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1 Whatis the Earth System Modeling Framework?

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

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

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

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

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

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

2 The ESMF User’s Guide

This ESMF User's Guidés mainly an installation and build guide for the new ESMFrused a build reference for
the experienced user. New users are strongly encouragesmdahd the ESMF software and try running the system
tests and examples that illustrate both ESMF utilities angpting services.

TheUser’s Guideis organized as follows. The next two sectidds, 3[dnd 4, aoneser support and how to submit
comments on the ESMF system to our development team. Se@itimrough 0 contain Quick Startguide that
explains how to install the ESMF software and run the sedfstefollowed by more detail on ESMF structure and
operation, such as a description of the directory strucame how to build and run the ESMF example programs.
Sectior 11l is an architectural overview that describesrdméwork’s basic goals and features. Sedfidn 12 details the
steps required to adapt a component for use with ESMF. kjrialhelp you become familiar with ESMF terminology,
the last section in thBser’s Guidds a glossary.


mailto:esmf_support@list.woc.noaa.gov

Figure 1: Schematic of the ESMF “sandwich” architecturethiis design the framework consists of two parts, an
upper levebuperstructure layer and a lower-levehfrastructure layer. User code is sandwiched between these two
layers.

ESMF Superstructure
AppDriver
Component Classes: GridComp, CplComp, State

User Code

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

3 How to Contact User Support and Find Additional Informatio n

The ESMF team can provide assistance in using the framewogrlur applications. For user support, please contact
esmf_support@list.woc.noaa.gov.

More information on the ESMF project as a whole is availablem dhe ESMF website,
http://www.earthsystemmodeling.org. The website inekidelease notes and known bugs for each version of the
framework, supported platforms, project history, valies] metrics, related projects, the ESMF management struc-
ture, and much more. Those curious about specific interitmdd refer to thESMF Reference Manual for Fortran
which contains a detailed listing and description of the ESMPI (this version of the document corresponds to the
last public version of the framework). Also available on 8B8MF website is th&SMF Developer's Guidéhat
details our project procedures and conventions.

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

We welcome input on any aspect of the ESMF project. Send igmastand comments to
esmf_support@list.woc.noaa.gov.
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http://www.earthsystemmodeling.org/esmf_releases/public/last/ESMF_refdoc/
http://www.earthsystemmodeling.org/documents/dev_guide/
mailto:esmf_support@list.woc.noaa.gov

5 Quick Start

This section gives a brief description of how to get the ESMffvgare, build it, and run the self-tests to verify the
installation was successful. There is also a short guidausorg the bundled ESMF applications. More detailed
information on each of these steps is provided in seclibif &nd7, respectively.

With a growing user community requiring access to ESMF, reromputing resources (such as ORNL for the
JaguarandKrakensupercomputers) have recently started providing systede @SMF installations. The availablity
of center-managed ESMF installations dramatically ineesathe ease of use of ESMF. Practically it means that if
you are working on a system (suchJagjual) that offers a standard ESMF installation, you do not hawdotenload,
build and validate your own ESMF installation from sourcesktead you can proceed directly to using ESMF as a
programming library or through access to the bundled aafitins as described in sectidds 6 &hd 7, respectively.

5.1 Downloading ESMF

5.1.1 From the ESMF web site

ESMF is distributed as a source code tar file. The tar file ferl#ttest public release, release notes, known bugs,
supported platforms, documentation, and other relateatrimhtion can be found on the ESMF website, under the
Downloadtab:

http://www.earthsystemmodeling.org -> Download

The source code for all other releases including the HEADefGVS trunk and the last stable version can be found
by following theView All Releasedink on the left hand navigation bar undeownload:

http://www.earthsystemmodeling.org -> Download -> View A Il Releases

5.1.2 From the SourceForge website

ESMF can also be downloaded from the SourceForge websitetfreFiles link on that website.
http://sourceforge.net/projects/esmf -> Files

Follow the directions on that web page to download a tar file.

5.2 Unpacking the download

The source code comes as a zipped tar file. First unzip the file:
gunzip esmf =*.tar.gz

Then untar the file:
tar -xf esmf *.tar

This will create a directory calleglsmf .

5.3 Directory Structure

The current list of directories includes the following:
¢ README
e build

e build_config



e makefile
e Scripts
e SIC

Thebuild_config directory contains subdirectories for different opemgsgstem and compiler combinations.
This is a useful area to examine if porting ESMF to a new ptatfo

5.4 Building ESMF
After downloading and unpacking the ESMF tar file, the buildgedure is:
1. Setthe required environment variables.
2. Typegmake info to view and verify your settings
3. Typegmake to build the library.
4. Typegmake check to run self-tests to verify the build was successful.

See the following sections for more information on each ekthsteps.

5.4.1 Environment variables

The syntax for setting environment variables depends omtwhiell you are running. Examples of the two most
common ways to set an environment variable are:

ksh export ESMF_DIR=/home/joeuser/esmf
csh setenv ESMF_DIR /home/joeuser/esmf

The shell environment variables listed below are the onest fnequently used. There are others which address
needs on specific platforms or are needed under more unusuahstances; see Sectidn 8 for the full list.

ESMF_DIR The environment variablESMF_DIRmust be set to the full pathname of the top level ESMF dirgctor
before building the framework. This is the only environmeartiable which is required to be set on all platforms
under all conditions.

ESMF_BOPT This environment variable controls the build option. To makdebuggable version of the library set
ESMF_BOPTo g before building. The default ®(capital oh) which builds an optimized version of the lilycar
If ESMF_BOPTs O ESMF_OPTLEVELan also be set to a numeric value between 0 and 4 to selectificpe
optimization level.

ESMF_COMM On systems with a vendor-supplied MPI communications tiptae vendor library is chosen by
default for communications anSMF_COMMKEed not be set. For other systems (e.g. Linux or Darwin) a
multitude of MPI implementations is available aB&MF_COMMust be set to indicate which implementation
is used to build the ESMF library. SEEMF_COMatcording to your situation tanpich, mpich2, lam,
openmpi orintelmpi . ESMF_COMMay also be set toser indicating that the user will set all the required
flags using advanced ESMF environment variables.

Alternatively, ESMF comes with a single-processor MPI-&g® library which is the default for Linux and
Darwin systems. To force the use of this bypass libranESNF _COM&tual tompiuni .



ESMF_COMPILER The ESMF library build requires a working Fortran90 and C-empiler. On platforms that
don’t come with a single vendor supplied compiler suite .(d.opux or Darwin) ESMF_COMPILERust be
set to select which Fortran and C++ compilers are being usdulild the ESMF library. Notice that set-
ting the ESMF_COMPILERariable doesot affect how the compiler executables are located on the rsyste
ESMF_COMPILERtogether withESMF_COMMffect the name that is expected for the compiler executa-
bles. Furthermore, theESMF_COMPILERetting is used to select compiler and linker flags condistéth the
compilers indicated.

By default Fortran and C++ compiler executables are expédotbe located in a location contained in the user’s
PATHenvironmentvariable. This means that if you cannot lodagecbrrect compiler executable via thbich
command on the shell prompt the ESMF build system won't firgititer!

There are advanced ESMF environment variables that candzbtasselect specific compiler executables by
specifying the full path. This can be used to pick specific piben executables without having to modify the
PATHenvironment variable.

Use 'gmake info’ to see which compiler executables the ESMifdtsystem will be using according to your
environment variable settings.

To see possible values f&@SMF_COMPILERcd to $SESMF_DIR/build_config and list the directories
there. The first part of each directory name correspond®toukput of 'uname -s’ for this platform. The second
part contains possible values lBEMF_COMPILERN some cases multiple combinations of Fortran and C++
compilers are possible, e.g. therangel andintelgcc  available for Linux. SettindeSMF_COMPILER
tointel indicates that both Intel Fortran and C++ compilers are usbéreasntelgcc  indicates that the
Intel Fortran compiler is used in combination with GCC's Geempiler.

If you do not find a configuration that matches your situation will need to port ESMF.

ESMF_ABI If a system supports 32-bit and 64-bit (pointer wordsizejligation binary interfaces (ABIs), this vari-
able can be set to select which ABI to use. Valid values3®eor 64. By default the most common ABI
is chosen. On x86_64 achitectures three additional, mazeifép ABI settings are availablex86_64 32 ,
x86_64 small andx86 64 medium .

ESMF_SITE The SourceForgesmfcontrib  repository contains makefiles which have already been mizeul
for certain machines. If one exists for your site and you wishse it, download the corresponding files into the
build_contrib directory and seESMF_SITEto your location (which corresponds to the last part of the
directory name). See the SourceForge bitp://sourceforge.net/projects/esmfcontrib for
more information.

ESMF_ETCDIR If a user wants to add Attribute package specification filestieir own customized Attribute
packages, this is where they should go. ESMF will look in thigctory for files that specify which Attributes
are in an Attribute package for certain ESMF objects, andtWieaappropriate initial values would be for those
Attributes. The format for these Attribute package speaifan files is to be defined in a future ESMF release.
This environment variable is largely for internal use as thdint.

ESMF_INSTALL_PREFIX This variable specifies the prefix of the installation pathduduring the installation
process accessible thought the install target. LibraFi@8,module files, header files and documentation all are
installed relative taSMF_INSTALL PREFIXby default. TheeSMF_INSTALL_PREFIXmay be provided
as absolute path or relative BEBMF_DIR

5.4.2 GNU make

The ESMF build system uses the GNU make program; it is noymalinedgmake but may also be simplynake or
gnumake on some platforms (we will usgmake in this document). ESMF does not use configure or autocoef; th
selection of various options is done by setting environmaritibles before building the framework.



5.4.3 gmake info

gmake info is a command that assists the user in verifying that the ESMiables have been set appropriatly. It
also tells the user the paths to various libraries e.g. M&ldhe set on the system. The user to review this information
to verify their settings. In the case of a build failure, timfrmation is invaluable and will be the first thing asked fo
by the ESMF support team. Below is arample outputfrom gmake info

Make version:

GNU Make 3.80

Copyright (C) 2002 Free Software Foundation, Inc.

This is free software; see the source for copying conditions .

There is NO warranty; not even for MERCHANTABILITY or FITNES S FOR A
PARTICULAR PURPOSE.

