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1 INTRODUCTION 11 IntrodutionThis doument ontains detailed doumentation on the routines that are part of the MPICH modelMPI implementation.As an alternate to this manual, the reader should onsider using the sript mpiman; this is a sriptthat uses xman to provide a X11 Window System interfae to the data in this manual.2 MPI routinesMPIO_Request_2f MPIO_Request_2fMPIO_Request_2f| Translates a C I/O-request handle to a Fortran I/O-request handleSynopsisMPI_Fint MPIO_Request_2f(MPIO_Request request)Input Parametersrequest C I/O-request handle (handle)Return ValueFortran I/O-request handle (integer)Loation./romio/mpi-io/ioreq_2f.MPIO_Request_f2 MPIO_Request_f2MPIO_Request_f2| Translates a Fortran I/O-request handle to a C I/O-request handleSynopsisMPIO_Request MPIO_Request_f2(MPI_Fint request)Input Parametersrequest Fortran I/O-request handle (integer)Return ValueC I/O-request handle (handle)



2 MPI ROUTINES 2Loation./romio/mpi-io/ioreq_f2.MPIO_Test MPIO_TestMPIO_Test | Test the ompletion of a nonbloking read or writeSynopsisint MPIO_Test(MPIO_Request *request, int *flag, MPI_Status *status)Input Parametersrequest request objet (handle)Output Parametersag true if operation ompleted (logial)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iotest.MPIO_Wait MPIO_WaitMPIO_Wait | Waits for the ompletion of a nonbloking read or writeSynopsisint MPIO_Wait(MPIO_Request *request, MPI_Status *status)Input Parametersrequest request objet (handle)



2 MPI ROUTINES 3Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iowait.MPI_Abort MPI_AbortMPI_Abort | Terminates MPI exeution environmentSynopsisint MPI_Abort( MPI_Comm omm, int errorode )Input Parametersomm ommuniator of tasks to aborterrorode error ode to return to invoking environmentNotesTerminates all MPI proesses assoiated with the ommuniator omm; in most systems (all to date),terminates all proesses.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/env/abort.MPI_Address MPI_AddressMPI_Address| Gets the address of a loation in memory



2 MPI ROUTINES 4Synopsisint MPI_Address( void *loation, MPI_Aint *address)Input Parametersloation loation in aller memory (hoie)Output Parameteraddress address of loation (integer)NoteThis routine is provided for both the Fortran and C programmers. On many systems, the addressreturned by this routine will be the same as produed by the C & operator, but this is not requiredin C and may not be true of systems with word- rather than byte-oriented instrutions or systemswith segmented address spaes.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/pt2pt/address.MPI_Allgather MPI_AllgatherMPI_Allgather| Gathers data from all tasks and distribute it to allSynopsisint MPI_Allgather ( void *sendbuf, int sendount, MPI_Datatype sendtype,void *revbuf, int revount, MPI_Datatype revtype,MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)sendount number of elements in send bu�er (integer)sendtype data type of send bu�er elements (handle)revount number of elements reeived from any proess (integer)revtype data type of reeive bu�er elements (handle)omm ommuniator (handle)



2 MPI ROUTINES 5Output Parameterrevbuf address of reeive bu�er (hoie)NotesThe MPI standard (1.0 and 1.1) says thatThe jth blok of data sent from eah proess is reeived by every proess and plaed in the jth blokof the bu�er revbuf.This is misleading; a better desription isThe blok of data sent from the jth proess is reeived by every proess and plaed in the jth blokof the bu�er revbuf.This text was suggested by Rajeev Thakur.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/allgather.MPI_Allgatherv MPI_AllgathervMPI_Allgatherv| Gathers data from all tasks and deliver it to all



2 MPI ROUTINES 6Synopsisint MPI_Allgatherv ( void *sendbuf, int sendount, MPI_Datatype sendtype,void *revbuf, int *revounts, int *displs,MPI_Datatype revtype, MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)sendount number of elements in send bu�er (integer)sendtype data type of send bu�er elements (handle)revounts integer array (of length group size) ontaining the number of elements that arereeived from eah proessdispls integer array (of length group size). Entry i spei�es the displaement (relative torevbuf ) at whih to plae the inoming data from proess irevtype data type of reeive bu�er elements (handle)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie)NotesThe MPI standard (1.0 and 1.1) says thatThe jth blok of data sent from eah proess is reeived by every proess and plaed in the jth blokof the bu�er revbuf.This is misleading; a better desription isThe blok of data sent from the jth proess is reeived by every proess and plaed in the jth blokof the bu�er revbuf.This text was suggested by Rajeev Thakur.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_COUNT



2 MPI ROUTINES 7Invalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).Loation./sr/oll/allgatherv.MPI_Allredue MPI_AllredueMPI_Allredue| Combines values from all proesses and distribute the result bak to allproessesSynopsisint MPI_Allredue ( void *sendbuf, void *revbuf, int ount,MPI_Datatype datatype, MPI_Op op, MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)ount number of elements in send bu�er (integer)datatype data type of elements of send bu�er (handle)op operation (handle)omm ommuniator (handle)Output Parameterrevbuf starting address of reeive bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Notes on olletive operationsThe redution funtions (MPI_Op) do not return an error value. As a result, if the funtions detetan error, all they an do is either all MPI_Abort or silently skip the problem. Thus, if you hangethe error handler from MPI_ERRORS_ARE_FATAL to something else, for example, MPI_ERRORS_RETURN,then no error may be indiated.The reason for this is the performane problems in ensuring that all olletive routines return thesame error value.



2 MPI ROUTINES 8ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_OPInvalid operation. MPI operations (objets of type MPI_Op) must either be one ofthe prede�ned operations (e.g., MPI_SUM) or reated with MPI_Op_reate.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/oll/allredue.MPI_Alltoall MPI_AlltoallMPI_Alltoall| Sends data from all to all proessesSynopsisint MPI_Alltoall( void *sendbuf, int sendount, MPI_Datatype sendtype,void *revbuf, int revnt, MPI_Datatype revtype,MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)sendount number of elements to send to eah proess (integer)sendtype data type of send bu�er elements (handle)revount number of elements reeived from any proess (integer)revtype data type of reeive bu�er elements (handle)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie)



2 MPI ROUTINES 9Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/alltoall.MPI_Alltoallv MPI_AlltoallvMPI_Alltoallv| Sends data from all to all proesses, with a displaementSynopsisint MPI_Alltoallv (void *sendbuf,int *sendnts,int *sdispls,MPI_Datatype sendtype,void *revbuf,int *revnts,int *rdispls,MPI_Datatype revtype,MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)



2 MPI ROUTINES 10sendounts integer array equal to the group size speifying the number of elements to send toeah proessorsdispls integer array (of length group size). Entry j spei�es the displaement (relative tosendbuf from whih to take the outgoing data destined for proess jsendtype data type of send bu�er elements (handle)revounts integer array equal to the group size speifying the maximum number of elementsthat an be reeived from eah proessorrdispls integer array (of length group size). Entry i spei�es the displaement (relative torevbuf at whih to plae the inoming data from proess irevtype data type of reeive bu�er elements (handle)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/alltoallv.MPI_Attr_delete MPI_Attr_deleteMPI_Attr_delete| Deletes attribute value assoiated with a key



2 MPI ROUTINES 11Synopsisint MPI_Attr_delete ( MPI_Comm omm, int keyval )Input Parametersomm ommuniator to whih attribute is attahed (handle)keyval The key value of the deleted attribute (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGThis error lass is assoiated with an error ode that indiates that an attemptwas made to free one of the permanent keys.Loation./sr/ontext/attr_delval.MPI_Attr_get MPI_Attr_getMPI_Attr_get| Retrieves attribute value by keySynopsisint MPI_Attr_get (MPI_Comm omm,int keyval,void *attr_value,int *flag )



2 MPI ROUTINES 12Input Parametersomm ommuniator to whih attribute is attahed (handle)keyval key value (integer)Output Parametersattr_value attribute value, unless flag = falseag true if an attribute value was extrated; false if no attribute is assoiated with thekeyNotesAttributes must be extrated from the same language as they were inserted in with MPI_ATTR_PUT.The notes for C and Fortran below explain why.Notes for CEven though the attr_value arguement is delared as void *, it is really the address of a voidpointer. See the rationale in the standard for more details.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.The attr_value in Fortran is a pointer to a Fortran integer, not a pointer to a void *.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_OTHEROther error; the error ode assoiated with this error indiates an attempt to usean invalue keyval.Loation./sr/ontext/attr_getval.



2 MPI ROUTINES 13MPI_Attr_put MPI_Attr_putMPI_Attr_put| Stores attribute value assoiated with a keySynopsisint MPI_Attr_put ( MPI_Comm omm, int keyval, void *attr_value )Input Parametersomm ommuniator to whih attribute will be attahed (handle)keyval key value, as returned by MPI_KEYVAL_CREATE (integer)attribute_val attribute valueNotesValues of the permanent attributes MPI_TAG_UB, MPI_HOST, MPI_IO, and MPI_WTIME_IS_GLOBALmaynot be hanged.The type of the attribute value depends on whether C or Fortran is being used. In C, an attributevalue is a pointer (void *); in Fortran, it is a single integer (not a pointer, sine Fortran has nopointers and there are systems for whih a pointer does not �t in an integer (e.g., any > 32 bitaddress system that uses 64 bits for Fortran DOUBLE PRECISION).If an attribute is already present, the delete funtion (spei�ed when the orresponding keyval wasreated) will be alled.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_OTHEROther error; the error ode assoiated with this error indiates an attempt to usean invalue keyval.MPI_ERR_ARG



2 MPI ROUTINES 14This error lass is assoiated with an error ode that indiates that an attemptwas made to free one of the permanent keys.See AlsoMPI_Attr_get, MPI_Keyval_reate, MPI_Attr_deleteLoation./sr/ontext/attr_putval.MPI_Barrier MPI_BarrierMPI_Barrier| Bloks until all proess have reahed this routine.Synopsisint MPI_Barrier (MPI_Comm omm )Input Parametersomm ommuniator (handle)NotesBloks the aller until all group members have alled it; the all returns at any proess only after allgroup members have entered the all.AlgorithmIf the underlying devie annot do better, a tree-like or ombine algorithm is used to broadast amessage wto all members of the ommuniator. We an modi�y this to use "bloks" at a later time(see MPI_Bast).Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 15ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/oll/barrier.MPI_Bast MPI_BastMPI_Bast | Broadasts a message from the proess with rank "root" to all other proesses ofthe group.Synopsisint MPI_Bast ( void *buffer, int ount, MPI_Datatype datatype, int root,MPI_Comm omm )Input/output Parametersbu�er starting address of bu�er (hoie)ount number of entries in bu�er (integer)datatype data type of bu�er (handle)root rank of broadast root (integer)omm ommuniator (handle)AlgorithmIf the underlying devie does not take responsibility, this funtion uses a tree-like algorithm tobroadast the message to bloks of proesses. A linear algorithm is then used to broadast themessage from the �rst proess in a blok to all other proesses. MPIR_BCAST_BLOCK_SIZE determinesthe size of bloks. If this is set to 1, then this funtion is equivalent to using a pure tree algorithm.If it is set to the size of the group or greater, it is a pure linear algorithm. The value should beadjusted to determine the most eÆient value on di�erent mahines.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.



2 MPI ROUTINES 16All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_ROOTInvalid root. The root must be spei�ed as a rank in the ommuniator. Ranksmust be between zero and the size of the ommuniator minus one.Loation./sr/oll/bast.MPI_Bsend MPI_BsendMPI_Bsend| Basi send with user-spei�ed bu�eringSynopsisint MPI_Bsend(void *buf,int ount,MPI_Datatype datatype,int dest,int tag,MPI_Comm omm )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (nonnegative integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)



2 MPI ROUTINES 17tag message tag (integer)omm ommuniator (handle)NotesThis send is provided as a onveniene funtion; it allows the user to send messages without worringabout where they are bu�ered (beause the user must have provided bu�er spae withMPI_Buffer_attah).In deiding how muh bu�er spae to alloate, remember that the bu�er spae is not available forreuse by subsequent MPI_Bsends unless you are ertain that the message has been reeived (not justthat it should have been reeived). For example, this ode does not alloate enough bu�er spaeMPI_Buffer_attah( b, n*sizeof(double) + MPI_BSEND_OVERHEAD );for (i=0; i<m; i++) {MPI_Bsend( buf, n, MPI_DOUBLE, ... );}beause only enough bu�er spae is provided for a single send, and the loop may start a seondMPI_Bsend before the �rst is done making use of the bu�er.In C, you an fore the messages to be delivered byMPI_Buffer_detah( &b, &n );MPI_Buffer_attah( b, n );(The MPI_Buffer_detah will not omplete until all bu�ered messages are delivered.)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_RANK



2 MPI ROUTINES 18Invalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.See AlsoMPI_Bu�er_attah, MPI_Ibsend, MPI_Bsend_initLoation./sr/pt2pt/bsend.MPI_Bsend_init MPI_Bsend_initMPI_Bsend_init| Builds a handle for a bu�ered sendSynopsisint MPI_Bsend_init( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements sent (integer)datatype type of eah element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 19ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.Loation./sr/pt2pt/bsend_init.MPI_Bu�er_attah MPI_Bu�er_attahMPI_Bu�er_attah| Attahes a user-de�ned bu�er for sendingSynopsisint MPI_Buffer_attah( void *buffer, int size )Input Parametersbu�er initial bu�er address (hoie)size bu�er size, in bytes (integer)NotesThe size given should be the sum of the sizes of all outstanding Bsends that you intend to have, plusa few hundred bytes for eah Bsend that you do. For the purposes of alulating size, you should useMPI_Pak_size. In other words, in the ode



2 MPI ROUTINES 20MPI_Buffer_attah( buffer, size );MPI_Bsend( ..., ount=20, datatype=type1, ... );...MPI_Bsend( ..., ount=40, datatype=type2, ... );the value of size in the MPI_Bu�er_attah all should be greater than the value omputed byMPI_Pak_size( 20, type1, omm, &s1 );MPI_Pak_size( 40, type2, omm, &s2 );size = s1 + s2 + 2 * MPI_BSEND_OVERHEAD;The MPI_BSEND_OVERHEAD gives the maximum amount of spae that may be used in the bu�er foruse by the BSEND routines in using the bu�er. This value is in mpi.h (for C) and mpif.h (forFortran).Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_INTERNAn internal error has been deteted. This is fatal. Please send a bug report tompi-bugs�ms.anl.gov.See AlsoMPI_Bu�er_detah, MPI_BsendLoation./sr/pt2pt/bufattah.MPI_Bu�er_detah MPI_Bu�er_detahMPI_Bu�er_detah| Removes an existing bu�er (for use in MPI_Bsend et)



2 MPI ROUTINES 21Synopsisint MPI_Buffer_detah(void *bufferptr,int *size )Output Parametersbu�er initial bu�er address (hoie)size bu�er size, in bytes (integer)NotesThe reason that MPI_Buffer_detah returns the address and size of the bu�er being detahed is toallow nested libraries to replae and restore the bu�er. For example, onsiderint size, mysize, idummy;void *ptr, *myptr, *dummy;MPI_Buffer_detah( &ptr, &size );MPI_Buffer_attah( myptr, mysize );...... library ode ......MPI_Buffer_detah( &dummy, &idummy );MPI_Buffer_attah( ptr, size );This is muh like the ation of the Unix signal routine and has the same strengths (it is simple) andweaknesses (it only works for nested usages).Note that for this approah to work, MPI_Bu�er_detah must return MPI_SUCCESS even whenthere is no bu�er to detah. In that ase, it returns a size of zero. The MPI 1.1 standard forMPI_BUFFER_DETACH ontains the textThe statements made in this setion desribe the behavior of MPI forbuffered-mode sends. When no buffer is urrently assoiated, MPI behavesas if a zero-sized buffer is assoiated with the proess.This ould be read as applying only to the various Bsend routines. This implementation takes theposition that this applies to MPI_BUFFER_DETACH as well.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.The Fortran binding for this routine is di�erent. Beause Fortran does not have pointers, it isimpossible to provide a way to use the output of this routine to exhange bu�ers. In this ase, onlythe size �eld is set.Notes for CEven though the bufferptr argument is delared as void *, it is really the address of a voidpointer. See the rationale in the standard for more details.



2 MPI ROUTINES 22Loation./sr/pt2pt/buffree.MPI_Canel MPI_CanelMPI_Canel | Canels a ommuniation requestSynopsisint MPI_Canel( MPI_Request *request )Input Parameterrequest ommuniation request (handle)NoteCanel has only been implemented for reeive requests; it is a no-op for send requests. The primaryexpeted use of MPI_Canel is in multi-bu�ering shemes, where speulative MPI_Irevs are made.When the omputation ompletes, some of these reeive requests may remain; using MPI_Canelallows the user to anel these unsatis�ed requests.Canelling a send operation is muh more diÆult, in large part beause the send will usually be atleast partially omplete (the information on the tag, size, and soure are usually sent immediately tothe destination). As of version 1.2.0, MPICH supports anelling of sends. Users are advised thatanelling a send, while a loal operation (as de�ned by the MPI standard), is likely to be expensive(usually generating one or more internal messages).Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Null HandlesThe MPI 1.1 spei�ation, in the setion on opaque objets, expliitlydisallows freeing a null ommuniator. The text from the standard isA null handle argument is an erroneous IN argument in MPI alls, unless anexeption is expliitly stated in the text that defines the funtion. Suhexeption is allowed for handles to request objets in Wait and Test alls(setions Communiation Completion and Multiple Completions ). Otherwise, anull handle an only be passed to a funtion that alloates a new objet andreturns a referene to it in the handle.



2 MPI ROUTINES 23ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/anel.MPI_Cart_oords MPI_Cart_oordsMPI_Cart_oords | Determines proess oords in artesian topology given rank in groupSynopsisint MPI_Cart_oords ( MPI_Comm omm, int rank, int maxdims, int *oords )Input Parametersomm ommuniator with artesian struture (handle)rank rank of a proess within group of omm (integer)maxdims length of vetor oords in the alling program (integer)Output Parameteroords integer array (of size ndims) ontaining the Cartesian oordinates of spei�edproess (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 24ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_DIMSIllegal dimension argument. A dimension argument is null or its length is less thanor equal to zero.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/art_oords.MPI_Cart_reate MPI_Cart_reateMPI_Cart_reate| Makes a new ommuniator to whih topology information has been attahedSynopsisint MPI_Cart_reate ( MPI_Comm omm_old, int ndims, int *dims, int *periods,int reorder, MPI_Comm *omm_art )Input Parametersomm_old input ommuniator (handle)ndims number of dimensions of artesian grid (integer)dims integer array of size ndims speifying the number of proesses in eah dimensionperiods logial array of size ndims speifying whether the grid is periodi (true) or not(false) in eah dimensionreorder ranking may be reordered (true) or not (false) (logial)Output Parameteromm_art ommuniator with new artesian topology (handle)



2 MPI ROUTINES 25AlgorithmWe ignore reorder info urrently.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_DIMSIllegal dimension argument. A dimension argument is null or its length is less thanor equal to zero.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/art_reate.MPI_Cart_get MPI_Cart_getMPI_Cart_get | Retrieves Cartesian topology information assoiated with a ommuniatorSynopsisint MPI_Cart_get (MPI_Comm omm,int maxdims,int *dims,int *periods,int *oords )



2 MPI ROUTINES 26Input Parametersomm ommuniator with artesian struture (handle)maxdims length of vetors dims, periods, and oords in the alling program (integer)Output Parametersdims number of proesses for eah artesian dimension (array of integer)periods periodiity (true/false) for eah artesian dimension (array of logial)oords oordinates of alling proess in artesian struture (array of integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/art_get.MPI_Cart_map MPI_Cart_mapMPI_Cart_map | Maps proess to Cartesian topology informationSynopsisint MPI_Cart_map (MPI_Comm omm_old,int ndims,int *dims,



2 MPI ROUTINES 27int *periods,int *newrank)Input Parametersomm input ommuniator (handle)ndims number of dimensions of Cartesian struture (integer)dims integer array of size ndims speifying the number of proesses in eah oordinatediretionperiods logial array of size ndims speifying the periodiity spei�ation in eahoordinate diretionOutput Parameternewrank reordered rank of the alling proess; MPI_UNDEFINED if alling proess does notbelong to grid (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_DIMSIllegal dimension argument. A dimension argument is null or its length is less thanor equal to zero.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/art_map.MPI_Cart_rank MPI_Cart_rankMPI_Cart_rank | Determines proess rank in ommuniator given Cartesian loation



2 MPI ROUTINES 28Synopsisint MPI_Cart_rank (MPI_Comm omm,int *oords,int *rank )Input Parametersomm ommuniator with artesian struture (handle)oords integer array (of size ndims) speifying the artesian oordinates of a proessOutput Parameterrank rank of spei�ed proess (integer)NotesOut-of-range oordinates are erroneous for non-periodi dimensions. Versions of MPICH before 1.2.2returned MPI_PROC_NULL for the rank in this ase.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).



