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CALL MPI_WAIT(req, status) 1

DO I=1, n-1 2
CALL MPI_ISEND(outval, 1, MPI_REAL, O, O, req, ierr) 3

CALL MPI_REQUEST_FREE(req, ierr) 4

CALL MPI_IRECV(inval, 1, MPI_REAL, O, O, req, ierr) 5

CALL MPI_WAIT(req, status, ierr) 6

END DO 7
CALL MPI_ISEND(outval, 1, MPI_REAL, O, O, req, ierr) 8
CALL MPI_WAIT(req, status) 9

END IF 10
11

3.7.4 Semantics of Nonblocking Communications 12

13
The semantics of nonblocking communication is defined by suitably extending the definitions

in Section 3.5.

14
15

16
Order Nonblocking communication operations are ordered according to the execution order

of the calls that initiate the communication. The non-overtaking requirement of Section 3.5
is extended to nonblocking communication, with this definition of order being used.

17
18
19
20

Example 3.12 Message ordering for nonblocking operations. o’

CALL MPI_COMM_RANK(comm, rank, ierr) 22
IF (RANK.EQ.O) THEN 23
CALL MPI_ISEND(a, 1, MPI_REAL, 1, O, comm, rl, ierr) 24

CALL MPI_ISEND(b, 1, MPI_REAL, 1, O, comm, r2, ierr) 25

ELSE ! rank.EQ.1 26
CALL MPI_IRECV(a, 1, MPI_REAL, O, MPI_ANY_TAG, comm, rl, ierr) 27

CALL MPI_IRECV(b, 1, MPI_REAL, O, O, comm, r2, ierr) 28

END IF 2
CALL MPI_WAIT(rl,status) 20
CALL MPI_WAIT(r2,status) o
32

The first send of process zero will match the first receive of process one, even if both messages 23
are sent before process one executes either receive. 34
35

Progress A call to MPI that completes a receive will eventually terminate and return 36
if a matching send has been started, unless the send is satisfied by another receive. In a7
particular, if the matching send is nonblocking, then the receive should complete even if 38
no call is executed by the sender to complete the send. Similarly, a call to MPI that 39
completes a send will eventually return if a matching receive has been started, unless the 10
receive is satisfied by another send, and even if no call is executed to complete the receive. 41
42

Example 3.13 An illustration of progress semantics. 43

44

CALL MPI_COMM_RANK(comm, rank, ierr)

IF (RANK.EQ.O) THEN
CALL MPI_SSEND(a, 1, MPI_REAL, 1, O, comm, ierr)
CALL MPI_SEND(b, 1, MPI_REAL, 1, 1, comm, ierr)

45
46
47

48
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3.7. NONBLOCKING COMMUNICATION 13

ELSE ! rank.EQ.1
CALL MPI_IRECV(a, 1, MPI_REAL, 0, O, comm, r, ierr)
CALL MPI_RECV(b, 1, MPI_REAL, 0, 1, comm, ierr)
CALL MPI_WAIT(r, status, ierr)

END IF

This code should not deadlock in a correct MPI implementation. The first synchronous
send of process zero must complete after process one posts the matching (nonblocking)
receive even if process one has not yet reached the completing wait call. Thus, process zero
will continue and execute the second send, allowing process one to complete execution.

If an MPI_TEST that completes a receive is repeatedly called with the same arguments.
and a matching send has been started, then the call will eventually return flag = true, unless
the send is satisfied by another receive. If an MPI_TEST that completes a send is repeatedly
called with the same arguments, and a matching receive has been started, then the call will
eventually return flag = true, unless the receive is satisfied by another send.

3.7.5 Multiple Completions

It is convenient to be able to wait for the completion of any, some, or all the operations
in a list, rather than having to wait for a specific message. A call to MPI_ZWAITANY or
MPI_TESTANY can be used to wait for the completion of one out of several operations. A
call to MPI_WAITALL or MPI_TESTALL can be used to wait for all pending operations in
a list. A call to MPI or MPI_.TESTSOME can be used to complete all enabled
operations in a list.

MPI_WAITANY (count, array_of requests, index, status)

IN count list length (integer)
INOUT  array_of_requests array of requests (array of handles)
ouT index index of handle for operation that completed (integer)
our status status object (Status)
int MPI _Waitany(int count, MPI _of _requests, int *index,

MPI_Status *status)

MPI_WAITANY(COUNT, ARRAY_OF REQUESTS, INDEX, STATUS, IERROR)
INTEGER COUNT, ARRAY_OF_REQUESTS(*), INDEX, STATUS(MPI_STATUS_SIZE),
IERROR

Blocks until one of the operations associated with the active requests in the array has
completed. If more then one operation is enabled and can terminate, one is arbitrarily
chosen. Returns in index the index of that request in the array and returns in status the
status of the completing communication. (The array is indexed from zero in C, and from

as allocated by a nonblocking communication operation,
then it is deallocated and the request handle is set to MPI_REQUEST_NULL.

T'he array_of_requests list may contain null or inactive handles. If the list contains no
active handles (list has length zero or all entries are null or inactive), then the call returns
immediately with index = MPI_UNDEFINED.
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The execution of MPI_ rray_of_requests, index, status) has the same 1
effect as the execution of MPI_ rray_of_requests[i], status), where i is the value 2
returned by index. MPI'WAITANY with an array containing one active entry is equivalent 3
to MPI . 4

MPI_TESTANY(count, array_of requests, index, flag, status)

IN count list length (integer) 8
INOUT  array_of_requests array of requests (array of handles) °
ouT index index of operation that completed, or MPI_UNDE- 1(1)
FINED if none completed (integer) b

ouT flag true if one of the operations is complete (logical) 13
ouTr status status object (Status) 1
15

int MPI_Testany(int count, MPI _of _requests, int *index, e

7
int *flag, MPI_Status *status) '
18

MPI_TESTANY(COUNT, ARRAY_OF_REQUESTS, INDEX, FLAG, STATUS, IERROR) 19
LOGICAL FLAG 20
INTEGER COUNT, ARRAY_OF_REQUESTS(*), INDEX, STATUS(MPI_STATUS_SIZE), 21
TIERROR 22

23

Tests for completion of either one or none of the operations associated with active y

handles. In the former case, it returns flag = true, returns in index the index of this request .
in the array, and returns in status the status of that operation; if the request was allocated
by a nonblocking communication call then the request is deallocated and the handle is set
to MPI_REQUEST_NULL. (The array is indexed from zero in C, and from one in Fortran.) In

the latter case, it returns flag = false, returns a value of MPI_UNDEFINED in index and status

26
27
28

29
is undefined. The array may contain null or inactive handles. If the array contains no active

handles then the call returns immediately with flag = false, index = MPI_UNDEFINED. and
status undefined.

The execution of MPI_TESTANY(count, array_of_requests, index, status) has the same
effect as the execution of MPI_TEST(&array_of_requests|i], flag, status). fori=0, 1 ,..., count-
1, in some arbitrary order, until one call returns flag = true, or all fail. In the former
case, index is set to the last value of i, and in the latter case, it is set to MPILUNDEFINED.
MPI_TESTANY with an array containing one active entry is equivalent to MPI_TEST.

30

31

32

33

34

35

36

37

38

MPI_WAITALL( count, array_of_requests, array_of 9
40

IN count lists length (integer) “
INOUT  array_of_requests array of requests (array of handles) 42
our array_of_statuses array of status objects (array of Status) *
44

int MPI_Waitall(int count, MPI —of _requests, 45

46
MPI_Status *array_of_statuses )
47

MPI_WAITALL(COUNT, ARRAY_OF_REQUESTS, ARRAY_OF_STATUSES, IERROR) 48
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3.7. NONBLOCKING COMMUNICATION 45

INTEGER COUNT, ARRAY_OF REQUESTS(*)
INTEGER ARRAY_OF STATUSES (MPI SIZE,*), IERROR

Blocks until all communication operations associated with active handles in the list
complete, and return the status of all these operations (this includes the case where no
handle in the list is active). Both arrays have the same number of valid entries. The
i-th entry in array_of_statuses is set to the return status of the i-th operation. Requests
that were created by nonblocking communication operations are deallocated and the corre-
sponding handles in the array are set to MPI_LREQUEST_NULL. The list may contain null or
inactive handles. The call returns in the status of each such entry tag = MPI_ANY_TAG,
source = MPI_ANY_SOURCE, and each status entry is also configured so that calls to
MPI_GET_COUNT and MPI_GET_ELEMENTS return count = 0.

