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This document de�nes the API of mpiJava, a Java language binding forMPI 1.1. The document is not a standalone speci�cation of the behaviour ofMPI|it is meant to be read in conjunction with the MPI standard document[2]. Subsections are laid out in the same way as in the standard document, toallow cross-referencing. Where the mpiJava binding makes no signi�cant changeto a particular section of the standard document, we will just note here thatthere are no special issues for the Java binding. This does not mean that thecorresponding section of the standard is irrelevant to the Java binding|it maymean it is 100% relevant! Where practical the API is modelled on the MPIC++ interface de�ned in the MPI standard version 2.0 [3].Changes to the mpiJava 1.1 interface:� The MPI.OBJECT basic type has been added.� The interface for MPI.Buffer detach has been corrected.� The API of User function has been changed.� Attributes cached in communicators are now assumed to have integer val-ues. Attr put and Attr delete have been removed.� The interface to Cartcomm.dimsCreate has been corrected.� Errorhandler set, Errorhandler get have changed from static membersof MPI to instance methods on Comm.� The method Is null has been added to class Comm.� The initialization method MPI.Init now returns the command line argu-ments set by MPI.� MPI exception classes are now speci�ed to be subclasses of MPIExceptionrather than IOException. Methods are now declared to throw MPIExcept-ion (see section 8).The current API is viewed as an interim measure. Further signi�cant changesare likely to result from the e�orts of the Message-passing working group of theJava Grande Forum.
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1 Introduction to MPIEvidently, this document adds Java to the C and Fortran bindings de�ned inthe MPI standard. Otherwise no special issues for the Java binding.
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2 MPI Terms and Conventions2.1 Document NotationNo special issues for Java binding.2.2 Procedure Speci�cationIn general we use italicized names to refer to entities in the MPI language inde-pendent procedure de�nitions, and typewriter font for concrete Java entities.As a rule Java argument names are the same as the corresponding languageindependent names. In instance methods of Comm, Status, Request, Datatype,Op or Group (and subclasses), the class instance generally stands for the ar-gument called comm, status, request, datatype, op or group, respectively in thelanguage independent procedure de�nition.2.3 Semantic termsNo special issues for Java binding.2.4 Data typesOpaque objects are presented as Java objects. This introduces the option ofsimplifying the user's task in managing these objects. MPI destructors canbe absorbed into Java object destructors, which are called automatically by theJava garbage collector. We adopt this strategy as the general rule. Explicit callsto MPI destructor functions are typically omitted from the Java user interface(they are absorbed into finalize methods). Exceptions are made for the Command Request classes. MPI COMM FREE is a collective operation, so the usermust ensure that calls are made at consistent times by all processors involved|the call can't be left to the vagaries of the garbage collector. A similar case canbe made for MPI REQUEST FREE.2.5 Language BindingNaming Conventions All MPI classes belong to the package mpi. Conven-tions for capitalization, etc, in class and member names generally follow theC++ MPI bindings.Restrictions on struct derived type. Some options allowed for deriveddata types in the C and Fortran binding are deleted in mpiJava. The JavaVM does not incorporate a concept of a global linear address space. Pass-ing physical addresses to data type de�nitions is not allowed. The use ofthe MPI TYPE STRUCT datatype constructor is also restricted in a way that6



makes it impossible to send mixed basic datatypes in a single message. Since,however, the set of basic datatypes recognised by MPI is extended to includeserializable Java objects, this should not be a serious restriction in practice.Multidimensional arrays and o�sets. The C and Fortran languages de�nea straightforward mapping (or \sequence association") between their multidi-mensional arrays and equivalent one-dimensional arrays. So in C or Fortrana multidimensional array passed as a message bu�er argument is �rst inter-preted as a one-dimensional array with the same element type as the originalmultidimensional array. O�sets in the bu�er (such as o�sets occuring in de-rived data types) are then interpretted in terms of the e�ective one-dimensionalarray (or|equivalent up to a constant factor|in terms of physical memory).In Java the relationship between multidimensional arrays and one dimensionalarrays is di�erent. An \n-dimensional array" is equivalent to a one-dimensionalarray of (n � 1)-dimensional arrays. In mpiJava, message bu�ers are alwaysone-dimensional arrays. The element type may be an object, which may havearray type. Hence multidimensional arrays can appear as message bu�ers, butthe interpretation is subtly di�erent. In distinction to the C or Fortran caseo�sets in multidimensional message bu�ers are always interpretted as o�sets inthe outermost one-dimensional array.Start of message bu�er. C and Fortran both have devices for treating asection of an array, o�set from the beginning of the array, as if it was an arrayin its own right. Java doesn't have any such mechanism. To provide the same
exibility, an offset parameter is associated with any bu�er argument. Thisde�nes the position of the �rst actual bu�er element in the Java array.Error codes. Unlike the standard C and Fortran interfaces, the mpiJavainterfaces to MPI calls do not return explicit error codes. The Java exceptionmechanism will be used to report errors.Rationale. The exception mechanism is very widely used by Java li-braries. It is inconvenient to use up the single return value of a Javafunction with an error code. (Java doesn't allow function arguments to bepassed by reference, so returning multiple values tends to be more clumsythan in other languages.) (End of rationale.)Multiple return values. A few functions in the MPI interface return multi-ple values, even after the error code is eliminated. This is dealt with in mpiJavain various ways. Sometimes an MPI function initializes some elements in anarray and also returns a count of the number of elements modi�ed. In Javawe typically return an array result, omitting the count. The count can be ob-tained subsequently from the length member of the array. Sometimes an MPI7



function initializes an object conditionally and returns a separate 
ag to say ifthe operation succeeded. In Java we typically return an object reference whichis null if the operation fails. Occasionally extra internal state is added to anexisting MPI class to hold extra results|for example the Status class has ex-tra state initialized by functions like Waitany to hold the index value. Rarelynone of these methods work and we resort to de�ning auxilliary classes to holdmultiple results from a particular function.Array count arguments. The mpiJava binding often omits array size argu-ments, because they can be picked up within the function by reading the lengthmember of the array argument. A major exception is for message bu�ers, wherean explicit count is always given.Rationale. In the mpiJava, message bu�ers have explicit offset andcount arguments whereas other kinds of array argument typically do not.Message bu�ers aside, typical array arguments to MPI functions (eg, vec-tors of request structures) are small arrays. If subsections of these must bepassed to an MPI function, the sections can be copied to smaller arraysat little cost. In contrast message bu�ers are typically large and copy-ing them is expensive, so it is worthwhile to pass the extra arguments.Also, if derived data types are being used, the required value of the countargument is always di�erent to the bu�er length. (End of rationale.)Concurrent access to arrays. In JNI-based wrapper implementations itmay be necessary to impose some non-interference rules for concurrent read andwrite operations on arrays. When an array is passed to an MPI method suchas a send or receive operation, the wrapper code will probably extract a pointerto the contents of the array using a JNI Get...ArrayElements routine. If thegarbage collector does not support \pinning" (temporarily disabling run-timerelocation of data for speci�c arrays|see [1] for more discussion), the pointerreturned by this Get function may be to a temporary copy of the elements.The copy will be written back to the true Java array when a subsequent call toRelease...ArrayElements is made. If two operations involving the same arrayare active concurrently, this copy-back may result in failure to save modi�cationsmade by one or more of the concurrent calls.Such an implementation may have to enforce a safety rule such as: whenseveral MPI send or receive (etc) operations are active concurrently, if any oneof those operations writes to a particular array, none of the other operationsmust read or write any portion of that array.If the garbage collector supports pinning, this problem does not arise.2.6 ProcessesNo special issues for Java binding. 8