Fortran Compiler version:

Intel(R) Fortran Compiler for applications running on Inte I(R) 64, \
Version 10.1

Build 20081024 Package ID: |_fc_p_10.1.021

Copyright (C) 1985-2008 Intel Corporation. All rights rese rved.
Version 10.1

C++ Compiler version:

Intel(R) C++ Compiler for applications running on Intel(R) 64, Version 10.1
Build 20081024 Package ID: | cc_p_10.1.021

Copyright (C) 1985-2008 Intel Corporation. All rights rese rved.

Version 10.1

Preprocessor version:

gcc (GCC) 4.1.2 20070115 (SUSE Linux)

Copyright (C) 2006 Free Software Foundation, Inc.

This is free software; see the source for copying conditions . There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PART ICULAR PURPOSE.

ESMF_VERSION_STRING: 5.1.0

* User set ESMF environment variables *

ESMF_OS=Linux

ESMF_TESTMPMD=0ON
ESMF_TESTHARNESS_ARRAY=RUN_ESMF_TestHarnessArrayUNI2
ESMF_DIR=/nobackuppl10/scvasque/daily_builds/intel/e smf
ESMF_TESTHARNESS_FIELD=RUN_ESMF_TestHarnessFieldUNI _1



ESMF_TESTWITHTHREADS=0OFF
ESMF_COMM=mpiuni

ESMF_INSTALL_PREFIX= /nobackuppl0/scvasque/daily_bui

f/install_dir
ESMF_TESTEXHAUSTIVE=ON
ESMF_BOPT=g
ESMF_SITE=default
ESMF_ABI=64
ESMF_COMPILER=intel

* ESMF environment variables *
ESMF_DIR: /nobackuppl0/scvasque/daily builds/intel/e
ESMF_OS: Linux
ESMF_MACHINE: x86_64
ESMF_ABI: 64
ESMF_COMPILER: intel
ESMF_BOPT: g
ESMF_COMM: mpiuni
ESMF_SITE: default
ESMF_PTHREADS: ON
ESMF_OPENMP: ON
ESMF_ARRAY_LITE: FALSE

ESMF_NO_INTEGER_1_BYTE: FALSE
ESMF_NO_INTEGER_2_BYTE: FALSE
ESMF_FORTRANSYMBOLS:  default
ESMF_DEFER_LIB_BUILD:  ON
ESMF_TESTEXHAUSTIVE:  ON
ESMF_TESTWITHTHREADS:  OFF
ESMF_TESTMPMD: ON
ESMF_TESTSHAREDOBJ: OFF
ESMF_TESTFORCEOPENMP:  OFF

Ids/intel/esmf/.. \

ESMF_TESTHARNESS_ARRAY: RUN_ESMF_TestHarnessArrayUN| 2
ESMF_TESTHARNESS_FIELD: RUN_ESMF_TestHarnessFieldUNI _1

ESMF_MPIRUN:

* ESMF environment variables pointing to 3rd party software

* ESMF environment variables for final installation

ESMF_INSTALL PREFIX: /nobackuppl0/scvasque/daily _bui

install_dir
ESMF_INSTALL_HEADERDIR: include

ESMF_INSTALL_MODDIR: mod/modg/Linux.intel.64.mpiuni.
ESMF_INSTALL_LIBDIR: lib/libg/Linux.intel.64.mpiuni.
ESMF_INSTALL_BINDIR: bin/bing/Linux.intel.64.mpiuni.

ESMF_INSTALL_DOCDIR: doc

10

/nobackuppl0/scvasque/daily_builds/inte l/fesmf/src/ \
Infrastructure/stubs/mpiuni/mpirun

Ids/intel/esmf/../ \

default
default
default



* Compilers, Linkers, Flags, and Libraries *

Location of the preprocessor: /usr/bin/gcc

Location of the Fortran compiler: /nasalintel/fce/10.1.0 21/bin/ifort
Location of the Fortran linker: /nasa/intel/fce/10.1.021 /bin/ifort
Location of the C++ compiler: /nasalintel/cce/10.1.021/b inficpc
Location of the C++ linker: /nasalintel/cce/10.1.021/bin licpc

Fortran compiler flags:

ESMF_F90COMPILEOPTS: -g -fPIC -m64 -mcmodel=small -threa ds -openmp
ESMF_F90COMPILEPATHS: -l/nobackuppl0/scvasque/daily builds/intel/esmf/mod/ \
modg/Linux.intel.64.mpiuni.default -I/nobackuppl0/sc vasque/daily_builds \
fintel/esmf/src/include

ESMF_F90COMPILECPPFLAGS: -DESMF_TESTEXHAUSTIVE -DSx864 small=1 \
-DESMF_OS_Linux=1 -DESMF_MPIUNI

ESMF_F90COMPILEFREECPP:

ESMF_F90COMPILEFREENOCPP:

ESMF_F90COMPILEFIXCPP:

ESMF_F90COMPILEFIXNOCPP:

Fortran linker flags:
ESMF_F90LINKOPTS: -m64 -mcmodel=small -threads -openmp

ESMF_F90LINKPATHS: -L/nobackuppl0/scvasque/daily bui Ids/intel/esmfllib/libg/ \
Linux.intel.64.mpiuni.default -L/nasa/sgi/mpt/1.25/I ib -L/nasa/intel/ \
cce/10.1.021/lib/shared -L/nasalintel/fce/10.1.021/ ib/shared -L/nasa/ \
intel/cce/10.1.021/lib -L/nasalintel/fce/10.1.021/li b -L/nasalintel/cce/ \
10.1.021/lib -L/usr/lib64/gcc/x86_64-suse-linux/4.1. 2/ -Llusr/lib64/gce/ \

x86_64-suse-linux/4.1.2/../..1..1../lib64
ESMF_FO0LINKRPATHS:

-WI,-rpath,/nobackuppl10/scvasque/daily _builds/intel lesmf/lib/libg/ \
Linux.intel.64.mpiuni.default

ESMF_FOOLINKLIBS: -limf -lsvml -Im -lipgo -lguide -Istdc+ + -lirc -lgcc_s \
-lgcc -lirc -Ipthread -Igcc_s -lgcc -lirc_s -Idl -Irt -IdI

ESMF_F9OESMFLINKLIBS: -lesmf -limf -lsvml -Im -lipgo -Ilgu ide -Istdc++ -lirc \
-lgcc_s -lgcc -lirc -lpthread -lgcc_s -lgec -lirc_s -Idl -l rt -dl

C++ compiler flags:

ESMF_CXXCOMPILEOPTS: -g -fPIC -m64 -mcmodel=small -pthre ad -openmp
ESMF_CXXCOMPILEPATHS: -l/nobackuppl0/scvasque/daily builds/intel/ esmf/src/ \
include -lI/nobackuppl0/scvasque/daily builds/intel/e smf/src/Infrastructure \
/stubs/mpiuni

ESMF_CXXCOMPILECPPFLAGS: -DESMF_TESTEXHAUSTIVE -DSx®&3 small=1 \
-DESMF_OS_Linux=1 -D__SDIR__=" -DESMF_MPIUNI

C++ linker flags:
ESMF_CXXLINKOPTS: -m64 -mcmodel=small -pthread -openmp

ESMF_CXXLINKPATHS: -L/nobackuppl0/scvasque/daily bui Ids/intel/esmf/lib/libg/ \
Linux.intel.64.mpiuni.default -L/nasa/intel/fce/10.1 .021/lib/
ESMF_CXXLINKRPATHS: -WI,-rpath,/nobackuppl0/scvasque /daily_builds/intel/esmf/ \
lib/libg/Linux.intel.64.mpiuni.default -WI,-rpath,/n asalintel/fce/ \
10.1.021/lib/
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ESMF_CXXLINKLIBS: -lifport -lifcoremt -limf -lsvml -Im -l ipgo -lguide -lirc \
-Ipthread -Igcc_s -Ilgcc -lirc_s -Idl -Irt -Idl

ESMF_CXXESMFLINKLIBS: -lesmf -lifport -lifcoremt -limf - Isvml -Im -lipgo \
-lguide -lirc -Ipthread -lgcc_s -lgcc -lirc_s -ldI -Irt -Id I

Compiling on Thu Oct 21 02:15:56 PDT 2010 on r75i0n8

Machine characteristics: Linux r75i0n8 2.6.16.60-0.68.1 .20100916-nasa \
#1 SMP Fri

Sep 17 17:49:05 UTC 2010 x86 64 x86 64 x86_64 GNU/Linux

5.4.4 Building makefile targets

The makefiles follow the GNU target standards where possible most frequently used targets for building are
listed below:

lib build the ESMF libraries only (default)
all build the libraries, unit and system tests and examples

doc build the documentation (requires specific latex macro&ages and additional utilities; see Secfidon 8 for more
details on the requirements).

info print out extensive system configuration information ahehat compilers, libraries, paths, flags, etc are being
used

clean remove all files built for this platform/compiler/wordsize
clobber remove all files built for all architectures

install install the ESMF library in a custom location

5.4.5 Testing makefile targets
To build and run the unit and system tests, type:
gmake check

A summary report of success and failures will be printed ¢th@end.
See section 10.7.1 on how to set up ESMF to be able to laundbutidied test and example applications.
Other test-related targets are:

all_tests build and run all available tests and examples

build_all_tests build tests and examples; do not execute

run_all_tests run tests and examples without rebuilding; print a summatheresults
check_all_testsprint out the results summary without re-executing
dust_all_testsremove all test and example output files

clean_all_testsremove all test and example executables and output files

12



For all the targets listed above, the strialyj tests can be replaced with one of the strings listed below to
select a specific type of test:

unit_tests unit tests exercise a single part of the system
system_testssystem tests combine functions across the system
examples examples contain code illustrating a single type of functio

For examplegmake build_examples  recompiles the example programs but does not execute tigamake
dust_unit_tests removes all output files generated when executing the usii$,tbut leaves the executables.
gmake clean_system_tests removes all executables and files associated with the syetgm

For the unit tests only, there is an additional environmamiable which affects how the tests are built:

ESMF_TESTEXHAUSTIVE If this variable is set t@Nbefore compiling the unit tests, longer and more exhaustive
unit tests will be run. Note that this is a compile-time and nm-time option.

5.4.6 Building and using bundled ESMF applications

This section describes how the bundled ESMF applicationdesbuilt and used from inside the ESMF source tree.