2 MPI ROUTINES 29Loation./sr/topol/art_rank.MPI_Cart_shift MPI_Cart_shiftMPI_Cart_shift| Returns the shifted soure and destination ranks, given a shift diretion andamountSynopsisint MPI_Cart_shift ( MPI_Comm omm, int diretion, int displ,int *soure, int *dest )Input Parametersomm ommuniator with artesian struture (handle)diretion oordinate dimension of shift (integer)disp displaement (> 0: upwards shift, < 0: downwards shift) (integer)Output Parametersrank_soure rank of soure proess (integer)rank_dest rank of destination proess (integer)NotesThe diretion argument is in the range [0,n-1℄ for an n-dimensional Cartesian mesh.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).



2 MPI ROUTINES 30MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/art_shift.MPI_Cart_sub MPI_Cart_subMPI_Cart_sub| Partitions a ommuniator into subgroups whih form lower-dimensionalartesian subgridsSynopsisint MPI_Cart_sub ( MPI_Comm omm, int *remain_dims, MPI_Comm *omm_new )Input Parametersomm ommuniator with artesian struture (handle)remain_dims the ith entry of remain_dims spei�es whether the ith dimension is kept in thesubgrid (true) or is dropped (false) (logial vetor)Output Parameternewomm ommuniator ontaining the subgrid that inludes the alling proess (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).



2 MPI ROUTINES 31MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/art_sub.MPI_Cartdim_get MPI_Cartdim_getMPI_Cartdim_get| Retrieves Cartesian topology information assoiated with a ommuniatorSynopsisint MPI_Cartdim_get ( MPI_Comm omm, int *ndims )Input Parameteromm ommuniator with artesian struture (handle)Output Parameterndims number of dimensions of the artesian struture (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).



2 MPI ROUTINES 32Loation./sr/topol/artdim_get.MPI_Comm_ompare MPI_Comm_ompareMPI_Comm_ompare | Compares two ommuniatorsSynopsisint MPI_Comm_ompare (MPI_Comm omm1,MPI_Comm omm2,int *result)Input Parametersomm1 omm1 (handle)omm2 omm2 (handle)Output Parameterresult integer whih is MPI_IDENT if the ontexts and groups are the same,MPI_CONGRUENT if di�erent ontexts but idential groups, MPI_SIMILAR if di�erentontexts but similar groups, and MPI_UNEQUAL otherwiseUsing 'MPI_COMM_NULL' with 'MPI_Comm_ompare'It is an error to use MPI_COMM_NULL as one of the arguments to MPI_Comm_ompare. The relevantsetions of the MPI standard are.(2.4.1 Opaque Objets)A null handle argument is an erroneous IN argument in MPI alls, unless anexeption is expliitly stated in the text that de�nes the funtion..(5.4.1. Communiator Aessors)<no text in MPI_COMM_COMPARE allowing a null handle>Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.



2 MPI ROUTINES 33MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/ommompare.MPI_Comm_reate MPI_Comm_reateMPI_Comm_reate | Creates a new ommuniatorSynopsisint MPI_Comm_reate ( MPI_Comm omm, MPI_Group group, MPI_Comm *omm_out )Input Parametersomm ommuniator (handle)group group, whih is a subset of the group of omm (handle)Output Parameteromm_out new ommuniator (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_GROUPNull group passed to funtion.



2 MPI ROUTINES 34MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Comm_freeLoation./sr/ontext/omm_reate.MPI_Comm_dup MPI_Comm_dupMPI_Comm_dup| Dupliates an existing ommuniator with all its ahed informationSynopsisint MPI_Comm_dup (MPI_Comm omm,MPI_Comm *omm_out )Input Parameteromm ommuniator (handle)Output Parameternewomm A new ommuniator over the same group as omm but with a new ontext. Seenotes. (handle)NotesThis routine is used to reate a new ommuniator that has a new ommuniation ontext butontains the same group of proesses as the input ommuniator. Sine all MPI ommuniation isperformed within a ommuniator (spei�es as the group of proesses plus the ontext), this routineprovides an e�etive way to reate a private ommuniator for use by a software module or library.In partiular, no library routine should use MPI_COMM_WORLD as the ommuniator; instead, adupliate of a user-spei�ed ommuniator should always be used. For more information, see UsingMPI, 2nd edition.Beause this routine essentially produes a opy of a ommuniator, it also opies any attributesthat have been de�ned on the input ommuniator, using the attribute opy funtion spei�ed bythe opy_funtion argument to MPI_Keyval_reate. This is partiularly useful for (a) attributesthat desribe some property of the group assoiated with the ommuniator, suh as itsinteronnetion topology and (b) ommuniators that are given bak to the user; the attibutes inthis ase an trak subsequent MPI_Comm_dup operations on this ommuniator.



2 MPI ROUTINES 35Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Comm_free, MPI_Keyval_reate, MPI_Attr_set, MPI_Attr_deleteLoation./sr/ontext/omm_dup.MPI_Comm_free MPI_Comm_freeMPI_Comm_free| Marks the ommuniator objet for dealloationSynopsisint MPI_Comm_free ( MPI_Comm *ommp )Input Parameteromm ommuniator to be destroyed (handle)Null HandlesThe MPI 1.1 spei�ation, in the setion on opaque objets, expliitly



2 MPI ROUTINES 36disallows freeing a null ommuniator. The text from the standard isA null handle argument is an erroneous IN argument in MPI alls, unless anexeption is expliitly stated in the text that defines the funtion. Suhexeption is allowed for handles to request objets in Wait and Test alls(setions Communiation Completion and Multiple Completions ). Otherwise, anull handle an only be passed to a funtion that alloates a new objet andreturns a referene to it in the handle.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/omm_free.MPI_Comm_get_name MPI_Comm_get_nameMPI_Comm_get_name| return the print name from the ommuniatorSynopsisint MPI_Comm_get_name( MPI_Comm omm, har *namep, int *reslen )Input Parameteromm Communiator to get name of (handle)



2 MPI ROUTINES 37Output Parametersnamep One output, ontains the name of the ommuniator. It must be an array of sizeat least MPI_MAX_NAME_STRING.reslen Number of haraters in nameNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/ontext/omm_name_get.MPI_Comm_group MPI_Comm_groupMPI_Comm_group| Aesses the group assoiated with given ommuniatorSynopsisint MPI_Comm_group (MPI_Comm omm,MPI_Group *group )Input Parameteromm CommuniatorOutput Parametergroup Group in ommuniator



2 MPI ROUTINES 38Using 'MPI_COMM_NULL' with 'MPI_Comm_group'It is an error to use MPI_COMM_NULL as one of the arguments to MPI_Comm_group. The relevantsetions of the MPI standard are.(2.4.1 Opaque Objets)A null handle argument is an erroneous IN argument in MPI alls, unless anexeption is expliitly stated in the text that de�nes the funtion..(5.3.2. Group Construtors)<no text in MPI_COMM_GROUP allowing a null handle>Previous versions of MPICH allow MPI_COMM_NULL in this funtion. In the interests of promotingportability of appliations, we have hanged the behavior of MPI_Comm_group to detet this violationof the MPI standard.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/ontext/omm_group.MPI_Comm_rank MPI_Comm_rankMPI_Comm_rank | Determines the rank of the alling proess in the ommuniatorSynopsisint MPI_Comm_rank ( MPI_Comm omm, int *rank )Input Parametersomm ommuniator (handle)



2 MPI ROUTINES 39Output Parameterrank rank of the alling proess in group of omm (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/ontext/omm_rank.MPI_Comm_remote_group MPI_Comm_remote_groupMPI_Comm_remote_group| Aesses the remote group assoiated with the giveninter-ommuniatorSynopsisint MPI_Comm_remote_group ( MPI_Comm omm, MPI_Group *group )Input Parameteromm Communiator (must be interommuniator)Output Parametergroup remote group of ommuniator



2 MPI ROUTINES 40Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/ontext/omm_rgroup.MPI_Comm_remote_size MPI_Comm_remote_sizeMPI_Comm_remote_size| Determines the size of the remote group assoiated with aninter-ommunitorSynopsisint MPI_Comm_remote_size ( MPI_Comm omm, int *size )Input Parameteromm ommuniator (handle)Output Parametersize number of proesses in the group of omm (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 41ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/omm_rsize.MPI_Comm_set_name MPI_Comm_set_nameMPI_Comm_set_name| give a print name to the ommuniatorSynopsisint MPI_Comm_set_name( MPI_Comm om, har *name )Input Parametersom Communiator to name (handle)name Name for ommuniatorNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESS



2 MPI ROUTINES 42No error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).Loation./sr/ontext/omm_name_put.MPI_Comm_size MPI_Comm_sizeMPI_Comm_size | Determines the size of the group assoiated with a ommunitorSynopsisint MPI_Comm_size ( MPI_Comm omm, int *size )Input Parameteromm ommuniator (handle)Output Parametersize number of proesses in the group of omm (integer)NotesMPI_COMM_NULL is not onsidered a valid argument to this funtion.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).



2 MPI ROUTINES 43MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/omm_size.MPI_Comm_split MPI_Comm_splitMPI_Comm_split| Creates new ommuniators based on olors and keysSynopsisint MPI_Comm_split ( MPI_Comm omm, int olor, int key, MPI_Comm *omm_out )Input Parametersomm ommuniator (handle)olor ontrol of subset assignment (nonnegative integer). Proesses with the same olorare in the same new ommuniatorkey ontrol of rank assigment (integer)Output Parameternewomm new ommuniator (handle)NotesThe olor must be non-negative or MPI_UNDEFINED.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.AlgorithmThe urrent algorithm used has quite a few (read: a lot of) ineÆienies that an be removed. Hereis what we do for now1) A table is built of olors, and keys (has a next field also).2) The tables of all proesses are merged using {\tt MPI_Allredue}.3) Two ontexts are alloated for all the omms to be reated. Thesesame two ontexts an be used for all reated ommuniators sinethe ommuniators will not overlap.4) If the loal proess has a olor of {\tt MPI_UNDEFINED}, it an return



2 MPI ROUTINES 44a {\tt NULL} omm.5) The table entries that math the loal proess olor are sortedby key/rank.6) A group is reated from the sorted list and a ommuniator is reatedwith this group and the previously alloated ontexts.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Comm_freeLoation./sr/ontext/omm_split.MPI_Comm_test_inter MPI_Comm_test_interMPI_Comm_test_inter| Tests to see if a omm is an inter-ommuniatorSynopsisint MPI_Comm_test_inter ( MPI_Comm omm, int *flag )Input Parameteromm ommuniator (handle)Output Parameterag (logial)



2 MPI ROUTINES 45Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/omm_testi.MPI_DUP_FN MPI_DUP_FNMPI_DUP_FN | A funtion to simple-mindedly opy attributesLoation./sr/ontext/dup_fn.MPI_Dims_reate MPI_Dims_reateMPI_Dims_reate| Creates a division of proessors in a artesian gridSynopsisint MPI_Dims_reate(int nnodes,int ndims,int *dims)



2 MPI ROUTINES 46Input Parametersnnodes number of nodes in a grid (integer)ndims number of artesian dimensions (integer)In/Out Parameterdims integer array of size ndims speifying the number of nodes in eah dimensionNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/topol/dims_reate.MPI_Errhandler_reate MPI_Errhandler_reateMPI_Errhandler_reate| Creates an MPI-style errorhandlerSynopsisint MPI_Errhandler_reate(MPI_Handler_funtion *funtion,MPI_Errhandler *errhandler)Input Parameterfuntion user de�ned error handling proedureOutput Parametererrhandler MPI error handler (handle)NotesThe MPI Standard states that an implementation may make the output value (errhandler) simplythe address of the funtion. However, the ation of MPI_Errhandler_freemakes this impossible,sine it is required to set the value of the argument to MPI_ERRHANDLER_NULL. In addition, theatual error handler must remain until all ommuniators that use it are freed.



2 MPI ROUTINES 47Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/env/errreate.MPI_Errhandler_free MPI_Errhandler_freeMPI_Errhandler_free| Frees an MPI-style errorhandlerSynopsisint MPI_Errhandler_free( MPI_Errhandler *errhandler )Input Parametererrhandler MPI error handler (handle). Set to MPI_ERRHANDLER_NULL on exit.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrent



2 MPI ROUTINES 48MPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/env/errfree.MPI_Errhandler_get MPI_Errhandler_getMPI_Errhandler_get| Gets the error handler for a ommuniatorSynopsisint MPI_Errhandler_get( MPI_Comm omm, MPI_Errhandler *errhandler )Input Parameteromm ommuniator to get the error handler from (handle)Output Parametererrhandler MPI error handler urrently assoiated with ommuniator (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Note on ImplementationThe MPI Standard was unlear on whether this routine required the user to allMPI_Errhandler_free one for eah all made to this routine in order to free the error handler.After some debate, the MPI Forum added an expliit statement that users are required to allMPI_Errhandler_free when the return value from this routine is no longer needed. This behavior issimilar to the other MPI routines for getting objets; for example, MPI_Comm_group requires thatthe user all MPI_Group_free when the group returned by MPI_Comm_group is no longer needed.



2 MPI ROUTINES 49ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/env/errget.MPI_Errhandler_set MPI_Errhandler_setMPI_Errhandler_set| Sets the error handler for a ommuniatorSynopsisint MPI_Errhandler_set( MPI_Comm omm, MPI_Errhandler errhandler )Input Parametersomm ommuniator to set the error handler for (handle)errhandler new MPI error handler for ommuniator (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESS



2 MPI ROUTINES 50No error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/env/errset.MPI_Error_lass MPI_Error_lassMPI_Error_lass| Converts an error ode into an error lassSynopsisint MPI_Error_lass(int errorode,int *errorlass)Input Parametererrorode Error ode returned by an MPI routineOutput Parametererrorlass Error lass assoiated with errorodeNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/env/errlass.MPI_Error_string MPI_Error_stringMPI_Error_string| Return a string for a given error ode



2 MPI ROUTINES 51Synopsisint MPI_Error_string( int errorode, har *string, int *resultlen )Input Parameterserrorode Error ode returned by an MPI routine or an MPI error lassOutput Parameterstring Text that orresponds to the erroroderesultlen Length of stringNotes: Error odes are the values return by MPI routines (in C) or in the ierr argument (inFortran). These an be onverted into error lasses with the routine MPI_Error_lass.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/env/errorstring.MPI_File_2f MPI_File_2fMPI_File_2f| Translates a C �le handle to a Fortran �le handleSynopsisMPI_Fint MPI_File_2f(MPI_File fh)Input Parametersfh C �le handle (handle)Return ValueFortran �le handle (integer)



2 MPI ROUTINES 52Loation./romio/mpi-io/file_2f.MPI_File_lose MPI_File_loseMPI_File_lose| Closes a �leSynopsisint MPI_File_lose(MPI_File *fh)Input Parametersfh �le handle (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/lose.MPI_File_delete MPI_File_deleteMPI_File_delete| Deletes a �leSynopsisint MPI_File_delete(har *filename, MPI_Info info)Input Parameters�lename name of �le to delete (string)info info objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 53Loation./romio/mpi-io/delete.MPI_File_f2 MPI_File_f2MPI_File_f2| Translates a Fortran �le handle to a C �le handleSynopsisMPI_File MPI_File_f2(MPI_Fint fh)Input Parametersfh Fortran �le handle (integer)Return ValueC �le handle (handle)Loation./romio/mpi-io/file_f2.MPI_File_get_amode MPI_File_get_amodeMPI_File_get_amode| Returns the �le aess modeSynopsisint MPI_File_get_amode(MPI_File fh, int *amode)Input Parametersfh �le handle (handle)Output Parametersamode aess mode (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 54Loation./romio/mpi-io/get_amode.MPI_File_get_atomiity MPI_File_get_atomiityMPI_File_get_atomiity| Returns the atomiity modeSynopsisint MPI_File_get_atomiity(MPI_File fh, int *flag)Input Parametersfh �le handle (handle)Output Parametersag true if atomi mode, false if nonatomi mode (logial)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_atom.MPI_File_get_byte_o�set MPI_File_get_byte_o�setMPI_File_get_byte_o�set| Returns the absolute byte position in the �le orresponding to"o�set" etypes relative to the urrent viewSynopsisint MPI_File_get_byte_offset(MPI_File fh, MPI_Offset offset, MPI_Offset *disp)Input Parametersfh �le handle (handle)o�set o�set (nonnegative integer)



2 MPI ROUTINES 55Output Parametersdisp absolute byte position of o�set (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_bytoff.MPI_File_get_errhandler MPI_File_get_errhandlerMPI_File_get_errhandler| Returns the error handler for a �leSynopsisint MPI_File_get_errhandler(MPI_File fh, MPI_Errhandler *errhandler)Input Parametersfh �le handle (handle)Output Parameterserrhandler error handler (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_errh.MPI_File_get_group MPI_File_get_groupMPI_File_get_group| Returns the group of proesses that opened the �le



2 MPI ROUTINES 56Synopsisint MPI_File_get_group(MPI_File fh, MPI_Group *group)Input Parametersfh �le handle (handle)Output Parametersgroup group that opened the �le (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_group.MPI_File_get_info MPI_File_get_infoMPI_File_get_info| Returns the hints for a �le that are atually being used by MPISynopsisint MPI_File_get_info(MPI_File fh, MPI_Info *info_used)Input Parametersfh �le handle (handle)Output Parametersinfo_used info objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 57Loation./romio/mpi-io/get_info.MPI_File_get_position MPI_File_get_positionMPI_File_get_position| Returns the urrent position of the individual �le pointer in etypeunits relative to the urrent viewSynopsisint MPI_File_get_position(MPI_File fh, MPI_Offset *offset)Input Parametersfh �le handle (handle)Output Parameterso�set o�set of individual �le pointer (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_posn.MPI_File_get_position_shared MPI_File_get_position_sharedMPI_File_get_position_shared| Returns the urrent position of the shared �le pointer in etypeunits relative to the urrent viewSynopsisint MPI_File_get_position_shared(MPI_File fh, MPI_Offset *offset)Input Parametersfh �le handle (handle)



2 MPI ROUTINES 58Output Parameterso�set o�set of shared �le pointer (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_posn_sh.MPI_File_get_size MPI_File_get_sizeMPI_File_get_size| Returns the �le sizeSynopsisint MPI_File_get_size(MPI_File fh, MPI_Offset *size)Input Parametersfh �le handle (handle)Output Parameterssize size of the �le in bytes (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_size.MPI_File_get_type_extent MPI_File_get_type_extentMPI_File_get_type_extent| Returns the extent of datatype in the �le



2 MPI ROUTINES 59Synopsisint MPI_File_get_type_extent(MPI_File fh, MPI_Datatype datatype,MPI_Aint *extent)Input Parametersfh �le handle (handle)datatype datatype (handle)Output Parametersextent extent of the datatype (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_extent.MPI_File_get_view MPI_File_get_viewMPI_File_get_view| Returns the �le viewSynopsisint MPI_File_get_view(MPI_File fh, MPI_Offset *disp, MPI_Datatype *etype,MPI_Datatype *filetype, har *datarep)Input Parametersfh �le handle (handle)Output Parametersdisp displaement (nonnegative integer)etype elementary datatype (handle)�letype �letype (handle)datarep data representation (string)



2 MPI ROUTINES 60Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/get_view.MPI_File_iread MPI_File_ireadMPI_File_iread| Nonbloking read using individual �le pointerSynopsisint MPI_File_iread(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPIO_Request *request)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)request request objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iread.MPI_File_iread_at MPI_File_iread_atMPI_File_iread_at| Nonbloking read using explit o�set



2 MPI ROUTINES 61Synopsisint MPI_File_iread_at(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype,MPIO_Request *request)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)request request objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iread_at.MPI_File_iread_shared MPI_File_iread_sharedMPI_File_iread_shared| Nonbloking read using shared �le pointerSynopsisint MPI_File_iread_shared(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPIO_Request *request)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)



2 MPI ROUTINES 62Output Parametersbuf initial address of bu�er (hoie)request request objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iread_sh.MPI_File_iwrite MPI_File_iwriteMPI_File_iwrite| Nonbloking write using individual �le pointerSynopsisint MPI_File_iwrite(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPIO_Request *request)Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersrequest request objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iwrite.