2.7 Error HandlingAs explained in section 2.5, the Java methods do not return error codes. TheJava exceptions thrown instead are de�ned in section 7.3.
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3 Point-to-Point Communication3.1 IntroductionIn general the mpiJava binding of point-to-point communication operations re-alizes the MPI functions as methods of the Comm class. The basic point-to-pointcommunication operations are send and receive. Their use is illustrated in theexample below.import mpi.* ;class Hello {static public void main(String[] args) throws MPIException {MPI.Init(args) ;int myrank = MPI.COMM_WORLD.Rank() ;if(myrank == 0) {char [] message = "Hello, there".toCharArray() ;MPI.COMM_WORLD.Send(message, 0, message.length, MPI.CHAR, 1, 99) ;}else {char [] message = new char [20] ;MPI.COMM_WORLD.Recv(message, 0, 20, MPI.CHAR, 0, 99) ;System.out.println("received:" + new String(message) + ":") ;}MPI.Finalize();}}3.2 Blocking Send and Receive operationsvoid Comm.Send(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagBlocking send operation. Java binding of the MPI operation MPI SEND. Thedata part of the message consists of a sequence of count values, each of the typeindicated by datatype. The actual argument associated with buf must be an10



array. The value offset is a subscript in this array, de�ning the position of the�rst item of the message.The elements of buf may have primitive type or class type. If the elementsare objects, they must be serializable objects. If the datatype argument repre-sents an MPI basic type, its value must agree with the element type of buf: thebasic MPI datatypes supported, and their correspondence to Java types, are asfollows MPI datatype Java datatypeMPI.BYTE byteMPI.CHAR charMPI.SHORT shortMPI.BOOLEAN booleanMPI.INT intMPI.LONG longMPI.FLOAT floatMPI.DOUBLE doubleMPI.OBJECT ObjectIf the datatype argument represents an MPI derived type, its base type mustagree with the element type of buf (see section 3.12).Rationale. The datatype argument is not redundant in mpiJava, be-cause we include support for MPI derived types. If it was decided toremove derived types from the API, datatype arguments could be re-moved from various functions, and Java runtime inquiries could be usedinternally to extract the element type of the bu�er, or methods like Sendcould be overloaded to accept bu�ers with elements of the 9 basic types.(End of rationale.)If a data type has MPI.OBJECT as its base type, the objects in the bu�er will betransparently serialized and unserialized inside the communication operations.Status Comm.Recv(Object buf, int offset, int count,Datatype datatype, int source, int tag)buf receive bu�er arrayoffset initial o�set in receive bu�ercount number of items in receive bu�erdatatype datatype of each item in receive bu�ersource rank of sourcetag message tagreturns: status object 11



Blocking receive operation. Java binding of the MPI operation MPI RECV.The actual argument associated with buf must be an array. The value offsetis a subscript in this array, de�ning the position into which the �rst item of theincoming message will be copied.The elements of buf may have primitive type or class type. If the datatypeargument represents an MPI basic type, its value must agree with the elementtype of buf; if datatype represents an MPI derived type, its base type mustagree with the element type of buf (see section 3.12).The MPI constants MPI ANY SOURCE and MPI ANY TAG are availableas MPI.ANY SOURCE and MPI.ANY TAG.The source and tag of the received message are available in the publicallyaccessible source and tag �elds of the returned object. The following methodcan be used to further interrogate the return status of a receive operation.int Status.Get_count(Datatype datatype)datatype datatype of each item in receive bu�erreturns: number of received entriesJava binding of the MPI operation MPI GET COUNT.3.3 Data type matching and data conversionThe Java language de�nition places quite detailed constraints on the represen-tation of its primitive types|for example it requires conformance with IEEE754 for float and double. There may still be a requirement for representa-tion conversion in heterogenous systems. For example, source and destinationcomputers (or virtual machines) may have di�erent endianess.3.4 Communication Modesvoid Comm.Bsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagSend in bu�ered mode. Java binding of the MPI operation MPI BSEND. Fur-ther comments as for send. 12



void Comm.Ssend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagSend in synchronous mode. Java binding of the MPI operation MPI SSEND.Further comments as for send.void Comm.Rsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagSend in ready mode. Java binding of the MPI operation MPI RSEND. Furthercomments as for send.3.5 Semantics of point-to-point communicationNo special issues for Java binding.3.6 Bu�er allocation and usagevoid MPI.Buffer_attach(byte [] buffer)buffer bu�er arrayProvides to MPI a bu�er in user's memory to be used for bu�ering outgoingmessages. Java binding of the MPI operation MPI BUFFER ATTACH.byte [] MPI.Buffer_detach() 13



returns: bu�er arrayDetach the bu�er currently associated with MPI and return it. Java binding ofthe MPI operation MPI BUFFER DETACH. If the currently associated bu�eris system-de�ned, returns null.The MPI constant MPI BSEND OVERHEAD is available as MPI.BSEND -OVERHEAD.3.7 Nonblocking communicationNonblocking communications use methods of the Request class to identify com-munication operations and match the operation that initiates the communica-tion with the operation that terminates it.Request Comm.Isend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: communication requestStart a standard mode, nonblocking send. Java binding of the MPI operationMPI ISEND. Further comments as for send.Request Comm.Ibsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: communication requestStart a bu�ered mode, nonblocking send. Java binding of the MPI operationMPI IBSEND. Further comments as for send.14



Request Comm.Issend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: communication requestStart a synchronous mode, nonblocking send. Java binding of the MPI operationMPI ISSEND. Further comments as for send.Request Comm.Irsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: communication requestStart a ready mode, nonblocking send. Java binding of the MPI operationMPI IRSEND. Further comments as for send.Request Comm.Irecv(Object buf, int offset, int count,Datatype datatype, int source, int tag)buf receive bu�er arrayoffset initial o�set in receive bu�ercount number of items in receive bu�erdatatype datatype of each item in receive bu�ersource rank of sourcetag message tagreturns: communication request 15



Start a nonblocking receive. Java binding of the MPI operation MPI IRECV.Further comments as for recv.The following functions are used to complete nonblocking communication op-erations (and also communications started using the persistent communicationrequests|subclass Prequest|introduced later). We use the following termi-nology. A request is \active" if it is associated with an ongoing communication.Otherwise it is inactive. An inactive instance of the base class Request is calleda \void request". (Note, however, that an inactive instance of the Prequestsubclass is not said to be \void", because it retains detailed information abouta communication pattern even when no corresponding communication is ongo-ing.) Rationale. A \void request" corresponds to what is called a \null han-dle" in the C and Fortran MPI bindings. It seems impractical to havecompletion operations like wait set request object references to null ref-erences in the Java sense (because Java methods cannot directly modifyreferences passed to them as arguments). To avoid a confusing semanticdistinction between null MPI handles and null Java references we intro-duce the terminology of a \void request object". If an explicit referenceto a void request is needed, one is available as MPI.REQUEST NULL. Theinquiry Request.Is null can be used to determine if a particular requestis void. (End of rationale.)Status Request.Wait()returns: status objectBlocks until the operation identi�ed by the request is complete. Java bindingof the MPI operation MPI WAIT. After the call returns, the request objectbecomes inactive.Status Request.Test()returns: status object or null referenceReturns a status object if the operation identi�ed by the request is complete,or a null reference otherwise. Java binding of the MPI operation MPI TEST.After the call, if the operation is complete (ie, if the return value of test isnon-null), the request object becomes an inactive request.boolean Request.Is_null() 16



returns: true if the request object is void, false otherwiseNote that Is null is always false on instances of the subclass Prequest.void Request.Free()Set the request object to be void. Java binding of the MPI operation MPI REQ-UEST FREE.static Status Request.Waitany(Request [] array_of_requests)array of requests array of requestsreturns: status objectBlocks until one of the operations associated with the active requests in thearray has completed. Java binding of the MPI operation MPI WAITANY. Theindex in array of requests for the request that completed can be obtainedfrom the status object from the publically accessible Status.index �eld. Thecorresponding element of array of requests becomes inactive.The array of requests may contain inactive requests. If the list containsno active requests, the method immediately returns a status in which the index�eld is MPI.UNDEFINED.static Status Request.Testany(Request [] array_of_requests)array of requests array of requestsreturns: status object or null referenceTests for completion of either one or none of the operations associated withactive requests. Java binding of the MPI operation MPI TESTANY. If somerequest completed, the index in array of requests of that request can be ob-tained from the status object through the Status.index �eld. The correspond-ing element of array of requests becomes inactive. If no request completed,testAny returns a null reference.The array of requests may contain inactive requests. If the list containsno active requests, the method immediately returns a status in which the index�eld is MPI.UNDEFINED.static Status [] Request.Waitall(Request [] array_of_requests)17



array of requests array of requestsreturns: array of status objectsBlocks until all of the operations associated with the active requests in the arrayhave completed. Java binding of the MPI operationMPI WAITALL. The resultarray will be the same size as array of requests. On exit, requests becomeinactive. If the input value of array of requests contains any inactive requests,corresponding elements of the result array will contain null status references.static Status [] Request.Testall(Request [] array_of_requests)array of requests array of requestsreturns: array of status objects, or a null referenceTests for completion of all of the operations associated with active requests. Javabinding of the MPI operation MPI TESTALL. If all operations have completed,the exit values of the argument array and the result array are as for Waitall.If any operation has not completed, the result value is null and no element ofthe argument array is modi�ed.static Status [] Request.Waitsome(Request [] array_of_requests)array of requests array of requestsreturns: array of status objectsBlocks until at least one of the operations associated with the active requests inthe array has completed. Java binding of the MPI operationMPI WAITSOME.The size of the result array will be the number of operations that completed. Theindex in array of requests for each request that completed can be obtainedfrom the index �eld of the returned status objects. The corresponding elementsin array of requests become inactive.If array of requests list contains no active requests, testAll immediatelyreturns a null reference.static Status [] Request.Testsome(Request [] array_of_requests)array of requests array of requestsreturns: array of status objects18