Notice that this is sort of a quick and dirty way of accessimgESMF applications. It is supported as convenience to

those users interested in quickly gaining access to thelbditSMF applications, and do not mind the shortcomings

of this approach. Users interested in maximum portabiligidd instead follow the instructions provided in secfibn 7
To build the bundled ESMF applications type:

gmake build_apps

This will build the applications and place the executabledar theSESMF_DIR/apps directory inside the ESMF
source tree. The applications can be directly executed frithin the SESMF_DIR/apps directory following the
system specific rules for execution. The details will depemavhether ESMF was built with or without MPI depen-
dency. In the latter case the system specific rules for langgarallel applications must be followed. System specific
execution details on this level are outside of ESMF’s scope.

For most systems, the MPI version of the ESMF bundled apjics can be executed by a command equivalent
to:

mpirun -np X $(ESMF_DIR)/apps/..../application

whereX specifies the total number of PETs aaplplication is the name of the specific ESMF application
to be executed. The.. in the path indicates the precise subdirectory structudeuvapps which follows the
standard ESMF pattern also used for thests ~ and./examples  subdirectories.

All bundled ESMF applications support the standarghelp’ command line option that prints out information
on its proper use. More detailed instructions of the indiaidapplications are available in the "Applications" seati
of theESMF Reference Manual

6 Compiling and Linking User Code against an ESMF Installaton

Building user applications against an ESMF installatioguiees that the compiler and linker be able to find the
appropriate ESMF header, module and library files. If thiscpdure has been documented by the installer of the
ESMF library on your system then follow the directions giv@therwise it is up to the user to determine and provide
the required compiler and linker flags. Every ESMF instadlaprovides a file namedsmf.mk that contains the
relevant information.
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The location of theesmf.mk file should be documented by the party that installed ESMFersystem. We recom-
mend that a single ESMF specific environment variabB@MFMKFILE be provided by the system that points to the
esmf.mk file. See sectioh 8.8 for the related discussion aimed ateheop that installs ESMF on a system.

The information inesmf.mk is defined in form of variables. In fact, syntacticatlgmf.mk is a makefile fragment
and can be imported by an application specific makefile viarttlede command. All the variables iasmf.mk
start with the ESMF " prefix to prevent conflicts. The information @smf.mk is fully specified and is not affected
by any variables set in the user’s environment.

The information defined imsmf.mk includes Fortran compiler and linker, as well as C++ conmled linker. It
further includes the recommended Fortran and C++ specifippder and linker flags for building ESMF applications.
One way of using thesmf.mk is to glean the necessary information from it. This inforimatcan then be used
either directly on the command line when compiling a usetiagfion, or to hardwire the settings into the application
specific build system. However, the recommended ussoff.mk is to include this file in the application specific
makefile directly via thénclude command.

TheMakefile template below demonstrates how a user build system cannstraoted to leverage tresmf.mk

file. In practice, most user build systems will be more compldowever, this template does show that the added
complexity introduced by usingsmf.mk is minimal. Examples of how to use this build system in reialiaser
scenarios can be found in the external demos.

The advantages of usiregmf.mk , over hard coding suitable compiler and linker flags intouker build system
directly, are robustness and portability. Robustness naequence of the fact that everything definedsmf.mk
corresponds to the exact settings used during the ESMRyiltmald (consistency) and during the ESMF test suite
build. Usingesmf.mk thus guarantees that the user application is build in theteseane manner as the ESMF test
suite applications that undergo strict regression tegtefgre every ESMF release. Portability means that a uskt bui
system, which useesmf.mk in the way the templat®akefile = demonstrates, will function as expected on any
system where ESMF was successfully installed and testéldioutithe need of modifying anything. Eveegmf.mk

is generated during a specific ESMF installation using thelE&sted settings for the host platform.

HHAHH R R R R R R R HHAHH R AR R
### Makefile template for user ESMF application, leveragin g esmf.mk mechanism ##
HHEHHHHH T R HHEHHHEH T

BHARHHHHHHHHHHH AR R R AR A A AR AR R R BHARHH R

### Finding and including esmf.mk ###HHHHHHHHHHH HHAHHHHH AR AR R
# Note: This fully portable Makefile template depends on fin ding environment

# variable "ESMFMKFILE" set to point to the appropriate "esm f.mk" file,

# as is discussed in the User's Guide.

# However, you can still use this Makefile template even if th e person

# that installed ESMF on your system did not provide for a mech anism to

# automatically set the environment variable "ESMFMKFILE" . In this case

# either manually set "ESMFMKFILE" in your environment or ha rd code the

# location of "esmf.mk" into the include statement below.

# Notice that the latter approach has negative impact on port ability.

ifneq ($(origin ESMFMKFILE), environment)
$(error Environment variable ESMFMKFILE was not set.)
endif

include $(ESMFMKFILE)
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HH B R R R HH B
### Compiler and linker rules using ESMF_ variables supplie d by esmf.mk ##H#HHHE

.SUFFIXES: .f90 .F90 .c .C

.fo0:

$(ESMF_F90COMPILER) -c $(ESMF_F90COMPILEOPTS) $(ESMF_FO0COMPILEPATHS) \
$(ESMF_F90COMPILEFREENOCPP) $<

$(ESMF_F90LINKER) $(ESMF_F90LINKOPTS) $(ESMF_F90LINKP ATHS) \
$(ESMF_F9OLINKRPATHS) -0 $@ $*.0 $(ESMF_F90ESMFLINKLIBS)

.F9O0:

$(ESMF_F90COMPILER) -c $(ESMF_F90COMPILEOPTS) $(ESMF_FO0COMPILEPATHS) \
$(ESMF_F90COMPILEFREECPP) $(ESMF_F90COMPILECPPFLAGS}<

$(ESMF_F90LINKER) $(ESMF_F90LINKOPTS) $(ESMF_F90LINKP ATHS) \
$(ESMF_FI0LINKRPATHS) -0 $@ $*.0 $(ESMF_F90ESMFLINKLIBS)

.C.

$(ESMF_CXXCOMPILER) -¢ $(ESMF_CXXCOMPILEOPTS) \
$(ESMF_CXXCOMPILEPATHSLOCAL) $(ESMF_CXXCOMPILEPATHS)
$(ESMF_CXXCOMPILECPPFLAGS) $<

$(ESMF_CXXLINKER) $(ESMF_CXXLINKOPTS) $(ESMF_CXXLINKRATHS) \
$(ESMF_CXXLINKRPATHS) -0 $@ % .0 $(ESMF_CXXESMFLINKLIBS)

.C:

$(ESMF_CXXCOMPILER) -¢ $(ESMF_CXXCOMPILEOPTS) \
$(ESMF_CXXCOMPILEPATHSLOCAL) $(ESMF_CXXCOMPILEPATHS)
$(ESMF_CXXCOMPILECPPFLAGS) $<

$(ESMF_CXXLINKER) $(ESMF_CXXLINKOPTS) $(ESMF_CXXLINKRATHS) \
$(ESMF_CXXLINKRPATHS) -0 $@ % .0 $(ESMF_CXXESMFLINKLIBS)

HHHHHHH T T HHEHEHHH
### Sample targets for user ESMF applications ##H#HHHHHHH P

all: esmf_UserApplication esmc_UserApplication
esmf_UserApplication:
esmc_UserApplication:

BHARHHHHHHHHHHH AR R R AR A AR AR AR AR R BHARHH R

7 Using Bundled ESMF Applications

ESMF comes with a set of bundled applications in the form ahdard command line tools. These applications
include convenient access to general information aboutSMEinstallation, and regrid weight file generation. This
section provides assistance with respect to building anding the bundled applications.
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There are two ways a user may choose to build and access tdeduESMF applications. Users that prefer not to
go through the full ESMF installation process have the apt@mbuild the bundled applications inside of the ESMF
source tree, very similar to how the unit tests, system tastisexamples are built. This option is outlined in section
and should only be considered by users that want quicksa to the applications and are not interested in a
sharable installation or the development of portable t£dpd makefiles that use the applications. Users interésted
the latter should consider the more standard second optitined below.

The bundled ESMF applications are built automatically i@ pnocess of installing ESMF following the instructions
given in sectiof 8]8. On systems that offer system-wide E8#dtallations (e.g. via modules or similar mechanisms)
the user need not worry about the build and installationildet@nce installed, the applications are accessible tjiou
their precise location on the system. For this purpuse eZ&F installation provides a file namedmf.mk that
contains the variablESMF_APPSDIRwvhich specifies the precise application path.

Theesmf.mk mechanism used for application access is the same as thescebed in section 6 for writing robust
and portable user makefiles for building and linking useriapfions against an ESMF installation. One feature of
theesmf.mk mechanism is that only one single piece of information mestiiown about an ESMF installation to
use it, and that is the location of fitsmf.mk itself. The location of this file should be documented by theypthat
installed ESMF on the system. We recommend that a single E§MEific environment variable ESMFMKFILE be
provided by the system that points to themf.mk file. See sectioh 818 for the related discussion aimed atethsop
that installs ESMF on a system.

Once the exact location of the bundled ESMF application fil@s been determined, either by inspecting the asso-
ciatedesmf.mk file, or by using theeSMF_APPSDIRnakefile variable directly in the user script or makefile, the
applications can be executed following the system specifesrfor execution. The details will depend on whether
ESMF was built with or without MPI dependency. In the lattese the system specific rules for launching parallel
applications must be followed. System specific executidailieon this level are outside of ESMF's scope. How-
ever, ESMF does offer specific application use examplesragpine external_demosiodule described online at the
External Demos webpage. For most systems, the MPI versitredt SMF bundled applications can be executed by
a command equivalent to:

mpirun -np X $(ESMF_APPSDIR)/application

whereX specifies the total number of PETs aayblication is the name of the specific ESMF application to be
executed.
All bundled ESMF applications support the standatdhelp’ command line option that prints out information

on its proper use. More detailed instructions of the indiaidapplications are available in the "Applications" secti
of theESMF Reference Manual
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8 Building and Installing the ESMF

This section goes into more detail about how to build andilh#te ESMF software.

8.1 ESMF Download Options

Major releases of the ESMF software can be downloaded bgviolg the instructions on the tHgownload link on
the ESMF website, http://www.earthsystemmodeling.org.

The ESMF is distributed as a full source code tree. You wilchéo compile the code into tHbesmf.a  library.
On some platforms a shared libralipesmf.so  , is also created. Follow the instructions in the followirgtons
to build the library and link it with your application.