2 MPI ROUTINES 63MPI_File_iwrite_at MPI_File_iwrite_atMPI_File_iwrite_at| Nonbloking write using explit o�setSynopsisint MPI_File_iwrite_at(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype,MPIO_Request *request)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersrequest request objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iwrite_at.MPI_File_iwrite_shared MPI_File_iwrite_sharedMPI_File_iwrite_shared| Nonbloking write using shared �le pointerSynopsisint MPI_File_iwrite_shared(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPIO_Request *request)



2 MPI ROUTINES 64Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersrequest request objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/iwrite_sh.MPI_File_open MPI_File_openMPI_File_open| Opens a �leSynopsisint MPI_File_open(MPI_Comm omm, har *filename, int amode,MPI_Info info, MPI_File *fh)Input Parametersomm ommuniator (handle)�lename name of �le to open (string)amode �le aess mode (integer)info info objet (handle)Output Parametersfh �le handle (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 65Loation./romio/mpi-io/open.MPI_File_prealloate MPI_File_prealloateMPI_File_prealloate| Prealloates storage spae for a �leSynopsisint MPI_File_prealloate(MPI_File fh, MPI_Offset size)Input Parametersfh �le handle (handle)size size to prealloate (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/preallo.MPI_File_read MPI_File_readMPI_File_read| Read using individual �le pointerSynopsisint MPI_File_read(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)



2 MPI ROUTINES 66Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read.MPI_File_read_all MPI_File_read_allMPI_File_read_all| Colletive read using individual �le pointerSynopsisint MPI_File_read_all(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_all.



2 MPI ROUTINES 67MPI_File_read_all_begin MPI_File_read_all_beginMPI_File_read_all_begin| Begin a split olletive read using individual �le pointerSynopsisint MPI_File_read_all_begin(MPI_File fh, void *buf, int ount,MPI_Datatype datatype)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_allb.MPI_File_read_all_end MPI_File_read_all_endMPI_File_read_all_end| Complete a split olletive read using individual �le pointerSynopsisint MPI_File_read_all_end(MPI_File fh, void *buf, MPI_Status *status)Input Parametersfh �le handle (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)



2 MPI ROUTINES 68Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_alle.MPI_File_read_at MPI_File_read_atMPI_File_read_at| Read using explit o�setSynopsisint MPI_File_read_at(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_at.MPI_File_read_at_all MPI_File_read_at_allMPI_File_read_at_all| Colletive read using explit o�set



2 MPI ROUTINES 69Synopsisint MPI_File_read_at_all(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype,MPI_Status *status)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_atall.MPI_File_read_at_all_begin MPI_File_read_at_all_beginMPI_File_read_at_all_begin| Begin a split olletive read using explit o�setSynopsisint MPI_File_read_at_all_begin(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)



2 MPI ROUTINES 70Output Parametersbuf initial address of bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/rd_atallb.MPI_File_read_at_all_end MPI_File_read_at_all_endMPI_File_read_at_all_end| Complete a split olletive read using explit o�setSynopsisint MPI_File_read_at_all_end(MPI_File fh, void *buf, MPI_Status *status)Input Parametersfh �le handle (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/rd_atalle.MPI_File_read_ordered MPI_File_read_orderedMPI_File_read_ordered| Colletive read using shared �le pointer



2 MPI ROUTINES 71Synopsisint MPI_File_read_ordered(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_ord.MPI_File_read_ordered_begin MPI_File_read_ordered_beginMPI_File_read_ordered_begin| Begin a split olletive read using shared �le pointerSynopsisint MPI_File_read_ordered_begin(MPI_File fh, void *buf, int ount,MPI_Datatype datatype)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)



2 MPI ROUTINES 72Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_ordb.MPI_File_read_ordered_end MPI_File_read_ordered_endMPI_File_read_ordered_end| Complete a split olletive read using shared �le pointerSynopsisint MPI_File_read_ordered_end(MPI_File fh, void *buf, MPI_Status *status)Input Parametersfh �le handle (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_orde.MPI_File_read_shared MPI_File_read_sharedMPI_File_read_shared| Read using shared �le pointer



2 MPI ROUTINES 73Synopsisint MPI_File_read_shared(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/read_sh.MPI_File_seek MPI_File_seekMPI_File_seek| Updates the individual �le pointerSynopsisint MPI_File_seek(MPI_File fh, MPI_Offset offset, int whene)Input Parametersfh �le handle (handle)o�set �le o�set (integer)whene update mode (state)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 74Loation./romio/mpi-io/seek.MPI_File_seek_shared MPI_File_seek_sharedMPI_File_seek_shared| Updates the shared �le pointerSynopsisint MPI_File_seek_shared(MPI_File fh, MPI_Offset offset, int whene)Input Parametersfh �le handle (handle)o�set �le o�set (integer)whene update mode (state)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/seek_sh.MPI_File_set_atomiity MPI_File_set_atomiityMPI_File_set_atomiity| Sets the atomiity modeSynopsisint MPI_File_set_atomiity(MPI_File fh, int flag)Input Parametersfh �le handle (handle)ag true to set atomi mode, false to set nonatomi mode (logial)



2 MPI ROUTINES 75Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/set_atom.MPI_File_set_errhandler MPI_File_set_errhandlerMPI_File_set_errhandler| Sets the error handler for a �leSynopsisint MPI_File_set_errhandler(MPI_File fh, MPI_Errhandler errhandler)Input Parametersfh �le handle (handle)errhandler error handler (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/set_errh.MPI_File_set_info MPI_File_set_infoMPI_File_set_info| Sets new values for the hints assoiated with a �leSynopsisint MPI_File_set_info(MPI_File fh, MPI_Info info)



2 MPI ROUTINES 76Input Parametersfh �le handle (handle)info info objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/set_info.MPI_File_set_size MPI_File_set_sizeMPI_File_set_size| Sets the �le sizeSynopsisint MPI_File_set_size(MPI_File fh, MPI_Offset size)Input Parametersfh �le handle (handle)size size to trunate or expand �le (nonnegative integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/set_size.MPI_File_set_view MPI_File_set_viewMPI_File_set_view| Sets the �le view



2 MPI ROUTINES 77Synopsisint MPI_File_set_view(MPI_File fh, MPI_Offset disp, MPI_Datatype etype,MPI_Datatype filetype, har *datarep, MPI_Info info)Input Parametersfh �le handle (handle)disp displaement (nonnegative integer)etype elementary datatype (handle)�letype �letype (handle)datarep data representation (string)info info objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/set_view.MPI_File_syn MPI_File_synMPI_File_syn| Causes all previous writes to be transferred to the storage devieSynopsisint MPI_File_syn(MPI_File fh)Input Parametersfh �le handle (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 78Loation./romio/mpi-io/fsyn.MPI_File_write MPI_File_writeMPI_File_write| Write using individual �le pointerSynopsisint MPI_File_write(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write.MPI_File_write_all MPI_File_write_allMPI_File_write_all| Colletive write using individual �le pointerSynopsisint MPI_File_write_all(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)



2 MPI ROUTINES 79Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_all.MPI_File_write_all_begin MPI_File_write_all_beginMPI_File_write_all_begin| Begin a split olletive write using individual �le pointerSynopsisint MPI_File_write_all_begin(MPI_File fh, void *buf, int ount,MPI_Datatype datatype)Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 80Loation./romio/mpi-io/write_allb.MPI_File_write_all_end MPI_File_write_all_endMPI_File_write_all_end| Complete a split olletive write using individual �le pointerSynopsisint MPI_File_write_all_end(MPI_File fh, void *buf, MPI_Status *status)Input Parametersfh �le handle (handle)Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_alle.MPI_File_write_at MPI_File_write_atMPI_File_write_at| Write using explit o�setSynopsisint MPI_File_write_at(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype,MPI_Status *status)



2 MPI ROUTINES 81Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_at.MPI_File_write_at_all MPI_File_write_at_allMPI_File_write_at_all| Colletive write using explit o�setSynopsisint MPI_File_write_at_all(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype,MPI_Status *status)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersstatus status objet (Status)



2 MPI ROUTINES 82Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_atall.MPI_File_write_at_all_begin MPI_File_write_at_all_beginMPI_File_write_at_all_begin| Begin a split olletive write using explit o�setSynopsisint MPI_File_write_at_all_begin(MPI_File fh, MPI_Offset offset, void *buf,int ount, MPI_Datatype datatype)Input Parametersfh �le handle (handle)o�set �le o�set (nonnegative integer)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/wr_atallb.MPI_File_write_at_all_end MPI_File_write_at_all_endMPI_File_write_at_all_end| Complete a split olletive write using explit o�setSynopsisint MPI_File_write_at_all_end(MPI_File fh, void *buf, MPI_Status *status)



2 MPI ROUTINES 83Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/wr_atalle.MPI_File_write_ordered MPI_File_write_orderedMPI_File_write_ordered| Colletive write using shared �le pointerSynopsisint MPI_File_write_ordered(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 84Loation./romio/mpi-io/write_ord.MPI_File_write_ordered_begin MPI_File_write_ordered_beginMPI_File_write_ordered_begin| Begin a split olletive write using shared �le pointerSynopsisint MPI_File_write_ordered_begin(MPI_File fh, void *buf, int ount,MPI_Datatype datatype)Input Parametersfh �le handle (handle)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersbuf initial address of bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_ordb.MPI_File_write_ordered_end MPI_File_write_ordered_endMPI_File_write_ordered_end| Complete a split olletive write using shared �le pointerSynopsisint MPI_File_write_ordered_end(MPI_File fh, void *buf, MPI_Status *status)Input Parametersfh �le handle (handle)



2 MPI ROUTINES 85Output Parametersbuf initial address of bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_orde.MPI_File_write_shared MPI_File_write_sharedMPI_File_write_shared| Write using shared �le pointerSynopsisint MPI_File_write_shared(MPI_File fh, void *buf, int ount,MPI_Datatype datatype, MPI_Status *status)Input Parametersfh �le handle (handle)buf initial address of bu�er (hoie)ount number of elements in bu�er (nonnegative integer)datatype datatype of eah bu�er element (handle)Output Parametersstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./romio/mpi-io/write_sh.



2 MPI ROUTINES 86MPI_Finalize MPI_FinalizeMPI_Finalize| Terminates MPI exeution environmentSynopsisint MPI_Finalize()NotesAll proesses must all this routine before exiting. The number of proesses running after thisroutine is alled is unde�ned; it is best not to perform muh more than a return r after allingMPI_Finalize.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/env/finalize.MPI_Finalized MPI_FinalizedMPI_Finalized| Indiates whether MPI_Finalize has been alled.Synopsisint MPI_Finalized( int *flag )Output Parameterag Flag is true if MPI_Finalize has been alled and false otherwise.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 87Loation./sr/mis2/finalized.MPI_Gather MPI_GatherMPI_Gather| Gathers together values from a group of proessesSynopsisint MPI_Gather ( void *sendbuf, int sendnt, MPI_Datatype sendtype,void *revbuf, int revount, MPI_Datatype revtype,int root, MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)sendount number of elements in send bu�er (integer)sendtype data type of send bu�er elements (handle)revount number of elements for any single reeive (integer, signi�ant only at root)revtype data type of rev bu�er elements (signi�ant only at root) (handle)root rank of reeiving proess (integer)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie, signi�ant only at root)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNT



2 MPI ROUTINES 88Invalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/gather.MPI_Gatherv MPI_GathervMPI_Gatherv| Gathers into spei�ed loations from all proesses in a groupSynopsisint MPI_Gatherv ( void *sendbuf, int sendnt, MPI_Datatype sendtype,void *revbuf, int *revnts, int *displs,MPI_Datatype revtype,int root, MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)sendount number of elements in send bu�er (integer)sendtype data type of send bu�er elements (handle)revounts integer array (of length group size) ontaining the number of elements that arereeived from eah proess (signi�ant only at root)displs integer array (of length group size). Entry i spei�es the displaement relative torevbuf at whih to plae the inoming data from proess i (signi�ant only atroot)revtype data type of rev bu�er elements (signi�ant only at root) (handle)root rank of reeiving proess (integer)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie, signi�ant only at root)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 89ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/gatherv.MPI_Get_ount MPI_Get_ountMPI_Get_ount| Gets the number of "top level" elementsSynopsisint MPI_Get_ount(MPI_Status *status,MPI_Datatype datatype,int *ount )Input Parametersstatus return status of reeive operation (Status)datatype datatype of eah reeive bu�er element (handle)Output Parameterount number of reeived elements (integer) Notes: If the size of the datatype is zero,this routine will return a ount of zero. If the amount of data in status is not anexat multiple of the size of datatype (so that ount would not be integral), aount of MPI_UNDEFINED is returned instead.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the return



2 MPI ROUTINES 90value of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).Loation./sr/pt2pt/getount.MPI_Get_elements MPI_Get_elementsMPI_Get_elements| Returns the number of basi elements in a datatypeSynopsisint MPI_Get_elements ( MPI_Status *status, MPI_Datatype datatype,int *elements )Input Parametersstatus return status of reeive operation (Status)datatype datatype used by reeive operation (handle)Output Parameterount number of reeived basi elements (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 91ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).Loation./sr/pt2pt/getelements.MPI_Get_proessor_name MPI_Get_proessor_nameMPI_Get_proessor_name| Gets the name of the proessorSynopsisint MPI_Get_proessor_name(har *name,int *resultlen)Output Parametersname A unique spei�er for the atual (as opposed to virtual) node. This must be anarray of size at least MPI_MAX_PROCESSOR_NAME.resultlen Length (in haraters) of the nameNotesThe name returned should identify a partiular piee of hardware; the exat format isimplementation de�ned. This name may or may not be the same as might be returned bygethostname, uname, or sysinfo.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 92Loation./sr/env/getpname.MPI_Get_version MPI_Get_versionMPI_Get_version| Gets the version of MPISynopsisint MPI_Get_version(int *version,int *subversion )Output Parametersversion Major version of MPI (1 or 2)subversion Minor version of MPI.NotesThe de�ned values MPI_VERSION and MPI_SUBVERSION ontain the same information. This routineallows you to hek that the library mathes the version spei�ed in the mpi.h and mpif.h �les.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/env/getversion.MPI_Graph_reate MPI_Graph_reateMPI_Graph_reate| Makes a new ommuniator to whih topology information has beenattahedSynopsisint MPI_Graph_reate ( MPI_Comm omm_old, int nnodes, int *index, int *edges,int reorder, MPI_Comm *omm_graph )



2 MPI ROUTINES 93Input Parametersomm_old input ommuniator without topology (handle)nnodes number of nodes in graph (integer)index array of integers desribing node degrees (see below)edges array of integers desribing graph edges (see below)reorder ranking may be reordered (true) or not (false) (logial)Output Parameteromm_graph ommuniator with graph topology added (handle)AlgorithmWe ignore the reorder info urrently.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/graphreate.MPI_Graph_get MPI_Graph_getMPI_Graph_get| Retrieves graph topology information assoiated with a ommuniator



2 MPI ROUTINES 94Synopsisint MPI_Graph_get ( MPI_Comm omm, int maxindex, int maxedges,int *index, int *edges )Input Parametersomm ommuniator with graph struture (handle)maxindex length of vetor index in the alling program (integer)maxedges length of vetor edges in the alling program (integer)Output Parameterindex array of integers ontaining the graph struture (for details see the de�nition ofMPI_GRAPH_CREATE)edges array of integers ontaining the graph strutureNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/graph_get.MPI_Graph_map MPI_Graph_mapMPI_Graph_map| Maps proess to graph topology information



2 MPI ROUTINES 95Synopsisint MPI_Graph_map ( MPI_Comm omm_old, int nnodes, int *index, int *edges,int *newrank )Input Parametersomm input ommuniator (handle)nnodes number of graph nodes (integer)index integer array speifying the graph struture, see MPI_GRAPH_CREATEedges integer array speifying the graph strutureOutput Parameternewrank reordered rank of the alling proess; MPI_UNDEFINED if the alling proess doesnot belong to graph (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/topol/graph_map.MPI_Graph_neighbors MPI_Graph_neighborsMPI_Graph_neighbors| Returns the neighbors of a node assoiated with a graph topology



2 MPI ROUTINES 96Synopsisint MPI_Graph_neighbors ( MPI_Comm omm, int rank, int maxneighbors,int *neighbors )Input Parametersomm ommuniator with graph topology (handle)rank rank of proess in group of omm (integer)maxneighbors size of array neighbors (integer)Output Parametersneighbors ranks of proesses that are neighbors to spei�ed proess (array of integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/topol/graph_nbr.



2 MPI ROUTINES 97MPI_Graph_neighbors_ount MPI_Graph_neighbors_ountMPI_Graph_neighbors_ount| Returns the number of neighbors of a node assoiated with agraph topologySynopsisint MPI_Graph_neighbors_ount ( MPI_Comm omm, int rank, int *nneighbors )Input Parametersomm ommuniator with graph topology (handle)rank rank of proess in group of omm (integer)Output Parameternneighbors number of neighbors of spei�ed proess (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.



2 MPI ROUTINES 98Loation./sr/topol/graphnbrnt.MPI_Graphdims_get MPI_Graphdims_getMPI_Graphdims_get| Retrieves graph topology information assoiated with a ommuniatorSynopsisint MPI_Graphdims_get ( MPI_Comm omm, int *nnodes, int *nedges )Input Parametersomm ommuniator for group with graph struture (handle)Output Parameternnodes number of nodes in graph (integer)nedges number of edges in graph (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TOPOLOGYInvalid topology. Either there is no topology assoiated with this ommuniator,or it is not the orret type (e.g., MPI_CART when expeting MPI_GRAPH).MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).



