period’: The coupling or I/O is performed with a fixgeriod. To define this period,
the user may specify a number of seconds, minutes, hours, daynths, and/or years, with
respectively the sub-elements ‘second’, ‘minute’, ‘hguday’, ‘month’, ‘year’.

e element ‘once’. eithebeginning , end, beginning _and_end, i.e. the coupling or I/O
is performed only at the beginning of the run, only at the emdyoth (not implemented yet).

e element ‘precisdist’: The coupling or I/O is performed on one or more precikges (element
‘date’), every ‘year’ years. To express a precise date, ther specifies a value for ‘second’,
‘minute’, ‘hour’, ‘day’, and/or ‘month’. For example, theser may specify that the coupling
will occur on January 1st and July 1st every second year byidefitwo elements ‘date’; each
‘date’ will have the sub-elements ‘month’, ‘day’ and ‘yeavith the valuesl, 1, and2, for
the first one , and, 7, 2 for the second one (not implemented yet).
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e element ‘lastdayinmonth’: The coupling or I/O is performatda precise time, expressed by
the sub-element ‘second’, ‘minute’, and ‘hour’ on the laay @f each month (not implemented
yet).

e element ‘datdist’: The coupling or I/O is performed on a list of differedates (elements
‘date’). To express each ‘date’, the user may specify a viduesecond’, ‘minute’, ‘hour’,
‘day’, ‘month’, and/or ‘year’ (not implemented yet).

4. element ‘correspransiin_name’: The symbolic name of the corresponding input coggii field
origin (attribute ‘transiin_name’ of element ‘origin’ of element ‘input’) in the targedrmponent or
target file. This defines an exchange between a source angea tamponent or file. Coherence
has to be ensured, i.e. the value of the current output ftramsname’ attribute (see above) has
to be specified in the ‘correspansioutname’ element of the corresponding input coupling field
origin (see section 5.4.5).

5. element ‘file’ or element ‘componemame’: The target file description (I/O) or the target com-
ponent ‘localname’ attribute (coupling). The ‘file’ element is describiadnore detail in section
5.4.7.

6. element ‘lag’: The number girism _put period$ to add to the output coupling fiefstism _put
date and dat®ounds to match the corresponding input coupling fiigldm _get date in the target
component (see also 4.6.4).

7. element ‘sourcéransformation’: The transformations performed on thguatutoupling/IO field in
the source componeRSMiLe .

e element ‘sourcdime operation’: for each grid point, the output coupling/IO diés aver-
aged ftaverage ) or accumulatedgccumul ) over the last coupling period, or its mini-
mum ¢min ) or maximum {max ) value over the last coupling period is calculated below the
prism _put by the sourcd®SMILe and the result is transfered.

e element ‘statistics’: different statistics (field minimurfield maximum, field integral) are
calculated on the masked points, and/or on the not maskedspa@nd/or on all points of
the output coupling/IO field, if respectively the sub-elentse'maskedpoints’, and/or ‘not-
maskedpoints’, and/or ‘allpoints’ are specified. This is done below §wesm _put by the
sourcePSMiLe (after the time operations described in element ‘satirce operation’ if
any). These statitistics are printed to tR8MILe log file for information only; they do not
transform the output coupling/IO field.

e element ‘sourcdocal transformation’: the following local transformations m@grformed on
the output coupling/IO field by the sour&SMilLe :

— element ‘scattering’: the ‘scattering’ is specified by treveloper in the PMIOD and
cannot be changed by the user in the SMIOC. It is performednoougput coupling/IO
field below theprism _put by the sourcéSMILe . Itis required when grid information
transfered to th&SMiILe includes the masked points and when the array transfered to
theprism _put APIis a vector gathering only the non-masked points (PMI@Dred).

— element ‘reduction’: the user may specify one type of redng¢sub-element ‘redutype’)
for each coupling/IO field dimension (sub-element ‘rediim’) (i.e. possibly different re-
ductions for the different dimensions) and the order in Whiwey should be performed
(‘reduc_order’). The possible reductions, ‘redugpe’, are: minimum (extraction of the
minimum value along the dimensiom)aximum (extraction of the maximum value along
the dimension)average (average of the values along the dimensiamjt _average
(average of the values weighting them by the respectivaHesfthe cell along the di-
mension)subgrid _average (average of a subgrid output coupling/IO field along the

5A prism _put period is the time between thaism _put datebounds; e.g. for a lag of 1, the time added to the
prism _put date and dat®ounds arguments would be once the time difference betWeeassociated dateounds.



CHAPTER 5. OASIS4 DESCRIPTION AND CONFIGURATION XML FILE S

subgrid dimension weighting by the respective subgridtibacprism setsubgrid). Bun-
dle combination (which in fact is just an average along thadia dimension dimension)
is covered here.

— element ‘addscalar’: The scalar specified in this element is added to gachpoint
coupling/IO field value.

— element ‘multscalar’; Each grid point coupling/IO field value is multgydi by the scalar
specified in this element.

8. element ‘debugnode’; eithertrue orfalse ;ifitis true ,the output coupling/lO field is auto-
matically also written to a file below thgrism _put .

5.4.5 The ‘input’ element

If the coupling/IO field is imported through prism _get in the component code, the developer must
describe one default source file in an ‘input’ element in th#®D. If an input comes from a combination
of different sources, the user must describe these souradifferent ‘origin’ sub-elements, and the com-
bination must be identified in the sub-elements ‘algebimbination’ (not implemented yetA more
detailed description of element ‘input’, its attributeslasub-elements is given here.