The execution of MPI_ rray_of_requests, array_of_statuses) has the same
effect as the execution of MPI_ rray_of_request|[i], &array_of_statuses[i]). for i=0 ,...,
count-1, in some arbitrary order. MPI_WAITALL with an array of length one is equivalent
to MPI

MPI_TESTALL(count, array_of_requests, flag, array_of statuses)

IN count lists length (integer)

INOUT  array_of_requests array of requests (array of handles)

ouT flag (logical)

our array_of_statuses array of status objects (array of Status)
int MPI_Testall(int count, MPI —of _requests, int *flag,

MPI_Status *array._of_statuses)

MPI_TESTALL(COUNT, ARRAY_OF REQUESTS, FLAG, ARRAY OF_STATUSES, IERROR)
LOGICAL FLAG
INTEGER COUNT, ARRAY_OF REQUESTS(*),
ARRAY_OF _STATUSES (MPI SIZE,*), IERROR

Returns flag = true if all communications associated with active handles in the array
have completed (this includes the case where no handle in the list is active). In this case,
each status entry that corresponds to an active handle request is set to the status of the
corresponding communication; if the request was allocated by a nonblocking communica-
tion call then it is deallocated, and the handle is set to MPI_.REQUEST_NULL. Each status
entry that corresponds to a null or inactive handle is set to return tag = MPI_ANY_TAG,
source = MPI_ANY_SOURCE, and is also configured so that calls to MPI_.GET_COUNT and
MPI_GET_ELEMENTS return count = 0.

Otherwise, flag = false is returned, no request is modified and the values of the status
entries are undefined. This is a local operation.
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MPI_ rray_of_requests, outcount, array_of_indices, array_of_statuses) 1
IN incount length of array_of_requests (integer) ?
INOUT  array_of_requests array of requests (array of handles) i
our outcount number of completed requests (integer) 5
ou'r array_of_indices array of indices of operations that completed (array of ¢

integers) 7
ouT array_of_statuses array of status objects for operations that completed ’

(array of Status) "

11

int MPI Waitsome(int incount, MPI_Request *array._of_requests, int *outcount, 12
int *array._of_indices, MPI Status *array_of_statuses) 13
MPI_WAITSOME(INCOUNT, ARRAY_OF REQUESTS, OUTCOUNT, ARRAY_OF_INDICES, H
ARRAY_OF_STATUSES, IERROR) v’

INTEGER INCOUNT, ARRAY_OF_REQUESTS(#*), OUTCOUNT, ARRAY_OF_INDICES (%), e
ARRAY_OF_STATUSES (MPI _SIZE,*), IERROR 1

18

til at least one of the operations associated with active handles in the list 19

have completed. Returns in outcount the number of requests from the list array_of_requests 20
that have completed. Returns in the first outcount locations of the array array_of_indices the 21
indices of these operations (index within the array array.of_requests; the array is indexed 2
outcount locations of the array 23

array_of_status the status for these completed operations. If a request that completed was 24
allocated by a nonblocking communication call, then it is deallocated, and the associated 25
handle is set to MPI_LREQUEST_NULL. 26
If the list contains no active handles, then the call returns immediately with outcount 27

= 0 28

29

30

MPI_TESTSOME(incount, array_of_requests, outcount, array_of_indices, array_of_statuses) "

IN incount length of array_of requests (integer) 32
INOUT  array_of_requests array of requests (array of handles) a2
34

ouT outcount number of completed requests (integer) .
our array_of_indices array of indices of operations that completed (array of 36
integers) a7

ouT array_of_statuses array of status objects for operations that completed a8
(array of Status) 9

40

. . . . 41
int MPI_Testsome(int incount, MPI_Request *array_of requests, int *outcount,

. . . 42
int *array_of_indices, MPI_Status *array_of_statuses)

43

MPI_TESTSOME (INCOUNT, ARRAY_OF _REQUESTS, OUTCOUNT, ARRAY_OF_INDICES, 144
ARRAY_QF_STATUSES, IERROR) 15

INTEGER INCOUNT, ARRAY_OF REQUESTS(*), OUTCOUNT, ARRAY_OF_INDICES(*), 16
ARRAY_OF _STATUSES (MPI _SIZE,*), IERROR 47

48
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3.7. NONBLOCKING COMMUNICATION A7

Behaves like MPI_ , except that it returns immediately. If no operation has
completed it returns outcount = 0.

MPI_TESTSOME is a local operation, which returns immediately, whereas MPI_
SOME will block until a communication completes, if it was passed a list that contains at
least one active handle. Both calls fulfil a fairness requirement: If a request for a receive
repeatedly appears in a list of requests passed to MPI_ or MPI_TESTSOME. and
a matching send has been posted, then the receive will eventually succeed, unless the send
is satisfied by another receive; and similarly for send requests.

Advice to users. The use of MPI_TESTSOME is likely to be more efficient than the use
of MPI_TESTANY. The former returns information on all completed communications,
with the latter, a new call is required for each communication that completes.

A server with multiple clients can use MPI so as not to starve any
client. Clients send messages to the server with service requests. The server calls
MPI with one receive request for each client, and then handles all re-
ceives that completed. If a call to MPI_ is used instead, then one client
could starve while requests from another client always sneak in first. (End of advice
to users.)

Advice to implementors. MPI_TESTSOME should complete as many pending com-
munications as possible. (End of advice to implementors.)

Example 3.14 Client-server code (starvation can occur).

CALL MPI_COMM_SIZE(comm, size, ierr)
CALL MPI_COMM_RANK(comm, rank, ierr)
IF(rank > 0) THEN ! client code
DO WHILE(.TRUE.)
CALL MPI_ISEND(a, n, MPI_REAL, O, tag, comm, request, ierr)
CALL MPI_WAIT(request, status, ierr)
END DO
ELSE ! rank=0 -- server code
DO i=1, size-1
CALL MPI_IRECV(a(1,i), n, MPI_REAL, O, tag,
comm, request_list(i), ierr)
END DO
DO WHILE(.TRUE.)
CALL MPI_WAITANY(size-1, request_list, index, status, ierr)
CALL DO_SERVICE(a(1,index)) ! handle one message
CALL MPI_IRECV(a(1, index), n, MPI_REAL, O, tag,
comm, request_list(index), ierr)
END DO
END IF

Example 3.15 Same code, using MPI_
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CALL MPI_COMM_SIZE(comm, size, ierr) 2
CALL MPI_COMM_RANK(comm, rank, ierr) 3
IF(rank > 0) THEN ! client code 1
DO WHILE(.TRUE.) 5
CALL MPI_ISEND(a, n, MPI_REAL, O, tag, comm, request, ierr) 6

CALL MPI_WAIT(request, status, ierr) 7

END DO 8
ELSE ! rank=0 -- server code 9
DO i=1, size-1 10
CALL MPI_IRECV(a(1,i), n, MPI_REAL, O, tag, 11

comm, request_list(i), ierr) 12

END DO 13

DO WHILE(.TRUE.) 14
CALL MPI_WAITSOME(size, request_list, numdone, 15
index_list, status_list, ierr) 16

DO i=1, numdone 17

CALL DO_SERVICE(a(1l, index_list(i))) 18

CALL MPI_IRECV(a(1, index_list(i)), n, MPI_REAL, O, tag, 19

comm, request_list(i), ierr) 20

END DO 21

END DO 22

END IF 23
24

3.8 Probe and Cancel *

26

The MPI_LPROBE and MPI_IPROBE operations allow incoming messages to be checked for, 7
without actually receiving them. The user can then decide how to receive them, based on >
the information returned by the probe (basically, the information returned by status). In
particular, the user may allocate memory for the receive buffer, according to the length of
the probed message.

The MPI_CANCEL operation allows pending communications to be canceled. This is
required for cleanup. Posting a send or a receive ties up user resources (send or receive
buffers), and a cancel may be needed to free these resources gracefully.

29

30

31

32

33

34

35

36

MPI_IPROBE(source, tag, comm, flag, status) a7
N source source rank, or MPI_ANY_SOURCE (integer) o8
IN tag tag value or MPILANY_TAG (integer) i
IN comm communicator (handle) a1
ouT flag (logical) 2
our status status object (Status) ij

45

int MPI_Iprobe(int source, int tag, MPI_Comm comm, int *flag, 46

MPI_Status *status) P

48
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3.8. PROBE AND CANCEL 19

MPI_IPROBE(SOURCE, TAG, COMM, FLAG, STATUS, IERROR)
LOGICAL FLAG
INTEGER SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR

MPI_IPROBE(source, tag, comm, flag, status) returns flag = true if there is a message
that can be received and that matches the pattern specified by the arguments source, tag,
and comm. The call matches the same message that would have been received by a call to
MPI_RECV(..., source, tag, comm, status) executed at the same point in the program, and
returns in status the same value that would have been returned by MPI_.RECV(). Otherwise,
the call returns flag = false, and leaves status undefined.

If MPIIPROBE returns flag = true, then the content of the status object can be sub-
sequently accessed as described in section 3.2.5 to find the source, tag and length of the
probed message.

A subsequent receive executed with the same context, and the source and tag returned
in status by MPIIPROBE will receive the message that was matched by the probe, if no
other intervening receive occurs after the probe. If the receiving process is multi-threaded,
it is the user’s responsibility to ensure that the last condition holds.