Behaves like waitSome, except that it returns immediately. Java binding of theMPI operation MPI TESTSOME. If no operation has completed, Testsome re-turns an array of length zero and elements of array of requests are unchanged.Otherwise, arguments and return value are as for Waitsome.3.8 Probe and CancelStatus Comm.Iprobe(int source, int tag)source source ranktag tag valuereturns: status object or null referenceCheck if there is an incoming message matching the pattern speci�ed. Javabinding of the MPI operation MPI IPROBE. If such a message is currentlyavailable, a status object similar to the return value of a matching Recv opera-tion is returned. Otherwise a null reference is returned.Status Comm.Probe(int source, int tag)source source ranktag tag valuereturns: status object or null referenceWait until there is an incoming message matching the pattern speci�ed. Javabinding of the MPI operation MPI PROBE. Returns a status object similar tothe return value of a matching Recv operation.void Request.Cancel()Mark a pending nonblocking communication for cancellation. Java binding ofthe MPI operation MPI CANCEL.boolean Status.Test_cancelled()returns: true if the operation was succesfully cancelled, false otherwiseTest if communication was cancelled. Java binding of the MPI operation MPI -TEST CANCELLED. 19



3.9 Persistent communication requestsPrequest Comm.Send_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: persistent communication requestCreates a persistent communication request for a standard mode send. Javabinding of the MPI operation MPI SEND INIT. Further comments as for Send.Prequest Comm.Bsend_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: persistent communication requestCreates a persistent communication request for a bu�ered mode send. Java bind-ing of the MPI operation MPI BSEND INIT. Further comments as for Send.Prequest Comm.Ssend_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: persistent communication request20



Creates a persistent communication request for a synchronous mode send. Javabinding of the MPI operationMPI SSEND INIT. Further comments as for Send.Prequest Comm.Rsend_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)buf send bu�er arrayoffset initial o�set in send bu�ercount number of items to senddatatype datatype of each item in send bu�erdest rank of destinationtag message tagreturns: persistent communication requestCreates a persistent communication request for a ready mode send. Java bindingof the MPI operation MPI RSEND INIT. Further comments as for Send.Prequest Comm.Recv_init(Object buf, int offset, int count,Datatype datatype, int source, int tag)buf receive bu�er arrayoffset initial o�set in receive bu�ercount number of items in receive bu�erdatatype datatype of each item in receive bu�ersource rank of sourcetag message tagreturns: persistent communication requestCreates a persistent communication request for a receive operation. Java bind-ing of the MPI operation MPI RECV INIT. Further comments as for Recv.void Prequest.Start()Activate a persistent communication request. Java binding of the MPI operationMPI START. The communication is completed by using the request in one of theoperations Request.Wait, Request.Test, Request.Waitany, Request.Test-any, Request.Waitall, Request.Testall, Request.Waitsome, or Request.-Testsome. On successful completion the request becomes inactive again. It canbe reactivated by a further call to Start.static void Prequest.Startall(Prequest [] array_of_requests)21



array of requests array of persistent communication requestsActivate a list of communication requests. Java binding of the MPI operationMPI STARTALL.3.10 Send-receiveStatus Comm.Sendrecv(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,int dest, int sendtag,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype,int source, int recvtag)sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items to sendsendtype datatype of each item in send bu�erdest rank of destinationsendtag send tagrecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcount number of items in receive bu�errecvtype datatype of each item in receive bu�ersource rank of sourcerecvtag receive tagreturns: status objectExecute a blocking send and receive operation. Java binding of the MPI oper-ation MPI SENDRECV. Further comments as for Send and Recv.Status Comm.Sendrecv_replace(Object buf, int offset,int count, Datatype datatype,int dest, int sendtag,int source, int recvtag)22



buf bu�er arrayoffset initial o�set in bu�ercount number of items to senddatatype datatype of each item in bu�erdest rank of destinationsendtag send tagsource rank of sourcerecvtag receive tagreturns: status objectExecute a blocking send and receive operation, receiving message into sendbu�er. Java binding of the MPI operation MPI SENDRECV REPLACE. Fur-ther comments as for send and recv.3.11 Null processesThe constant MPI PROC NULL is available as MPI.PROC NULL.3.12 Derived datatypesIn C or Fortran bindings of MPI, derived datatypes have two roles. One is toallow messages to contain mixed types (for example they allow an integer countfollowed by a sequence of real numbers to be passed in a single message). Theother is to allow noncontiguous data to be transmitted. In mpiJava the �rstrole is abandoned. Any derived type can only include elements of a single basictype. Rationale. In the C binding of MPI, for example, the MPI TYPE -STRUCT constructor for derived types might be used to describe thephysical layout of a struct containing mixed types. This will not workin Java, because Java does not expose the low-level layout of its objects.In C and Fortran another use of MPI TYPE STRUCT involves incorpo-rating o�sets computed as di�erences between absolute addresses, so thatparts of a message can come from separately declared entities. It might bepossible to contrive something analogous in a Java binding, somehow en-coding object references instead of physical addresses. Such a contrivanceis unlikely to be very natural|even in C and Fortran the mechanism is notparticularly elegant. Meanwhile, the e�ect of either of these applications ofMPI TYPE STRUCT can be achieved by using MPI.OBJECT as the bu�ertype, and relying on Java object serialization. (End of rationale.)This leaves description of noncontiguous bu�ers as the essential role for deriveddata types in mpiJava. 23



Every derived data type constructable in mpiJava has a uniquely de�nedbase type. This is one of the 9 basic types enumerated in section 3.2. Derivedtypes inherit their base types from their precursors in a straightforward way.In mpiJava a general datatype is an object that speci�es two things� A base type� A sequence of integer displacementsIn contrast to the C and Fortran bindings the displacements are in terms ofsubscripts in the bu�er array argument, not byte displacements.The base types for the prede�ned MPI datatypes areMPI datatype base typeMPI.BYTE byteMPI.CHAR charMPI.SHORT shortMPI.BOOLEAN booleanMPI.INT intMPI.LONG longMPI.FLOAT floatMPI.DOUBLE doubleMPI.OBJECT ObjectMPI.LB ?MPI.UB ?MPI.PACKED byteThe symbol ? is a special unde�ned value. The displacement sequences for theprede�ned types (other than MPI.LB, MPI.UB) consist of a single zero.If the displacement sequence of a datatype isDispSeq = fdisp0; : : : ; dispn�1gwe de�ne lb(DispSeq) = minj dispj;ub(DispSeq) = maxj (dispj + 1); andextent(DispSeq) = ub(DispSeq)� lb(DispSeq)Rationale. This de�nition of the extent di�ers from the de�nition in theC or Fortran. It is in units of the bu�er array index, not in units of bytes.(End of rationale.)As discussed at the end of this section, these de�nitions have to be modi�ed ifthe type construction involves MPI.LB, MPI.UB.24



static Datatype Datatype.Contiguous(int count, Datatype oldtype)count replication countoldtype old datatypereturns: new datatypeConstruct new datatype representing replication of the old datatype into con-tiguous locations. Java binding of the MPI operation MPI TYPE CONTIG-UOUS. The base type of the new datatype is the same as the base type of theold type. Assume the displacement sequence of the old type isfdisp0; : : : ; dispn�1gwith extent ex. Then the new datatype has a displacement sequence with count� n entries de�ned by:f disp0; : : : ; dispn�1;disp0 + ex; : : : ; dispn�1 + ex;: : : ;disp0 + ex � (count� 1); : : : ; dispn�1 + ex � (count� 1) gstatic Datatype Datatype.Vector(int count,int blocklength, int stride,Datatype oldtype)count number of blocksblocklength number of elements in each blockstride number of elements between start of each blockoldtype old datatypereturns: new datatypeConstruct new datatype representing replication of the old datatype into loca-tions that consist of equally spaced blocks. Java binding of the MPI operationMPI TYPE VECTOR. The base type of the new datatype is the same as thebase type of the old type. Assume the displacement sequence of the old type isfdisp0; : : : ; dispn�1gwith extent ex. Let bl be blocklength. Then the new datatype has a displace-ment sequence with count � bl � n entries de�ned by:f disp0; : : : ; dispn�1; 25