1. attribute ‘requiredbut.changeable’: if the developer indicates in the PMIOD théa #itribute is
true , the user must keep at least one ‘input’ element in the SMID€Can be the developer-
defined one or a modified one; if it false , then an ‘input’ with no ‘origin’ sub-elements, or
modified ‘origin’, or the developer-defined one may appeaheSMIOC. (In all cases, the user is
not allowed to modify sub-elements ‘minimperiod’ and ‘gathering’ - see below.)

2. element ‘minimalperiod’: The period at which thprism _get is called in the code (PMIOD
defined). (See element ‘minimakriod’ of element ‘output’ in section 5.4.4.)

3. element ‘exchangdate’. The dates at which the coupling or I/O is effectivebrfprmed (see
‘exchangedate’ in ‘output’ in section 5.4.4).

4. element ‘origin’: An input coupling/lIO field may come froome or many (in the case of com-
bination) origins, each one being described by an element ‘origin’ which dostthe following
attributes and sub-elements:

e attribute ‘transiin_name’: a symbolic name defined for that specific ‘origin’ eézrm

e element ‘corresfiransioutname’. The symbolic name of the corresponding output cou-
pling/IO field (attribute ‘transioutname’ of element ‘output’) in the source component or
source file. This defines an exchange between a source angeadamponent or file. Co-
herence has to be ensured, i.e. the value of the current ‘tinpasiin_name’ attribute has to
be specified in the ‘corregansiin_name’ element of the corresponding output coupling field
(see section 5.4.4).

¢ element ‘file’ or ‘componenname’: The source file description (1/O) or the source conepbn
‘local_name’ attribute (coupling). The ‘file’ element is describiedmore detail in section
5.4.7.

e element ‘cplrst_file’: For a coupling field with corresponding output lag 0, the description
of the file from which it is read at the beginning of the run, amevhich it is written at the end
of the run. Its sub-element ‘file’ is described in more deftaisection 5.4.7. (Not supported
yet; only the default coupling restart file name is used, setien 4.6.4.)

e element ‘middletransformation’: The transformations which link the sauend the target.

— element ‘interpolation’: The interpolation to be perforinegn the output coupling field to
express it on the target model grid. This element is destribbenore detail in section
5.4.6.
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— element ‘conservation’: the sourdeSM Le calculates the integral of the source field
before interpolation and the targ@®SM Le calculates the integral of the field after inter-
polation; the difference is distributed over the targetdigd ensure global conservation.
The only possible value of this elemenglisbal for now. (not implemented yet)

— element ‘algebraiaccombination’: if an input coupling/1O field comes from a candtion
of different sources, the ‘origin’ sub-elements of ‘inpdéscribing those sources, must
all have an element ‘algebraicombination’ (not implemented yet).

5. element ‘targetransformation’. The transformations performed on theutngoupling/IO field in
the target componeSMiILe .

e element ‘targefocal transformation’: The local transformations performed lo@ input cou-
pling/IO field.

— element ‘gathering’: The ‘gathering’ is specified by the eleper in the PMIOD and
cannot be removed or added by the user in the SMIOC. It is prefd on an input cou-
pling/IO field below theprism _get by the targePSMILe . Itis required when the grid
information transfered to theSMILe covers the whole grid (masked points included),
and when the array transfered througtism _get API is a vector gathering only the
non-masked points.

— element ‘addscalar’: The scalar specified in this element is added to gachpoint
coupling/IO field value.

— element ‘multscalar’: Each grid point coupling/IO field value is multigydi by the scalar
specified in this element.

e element ‘targetime_operation’: Target time interpolation is supported belbegrism _get
only for 10 datd. The types of time interpolation are the nearest neightoue( _nneighbour )
and linear time interpolation between the two closest ttaraps {ime _linear )inthe input
file.

e element ‘statistics’: see above in section 5.4.4.

6. element ‘debugnode’. eithertrue orfalse ;ifitis true , the input coupling/IO field is auto-
matically written to a file below thprism _get .

5.4.6 The element ‘interpolation’

The element ‘interpolation’ is a sub-element of ‘middiansformation’, which is a sub-element of ‘ori-
gin’, which is a sub-element of ‘input’. The interpolation needed to express the coupling field on the
target model gril

As all coupling arrays are given on a 3D grid, the user has tosf among the following:

e ‘interp3D’: A full 3D interpolation.

e ‘(interp2D, interplD): The same 2D interpolation for akrtical levels followed by a 1D inter-
polation in the vertical. This type of interpolation can b&ed for all grids which vertical di-
mension can be expressed as z(k), i.e. for i.e. for sourcetgpesPRISMreglonlatvrt ,
PRISM.irrlonlat regvrt , PRISM.unstructlation regvrt . The mask may vary with
depth. Its interest is to allow a linear interpolation in thetical. Currently the combination of

"This feature is not essential for coupling data as ga&dm _put has a date and dateunds as arguments. Therefore, a
prism _put and aprism _get will be matched if th@orism _get date falls into the datbounds of theorism _put . Allowing
for time interpolation, e.g. allowing prism _get to match with an averaged value of the tmdsm _put nearest neighbour
in time, could lead to deadlocks as the model performingptimn _get would be blocked until the twprism _put nearest
neighbour in time are performed. We rely only the dateinds to matclprism _put andprism _get having non matching
dates.