The source argument of MPI_.PROBE can be MPI_,ANY_SOURCE, and the tag argument
can be MPI_ANY_TAG, so that one can probe for messages from an arbitrary source and/or
with an arbitrary tag. However, a specific communication context must be provided with
the comm argument.

It is not necessary to receive a message immediately after it has been probed for, and
the same message may be probed for several times before it is received.

MPI_PROBE(source, tag, comm, status)

IN source source rank, or MPI_ANY_SOURCE (integer)
IN tag tag value, or MPI_,ANY_TAG (integer)

IN comm communicator (handle)

our status status object (Status)

int MPI_Probe(int source, int tag, MPI_Comm comm, MPI_Status *status)

MPI_PROBE(SOURCE, TAG, COMM, STATUS, IERROR)
INTEGER SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR

MPI_PROBE bhehaves like MPILIPROBE except that it is a blocking call that returns
only after a matching message has been found.

The MPlimplementation of MPI_LPROBE and MPI_LIPROBE needs to guarantee progress:
if a call to MPI_PROBE has been issued by a process, and a send that matches the probe
has been initiated by some process, then the call to MPI_LPROBE will return, unless the
message is received by another concurrent receive operation (that is executed by another
thread at the probing process). Similarly, if a process busy waits with MPI_IPROBE and a
matching message has been issued, then the call to MPI_IPROBE will eventually return flag
= true unless the message is received by another concurrent receive operation.

Example 3.16 Use blocking probe to wait for an incoming message.

Ex.1049 / Page 68 of 748
Intel Corporation et al



50 CHAPTER 3. POINT-TO-POINT COMMUNICATION

CALL MPI_COMM_RANK(comm, rank, ierr) 1

IF (rank.EQ.0) THEN 5

CALL MPI_SEND(i, 1, MPI_INTEGER, 2, O, comm, ierr) a

ELSE IF(rank.EQ.1) THEN 4

CALL MPI_SEND(x, 1, MPI_REAL, 2, O, comm, ierr) 5

ELSE ! rank.EQ.2 6

DO i=1, 2 7

CALL MPI_PROBE(MPI_ANY_SOURCE, O, 3

comm, status, ierr) 9

IF (status(MPI_SOURCE) = 0) THEN 10

100 CALL MPI_RECV(i, 1, MPI_INTEGER, O, O, status, ierr) 11
ELSE 12

200 CALL MPI_RECV(x, 1, MPI_REAL, 1, O, status, ierr) 13
END IF 14

END DO 15

END IF 16

17

Fach message is received with the right type. 18

19
Example 3.17 A similar program to the previous example, but now it has a problem. .

21

CALL MPI_COMM_RANK(comm, rank, ierr)
IF (rank.EQ.0) THEN

CALL MPI_SEND(i, 1, MPI_INTEGER, 2, O, comm, ierr)
ELSE IF(rank.EQ.1) THEN

CALL MPI_SEND(x, 1, MPI_REAL, 2, 0, comm, ierr)

22

23

24

25

26

ELSE
DO i=1, 2 i
CALL MPI_PROBE(MPI_ANY_SOURCE, O, *
comm, status, ierr) *
IF (status(MPI_SOURCE) = 0) THEN *0
100 CALL MPI_RECV(i, 1, MPI_INTEGER, MPI_ANY_SOURCE, o
0, status, ierr) °
ELSE *
200 CALL MPI_RECV(x, 1, MPI_REAL, MPI_ANY_SOURCE, o
0, status, ierr) °
END IF *
END DO 7
END IF *®
39
tly modified example 3.16, using MPI_,ANY_SOURCE as the source argument in 40
the two receive calls in statements labeled 100 and 200. The program is now incorrect: the 41
receive operation may receive a message that is distinct from the message probed by the 42
preceding call to MPI_PROBE. 43

44
Advice to implementors. A call to MPI_LPROBE(source, tag, comm, status) will match 45
the message that would have been received by a call to MPI_RECV(..., source, tag, 46
comm, status) executed at the same point. Suppose that this message has source s, tag 47
t and communicator c. If the tag argument in the probe call has value MPI_ANY_TAG 18
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3.8. PROBE AND CANCEL 51

then the message probed will be the earliest pending message from source s with com-
municator ¢ and any tag; in any case, the message probed will be the earliest pending
message from source s with tag t and communicator ¢ (this is the message that would
have been received, so as to preserve message order). This message continues as the
earliest pending message from source s with tag t and communicator c. until it is re-
ceived. A receive operation subsequent to the probe that uses the same communicator
as the probe and uses the tag and source values returned by the probe, must receive
this message, unless it has already been received by another receive operation. (£nd
of advice to implementors.)

MPI_CANCEL(request)

IN request communication request (handle)

int MPI_Cancel (MPI

MPI_CANCEL (REQUEST, IERROR)
INTEGER REQUEST, IERROR

A call to MPI_CANCEL marks for cancellation a pending, nonblocking communication
operation (send or receive). The cancel call is local. It returns immediately, possibly before
the communication is actually canceled. It is still necessary to complete a communication
that has been marked for cancellation, using a call to MPI_REQUEST_FREE, MPI_'WAIT or
MPI_TEST (or any of the derived operations).

If a communication is marked for cancellation, then a MPI_WAIT call for that com-
munication is guaranteed to return, irrespective of the activities of other processes (i.e.,
MPI_WAIT behaves as a local function); similarly if MPI_TEST is repeatedly called in a
busy wait loop for a canceled communication, then MPI_TEST will eventually be successful.

MPI_CANCEL can be used to cancel a communication that uses a persistent request (see
Sec. 3.9), in the same way it is used for nonpersistent requests. A successful cancellation
cancels the active communication, but not the request itself. After the call to MPI_CANCEL
and the subsequent call to MPI_WAIT or MPI_TEST, the request becomes inactive and can
be activated for a new communication.

The successful cancellation of a buffered send frees the buffer space occupied by the
pending message.

Either the cancellation succeeds, or the communication succeeds, but not both. If a
send is marked for cancellation, then it must be the case that either the send completes
normally, in which case the message sent was received at the destination process, or that
the send is successfully canceled, in which case no part of the message was received at the
destination. Then, any matching receive has to be satisfied by another send. If a receive is
marked for cancellation, then it must be the case that either the receive completes normally,
or that the receive is successfully canceled, in which case no part of the receive buffer is
altered. Then, any matching send has to be satisfied by another receive.

If the operation has been canceled, then information to that effect will be returned in
the status argument of the operation that completes the communication.
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MPI_TEST_CANCELLED(status, flag) 1
IN status status object (Status) 2
ouT flag (logical) j

5

int MPI_Test_cancelled(MPI 6

MPI_TEST_CANCELLED(STATUS, FLAG, IERROR)
LOGICAL FLAG

INTEGER STATUS(MPI_STATUS_SIZE), IERROR °

10

Returns flag = true if the communication associated with the status object was canceled 11
successfully. In such a case, all other fields of status (such as count or tag) are undefined. 12

Returns flag = false, otherwise. If a receive operation might be canceled then one should call 13
MPI_TEST_CANCELLED first, to check whether the operation was canceled, before checking 14

on the other fields of the return status. 15
16

Advice to users.  Cancel can be an expensive operation that should be used only .
exceptionally. (End of advice to users.) 18

19
Advice to implementors. If a send operation uses an “eager” protocol (data is trans-

ferred to the receiver before a matching receive is posted), then the cancellation of this
send may require communication with the intended receiver in order to free allocated
buffers. On some systems this may require an interrupt to the intended receiver. Note
that, while communication may be needed to implement MPI_.CANCEL, this is still a
local operation, since its completion does not depend on the code executed by other
processes. If processing is required on another process, this should be transparent to
the application (hence the need for an interrupt and an interrupt handler). (End of
advice to implementors.)

20

21

22

23

24

25

26

27

28

29

3.9 Persistent communication requests 30
31

Often a communication with the same argument list is repeatedly executed within the in- 32
ner loop of a parallel computation. In such a situation, it may be possible to optimize 33
the communication by binding the list of communication arguments to a persistent com- 24
munication request once and, then, repeatedly using the request to initiate and complete 35
messages. The persistent request thus created can be thought of as a communication port or 36
a “half-channel.” It does not provide the full functionality of a conventional channel, since a7
there is no binding of the send port to the receive port. This construct allows reduction 28
of the overhead for communication between the process and communication controller, but 39
not of the overhead for communication between one communication controller and another. 40
It is not necessary that messages sent with a persistent request be received by a receive 41
operation using a persistent request, or vice versa. 42
A persistent communication request is created using one of the four following calls. 43
These calls involve no communication. a4

45
46
47

48
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3.9.