8.2 System Requirements
The following compilers and utilities are required for catimg, linking and testing the ESMF software:

e Fortran90 (or later) compiler;

C++ compiler;

MPI implementation compatible with the above compilers @ae below);

e GNU’s|gcc compiler - for a standard cpp preprocessor impleatmsn;

o [GNU make;

e [Perl - for running test scripts.
Alternatively ESMF can be built using a single-processoidfpass library that comes with ESMF. It allows ESMF
applications to be linked and run in single-process mode.

In order to build html and pdf versions of the ESMF documeatgiATEX| thellatex2htmil conversion utility, and the
Unix/Linux dvipdf utility must be installed.

8.3 Third Party Libraries

Some portions of the ESMF library can offer enhanced caipasiwhen certain third party libraries are available.
This section describes these dependencies and the assomi®ironment settings that allow the user to control them.

8.3.1 LAPACK
ThelLAPACK library is optionally used in the Mesh class to qarte patch recovery regridding weights. This regrid-
ding method requires solving local least squares problantsuses the LAPACIOGELSYsolver.

A few targets are known to always have a vendor-provided LBRAibrary available. Where possible, these are
incorporated into the build environment by default.

The following environment variables enable, and specigérthme and location of the desired LAPACK library:
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ESMF_LAPACK Possible valuenot set"OFF" ,"mkl" ,"netlib" ,"scsl" , <userstring>(default depends on
system).

not set ESMF will be compiled with LAPACK-dependent features onteyss where the library is located in a
vendor-defined location. On other systems, the default & OF

"OFF" (default on most system) Disables LAPACK-dependent caafggndless of system.

"mkl"  Use the Intel MKL library. SetE SMF_LAPACK_LIBSto "-Imkl_lapack -lmkI" , unless it is
already defined in the user environment.
"netlib” (default for PGI) SetESMF_LAPACK_LIBSto "-llapack -lblas" , unless it is already

defined in the user environment.

"scsl"  (default for IRIX64) SetESMF_LAPACK_LIBSo"-Iscs" ,unlessitis already defined in the user
environment.

<userstring> Enables LAPACK-dependent code, but does not set a defaulE&MF_LAPACK LIBS
ESMF_LAPACK_ LIBS and if requiredESMF_LAPACK_LIBPATHmMust be explicitly set in the user
environment.

ESMF_LAPACK_LIBPATH Typical value:/usr/local/lib (no default).
Specifies the path where the LAPACK library is located.

ESMF_LAPACK_LIBS Typical value:"-llapack -Iblas" (default is system dependent).

Specifies the linker directive needed to link the LAPACK &by to the application. On some systems, the BLAS
library must also be included.

8.3.2 NetCDF

ESMF provides the ability to read Grid and Mesh data in Net@@mmat. The following environment variables enable,
and specify the name and location of the desired NetCDFrijtaad associated header files:

ESMF_NETCDF Possible valuenot set(default),"split" , "standard" , <userstring>.

not set (default) NetCDF-dependent features will be disabled. TEEMF_NETCDF_INCLUDE
ESMF_NETCDF_LIBPATHandESMF_NETCDF_LIBSnvironment variables will be ignored.

"split" ESMF_NETCDF _LIBS  will be set to"-Inetcdff -lnetcdf c++ -Inetcdf" . This
option is useful for systems which have the Fortran and C ibgwd archived in seperate library
files; the C++ bindings are always in a separate library filehe ESMF_NETCDF_INCLUDENd
ESMF_NETCDF_LIBPATHnvironment variables will also be used, if defined.

"standard" ESMF_NETCDF_LIBS will be set to"-Inetcdf_c++ -Inetcdf" . This option is use-
ful when the Fortran and C bindings are archived togethenénsame library file, alongside the always
separate C++ bindings library file. TEESMF_NETCDF_INCLUD&JdESMF_NETCDF_LIBPATHN-
vironment variables will also be used, if defined.

<userstring> If set, ESMF_NETCDF_INCLUDEESMF_NETCDF_LIBPATHand ESMF_NETCDF_LIBS
environment variables will be used, if defined.

ESMF_NETCDF_INCLUDE Typical value:/usr/local/include (no default).
Specifies the path where the NetCDF header files are located.

ESMF_NETCDF_LIBPATH Typical value:/usr/local/lib (no default).
Specifies the path where the NetCDF library file is located.
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ESMF_NETCDF_LIBS Typical value:"-Inetcdf c++ -Inetcdf" (no default).
Specifies the linker directives needed to link the NetCDFalip to the application.

The default value depends on the settinde®MF_NETCDH-or the typical case wheEeSMF_NETCDIFs set
to"standard® ,ESMF_NETCDF_LIBSs set to"-Inetcdf c++ -Inetcdf" . WhenESMF_NETCDF
is set to"split" , ESMF_NETCDF_LIBSs set to"-Inetcdff -Inetcdf c++ -Inetcdf”

8.3.3 Parallel-NetCDF

ESMF provides the ability to write Mesh weights using P&laNetCDF-. The following environment variables enable
and specify the name and location of the desired ParalleaGRE library and associated header files:

ESMF_PNETCDF Possible valuenot set(default),"standard" , <userstring>.
When defined, enables the use of Parallel-NetCDF.

not set (default) PNETCDF-dependent features will be disabled. e BESMF_PNETCDF_INCLUDE
ESMF_PNETCDF_LIBPATHandESMF_PNETCDF_LIB@nvironment variables will be ignored.

"standard" ESMF_PNETCDF_LIBS will be set to"-Ipnetcdf" . The ESMF_PNETCDF_INCLUDE
andESMF_PNETCDF_LIBPATnvironment variables will also be used, if defined.
<userstring> If set, ESMF_PNETCDF_INCLUQE ESMF_PNETCDF_LIBPATH and

ESMF_PNETCDF_LIB®nvironment variables will be used.

ESMF_PNETCDF_INCLUDE Typical value:/ust/local/include (no default).
Specifies the path where the Parallel-NetCDF header fildeeaed.

ESMF_PNETCDF_LIBPATH Typical value:/usr/local/lib (no default).
Specifies the path where the Parallel-NetCDF library fil®cated.

ESMF_PNETCDF_LIBS Typical value:"-Ipnetcdf" (no default).
Specifies the linker directives needed to link the PardielCDF library to the application.

8.3.4 PIO

ESMF provides the ability to read and write data in both biremnd NetCDF formats through ParallellO (PIO), a
third-party 10 software library that is integrated in theN#Slibrary. The following environment variable enables PIO
functionalities inside of ESMF.

The PIO code depends on MPI 1/O support by the underlying Millémentation to provide the binary format.
Almost all current MPI implementations support MPI 1/O teetrequired degree. For NetCDF format support the
integrated PIO code dependsB8MF_PNETCDEed 8.313) and/@SMF_NETCDEed 8.3 R) being enabled.

ESMF_PIO Possible valuenot set(default),"internal”

not set (default) PIO-dependent features will be disabled.
"OFF" Disables PIO-dependent code.

“internal” PIO-dependent features will be enabled and will use the Bi@rly that is included and built
with ESMF.
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8.3.5 XERCES

ESMF provides the ability to read Attribute data in XML filerfoat via the XERCES C++ library. (Writing Attribute
XML files is performed with the standard C++ output file strefawility, rather than with Xerces). The following
environment variables enable, and specify the name antldoaaf the desired XERCES C++ library and associated
header files:

ESMF_XERCES Possible valuenot set(default),"standard” , <userstring>.

not set (default) XERCES-dependent features will be disabled. TESMF_XERCES_ INCLUDQE
ESMF_XERCES_LIBPATHandESMF_XERCES_LIBS®nvironment variables will be ignored.

"standard" ESMF_XERCES LIBS will be set to"-Ixerces-c" . TheESMF_XERCES_INCLUD&nd
ESMF_XERCES_LIBPATIdnvironment variables will also be used, if defined.

<userstring> If set, ESMF_XERCES_INCLUQESMF_XERCES_LIBPATHand ESMF_XERCES_LIBS
environment variables will be used, if defined.
ESMF_XERCES_INCLUDE Typical value:/usr/local/include (no default).
Specifies the path where the XERCES C++ header files are thcate

ESMF_XERCES_LIBPATH Typical value:/usr/local/lib (no default).
Specifies the path where the XERCES C++ library file is located

ESMF_XERCES_LIBS Typical value:"-Ixerces-c" (no default).
Specifies the linker directives needed to link the XERCES ({irary to the application.

The default value depends on the settinde8MF_XERCES-or the typical case wheEESMF_XERCES set
to"standard" ,ESMF_XERCES_ LIBS$s set to"-Ixerces-c"

8.4 ESMF Environment Variables

The following is a full alphabetical list of all environmewadriables which are used by the ESMF build system. In
many cases onlgSMF_DIRmust be set. On Linux and Darwin systeBSMF_COMPILERNdESMF_COMMust
also be set to select the appropriate Fortran and C++ corspiled MPI implementation. The other variables have
default values which work for most systems.

ESMF_ABI Possible value32, 64,x86 64 32 ,x86 64 small ,x86 64 medium

If a system supports 32-bit and 64-bit (pointer wordsizgjligption binary interfaces (ABIs), this variable can
be set to select which ABI to use. Valid values 8&or 64. By default the most common ABI is chosen. On
x86_64 achitectures three additional, more specific ABIregt are availablex86 64 32 ,x86_64 small
andx86_64_ medium .

ESMF_ARRAY_LITE Possible valueTRUE FALSE (default)

Not normally set by user. ESMF auto-generates subroutteg@tes for a wide variety of data arrays of different
ranks, shapes, and types. Setting this variableRUEinstructs ESMF taot generating interfaces for 5D, 6D,
and 7D arrays. This shrinks the amount of autogeneratedamdell as the number of overloaded interfaces.

ESMF_BOPT Possible valueg, O (default)

This environment variable controls the build option. To mak debuggable version of the library set
ESMF_BOPTo g before building. The default i© (capital oh) which builds an optimized version of the
library. If ESMF_BOPTs O, ESMF_OPTLEVELan also be set to a numeric value between 0 and 4 to select a
specific optimization level.
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ESMF_COMM Possible valuesystem-dependent

On systems with a vendor-supplied MPI communications tibthe vendor library is chosen by default for
communications anBSMF_COMiMeed not be set. For other systems (e.g. Linux or Darwin) &todé of MPI
implementations is available altSMF_COMMust be set to indicate which implementation is used to build
the ESMF library. SeESMF_COM&atcording to your situation tanpich, mpich2, lam, openmpi or
intelmpi . ESMF_COMMay also be set taser indicating that the user will set all the required flags using
advanced ESMF environment variables.