8n the current OASIS4 version, interpolation is availabiéydfor coupling fields. In a future version, interpolatioright
also be possible for I/O fields read/written from/to a file.
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2D and 1D interpolations that are supportedfafimear  andlinear , bilinear  andnone,
nneighbour2D (nearest-neighbour) ambne (see below).

e ‘(interplD_i, interplD.j, interplD.k): The same 1D zonal interpolation, followed by a 1D merid-
ional interpolation, followed by a 1D interpolation in thewnical ; this type of interpolation make
sense only when the zonal, meridional and vertical gridsdeeoupled (i.e. for source grid type
PRISM.reglonlatvrt ) (not supported yet)

The elements ‘interp3D’, ‘interp2D’, ‘interp1D*interpl1D_i’, ‘interp1D_j’ and ‘interp1lD_k’ are sepa-
rately described here after:

1. element ‘interp3D’: For 3D interpolation, the user hastioose among the following methods:

element ‘nneighbour3D’: A 3D nearest neighbour algorithing; parameters are:

— element ‘parasearch’; eitherglobal (an exact but more expensive parallel neighbor-
hood search) otocal (a local but less expensive neighborhood search).

— element ‘nbrneighbours’: the number of neighbours.

— element ‘usednasked’: eithetrue (all points are considered in tHeSMILe neigh-
bourhood search and the Transformer detects masked paimt&lse (the nearest
neighbours are chosen by tR&MILe among non-masked points only).

— element ‘gaussianariance’: the variance of the Gaussian function used tghiehe
neighbours, if any.

element ‘trilinear’; A trilinear algorithm; the parameseaire:

— element ‘parasearch’: see element ‘nneighbour3D’ above.

— element ‘ifmasked’: eithenovalue ,tneighbour , or nneighbour
element ‘conservativ3D’: A 3D conservative remapping.

element ‘user3D’: A user-defined 3D interpolation is chofgnthe user. The sub-element
‘file’ (see section 5.4.7 describes the file in which the jpbdation weights and addresses are
available (not implemented yet).

2. element ‘interp2D’; For 2D interpolation, the followimgethods can be chosen:

element ‘nneighbour2D’: A 2D nearest neighbour algoritting; parameters are:

— elements ‘parasearch’, ‘nbrneighbours’, ‘usednasked’, ‘gaussiawariance’. see ele-
ment ‘nneighbour3D’ above.

element ‘bilinear’: A bilinear algorithm; for the parametare:
— element ‘parasearch’: see element ‘nneighbour3D’ above.
— element ‘ifmasked’: see element ‘trilinear’ above.
element ‘bicubic’: A bicubic algorithm.
element ‘conservativ2D’: A 2D conservative remapping.

element ‘user2D’: A user-defined 2D interpolation is chofgnthe user. The sub-element
‘file’ (see section 5.4.7) describes the file in which therpdéation weights and addresses are
available.

3. element ‘interp1Dor ‘interp1D_i’ or ‘interp1D j or ‘interp1D _k’: For 1D interpolations, the fol-
lowing methods can be chosen:

element ‘nneighbourlD’: A 1D nearest neighbour algorithm.
element ‘linear’; A linear algorithm; for the sub-elemergse above.
element ‘cubic’: A cubic algorithm; for the sub-elemenesg sbove.
element ‘conservativlD’: A conservative remapping.

element ‘userlD’; A user-defined 1D interpolation; the ®liément ‘file’ (see section 5.4.7)
describes the file in which the interpolation weights andradses are available.
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e element ‘none’:

Interpolation method that can be chosen for dimension witerg of 1. For example, to
interpolate a field of Sea Surface Temperature dimensiojdd (vith extent of k being 1,
the interpolation type can be ‘(interp2D, interplD)’ an@re’ should be chosen for the ‘in-
terplD’.

5.4.7 The ‘file’ element

The *file element is composed of the following sub-elements:

element ‘name’; a character string used to build the file name

element ‘suffix’: eithertrue or false . If ‘suffix’ is false (by default), the file name is com-
posed only of element ‘name’; if it is true, the file name is pmsed of element ‘name’ to which
the PRISM suffix for dates is added. When the file is opened fating, the suffix will be
“_out.<job_startdate-.nc”, where <job_startdate- is the start date of the job. When the file is
opened for reading, the suffix should hén<startdate>.nc”, where<startdate> is the date of
the first time stamp in that file. When reading an input frome, fihePSMILe will automatically
match the requested date of the input with the appropiaté filfalls into the time interval covered
by that file. The<job_startdate- and <startdate> must be written according to the ISO format
yyyy-mm-ddTHH:MM:SS.

element ‘format’. the format of the file; only NetCDmpp.netcdf ) supported for nowOther
formats foreseen are ascinpp.ascii ), IEEE (mpp.ieee32 ), native mppio (mpp.native ).

element ‘iamode’: eitheriosingle (by default) ordistributed . The modeiosingle
means that the whole file is written or read only by the mastecessdistributed means that
each process writes or reads its part of the field to a diffgpartial file. The modeparallel
means that each process writes its part of the field to onellghfde; this last option, that will rely
on the use of parallel NetCDF based on MI, is not implemented yet.

element ‘packing’: packing mode , eith&r2, 4 or 8 (for NetCDF format only)

element ‘scaling’: if present, the field read from the file amaltiplied in the PSMiILe by the
‘scaling’ value (1.0 by default) (for NetCDF format only)

element ‘adding’; if present, the ‘adding’ value (0.0 byaldf) is added to the field read from the
file (for NetCDF format only)

element ‘filLvalue’: on output, specifies the value given to grid pointsvitnich no meaningfull
value was calculated; on input, specifies the value giveherfite to undefined or missing data.