PERSISTENT COMMUNICATION REQUESTS 53

MPI_SEND_INIT(buf, count, datatype, dest, tag, comm, request)

IN buf initial address of send buffer (choice)
IN count number of elements sent (integer)
IN datatype type of each element (handle)
IN dest rank of destination (integer)
IN tag message tag (integer)
IN comm communicator (handle)
our request communication request (handle)
int MPI_Send_init(void* buf, int count, MPI Datatype datatype, int dest,

int tag, MPI_Comm comm, MPI_Request *request)

MPI_SEND_INIT(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR)

<type> BUF (*)
INTEGER REQUEST, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

Creates a persistent communication request for a standard mode send operation, and

binds to it all the arguments of a send operation.

MPI_BSEND_INIT(buf, count, datatype, dest, tag, comm, request)

IN buf initial address of send buffer (choice)
IN count number of elements sent (integer)
IN datatype type of each element (handle)
IN dest rank of destination (integer)
IN tag message tag (integer)
IN comm communicator (handle)
ourT request communication request (handle)
int MPI_Bsend_init(void* buf, int count, MPI_Datatype datatype, int dest,

int tag, MPI_Comm comm, MPI_Request *request)

MPI_BSEND_INIT(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR)

<type> BUF (*)
INTEGER REQUEST, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

Creates a persistent communication request for a buffered mode send.
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MPI_SSEND_INIT(buf, count, datatype, dest, tag, comm, request) 1

IN buf initial address of send buffer (choice) 2
IN count number of elements sent (integer) :
IN datatype type of each element (handle) 5
IN dest rank of destination (integer) ¢
IN tag message tag (integer) :
IN comm communicator (handle) 9
our request communication request (handle) 10

11

int MPI_Ssend_init(void* buf, int count, MPI Datatype datatype, int dest, "

int tag, MPI_Comm comm, MPI_Request *request) v

14

MPI_SSEND_INIT(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR) 15
<type> BUF (%) 16
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR 17

18

Creates a persistent communication object for a synchronous mode send operation. »

20

MPI_RSEND_INIT(buf, count, datatype, dest, tag, comm, request) 21
22

IN buf initial address of send buffer (choice) )
IN count number of elements sent (integer) 24
IN datatype type of each element (handle) %
26

IN dest rank of destination (integer) "
IN tag message tag (integer) 28
IN comm communicator (handle) 2
30

our request communication request (handle) "
32

int MPI_Rsend_init(void* buf, int count, MPI_Datatype datatype, int dest, a9
int tag, MPI_Comm comm, MPI_Request *request) a4
MPI_RSEND_INIT(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR) °
<type> BUF (%) %
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR o

38

Creates a persistent communication object for a ready mode send operation. 39

40
41
42
43
44
45
46
47

48
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3.9. PERSISTENT COMMUNICATION REQUESTS 5%

MPI_RECV_INIT(buf, count, datatype, source, tag, comm, request)

ouT buf initial address of receive buffer (choice)

IN count number of elements received (integer)

IN datatype type of each element (handle)

IN source rank of source or MPI_LANY_SOURCE (integer)
IN tag message tag or MPI_LANY_TAG (integer)

IN comm communicator (handle)

ouT request communication request (handle)

int MPI Recv_init(void#* buf, int count, MPI Datatype datatype, int source,
int tag, MPI_Comm comm, MPI Request *request)

MPI_RECV_INIT(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR)
<type> BUF (%)
INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR

Creates a persistent communication request for a receive operation. The argument buf
is marked as OUT because the user gives permission to write on the receive buffer by passing
the argument to MPI_RECV_INIT.

A persistent communication request is inactive after it was created — no active com-
munication is attached to the request.

A communication (send or receive) that uses a persistent request is initiated by the

function MPI_START.

MPI_START (request)

INOUT  request communication request (handle)

int MPI_Start(MPI

MPI_START(REQUEST, IERROR)
INTEGER REQUEST, IERROR

The argument. request, is a handle returned by one of the previous five calls. The
associated request should be inactive. The request becomes active once the call is made.

If the request is for a send with ready mode, then a matching receive should be posted
before the call is made. The communication buffer should not be accessed after the call,
and until the operation completes.

The call is local, with similar semantics to the nonblocking communication opera-
tions described in section 3.7. That is, a call to MPI.START with a request created by
MPI_SEND_INIT starts a communication in the same manner as a call to MPI_LISEND; a call
to MPISTART with a request created by MPI_BSEND_INIT starts a communication in the
same manner as a call to MPI_LIBSEND; and so on.
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MPI_STARTALL(count, array_of_requests) 1

IN count list length (integer) 2

3

INOUT  array_of_requests array of requests (array of handle) .

5

int MPI_Startall(int count, MPI_Request *array-of 6

MPI_STARTALL(COUNT, ARRAY_OF REQUESTS, IERROR)
INTEGER COUNT, ARRAY_OF _REQUESTS(#*), IERROR

Start all communications associated with requests in array_ of_requests. A call to 10
MPI_STARTALL(count, array_of_requests) has the same effect as calls to MPI_START (&ar- 11
ray_of_requests[i]), executed for i=0 ,..., count-1, in some arbitrary order. 12

A communication started with a call to MPI.START or MPI_STARTALL is completed 13
by a call to MPI_WAIT, MPI_TEST, or one of the derived functions described in section 3.7.5. 14
The request becomes inactive after successful completion of such call. The request is not 15
deallocated and it can be activated anew by an MPI_START or MPI_STARTALL call. 16
A persistent request is deallocated by a call to MPI_LREQUEST_FREE (Section 3.7.3). 17
The call to MPI_REQUEST_FREE can occur at any point in the program after the per- 18

sistent request was created. However, the request will be deallocated only after it becomes 18
inactive. Active receive requests should not be freed. Otherwise, it will not be possible 20
to check that the receive has completed. It is preferable, in general, to free requests when 21
they are inactive. If this rule is followed, then the functions described in this section will 2
be invoked in a sequence of the form, 23
24

Create (Start Complete)" Free , where # indicates zero or more repetitions. If the 25

26

same communication object is used in several concurrent threads, it is the user’s responsi- 27
bility to coordinate calls so that the correct sequence is obeyed. 28
A send operation initiated with MPI_START can be matched with any receive operation 29
and, likewise, a receive operation initiated with MPI_.START can receive messages generated 30
by any send operation. 31
32

3.10 Send-receive v

34

The send-receive operations combine in one call the sending of a message to one desti- °

nation and the receiving of another message, from another process. The two (source and o

destination) are possibly the same. A send-receive operation is very useful for executing o7

a shift operation across a chain of processes. If blocking sends and receives are used for o

such a shift, then one needs to order the sends and receives correctly (for example, even o

processes send, then receive, odd processes receive first, then send) so as to prevent cyclic o

dependencies that may lead to deadlock. When a send-receive operation is used, the com- 41

munication subsystem takes care of these issues. The send-receive operation can be used 2

in conjunction with the functions described in Chapter 6 in order to perform shifts on var- e

ious logical topologies. Also, a send-receive operation is useful for implementing remote 44

procedure calls.
A message sent by a send-receive operation can be received by a regular receive oper-

45
46
47

ation or probed by a probe operation; a send-receive operation can receive a message sent
48
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3.10. SEND-RECEIVE

by a regular send operation.

Tt
|

MPI_SENDRECV(sendbuf, sendcount, sendtype, dest, sendtag, recvbuf, recvcount, recvtype,

source, recvtag, comm, status)

IN sendbuf
IN sendcount
IN sendtype
IN dest

N sendtag
ouTr recvbuf
IN recvcount
IN recvtype
IN source

IN recvtag
IN comm
our status

initial address of send buffer (choice)
number of elements in send buffer (integer)
type of elements in send buffer (handle)
rank of destination (integer)

send tag (integer)

initial address of receive buffer (choice)
number of elements in receive buffer (integer)
type of elements in receive buffer (handle)
rank of source (integer)

receive tag (integer)

communicator (handle)

status object (Status)

int MPI_Sendrecv(void *sendbuf, int sendcount, MPI Datatype sendtype,
int dest, int sendtag, void *recvbuf, int recvcount,
MPI_Datatype recvtype, int source, MPI

MPI_Comm comm, MPI_Status *status)

MPI_SENDRECV(SENDBUF, SENDCOUNT, SENDTYPE, DEST, SENDTAG, RECVBUF,
RECVCOUNT, RECVTYPE, SOURCE, RECVTAG, COMM, STATUS, IERROR)

<type> SENDBUF (*), RECVBUF (%)

INTEGER SENDCOUNT, SENDTYPE, DEST, SENDTAG, RECVCOUNT, RECVTYPE,
SOURCE, RECVTAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR

Execute a blocking send and receive operation. Both send and receive use the same
communicator, but possibly different tags. The send buffer and receive buffers must be
disjoint, and may have different lengths and datatypes.
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MPI_SENDRECV_REPLACE(buf, count, datatype, dest, sendtag, source, recvtag, comm, sta- 1

tus) 2
INOUT  buf initial address of send and receive buffer (choice) °
IN count number of elements in send and receive buffer (integer) z
IN datatype type of elements in send and receive buffer (handle) 6
IN dest rank of destination (integer) 7
IN sendtag send message tag (integer) :
IN source rank of source (integer) 10
IN recvtag receive message tag (integer) H
IN comm communicator (handle) 12
ouTr status status object (Status) 14

15

int MPI_Sendrecv Datatype datatype, 16

int dest, int sendtag, int source, int recvtag, MPI_Comm comm, 17
MPI_Status *status) 18

MPI_SENDRECV i
COMM, STATUS, IERROR)
<type> BUF ()
INTEGER COUNT, DATATYPE, DEST, SENDTAG, SOURCE, RECVTAG, COMM,

STATUS(MPI_STATUS_SIZE), IERROR

21
22
23

24

Execute a blocking send and receive. The same buffer is used both for the send and 2

for the receive, so that the message sent is replaced by the message received. 26
The semantics of a send-receive operation is what would be obtained if the caller forked 2
two concurrent threads, one to execute the send, and one to execute the receive, followed 8

29

by a join of these two threads.