2 MPI ROUTINES 99Loation./sr/topol/graphdimsget.MPI_Group_ompare MPI_Group_ompareMPI_Group_ompare| Compares two groupsSynopsisint MPI_Group_ompare ( MPI_Group group1, MPI_Group group2, int *result )Input Parametersgroup1 group1 (handle)group2 group2 (handle)Output Parameterresult integer whih is MPI_IDENT if the order and members of the two groups are thesame, MPI_SIMILAR if only the members are the same, and MPI_UNEQUAL otherwiseNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/groupompare.



2 MPI ROUTINES 100MPI_Group_di�erene MPI_Group_di�ereneMPI_Group_di�erene| Makes a group from the di�erene of two groupsSynopsisint MPI_Group_differene ( MPI_Group group1, MPI_Group group2,MPI_Group *group_out )Input Parametersgroup1 �rst group (handle)group2 seond group (handle)Output Parameternewgroup di�erene group (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Group_free



2 MPI ROUTINES 101Loation./sr/ontext/group_diff.MPI_Group_exl MPI_Group_exlMPI_Group_exl| Produes a group by reordering an existing group and taking only unlistedmembersSynopsisint MPI_Group_exl ( MPI_Group group, int n, int *ranks, MPI_Group *newgroup )Input Parametersgroup group (handle)n number of elements in array ranks (integer)ranks array of integer ranks in group not to appear in newgroupOutput Parameternewgroup new group derived from above, preserving the order de�ned by group (handle)NoteCurrently, eah of the ranks to exlude must be a valid rank in the group and all elements must bedistint or the funtion is erroneous. This restrition is per the draft.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_INTERN



2 MPI ROUTINES 102This error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.See AlsoMPI_Group_freeLoation./sr/ontext/group_exl.MPI_Group_free MPI_Group_freeMPI_Group_free| Frees a groupSynopsisint MPI_Group_free ( MPI_Group *group )Input Parametergroup group (handle)NotesOn output, group is set to MPI_GROUP_NULL.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESS



2 MPI ROUTINES 103No error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_ARGThis error lass is assoiated with an error ode that indiates that an attemptwas made to free one of the permanent groups.Loation./sr/ontext/group_free.MPI_Group_inl MPI_Group_inlMPI_Group_inl| Produes a group by reordering an existing group and taking only listedmembersSynopsisint MPI_Group_inl ( MPI_Group group, int n, int *ranks, MPI_Group *group_out )Input Parametersgroup group (handle)n number of elements in array ranks (and size of newgroup ) (integer)ranks ranks of proesses in group to appear in newgroup (array of integers)Output Parameternewgroup new group derived from above, in the order de�ned by ranks (handle)NoteThis implementation does not urrently hek to see that the list of ranks to ensure that there areno dupliates.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmay



2 MPI ROUTINES 104be used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.See AlsoMPI_Group_freeLoation./sr/ontext/group_inl.MPI_Group_intersetion MPI_Group_intersetionMPI_Group_intersetion| Produes a group as the intersetion of two existing groupsSynopsisint MPI_Group_intersetion ( MPI_Group group1, MPI_Group group2,MPI_Group *group_out )Input Parametersgroup1 �rst group (handle)group2 seond group (handle)Output Parameternewgroup intersetion group (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.



2 MPI ROUTINES 105All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Group_freeLoation./sr/ontext/group_inter.MPI_Group_range_exl MPI_Group_range_exlMPI_Group_range_exl| Produes a group by exluding ranges of proesses from an existinggroupSynopsisint MPI_Group_range_exl ( MPI_Group group, int n, int ranges[℄[3℄,MPI_Group *newgroup )Input Parametersgroup group (handle)n number of elements in array ranks (integer)ranges a one-dimensional array of integer triplets of the form (�rst rank, last rank,stride), indiating the ranks in group of proesses to be exluded from the outputgroup newgroup .Output Parameternewgroup new group derived from above, preserving the order in group (handle)



2 MPI ROUTINES 106NoteCurrently, eah of the ranks to exlude must be a valid rank in the group and all elements must bedistint or the funtion is erroneous. This restrition is per the draft.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).See AlsoMPI_Group_freeLoation./sr/ontext/group_rexl.MPI_Group_range_inl MPI_Group_range_inlMPI_Group_range_inl| Creates a new group from ranges of ranks in an existing groupSynopsisint MPI_Group_range_inl ( MPI_Group group, int n, int ranges[℄[3℄,MPI_Group *newgroup )



2 MPI ROUTINES 107Input Parametersgroup group (handle)n number of triplets in array ranges (integer)ranges a one-dimensional array of integer triplets, of the form (�rst rank, last rank,stride) indiating ranks in group or proesses to be inluded in newgroupOutput Parameternewgroup new group derived from above, in the order de�ned by ranges (handle)NoteThis implementation does not urrently hek to see that the list of ranges to inlude are valid ranksin the group.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.See AlsoMPI_Group_free



2 MPI ROUTINES 108Loation./sr/ontext/group_rinl.MPI_Group_rank MPI_Group_rankMPI_Group_rank| Returns the rank of this proess in the given groupSynopsisint MPI_Group_rank ( MPI_Group group, int *rank )Input Parametersgroup group (handle)Output Parameterrank rank of the alling proess in group, or MPI_UNDEFINED if the proess is not amember (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/group_rank.



2 MPI ROUTINES 109MPI_Group_size MPI_Group_sizeMPI_Group_size| Returns the size of a groupSynopsisint MPI_Group_size ( MPI_Group group, int *size )Input Parametersgroup group (handle) Output Parameter:size number of proesses in the group (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/group_size.MPI_Group_translate_ranks MPI_Group_translate_ranksMPI_Group_translate_ranks| Translates the ranks of proesses in one group to those inanother group



2 MPI ROUTINES 110Synopsisint MPI_Group_translate_ranks ( MPI_Group group_a, int n, int *ranks_a,MPI_Group group_b, int *ranks_b )Input Parametersgroup1 group1 (handle)n number of ranks in ranks1 and ranks2 arrays (integer)ranks1 array of zero or more valid ranks in group1group2 group2 (handle)Output Parameterranks2 array of orresponding ranks in group2, MPI_UNDEFINED when no orrespondeneexists.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/ontext/group_tranks.MPI_Group_union MPI_Group_unionMPI_Group_union| Produes a group by ombining two groups



2 MPI ROUTINES 111Synopsisint MPI_Group_union ( MPI_Group group1, MPI_Group group2,MPI_Group *group_out )Input Parametersgroup1 �rst group (handle)group2 seond group (handle)Output Parameternewgroup union group (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_GROUPNull group passed to funtion.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Group_freeLoation./sr/ontext/group_union.MPI_Ibsend MPI_IbsendMPI_Ibsend| Starts a nonbloking bu�ered send



2 MPI ROUTINES 112Synopsisint MPI_Ibsend( void *buf, int ount, MPI_Datatype datatype, int dest, int tag,MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.



2 MPI ROUTINES 113MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/pt2pt/ibsend.MPI_Info_2f MPI_Info_2fMPI_Info_2f| Translates a C info handle to a Fortran info handleSynopsisMPI_Fint MPI_Info_2f(MPI_Info info)Input Parametersinfo C info handle (integer)Return ValueFortran info handle (handle)Loation./sr/mis2/info_2f.MPI_Info_reate MPI_Info_reateMPI_Info_reate| Creates a new info objetSynopsisint MPI_Info_reate(MPI_Info *info)Output Parametersinfo info objet (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 114Loation./sr/mis2/info_reate.MPI_Info_delete MPI_Info_deleteMPI_Info_delete| Deletes a (key,value) pair from infoSynopsisint MPI_Info_delete(MPI_Info info, har *key)Input Parametersinfo info objet (handle)key key (string)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_delete.MPI_Info_dup MPI_Info_dupMPI_Info_dup| Returns a dupliate of the info objetSynopsisint MPI_Info_dup(MPI_Info info, MPI_Info *newinfo)Input Parametersinfo info objet (handle)Output Parametersnewinfo dupliate of info objet (handle)



2 MPI ROUTINES 115Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_dup.MPI_Info_f2 MPI_Info_f2MPI_Info_f2| Translates a Fortran info handle to a C info handleSynopsisMPI_Info MPI_Info_f2(MPI_Fint info)Input Parametersinfo Fortran info handle (integer)Return ValueC info handle (handle)Loation./sr/mis2/info_f2.MPI_Info_free MPI_Info_freeMPI_Info_free| Frees an info objetSynopsisint MPI_Info_free(MPI_Info *info)Input Parametersinfo info objet (handle)



2 MPI ROUTINES 116Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_free.MPI_Info_get MPI_Info_getMPI_Info_get| Retrieves the value assoiated with a keySynopsisint MPI_Info_get(MPI_Info info, har *key, int valuelen, har *value, int *flag)Input Parametersinfo info objet (handle)key key (string)valuelen length of value argument (integer)Output Parametersvalue value (string)ag true if key de�ned, false if not (boolean)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_get.MPI_Info_get_nkeys MPI_Info_get_nkeysMPI_Info_get_nkeys| Returns the number of urrently de�ned keys in info



2 MPI ROUTINES 117Synopsisint MPI_Info_get_nkeys(MPI_Info info, int *nkeys)Input Parametersinfo info objet (handle)Output Parametersnkeys number of de�ned keys (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_getnks.MPI_Info_get_nthkey MPI_Info_get_nthkeyMPI_Info_get_nthkey| Returns the nth de�ned key in infoSynopsisint MPI_Info_get_nthkey(MPI_Info info, int n, har *key)Input Parametersinfo info objet (handle)n key number (integer)Output Parameterskeys key (string)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 118Loation./sr/mis2/info_getnth.MPI_Info_get_valuelen MPI_Info_get_valuelenMPI_Info_get_valuelen| Retrieves the length of the value assoiated with a keySynopsisint MPI_Info_get_valuelen(MPI_Info info, har *key, int *valuelen, int *flag)Input Parametersinfo info objet (handle)key key (string)Output Parametersvaluelen length of value argument (integer)ag true if key de�ned, false if not (boolean)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_getvln.MPI_Info_set MPI_Info_setMPI_Info_set| Adds a (key,value) pair to infoSynopsisint MPI_Info_set(MPI_Info info, har *key, har *value)Input Parametersinfo info objet (handle)key key (string)value value (string)



2 MPI ROUTINES 119Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/info_set.MPI_Init MPI_InitMPI_Init| Initialize the MPI exeution environmentSynopsisint MPI_Init(int *arg, har ***argv)Input Parametersarg Pointer to the number of argumentsargv Pointer to the argument vetorCommand line argumentsMPI spei�es no ommand-line arguments but does allow an MPI implementation to make use ofthem.-mpiqueue print out the state of the message queues when MPI_FINALIZE is alled. Allproessors print; the output may be hard to deipher. This is intended as adebugging aid.-mpiversion print out the version of the implementation (not of MPI), inluding the argumentsthat were used with on�gure.-mpinie nn Inrements the nie value by nn (lowering the priority of the program by nn). nnmust be positive (exept for root). Not all systems support this argument; thosethat do not will ignore it.-mpedbg Start a debugger in an xterm window if there is an error (either deteted by MPIor a normally fatal signal). This works only if MPICH was on�gured with-mpedbg. CURRENTLY DISABLED. If you have TotalView, -mpihtv or mpirun-tv will give you a better environment anyway.-mpimem If MPICH was built with -DMPIR_DEBUG_MEM, this heks all mallo and freeoperations (internal to MPICH) for signs of injury to the memory alloation areas.-mpidb optionsAtivate various debugging options. Some require that MPICH have been builtwith speial options. These are intended for debugging MPICH, not for debugginguser programs. The available options inlude:mem - Enable dynami memory traing of internal MPI objetsmemall - Generate output of all memory alloation/dealloationptr - Enable traing of internal MPI pointer onversionsrank n - Limit subsequent -mpidb options to on the proess with



2 MPI ROUTINES 120the speified rank in MPI_COMM_WORLD. A rank of -1selets all of MPI_COMM_WORLD.ref - Trae use of internal MPI objetsreffile filename - Trae use of internal MPI objets with outputto the indiated filetrae - Trae routine allsNotesNote that the Fortran binding for this routine has only the error return argument(MPI_INIT(ierror))Beause the Fortran and C versions of MPI_Init are di�erent, there is a restrition on who an allMPI_Init. The version (Fortran or C) must math the main program. That is, if the main programis in C, then the C version of MPI_Init must be alled. If the main program is in Fortran, theFortran version must be alled.On exit from this routine, all proesses will have a opy of the argument list. This is not required bythe MPI standard, and truely portable odes should not rely on it. This is provided as a servie bythis implementation (an MPI implementation is allowed to distribute the ommand line argumentsbut is not required to).Command line arguments are not provided to Fortran programs. More preisely, non-standardFortran routines suh as getarg and iarg have unde�ned behavior in MPI and in thisimplementation.The MPI standard does not say what a program an do before an MPI_INIT or after anMPI_FINALIZE. In the MPICH implementation, you should do as little as possible. In partiular,avoid anything that hanges the external state of the program, suh as opening �les, readingstandard input or writing to standard output.Signals usedThe MPI standard requires that all signals used be doumented. The MPICH implementation itselfuses no signals, but some of the software that MPICH relies on may use some signals. The list belowis partial and should be independantly heked if you (and any pakage that you use) depend onpartiular signals.IBM POE/MPL for SP2SIGHUP, SIGINT, SIGQUIT, SIGFPE, SIGSEGV, SIGPIPE, SIGALRM, SIGTERM, SIGIO-mpedbg swithSIGQUIT, SIGILL, SIGFPE, SIGBUS, SIGSEGV, SIGSYSMeiko CS2SIGUSR2h_p4 devieSIGUSR1The h_p4 devie also athes SIGINT, SIGFPE, SIGBUS, and SIGSEGV; this helps the p4 devie(and MPICH) more graefully abort a failed program.



2 MPI ROUTINES 121Intel Paragon (h_nx and nx devie)SIGUSR2Shared Memory (h_shmem devie)SIGCHLDNote that if you are using software that needs the same signals, you may �nd that there is no way touse that software with the MPI implementation. The signals that ause the most trouble forappliations inlude SIGIO, SIGALRM, and SIGPIPE. For example, using SIGIO and SIGPIPE mayprevent X11 routines from working.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_OTHERThis error lass is assoiated with an error ode that indiates that an attemptwas made to all MPI_INIT a seond time. MPI_INIT may only be alled one in aprogram.Loation./sr/env/init.MPI_Init_thread MPI_Init_threadMPI_Init_thread| Initialize the MPI exeution environmentSynopsisint MPI_Init_thread(int *arg, har ***argv, int required, int *provided )Input Parametersarg Pointer to the number of argumentsargv Pointer to the argument vetorrequired Level of desired thread supportOutput Parameterprovided Level of provided thread support



2 MPI ROUTINES 122Command line argumentsMPI spei�es no ommand-line arguments but does allow an MPI implementation to make use ofthem. See MPI_INIT for a desription of the ommand line arguments supported by MPI_INIT andMPI_INIT_THREAD.NotesNote that the Fortran binding for this routine does not have the arg and argv arguments.(MPI_INIT_THREAD(required, provided, ierror))Currently, MPICH plaes the same restritions on MPI_INIT_THREAD as on MPI_INIT (see theMPI_INIT man page). When MPICH fully supports MPI-2, this restrition will be removed (asrequried by the MPI-2 standard).Signals usedThe MPI standard requires that all signals used be doumented. The MPICH implementation itselfuses no signals, but some of the software that MPICH relies on may use some signals. The list belowis partial and should be independantly heked if you (and any pakage that you use) depend onpartiular signals.IBM POE/MPL for SP2SIGHUP, SIGINT, SIGQUIT, SIGFPE, SIGSEGV, SIGPIPE, SIGALRM, SIGTERM, SIGIO-mpedbg swithSIGQUIT, SIGILL, SIGFPE, SIGBUS, SIGSEGV, SIGSYSMeiko CS2SIGUSR2h_p4 devieSIGUSR1The h_p4 devie also athes SIGINT, SIGFPE, SIGBUS, and SIGSEGV; this helps the p4 devie(and MPICH) more graefully abort a failed program.Intel Paragon (h_nx and nx devie)SIGUSR2Shared Memory (h_shmem devie)SIGCHLDNote that if you are using software that needs the same signals, you may �nd that there is no way touse that software with the MPI implementation. The signals that ause the most trouble forappliations inlude SIGIO, SIGALRM, and SIGPIPE. For example, using SIGIO and SIGPIPE mayprevent X11 routines from working.



2 MPI ROUTINES 123ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_OTHERThis error lass is assoiated with an error ode that indiates that an attemptwas made to all MPI_INIT a seond time. MPI_INIT may only be alled one in aprogram.Loation./sr/env/initthread.MPI_Initialized MPI_InitializedMPI_Initialized| Indiates whether MPI_Init has been alled.Synopsisint MPI_Initialized( int *flag )Output Parameterag Flag is true if MPI_Init has been alled and false otherwise.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/env/initialize.MPI_Interomm_reate MPI_Interomm_reateMPI_Interomm_reate| Creates an interommunator from two intraommuniators



2 MPI ROUTINES 124Synopsisint MPI_Interomm_reate ( MPI_Comm loal_omm, int loal_leader,MPI_Comm peer_omm, int remote_leader, int tag,MPI_Comm *omm_out )Input Paramtersloal_omm Loal (intra)ommuniatorloal_leader Rank in loal_omm of leader (often 0)peer_omm Remote ommuniatorremote_leader Rank in peer_omm of remote leader (often 0)tag Message tag to use in onstruting interommuniator; if multipleMPI_Interomm_reates are being made, they should use di�erent tags (morepreisely, ensure that the loal and remote leaders are using di�erent tags for eahMPI_interomm_reate).Output Parameteromm_out Created interommuniatorNotesThe MPI 1.1 Standard ontains two mutually exlusive omments on the input intraommuniators.One says that their repetive groups must be disjoint; the other that the leaders an be the sameproess. After some disussion by the MPI Forum, it has been deided that the groups must bedisjoint. Note that the reason given for this in the standard is not the reason for this hoie; rather,the other operations on interommuniators (like MPI_Interomm_merge) do not make sense if thegroups are not disjoint.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Algorithm1) Alloate a send ontext, an interoll ontext, and an intra-oll ontext2) Send "send_ontext" and lrank_to_grank list from loal omm groupif I'm the loal_leader.3) If I'm the loal leader, then wait on the posted sends and reeivesto omplete. Post the reeive for the remote group information and wait for it toomplete.4) Broadast information reeived from the remote leader.. 5) Create the inter_ommuniator from the information we now have.



2 MPI ROUTINES 125An inter ommuniator ends up with three levels of ommuniators. Theinter-ommuniator returned to the user, a "olletive" inter-ommuniator thatan be used for safe ommuniations between loal & remote groups, and aolletive intra-ommuniator that an be used to alloate new ontexts duringthe merge and dup operations.For the resulting inter-ommuniator, omm_outomm_out = inter-ommuniatoromm_out->omm_oll = "olletive" inter-ommuniatoromm_out->omm_oll->omm_oll = safe olletive intra-ommuniatorErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.See AlsoMPI_Interomm_merge, MPI_Comm_free, MPI_Comm_remote_group,MPI_Comm_remote_sizeLoation./sr/ontext/i_reate.MPI_Interomm_merge MPI_Interomm_mergeMPI_Interomm_merge| Creates an intraommunator from an interommuniatorSynopsisint MPI_Interomm_merge ( MPI_Comm omm, int high, MPI_Comm *omm_out )



2 MPI ROUTINES 126Input Parametersomm Interommuniatorhigh Used to order the groups of the two intraommuniators within omm whenreating the new ommuniator.Output Parameteromm_out Created intraommuniatorNotes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Algorithm1) Alloate two ontexts2) Loal and remote group leaders swap high values3) Determine the high value.4) Merge the two groups and make the intra-ommuniatorErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Interomm_reate, MPI_Comm_freeLoation./sr/ontext/i_merge.