5.4.8 Persistent variables

The persistent variables are scalar variables which vakiéxed in the SMIOC during the configuration
process and does not evolves during the run. The treatmepdrsistent variables are not implemented
yet; it needs to be more precisely defined.

5.4.9 Dependency

Not implemented yet; needs to be more precisely defined.
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Chapter 6

Compiling and Running with OASIS4

6.1 Introduction

OASIS4 and its example toy models (see the description ireAgix A and sources in
PRISM.Cpl/examples )were compiled and run on the following systems:

AMD Athlon 2800 Cluster,

AMD Opteron 848 Cluster,

Intel Pentium 4 Workstation Cluster,

NEC SX6,

SGI 03000/2000 server with MIPS 4 processors and IRIX64,

SGI 1A64 Linux server Altix 3000,

with the following Fortran Compilers:

e Absoft Fortran Compiler Version 9.0 r2 32Bit,
Intel Fortran Compiler Version 8.0 64Bit,
Intel Fortran Compiler Version 8.0 32Bit,
e Pathscale Fortran Compiler Version 1.4.1 64Bit,
Portland Group Compiler Version 4.1-2 32Bit
SGI Fortran Compiler,
NEC SX Fortan Compiler.

6.2 Compiling OASIS4 and its associated PSMlle library

To compile OASIS4, one has to follow these steps:

e The file that gives the options for compiling must be indidateough the fill°PRISM_Cpl/make.inc
Some configurations have already been set up ifPRESM Cpl/make _dir directory. Note that
the following librairies (not provided with the OASIS4 soas) are required:

— Message Passing Interface, MPI1 (10) or MPI2 (6) (MPICH, 8&ive MPI, NEC SX native
MPI, and LAM-MPI were successfully tested)

— NetCDF Version 3.4 or higher (5)

— libxml Version 2.6.5 or higher (11)

e The CPP keys that can be activated (& DEHFN thePRISM.Cpl/make _dir/make.xxx  files)
are:

10ASIS4 is not adapted to the PRISM Standard Compiling Envitent (SCE) yet
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— PSMILE.WITH_IO: to make use of the 10 capability &SMILe in the sources in directories
xml, del andio . The sources impp.io need also to be compiled. This can be achieved by
typing ‘make withio’ in directory PRISM.Cpl instead of simple ‘make’.

— PRISMWITH_MPI1: This options has to be chosen if the available MPI hpraupports
MPI1 standard, like mpich1.2.* or does not support the fuRI¥l standard.

— PRISMWITH_MPI2: When the available MPI2 library supports the compldil2 standard
this option may be chosen instead.

— PRISM.LAM: if LAM-MPI library is used.

— DONT_HAVE _ERRORCODESGNORE: As a workaround for some MPI2 implementations
that do not support the MPI parameter MPRRORCODESGNORE this key has to be acti-
vated. If at all, it is only needed in conjunction with PRISMITH_MPI2.

— SX: To achieve better performance on vector architectuseojstion should be set.

— VERBOSE: Useful for debugging purposes activation thiswélycause the library and driver
routines to run in verbose mode. Since all output is immetlidtushed to standard output
this will significantly decrease performance and is therefmt recommended for production
runs.

— DEBUG: Activating this option will cause the driver and kivy to write out additional out-
put for debugging purpose. This output is immediately fldstestandard output and will
therefore decrease performance.

— PRISMLASSERTION: Mainly used by the developers; the code encateliby this cpp key
will perform additional internal consistency checks andl yovide additional information
for debugging.

o If ‘make’ should be used instead of ‘gmake’, replace ‘gmdke’'make’ inPRISM.Cpl/Makefile

e The different source directories are compiled through tipeMakefile. In directoryPRISM Cpl
do ‘make realclean’ and ‘make’ to compile and generate twaties and the Driver/Transformer
executable. The option realclean’ insures that the Iymand binary directories are regenerated.
This option is recommanded to avoid compilation conflictés possible to compile just one source
directory but one has to be sure that there is no dependeraede what was re-compiled and
what was previously compiled (especially with taurce/xml  directory).

e ThePSMILe library and the Driver/Transformer executaplessmdrv _main should then be gen-
erated.

6.3 Compiling OASIS4 example toy coupled models

The toymodel examples, described in more detail in AppeAdiare built following the same structure.
Any execution deals with the OASIS4 Driver/Transformer &md models, except for protex for which
there are 3 models. The compilation is done through the ‘irekemand in th®RISM_Cpl/examples
sub-directories. To clean the directory, use ‘make clean’.

6.4 Running an example toy coupled model with OASIS4

The way the applications are launcRetbpends on the platforms and the launch strategy used &mtit,
in the scc.xml file (i.enot _spawn, or spawn, see also sections 3.1 and 6.5).