30

Advice to implementors. Additional intermediate buffering is needed for the “replace” a1

variant. (End of advice to implementors.) 32

3.11 Null processes N

35

. o, . . . . . 36
In many instances, it is convenient to specify a “dummy” source or destination for commu-

nication. This simplifies the code that is needed for dealing with boundaries, for example,
in the case of a non-circular shift done with calls to send-receive.

The special value MPILPROCNULL can be used instead of a rank wherever a source or a
destination argument is required in a call. A communication with process MPI_PROCNULL
has no effect. A send to MPI_LPROC_NULL succeeds and returns as soon as possible. A receive
from MPILPROCNULL succeeds and returns as soon as possible with no modifications to the
receive buffer. When a receive with source = MPI_LPROCNULL is executed then the status
object returns source = MPILPROC_NULL, tag = MPI_ANY_TAG and count = 0.

37
38
39
40
41
42
43
44
45
46
47

48
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3.12. DERIVED DATATYPES 59

3.12 Derived datatypes

Up to here, all point to point communication have involved only contiguous buffers contain-
ing a sequence of elements of the same type. This is too constraining on two accounts. One
often wants to pass messages that contain values with different datatypes (e.g., an integer
count, followed by a sequence of real numbers); and one often wants to send noncontiguous
data (e.g., a sub-block of a matrix). One solution is to pack noncontiguous data into a
contiguous buffer at the sender site and unpack it back at the receiver site. This has the
disadvantage of requiring additional memory-to-memory copy operations at both sites, even
when the communication subsystem has scatter-gather capabilities. Instead, MPI provides
mechanisms to specify more general, mixed, and noncontiguous communication buffers. It
is up to the implementation to decide whether data should be first packed in a contiguous
buffer before being transmitted, or whether it can be collected directly from where it resides.

The general mechanisms provided here allow one to transfer directly, without copying.
objects of various shape and size. It is not assumed that the MPI library is cognizant of
the objects declared in the host language. Thus, if one wants to transfer a structure, or an
array section, it will be necessary to provide in MPI a definition of a communication buffer
that mimics the definition of the structure or array section in question. These facilities can
be used by library designers to define communication functions that can transfer objects
defined in the host language — by decoding their definitions as available in a symbol table
or a dope vector. Such higher-level communication functions are not part of MPI.

More general communication buffers are specified by replacing the basic datatypes that
have been used so far with derived datatypes that are constructed from basic datatypes using
the constructors described in this section. These methods of constructing derived datatypes
can be applied recursively.

A general datatype is an opaque object that specifies two things:

e A sequence of basic datatypes
o A sequence of integer (byte) displacements

The displacements are not required to be positive, distinct, or in increasing order.
Therefore, the order of items need not coincide with their order in store, and an item may
appear more than once. h a pair of sequences (or sequence of pairs) a type
map. The sequence of basic datatypes (displacements ignored) is the type signature of
the datatype.

Let

Typemap = {(typeo, dispg). ... (typcp—1, disp,—1)},

be such a type map, where typc; are basic types, and disp; are displacements. Let

Typesig = {typco, ..., typen_1}

be the associated type signature. This type map, together with a base address
a communication buffer: the communication buffer that consists of n entries, where the
e-th entry is at address bu f + disp; and has type type;. A message assembled from such a
communication buffer will consist of n values, of the types defined by Typesig.

ype as an argument in a send or receive operation,
instead of a basic datatype argument. The operation MPI_SEND(buf, 1, datatype,...) will use
the send buffer defined by the base address buf and the general datatype associated with
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datatype; it will generate a message with the type signature determined by the datatype 1
argument. MPI_RECV(buf, 1, datatype,...) will use the receive buffer defined by the base 2

address buf and the general datatype associated with datatype. 3

General datatypes can be used in all send and receiv 4
3.12.5, the case where the second argument count has value > 1. 5

The basic datatypes presented in section 3.2.2 are particular cases of a general datatype. 6
and are predefined. Thus. MPI_INT is a predefined handle to a datatype with type map 7
{(int,0)}, with one entry of type int and displacement zero. The other basic datatypes are 8
similar. 9

The extent of a datatype is defined to be the span from the first byte to the last byte 10
occupied by entries in this datatype, rounded up to satisfy alignment requirements. That 1
is, if 12

13

Typemap = {(typeo, dispg). ... (typcp—1, disp,—1)},

14

then 15
Ib(Typemap) = mindisp;, b

J 17

ub(Typemap) = max(disp; + sizeof(lype;)), and 18

7 19

crtent(Typemap) = ub(Typemap) — Ib(Typemap) + €. (3.1) "

If type; requires alignment to a byte address that is is a multiple of k;, then € is the least 2
nonnegative increment needed to round crtent(Typemap) to the next multiple of max; k;. 22

23
Example 3.18 Assume that T'ype = {(double,0), (char,8)} (a double at displacement zero, 24
followed by a char at displacement eight). Assume, furthermore, that doubles have to be 25
strictly aligned at addresses that are multiples of eight. Then, the extent of this datatype is 26
16 (9 rounded to the next multiple of 8). A datatype that consists of a character immediately 27
followed by a double will also have an extent of 16. 28

Rationale. The definition of extent is motivated by the assumption that the amount *

of padding added at the end of each structure in an array of structures is the least
needed to fulfill alignment constraints. More explicit control of the extent is provided
in section 3.12.3. Such explicit control is needed in cases where the assumption does
not hold, for example, where union types are used. ( )

30
31
32
33
34
35

3.12.1 Datatype constructors

36

Contiguous The simplest datatype constructor is MPI_TYPE_CONTIGUOUS which allows a7

replication of a datatype into contiguous locations. 38
39

40

MPI_TYPE_CONTIGUOUS(count, oldtype, newtype) a
IN count replication count (nonnegative integer) 42
IN oldtype old datatype (handle) h
44

ouTr newtype new datatype (handle) 5
46

int MPI_Type_contiguous(int count, MPI_Datatype oldtype, 47
MPI Datatype *newtype) 48
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3.12. DERIVED DATATYPES 61

MPI_TYPE_CONTIGUQOUS(COUNT, OLDTYPE, NEWTYPE, IERROR)
INTEGER COUNT, OLDTYPE, NEWTYPE, IERROR

newtype is the datatype obtained by concatenating count copies of oldtype. Concate-
nation is defined using cxtent as the size of the concatenated copies.

Example 3.19 Let oldtype have type map {(double, (), (char,8)}, with extent 16, and let
count = 3. The type map of the datatype returned by newtype is

{(double, 0), (char,8), (double, 16G), (char, 21), (double, 32), (char, 10) };

i.e., alternating double and char elements, with displacements 0,8, 16, 24,32, 40.

In general, assume that the type map of oldtype is
{(typeo, dispo). ... (Lypen—1, disp,—1)},
with extent exz. Then newtype has a type map with count - n entries defined by:
{(typeo, dispo). ....(typepn_1,disp,_1), (typco, dispy + ex). ... (Lypcn_1, disp,_1 + ex),

ey (Typeg, dispg + ex - (count — 1)), ... (type 1, disp,_1 + ex - (count — 1))}.

Vector The function MPI_TYPE_VECTOR is a more general constructor that allows repli-
cation of a datatype into locations that consist of equally spaced blocks. FEach block is
obtained by concatenating the same number of copies of the old datatype. The spacing
between blocks is a multiple of the extent of the old datatype.

MPI_TYPE_VECTOR( count, blocklength, stride, oldtype, newtype)

IN count number of blocks (nonnegative integer)

N blocklength number of elements in each block (nonnegative inte-
ger)

IN stride number of elements between start of each block (inte-
ger)

IN oldtype old datatype (handle)

our newtype new datatype (handle)

int MPI_Type_vector(int count, int blocklength, int stride,
MPI Datatype oldtype, MPI_Datatype *newtype)

MPI_TYPE
INTEGER COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR

Example 3.20 Assume, again, that oldtype has type map {(double,0), (char,8)}, with ex-
tent 16. A call to MPI_TYPE_VECTOR( 2, 3, 4, oldtype, newtype) will create the datatype
with type map,
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{(double, 0), (char,8), (double, 16), (char, 21), (double, 32), (char,10), 1
(double, G1), (char, 72), (double, 80), (char, 8%), (double, 96), (char, 10-1)}. 5

That is, two blocks with three copies each of the old type, with a stride of 4 elements (4 - 16
bytes) between the blocks.