2 MPI ROUTINES 127MPI_Iprobe MPI_IprobeMPI_Iprobe | Nonbloking test for a messageSynopsisint MPI_Iprobe( int soure, int tag, MPI_Comm omm, int *flag,MPI_Status *status )Input Parameterssoure soure rank, or MPI_ANY_SOURCE (integer)tag tag value or MPI_ANY_TAG (integer)omm ommuniator (handle)Output Parameterag (logial)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.



2 MPI ROUTINES 128Loation./sr/pt2pt/iprobe.MPI_Irev MPI_IrevMPI_Irev | Begins a nonbloking reeiveSynopsisint MPI_Irev( void *buf, int ount, MPI_Datatype datatype, int soure,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of reeive bu�er (hoie)ount number of elements in reeive bu�er (integer)datatype datatype of eah reeive bu�er element (handle)soure rank of soure (integer)tag message tag (integer)omm ommuniator (handle)Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/pt2pt/irev.MPI_Irsend MPI_IrsendMPI_Irsend| Starts a nonbloking ready sendSynopsisint MPI_Irsend( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm, MPI_Request *request )



2 MPI ROUTINES 129Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle) Output Parameter:request ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/irsend.



2 MPI ROUTINES 130MPI_Isend MPI_IsendMPI_Isend | Begins a nonbloking sendSynopsisint MPI_Isend( void *buf, int ount, MPI_Datatype datatype, int dest, int tag,MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAG



2 MPI ROUTINES 131Invalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/isend.MPI_Issend MPI_IssendMPI_Issend| Starts a nonbloking synhronous sendSynopsisint MPI_Issend( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handler



2 MPI ROUTINES 132may be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/issend.MPI_Keyval_reate MPI_Keyval_reateMPI_Keyval_reate | Generates a new attribute keySynopsisint MPI_Keyval_reate (MPI_Copy_funtion *opy_fn,MPI_Delete_funtion *delete_fn,int *keyval,void *extra_state )Input Parametersopy_fn Copy allbak funtion for keyvaldelete_fn Delete allbak funtion for keyvalextra_state Extra state for allbak funtionsOutput Parameterkeyval key value for future aess (integer)



2 MPI ROUTINES 133NotesKey values are global (available for any and all ommuniators).There are subtle di�erenes between C and Fortran that require that the opy_fn be written in thesame language that MPI_Keyval_reate is alled from. This should not be a problem for mostusers; only programers using both Fortran and C in the same program need to be sure that theyfollow this rule.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/ontext/keyvalreate.MPI_Keyval_free MPI_Keyval_freeMPI_Keyval_free | Frees attribute key for ommuniator ahe attributeSynopsisint MPI_Keyval_free ( int *keyval )Input Parameterkeyval Frees the integer key value (integer)



2 MPI ROUTINES 134NoteKey values are global (they an be used with any and all ommuniators)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_ARGThis error lass is assoiated with an error ode that indiates that an attemptwas made to free one of the permanent keys.See AlsoMPI_Keyval_reateLoation./sr/ontext/keyval_free.MPI_NULL_COPY_FN MPI_NULL_COPY_FNMPI_NULL_COPY_FN | A funtion to not opy attributesNotesSee disussion of MPI_Keyval_reate for the use of this funtion.Loation./sr/ontext/null_opyfn.



2 MPI ROUTINES 135MPI_NULL_DELETE_FN MPI_NULL_DELETE_FNMPI_NULL_DELETE_FN | A funtion to not delete attributesInput Parametersomm Communiatorkeyval Key valueattr attributeextra_state User-de�ned state to give user funtionsNotesSee disussion of MPI_Keyval_reate for the use of this funtion.Loation./sr/ontext/null_del_fn.MPI_Op_reate MPI_Op_reateMPI_Op_reate| Creates a user-de�ned ombination funtion handleSynopsisint MPI_Op_reate(MPI_User_funtion *funtion,int ommute,MPI_Op *op )Input Parametersfuntion user de�ned funtion (funtion)ommute true if ommutative; false otherwise.Output Parameterop operation (handle)Notes on the user funtionThe alling list for the user funtion type istypedef void (MPI_User_funtion) ( void * a,void * b, int * len, MPI_Datatype * );where the operation is b[i℄ = a[i℄ op b[i℄, for i=0,...,len-1. A pointer to the datatype givento the MPI olletive omputation routine (i.e., MPI_Redue, MPI_Allredue, MPI_San, orMPI_Redue_satter) is also passed to the user-spei�ed routine.



2 MPI ROUTINES 136Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Notes on olletive operationsThe redution funtions (MPI_Op) do not return an error value. As a result, if the funtions detetan error, all they an do is either all MPI_Abort or silently skip the problem. Thus, if you hangethe error handler from MPI_ERRORS_ARE_FATAL to something else, for example, MPI_ERRORS_RETURN,then no error may be indiated.The reason for this is the performane problems in ensuring that all olletive routines return thesame error value.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Op_freeLoation./sr/oll/opreate.MPI_Op_free MPI_Op_freeMPI_Op_free| Frees a user-de�ned ombination funtion handleSynopsisint MPI_Op_free( MPI_Op *op )



2 MPI ROUTINES 137Input Parameterop operation (handle)Notesop is set to MPI_OP_NULL on exit.Null HandlesThe MPI 1.1 spei�ation, in the setion on opaque objets, expliitlydisallows freeing a null ommuniator. The text from the standard isA null handle argument is an erroneous IN argument in MPI alls, unless anexeption is expliitly stated in the text that defines the funtion. Suhexeption is allowed for handles to request objets in Wait and Test alls(setions Communiation Completion and Multiple Completions ). Otherwise, anull handle an only be passed to a funtion that alloates a new objet andreturns a referene to it in the handle.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_ARGInvalid argument; the error ode assoiated with this error indiates an attempt tofree an MPI permanent operation (e.g., MPI_SUM). *N/ /*NMPI_ERR_PERM_KEYMPI_ERR_ARGInvalid argument; the error ode assoiated with this error indiates an attempt tofree or hnage an MPI permanent keyval (e.g., MPI_TAG_UB). *N/ /*NMPI_ERR_UNKNOWNMPI_ERR_UNKNOWNUnknown error. You should never see this. If you do, report it tompi-bugs�ms.anl.gov.



2 MPI ROUTINES 138See AlsoMPI_Op_reateLoation./sr/oll/opfree.MPI_Pak MPI_PakMPI_Pak | Paks a datatype into ontiguous memorySynopsisint MPI_Pak ( void *inbuf, int inount, MPI_Datatype datatype,void *outbuf, int outount, int *position, MPI_Comm omm )Input Parametersinbuf input bu�er start (hoie)inount number of input data items (integer)datatype datatype of eah input data item (handle)outount output bu�er size, in bytes (integer)position urrent position in bu�er, in bytes (integer)omm ommuniator for paked message (handle)Output Parameteroutbuf output bu�er start (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMM



2 MPI ROUTINES 139Invalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).See AlsoMPI_Unpak, MPI_Pak_sizeLoation./sr/pt2pt/pak.MPI_Pak_size MPI_Pak_sizeMPI_Pak_size| Returns the upper bound on the amount of spae needed to pak a messageSynopsisint MPI_Pak_size ( int inount, MPI_Datatype datatype, MPI_Comm omm,int *size )Input Parametersinount ount argument to paking all (integer)datatype datatype argument to paking all (handle)omm ommuniator argument to paking all (handle)Output Parametersize upper bound on size of paked message, in bytes (integer)NotesThe MPI standard doument desribes this in terms of MPI_Pak, but it applies to both MPI_Pakand MPI_Unpak. That is, the value size is the maximum that is needed by either MPI_Pak orMPI_Unpak.



2 MPI ROUTINES 140Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/pak_size.MPI_Pontrol MPI_PontrolMPI_Pontrol| Controls pro�lingSynopsisint MPI_Pontrol( int level )Input Parameterslevel Pro�ling levelNotesThis routine provides a ommon interfae for pro�ling ontrol. The interpretation of level and anyother arguments is left to the pro�ling library.



2 MPI ROUTINES 141Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/profile/pontrol.MPI_Probe MPI_ProbeMPI_Probe | Bloking test for a messageSynopsisint MPI_Probe( int soure, int tag, MPI_Comm omm, MPI_Status *status )Input Parameterssoure soure rank, or MPI_ANY_SOURCE (integer)tag tag value or MPI_ANY_TAG (integer)omm ommuniator (handle)Output Parameterstatus status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMM



2 MPI ROUTINES 142Invalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/pt2pt/probe.MPI_Rev MPI_RevMPI_Rev | Basi reeiveSynopsisint MPI_Rev( void *buf, int ount, MPI_Datatype datatype, int soure,int tag, MPI_Comm omm, MPI_Status *status )Output Parametersbuf initial address of reeive bu�er (hoie)status status objet (Status)Input Parametersount maximum number of elements in reeive bu�er (integer)datatype datatype of eah reeive bu�er element (handle)soure rank of soure (integer)tag message tag (integer)omm ommuniator (handle)NotesThe ount argument indiates the maximum length of a message; the atual number an bedetermined with MPI_Get_ount.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 143ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/pt2pt/rev.MPI_Rev_init MPI_Rev_initMPI_Rev_init| Builds a handle for a reeiveSynopsisint MPI_Rev_init( void *buf, int ount, MPI_Datatype datatype, int soure,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of reeive bu�er (hoie)ount number of elements reeived (integer)datatype type of eah element (handle)soure rank of soure or MPI_ANY_SOURCE (integer)tag message tag or MPI_ANY_TAG (integer)omm ommuniator (handle)



2 MPI ROUTINES 144Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Start, MPI_Request_freeLoation./sr/pt2pt/reate_rev.



2 MPI ROUTINES 145MPI_Redue MPI_RedueMPI_Redue | Redues values on all proesses to a single valueSynopsisint MPI_Redue ( void *sendbuf, void *revbuf, int ount,MPI_Datatype datatype, MPI_Op op, int root, MPI_Comm omm )Input Parameterssendbuf address of send bu�er (hoie)ount number of elements in send bu�er (integer)datatype data type of elements of send bu�er (handle)op redue operation (handle)root rank of root proess (integer)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie, signi�ant only at root)AlgorithmThis implementation urrently uses a simple tree algorithm.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Notes on olletive operationsThe redution funtions (MPI_Op) do not return an error value. As a result, if the funtions detetan error, all they an do is either all MPI_Abort or silently skip the problem. Thus, if you hangethe error handler from MPI_ERRORS_ARE_FATAL to something else, for example, MPI_ERRORS_RETURN,then no error may be indiated.The reason for this is the performane problems in ensuring that all olletive routines return thesame error value.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmay



2 MPI ROUTINES 146be used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_BUFFERThis error lass is assoiated with an error ode that indiates that two bu�erarguments are aliased; that is, the desribe overlapping storage (often the exatsame storage). This is prohibited in MPI (beause it is prohibited by the Fortranstandard, and rather than have a separate ase for C and Fortran, the MPI Forumadopted the more restritive requirements of Fortran).Loation./sr/oll/redue.MPI_Redue_satter MPI_Redue_satterMPI_Redue_satter| Combines values and satters the resultsSynopsisint MPI_Redue_satter ( void *sendbuf, void *revbuf, int *revnts,MPI_Datatype datatype, MPI_Op op, MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)revounts integer array speifying the number of elements in result distributed to eahproess. Array must be idential on all alling proesses.datatype data type of elements of input bu�er (handle)op operation (handle)omm ommuniator (handle)Output Parameterrevbuf starting address of reeive bu�er (hoie)



2 MPI ROUTINES 147Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Notes on olletive operationsThe redution funtions (MPI_Op) do not return an error value. As a result, if the funtions detetan error, all they an do is either all MPI_Abort or silently skip the problem. Thus, if you hangethe error handler from MPI_ERRORS_ARE_FATAL to something else, for example, MPI_ERRORS_RETURN,then no error may be indiated.The reason for this is the performane problems in ensuring that all olletive routines return thesame error value.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_OPInvalid operation. MPI operations (objets of type MPI_Op) must either be one ofthe prede�ned operations (e.g., MPI_SUM) or reated with MPI_Op_reate.MPI_ERR_BUFFERThis error lass is assoiated with an error ode that indiates that two bu�erarguments are aliased; that is, the desribe overlapping storage (often the exatsame storage). This is prohibited in MPI (beause it is prohibited by the Fortranstandard, and rather than have a separate ase for C and Fortran, the MPI Forumadopted the more restritive requirements of Fortran).Loation./sr/oll/red_sat.



2 MPI ROUTINES 148MPI_Request_2f MPI_Request_2fMPI_Request_2f| Convert a C request to a Fortran requestSynopsisMPI_Fint MPI_Request_2f( _request )MPI_Request _request;Input Parameters_request Request value in C (handle)Output Valuef_request Status value in Fortran (Integer)ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/mis2/request2f.MPI_Request_free MPI_Request_freeMPI_Request_free| Frees a ommuniation request objetSynopsisint MPI_Request_free( MPI_Request *request )Input Parameterrequest ommuniation request (handle)



2 MPI ROUTINES 149NotesThis routine is normally used to free persistent requests reated with either MPI_Rev_init orMPI_Send_init and friends. However, it an be used to free a request reated with MPI_Irev orMPI_Isend and friends; in that ase the use an not use the test/wait routines on the request.It is permitted to free an ative request. However, one freed, you an not use the request in a waitor test routine (e.g., MPI_Wait).Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).See Alsoalso: MPI_Isend, MPI_Irev, MPI_Issend, MPI_Ibsend, MPI_Irsend,MPI_Rev_init, MPI_Send_init, MPI_Ssend_init, MPI_Rsend_init, MPI_Wait, MPI_Test,MPI_Waitall, MPI_Waitany, MPI_Waitsome, MPI_Testall, MPI_Testany, MPI_TestsomeLoation./sr/pt2pt/ommreq_free.MPI_Rsend MPI_RsendMPI_Rsend| Basi ready sendSynopsisint MPI_Rsend( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm )



2 MPI ROUTINES 150Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (nonnegative integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/pt2pt/rsend.MPI_Rsend_init MPI_Rsend_initMPI_Rsend_init| Builds a handle for a ready send



2 MPI ROUTINES 151Synopsisint MPI_Rsend_init( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements sent (integer)datatype type of eah element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).



2 MPI ROUTINES 152MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Start, MPI_Request_free, MPI_Send_initLoation./sr/pt2pt/rsend_init.MPI_San MPI_SanMPI_San | Computes the san (partial redutions) of data on a olletion of proessesSynopsisint MPI_San ( void *sendbuf, void *revbuf, int ount, MPI_Datatype datatype,MPI_Op op, MPI_Comm omm )Input Parameterssendbuf starting address of send bu�er (hoie)ount number of elements in input bu�er (integer)datatype data type of elements of input bu�er (handle)op operation (handle)omm ommuniator (handle)Output Parameterrevbuf starting address of reeive bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Notes on olletive operationsThe redution funtions (MPI_Op) do not return an error value. As a result, if the funtions detetan error, all they an do is either all MPI_Abort or silently skip the problem. Thus, if you hangethe error handler from MPI_ERRORS_ARE_FATAL to something else, for example, MPI_ERRORS_RETURN,then no error may be indiated.The reason for this is the performane problems in ensuring that all olletive routines return thesame error value.



2 MPI ROUTINES 153ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.MPI_ERR_BUFFERThis error lass is assoiated with an error ode that indiates that two bu�erarguments are aliased; that is, the desribe overlapping storage (often the exatsame storage). This is prohibited in MPI (beause it is prohibited by the Fortranstandard, and rather than have a separate ase for C and Fortran, the MPI Forumadopted the more restritive requirements of Fortran).Loation./sr/oll/san.MPI_Satter MPI_SatterMPI_Satter| Sends data from one task to all other tasks in a groupSynopsisint MPI_Satter (void *sendbuf,int sendnt,MPI_Datatype sendtype,void *revbuf,int revnt,MPI_Datatype revtype,int root,MPI_Comm omm )Input Parameterssendbuf address of send bu�er (hoie, signi�ant only at root)sendount number of elements sent to eah proess (integer, signi�ant only at root)



2 MPI ROUTINES 154sendtype data type of send bu�er elements (signi�ant only at root) (handle)revount number of elements in reeive bu�er (integer)revtype data type of reeive bu�er elements (handle)root rank of sending proess (integer)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/satter.MPI_Satterv MPI_SattervMPI_Satterv| Satters a bu�er in parts to all tasks in a groupSynopsisint MPI_Satterv (void *sendbuf,



2 MPI ROUTINES 155int *sendnts,int *displs,MPI_Datatype sendtype,void *revbuf,int revnt,MPI_Datatype revtype,int root,MPI_Comm omm )Input Parameterssendbuf address of send bu�er (hoie, signi�ant only at root)sendounts integer array (of length group size) speifying the number of elements to send toeah proessordispls integer array (of length group size). Entry i spei�es the displaement (relative tosendbuf from whih to take the outgoing data to proess isendtype data type of send bu�er elements (handle)revount number of elements in reeive bu�er (integer)revtype data type of reeive bu�er elements (handle)root rank of sending proess (integer)omm ommuniator (handle)Output Parameterrevbuf address of reeive bu�er (hoie)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPE



2 MPI ROUTINES 156Invalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_BUFFERInvalid bu�er pointer. Usually a null bu�er where one is not valid.Loation./sr/oll/satterv.MPI_Send MPI_SendMPI_Send| Performs a basi sendSynopsisint MPI_Send( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (nonnegative integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)NotesThis routine may blok until the message is reeived.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMM



2 MPI ROUTINES 157Invalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.See AlsoMPI_Isend, MPI_BsendLoation./sr/pt2pt/send.MPI_Send_init MPI_Send_initMPI_Send_init| Builds a handle for a standard sendSynopsisint MPI_Send_init( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements sent (integer)datatype type of eah element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle) Output Parameter:request ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.



2 MPI ROUTINES 158All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.See AlsoMPI_Start, MPI_Startall, MPI_Request_freeLoation./sr/pt2pt/reate_send.MPI_Sendrev MPI_SendrevMPI_Sendrev| Sends and reeives a messageSynopsisint MPI_Sendrev( void *sendbuf, int sendount, MPI_Datatype sendtype,int dest, int sendtag,void *revbuf, int revount, MPI_Datatype revtype,int soure, int revtag, MPI_Comm omm, MPI_Status *status )



2 MPI ROUTINES 159Input Parameterssendbuf initial address of send bu�er (hoie)sendount number of elements in send bu�er (integer)sendtype type of elements in send bu�er (handle)dest rank of destination (integer)sendtag send tag (integer)revount number of elements in reeive bu�er (integer)revtype type of elements in reeive bu�er (handle)soure rank of soure (integer)revtag reeive tag (integer)omm ommuniator (handle)Output Parametersrevbuf initial address of reeive bu�er (hoie)status status objet (Status). This refers to the reeive operation.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.



2 MPI ROUTINES 160Loation./sr/pt2pt/sendrev.MPI_Sendrev_replae MPI_Sendrev_replaeMPI_Sendrev_replae| Sends and reeives using a single bu�erSynopsisint MPI_Sendrev_replae( void *buf, int ount, MPI_Datatype datatype,int dest, int sendtag, int soure, int revtag,MPI_Comm omm, MPI_Status *status )Input Parametersount number of elements in send and reeive bu�er (integer)datatype type of elements in send and reeive bu�er (handle)dest rank of destination (integer)sendtag send message tag (integer)soure rank of soure (integer)revtag reeive message tag (integer)omm ommuniator (handle)Output Parametersbuf initial address of send and reeive bu�er (hoie)status status objet (Status)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).