For running the examples simple-mg* on architectures orclttie current release was tested, the script
PRISM.Cpl/util/prismrun serves as an aid on how to start the examples. Note that tdisse t
script, you have to define the environment varialf®&MILE_HOMEcomplete path foPRISM.Cpl

>The example toy coupled models are not adapted to the PRISMIStd Running Environment (SRE) yet.
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directory), MPIRUN(mpirun command with its complete path), aMPIEXECif LAM-MPI is used
(lammpiexec command with its complete path) at the beginning of the &crip

Fornot _spawn mode, thgrismrun script uses an MPI configuration fégplmg- <archi >.conf ,
where<archi > depends on the targeted architecture, eitosy, cosyi, linux, sx, irix64,

lam , or mpich ; the number of processors used by each application neeéssieegified in this MPI con-
figuration file used and must be coherent with the values ateétin the scc.xml file. For thepawn
mode, only the number of processors for the Driver/Tramsésrneeds to be specified in thgsmrun
option-drv _np. If LAM-MPI is used, theprismrun script uses also tham.config file; the num-
bers of processors used need to be specified also in this dileast be coherent with the values indicated
in the SCC XML file (see section 5.3).

To get help on how to use the script, use the -help option:

>prismrun -help

To get architecture specific help use

>prismrun <-cosy|-cosyi|-lam|-mpich]|-linux|-sx|-irix6 4> -help

For example, for irix64, type in the PRISKIpl/examples/simple-mg directory:

>prismrun -irix64 -help

This will tell you how to start the example coupled experiméfor example, for irix64, type:

>prismrun -irix64 -f scc.xml -conf applmg-irix64.conf

After a successfull execution of the examples simple-niyg files atm.0 and ocn.O should be present and
end with the sentencélo errors detected’

For running the example prafex, the executablerismdrv _main and the three model executables
toyatm.exe ,toyatm.exe ,toylan.exe need to be started. As for the simple-mg* examples, the
way the applications are launched depends on the platfanchsrmparameters specified in the SCC XML
file (launching strategy, number of processors used by thelepand each application, etc.). For example,
on an SGI irix64 platform with theot _spawn starting mode (see section 3.1), one can type:

> mpirun -np 1 ../../bin/prismdrv Jmain : -np 3 ./toyatm.exe :

-np 1 ./toyoce.exe : -np 3 ./toylan.exe

where thenp x specify the number of processes for each application. La@ogon other platforms are
described iPRISM.Cpl/util/prismrun

After a successfull execution of the example pretq all files containing standard output from the differ-
ent components should end with lines like

--- Note: MPI_Finalize was called ---
--- from prism_terminate.  ---

### Model: ... : No errors detected

6.5 Remarks and known problems

LAM-MPI with the spawn approach

The usage oMPI_CommSpawn_Multiple  is the most portable way if MPI processes shall be dynam-
ically spawned on multiple hosts. Therefore, there is arvesepredefined key "host” for the info argu-
ment, which specifies the value of the host name, in the MRI2dstrd. Nevertheless this is currently not
supported by LAM-MPI. Therefore, to use LAM-MPI, it is regesdl to use the CPP key PRISMAM. In

this case, LAM-MPIMPI_CommSpawn_Multiple fills the processors according to the list given in the
lam.config  file used by the lamboot process (see exampRRISM.Cpl/examples/simple-mg )s
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using always all processors on a given node. For exampleiveiDiransformer process and 4 processes
for the ocean and the atmosphere models would be schedutedeed-CPU hosts like the following: the
Driver/Transformer would be on host 1, the ocean model whalee 3 processes on hostl and 1 process
on host 2, and the atmosphere model would have 3 processesmnuost 2 and 1 on host 3, which of
course is not optimal.

With MPI_CommSpawn LAM-MPI would be more more flexible regarding the spawningpofcesses.
For OASISA4 this is not an option sind&P1_ComniSpawn_Multiple  is required for

— starting multiple binaries (not several applicationk)s may be required for an heterogenous clus-
ter;

— starting same binary with a multiple set of arguments;

— placing multiple binaries in the same MBRIOMM_WORLD. It is intended by PRISM to place the
MPI processes of an application into a MBOMM_WORLD which is different for each applica-
tion. In this case, the applications are not required to gbdhe application internal communicators.

Therefore, thespawn approach is not recommended with LAM-MPI. Thet _spawn approach (see
sections 3.1 and 6.4) should be prefered if possible.

MPICH

Since MPI1 is not designed for 64 Bit architectures the defsilPICH.1.2.* implementation will not
work on 64 Bit systems for OASIS4 afBSMiILe. It could work on 1A64 if there was no use of functions
with INTEGER arguments representing an address or a deplact as is the case in OASIS4 (on I1A64
architectures these integers must be 64 bits or “long” inMQuage; they are “int” in MPICH) .

Portland Group Compiler

The Portland Group Compiler Version 5.2 produces an intesampiler error for the main routine of
OASISA4.

Intel Fortran Compiler

To sucessfully compile OASIS4 Intel Fortran Compiler vens8.0 or higher is required.
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Scalability with OASIS4

One of the major enhancements of OASIS4 compared to OASIKS3 fsill parallelization of th&SMILe
(see section 4.5.1) and the Transformer (see section 3.2).

Thesimple-mg toy model in directoryPRISM.Cpl/examples (see also section A.1), with a T106
resolution for the atmosphere model was selected for stigfabsts.

Selected platforms were NEC SX-6, SGI Altix and Origin, AMIdklon PC Cluster, and AMD-Opteron
PC Cluster. Table 7.1 summarizes the characteristics déited systems and used software.