Alternatively, ESMF comes with a single-processor MPI-&g® library which is the default for Linux and
Darwin systems. To force the use of this bypass libranESNF COM®&tual to "mpiuni".
ESMF_COMPILER Possible valuesystem-dependent

The ESMF library build requires a working Fortran90 and Cempiler. On platforms that don’t come with
a single vendor supplied compiler suite (e.g. Linux or DaMESMF_COMPILERust be set to select which
Fortran and C++ compilers are being used to build the ESMB&Mb Notice that setting theSMF_COMPILER
variable doesot affect how the compiler executables are located on the mysteSMF_COMPILERto-
gether withESMF_COMMffect the name that is expected for the compiler execesabFurthermore, the
ESMF_COMPILERetting is used to select compiler and linker flags condistéh the compilers indicated.

By default Fortran and C++ compiler executables are expdotbe located in a location contained in the user’s
PATHenvironmentvariable. This means that if you cannot lodadecbrrect compiler executable via thbich
command on the shell prompt the ESMF build system won't firgdtiter!

There are advanced ESMF environment variables that candibtasselect specific compiler executables by
specifying the full path. This can be used to pick specific piben executables without having to modify the
PATHenvironment variable.

Use 'gmake info’ to see which compiler executables the ESMikltsystem will be using according to your
environment variable settings.

To see possible values f&@SMF_COMPILERcd to $SESMF_DIR/build_config and list the directories
there. The first part of each directory name correspond®toukput of 'uname -s’ for this platform. The second
part contains possible values lBEMF_COMPILERN some cases multiple combinations of Fortran and C++
compilers are possible, e.g. therangel andintelgcc  available for Linux. SettindeSMF_COMPILER
tointel indicates that both Intel Fortran and C++ compilers are usbeéreasntelgcc  indicates that the
Intel Fortran compiler is used in combination with GCC's Geempiler.

If you do not find a configuration that matches your situation will need to port ESMF.

ESMF_CXX Possible valueexecutable

This variable can be used to override the default C++ comaiid linker front-end executables. The executable
may be specified with absolute path overriding the locateteinined by default from the user’s PATH variable.

ESMF_CXXCOMPILEOPTS Possible valuelist of flags
Prepend compiler flags to the list of flags the ESMF build sysdetermines.

ESMF_CXXCOMPILEPATHS Possible valuelist of paths, each prepended with -I
Prepend compiler search paths to the list of search pati&SME- build system determines.

ESMF_CXXCOMPILER Possible valueexecutable

This variable can be used to override the default C++ compibmt-end executables. The executable may be
specified with absolute path overriding the location deteeth by default from the user's PATH variable.

ESMF_CXXLINKER Possible valueexecutable

This variable can be used to override the default C++ linkentfend executables. The executable may be
specified with absolute path overriding the location deteeth by default from the user's PATH variable.
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ESMF_CXXLINKLIBS Paossible valuelist of libraries, each prepended with -I
Prepend libraries to the list of libraries the ESMF buildteys determines.

ESMF_CXXLINKOPTS Possible valuelist of flags
Prepend linker flags to the list of flags the ESMF build systeteanines.

ESMF_CXXLINKPATHS Possible valuelist of paths, each prepended with -L
Prepend linker search paths to the list of search paths tMFHBIild system determines.

ESMF_CXXLINKRPATHS Possible valuelist of paths, each prepended with the correct rpath option
Prepend linker rpaths to the list of rpaths the ESMF buildesysdetermines.

ESMF_CXXOPTFLAG Possible valueflag
This variable can be used to override the default C++ opttion flag.

ESMF_DEFER_LIB_BUILD Possible valueON (default),OFF

This variable can be used to override the deferring of thiellmfithe ESMF library. By default, the library is

built after all of the source files have been compiled. Thisesis up the build process. It also allows parallel

compilation of source code when the -j flag is used with gm&8etting this environment variable @FFforces

the library to be updated after each individual compilatibs disabling the ability to use parallel compilation.
ESMF_DIR Possible valueabsolute path

The environment variablESMF_DIRmust be set to the full pathname of the top level ESMF dirgdbefore
building the framework. This is the only environment vatéivhich is required to be set on all platforms under
all conditions.

ESMF_F90 Possible valueexecutable

This variable can be used to override the default FortrarB0piler and linker front-end executables. The
executable may be specified with absolute path overridiaddbation determined by default from the user’s
PATH variable.

ESMF_FO90COMPILEOPTS Possible valuelist of flags

Prepend compiler flags to the list of flags the ESMF build sysdetermines.
ESMF_FO90COMPILEPATHS Possible valuelist of paths, each prepended with -

Prepend compiler search paths to the list of search patH&SME- build system determines.

ESMF_F90COMPILER Possible valueexecutable

This variable can be used to override the default Fortran@tpiler front-end executables. The executable may
be specified with absolute path overriding the location mieiteed by default from the user's PATH variable.

ESMF_F90IMOD Possible valueflag
This variable can be used to override the default flag (-1¥dsespecify a Fortran module directory.

ESMF_F90LINKER Possible valueexecutable

This variable can be used to override the default Fortraimd@i front-end executables. The executable may be
specified with absolute path overriding the location deteeth by default from the user's PATH variable.

ESMF_F90LINKLIBS Possible valuelist of libraries, each prepended with -I
Prepend libraries to the list of libraries the ESMF buildteys determines.
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ESMF_F90LINKOPTS Possible valuelist of flags

Prepend linker flags to the list of flags the ESMF build systeteanines.
ESMF_F90LINKPATHS Possible valuelist of paths, each prepended with -L

Prepend linker search paths to the list of search paths tMFESIld system determines.
ESMF_F90LINKRPATHS Paossible valuelist of paths, each prepended with the correct rpath option

Prepend linker rpaths to the list of rpaths the ESMF buildesysdetermines.
ESMF_F900OPTFLAG Possible valueflag

This variable can be used to override the default Fortrap®iénization flag.

ESMF_INSTALL_BINDIR Possible valuerelative or absolute path

Location into which to install the ESMF apps during instadia. This location can be specified as absolute path
(starting with "/") or relative t&eSMF_INSTALL_PREFIX

ESMF_INSTALL _DOCDIR Possible valuerelative or absolute path

Location into which to install the documentation duringtadstion. This location can be specified as absolute
path (starting with "/") or relative t& SMF_INSTALL_PREFIX

ESMF_INSTALL_HEADERDIR Possible valuetelative or absolute path

Location into which to install the header files during inlstédn. This location can be specified as absolute path
(starting with "/*) or relative t&ESMF_INSTALL_PREFIX

ESMF_INSTALL_LIBDIR Possible valuerelative or absolute path

Location into which to install the library files during inf&gion. This location can be specified as absolute path
(starting with "/") or relative t&eSMF_INSTALL_PREFIX

ESMF_INSTALL _MODDIR Possible valuerelative or absolute path

Location into which to install the F90 module files duringtadktion. This location can be specified as absolute
path (starting with "/") or relative t&e SMF_INSTALL_PREFIX

ESMF_INSTALL_PREFIX Possible valuerelative or absolute path

This variable specifies the prefix of the installation pataduduring the installation process accessible thought
the install target. Libraries, F90 module files, header fdesl documentation all are installed relative to
ESMF_INSTALL _PREFIXby default. TheESMF_INSTALL PREFIX may be provided as absolute path
(starting with "/") or relative t&ESMF_DIR

ESMF_LAPACK Sed8.31
ESMF_LAPACK_LIBPATH Sed831
ESMF_LAPACK_LIBS Sed8.3N

ESMF_MACHINE Possible value: output @hame -m where available.
Not normally set by user. This variable indicates achitaktletails about the machine on which the ESMF
library is being built. The value of this variable will affewhich ABI settings are available and what they mean.
ESMF_MACHINES set automatically.

ESMF_MPIBATCHOPTIONS Possible valuesystem-dependent

Variable used to pass system-specific queue options to thk Bgstem. Typically the queue, project and limits
are set. See sectibn 10/1.1 for a discussion of this option.
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ESMF_MPILAUNCHOPTIONS Possible valuesystem-dependent

Variable used to pass system-specific options to the MPklatacility. See section 10.1.1 for a discussion of
this option.

ESMF_MPIMPMDRUN Possible valueexecutable

This variable can be used to override the default utilityduselaunch parallel execution of ESMF test applica-
tions in MPMD mode. The executableisSMF_MPIMPMDR UMy be specified with path.

ESMF_MPIRUN Possible valueexecutable

This variable can be used to override the default utilitydutgelaunch parallel ESMF test or example applica-
tions. The executable BSMF_MPIRUNMnay be specified with path. See secfion 10.1.1 for a discusdithis
option.

ESMF_MPISCRIPTOPTIONS Possible valuesystem-dependent

Variable used to pass system-specific options to the first M| script accessed by ESMF. See sedtion 1D.1.1
for a discussion of this option.

ESMF_NETCDF Sed8.3P
ESMF_NETCDF_INCLUDE Sed8.3P
ESMF_NETCDF_LIBPATH Sed38.3R
ESMF_NETCDF_LIBS Sed8.3R

ESMF_NO_INTEGER_1_BYTE Possible valueTRUE(default),FALSE
Not normally set by user. Setting this variableRALSE instructs ESMF to generating data array interfaces for
data types of 1-byte integers.

ESMF_NO_INTEGER_2_BYTE Possible valueTRUE(default),FALSE
Not normally set by user. Setting this variableRALSE instructs ESMF to generating data array interfaces for
data types of 2-byte integers.

ESMF_OPENMP Possible valueON OFF(default is system dependent)
Compiles and links the ESMF library with OpenMP compiler flag

ESMF_OPTLEVEL Possible valuenumerical value
SeeESMF_BOPTor details.

ESMF_OS Possible value: output @iname -s except when cross-compiling or foNICOS/mpwhereESMF_OS
is Unicos .