disp0 + ex; : : : ; dispn�1 + ex;: : : ;disp0 + ex � (bl� 1); : : : ; dispn�1 + ex � (bl� 1);disp0 + ex � stride; : : : ; dispn�1 + ex � stride;disp0 + ex � (stride+ 1); : : : ; dispn�1 + ex � (stride+ 1);: : : ;disp0 + ex � (stride+ bl� 1); : : : ; dispn�1 + ex � (stride+ bl� 1);: : : ;disp0 + ex � stride � (count� 1); : : : ; dispn�1 + ex � stride � (count� 1);disp0 + ex � (stride � (count� 1) + 1); : : : ;dispn�1 + ex � (stride � (count� 1) + 1);: : : ;disp0 + ex � (stride � (count� 1) + bl� 1); : : : ;dispn�1 + ex � (stride � (count� 1) + bl� 1) gstatic Datatype Datatype.Hvector(int count,int blocklength, int stride,Datatype oldtype)count number of blocksblocklength number of elements in each blockstride number of elements between start of each blockoldtype old datatypereturns: new datatypeIdentical to Vector except that the stride is expressed directly in terms of thebu�er index, rather than the units of the old type. Java binding of the MPIoperationMPI TYPE HVECTOR. Unlike other language bindings, the value ofstride is not measured in bytes. The displacement sequence of the new typeis: f disp0; : : : ; dispn�1;disp0 + ex; : : : ; dispn�1 + ex;: : : ;disp0 + ex � (bl� 1); : : : ; dispn�1 + ex � (bl� 1);26



disp0 + ex � stride; : : : ; dispn�1 + stride;disp0 + stride+ ex; : : : ; dispn�1 + stride+ ex;: : : ;disp0 + stride+ ex � (bl� 1); : : : ; dispn�1 + stride+ ex � (bl� 1);: : : ;disp0 + stride � (count� 1); : : : ; dispn�1 + stride � (count� 1);disp0 + stride � (count� 1) + ex; : : : ;dispn�1 + stride � (count� 1) + ex;: : : ;disp0 + stride � (count� 1) + ex � (bl� 1); : : : ;dispn�1 + stride � (count� 1) + ex � (bl� 1) gstatic Datatype Datatype.Indexed(int [] array_of_blocklengths,int [] array_of_displacements,Datatype oldtype)array of blocklengths number of elements per blockarray of displacements displacement of each block in units of old typeoldtype old datatypereturns: new datatypeConstruct new datatype representing replication of the old type into a sequenceof blocks where each block can contain a di�erent number of copies and havea di�erent displacement. Java binding of the MPI operation MPI TYPE -INDEXED. The number of blocks is taken to be size of the arrayOfBlock-lengths argument. The second argument, array of displacements, shouldbe the same size. The base type of the new datatype is the same as the basetype of the old type. Assume the displacement sequence of the old type isfdisp0; : : : ; dispn�1gwith extent ex. Let B be the array of blocklengths argument and D be thearray of displacements argument. Then the new datatype has a displacementsequence with n �Pcount�1i=0 B[i] entries:f disp0 + D[0] � ex; : : : ; dispn�1 + D[0] � ex;disp0 + (D[0] + 1) � ex; : : : ; dispn�1 + (D[0] + 1) � ex;27



: : : ;disp0 + (D[0] + B[0]� 1) � ex; : : : ; dispn�1 + (D[0] + B[0]� 1) � ex;: : : ;disp0 + D[count� 1] � ex; : : : ; dispn�1 + D[count� 1] � ex;disp0 + (D[count� 1] + 1) � ex; : : : ; dispn�1 + (D[count� 1] + 1) � ex;: : : ;disp0 + (D[count� 1] + B[count � 1]� 1) � ex; : : : ;dispn�1 + (D[count� 1] + B[count � 1]� 1) � ex gHere, count is the number of blocks.static Datatype Datatype.Hindexed(int [] array_of_blocklengths,int [] array_of_displacements,Datatype oldtype)array of blocklengths number of elements per blockarray of displacements displacement in bu�er for each blockoldtype old datatypereturns: new datatypeIdentical to indexed except that the displacements are expressed directly interms of the bu�er index, rather than the units of the old type. Java binding ofthe MPI operation MPI TYPE HINDEXED. Unlike other language bindings,the values in array of displacements are not measured in bytes. The dis-placement sequence of the new type is:f disp0 + D[0]; : : :; dispn�1 + D[0];disp0 + D[0] + ex; : : : ; dispn�1 + D[0] + ex;: : : ;disp0 + D[0] + (B[0]� 1) � ex; : : : ; dispn�1 + D[0] + (B[0]� 1) � ex;: : : ;disp0 + D[count� 1]; : : : ; dispn�1 + D[count� 1];disp0 + D[count� 1] + ex; : : : ; dispn�1 + D[count� 1] + ex;: : : ; 28



disp0 + D[count� 1] + (B[count � 1]� 1) � ex; : : : ;dispn�1 + D[count� 1] + (B[count � 1]� 1) � ex gstatic Datatype Datatype.Struct(int [] array_of_blocklengths,int [] array_of_displacements,Datatype [] array_of_types)array of blocklengths number of elements per blockarray of displacements displacement in bu�er for each blockarray of types type of elements in each blockreturns: new datatypeThe most general type constructor. Java binding of the MPI operation MPI -TYPE STRUCT. The number of blocks is taken to be size of the array of -blocklengthsargument. The second and third arguments, array of displace-ments and array of types, should be the same size. Unlike other languagebindings, the values in array of displacements are not measured in bytes. Allelements of array of types with de�nite base types must have the same basetype: this will be the base type of new datatype. Let T be the array of typesargument. Assume the displacement sequence of the old type T[i] isfdispi0; : : : ; dispini�1gwith extent exi. Let B be the array of blocklengths argument and D be thearray of displacements argument. Then the new datatype has a displacementsequence withPc�1i=0 B[i] � ni entries:f disp00 + D[0]; : : : ; disp0n0�1 + D[0];disp00 + D[0] + ex0; : : : ; disp0n0�1 + D[0] + ex0;: : : ;disp00 + D[0] + (B[0]� 1) � ex0; : : : ; disp0n0�1 + D[0] + (B[0]� 1) � ex0;: : : ;dispc�10 + D[c� 1]; : : : ; dispc�1nc�1�1 + D[c� 1];dispc�10 + D[c� 1] + exc�1; : : : ; dispc�1nc�1�1 + D[c� 1] + exc�1;: : : ;dispc�10 + D[c� 1] + (B[c� 1]� 1) � exc�1; : : : ;dispc�1nc�1�1 + D[c� 1] + (B[c� 1]� 1) � exc�1 gHere, c is the number of blocks. 29



If any elements of array of types are MPI.LB or MPI.UB, the correspondingdisplacements are omitted in the displacement sequence. These displacementsonly a�ect the computation of Datatype.Lb, Datatype.Ub and Datatype.Ext-ent, as explained below.Revised de�nitionof general datatype. In the presence of MPI.LB, MPI.UBcomponent types, an mpiJava general datatype can be represented by fourthings:� A base type� A sequence, DispSeq, of proper displacements.� A set, LBDisps, of pseudo-displacements for MPI.LB markers.� A set, UBDisps, of pseudo-displacements for MPI.UB markers.For basic datatypes other than MPI.LB, MPI.UB the displacements take the formDispSeq = f0gLBDisps = ;UBDisps = ;For MPI.LB they are DispSeq = ;LBDisps = f0gUBDisps = ;For MPI.UB they are DispSeq = ;LBDisps = ;UBDisps = f0gThe two sets of pseudo-displacements are propagated to derived types by for-mulae identical to the ones given above for proper displacements. Below we willuse the de�nition AllDisps = DispSeq [ LBDisps [UBDispsint Datatype.Extent() 30



returns: datatype extentReturns the extent of a datatype. Java binding of the MPI operation MPI -TYPE EXTENT. Return value is equal toUb()� Lb()int Datatype.Lb()returns: displacement of lower bound from originFind the lower bound of a datatype. Java binding of the MPI operation MPI -TYPE LB. If LBDisps is non-empty the return value of Lb is the least elementof that set. Otherwise it is the least element of AllDisps1.int Datatype.Ub()returns: displacement of upper bound from originFind the upper bound of a datatype. Java binding of the MPI operation MPI -TYPE UB. If UBDisps is non-empty the return value of Ub is the greatest ele-ment of that set. Otherwise it is maxdisp2AllDispsdisp + 1int Datatype.Size()returns: datatype sizeReturns the total size of the type. Java binding of the MPI operation MPI -TYPE SIZE. Size is de�ned as the total number of bu�er elements incorporatedby the data type, or equivalently as the length of the displacement sequence.Unlike other language bindings, the size is not measured in bytes.void Datatype.Commit()Commit a derived datatype. Java binding of the MPI operation MPI TYPE -COMMIT.void Datatype.finalize()1If AllDisps is empty (which could happen for a derived datatype created with replicationcount of zero, for instance) the results of Lb, Ub and thus Extent are unde�ned.31