2 MPI ROUTINES 161MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.MPI_ERR_TRUNCATEMessage trunated on reeive. The bu�er size spei�ed was too small for thereeived message. This is a reoverable error in the MPICH implementation.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/sendrev_rep.MPI_Ssend MPI_SsendMPI_Ssend| Basi synhronous sendSynopsisint MPI_Ssend( void *buf, int ount, MPI_Datatype datatype,int dest, int tag, MPI_Comm omm )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements in send bu�er (nonnegative integer)datatype datatype of eah send bu�er element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 162ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/pt2pt/ssend.MPI_Ssend_init MPI_Ssend_initMPI_Ssend_init| Builds a handle for a synhronous sendSynopsisint MPI_Ssend_init( void *buf, int ount, MPI_Datatype datatype, int dest,int tag, MPI_Comm omm, MPI_Request *request )Input Parametersbuf initial address of send bu�er (hoie)ount number of elements sent (integer)datatype type of eah element (handle)dest rank of destination (integer)tag message tag (integer)omm ommuniator (handle)



2 MPI ROUTINES 163Output Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_TAGInvalid tag argument. Tags must be non-negative; tags in a reeive (MPI_Rev,MPI_Irev, MPI_Sendrev, et.) may also be MPI_ANY_TAG. The largest tag valueis available through the the attribute MPI_TAG_UB.MPI_ERR_RANKInvalid soure or destination rank. Ranks must be between zero and the size ofthe ommuniator minus one; ranks in a reeive (MPI_Rev, MPI_Irev,MPI_Sendrev, et.) may also be MPI_ANY_SOURCE.Loation./sr/pt2pt/ssend_init.MPI_Start MPI_StartMPI_Start| Initiates a ommuniation with a persistent request handleSynopsisint MPI_Start(MPI_Request *request)



2 MPI ROUTINES 164Input Parameterrequest ommuniation request (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.Loation./sr/pt2pt/start.MPI_Startall MPI_StartallMPI_Startall| Starts a olletion of requestsSynopsisint MPI_Startall( int ount, MPI_Request array_of_requests[℄ )Input Parametersount list length (integer)array_of_requestsarray of requests (array of handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 165Loation./sr/pt2pt/startall.MPI_Status_2f MPI_Status_2fMPI_Status_2f| Convert a C status to a Fortran statusSynopsisint MPI_Status_2f( MPI_Status *_status, MPI_Fint *f_status )Input Parameters_status Status value in C (Status)Output Parameterf_status Status value in Fortran (Integer)ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/mis2/status2f.MPI_Status_set_anelled MPI_Status_set_anelledMPI_Status_set_anelled| Set the opaque part of an MPI_Status so that MPI_Test_anelledwill return agSynopsisint MPI_Status_set_anelled( MPI_Status *status, int flag )



2 MPI ROUTINES 166Input Parametersstatus Status to assoiate ount with (Status)ag if true indiates that request was anelled (logial)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.Loation./sr/external/statusanel.MPI_Status_set_elements MPI_Status_set_elementsMPI_Status_set_elements| Set the opaque part of an MPI_Status so that MPI_Get_elementswill return ount.Synopsisint MPI_Status_set_elements( MPI_Status *status, MPI_Datatype datatype,int ount )Input Parametersstatus Status to assoiate ount with (Status)datatype datatype assoiated with ount (handle)ount number of elements to assoiate with status (integer)Loation./sr/external/statuselm.



2 MPI ROUTINES 167MPI_Test MPI_TestMPI_Test | Tests for the ompletion of a send or reeiveSynopsisint MPI_Test (MPI_Request *request,int *flag,MPI_Status *status)Input Parameterrequest ommuniation request (handle)Output Parameterag true if operation ompleted (logial)status status objet (Status). May be MPI_STATUS_IGNORE.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).



2 MPI ROUTINES 168Loation./sr/pt2pt/test.MPI_Test_anelled MPI_Test_anelledMPI_Test_anelled| Tests to see if a request was anelledSynopsisint MPI_Test_anelled(MPI_Status *status,int *flag)Input Parameterstatus status objet (Status)Output Parameterag (logial)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/pt2pt/testanel.MPI_Testall MPI_TestallMPI_Testall| Tests for the ompletion of all previously initiated ommuniationsSynopsisint MPI_Testall(int ount,MPI_Request array_of_requests[℄,int *flag,MPI_Status array_of_statuses[℄ )



2 MPI ROUTINES 169Input Parametersount lists length (integer)array_of_requestsarray of requests (array of handles)Output Parametersag (logial)array_of_statusesarray of status objets (array of Status). May be MPI_STATUSES_IGNORE.Notesflag is true only if all requests have ompleted. Otherwise, ag is false and neither thearray_of_requests nor the array_of_statuses is modi�ed.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_IN_STATUSThe atual error value is in the MPI_Status argument. This error lass is returnedonly from the multiple-ompletion routines (MPI_Testall, MPI_Testany,MPI_Testsome, MPI_Waitall, MPI_Waitany, and MPI_Waitsome). The �eldMPI_ERROR in the status argument ontains the error value or MPI_SUCCESS (noerror and omplete) or MPI_ERR_PENDING to indiate that the request has notompleted.The MPI Standard does not speify what the result of the multiple ompletion routines is when anerror ours. For example, in an MPI_WAITALL, does the routine wait for all requests to either fail oromplete, or does it return immediately (with the MPI de�nition of immediately, whih meansindependent of ations of other MPI proesses)? MPICH has hosen to make the return immediate(alternately, loal in MPI terms), and to use the error lass MPI_ERR_PENDING (introdued in MPI1.1) to indiate whih requests have not ompleted. In most ases, only one request with an error



2 MPI ROUTINES 170will be deteted in eah all to an MPI routine that tests multiple requests. The requests that havenot been proessed (beause an error oured in one of the requests) will have their MPI_ERROR �eldmarked with MPI_ERR_PENDING.Loation./sr/pt2pt/testall.MPI_Testany MPI_TestanyMPI_Testany | Tests for ompletion of any previdously initiated ommuniationSynopsisint MPI_Testany(int ount,MPI_Request array_of_requests[℄,int *index, int *flag,MPI_Status *status )Input Parametersount list length (integer)array_of_requestsarray of requests (array of handles)Output Parametersindex index of operation that ompleted, or MPI_UNDEFINED if none ompleted (integer)ag true if one of the operations is omplete (logial)status status objet (Status). May be MPI_STATUS_IGNORE.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.



2 MPI ROUTINES 171ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.Loation./sr/pt2pt/testany.MPI_Testsome MPI_TestsomeMPI_Testsome | Tests for some given ommuniations to ompleteSynopsisint MPI_Testsome(int inount,MPI_Request array_of_requests[℄,int *outount,int array_of_indies[℄,MPI_Status array_of_statuses[℄ )Input Parametersinount length of array_of_requests (integer)array_of_requestsarray of requests (array of handles)Output Parametersoutount number of ompleted requests (integer)array_of_indiesarray of indies of operations that ompleted (array of integers)array_of_statusesarray of status objets for operations that ompleted (array of Status). May beMPI_STATUSES_IGNORE.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.



2 MPI ROUTINES 172Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_IN_STATUSThe atual error value is in the MPI_Status argument. This error lass is returnedonly from the multiple-ompletion routines (MPI_Testall, MPI_Testany,MPI_Testsome, MPI_Waitall, MPI_Waitany, and MPI_Waitsome). The �eldMPI_ERROR in the status argument ontains the error value or MPI_SUCCESS (noerror and omplete) or MPI_ERR_PENDING to indiate that the request has notompleted.The MPI Standard does not speify what the result of the multiple ompletion routines is when anerror ours. For example, in an MPI_WAITALL, does the routine wait for all requests to either fail oromplete, or does it return immediately (with the MPI de�nition of immediately, whih meansindependent of ations of other MPI proesses)? MPICH has hosen to make the return immediate(alternately, loal in MPI terms), and to use the error lass MPI_ERR_PENDING (introdued in MPI1.1) to indiate whih requests have not ompleted. In most ases, only one request with an errorwill be deteted in eah all to an MPI routine that tests multiple requests. The requests that havenot been proessed (beause an error oured in one of the requests) will have their MPI_ERROR �eldmarked with MPI_ERR_PENDING.Loation./sr/pt2pt/testsome.MPI_Topo_test MPI_Topo_testMPI_Topo_test| Determines the type of topology (if any) assoiated with a ommuniatorSynopsisint MPI_Topo_test ( MPI_Comm omm, int *top_type )Input Parameteromm ommuniator (handle)



2 MPI ROUTINES 173Output Parametertop_type topology type of ommuniator omm (hoie).Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).See AlsoMPI_Graph_reate, MPI_Cart_reateLoation./sr/topol/topo_test.MPI_Type_ommit MPI_Type_ommitMPI_Type_ommit| Commits the datatypeSynopsisint MPI_Type_ommit ( MPI_Datatype *datatype )Input Parameterdatatype datatype (handle)



2 MPI ROUTINES 174Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).Loation./sr/pt2pt/type_ommit.MPI_Type_ontiguous MPI_Type_ontiguousMPI_Type_ontiguous| Creates a ontiguous datatypeSynopsisint MPI_Type_ontiguous(int ount,MPI_Datatype old_type,MPI_Datatype *newtype)Input Parametersount repliation ount (nonnegative integer)oldtype old datatype (handle)Output Parameternewtype new datatype (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the return



2 MPI ROUTINES 175value of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/type_ontig.MPI_Type_reate_darray MPI_Type_reate_darrayMPI_Type_reate_darray| Creates a datatype orresponding to a distributed,multidimensional arraySynopsisint MPI_Type_reate_darray(int size, int rank, int ndims,int *array_of_gsizes, int *array_of_distribs,int *array_of_dargs, int *array_of_psizes,int order, MPI_Datatype oldtype,MPI_Datatype *newtype)Input Parameterssize size of proess group (positive integer)rank rank in proess group (nonnegative integer)ndims number of array dimensions as well as proess grid dimensions (positive integer)array_of_gsizesnumber of elements of type oldtype in eah dimension of global array (array ofpositive integers)array_of_distribsdistribution of array in eah dimension (array of state)



2 MPI ROUTINES 176array_of_dargs distribution argument in eah dimension (array of positive integers)array_of_psizessize of proess grid in eah dimension (array of positive integers)order array storage order ag (state)oldtype old datatype (handle)Output Parametersnewtype new datatype (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/darray.MPI_Type_reate_indexed_blok MPI_Type_reate_indexed_blokMPI_Type_reate_indexed_blok| Creates an indexed datatype with onstant sized bloksSynopsisint MPI_Type_reate_indexed_blok(int ount,int bloklength,int array_of_displaements[℄,MPI_Datatype old_type,MPI_Datatype *newtype )Input Parametersount number of bloks { also number of entries in indies and bloklensbloklength number of elements in eah blok (integer)array_of_displaementsdisplaement of eah blok in multiples of old_type (array of integer)old_type old datatype (handle)Output Parameternewtype new datatype (handle)



2 MPI ROUTINES 177Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.The indies are displaements, and are based on a zero origin. A ommon error is to do somethinglike to followinginteger a(100)integer blens(10), indies(10)do i=1,1010 indies(i) = 1 + (i-1)*10all MPI_TYPE_CREATE_INDEXED_BLOCK(10,1,indies,MPI_INTEGER,newtype,ierr)all MPI_TYPE_COMMIT(newtype,ierr)all MPI_SEND(a,1,newtype,...)expeting this to send a(1),a(11),... beause the indies have values 1,11,.... Beause theseare displaements from the beginning of a, it atually sends a(1+1),a(1+11),....If you wish to onsider the displaements as indies into a Fortran array, onsider delaring theFortran array with a zero origininteger a(0:99)ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/mis2/type_blkind.MPI_Type_reate_subarray MPI_Type_reate_subarrayMPI_Type_reate_subarray| Creates a datatype desribing a subarray of a multidimensionalarray



2 MPI ROUTINES 178Synopsisint MPI_Type_reate_subarray(int ndims,int *array_of_sizes,int *array_of_subsizes,int *array_of_starts,int order,MPI_Datatype oldtype,MPI_Datatype *newtype)Input Parametersndims number of array dimensions (positive integer)array_of_sizes number of elements of type oldtype in eah dimension of the full array (array ofpositive integers)array_of_subsizesnumber of elements of type oldtype in eah dimension of the subarray (array ofpositive integers)array_of_startsstarting oordinates of the subarray in eah dimension (array of nonnegativeintegers)order array storage order ag (state)oldtype old datatype (handle)Output Parametersnewtype new datatype (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/mis2/subarray.MPI_Type_extent MPI_Type_extentMPI_Type_extent| Returns the extent of a datatypeSynopsisint MPI_Type_extent( MPI_Datatype datatype, MPI_Aint *extent )



2 MPI ROUTINES 179Input Parametersdatatype datatype (handle)Output Parameterextent datatype extent (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).Loation./sr/pt2pt/type_extent.MPI_Type_free MPI_Type_freeMPI_Type_free| Frees the datatypeSynopsisint MPI_Type_free ( MPI_Datatype *datatype )Input Parameterdatatype datatype that is freed (handle)



2 MPI ROUTINES 180Prede�ned typesThe MPI standard states that (in Opaque Objets)MPI provides ertain predefined opaque objets and predefined, stati handlesto these objets. Suh objets may not be destroyed.Thus, it is an error to free a prede�ned datatype. The same setion makes it lear that it is an errorto free a null datatype.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/type_free.MPI_Type_get_ontents MPI_Type_get_ontentsMPI_Type_get_ontents| Retrieves the atual arguments used in the reation all for adatatypeSynopsisint MPI_Type_get_ontents(MPI_Datatype datatype,int max_integers,int max_addresses,int max_datatypes,int *array_of_integers,MPI_Aint *array_of_addresses,MPI_Datatype *array_of_datatypes)



2 MPI ROUTINES 181Input Parametersdatatype datatype to aess (handle)max_integers number of elements in array_of_integers (non-negative integer)max_addresses number of elements in array_of_addresses (non-negative integer)max_datatypesnumber of elements in array_of_datatypes (non-negative integer)Output Parametersarray_of_integersontains integer arguments used in onstruting datatype (array of integers)array_of_addressesontains address arguments used in onstruting datatype (array of integers)array_of_datatypesontains datatype arguments used in onstruting datatype (array of handles)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/external/type_get_ont.MPI_Type_get_envelope MPI_Type_get_envelopeMPI_Type_get_envelope| Returns information on the number and type of input argumentsused in the all that reated datatypeSynopsisint MPI_Type_get_envelope(MPI_Datatype datatype,int *num_integers,int *num_addresses,int *num_datatypes,int *ombiner)Input Parametersdatatype datatype to aess (handle)



2 MPI ROUTINES 182Output Parametersnum_integers number of input integers used in the all onstruting ombiner (nonnegativeinteger)num_addressesnumber of input addresses used in the all onstruting ombiner (nonnegativeinteger)num_datatypesnumber of input datatypes used in the all onstruting ombiner (nonnegativeinteger)ombiner ombiner (state)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/external/type_get_env.MPI_Type_hindexed MPI_Type_hindexedMPI_Type_hindexed| Creates an indexed datatype with o�sets in bytesSynopsisint MPI_Type_hindexed(int ount,int bloklens[℄,MPI_Aint indies[℄,MPI_Datatype old_type,MPI_Datatype *newtype )Input Parametersount number of bloks { also number of entries in indies and bloklensbloklens number of elements in eah blok (array of nonnegative integers)indies byte displaement of eah blok (array of MPI_Aint)old_type old datatype (handle)Output Parameternewtype new datatype (handle)



2 MPI ROUTINES 183Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Also see the disussion for MPI_Type_indexed about the indies in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/type_hind.MPI_Type_hvetor MPI_Type_hvetorMPI_Type_hvetor| Creates a vetor (strided) datatype with o�set in bytesSynopsisint MPI_Type_hvetor(int ount,int bloklen,MPI_Aint stride,MPI_Datatype old_type,MPI_Datatype *newtype )Input Parametersount number of bloks (nonnegative integer)



2 MPI ROUTINES 184bloklength number of elements in eah blok (nonnegative integer)stride number of bytes between start of eah blok (integer)old_type old datatype (handle)Output Parameternewtype new datatype (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/type_hve.MPI_Type_indexed MPI_Type_indexedMPI_Type_indexed| Creates an indexed datatypeSynopsisint MPI_Type_indexed(int ount,int bloklens[℄,int indies[℄,



2 MPI ROUTINES 185MPI_Datatype old_type,MPI_Datatype *newtype )Input Parametersount number of bloks { also number of entries in indies and bloklensbloklens number of elements in eah blok (array of nonnegative integers)indies displaement of eah blok in multiples of old_type (array of integers)old_type old datatype (handle)Output Parameternewtype new datatype (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.The indies are displaements, and are based on a zero origin. A ommon error is to do somethinglike to followinginteger a(100)integer blens(10), indies(10)do i=1,10blens(i) = 110 indies(i) = 1 + (i-1)*10all MPI_TYPE_INDEXED(10,blens,indies,MPI_INTEGER,newtype,ierr)all MPI_TYPE_COMMIT(newtype,ierr)all MPI_SEND(a,1,newtype,...)expeting this to send a(1),a(11),... beause the indies have values 1,11,.... Beause theseare displaements from the beginning of a, it atually sends a(1+1),a(1+11),....If you wish to onsider the displaements as indies into a Fortran array, onsider delaring theFortran array with a zero origininteger a(0:99)ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPE



2 MPI ROUTINES 186Invalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/type_ind.MPI_Type_lb MPI_Type_lbMPI_Type_lb| Returns the lower-bound of a datatypeSynopsisint MPI_Type_lb ( MPI_Datatype datatype, MPI_Aint *displaement )Input Parametersdatatype datatype (handle)Output Parameterdisplaement displaement of lower bound from origin, in bytes (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).



2 MPI ROUTINES 187MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/type_lb.MPI_Type_size MPI_Type_sizeMPI_Type_size| Return the number of bytes oupied by entries in the datatypeSynopsisint MPI_Type_size ( MPI_Datatype datatype, int *size )Input Parametersdatatype datatype (handle)Output Parametersize datatype size (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).