Not normally set by user unless cross-compiling. This \de#ndicates the target system for which the ESMF
library is being built. Under normal circumstances, i.e.MESis being build on the target systelBSMF_0OS

is set automatically. However, when cross-compiling foifeetent target systereSMF_OSnust be set to the
respective target OS. For example, when compiling for theeyGfl on an interactive X1 nodeSMF_OSwill

be set automatically. However, when ESMF is being crosspilechfor the X1 on a Linux host the user must
setESMF_0OSo Unicos manually in order to indicate the intended target platform.

ESMF_PNETCDF Sed8.33
ESMF_PNETCDF_INCLUDE Sed8.3R
ESMF_PNETCDF_LIBPATH Sed38.3B
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ESMF_PNETCDF_LIBS Sed 835

ESMF_PTHREADS Possible valueON(default on most platformspFF

This compile-time option controls ESMF’s dependency onrecfioning Pthreads library. The default option
is set toONwith the exception of IRIX64 and platforms that don't progi@threads. On IRIX64 the use of
Pthreads in ESMF is disabled by default because the Pthlibaaly conflicts with the use of OpenMP on this
platform.

The user can override the default settingg8MF_PTHREADGN all platforms that provide Pthread support.
Setting theESMF_PTHREADSnvironment variable t®FF will disable ESMF's Pthreads feature set. On
platforms that don't support Pthreads, e.g. IBM BlueGer@/ICray XT3, the defaulOFF setting cannot be
overridden!

ESMF_SITE Possible valuesite string default

Build configure file site hame or the value default. If not ¢hgn the value of default is assumed. When
including platform-specific files, this value is used as thigdtpart of the directory name (parts 1 and 2 are the
ESMF_OS value and ESMF_COMPILER value, respectively.)

The Sourceforgesmfcontrib  repository contains makefiles which have already been puzéal for cer-
tain machines. If one exists for your site and you wish to #isdawnload the corresponding files into the
build_contrib directory and seESMF_SITEto your location (which corresponds to the last part of the
directory name). See the Sourceforge site http://sourgefoet/projects/esmfcontrib for more information.

ESMF_TESTEXHAUSTIVE Possible valueON OFF(default)

Variable specifying how to compile the unit tests. If settte valueON then all unit tests will be compiled and
will be executed when the test is run. If unset or set to angrothlue, only a subset of the unit tests will be
included to verify basic functions. Note that this is a colepime selection, not a run-time option.

ESMF_TESTFORCEOPENMP Possible valueON OFF (default)

The ONsetting enforces usage of OpenMP compiler flags when bgilHBMF test applications. This allows
testing of user-level OpenMP usage even Vii®MF_OPENMset toOFF

ESMF_TESTHARNESS_ ARRAY Possible valuetest harness make targg@tefault not set)

Variable specifying the test harness makefile target foathn@y class. If this variable is not specified, a default
test scenario will be run for the array class. See the ESMBwaoé Developer's Guide for instructions for
selecting other test harness scenarios.

ESMF_TESTHARNESS FIELD Possible valuetest harness make targtefault not set)

Variable specifying the test harness makefile target fofithe class. If this variable is not specified, a default
test scenario will be run for the field class. See the ESMFv&wé Developer’'s Guide for instructions for
selecting other test harness scenarios.

ESMF_TESTMPMD Possible valueON OFF(default)

Variable specifying whether to run MPMD-style tests, i.esttapplications that start up as multiple separate
executables.

ESMF_TESTSHAREDOBJ Possible valueON OFF(default)

Variable specifying whether to run shared object tests.s Thquires that the compute environment supports
shared objects, and that the ESMF library is available imfof a shared library.

ESMF_TESTWITHTHREADS Possible valueON OFF(default)

If this environment variable is set @Nbeforethe ESMF system tests are build they will activate ESMF tthrea
ing in their code. Specifically each component will be exeduising ESMF single threading instead of the
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default non-threaded mode. The difference between na@attad and ESMF single threaded execution should
be completely transparent. Notice that the setting8MF_TESTWITHTHREADM®esnot alter ESMF's de-
pendency on Pthreads but tests ESMF threading featurasgdine system tests. An ESMF library that was
compiled with disabled Pthread features (via E®@MF_PTHREAD#®ariable) will produce ESMF error mes-
sages during system test execution if the system tests wernpiled withESMF_TESTWITHTHREADBS®t to

ON

ESMF_XERCES Sed 835
ESMF_XERCES_INCLUDE SedB835
ESMF_XERCES_LIBPATH Sed 835
ESMF_XERCES_LIBS Sed 835

Environment variables must be set in the user’s shell or weaéimg gmake. It is1otnecessary to edit ESMF makefiles
or other build system files to set these variables. Here isxample of setting an environment variable in the csh/tcsh
shell:

setenv ESMF_ABI 32
In bash/ksh shell environment variables are set this way:
export ESMF_ABI=32
Environment variables can also be set from the gmake comiirend

gmake ESMF_ABI=32

8.5 Supported Platforms

The following two tables list various combinations of emriment variable settings used by the ESMF build system.
A default  value in the compiler column indicates the vendor comp#lempi value in the comm column indicates
the vendor MPI implementation.

The first table lists the exact combinations which are testgdlarly and are fully supported. The second table lists
all possible combinations which are included in the builstegn.

Fully tested combinations (Seeg http://www.earthsystemmodeling.org/downloafptms/ for the most up-to-date
table of supported combinations.)
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Cray XE6
Cray XE6
Cray XT5
Cray XT5

IBM SP

Mac Xeon (64)
Mac Xeon (64)

Mac Xeon (64)

PC Xeon (64)

PC Xeon (64)

PC Xeon (64)

PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster

PC Xeon (64) Cluster
PC Xeon (64) Cluster
PC Xeon (64) Cluster

PC Xeon (64) Cluster

SGI Altix (ia64)

SGI Altix ICE

SGI Altix ICE

SGI Altix ICE
SGI Altix ICE

SGI Altix XE Cluster
SGI Altix XE Cluster
SGI Altix XE Cluster
SGI Altix XE Cluster
Sun Fire X4640

ESMF_OS
Unicos
Unicos
Unicos
Unicos
AIX
Darwin
Darwin

Darwin

Linux

Linux

Linux

Linux
Linux
Linux
Linux
Linux
Linux
Linux
Linux

Linux
Linux
Linux
Linux

Linux

Linux

Linux

Linux
Linux

Cygwin
Cygwin
MinGW
MinGW
Linux

ESMF_COMPILER

intel

e]

intel

pgi
default

g95

gfortran

nag

g95

gfortran

nag

g95
gfortran
intel
intel

pyi

g95
gfortran
intel

intel
intel
nag

pgi
intel

gfortran
intel

intel
pgi

g95

gfortran
intel
intelcl

pal

ESMF_COMM
mpi 64
mpi 64
mpi 64
mpi 64
mpi 32,64
mpiuni 32
mpich2 64
mvapich2
mpiuni 64
mpich2
mvapich2
mpiuni 64
mpich2
mvapich2
openmpi
mpich2 64
mvapich2
openmpi
mpiuni 64
mpich2
mvapich2
openmpi
mvapich2 64
mvapich2 64

mvapich2 64
mvapich2 64
mvapich2 64
mvapich2 64
mvapich2 64
intelmpi 64
openmpi
mvapich2 64
mpiuni 64
mpiuni 64
mvapich2
mvapich2 64
openmpi
mpiuni 64
mpi
mpiuni 64
mvapich2
mpi
mpiuni 64
mvapich2
mpi
intelmpi 64
mpiuni 64
mpi
mpiuni 32
mpiuni 32
msmpi 64
msmpi 64
opénmpi 64

ESMF_ABI

F90 compiler
ftn/ifort 12.0.5.220
ftn/pgf9011.9-0
ftn/ifort 12.1.0.233
ftn/pgf9011.10-0
mpxIf90_r12.1.0.8
0950.92(4.0.3)
gfortran4.5.3

nagfors.2(711)

0950.92(4.0.3)

gfortran4.4.0

nagfors.2(668)

0950.92(4.0.3)
gfortran4.4.6
ifort 11.1.064
ifort 11.1.072
pgf9010.6-0
0950.92(4.0.3)
gfortran4.6.0
ifort 11.1.069

ifort 11.0.083
ifort 12.1.0.233
nagfors.2(638)
pgf9011.8-0

ifort 11.1.072

gfortran4.4.5

ifort 11.1.072

ifort 12.0(20110112)
pgf9011.0-0

0950.93(4.1.1)
gfortran4.5.3
ifort 12.1.1.258
ifort 12.1.1.258
pgf9010.8-0

C++ compiler
CClicpc12.0.5.220
CC/pgCCi1.9-0
CClicpc12.1.0.233
CC/pgCCi1.10-0
mpCC_r10.1.0.6
g++4.2.1
g++4.53

g++4.21

g++4.4.0

g++4.4.0

g++4.4.0

g++4.1.2
g++4.4.6
icpc11.1.064
icpc11.1.072
pgCC10.6-0
g++43.2
g++4.6.0
iCpC11.1.069

icpc11.0.083
iCpC12.1.0.233
g++43.2
pgCC11.8-0

icpc11.1.072

g++4.45

icpc11.1.072

iCpC12.0(20110112)
pgCC11.0-0

g++45.3
g++45.3

icl 12.1.1.258

cl 14.00.50727.762
pgCC1o0.8-0



All possible options Where multiple options exist, and the default is indepemndé ESMF_MACHINEhe default
value is inbold:

28



ESMF_OS
AIX
Cygwin
Cygwin
Darwin
Darwin
Darwin
Darwin
Darwin
Darwin
Darwin
Darwin
IRIX64
Linux
Linux
Linux