Destructor. Java binding of the MPI operation MPI TYPE FREE.int Status.Get_elements(Datatype datatype)datatype datatype used by receive operationreturns: number of received basic elementsRetrieve number of basic elements from status. Java binding of the MPI oper-ation MPI GET ELEMENTS.3.13 Pack and unpackint Comm.Pack(Object inbuf, int offset, int incount,Datatype datatype,byte [] outbuf, int position)inbuf input bu�er arrayoffset initial o�set in input bu�erincount number of items in input bu�erdatatype datatype of each item in input bu�eroutbuf output bu�erposition initial position in ouput bu�erreturns: �nal position in output bu�erPacks message in send bu�er inbuf into space speci�ed in outbuf. Java bind-ing of the MPI operation MPI PACK. The return value is the output value ofposition|the inital value incremented by the number of bytes written.int Comm.Unpack(byte [] inbuf, int position,Object outbuf, int offset, int outcount,Datatype datatype)inbuf input bu�erposition initial position in input bu�eroutbuf output bu�er arrayoffset initial o�set in output bu�eroutcount number of items in output bu�erdatatype datatype of each item in output bu�erreturns: �nal position in input bu�er32



Unpacks message in receive bu�er outbuf into space speci�ed in inbuf. Javabinding of the MPI operation MPI UNPACK. The return value is the outputvalue of position|the inital value incremented by the number of bytes read.int Comm.Pack_size(int incount, Datatype datatype)incount number of items in input bu�erdatatype datatype of each item in input bu�erreturns: upper bound on size of packed messageReturns an upper bound on the increment of position e�ected by pack. Javabinding of the MPI operation MPI PACK SIZE. It is an error to call this func-tion if the base type of datatype is MPI.OBJECT.
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4 Collective Communication4.1 Introduction and OverviewIn general the mpiJava bindings of collective communication operations realizethe MPI functions as members of the IntraComm class.4.2 Communicator argumentNo special issues for Java binding.4.3 Barrier synchronizationvoid Intracomm.Barrier()A call to Barrier blocks the caller until all processes in the group have calledit. Java binding of the MPI operation MPI BARRIER.4.4 Broadcastvoid Intracomm.Bcast(Object buffer, int offset, int count,Datatype datatype, int root)buf bu�er arrayoffset initial o�set in bu�ercount number of items in bu�erdatatype datatype of each item in bu�erdest rank of broadcast rootBroadcast a message from the process with rank root to all processes of thegroup. Java binding of the MPI operation MPI BCAST.4.5 Gathervoid Intracomm.Gather(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype, int root)34



sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items to sendsendtype datatype of each item in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcount number of items in receive bu�errecvtype datatype of each item in receive bu�erroot rank of receiving processEach process sends the contents of its send bu�er to the root process. Javabinding of the MPI operation MPI GATHER.void Intracomm.Gatherv(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int [] recvcounts, int [] displs,Datatype recvtype, int root)sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items to sendsendtype datatype of each item in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcounts number of elements received from each processdispls displacements at which to place incoming datarecvtype datatype of each item in receive bu�erroot rank of receiving processExtends functionality of Gather by allowing varying counts of data from eachprocess. Java binding of the MPI operationMPI GATHERV. The sizes of arraysrecvcounts and displs should be the size of the group. Entry i of displsspeci�es the displacement relative to element recvoffset of recvbuf at whichto place incoming data. Note that if recvtype is a derived data type, elementsof displs are in units of the derived type extent, (unlike recvoffset, which isa direct index into the bu�er array).4.6 Scattervoid Intracomm.Scatter(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,35



int recvcount, Datatype recvtype,int root)sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items sent to each processsendtype datatype of send bu�er itemsrecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcount number of items in receive bu�errecvtype datatype of receive bu�er itemsroot rank of sending processInverse of the operation Gather. Java binding of the MPI operationMPI SCAT-TER.void Intracomm.Scatterv(Object sendbuf, int sendoffset,int [] sendcounts, int [] displs,Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype,int root)sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcounts number of items sent to each processdispls displacements from which to take outgoing datasendtype datatype of each item in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcount number of elements in receive bu�errecvtype datatype of receive bu�er itemsroot rank of sending processInverse of the operation Gatherv. Java binding of the MPI operation MPI -SCATTERV.4.7 Gather-to-allvoid Intracomm.Allgather(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype)36



sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items sent to each processsendtype datatype of send bu�er itemsrecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcount number of items in receive bu�errecvtype datatype of receive bu�er itemsSimilar to Gather, but all processes receive the result. Java binding of the MPIoperation MPI ALLGATHER.void Intracomm.Allgatherv(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int [] recvcounts, int [] displs,Datatype recvtype)sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items to sendsendtype datatype of each item in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcounts number of elements received from each processdispls displacements at which to place incoming datarecvtype datatype of each item in receive bu�erSimilar to Gatherv, but all processes receive the result. Java binding of theMPI operation MPI GATHERV.4.8 All-to-All Scatter/Gathervoid Intracomm.Alltoall(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,recvcount, Datatype recvtype)37



sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcount number of items sent to each processsendtype datatype of send bu�er itemsrecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcount number of items received from any processrecvtype datatype of receive bu�er itemsExtension of Allgather to the case where each process sends distinct data toeach of the receivers. Java binding of the MPI operation MPI ALLTOALL.void Intracomm.Alltoallv(Object sendbuf, int sendoffset,int [] sendcount, int [] sdispls,Datatype sendtype,Object recvbuf, int recvoffset,int [] recvcount, int [] rdispls,Datatype recvtype)sendbuf send bu�er arraysendoffset initial o�set in send bu�ersendcounts number of items sent to each processsdispls displacements from which to take outgoing datasendtype datatype of each item in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcounts number of elements received from each processrdispls displacements at which to place incoming datarecvtype datatype of each item in receive bu�erAdds 
exibility to Alltoall: location of data for send is speci�ed by sdisplsand location to place data on receive side is speci�ed by rdispls. Java bindingof the MPI operation MPI ALLTOALLV.4.9 Global Reduction Operationsvoid Intracomm.Reduce(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int count, Datatype datatype,Op op, int root)38



sendbuf send bu�er arraysendoffset initial o�set in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�ercount number of items in send bu�erdatatype data type of each item in send bu�erop reduce operationdest rank of root processCombine elements in input bu�er of each process using the reduce operation,and return the combined value in the output bu�er of the root process. Javabinding of the MPI operation MPI REDUCE.The prede�ned operations are available in Java as MPI.MAX, MPI.MIN, MPI.-SUM, MPI.PROD, MPI.LAND, MPI.BAND, MPI.LOR, MPI.BOR, MPI.LXOR, MPI.BXOR,MPI.MINLOC and MPI.MAXLOC.The handling ofMINLOC andMAXLOC is modelled on the Fortran binding.The extra prede�ned types MPI.SHORT2, MPI.INT2, MPI.LONG2, MPI.FLOAT2,MPI.DOUBLE2 describe pairs of Java numeric primitive types.Op.Op(User_function function, boolean commute)function user de�ned functioncommute true if commutative, false otherwiseBind a user-de�ned global reduction operation to an Op object. Java binding ofthe MPI operation MPI OP CREATE. The abstract base class User functionis de�ned byclass User_function {public abstract void Call(Object invec, int inoffset,Object inoutvec, int inoutoffset,int count, Datatype datatype) ;}To de�ne a new operation, the programmer should de�ne a concrete subclass ofUser function, implementing the Call method, then pass an object from thisclass to the Op constructor. The User function.Callmethod plays exactly thesame role as the function argument in the standard bindings of MPI. The actualarguments invec and inoutvec passed to call will be arrays containing countelements of the type speci�ed in the datatype argument. O�sets in the arrayscan be speci�ed as for message bu�ers. The user-de�ned Call method shouldcombine the arrays element by element, with results appearing in inoutvec.void Op.finalize() 39