Model/Feature CPU specs Main Memory | Compiler MPI-library
(per CPU)
NEC SX-6 0,5 GHz (*16) 8 GB F90: Rev. 285 NEC-MPI
C++: Rev.063 LC310039
SGI ALTIX Madison 1,5 Ghz 2 GB Intel ifort 8.050 SGIMPT 1.12
6 MB L3-cache Intel icc 8.069
SGI-Origin R14000 0,7 Ghz| 2 GB MIPSPro 7.4.1 SGIMPT 1.12
8 MB L2-cache
AMD-Athlon PC | 2,8 GHz, 32 bit | 4 GB Absoft 32bit F95 9.0 r2 MPICH-
Myrinet
AMD-Opteron PC| 2,2 GHz, 64 bit | 4 GB Pathscale 1.4.1 LAM7.1.1

Table 7.1: Characteristics of the tested systems and used softwasedtability tests

Simulation with up to 24 CPUs were carried out, starting vatte process for each component model
and the Transformer (1-1-1) and ending with 8 processesgmponent model and the Transformer (8-
8-8). The notation in the result tables below is X-Y-Z whergYXand Z are respectively the number of
processes for the atmosphere toy model, for the Transfoandrfor the ocean toy model. For example:
4-1-4 means 4 processes for each component model and 1 ggedesthe Transformer.

Two measures of the scalability is taken in eaghple-mg toy component model:

e the time in seconds until thgrism _enddef is reached. This measure is reported in the columns
‘enddef ATM’ and ‘enddef OCE’ for respectively the atmosphand the ocean component model
in the tables below. The subroutipesm _enddef (see section 4.5.1) finishes the definition phase
and includes the parallel neighborhood search for thegotation done in parallel by theSMiILe
linked to the models. Increasing the number of processd¢ldéaromponent models should therefore
reduce this time. This is a measure of B8MILe scalability.

e the required time in seconds for a ping-pong exchange of Watathe other component. This
measure is reported in the columns ‘ping-pong ATM’ and ‘ppang OCE’ for respectively the
atmosphere and the ocean component model in the tables.b@&evihe data are transfered in
parallel by thePSMILe and interpolated by the Transformer, increasing the nurobprocesses
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for the Transformer and for the component models shouldoethis time. This is a measure of the

Transformer and of thBSMILe scalability.

SX6 enddef ATM | enddef OCE| ping-pong ATM | ping-pong OCE
1-1-1 (1 node) | 0.6 0.6 0.4 0.4
2-2-2 (1 node) | 0.4 0.4 0.2 0.2
4-4-4 (2 nodes) 0.4 0.2 0.05 0.2

Table 7.2: Scalability results for simple-mg on NEC SX-6.

SGI | enddef ATM | enddef OCE| ping-pong ATM | ping-pong OCE
1-1-1| 3.5 1.8 11 1.9
2-2-2| 16 1.3 0.6 1.0
4-4-4| 0.7 0.6 0.3 0.5
4-1-4| 1.0 0.9 0.8 0.8

Table 7.3: Scalability results for simple-mg on SGI-Altix.

SGI | enddef ATM | enddef OCE| ping-pong ATM | ping-pong OCE
1-1-1| 9.6 55 2.6 54
2-2-2| 6.0 3.6 14 3.0
4-4-4 | 1.3 2.9 0.8 1.8
8-8-8| 0.7 0.6 0.3 0.7
8-1-8| 1.0 1.0 1.6 2.5

Table 7.4: Scalability results for simple-mg on SGI-ORIGIN.

AMD | enddef ATM | enddef OCE| ping-pong ATM | ping-pong OCE
1-1-1 | 4.6 4.6 1.9 4.1
2-2-2 123 25 0.9 2.0
4-4-4 1 1.0 3.2 0.9 1.2
4-1-4 | 1.4 1.1 2.4 2.8

Table 7.5: Scalability results on AMD Athlon-Cluster.

AMD | enddef ATM | enddef OCE| ping-pong ATM | ping-pong OCE
1-1-1 | 15 1.6 0.6 1.1
4-4-4 | 1.1 1.0 0.2 0.3
8-8-8 |04 0.5 0.1 0.2
8-1-8 | 0.7 0.6 0.6 0.7

Table 7.6: Scalability results on AMD Opteron-Cluster.

In general the elapsed times are in the order of seconds dosithple-mg. Nevertheless scalability of
OASIS4PSMiILe and Transformer can be demonstrated by comparing the ‘€matdeing-pong’ times
for configurations 1-1-1, 2-2-2, 4-4-4, and 8-8-8 (when lamde¢). This time decreases on all platforms
with the number of processes used (the only exceptions ietiuelef OCE’ time for the AMD Athlon PC
Cluster for 4-4-4 on table 7.5).

At the end of each table, the numbers for the 4-1-4 or 8-1-8igwration are also given. This number
illustrated the necessity of having a parallel Tranformerfact, the ping-pong tests realised with only
1 process for the Transformer (4-1-4 or 8-1-8 configurat&hmw an elapse time which is up to 3 times
larger than the ping-pong tests realised with 4 or 8 prosgssahe Transformer (4-4-4 or 8-8-8 configu-
ration).



The parallelization of the OASIS4 gives therefore big adagas in case of expensive interpolations be-
tween component fields exchanged between highly paralfepooent models. The parallel neighbour-
hood search in thBSMiILe library as well as the parallel Transformer reduce inteapoh time as well

as communication time.
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Appendix A

Toy coupled models with OASIS4

A.1 General description

Different toy models were created to test OASIS4 functiityal toy coupled model is based on compo-
nent models with no real physics but reproducing realishigpting and I/O exchanges (parallel decom-
position, size and number of coupling fields, interpolatéom other operations, frequencies of coupling
or /O, etc.).