2 MPI ROUTINES 188Loation./sr/pt2pt/type_size.MPI_Type_strut MPI_Type_strutMPI_Type_strut| Creates a strut datatypeSynopsisint MPI_Type_strut(int ount,int bloklens[℄,MPI_Aint indies[℄,MPI_Datatype old_types[℄,MPI_Datatype *newtype )Input Parametersount number of bloks (integer) { also number of entries in arrays array_of_types ,array_of_displaements and array_of_bloklengthsbloklens number of elements in eah blok (array)indies byte displaement of eah blok (array)old_types type of elements in eah blok (array of handles to datatype objets)Output Parameternewtype new datatype (handle)NotesIf an upperbound is set expliitly by using the MPI datatype MPI_UB, the orresponding index mustbe positive.The MPI standard originally made vague statements about padding and alignment; this wasintended to allow the simple de�nition of strutures that ould be sent with a ount greater thanone. For example,strut { int a; har b; } foo;may have sizeof(foo) > sizeof(int) + sizeof(har); for example, sizeof(foo) ==2*sizeof(int). The initial version of the MPI standard de�ned the extent of a datatype asinluding an epsilon that would have allowed an implementation to make the extent an MPIdatatype for this struture equal to 2*sizeof(int). However, sine di�erent systems might de�nedi�erent paddings, there was muh disussion by the MPI Forum about what was the orret valueof epsilon, and one suggestion was to de�ne epsilon as zero. This would have been the best thing todo in MPI 1.0, partiularly sine the MPI_UB type allows the user to easily set the end of thestruture. Unfortunately, this hange did not make it into the �nal doument. Currently, thisroutine does not add any padding, sine the amount of padding needed is determined by theompiler that the user is using to build their ode, not the ompiler used to onstrut the MPIlibrary. A later version of MPICH may provide for some natural hoies of padding (e.g., multiple ofthe size of the largest basi member), but users are advised to never depend on this, even with



2 MPI ROUTINES 189vendor MPI implementations. Instead, if you de�ne a struture datatype and wish to send or reeivemultiple items, you should expliitly inlude an MPI_UB entry as the last member of the struture.For example, the following ode an be used for the struture fooblen[0℄ = 1; indies[0℄ = 0; oldtypes[0℄ = MPI_INT;blen[1℄ = 1; indies[1℄ = &foo.b - &foo; oldtypes[1℄ = MPI_CHAR;blen[2℄ = 1; indies[2℄ = sizeof(foo); oldtypes[2℄ = MPI_UB;MPI_Type_strut( 3, blen, indies, oldtypes, &newtype );Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_INTERNThis error is returned when some part of the MPICH implementation is unable toaquire memory.Loation./sr/pt2pt/type_strut.MPI_Type_ub MPI_Type_ubMPI_Type_ub| Returns the upper bound of a datatypeSynopsisint MPI_Type_ub ( MPI_Datatype datatype, MPI_Aint *displaement )



2 MPI ROUTINES 190Input Parametersdatatype datatype (handle)Output Parameterdisplaement displaement of upper bound from origin, in bytes (integer)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/type_ub.MPI_Type_vetor MPI_Type_vetorMPI_Type_vetor| Creates a vetor (strided) datatypeSynopsisint MPI_Type_vetor(int ount,int bloklen,int stride,MPI_Datatype old_type,MPI_Datatype *newtype )



2 MPI ROUTINES 191Input Parametersount number of bloks (nonnegative integer)bloklength number of elements in eah blok (nonnegative integer)stride number of elements between start of eah blok (integer)oldtype old datatype (handle)Output Parameternewtype new datatype (handle)Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.Loation./sr/pt2pt/type_ve.MPI_Unpak MPI_UnpakMPI_Unpak | Unpak a datatype into ontiguous memorySynopsisint MPI_Unpak ( void *inbuf, int insize, int *position,void *outbuf, int outount, MPI_Datatype datatype,MPI_Comm omm )Input Parametersinbuf input bu�er start (hoie)insize size of input bu�er, in bytes (integer)position urrent position in bytes (integer)outount number of items to be unpaked (integer)datatype datatype of eah output data item (handle)omm ommuniator for paked message (handle)Output Parameteroutbuf output bu�er start (hoie)



2 MPI ROUTINES 192Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_COMMInvalid ommuniator. A ommon error is to use a null ommuniator in a all(not even allowed in MPI_Comm_rank).MPI_ERR_COUNTInvalid ount argument. Count arguments must be non-negative; a ount of zero isoften valid.MPI_ERR_TYPEInvalid datatype argument. May be an unommitted MPI_Datatype (seeMPI_Type_ommit).MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).See AlsoMPI_Pak, MPI_Pak_sizeLoation./sr/pt2pt/unpak.MPI_Wait MPI_WaitMPI_Wait | Waits for an MPI send or reeive to ompleteSynopsisint MPI_Wait (MPI_Request *request,MPI_Status *status)



2 MPI ROUTINES 193Input Parameterrequest request (handle)Output Parameterstatus status objet (Status) . May be MPI_STATUS_IGNORE.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/wait.MPI_Waitall MPI_WaitallMPI_Waitall| Waits for all given ommuniations to ompleteSynopsisint MPI_Waitall(int ount,MPI_Request array_of_requests[℄,MPI_Status array_of_statuses[℄ )



2 MPI ROUTINES 194Input Parametersount lists length (integer)array_of_requestsarray of requests (array of handles)Output Parameterarray_of_statusesarray of status objets (array of Status). May be MPI_STATUSES_IGNORENote on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_IN_STATUSThe atual error value is in the MPI_Status argument. This error lass is returnedonly from the multiple-ompletion routines (MPI_Testall, MPI_Testany,MPI_Testsome, MPI_Waitall, MPI_Waitany, and MPI_Waitsome). The �eldMPI_ERROR in the status argument ontains the error value or MPI_SUCCESS (noerror and omplete) or MPI_ERR_PENDING to indiate that the request has notompleted.The MPI Standard does not speify what the result of the multiple ompletion routines is when anerror ours. For example, in an MPI_WAITALL, does the routine wait for all requests to either fail oromplete, or does it return immediately (with the MPI de�nition of immediately, whih means



2 MPI ROUTINES 195independent of ations of other MPI proesses)? MPICH has hosen to make the return immediate(alternately, loal in MPI terms), and to use the error lass MPI_ERR_PENDING (introdued in MPI1.1) to indiate whih requests have not ompleted. In most ases, only one request with an errorwill be deteted in eah all to an MPI routine that tests multiple requests. The requests that havenot been proessed (beause an error oured in one of the requests) will have their MPI_ERROR �eldmarked with MPI_ERR_PENDING.MPI_ERR_PENDINGPending request (not an error). See MPI_ERR_IN_STATUS. This value indiatesthat the request is not omplete nor has a enountered a deteted error.Loation./sr/pt2pt/waitall.MPI_Waitany MPI_WaitanyMPI_Waitany | Waits for any spei�ed send or reeive to ompleteSynopsisint MPI_Waitany(int ount,MPI_Request array_of_requests[℄,int *index,MPI_Status *status )Input Parametersount list length (integer)array_of_requestsarray of requests (array of handles)Output Parametersindex index of handle for operation that ompleted (integer). In the range 0 to ount-1.In Fortran, the range is 1 to ount.status status objet (Status). May be MPI_STATUS_IGNORE.NotesIf all of the requests are MPI_REQUEST_NULL, then index is returned as MPI_UNDEFINED, and statusis returned as an empty status.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.



2 MPI ROUTINES 196Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).Loation./sr/pt2pt/waitany.MPI_Waitsome MPI_WaitsomeMPI_Waitsome| Waits for some given ommuniations to ompleteSynopsisint MPI_Waitsome(int inount,MPI_Request array_of_requests[℄,int *outount,int array_of_indies[℄,MPI_Status array_of_statuses[℄ )Input Parametersinount length of array_of_requests (integer)array_of_requestsarray of requests (array of handles)



2 MPI ROUTINES 197Output Parametersoutount number of ompleted requests (integer)array_of_indiesarray of indies of operations that ompleted (array of integers)array_of_statusesarray of status objets for operations that ompleted (array of Status). May beMPI_STATUSES_IGNORE.NotesThe array of indiies are in the range 0 to inount - 1 for C and in the range 1 to inount forFortran.Null requests are ignored; if all requests are null, then the routine returns with outount set toMPI_UNDEFINED.Note on status for send operationsFor send operations, the only use of status is for MPI_Test_anelled or in the ase that there is anerror, in whih ase the MPI_ERROR �eld of status will be set.Notes for FortranAll MPI routines in Fortran (exept for MPI_WTIME and MPI_WTICK) have an additional argumentierr at the end of the argument list. ierr is an integer and has the same meaning as the returnvalue of the routine in C. In Fortran, MPI routines are subroutines, and are invoked with the allstatement.All MPI objets (e.g., MPI_Datatype, MPI_Comm) are of type INTEGER in Fortran.ErrorsAll MPI routines (exept MPI_Wtime and MPI_Wtik) return an error value; C routines as the valueof the funtion and Fortran routines in the last argument. Before the value is returned, the urrentMPI error handler is alled. By default, this error handler aborts the MPI job. The error handlermay be hanged with MPI_Errhandler_set; the prede�ned error handler MPI_ERRORS_RETURNmaybe used to ause error values to be returned. Note that MPI does not guarentee that an MPIprogram an ontinue past an error.MPI_SUCCESSNo error; MPI routine ompleted suessfully.MPI_ERR_REQUESTInvalid MPI_Request. Either null or, in the ase of a MPI_Start or MPI_Startall,not a persistent request.MPI_ERR_ARGInvalid argument. Some argument is invalid and is not identi�ed by a spei�error lass (e.g., MPI_ERR_RANK).MPI_ERR_IN_STATUSThe atual error value is in the MPI_Status argument. This error lass is returnedonly from the multiple-ompletion routines (MPI_Testall, MPI_Testany,MPI_Testsome, MPI_Waitall, MPI_Waitany, and MPI_Waitsome). The �eldMPI_ERROR in the status argument ontains the error value or MPI_SUCCESS (noerror and omplete) or MPI_ERR_PENDING to indiate that the request has notompleted.The MPI Standard does not speify what the result of the multiple ompletion routines is when anerror ours. For example, in an MPI_WAITALL, does the routine wait for all requests to either fail or



2 MPI ROUTINES 198omplete, or does it return immediately (with the MPI de�nition of immediately, whih meansindependent of ations of other MPI proesses)? MPICH has hosen to make the return immediate(alternately, loal in MPI terms), and to use the error lass MPI_ERR_PENDING (introdued in MPI1.1) to indiate whih requests have not ompleted. In most ases, only one request with an errorwill be deteted in eah all to an MPI routine that tests multiple requests. The requests that havenot been proessed (beause an error oured in one of the requests) will have their MPI_ERROR �eldmarked with MPI_ERR_PENDING.Loation./sr/pt2pt/waitsome.MPI_Wtik MPI_WtikMPI_Wtik | Returns the resolution of MPI_WtimeSynopsisdouble MPI_Wtik()Return valueTime in seonds of resolution of MPI_WtimeNotes for FortranThis is a funtion, delared as DOUBLE PRECISION MPI_WTICK() in Fortran.Loation./sr/env/wtik.MPI_Wtime MPI_WtimeMPI_Wtime | Returns an elapsed time on the alling proessorSynopsisdouble MPI_Wtime()Return valueTime in seonds sine an arbitrary time in the past.



3 MPE ROUTINES 199NotesThis is intended to be a high-resolution, elapsed (or wall) lok. See MPI_WTICK to determine theresolution of MPI_WTIME. If the attribute MPI_WTIME_IS_GLOBAL is de�ned and true, then the valueis synhronized aross all proesses in MPI_COMM_WORLD.Notes for FortranThis is a funtion, delared as DOUBLE PRECISION MPI_WTIME() in Fortran.See Alsoalso: MPI_Wtik, MPI_Attr_getLoation./sr/env/wtime.3 MPE routinesCLOG_Finalize CLOG_FinalizeCLOG_Finalize| Finalize CLOG loggingSynopsisvoid CLOG_Finalize( void )Loation./mpe/sr/log.CLOG_Init CLOG_InitCLOG_Init| Initialize for CLOG loggingSynopsisvoid CLOG_Init( void )



3 MPE ROUTINES 200Loation./mpe/sr/log.CLOG_Output CLOG_OutputCLOG_Output| output a blok of the log. The byte ordering, if needed, will be performed inthis funtion using the onversion routines got from Pets.Synopsisvoid CLOG_output( buf )double *buf;Loation./mpe/sr/log_merge.CLOG_ommtype CLOG_ommtypeCLOG_ommtype| print ommuniator reation event typeSynopsisvoid CLOG_ommtype( etype )int etype;etype event type for ommuniator reation eventLoation./mpe/sr/log_util.CLOG_put CLOG_putCLOG_put| move a log reord from one of the input bu�ers to the outputSynopsisvoid CLOG_put( ptr )double **ptr;This funtion moves reords from one of the three bu�ers being merged into the output bu�er.When the output bu�er is �lled, it is sent to the parent. A separate output routine handles outputon the root. If the input bu�er is emptied (endblok reord is read) and orresponds to a hild, anew bu�er is reeived from the hild. When an endlog reord is read on the input bu�er, the number



3 MPE ROUTINES 201of soures is deremented and the time is set to positive in�nity so that the empty input soure willnever have the lowest time.At entry we assume that *p is pointing to a log reord that is not an end-of-blok reord, and thatoutbuf is pointing to a bu�er that has room in it for the reord. We ensure that these onditions aremet on exit as well, by sending (or writing, if we are the root) and reeiving bloks as neessary.Input parameterspointer to the reord to be moved into the output bu�erLoation./mpe/sr/log_merge.CLOG_syn CLOG_synCLOG_syn | synhronize loks for adjusting times in mergeSynopsisvoid CLOG_syn( root, diffs )int root;double diffs[℄;This version is sequential and non-salable. The root proess serially synhronizes with eah slave,using the �rst algorithm in Gropp, "Salable lok synhronization on distributed proessors withouta ommon lok". The array is alulated on the root but broadast and returned on all proesses.Inout Parametersroot proess to serve as mastertimedi�s array of doubles to be �lled inLoation./mpe/sr/log_merge.CLOG_get_new_event CLOG_get_new_eventCLOG_get_new_event| obtain unused event idSynopsisint CLOG_get_new_event( void )Loation./mpe/sr/log.



3 MPE ROUTINES 202CLOG_get_new_state CLOG_get_new_stateCLOG_get_new_state| obtain unused state idSynopsisint CLOG_get_new_state( void )Loation./mpe/sr/log.CLOG_init_bu�ers CLOG_init_bu�ersCLOG_init_bu�ers| initialize neessary bu�ers for log logging.Synopsisvoid CLOG_init_buffers( void )Loation./mpe/sr/log.CLOG_mergelogs CLOG_mergelogsCLOG_mergelogs| merge individual log�les into one via messagesSynopsisvoid CLOG_mergelogs( shift, exefilename, logtype )int shift;har *exefilename;int logtype;�rst argument says whether to do time-shi�ting or not seond arg is �lenameOn proess 0 in MPI_COMM_WORLD, ollet logs from other proesses and merge them with ownlog. Timestamps are assumed to be already adjusted on both inoming logs and the master's. Onthe other proesses, �ll in length and proess id's and send them, a blok at a time, to the master.The master writes out the merged log.Loation./mpe/sr/log_merge.



3 MPE ROUTINES 203CLOG_mergend CLOG_mergendCLOG_mergend| �nish log proessingSynopsisvoid CLOG_mergend()Loation./mpe/sr/log_merge.CLOG_msgtype CLOG_msgtypeCLOG_msgtype| print ommuniation event typeSynopsisvoid CLOG_msgtype( etype )int etype;etype event type for pt2pt ommuniation eventLoation./mpe/sr/log_util.CLOG_newbu� CLOG_newbu�CLOG_newbu�| get and initialize new blok of bu�erSynopsisvoid CLOG_newbuff( CLOG_BLOCK **bufptr )Input Parameterbufptr pointer to be �lled in with address of new blokLoation./mpe/sr/log.



3 MPE ROUTINES 204CLOG_nodebu�er2disk CLOG_nodebu�er2diskCLOG_nodebu�er2disk| dump bu�ers into temporary log �le.Synopsisvoid CLOG_nodebuffer2disk( void )Loation./mpe/sr/log.CLOG_probuf CLOG_probufCLOG_probuf| postproess a bu�er of log reords before mergingSynopsisvoid CLOG_probuf( buf )double *buf;This funtion �lls in �elds in log reords that were left out during atual logging to save memoryaesses. Typial �elds are the proess id and the lengths of reords that are known by prede�nedtype. This is also where we will adjust timestamps.Input parameteraddress of the bu�er to be proessedLoation./mpe/sr/log_merge.CLOG_relen CLOG_relenCLOG_relen| get length (in doubles) of log reord by typeSynopsisint CLOG_relen( type )int type;Loation./mpe/sr/log_util.



3 MPE ROUTINES 205CLOG_retype CLOG_retypeCLOG_retype| print log reord typeSynopsisvoid CLOG_retype( type )int type;rtype reord typeLoation./mpe/sr/log_util.CLOG_reinit_bu� CLOG_reinit_bu�CLOG_reinit_bu�| reads CLOG_BLOCKS from temporary log�le into memory.Synopsisvoid CLOG_reinit_buff( )Loation./mpe/sr/log_merge.CLOG_treesetup CLOG_treesetupCLOG_treesetup| loally determine parent and hildren in binary treeSynopsisvoid CLOG_treesetup( self, numpros, myparent, mylhild, myrhild)int self, numpros, *myparent, *mylhild, *myrhild;Input parametersself alling proess's idnp total number of proesses in treeOutput parametersparent parent in binary tree (or -1 if root)lhild left hild in binary tree (or -1 if none)rhild right hild in binary tree (or -1 if none)



3 MPE ROUTINES 206Loation./mpe/sr/log_merge.MPE_Add_RGB_olor MPE_Add_RGB_olorMPE_Add_RGB_olor| Adds a olor to the olormap given its RGB valuesSynopsis#inlude "mpe.h"int MPE_Add_RGB_olor( graph, red, green, blue, mapping )MPE_XGraph graph;int red, green, blue;MPE_Color *mapping;Input Parametersgraph MPE graphis handlered, green, blueolor levels from 0 to 65535Output Parametermapping index of the new olorReturn Values-1 maxolors too large (equal to numolors)MPE_SUCCESSsuessfulmapping index of the new olorNotesThis all adds a olor ell to X11's olor table, inrements maxolors (the index), and writes it tothe mapping parameter.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.



3 MPE ROUTINES 207Loation./mpe/sr/mpe_graphis.MPE_CaptureFile MPE_CaptureFileMPE_CaptureFile| Sets the base �lename used to apture output from updatesSynopsis#inlude "mpe.h"int MPE_CaptureFile( handle, fname, freq )MPE_XGraph handle;har *fname;int freq;Input Parametershandle MPE graphis handlefname base �le name (see below)freq Frequeny of updatesReturn ValuesMPE_ERR_LOW_MEMmallo for opy of the �lename (fname) failedMPE_ERR_BAD_ARGShandle parameter is badMPE_SUCCESSsuessNotesThe output is written in xwd format to fname%d, where %d is the number of the �le (starting fromzero).Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Additional Notes for Fortran InterfaeThe trailing blanks in Fortran CHARACTER string argument will be ignored.