Destructor. Java binding of the MPI operation MPI OP FREE.void Intracomm.Allreduce(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int count, Datatype datatype,Op op)sendbuf send bu�er arraysendoffset initial o�set in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�ercount number of items in send bu�erdatatype data type of each item in send bu�erop reduce operationSame as Reduce except that the result appears in receive bu�er of all processesin the group. Java binding of the MPI operation MPI ALLREDUCE.4.10 Reduce-Scattervoid Intracomm.Reduce_scatter(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int [] recvcounts,Datatype datatype, Op op)sendbuf send bu�er arraysendoffset initial o�set in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�errecvcounts numbers of result elements distributed to each processdatatype data type of each item in send bu�erop reduce operationCombine elements in input bu�er of each process using the reduce operation,and scatter the combined values over the output bu�ers of the processes. Javabinding of the MPI operation MPI REDUCE SCATTER.4.11 Scanvoid Intracomm.Scan(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int count, Datatype datatype,Op op) 40



sendbuf send bu�er arraysendoffset initial o�set in send bu�errecvbuf receive bu�er arrayrecvoffset initial o�set in receive bu�ercount number of items in input bu�erdatatype data type of each item in input bu�erop reduce operationPerform a pre�x reduction on data distributed across the group. Java bindingof the MPI operation MPI SCAN.4.12 CorrectnessNo special issues for Java binding.
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5 Groups, Contexts and Communicators5.1 IntroductionNo special issues for Java binding.5.2 Basic ConceptsThe constantMPI GROUP EMPTY is available as MPI.GROUP EMPTY. The con-stants MPI COMM WORLD, MPI COMM SELF are available as MPI.COMM -WORLD, MPI.COMM SELF.5.3 Group Managementint Group.Size()returns: number of processors in the groupSize of group. Java binding of the MPI operation MPI GROUP SIZE.int Group.Rank()returns: rank of the calling process in the groupRank of this process in group. Java binding of the MPI operation MPI -GROUP RANK. Result value is MPI.UNDEFINED if this process is not a memberof the group.static int [] Group.Translate_ranks(Group group1, int [] ranks1,Group group2)group1 �rst groupranks1 array of valid ranks in group1group2 second groupreturns: array of corresponding ranks in group2Translate ranks within �rst group to ranks within second group. Java binding ofthe MPI operation MPI GROUP TRANSLATE RANKS. Result elements areMPI.UNDEFINED where no correspondence exists.static int Group.Compare(Group group1, Group group2)42



group1 �rst groupgroup2 second groupreturns: resultCompare two groups. Java binding of the MPI operationMPI GROUP COMP-ARE. MPI.IDENT results if the group members and group order are exactly thesame in both groups. MPI.SIMILAR results if the group members are the samebut the order is di�erent. MPI.UNEQUAL results otherwise.Group Comm.Group()returns: group corresponding to this communicatorReturn group associated with a communicator. Java binding of the MPI oper-ation MPI COMM GROUP.static Group Group.Union(Group group1, Group group2)group1 �rst groupgroup2 second groupreturns: union groupSet union of two groups. Java binding of the MPI operation MPI GROUP UN-ION.static Group Group.Intersection(Group group1, Group group2)group1 �rst groupgroup2 second groupreturns: intersection groupSet intersection of two groups. Java binding of the MPI operation MPI GRO-UP INTERSECTION.static Group Group.Difference(Group group1, Group group2)group1 �rst groupgroup2 second groupreturns: di�erence group 43



Result contains all elements of the �rst group that are not in the second group.Java binding of the MPI operation MPI GROUP DIFFERENCE.Group Group.Incl(int [] ranks)ranks ranks from this group to appear in new groupreturns: new groupCreate a subset group including speci�ed processes. Java binding of the MPIoperation MPI GROUP INCL.Group Group.Excl(int [] ranks)ranks ranks from this group not to appear in new groupreturns: new groupCreate a subset group excluding speci�ed processes. Java binding of the MPIoperation MPI GROUP EXCL.Group Group.Range_incl(int [] [] ranges)ranges array of integer tripletsreturns: new groupCreate a subset group including processes speci�ed by strided intervals of ranks.Java binding of the MPI operation MPI GROUP RANGE INCL. The tripletsare of the form (�rst rank; last rank; stride) indicating ranks in this group tobe included in the new group. The size of the �rst dimension of ranges is thenumber of triplets. The size of the second dimension is 3.Group Group.Range_excl(int [] [] ranges)ranges array of integer tripletsreturns: new groupCreate a subset group excluding processes speci�ed by strided intervals of ranks.Java binding of the MPI operation MPI GROUP RANGE EXCL. Triplet arrayis de�ned as for Range incl, the ranges indicating ranks in this group to beexcluded from the new group. 44



void Group.finalize()Destructor. Java binding of the MPI operation MPI GROUP FREE.5.4 Communicator Managementint Comm.Size()returns: number of processors in the group of this communicatorSize of group of this communicator. Java binding of the MPI operation MPI -COMM SIZE.int Comm.Rank()returns: rank of the calling process in the group of this communicatorRank of this process in group of this communicator. Java binding of the MPIoperation MPI COMM RANK.static int Comm.Compare(Comm comm1, Comm comm2)comm1 �rst communicatorcomm2 second communicatorreturns: resultCompare two communicators. Java binding of the MPI operationMPI COMM -COMPARE. MPI.IDENT results if the comm1 and comm2 are references to thesame object (ie, if comm1 == comm2). MPI.CONGRUENT results if the underlyinggroups are identical but the communicators di�er by context. MPI.SIMILARresults if the underlying groups are similar but the communicators di�er bycontext. MPI.UNEQUAL results otherwise.Object Comm.clone()returns: copy of this communicatorDuplicate this communicator. Java binding of the MPI operationMPI COMM -DUP. The new communicator is \congruent" to the old one, but has a di�erentcontext. 45



Rationale. The decision to use the standard Java clone method meansthe static result type must be Object. The dynamic type will be that ofthe Comm subclass of the parent. MPI-de�ned and user-de�ned subclassesof Comm will generally override clone to ensure all relevant attributes arecopied. (End of rationale.)Intracomm Intracomm.Create(Group group)group group which is a subset of the group of this communicatorreturns: new communicatorCreate a new communicator. Java binding of the MPI operation MPI COMM -CREATE.Intracomm Intracomm.Split(int color, int key)color control of subset assignmentkey control of rank assignmentreturns: new communicatorPartition the group associated with this communicator and create a new commu-nicator within each subgroup. Java binding of the MPI operationMPI COMM -SPLIT.void Comm.Free()Destroy this communicator. Java binding of the MPI operation MPI COMM -FREE.Rationale. An explicitly called Free method is required rather thanan implicitly called finalize method, because MPI COMM FREE is acollective operation. We cannot assume that the Java garbage collectorwill call a finalize method synchronously on all processors. (End ofrationale.)boolean Comm.Is_null()returns: true if the communicator object has been freed, false otherwiseReplaces comparision with MPI COMM NULL.46



5.5 Motivating ExamplesNo special issues for Java binding.5.6 Inter-Communicationboolean Comm.Test_inter()returns: true if this is an inter-communicator, false otherwiseTest if this communicator is an inter-communicator. Java binding of the MPIoperation MPI COMM TEST INTER.int Intercomm.Remote_size()returns: number of process in remote group of this communicatorSize of remote group. Java binding of the MPI operation MPI COMM REM-OTE SIZE.Group Intercomm.Remote_Group()returns: remote group of this communicatorReturn the remote group. Java binding of the MPI operation MPI COMM -REMOTE GROUP.Intercomm Comm.Create_intercomm(Comm local_comm, int local_leader,int remote_leader, int tag)local comm local intra-communicatorlocal leader rank of local group leader in localCommremote leader rank of remote group leader in this communictortag \safe" tagreturns: new inter-communicatorCreate an inter-communicator. Java binding of the MPI operationMPI INTER-COMM CREATE.Rationale. This operation is de�ned as a method on the \peer commu-nicator", making it analogous to a Send or Recv communication with theremote group leader. (End of rationale.)47



Intracomm Intercomm.Merge(boolean high)high true if the local group has higher ranks in combined groupreturns: new intra-communicatorCreate an intra-communicator from the union of the two groups in the inter-communicator. Java binding of the MPI operation MPI INTERCOMM MER-GE.5.7 CachingIt is assumed that to achieve the e�ect of caching attributes in user-customizedcommunicators programmers will create subclasses of the library-de�ned com-municator classes with suitable additional �elds. These �elds may be copied ordeleted by suitably overridden clone and finalize methods.Hence the only \caching" operation surviving here is the binding of MPI -ATTR GET, which is needed to access values of attributes prede�ned by theimplementation. According the standard, the key values for such attributesinclude MPI.TAG UB, MPI.HOST, MPI.IO and MPI.WTIME IS GLOBAL.int Comm.Attr_get(int keyval)keyval one of the key values prede�ned by the implementationreturns: attribute valueRetrieves attribute value by key. Java binding of the MPI operation MPI AT-TR GET.
48



6 Process Topologies6.1 IntroductionCommunicators with Cartesian or graph topologies will be realized as instancesof the subclasses Cartcomm or Graphcomm, respectively of Intracomm.6.2 Virtual TopologiesNo special issues for Java binding.6.3 Embedding in MPINo special issues for Java binding.6.4 Overview of the FunctionsNo special issues for Java binding.6.5 Topology ConstructorsCartcomm Intracomm.Create_cart(int [] dims, boolean [] periods,boolean reorder)dims the number of processes in each dimensionperiods true if grid is periodic, false if not, in each dimensionreorder true if ranking may be reordered, false if notreturns: new Cartesian topology communicatorCreate a Cartesian topology communicator whose group is a subset of the groupof this communicator. Java binding of the MPI operationMPI CART CREATE.The number of dimensions of the Cartesian grid is taken to be the size of thedims argument. The array periods must be the same size.static Cartcomm.Dims_create(int nnodes, int [] dims)nnodes number of nodes in a griddims array specifying the number of nodes in each dimensionSelect a balanced distribution of processes per coordinate direction. Java bind-ing of the MPI operation MPI DIMS CREATE. Number of dimensions is thesize of is dims. Note that dims is an inout parameter.49