Example 3.21 A call to MPI_TYPE_VECTOR(3, 1, -2, oldtype, newtype) will create the

datatype.

{(double, 0), (char,8), (double, —32), (char, —21), (double, —G1), (char, =56)}. 10

.

In general, assume that oldtype has type map, ij
{(typeo, dispo). ... (1ypep—1, disp, 1)}, 1

with extent ex. Let bl be the blocklength. The newly created datatype has a type map with 13
count - bl - n entries: 18
{(typco. dispo). ... (typen—1, dispn_1), :Z
(typeo, dispo + €x). ... (1ypep_1, disp,_1 + €x). ... Z:
(typeo,dispo + (bl = 1)-ex).....(typen_1,disp,—1 + (bl — 1) - ex), zj
(typeo, dispo + stride - ex). ... (1ype—1, disp,_q + stride - ex). .... 25

2

(typeo, dispo + (stride + bl — 1) - ex). ... (type—1, disp,_1 + (stride + bl — 1) - ex). ..... 27

28

(typeo, dispo + stride - (count — 1) - ex). .... 29
(typep—1,disp,_1 + stride - (count — 1) - ex). .... :
(typeo, dispo + (stride - (count — 1) + bl — 1) -ex)..... Zz
(typep—1,disp,—1 + (stride - (count — 1)+ bl — 1) - ex)}. Z:

26

a7

A call to MPI_TYPE_.CONTIGUOUS(count, oldtype, newtype) is equivalent to a call to 28
MPI_TYPE_VECTOR(count, 1, 1, oldtype, newtype), or to a call to MPI_.TYPE_.VECTOR(1, 39
count, n, oldtype, newtype), n arbitrary. 40

41
42
43
44
45
46
47

48
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3.12. DERIVED DATATYPES 63

Hvector The function MPI_TYPE_HVECTOR is identical to MPI_TYPE_VECTOR, except
that stride is given in bytes, rather than in elements. The use for both types of vector
constructors is illustrated in Sec. 3.12.7. (H stands for “heterogeneous”).

MPI_TYPE_HVECTOR( count, blocklength, stride, oldtype, newtype)

IN count number of blocks (nonnegative integer)
IN blocklength number of elements in each block (nonnegative inte-
ger)
IN stride number of bytes between start of each block (integer)
IN oldtype old datatype (handle)
our newtype new datatype (handle)
int MPI_Type -Aint stride,

MPI Datatype oldtype, MPI Datatype *newtype)

MPI_TYPE
INTEGER COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR

Assume that oldtype has type map,

{(typeo, dispo). ... (1ypcn—1,dispp_1)},

with extent exz. Let bl be the blocklength. The newly created datatype has a type map with
count - bl - n entries:

{(typco, dispo). ... (1ypep_1, dispp_1),

(typeo, dispo + €x). ... (type p_1, disp,_1 + €x). ...

(typeo,dispo + (bl = 1) - ex). ... (typep_1,disp,—1 + (bl — 1) - ex),

(typco, dispg + stride). ... (typep—1,disp,—1 + stride). ...

(typeo, dispg + stride + (bl — 1) - ex). ...

(typep—1,disp,—1 + stride + (bl — 1) - ex). .....

(typeg, dispg + stride - (count — 1)), .... ({ypep—1,disp,_1 + stride - (count — 1)). ....
(typco, dispg + stride - (count — 1) + (bl — 1) - ex). ....

(typen—1,disp,_1 + stride - (count — 1) 4 (bl — 1) - ex)}.
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Indexed The function MPI_TYPE_INDEXED allows replication of an old datatype into a 1

sequence of blocks (each block is a concatenation of the old datatype), where each block 2
can contain a different number of copies and have a different displacement. All block 3
displacements are multiples of the old type extent. 4

MPI_TYPE_INDEXED( count, array_of_blocklengths, array_of_displacements, oldtype, newtype)

IN count number of blocks — also number of entries in 9
array_of_displacements and array_of_blocklengths (non- 10
negative integer) 11
IN array_of_blocklengths number of elements per block (array of nonnegative 1
integers) 18
14

IN array_of_displacements displacement for each block, in multiples of oldtype

15
extent (array of integer) 16

IN oldtype old datatype (handle) 17

ouT newtype new datatype (handle) '
19

int MPI_Type_indexed(int count, int *array_of *

int *array_of_displacements, MPI_Datatype oldtype,
MPI_Datatype *newtype)

21

22

23

MPI_TYPE_INDEXED(COUNT, ARRAY_OF BLOCKLENGTHS, ARRAY_OF DISPLACEMENTS, 24
OLDTYPE, NEWTYPE, IERROR) 25

INTEGER COUNT, ARRAY_OF BLOCKLENGTHS(*), ARRAY_OF DISPLACEMENTS(*), 26
OLDTYPE, NEWTYPE, IERROR 27

28

29

Example 3.22 Let oldtype have type map {(double, (), (char,8)}, with extent 16. Let B =
(3,1) and let D = (4, 0). A call to MPI_TYPE_INDEXED(2, B, D, oldtype, newtype) returns

a datatype with type map,

30
31
32
{(double, 1), (char, 72), (double, 80), (char, 8%), (double, 96), (char, 101), 33

34

(double, 0), (char, 8)}. 35

36

That is, three copies of the old type starting at displacement 64, and one copy starting at a7
displacement 0. 28
39
40
41

In general, assume that oldtype has type map,
42

{(typeo, dispo). ... (1ypep—1, dispy—1)}, I
with extent ez. Let B be the arrayof_blocklength argument and D be the i:
array_of displacements argument. The newly created datatype has n - Zggnt_l B[i] entries: »
{(typeo,dispg + D[0] - ex). ....(typep—1,disp,—1 + D[0] - ex). .... 47

48
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(typco,dispo + (D[0] + B[0] — 1) - ex). .... ({ypcpn_1,disp,—1 + (D[0] + B[0O] — 1) - ex). ...

(typcog, dispg + D[count — 1] - ex). ..

. (typep_1,disp,_1 + D[count — 1] - ez). ....

(typco, dispg + (D[count — 1] + Blcount — 1] — 1) - ex). ....

(typen—1,disp,—1 + (D[count — 1] + Blcount — 1] — 1) - ez )}.

A call to MPI_TYPE_VECTOR(count, blocklength, stride, oldtype, newtype) is equivalent
to a call to MPI_TYPE_INDEXED(count, B, D, oldtype, newtype) where

D[j] = j - stride. j = 0.....count — 1,

and

B[j] = blocklength. j = 0.....count — 1.

Hindexed The function MPI_TYPE_HINDEXED is identical to MPI_TYPE_INDEXED, except
that block displacements in array_of_displacements are specified in bytes, rather than in
multiples of the oldtype extent.

MPI_TYPE_HINDEXED( count, array_of_blocklengths, array_of_displacements, oldtype, new-

type)
N

IN

IN
IN
our

count

array_of_blocklengths

array_of_displacements
oldtype

newtype

int MPI_Type

MPI_TYPE

OLDTYPE, NEWTYPE, IERROR

Assume that oldtype has type map,

number of Dblocks — also number of entries in
array_of_displacements and array_of_blocklengths (inte-
ger)

number of elements in each block (array of nonnega-
tive integers)

byte displacement of each block (array of integer)
old datatype (handle)
new datatype (handle)

_of

MPI_Aint *array_of_displacements, MPI_Datatype oldtype,
MPI_Datatype *newtype)

-OF _BLOCKLENGTHS, ARRAY_OF DISPLACEMENTS,

OLDTYPE, NEWTYPE, IERROR)
INTEGER COUNT, ARRAY_OF BLOCKLENGTHS(*), ARRAY_OF DISPLACEMENTS(*),

{(typeo, dispo). ....(1ypen—1,dispp_1)},
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with extent ezx. Let B be the arrayof blocklength argument and D be the 1
array_of_displacements argument. The newly created datatype has a type map with = - 2
Soeount=1 BIi] entries: 3

{(f_l/[)r’07di8p0 + D[O]). ('f_l/pr’n_l,dispn_l + D[O]).