The sources of the different OASIS4 toy coupled models cdiolned inPRISM Cpl/examples  sub-
directories. Chapter 6 briefly describes how to compile amdthese toy coupled models. For each toy
coupled model, the coupling and 1/0O configuration is defimethe SCC and SMIOC XML files in the
related directory (see also chapter 5). The following toydeie are available:

e proto _ex:

In this example, three toy applications anticipating ancsipimere model (toyatm), an ocean model
(toyoce), and a land model (toylan) are coupled. The pextdoy coupled model, as well as its
descriptive and configuration XML files, are described in endetail in section A.2 below.

e simple-mg
The example couples two toy applications anticipating amoaphere model (appl-atm.F90) and
an ocean model (appl-ocn.F90). The atmosphere model waorks@aussian grid while the ocean
model is using an isotropic grid. Different resolutions poessible using CPP flags for the ATM
(T21, T42, T63, T106 and T255). The default is T63. The rasmiuof the ocean model can be
modified by changing the variable dgt in appl-ocn.F90. The default value is 4.0. The exchanged
data are scalar fields. A trilinear interpolation is perfethbetween the two different grids.

e simple-mg-io-wrt
The example is derived from the exam@enple.mg and features how to write data into a
NetDF file usingprism _put . The atmosphere model declares and sends one additiomsl fiel

in its SMIOC file atm _atm _smioc.xml it is specified that this field should be written to a file
atm wind.nc

e simple-mg-io-wrt2
The examples is liksimple-mg , but tests the transfer of a field to two destinations. The at-
mosphere model declares the figlotm _wind and sends it through om@ism _put call. As is
specified in its SMIOC filatm _atm _smioc.xml , the field is transfered both to the ocean model
(via the Transformer) and to the filgm _wind.nc . Moreover, for the fieldbcn _wind2 sent by
the ocean model, the debug mode is turned on; this meang thiat-ame, the field is automatically
written to the file 'ocnwind_getg out.1994-01-01T00:00:00.nc’ below tpeism _put .

e simple-mg-io-rd
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The example is similar teimple-mg but now each model loops over 12 time steps. In the atmo-
sphere model, one additional fieddm _wind _input is read from input files; this example tests
the capability of tha®SMILe to read data which are spread over a sequence of files congprisi
the different time stamps needed by a coupled experiment tHe sequence consists of three files
atmwind_in.1993-09-01T00:00:00.nc, atmind_in.1994-01-01T00:00:00.nc and atwind_in.1994-
05-01T00:00:00.nc. According to the job start date,RISMILe find automatically the best match
as file atmwind_in.1994-01-01T00:00:00.nc.

Note that resolutions of the atmosphere and ocean modelsmatube changed in this directory
without changing the input files. The examglenple-mg-io-forrd can be run to create the
input files (see below).

e simple-mg-io-forrd
This example is the counterpart simple-mg-io-rd . The atmosphere model writes 12 time
stamps of a transient into a filgm wind _out.1994-01-01T00:00:00.nc . That file can
be renamed tatm _wind _in.1994-01-01T00:00:00.nc and can be used for the example
simple-mg-io-rd . Moreover, the example shows how tREMILe performs a file name ex-
tension if a file basename is given and the suffix extensiauriget! on (see section 5.4.7).

A.2 The proto_ex toy coupled model

A.2.1 The proto_ex toy coupled model general description

The protaex toy coupled model (see source®iRISMCpl/examples/proto _ex) illustrates the cou-
pling and 1/O of three application®yatm.F90, toylan.F90 , andtoyoce.F90 . The coupling
and file /0O managed by OASIS4 Driver, Transformer &fMILe library linked to the 3 component
models is illustrated on figure A.1.

Both toyatm and toylan work on a T31 Gaussian grid, but thefaltel partitioning is a function of their
number of processes which can be different. The third mddggce, is not parallel and uses a a real
ocean model cartesian, stretched and rotated grid of 182}fid points.

All coupling and 1/O fields are scalar fields. The model toyatetlares 1 input fieldSISUTESU,
and 4 output fiellCONSFTOT, COSENHFL, COWATFLU, ATWINSasSis listed in its PMIOD file
toyatm _atmos _pmiod.xml (see section A.2.6). The model toylan declares 2 input fi&ld/ATFLX
andSOSENHFand 1 output field ARUNOFHs is listed in its PMIOD filéoylan _land _pmiod.xml
(see section A.2.7). The model toyoce declares 4 input8€IISHLDO, SOWAFLDO, SORUNG@R#&
OCWINSTSand 1 output fiel SOSSTSSTas is listed in its PMIOD fildoyoce _ocean _pmiod.xml
(see section A.2.8).

Chapter 6 briefly describes how to compile and rungfao _ex toy coupled model. In theot _spawn
mode, each application (i.@rismdrv _main, toyatm.exe, toyoce.exe , andtoylan.exe )
must be started with the number of processes specified incthensl file (see section A.2.5). In the
spawn mode, only theprismdrv _main needs to be started and will automatically spawn the other
applications on the number of processes specifies in thenstcc.