Graphcomm Intracomm.Create_graph(int [] index, int [] edges,boolean reorder)index node degreesedges graph edgesreorder true if ranking may be reordered, false if notreturns: new graph topology communicatorCreate a graph topology communicator whose group is a subset of the group ofthis communicator. Java binding of the MPI operationMPI GRAPH CREATE.The number of nodes in the graph, nnodes, is taken to be size of the indexargument. The size of array edges must be index[nnodes � 1].int Comm.Topo_test()returns: topology type of communicatorReturns the type of topology associated with the communicator. Java bind-ing of the MPI operation MPI TOPO TEST. The return value will be one ofMPI.GRAPH, MPI.CART or MPI.UNDEFINED.GraphParms Graphcomm.Get()returns: object de�ning node degress and edges of graphReturns graph topology information. Java binding of the MPI operationsMPI -GRAPHDIMS GET and MPI GRAPH GET. The class of the returned objectis public class GraphParms {public int [] index ;public int [] edges ;}The number of nodes and number of edges can be extracted from the sizes ofthe index and edges arrays.CartParms Cartcomm.Get()returns: object containing dimensions, periods and local coordinatesReturns Cartesian topology information. Java binding of the MPI operationsMPI CARTDIM GET and MPI CART GET. The class of the returned objectis 50



public class CartParms {public int [] dims ;public booleans [] periods ;public int [] coords ;}The number of dimensions can be obtained from the size of (eg) the dims array.Rationale. The inquiriesMPI GRAPHDIMS GET,MPI GRAPH GET,MPI CARTDIM GET, and MPI CART GET are unusual in returningmultiple independent values from single calls. This is a problem in Java.The Java binding could split these inquiries into several independent ones,but that would complicate JNI-based wrapper implementations. Hence weintroduced the auxilliary classes GraphParms and CartParms to hold mul-tiple results. (End of rationale.)int Cartcomm.Rank(int [] coords)coords Cartesian coordinates of a processreturns: rank of the speci�ed processTranslate logical process coordinates to process rank. Java binding of the MPIoperation MPI CART RANK.int [] Cartcomm.Coords(int rank)coords rank of a processreturns: Cartesian coordinates of the speci�ed processTranslate process rank to logical process coordinates. Java binding of the MPIoperation MPI CART COORDS.int [] Graphcomm.Neighbours(int rank)coords rank of a process in the group of this communicatorreturns: array of ranks of neighbouring processes to one speci�edProvides adjacency information for general graph topology. Java binding of theMPI operationsMPI GRAPH NEIGHBOURS COUNT andMPI GRAPH NE-IGHBOURS. The number of neighbours can be extracted from the size of theresult. 51



ShiftParms Cartcomm.Shift(int direction, int disp)direction coordinate dimension of shiftdisp displacementreturns: object containing ranks of source and destination processesCompute source and destination ranks for \shift" communication. Java bindingof the MPI operation MPI CART SHIFT. The class of the returned object ispublic class ShiftParms {public int rankSource ;public int rankDest ;}Cartcomm Cartcomm.Sub(boolean [] remainDims)remainDims by dimension, true if dimension is to be kept, false otherwisereturns: communicator containing subgrid including this processPartition Cartesian communicator into subgroups of lower dimension. Javabinding of the MPI operation MPI CART SUB.int Cartcomm.Map(int [] dims, boolean [] periods)dims the number of processes in each dimensionperiods true if grid is periodic, false if not, in each dimensionreturns: reordered rank of calling processCompute an optimal placement. Java binding of the MPI operation MPI -CART MAP. The number of dimensions is taken to be size of the dims argu-ment.int Graphcomm.Map(int [] index, int [] edges)index node degreesedges graph edgesreturns: reordered rank of calling processCompute an optimal placement. Java binding of the MPI operation MPI -GRAPH MAP. The number of nodes is taken to be size of the index argument.52



7 MPI Environmental Management7.1 Implementation informationThe constants MPI TAG UB, MPI HOST and MPI IO are available as MPI.-TAG UB, MPI.HOST, MPI.IO.static String MPI.Get_processor_name()returns: A unique speci�er for the actual node.Returns the name of the processor on which it is called. Java binding of theMPI operation MPI GET PROCESSOR NAME.7.2 Error handlingThe constantsMPI ERRORS ARE FATAL,MPI ERRORS RETURN are avail-able as MPI.ERRORS ARE FATAL, MPI.ERRORS RETURN.If the e�ective error handler isMPI ERRORS RETURN, the wrapper codeswill throw appropriate Java exceptions (see section 7.3).Currently mpiJava omits an interface for creating new MPI error handlers(the detailed interface of the handler function depends on unstandardized fea-tures of the MPI implementation).static void Comm.Errorhandler_set(Errhandler errhandler)errhandler new MPI error handler for communicatorAssociates a new error handler with communicator at the calling process. Javabinding of the MPI operation MPI ERRORHANDLER SET.static Errhandler Comm.Errorhandler_get()returns: MPI error handler currently associated with communicatorReturns the error handler currently associated with the communicator. Javabinding of the MPI operation MPI ERRORHANDLER GET.7.3 Error codes and classesThe MPIException subclasses 53



MPIErrBufferMPIErrCountMPIErrTypeMPIErrTagMPIErrCommMPIErrRankMPIErrRequestMPIErrRootMPIErrGroupMPIErrOpMPIErrTopologyMPIErrDimsMPIErrArgMPIErrUnknownMPIErrTruncateMPIErrOtherMPIErrInterncorrespond to the standard MPI error classes. [Not implemented in the currentrelease.]7.4 Timersstatic double MPI.Wtime()returns: elapsed wallclock time in seconds since some time in the pastReturns wallclock time. Java binding of the MPI operation MPI WTIME.static double MPI.Wtick()returns: resolution of wtime in seconds.Returns resolution of timer. Java binding of the MPI operation MPI WTICK.7.5 Startupstatic String [] MPI.Init(String[] argv)argv arguments to main method.returns: command line arguments returned by MPI.Initialize MPI. Java binding of the MPI operation MPI INIT.54



static void MPI.Finalize()Finalize MPI. Java binding of the MPI operation MPI FINALIZE.static boolean MPI.Initialized()returns: true if init has been called, false otherwise.Test if MPI has been initialized. Java binding of the MPI operation MPI INIT-IALIZED.void Comm.Abort(int errorcode)errorcode error code for Unix or POSIX environmentsAbort MPI. Java binding of the MPI operation MPI ABORT.
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8 Full public interface of classesSection names appearing in comments refer to the preceding appendix. Speci-�cation of the methods immediately following those comments should be foundin the referenced section.
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8.1 MPIpublic class MPI {public static Intracomm COMM_WORLD;public static Datatype BYTE, CHAR, SHORT, BOOLEAN, INT, LONG,FLOAT, DOUBLE, OBJECT, PACKED, LB, UB ;public static int ANY_SOURCE, ANY_TAG ;public static int PROC_NULL ;public static int BSEND_OVERHEAD ;public static int UNDEFINED ;public static Op MAX, MIN, SUM, PROD, LAND, BAND,LOR, BOR, LXOR, BXOR, MINLOC, MAXLOC ;public static Datatype SHORT2, INT2, LONG2, FLOAT2, DOUBLE2 ;public static Group GROUP_EMPTY ;public static Comm COMM_SELF ;public static int IDENT, CONGRUENT, SIMILAR, UNEQUAL ;public static int GRAPH, CART ;public static ErrHandler ERRORS_ARE_FATAL, ERRORS_RETURN ;public static int TAG_UB, HOST, IO ;// Buffer allocation and usagepublic static void Buffer_attach(byte [] buffer)throws MPIException {...}public static byte [] Buffer_detach() throws MPIException {...}// Environmental Managementpublic static String [] Init(String[] argv) throws MPIException {...}public static void Finalize() throws MPIException {...}57



public static String Get_processor_name() throws MPIException {...}public static double Wtime() {...}public static double Wtick() {...}public static boolean Initialized() throws MPIException {...}...}public class Errhandler {...}
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8.2 Commpublic class Comm {// Communicator Managementpublic int Size() throws MPIException {...}public int Rank() throws MPIException {...}public Group Group() throws MPIException {...}// (see ``Group management'')public static int Compare(Comm comm1, Comm comm2)throws MPIException {...}public Object clone() {...}public void Free() throws MPIException {...}public boolean Is_null() {...}// Inter-communicationpublic boolean Test_inter() throws MPIException {...}public Intercomm Create_intercomm(Comm local_comm, int local_leader,int remote_leader, int tag)throws MPIException {...}// Cachingpublic Object Attr_get(int keyval) throws MPIException {...}// Blocking Send and Receive operationspublic void Send(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Status Recv(Object buf, int offset, int count,Datatype datatype, int source, int tag)throws MPIException {...}// Communication Modes 59



public void Bsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public void Ssend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public void Rsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}// Nonblocking communicationpublic Request Isend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Request Ibsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Request Issend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Request Irsend(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Request Irecv(Object buf, int offset, int count,Datatype datatype, int source, int tag)throws MPIException {...}// Probe and cancelpublic Status Iprobe(int source, int tag) throws MPIException {...}public Status Probe(int source, int tag) throws MPIException {...}// Persistent communication requestspublic Prequest Send_init(Object buf, int offset, int count,60