Linux

Linux

Linux

Linux
Linux
Linux
Linux

Linux

Linux
Linux
MinGW
MinGW
OSF1
SunOS
Unicos
Unicos
Unicos
Unicos
Unicos
Unicos

ESMF_COMPILER

default
g95
gfortran
absoft
g95
gfortran
intel
intelgcc
nag

xIf
xlfgcc
default
absoft
absoftintel
g95

gfortran

intel

intelgcc

lahey
nag
nagintel
pathscale

pgi

pgigcc
xIf

intel
intelcl
default
default
default
cce
gfortran
intel
pathscale

pgi

mpiuni,

mpiuni,

ESMF_COMM

mpi,user
mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user

mpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user

mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user

mpiuni,mpi,mpich,mpich2,mvapich2,lam,openmpi,
user,intelmpi,scalimpi

mpiuni,mpi,mpich,mpich2,lam,openmpi,
user,intelmpi

mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,mvapich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni,mpich,mpich2,lam,openmpi,user

mpiuni,mpich,mpich2,mvapich,mvapich2
lam,openmpi,user,scalimpi

mpiuni,mpich,mpich2,lam,openmpi,user
mpiuni, mpi,user

mpiuni,msmpi,user

mpiuni,msmpi,user

mpiuni, mpi,user
mpiuni, mpi,user
mpiuni, mpi,user

mpiuni, mpi,user
mpiuni, mpi,user
mpiuni, mpi,user
mpiuni, mpi,user

mpiuni,  mpi,user
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32, 64
32, 64
32, 64
32, 64
32, 64
32, 64
32, 64
32, 64
32, 64
32
32
32, 64
32, 64
32, 64
32, 64, ia64 6 4,
x86_64_32,
x86_64 small,
x86_64 medium
32, 64, iab4_6 4,
x86_64_32,
x86_64 small,
x86_64 medium
32, 64, iab4_6 4,
x86_64_32,
x86_64 small,
x86_64 medium
32, 64, iab4_64,

x86_64_32,
x86_64 small,
x86_64 medium
32
32
32
32, 64, x86_64 32,

x86_64 small,

x86_64 medium
32, 64, x86_64_32,
x86_64 small,

x86_64 medium
32

32

32, 64

32, 64

64

32, 64

64

64

64

64

64

64



Building the library for multiple architectures or optioasthe same time is supported; building or running the tests o
examples is restricted to one platform/architecture aha.tiThe output from the test cases will be stored in a separate
directories so the results will be kept separate for difieegchitectures or options.

8.6 Building the ESMF Library

GNU make is required to build the library. On some systensilill be just the commanthake. On others it might
be installed agmake or evengnumake. In any event, use the —version option with the make commadeétermine
if it is GNU make.

Build the library with the command:
gmake

Makefiles throughout the framework are configured to alloarsiso compile files only in the directory whegmake

is entered. Shared libraries are rebuilt only if necesskraddition the entire ESMF framework may be built from
any directory by enteringmake all , assuming that all the environmental variables are seectiyras described in
Sectior 8.4.

The makefiles are also configured to allow multiple make targgebe compiled in parallel, via the gmake -j flag. For
example, to use eight parallel processes to build the brese -j8:

gmake -j8 lib
The parallel compilation feature dependsE®8MF_DEFER_LIB_BUILD=ONthe default) so that the library build
will be deferred until all files have been compiled.

The -j option should only be used during the creation of thialiy. The test base and examples will not work correctly
with -j set larger than 1.

Users may also run examples or execute unit tests of spetdfises by changing directories to the desired class
examples ortests directories and enteringmake run_examples orgmake run_unit_tests , respec-
tively. For non-multiprocessor machines, uni-procesangdts are available @gnake run_examples_uni  or
gmake run_unit_tests_uni

8.7 Building the ESMF Documentation

The ESMF source documentation consists oE&MF User's Guideand anESMF Reference Manual for Fortran

The tarballs on the ESMF website for ESMF versions 3.0.1 atef o not contain the ESMF documentation files.
The documentation is available on the ESMF website in htngdfrform and most users should not need to build it
from the source.

If a user does want to build the documentation, they will needbwnload theesmf module from the ESMF Source-
Forge repository (see section 5]1.1. Latex and latex2htnst fme installed.

To build documentation:
gmake doc ! Builds the manuals, including pdf and html.

The resulting documentation files will be located in the el directory SESMF_DIR/doc
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8.8 Installing the ESMF

The ESMF build system offers the standandtall target to install all necessary files created during thedbuil
process into user specified locations. The installatiorguiare will also install the ESMF documentation if it has
been built successfully following the procedure outlinbde.

The installation location can be customized usingEBMF_environment variables:

e ESMF_INSTALL_PREFIX- prefix for the other five variables.

ESMF_INSTALL HEADERDIR where to install header files.

ESMF_INSTALL_LIBDIR —where to install library files.
e ESMF_INSTALL MODDIR- where to install Fortran module files.

ESMF_INSTALL_BINDIR — where to install application files.

ESMF_INSTALL DOCDIR- where to install documentation files.

Sectiorf 8.4 describes what each of these environment Wesidbes and how to set them.

Install ESMF with the command:
gmake install

Check the ESMF installation with the command:
gmake installcheck

Advice to installers.Complete the installation of ESMF by defining a single ESMEcific environment variable,
namedESMFMKFILE This variable shall point to thesmf.mk file that was generated during the installation process.
Systems that support multiple ESMF installations via managnt software (e.gnodules, softenv, ).shall set/reset
variableESMFMKFILEas part of the configuration.

By default file esmf.mk is located next to the ESMF library file in directoBSMF_INSTALL_LIBDIR . Con-
sequently, unlesesmf.mk has been moved to a different location after the instalatihe correct setting for
ESMFMKFILEs $(ESMF_INSTALL_LIBDIR)/esmf.mk

Rationale. The only piece of information that is needed to use an ESM#Hliasion is the exact location of the
associatecesmf.mk file. This file contains all of the relevant settings and flaggt tallow a user to build their
application against the ESMF installation. Standardizirgmechanism by which the locationegmf.mk is made
available to the user by the system will help users in thegthesf portable application build systems. (See secfidns 6
andT for details about the usagessimf.mk .)

9 Porting the ESMF

This section goes into more detail about the ESMF build systed how to port the ESMF software to new platforms.
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9.1 The ESMF Build System

For most users the description of the build system in prevgrctions should be sufficient. Some users, however,
may wish to have a more detailed knowledge of the make sysither éor configuring different build options or for
porting to unsupported platforms.

9.1.1 General structure

The main components of the build system are:

e Build directories with makefile fragments
There are two directories containing makefile fragment filssd by the ESMF build system.

Thebuild directory contains the generic makefile fragmentdidenmon.mk that is included by the top level
makefile in the source tree. Theommon.mk contains generic build system settings and build rules used
across all platforms. A user should have no reason toceditmon. mk.

The build_config directory contains subdirectories with makefile fragmebitsild_rules.mk ) for
each supported platform defining compilers, compiler flagsthe various other definitions that are necessary
to build on each platform. One of thmiild_rules.mk files will be included by théuild/common.mk

file depending on the values of the environment variables ESD5, ESMF_COMPILER and ESMF_SITE.
See below for more details on environment variables.

e Environment variables

Environment variables with the prefkSMF_are used to pass user specified information to the ESMF build
system. A full list of ESMF_environment variables is provided in section 8.4 of thisudoent.

Most environment variables are optional and the ESMF buyjifdesn will use default settings if it finds these

variable unset. One piece of information that must alwaygroeided by setting the respective environment
variable is the root of the ESMF directory. There are thrée aesource codes the build system supports. All
need environment variables set to point to their top levet@® code directories.

ESMF Library
To build the ESMF library, ESMF_DIR needs to be set to the ¢l ESMF library source code directory.

Implementation Report

The build system needs ESMF_IMPL_DIR set to the top level@maode directory of the Implementation
Report source tree to build the report and to build and rureXaenples.

EVA Applications

An EVA source code tree does not contain a copy of the ESMF myistem. Instead it uses a copy
found in an ESMF library source code tree. Building the EVAlagations requires that ESMF_EVA_DIR
and ESMF_DIR be set. ESMF_EVA_DIR has to be set to the topctdirg of the EVA source code.
ESMF_DIR has to be set to the top directory of an ESMF sourde tee.

o Makefiles

Every source tree containgaakefile in its top level directory. Thisnakefile includes thecommon.mk
file from thebuild directory which in turn includes the platform specifigild_rules.mk file from one

of the build_config subdirectories. The top levetakefile contains makefile settings specific for the
source code that it is found in.

Each directory in the source tree contaimmakefile  which includes the top levehakefile . These local
makefiles include definitions that allow the local files andutaents to be built.
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9.1.2 Build configuration

A single makefile or makefile fragment from the build systememeconstitutes a complete set of build rules and
settings. Starting from the local makefile, successiveuielcommands are used to string together makefiles and
makefile fragments to create a complete system of build anessettings. Configuration of the build system is done
by including a configuration makefile fragment. A configusatfor a specific machine or compiler is referred to as a
site configuration.

The string of files included is fairly short. Makefiles beldvettop level makefile include the top level makefile. The
top level makefile includebuild/common.mk  and therbuild/common.mk includes a configuration file from
the build_config directory. The configuration files in tHauild_config directory contain the platform and
site specific build settings. The os, compiler and site tHite @onfigures is determined by its name. The configuration
makefile fragments follow the naming convention

build_config/ESMF_OS.ESMF_COMPILER.ESMF_SITE/build_ rules.mk

whereESMF_OSESMF_COMPILERInd ESMF_SITE are environment variables either set by the user or given
default values by the build systereESMF_OSs the target operating system. If the build is performeadhe target
systemESMF_OSwill typically have the value returned by the commamthme -s. ESMF_COMPILERs the
compiler nameESMF_SITE, if set, is generally the current machine name, the locatiothe organization (e.g. mit,
cola). If there are no site specific files for a particularfolah, thenESMF_COMPILERNdESMF_SITEwill be set
todefault . Examples:

! Default configuation for IBM AIX systems
build_config/AlX.default.default/build_rules.mk

! Linux configuation using lahey compilers.
build_config/Linux.lahey.default/build_rules.mk

9.1.3 Source code configuration

Some of the ESMF C++ and Fortran source files contain prepsocealirectives to configure the source code for
specific platforms. The directives are included in the sewade and are pre-processed before the source code is
compiled. The directives are used to determine among dtivegg, the size of variable types.

The ESMF build system provides preprocessor directivdsSMC_Conf.h andESMF_Conf.inc files that are
included in the source code. These files are located in

build_config/ESMF_OS.ESMF_COMPILER.ESMF_SITE/ESMC_C  onf.h
build_config/ESMF_OS.ESMF_COMPILER.ESMF_SITE/ESMF_C  onf.inc

whereESMF_OSESMF_COMPILERNdESMF_SITE are environment variables set by the user or given default
values be the build system. Based on the settings of these@ement variables the build system provides a path to
the correct files during source code compilation.