3 MPE ROUTINES 208Loation./mpe/sr/mpe_graphis.MPE_Close_graphis MPE_Close_graphisMPE_Close_graphis| Closes an X11 graphis devieSynopsis#inlude "mpe.h"int MPE_Close_graphis( handle )MPE_XGraph *handle;Input Parameterhandle MPE graphis handle.Return ValuesMPE_ERR_BAD_ARGShandle parameter is badMPE_SUCCESSsuessNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Comm_global_rank MPE_Comm_global_rankMPE_Comm_global_rank| Returns the rank in MPI_COMM_WORLD for a given(ommuniator,rank) pairSynopsisvoid MPE_Comm_global_rank( omm, rank, grank )MPI_Comm omm;int rank, *grank;



3 MPE ROUTINES 209Input Parametersomm Communiatorrank Rank in ommOutput Parametersgrank Rank in omm worldLoation./mpe/sr/getgrank.MPE_Counter_reate MPE_Counter_reateMPE_Counter_reate| reate and initialize shared ounter (proess)Synopsisint MPE_Counter_reate( oldomm, smaller_omm, ounter_omm )MPI_Comm oldomm, *smaller_omm, *ounter_omm;Input Parameteroldomm Communiator toOutput Parameterssmaller_ommounter_ommDupliate of oldommLoation./mpe/sr/mpe_ounter.MPE_Counter_free MPE_Counter_freeMPE_Counter_free| free ommuniators assoiated with ounterSynopsisint MPE_Counter_free( smaller_omm, ounter_omm )MPI_Comm *smaller_omm;MPI_Comm *ounter_omm;



3 MPE ROUTINES 210Loation./mpe/sr/mpe_ounter.MPE_Counter_nxtval MPE_Counter_nxtvalMPE_Counter_nxtval| obtain next value from shared ounter, and updateSynopsisint MPE_Counter_nxtval(ounter_omm, value)MPI_Comm ounter_omm;int *value;Loation./mpe/sr/mpe_ounter.MPE_Deomp1d MPE_Deomp1dMPE_Deomp1d| Compute a balaned deomposition of a 1-D arraySynopsisint MPE_Deomp1d( n, size, rank, s, e )int n, size, rank, *s, *e;Input Parametersn Length of the arraysize Number of proessors in deompositionrank Rank of this proessor in the deomposition (0 <= rank < size)Output Parameterss,e Array indies are s:e, with the original array onsidered as 1:n.Loation./mpe/sr/deomp.MPE_Desribe_event MPE_Desribe_eventMPE_Desribe_event| Create log reord desribing an event type



3 MPE ROUTINES 211Synopsisint MPE_Desribe_event( event, name )int event;har *name;Input Parametersevent Event numbername String desribing the event.See AlsoMPE_Log_get_event_numberLoation./mpe/sr/mpe_log.MPE_Desribe_state MPE_Desribe_stateMPE_Desribe_state| Create log reord desribing a stateSynopsisint MPE_Desribe_state( start, end, name, olor )int start, end;har *name, *olor;Input Parametersstart event number for the start of the stateend event number for the end of the statename Name of the stateolor olor to display the state inNotesAdds string ontaining a state def to the log�le. The format of the de�nition is (in ALOG)(LOG_STATE_DEF) 0 sevent eevent 0 0 "olor" "name"States are added to a log �le by alling MPE_Log_event for the start and end event numbers.See AlsoMPE_Log_get_event_number



3 MPE ROUTINES 212Loation./mpe/sr/mpe_log.MPE_Draw_irle MPE_Draw_irleMPE_Draw_irle| Draws a irleSynopsis#inlude "mpe.h"int MPE_Draw_irle( graph, enterx, entery, radius, olor )MPE_XGraph graph;int enterx, entery, radius;MPE_Color olor;Input Parametersgraph MPE graphis handleenterx horizontal enter point of the irleentery vertial enter point of the irleradius radius of the irleolor olor of the irleNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Draw_line MPE_Draw_lineMPE_Draw_line| Draws a line on an X11 displaySynopsis#inlude "mpe.h"int MPE_Draw_line( handle, x1, y_1, x2, y_2, olor )MPE_XGraph handle;int x1, y_1, x2, y_2;MPE_Color olor;



3 MPE ROUTINES 213Input Parametershandle MPE graphis handlex1,y_1 pixel position of one end of the line to draw. Coordinates are upper-left origin(standard X11)x2,y_2 pixel position of the other end of the line to draw. Coordinates are upper-leftorigin (standard X11)olor Color index value. See MPE_MakeColorArray. By default, the olors MPE_WHITE,MPE_BLACK, MPE_RED, MPE_YELLOW, MPE_GREEN, MPE_CYAN, MPE_BLUE,MPE_MAGENTA, MPE_AQUAMARINE, MPE_FORESTGREEN, MPE_ORANGE, MPE_VIOLET,MPE_BROWN, MPE_PINK, MPE_CORAL and MPE_GRAY are de�ned.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Draw_logi MPE_Draw_logiMPE_Draw_logi| Sets logial operation for laying down new pixelsSynopsis#inlude "mpe.h"int MPE_Draw_logi( graph, funtion )MPE_XGraph graph;int funtion;Input Parametersgraph MPE graphis handlefuntion integer speifying one of the following:MPE_LOGIC_COPY - no logi, just opy the pixelMPE_LOGIC_XOR - xor the new pixel with the existing one and many more... see mpe_graphis.hNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.



3 MPE ROUTINES 214Loation./mpe/sr/mpe_graphis.MPE_Draw_point MPE_Draw_pointMPE_Draw_point| Draws a point on an X Windows displaySynopsis#inlude "mpe.h"int MPE_Draw_point( handle, x, y, olor )MPE_XGraph handle;int x, y;MPE_Color olor;Input Parametershandle MPE graphis handlex,y pixel position to draw. Coordinates are upper-left origin (standard X11)olor Color index value. See MPE_MakeColorArray. By default, the olors MPE_WHITE,MPE_BLACK, MPE_RED, MPE_YELLOW, MPE_GREEN, MPE_CYAN, MPE_BLUE,MPE_MAGENTA, MPE_AQUAMARINE, MPE_FORESTGREEN, MPE_ORANGE, MPE_VIOLET,MPE_BROWN, MPE_PINK, MPE_CORAL and MPE_GRAY are de�ned.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Draw_points MPE_Draw_pointsMPE_Draw_points| Draws points on an X Windows displaySynopsis#inlude "mpe.h"int MPE_Draw_points( handle, points, npoints )MPE_XGraph handle;MPE_Point *points;int npoints;



3 MPE ROUTINES 215Input Parametershandle MPE graphis handlepoints list of points to drawnpoints number of points to drawNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Draw_string MPE_Draw_stringMPE_Draw_string| Draw a text stringSynopsis#inlude "mpe.h"int MPE_Draw_string( graph, x, y, olor, string )MPE_XGraph graph;int x, y;MPE_Color olor;har *string;Input Parametersgraph MPE graphis handlex x-oordinate of the origin of the stringy y-oordinate of the origin of the stringolor olor of the textstring text string to be drawnNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Additional Notes for Fortran InterfaeThe trailing blanks in Fortran CHARACTER string argument will be ignored.



3 MPE ROUTINES 216Loation./mpe/sr/mpe_graphis.MPE_Fill_irle MPE_Fill_irleMPE_Fill_irle| Fills a irleSynopsis#inlude "mpe.h"int MPE_Fill_irle( graph, enterx, entery, radius, olor )MPE_XGraph graph;int enterx, entery, radius;MPE_Color olor;Input Parametersgraph MPE graphis handleenterx horizontal enter point of the irleentery vertial enter point of the irleradius radius of the irleolor olor of the irleNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Fill_retangle MPE_Fill_retangleMPE_Fill_retangle| Draws a �lled retangle on an X11 displaySynopsis#inlude "mpe.h"int MPE_Fill_retangle( handle, x, y, w, h, olor )MPE_XGraph handle;int x, y, w, h;MPE_Color olor;



3 MPE ROUTINES 217Input Parametershandle MPE graphis handlex,y pixel position of the upper left (low oordinate) orner of the retangle to draw.w,h width and height of the retangleolor Color index value. See MPE_MakeColorArray. By default, the olors MPE_WHITE,MPE_BLACK, MPE_RED, MPE_YELLOW, MPE_GREEN, MPE_CYAN, MPE_BLUE,MPE_MAGENTA, MPE_AQUAMARINE, MPE_FORESTGREEN, MPE_ORANGE, MPE_VIOLET,MPE_BROWN, MPE_PINK, MPE_CORAL and MPE_GRAY are de�ned.NotesThis uses the X11 de�nition of width and height, so you may want to add 1 to both of them.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Finish_log MPE_Finish_logMPE_Finish_log| Send log to master, who writes it outSynopsisint MPE_Finish_log( filename )har *filename;NotesThis routine dumps a log�le in alog or log format. It is olletive over MPI_COMM_WORLD. Thedefault is alog format. To generate log output, set the environment variable MPE_LOG_FORMATto CLOG.Loation./mpe/sr/mpe_log.MPE_GetTags MPE_GetTagsMPE_GetTags | Returns tags that an be used in ommuniation with a ommuniator



3 MPE ROUTINES 218Synopsisint MPE_GetTags( omm_in, ntags, omm_out, first_tag )MPI_Comm omm_in, *omm_out;int ntags, *first_tag;Input Parametersomm_in Input ommuniatorntags Number of tagsOutput Parametersomm_out Output ommuniator. May be omm_in.�rst_tag First tag availableReturnsMPI_SUCCESS on suess, MPI error lass on failure.NotesThis routine returns the requested number of tags, with the tags being first_tag, first_tag+1, ...,first_tag+ntags-1.These tags are guarenteed to be unique within omm_out.See AlsoMPE_ReturnTagsLoation./mpe/sr/privtags.MPE_Get_mouse_press MPE_Get_mouse_pressMPE_Get_mouse_press| Waits for mouse button pressSynopsis#inlude "mpe.h"int MPE_Get_mouse_press( graph, x, y, button )MPE_XGraph graph;int *x, *y, *button;Input Parametergraph MPE graphis handle



3 MPE ROUTINES 219Output Parametersx horizontal oordinate of the point where the mouse button was pressedy vertial oordinate of the point where the mouse button was pressedbutton whih button was pressed: MPE_BUTTON[1-5℄NotesThis routine waits for mouse button press, bloking until the mouse button is pressed inside thisMPE window. When pressed, returns the oordinate relative to the upper right of this MPE windowand the button that was pressed.Loation./mpe/sr/xmouse.MPE_IO_Stdout_to_�le MPE_IO_Stdout_to_�leMPE_IO_Stdout_to_�le| Re-diret stdout to a �leSynopsisvoid MPE_IO_Stdout_to_file( har *name, int mode )Parametersname Name of �le. If it ontains %d, this value will be replaed with the rank of theproess in MPI_COMM_WORLD.mode Mode to open the �le in (see the man page for open). A ommon value is 0644(Read/Write for owner, Read for everyone else). Note that this value is andedwith your urrent umask value.NotesSome systems may omplain when standard output (stdout) is losed.Loation./mpe/sr/mpe_io.MPE_Iget_mouse_press MPE_Iget_mouse_pressMPE_Iget_mouse_press| Cheks for mouse button pressSynopsis#inlude "mpe.h"int MPE_Iget_mouse_press( graph, x, y, button, wasPressed )MPE_XGraph graph;int *x, *y, *button, *wasPressed;



3 MPE ROUTINES 220Input Parametergraph MPE graphis handleOutput Parametersx horizontal oordinate of the point where the mouse button was pressedy vertial oordinate of the point where the mouse button was pressedbutton whih button was pressed: MPE_BUTTON[1-5℄wasPressed 1 if the button was pressed, 0 if notNotesCheks if the mouse button has been pressed inside this MPE window. If pressed, returns theoordinate relative to the upper right of this MPE window and the button that was pressed.Loation./mpe/sr/xmouse.MPE_Init_log MPE_Init_logMPE_Init_log| Initialize for loggingSynopsisint MPE_Init_log()NotesInitializes the MPE logging pakage. This must be alled before any of the other MPE loggingroutines. It is olletive over MPI_COMM_WORLDSee AlsoMPE_Finish_logLoation./mpe/sr/mpe_log.MPE_Initialized_logging MPE_Initialized_loggingMPE_Initialized_logging| Indiate whether MPE_Init_log or MPE_Finish_log have beenalled.



3 MPE ROUTINES 221Synopsisint MPE_Initialized_logging ()Returns0 if MPE_Init_log has not been alled, 1 if MPE_Init_log has been alled but MPE_Finish_log hasnot been alled, and 2 otherwise.Loation./mpe/sr/mpe_log.MPE_Line_thikness MPE_Line_thiknessMPE_Line_thikness| Sets thikness of linesSynopsis#inlude "mpe.h"int MPE_Line_thikness( graph, thikness )MPE_XGraph graph;int thikness;Input Parametersgraph MPE graphis handlethikness integer speifying how many pixels wide lines should beNotes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Log_event MPE_Log_eventMPE_Log_event| Logs an event



3 MPE ROUTINES 222Synopsisint MPE_Log_event(event,data,string)int event, data;har *string;Input Parametersevent Event numberdata Integer data valuestring Optional string desribing eventLoation./mpe/sr/mpe_log.MPE_Log_get_event_number MPE_Log_get_event_numberMPE_Log_get_event_number| Gets an unused event numberSynopsisint MPE_Log_get_event_number( )ReturnsA value that an be provided to MPE_Desribe_event or MPE_Desribe_state whih will de�ne anevent or state not used before.NotesThis routine is provided to allow pakages to ensure that they are using unique event numbers. Itrelies on all pakages using this routine.Loation./mpe/sr/mpe_log.MPE_Log_reeive MPE_Log_reeiveMPE_Log_reeive| log the sending of a message



3 MPE ROUTINES 223Synopsisint MPE_Log_reeive( otherParty, tag, size )int otherParty, tag, size;Loation./mpe/sr/mpe_log.MPE_Log_send MPE_Log_sendMPE_Log_send| Logs the sending of a messageSynopsisint MPE_Log_send( otherParty, tag, size )int otherParty, tag, size;Loation./mpe/sr/mpe_log.MPE_Make_olor_array MPE_Make_olor_arrayMPE_Make_olor_array| Makes an array of olor indiesSynopsis#inlude "mpe.h"int MPE_Make_olor_array( handle, nolors, array )MPE_XGraph handle;int nolors;MPE_Color array[℄;Input Parametershandle MPE graphis handlen Number of olorsOutput Parameterarray Array of olor indies



3 MPE ROUTINES 224NotesThe new olors for a uniform distribution in hue spae and replae the existing olors exept forMPE_WHITE and MPE_BLACK.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.MPE_Num_olors MPE_Num_olorsMPE_Num_olors| Gets the number of available olorsSynopsis#inlude "mpe.h"int MPE_Num_olors( handle, n )MPE_XGraph handle;int *n;Input Parameterhandle MPE graphis handleOutput Parametern Number of olors available on the display.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.



3 MPE ROUTINES 225MPE_Open_graphis MPE_Open_graphisMPE_Open_graphis| (olletively) opens an X Windows displaySynopsis#inlude "mpe.h"int MPE_Open_graphis( handle, omm, display, x, y, w, h, is_olletive )MPE_XGraph *handle;MPI_Comm omm;har display[MPI_MAX_PROCESSOR_NAME+4℄;int x, y;int w, h;int is_olletive;Input Parametersomm Communiator of partiipating proessesdisplay Name of X window display. If null, display will be taken from the DISPLAYvariable on the proess with rank 0 in omm. If that is either unde�ned, or startswith w ":", then the value of display is `hostname`:0x,y position of the window. If (-1,-1), then the user should be asked to position thewindow (this is a window manager issue).w,h width and height of the window, in pixels.is_olletive true if the graphis operations are olletive; this allows the MPE graphisoperations to make fewer onnetions to the display. If false, then all proesses inthe ommuniator omm will open the display; this ould exeed the number ofonnetions that your X window server allows. Not yet implemented.Output Parameterhandle Graphis handle to be given to other MPE graphis routines.NotesThis is a olletive routine. All proesses in the given ommuniator must all it, and it has thesame semantis as MPI_Barrier (that is, other olletive operations an not ross this routine).Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Additional Notes for Fortran InterfaeIf Fortran display argument is an empty string, "", display will be taken from the DISPLAYvariable on the proess with rank 0 in omm. The trailing blanks in Fortran CHARACTER stringargument will be ignored.



3 MPE ROUTINES 226Loation./mpe/sr/mpe_graphis.MPE_Print_datatype_pak_ation MPE_Print_datatype_pak_ationMPE_Print_datatype_pak_ation| Prints the operations performed in an pak of a datatypeSynopsisint MPE_Print_datatype_pak_ation( fp, ount, type, in_offset, out_offset )FILE *fp;int ount;MPI_Datatype type;int in_offset, out_offset;Input Parametersfp FILE pointer for outputount Count of datatypetype MPI Datatypein_o�set,out_o�seto�sets for input and output bu�er. Should be 0 for most uses.NotesThis prints on the seleted �le the operations that the MPICH implementation will take whenpaking a bu�er.Loation./mpe/sr/examine.MPE_Print_datatype_unpak_ation MPE_Print_datatype_unpak_ationMPE_Print_datatype_unpak_ation| Prints the operations performed in an unpak of adatatypeSynopsisint MPE_Print_datatype_unpak_ation( fp, ount, type, in_offset, out_offset )FILE *fp;int ount;MPI_Datatype type;int in_offset, out_offset;



3 MPE ROUTINES 227Input Parametersfp FILE pointer for outputount Count of datatypetype MPI Datatypein_o�set,out_o�seto�sets for input and output bu�er. Should be 0 for most uses.NotesThis prints on the seleted �le the operations that the MPICH implementation will take whenunpaking a bu�er.Loation./mpe/sr/examine.MPE_ReturnTags MPE_ReturnTagsMPE_ReturnTags| Returns tags alloated with MPE_GetTags.Synopsisint MPE_ReturnTags( omm, first_tag, ntags )MPI_Comm omm;int first_tag, ntags;Input Parametersomm Communiator to return tags to�rst_tag First of the tags to returnntags Number of tags to return.See AlsoMPE_GetTagsLoation./mpe/sr/privtags.MPE_Seq_begin MPE_Seq_beginMPE_Seq_begin| Begins a sequential setion of ode.



3 MPE ROUTINES 228Synopsisvoid MPE_Seq_begin( MPI_Comm omm, int ng )Input Parametersomm Communiator to sequentialize.ng Number in group. This many proesses are allowed to exeute at the same time.Usually one.NotesMPE_Seq_begin and MPE_Seq_end provide a way to fore a setion of ode to be exeuted by theproesses in rank order. Typially, this is done withMPE_Seq_begin( omm, 1 );<ode to be exeuted sequentially>MPE_Seq_end( omm, 1 );Often, the sequential ode ontains output statements (e.g., printf) to be exeuted. Note that youmay need to ush the I/O bu�ers before alling MPE_Seq_end; also note that some systems do notpropagate I/O in any order to the ontroling terminal (in other words, even if you ush the output,you may not get the data in the order that you want).Loation./mpe/sr/mpe_seq.MPE_Seq_end MPE_Seq_endMPE_Seq_end| Ends a sequential setion of ode.Synopsisvoid MPE_Seq_end( MPI_Comm omm, int ng )Input Parametersomm Communiator to sequentialize.ng Number in group. This many proesses are allowed to exeute at the same time.Usually one.NotesSee MPE_Seq_begin for more details.



3 MPE ROUTINES 229Loation./mpe/sr/mpe_seq.MPE_Start_log MPE_Start_logMPE_Start_log| Begin logging of eventsSynopsisint MPE_Start_log()Loation./mpe/sr/mpe_log.MPE_Stop_log MPE_Stop_logMPE_Stop_log| Stop logging eventsSynopsisint MPE_Stop_log()Loation./mpe/sr/mpe_log.MPE_TagsEnd MPE_TagsEndMPE_TagsEnd | Returns the private keyval.Synopsisint MPE_TagsEnd()NotesThis routine is provided to aid in leaning up all of the alloated storage in and MPI program.Normally, this routine does not need to be alled. If it is, it should be alled immediately beforeMPI_Finalize.



3 MPE ROUTINES 230Loation./mpe/sr/privtags.MPE_Update MPE_UpdateMPE_Update | Updates an X11 displaySynopsis#inlude "mpe.h"int MPE_Update( handle )MPE_XGraph handle;Input Parameterhandle MPE graphis handle.NoteOnly after an MPE_Update an you ount on seeing the results of MPE drawing routines. This isaused by the bu�ering of graphis requests for improved performane.Notes For Fortran InterfaeThe Fortran interfae to this routine is di�erent from its C ounterpart and it has an additionalargument, ierr, at the end of the argument list, i.e. the returned funtion value (the error ode) in Cinterfae is returned as the additional argument in Fortran interfae. The Fortran interfae isinvoked with the CALL statement.All MPI and MPE objets, MPI_Comm, MPE_XGraph and MPE_Color, are of type INTEGER inFortran.Loation./mpe/sr/mpe_graphis.