Datatype datatype, int dest, int tag)throws MPIException {...}public Prequest Bsend_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Prequest Ssend_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Prequest Rsend_init(Object buf, int offset, int count,Datatype datatype, int dest, int tag)throws MPIException {...}public Prequest Recv_init(Object buf, int offset, int count,Datatype datatype, int source, int tag)throws MPIException {...}// Send-receivepublic Status Sendrecv(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,int dest, int sendtag,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype,int source, int recvtag)throws MPIException {...}public Status Sendrecv_replace(Object buf, int offset,int count, Datatype datatype,int dest, int sendtag,int source, int recvtag)throws MPIException {...}// Pack and unpackpublic int Pack(Object inbuf, int offset, int incount,Datatype datatype,byte [] outbuf, int position)throws MPIException {...}public int Unpack(byte [] inbuf, int position,Object outbuf, int offset, int outcount,Datatype datatype) throws MPIException {...}61



public int Pack_size(int incount, Datatype datatype)throws MPIException {...}// Process Topologiesint Topo_test() throws MPIException {...}// Environmental Managementpublic void Errorhandler_set(Errhandler errhandler)throws MPIException {...}public Errhandler Errorhandler_get() throws MPIException {...}void Abort(int errorcode) throws MPIException {...}...}
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8.3 Intracomm and Intercommpublic class Intracomm extends Comm {public Object clone() { ... }public Intracomm Create(Group group) throws MPIException {...}public Intracomm Split(int colour, int key) throws MPIException {...}// Collective communicationpublic void Barrier() throws MPIException {...}public void Bcast(Object buffer, int offset, int count,Datatype datatype, int root)throws MPIException {...}public void Gather(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype, int root)throws MPIException {...}public void Gatherv(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int [] recvcount, int [] displs,Datatype recvtype, int root)throws MPIException {...}public void Scatter(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype, int root)throws MPIException {...}public void Scatterv(Object sendbuf, int sendoffset,int [] sendcount, int [] displs,Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype, int root)throws MPIException {...}public void Allgather(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype)63



throws MPIException {...}public void Allgatherv(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int [] recvcounts, int [] displs,Datatype recvtype) throws MPIException {...}public void Alltoall(Object sendbuf, int sendoffset,int sendcount, Datatype sendtype,Object recvbuf, int recvoffset,int recvcount, Datatype recvtype)throws MPIException {...}public void Alltoallv(Object sendbuf, int sendoffset,int [] sendcount, int [] sdispls,Datatype sendtype,Object recvbuf, int recvoffset,int [] recvcount, int [] rdispls,Datatype recvtype) throws MPIException {...}public void Reduce(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int count, Datatype datatype,Op op, int root) throws MPIException {...}public void Allreduce(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int count, Datatype datatype,Op op) throws MPIException {...}public void Reduce_scatter(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int [] recvcounts, Datatype datatype,Op op) throws MPIException {...}public void Scan(Object sendbuf, int sendoffset,Object recvbuf, int recvoffset,int count, Datatype datatype,Op op) throws MPIException {...}// Topology Constructorspublic Graphcomm Create_graph(int [] index, int [] edges,boolean reorder)throws MPIException {...}64



public Cartcomm Create_cart(int [] dims, boolean [] periods,boolean reorder)throws MPIException {...}...}public class Intercomm extends Comm {public Object clone() { ... }// Inter-communicationpublic int Remote_size() throws MPIException {...}public Group Remote_group() throws MPIException {...}public Intracomm Merge(boolean high) throws MPIException {...}...}
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8.4 Oppublic class Op {Op(User_function function, boolean commute) throws MPIException {...}void finalize() throws MPIException {...}...}
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8.5 Grouppublic class Group {// Group Managementpublic int Size() throws MPIException {...}public int Rank() throws MPIException {...}public static int [] Translate_ranks(Group group1, int [] ranks1,Group group2)throws MPIException {...}public static int Compare(Group group1, Group group2)throws MPIException {...}public static Group Union(Group group1, Group group2)throws MPIException {...}public static Group Intersection(Group group1, Group group2)throws MPIException {...}public static Group Difference(Group group1, Group group2)throws MPIException {...}public Group Incl(int [] ranks) throws MPIException {...}public Group Excl(int [] ranks) throws MPIException {...}public Group Range_incl(int [] [] ranges) throws MPIException {...}public Group Range_excl(int [] [] ranges) throws MPIException {...}public void finalize() throws MPIException {...}...}
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8.6 Statuspublic class Status {public int source;public int tag;public int index ;// Blocking Send and Receive operationspublic int Get_count(Datatype datatype) throws MPIException {...}// Probe and Cancelpublic boolean Test_cancelled() throws MPIException {...}// Derived datatypespublic int Get_elements(Datatype datatype) throws MPIException {...}...}
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8.7 Request and Prequestpublic class Request {// Nonblocking communicationpublic Status Wait() throws MPIException {...}public Status Test() throws MPIException {...}public void Free() throws MPIException {...}public boolean Is_null() {...}public static Status Waitany(Request [] array_of_requests)throws MPIException {...}public static Status Testany(Request [] array_of_requests)throws MPIException {...}public static Status [] Waitall(Request [] array_of_requests)throws MPIException {...}public static Status [] Testall(Request [] array_of_requests)throws MPIException {...}public static Status [] Waitsome(Request [] array_of_requests)throws MPIException {...}public static Status [] Testsome(Request [] array_of_requests)throws MPIException {...}// Probe and cancelpublic void Cancel() throws MPIException {...}...}public class Prequest extends Request {// Persistent communication requestspublic void Start() throws MPIException {...}public static void Startall(Prequest [] array_of_requests)throws MPIException {...}69



...}

70



8.8 Datatypepublic class Datatype {// Derived datatypespublic static Datatype Contiguous(int count, Datatype oldtype)throws MPIException {...}public static Datatype Vector(int count, int blocklength, int stride,Datatype oldtype)throws MPIException {...}public static Datatype Hvector(int count, int blocklength, int stride,Datatype oldtype)throws MPIException {...}public static Datatype Indexed(int [] array_of_blocklengths,int [] array_of_displacements,Datatype oldtype)throws MPIException {...}public static Datatype Hindexed(int [] array_of_blocklengths,int [] array_of_displacements,Datatype oldtype)throws MPIException {...}public static Datatype Struct(int [] array_of_blocklengths,int [] array_of_displacements,Datatype [] array_of_types)throws MPIException {...}public int Extent() throws MPIException {...}public int Lb() throws MPIException {...}public int Ub() throws MPIException {...}public int Size() throws MPIException {...}public void Commit() throws MPIException {...}public void finalize() throws MPIException {...}...} 71



8.9 Classes for virtual topologiespublic class Cartcomm extends Intracomm {public Object clone() { ... }// Topology Constructorsstatic public Dims_create(int nnodes, int [] dims)throws MPIException {...}public CartParms Get() throws MPIException {...}public int Rank(int [] coords) throws MPIException {...}public int [] Coords(int rank) throws MPIException {...}public ShiftParms Shift(int direction, int disp) throws MPIException {...}public Cartcomm Sub(boolean [] remainDims) throws MPIException {...}public int Map(int [] dims, boolean [] periods) throws MPIException {...}}public class CartParms {// Return type for Cartcomm.get()public int [] dims ;public booleans [] periods ;public int [] coords ;}public class ShiftParms {// Return type for Cartcomm.shift()public int rankSource ;public int rankDest ;}public class Graphcomm extends Intracomm {public Object clone() { ... }// Topology Constructorspublic GraphParms Get() throws MPIException {...}72



public int [] Neighbours(int rank) throws MPIException {...}public int Map(int [] index, int [] edges) throws MPIException {...}}public class GraphParms {// Return type for Graphcomm.get()public int [] index ;public int [] edges ;}
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