(typeo,dispo + D[0] + (B[0] — 1) -ex). .... )
(typen—1,disp,—1 + D[0] + (B[0] — 1) - ex). .... ®

9
(typeo, dispo + D[count — 1)), ... (type,—1,disp,—1 + D[count — 1]). ... 10
(typeo,dispg + D[count — 1] 4 (B[count — 1] — 1) - ex), ... i:
(typep—1,disp,—1 + D[count — 1] + (B[count — 1] — 1) - ez)}. jz

15
16

17

Struct  MPI_TYPE_STRUCT is the most general type constructor. It further generalizes 18

the previous one in that it allows ecach block to consist of replications of different datatypes. 19

20
21

MPI_TYPE_STRUCT (count, array_of_blocklengths, array_of_displacements, array_of types, new- 22
type) 23

IN count number of blocks (integer) — also number of entries o

. . 25
in arrays array_of_types, array_of_displacements and ar-

26

ray_of_blocklengths

27

IN array_of_blocklength number of elements in each block (array of integer) "
IN array_of_displacements byte displacement of each block (array of integer) 29
IN array_of types type of elements in each block (array of handles to *
datatype objects) o

32

ouTr newtype new datatype (handle) i
34

int MPI_Type_struct(int count, int *array_of 35
MPI_Aint *array of_displacements, MPI Datatype *array_of_types, 26

MPI Datatype *newtype) a7

38

MPI_TYPE_STRUCT (COUNT, ARRAY OF BLOCKLENGTHS, ARRAY OF DISPLACEMENTS,
ARRAY QF _TYPES, NEWTYPE, IERROR)
INTEGER COUNT, ARRAY_OF BLOCKLENGTHS(*), ARRAY_OF DISPLACEMENTS(*),
ARRAY_OF _TYPES(*), NEWTYPE, IERROR

39
40
41
42
43

Example 3.23 Let typel have type map,

44

{(double, 0), (char, 3}, .

46

with extent 16. Let B =(2, 1, 3), D = (0, 16, 26). and T = (MPI_LFLOAT, typel, MPI_.CHAR). 47
Then a call to MPI_TYPE_STRUCT(3, B, D, T, newtype) returns a datatype with type map, 48
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{(float,0), (float, 1), (double, 16), (char, 21), (char, 26), (char, 27), (char, 28)}.

That is, two copies of MPI_FLOAT starting at 0, followed by one copy of typel starting at
16, followed by three copies of MPI_CHAR
four bytes.)

In general, let T be the array_of_types argument, where T[i] is a handle to,

typemap; = {(/,1//)(6,di5p6). e (Lype ;i_l,disp;i_l)},

with extent ex;. Let B be the array of blocklength argument and D be the array_of displace-
ments argument. Let ¢ be the count argument. Then the newly created datatype has a type
map with 357, BJi] - n; entries:

{(typeg, dispg + D[0]). ... (typey,, disph, + D[0]). ....

(typeq, dispg + D[0] + (B[0] — 1) - exg). ... (typen,, disp)), + D[0] + (B[0] — 1) - exq). ....
(type§™ "t disps™" + Dle — 1)), ... (type !y dispi ! ) + Dle—1]). ...

(type§S™, dispS™ + Dlc — 1]+ (Ble — 1] — 1) - exc_1). ...

(type 221_1,di5pc_1 1+ Dlc—=1]4+(Ble—=1]—1)-exc_1)}.

nc—1

A call to MPI_TYPE_HINDEXED( count, B, D, oldtype, newtype) is equivalent to a call
to MPI_TYPE_STRUCT( count, B, D, T, newtype), where each entry of T is equal to oldtype.

3.12.2 Address and extent functions

The displacements in a general datatype are relative to some initial buffer address. Abso-
lute addresses can be substituted for these displacements: we treat them as displacements
relative to “address zero,” the start of the address space. This initial address zero is indi-
cated by the constant MPI_BOTTOM. Thus, a datatype can specify the absolute address of
the entries in the communication buffer, in which case the buf argument is passed the value
MPI_BOTTOM.

The address of a location in memory can be found by invoking the function

MPI_ADDRESS.

MPI_ADDRESS(location, address)

IN location location in caller memory (choice)

ouT address address of location (integer)

int MPI_Address(void* location, MPI_Aint #*address)

MPI_ADDRESS(LOCATION, ADDRESS, IERROR)
<type> LOCATION(*)
INTEGER ADDRESS, IERROR

Returns the (byte) address of location.
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Example 3.24 Using MPI_ADDRESS for an array. 1
2

REAL A(100,100) 3
INTEGER I1, I2, DIFF 4
CALL MPI_ADDRESS(A(1,1), I1, IERROR) 5
CALL MPI_ADDRESS(A(10,10), I2, IERROR) 6
DIFF = I2 - Il 7

! The value of DIFF is 909%*sizeofreal; the values of I1 and I2 are s
! implementation dependent. 9

10

Advice to users.  C users may be tempted to avoid the usage of MPI_ADDRESS
and rely on the availability of the address operator &. Note, however, that & cast-
cxpression is a pointer, not an address. ANSI C does not require that the value of a
pointer (or the pointer cast to int) be the absolute address of the object pointed at —
although this is commonly the case. Furthermore, referencing may not have a unique
definition on machines with a segmented address space. The use of MPI_ADDRESS
to “reference” C variables guarantees portability to such machines as well. (End of
advice to users.)

11
12
13
14
15
16
17
18
19
The following auxiliary functions provide useful information on derived datatypes. »

21

MPI_TYPE_EXTENT(datatype, extent) 2
23

IN datatype datatype (handle) o
our extent datatype extent (integer) 25
26

int MPI_Type_extent(MPI 27
28

MPI_TYPE 2
INTEGER DATATYPE, EXTENT, IERROR 20
Returns the extent of a datatype, where extent is as defined in Eq. 3.1 on page 60. 31

32

33

MPI_TYPE_SIZE(datatype, size) 24
IN datatype datatype (handle) 8
36

our size datatype size (integer) .
38

int MPI_Type_size(MPI 2
MPI_TYPE_SIZE(DATATYPE, SIZE, IERROR) 0
INTEGER DATATYPE, SIZE, IERROR ‘“

42

MPI_TYPE_SIZE returns the total size, in bytes, of the entries in the type signature 42
associated with datatype; i.e., the total size of the data in a message that would be created "
with this datatype. Entries that occur multiple times in the datatype are counted with 45
their multiplicity. 46
47

48
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MPI_TYPE_COUNT (datatype, count)
IN datatype datatype (handle)

our count datatype count (integer)

int MPI_Type_count (MPI

MPI_TYPE_COUNT(DATATYPE, COUNT, IERROR)
INTEGER DATATYPE, COUNT, IERROR

Returns the number of “top-level”™ entries in the datatyvpe.

3.12.3 Lower-bound and upper-bound markers

It is often convenient to define explicitly the lower bound and upper bound of a type map,
and override the definition given by Equation 3.1 on page 60. This allows one to define a
datatype that has “holes” at its beginning or its end, or a datatype with entries that extend
above the upper bound or below the lower bound. Examples of such usage are provided

hieve this, we add two additional “pseudo-datatypes,” MPI_LB and
MPI_UB, that can be used, respectively, to mark the lower bound or the upper bound of a
datatype. These pseudo-datatypes occupy no space (cxtent(MPI_LB) = cxtent(MPI_UB) =
0). They do not affect the size or count of a datatype, and do not affect the the content of a
message created with this datatype. However, they do affect the definition of the extent of
a datatype and, therefore, affect the outcome of a replication of this datatype by a datatype
constructor.

Example 3.25 Let D = (-3, 0, 6); T = (MPI_LB, MPLINT, MPI_UB), and B = (1, 1, 1).
Then a call to MPI_TYPE.SSTRUCT(3, B, D, T, typel) creates a new datatype that has an
extent of 9 (from -3 to 5, 5 included), and contains an integer at displacement 0. This is
the datatype defined by the sequence {(Ib, -3), (int, 0), (ub, 6)} . If this type is replicated
twice by a call to MPI_TYPE_CONTIGUOUS(2, typel, type2) then the newly created type
can be described by the sequence {(Ib, -3), (int, 0), (int,9), (ub, 15)} . (Entries of type Ib or
ub can be deleted if they are not at the end-points of the datatype.)