At run-time, the Transformer and tHeSMILe linked to the component models act according to the
specifications written by the user in the configuration SMIXI@L files.

In the toyatm SMIOC fildoyatm _atmos _smioc.xml (see section A.2.9), itis specified tRIWINSTS
will be sent to toyoceCOSENHFIto toylan, COWATFLWBoth to toyoce and toylan, whi€ONSFTOT
is not sent at all; it is also specified th&tSUTESUwill come from toyoce. The toylan SMIOC file
toylan _land _smioc.xml (see section A.2.10) specifies thaARUNOFFwill both go to toyoce and
be written to a fileELARUNOFF.ncand thatt AWATFLXand SOSENHFIwill be received from toyatm.
Finally, in the toyoce SMIOC filéoyoce _ocean _smioc.xml (see section A.2.11), itis specified that
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Figure A.1: Theproto _ex toy

coupled model coupling and I/O configuration
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OCWINSTSnd SOWAFLD@ill be received from toyatmSORUNOFFom toylan, whileSONSHLDO
will be read from a fileSONSHLDO.n¢ SOSSTSSWwill be sent to toyatm.

Different operations are performed by tR&MILe on the coupling or I/O fields such as statistics, time
accumulation time averaging, as specified in the SMIOC fil€ke exchanges of the coupling fields
between toyatm and toylan (and vice-versa) are direct,Nm@ possibly some repartitioning if their
parallel partitioning are different. As toyatm and toyoae bt have the same grid, their exchanges of
coupling fields go through the Transformer (not illustratedfigure A.1) where a linear interpolation is
performed. The different coupling and 1/O periods are afscHied in the different SMIOC files.

The exampleproto _ex features also the restart of a coupled experiment in whicbuplng field is
defined with dag (see sections 4.6.4 and 5.4.4 for more details).

To create a restart at the first run, type:
prismrun - <system > -f scc.xml.start -conf <myfile.conf >

After the first 3-day run, the fl€EOSENHFlatmos _toyatm _rst.2000-01-04T00:00:00.nc is
created and can be used to restart a second run of 3 days. fisdot need to change tI@OSENHFL
lag defined inoyatm _atmos _smioc.xml from zero to one and use the scc.xml which is prepared for
the second 3-day run:

prismrun - <system > -f scc.xml.restart -conf <myfile.conf >

The COSENHFIfield with a positive lag of one will automatically be readrrats coupling restart file
at the beginning of the run below the figstism _get and will automatically be written out to a file
COSENHFIlatmos _toyatm _rst.2000-01-07T00:00:00.nc below the lasprism _put of the
run. This can again be used for a subsequent run.

A.2.2 The proto_ex toyatm AD XML file

The AD XML file of proto_ex toyatm can be found at http://www.cerfacs.fr/PRISM/Xktlyatm.ad.xml

A.2.3 The proto_ex toylan AD XML file

The AD XML file of proto_ex toylan can be found at http://www.cerfacs.fr/PRISM/XRKtlylan.ad.xml

A.2.4 The proto_ex toyoce AD XML file

The AD XML file of proto_ex toyoce can be found at http://www.cerfacs.fr/PRISM/Xkélyoce ad.xml

A.2.5 The proto_ex toy coupled model SCC XML file

The SCC XML file of protaex can be found at http://www.cerfacs.fr/PRISM/XML/sgulx

A.2.6 The proto_ex toyatm PMIOD XML file

The PMIOD XML file of protaex toyatm can be found at
http://www.cerfacs.fr/PRISM/XML/toyatnatmospmiod.xml

A.2.7 The proto_ex toylan PMIOD XML file

The PMIOD XML file of protaex toylan can be found at
http://www.cerfacs.fr/PRISM/XML/toylaland pmiod.xml
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A.2.8 The proto_ex toyoce PMIOD XML file

The PMIOD XML file of protaex toyoce
http://www.cerfacs.fr/PRISM/XML/toyoc@ceanpmiod.xml

A.2.9 The proto_ex toyatm SMIOC XML file

The SMIOC XML file of protaex toyatm
http://www.cerfacs.fr/PRISM/XML/toyatoatmossmioc.xml

A.2.10 The protaex toylan SMIOC XML file

The SMIOC XML file of protaex toyatm
http://www.cerfacs.fr/PRISM/XML/toylarland smioc.xml

A.2.11 The protaex toyoce SMIOC XML file

The SMIOC XML file of protaex toyoce
http://www.cerfacs.fr/PRISM/XML/toyoc@ceansmioc.xml
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Appendix B

DTDs and Schemas of OASIS4 description
and configuration files

B.1 ADDTD

The AD DTD can be found at http://www.cerfacs.fr/PRISM/XKad.dtd

B.2 SCCDTD

The SCC DTD can be found at http://www.cerfacs.fr/PRISM/XXbtc.dtd

B.3 PMIOD DTD and Schema

B.3.1 PMIOD DTD

The PMIOD DTD can be found at http://www.cerfacs.fr/PRISWIL/pmiod.dtd

B.3.2 PMIOD Schema

The PMIOD Schema can be found at http://www.cerfacs.frBNRXML/pmiod.xsd

B.4 SMIOC DTD and Schema

B.4.1 SMIOC DTD

The SMIOC DTD can be found at http://www.cerfacs.fr/PRISWMIL/smioc.dtd

B.4.2 SMIOC Schema

The SMIOC DTD can be found at http://www.cerfacs.fr/PRISMIL/smioc.xsd
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