9.2 Porting the ESMF to New Platforms

The ESMF build system can be ported to other Unix platformsalging a new platform specific make-
file fragment and two associated configuration files.  Theses fibuild_rules.mk , ESMC_Conf.h,
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ESMF_Conf.inc ) must be placed into a new subdirectory of theild_config directory, following the
ESMF_OS.ESMF_COMPILER.ESMF_SITRaming convention.

When porting to a new platform it is often helpful to startlwé copy of the configuration of an existing ESMF port.
You may, for example, want to start with a copy of thld_config/Linux.g95.default directory when
working on a new Linux configuration.

9.2.1 Customizing thebuild_rules.mk fragment

The purpose of thbuild_rules.mk makefile fragment is to customize the build procedure forezgje platform.
The customization is done via makefile variables. The rnma#kefile at the top level of the ESMF directory
structure first includes threommon.mk makefile fragment. This common makefile fragment defineggelaumber of
variables, setting them either to generally valid defaalties or to specific values the user has set in their envirohme
usingESMF_style environment variables.

The platform specifibduild_rules.mk makefile fragment is included bgommon.mk after the variables have
been initialized, bubeforeany rules are defined tommon.mk using these variables. This giviesild_rules.mk
a chance to modify these variables as it may be necessargamacodate platform specific properties.

Fortunately only a very small subset of variables pre-ddfinecommon.mk typically need to be modified or over-
ridden inbuild_rules.mk with platform specific settings. However, there are sométbs thaimustbe set in
everybuild_rules.mk file. These are variables that are not pre-senmmon.mk.

ESMF_CXXDEFAULT Default C++ compiler to be used on this platform. This vadeaklwill be used by
common.mk to set the associatdeSMF_CXXariables.

ESMF_CXXCOMPILER_VERSION Command that when executed will provide information abbatitersion of
the C++ compiler to stdout.

ESMF_FO0DEFAULT Default Fortran compiler to be used on this platform. Thisialle will be used by
common.mk to set the associatd&eSMF_F90variables.

ESMF_FO90COMPILER_VERSION Command that when executed will provide information abbetyersion of
the F90 compiler to stdout.

ESMF_MPIRUNDEFAULT Default MPI job launch facility to be used on this platformhi3 variable will be used
by common.mk to set the associatdeSMF_MPIRUNariables.

The following is a complete alphabetical list of variableattare pre-set ioommon.mkbeforebuild_rules.mk is
included. Some of these variables correspord$MF_environment variables while others have a more complicated
dependency on the environment variables set by the user.

ESMF_ABI

ESMF_APPSDIR

ESMF_AR

ESMF_ARCREATEFLAGS

ESMF_ARCREATEFLAGSDEFAULT

ESMF_ARDEFAULT
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ESMF_AREXTRACTFLAGS
ESMF_AREXTRACTFLAGSDEFAULT
ESMF_ARRAY_LITE
ESMF_BOPT

ESMF_BUILD
ESMF_BUILD_DOCDIR
ESMF_COMM
ESMF_COMPILER
ESMF_CONFDIR

ESMF_CPP
ESMF_CPPDEFAULT
ESMF_CXXCOMPILECPPFLAGS
ESMF_CXXCOMPILEOPTS
ESMF_CXXCOMPILEPATHS
ESMF_CXXCOMPILEPATHSLOCAL
ESMF_CXXCOMPILER
ESMF_CXXCOMPILERDEFAULT
ESMF_CXXESMFLINKLIBS
ESMF_CXXLINKER
ESMF_CXXLINKERDEFAULT
ESMF_CXXLINKLIBS
ESMF_CXXLINKOPTS
ESMF_CXXLINKPATHS
ESMF_CXXLINKRPATHS
ESMF_CXXOPTFLAG
ESMF_CXXOPTFLAG_G
ESMF_CXXOPTFLAG_O
ESMF_CXXOPTFLAG_X
ESMF_DIR

ESMF_DOCDIR

ESMF_EXDIR
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ESMF_F90COMPILECPPFLAGS
ESMF_F90COMPILEFIXCPP
ESMF_F90COMPILEFIXNOCPP
ESMF_F90COMPILEFREECPP
ESMF_F90COMPILEFREENOCPP
ESMF_F90COMPILEOPTS
ESMF_F90COMPILEPATHS
ESMF_F90COMPILEPATHSLOCAL
ESMF_F90COMPILER
ESMF_F90COMPILERDEFAULT
ESMF_F90ESMFLINKLIBS
ESMF_F90IMOD
ESMF_F90LINKER
ESMF_FO0LINKERDEFAULT
ESMF_FO0LINKLIBS
ESMF_FO0LINKOPTS
ESMF_FO0LINKPATHS
ESMF_FO0LINKRPATHS
ESMF_FO90OMODDIR
ESMF_F900OPTFLAG
ESMF_F900OPTFLAG_G
ESMF_F900PTFLAG_O
ESMF_F900OPTFLAG_X
ESMF_GREPV

ESMF_INCDIR
ESMF_INSTALL_BINDIR
ESMF_INSTALL_BINDIR_ABSPATH
ESMF_INSTALL_DOCDIR
ESMF_INSTALL_DOCDIR_ABSPATH
ESMF_INSTALL_HEADERDIR
ESMF_INSTALL_HEADERDIR_ABSPATH
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ESMF_INSTALL_LIBDIR
ESMF_INSTALL_LIBDIR_ABSPATH
ESMF_INSTALL_MODDIR
ESMF_INSTALL_MODDIR_ABSPATH
ESMF_INSTALL_PREFIX
ESMF_INSTALL_PREFIX_ABSPATH
ESMF_LDIR

ESMF_LIBDIR
ESMF_LOCOBJDIR
ESMF_MACHINE
ESMF_MODDIR
ESMF_MPIBATCHOPTIONS
ESMF_MPILAUNCHOPTIONS
ESMF_MPIMPMDRUN
ESMF_MPIMPMDRUNDEFAULT
ESMF_MPIRUN
ESMF_MPIRUNDEFAULT
ESMF_MPISCRIPTOPTIONS
ESMF_MV
ESMF_NO_INTEGER_1_BYTE
ESMF_NO_INTEGER_2_BYTE
ESMF_OS

ESMF_OPTLEVEL
ESMF_PTHREADS
ESMF_PTHREADSDEFAULT
ESMF_RANLIB
ESMF_RANLIBDEFAULT
ESMF_RM
ESMF_RPATHPREFIX
ESMF_SED
ESMF_SEDDEFAULT
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ESMF_SITE
ESMF_SITEDIR
ESMF_SL_LIBLIBS
ESMF_SL_LIBLINKER
ESMF_SL_LIBOPTS
ESMF_SL_LIBS_TO_MAKE
ESMF_SL_SUFFIX
ESMF_STDIR
ESMF_TEMPLATES
ESMF_TESTDIR
ESMF_TESTEXHAUSTIVE
ESMF_TESTMPMD
ESMF_TESTWITHTHREADS
ESMF_UTCDIR
ESMF_UTCSCRIPTS
ESMF_WC

9.2.2 CustomizingESMC_Conf.h and ESMF_Conf.inc

The ESMC_Conf.h file is used to define several settings used during compilaifd&eSMF library code written in
C++.
FTN(func) Macro that will correctly expand "func" to match the Fortsyrmbol convention.

ESMCI_FortranStrLenArg Typedef to match the data type of the 'hidden’ string lengtuanent that Fortran uses
when passing CHARACTER strings.

ESMF_PRESENT(arg) Macro for a boolean expression that returns TRUE if "arg" ipr@&sent" argument passed
from Fortran into C++.

ESMC_POINTER_SIZE Size of C pointer in bytes.
TheESMF_Conf.inc file is used tooptionallydefine two important macros:

ESMF_NO_INITIALIZERS If this macro is defined ESMF will assume that initializerside Fortran derived type
definitions are not supported.

ESMF_SEQUENCE_BUG If this macro is defined ESMF will not use tIBEQUENCEpecifier inside Fortran de-
rived types under certain circumstances.
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9.3 Shared Object Libraries

On some platforms, a shared object library is created intiaadio the standarca archive library. Shared object li-
braries are libraries that are loaded by the first progratrutbes them. All programs that start afterwards automégical
use the existing shared library. The library is kept in meyas long as any active program is still using it.

Shared object libraries can be pre-linked to system libsaaind using them can simplify dealing with ESMF’s depen-
dency on Fortran90 and C++ runtime libraries.

9.4 Customized SITE Files

In an effort to provide platform specific information for lling ESMF and linking the libraries with your application,
a SourceForge sitesmfcontrib  , has been created. To locate the platform makefiles for afgpiastitution, check
out thebuild_config_files using the appropriate CVSROOT. The URL for tt@mfcontrib  SourceForge
site is:
http://sourceforge.net/projects/esmfcontrib/

Additionally, you may check out all the platform makefile graents for a particular institution from the
esmfcontrib  site. For example, to check out the available makefile fraget®r platforms at the National Center
for Atmospheric Researchgcar , change directories to

$ESMF_DIR/build_config
and use the following CVS command:
cvs -z3 -d:ext:$username@cvs.sourceforge.net:/cvsroot /lesmfcontrib checkout ncar

The following directories will be checked out:

AlX.default.bluesky
Linux.lahey.longs

To build using these makefiles you must set the environmeighlaESMF_SITEto bluesky , orlongs .

At the present time, we have files for the following instituns:

anl Argonne National Laboratory
cola - Center for Ocean-Land-Atmosphere Studies

gsfc - Goddard Space Flight Center
mit - Massachusetts Institute of Technology
ncar - National Center for Atmospheric Research

Users are encouraged to contribute pertinent informatidheéesmfcontrib ~ respository.

10 Validating an ESMF Build

This section goes into more detail about how to run the tedigh are included with the ESMF software, to validate
an ESMF build.
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10.1 Running ESMF Self-Tests

Robustness and portability are primary goals of the ESMFeldgwment effort. To ensure that these goals are met,
the ESMF includes a comprehesive suite of tests. They aksting and validation of everything from individual
functions to complete system tests. These test suites adehysthe ESMF development team as part of their regular
development process. ESMF users can run the testing saoitesrify that the framework software was built and
installed properly, and is running correctly on a particplatform.

Test targets will compile th