In general, if
Typemap = {(typeo, dispg). ... (Lype 1, disp,_1)},
then the lower bound of Typemap is defined to be

min; disp; if no entry has basic type Ib
(T = R . :
(Typemap) { min;{disp; such that type; =lb} otherwise
Similarly. the upper bound of Typemap is defined to be

b(Typemap) max; disp; + sizeof(1ype;) if no entry has basic type ub
o = . .
ypemap max;{disp; such that type; = ub} otherwise

Then

crtent(Typemap) = ub(Typemap) — Ib(Typemap) + ¢
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If type; requires alignment to a byte address that is a multiple of k;, then ¢ is the least 1
nonnegative increment needed to round cxtent(Typemap) to the next multiple of max; k;. 2
The formal definitions given for the various datatype constructors apply now, with the 3
amended definition of extent. 4
The two functions below can be used for finding the lower bound and the upper bound 5
of a datatype. 6

MPI_TYPE_LB( datatype, displacement)

IN datatype datatype (handle) 10
ouT displacement displacement of lower bound from origin, in bytes (in- H
teger) 12

13

14

int MPI_Type_lb(MPI

15

MPI_TYPE 16
INTEGER DATATYPE, DISPLACEMENT, IERROR 17
18
19
MPI_TYPE_UB( datatype, displacement) 20
21
IN datatype datatype (handle) ’s
ouT displacement displacement of upper bound from origin, in bytes (in- 23
teger) 24
25
int MPI_Type 26
27

MPI_TYPE

28
INTEGER DATATYPE, DISPLACEMENT, IERROR

29

30

Rationale. Note that the rules given in Sec. 3.12.6 imply that it is erroneous to call 31
MPI_TYPE_EXTENT, MPI_TYPE_LB, and MPI_TYPE_UB with a datatype argument 32

that contains absolute addresses, unless all these addreses are within the same sequen- 33

tial storage. For this reason, the displacement for the C binding in MPI_TYPE_UB is 34

an int and not of tvpe MPI_Aint. (End of rationale.) 35

36

3.12.4 Commit and free o
38

A datatype object has to be committed before it can be used in a communication. A 20
committed datatype can still be used as a argument in datatype constructors. There is no 40
need to commit basic datatypes. They are “pre-committed.” “

42

43

MPI_TYPE_COMMIT (datatype)
a4
INOUT  datatype datatype that is committed (handle) 45

46

int MPI_Type_commit(MPI a7

48

Ex.1049 / Page 89 of 748
Intel Corporation et al



12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

3.12. DERIVED DATATYPES 71

MPI_TYPE_COMMIT(DATATYPE, IERROR)
INTEGER DATATYPE, IERROR

The commit operation commits the datatype, that is, the formal description of a com-
munication buffer, not the content of that buffer. Thus, after a datatype has been commit-
ted, it can be repeatedly reused to communicate the changing content of a buffer or, indeed,
the content of different buffers, with different starting addresses.

Advice to implementors.  The system may “compile” at commit time an internal
representation for the datatype that facilitates communication, e.g. change from a
compacted representation to a flat representation of the datatype, and select the most
convenient transfer mechanism. (End of advice to implementors.)

MPI_TYPE_FREE(datatype)
INOUT datatype datatype that is freed (handle)

int MPI_Type_free(MPI

MPI_TYPE FREE(DATATYPE, IERROR)
INTEGER DATATYPE, IERROR

Marks the datatype object associated with datatype for deallocation and sets datatype
to MPI_LDATATYPENULL. Any communication that is currently using this datatype will com-
plete normally. Derived datatypes that were defined from the freed datatype are not af-
fected.

Example 3.26 The following code fragment gives examples of using MPI_TYPE_COMMIT.

INTEGER typel, type2
CALL MPI_TYPE_CONTIGUOUS(5, MPI_REAL, typel, ierr)

! new type object created
CALL MPI_TYPE_COMMIT(typel, ierr)

! now typel can be used for communication
type2 = typel

! type2 can be used for communication

! (it is a handle to same object as typel)
CALL MPI_TYPE_VECTOR(3, 5, 4, MPI_REAL, typel, ierr)

! new uncommitted type object created
CALL MPI_TYPE_COMMIT(typel, ierr)

! now typel can be used anew for communication

Freeing a datatype does not affect any other datatype that was built from the freed
datatype. The system behaves as if input datatype arguments to derived datatype con-
structors are passed by value.

Advice to implementors. The implementation may keep a reference count of active
communications that use the datatype, in order to decide when to free it. Also, one
may implement constructors of derived datatypes so that they keep pointers to their
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datatype arguments, rather then copying them. In this case, one needs to keep track 1

of active datatype definition references in order to know when a datatype object can 2

be freed. (End of advice to implementors.) 3

4

3.12.5 Use of general datatypes in communication 5

Handles to derived datatypes can be passed to a communication call wherever a datatype
argument is required. A call of the form MPI_SEND(buf, count, datatype , ...), where count >
1, is interpreted as if the call was passed a new datatype which is the concatenation of count
copies of datatype. Thus. MPI_SEND(buf, count, datatype, dest, tag, comm) is equivalent to.

10

MPI_TYPE_CONTIGUOUS(count, datatype, newtype) "
MPI_TYPE_COMMIT (newtype) 12
MPI_SEND(buf, 1, newtype, dest, tag, comm). 13
14

Similar statements apply to all other communication functions that have a count and 15
datatype argument. 16
Suppose that a send operation MPI_SEND(buf, count, datatype, dest, tag, comm) is 17
executed, where datatype has type map, 18

19

{(typeo, dispo). ....(typen—1,disp,_1)},

20

and extent cxtent. (Empty entries of “pseudo-type”™ MPILUB and MPI_LB are not listed 2
in the type map, but they affect the value of crtent.) The send operation sends n - count 22

entries, where entry ¢-n + j is at location addr; ; = buf + crtent - i 4 disp; and has type 28
typej. fori =0.....count — | and j = 0.....n— 1. These entries need not be contiguous, nor 24
distinct; their order can be arbitrary. 2
The variable stored at address addr; ; in the calling program should be of a type that 26
matches type;, where type matching is defined as in section 3.3.1. The message sent contains 27
n - count entries, where entry 7 -n + j has type type;. 28
Similarly, suppose that a receive operation MPI_RECV(buf, count, datatype, source, tag, 2
comm, status) is executed, where datatype has type map, a0
31

{(typeo, dispo). ....(typen—1,disp,_1)}, a2

33

with extent cartent. (Again, empty entries of “pseudo-type”™ MPILUB and MPI_LB are not
listed in the type map, but they affect the value of cxtent.) This receive operation receives
n - count entries, where entry ¢ - n + j is at location buf + cutent -4 + disp; and has type
type;. If the incoming message consists of k elements, then we must have & < n -count: the
i-n + j-th element of the message should have a type that matches typec;.

Type matching is defined according to the type signature of the corresponding datatypes,

34
35
36
37
38

that is, the sequence of basic type components. Type matching does not depend on some ”

aspects of the datatype definition, such as the displacements (layout in memory) or the
intermediate types used.

40
41
42

43

Example 3.27 This example shows that type matching is defined in terms of the basic
types that a derived type consists of.

44
45
“ .. 46
CALL MPI_TYPE_CONTIGUOUS( 2, MPI_REAL, type2, ...) 47
CALL MPI_TYPE_CONTIGUOUS( 4, MPI_REAL, type4, ...) 48
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CALL MPI_TYPE_CONTIGUOUS( 2, type2, type22, ...)

CALL MPI_SEND( a,

4, MPI_REAL, ...)
CALL MPI_SEND( a, 2, type2, ...)
CALL MPI_SEND( a, 1, type22, ...)
CALL MPI_SEND( a, 1, type4, ...)
CALL MPI_RECV( a, 4, MPI_REAL, ...)
CALL MPI_RECV( a, 2, type2, ...)
CALL MPI_RECV( a, 1, type22, ...)
CALL MPI_RECV( a, 1, type4, ...)

Fach of the sends matches any of the receives.

A datatype may specify overlapping entries. If such a datatype is used in a receive
operation, that is, if some part of the receive buffer is written more than once by the receive
operation, then the call is erroneous.

Suppose that MPI_RECV(buf, count, datatype, dest, tag, comm, status) is executed,
where datatype has type map,

{(?‘_I/pr’o, dispo). (?"I/pr’n_l, dispn_l)}.

The received message need not fill all the receive buffer, nor does it need to fill a number of
locations which is a multiple of . Any number. k, of basic elements can be received, where
0 < k < count-n. The number of basic elements received can be retrieved from status using

the query function MPI_GET_ELEMENTS.

MPI_GET_ELEMENTS( status, datatype, count)

IN status return status of receive operation (Status)
IN datatype datatype used by receive operation (handle)
our count number of received basic elements (integer)

int MPI Get_elements(MPI Status status, MPI Datatype datatype, int *count)

MPI_GET _ELEMENTS (STATUS, DATATYPE, COUNT, IERROR)
INTEGER STATUS(MPI_STATUS_SIZE), DATATYPE, COUNT, IERROR

The previously defined function, MPI_GET_COUNT (Sec. 3.2.5), has a different be-
havior. It returns the number of “top-level elements” received. In the previous example,
MPI_GET_COUNT may return any integer value k, where 0 < k£ < count. If MPI_GET_COUNT
returns k, then the number of basic elements received (and the value returned by
MPI_GET_ELEMENTS) is n - k. If the number of basic elements received is not a multi-
ple of n, that is, if the receive operation has not received an integral number of datatype
“copies,” then MPI_GET_COUNT returns the value MPILUNDEFINED.

Example 3.28 Usage of MPI_GET_COUNT and MPI_GET_ELEMENT.

CALL MPI_TYPE_CONTIGUQUS(2, MPI_REAL, Type2, ierr)
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CALL MPI_TYPE_COMMIT(Type2, ierr) 1
PR 2
CALL MPI_COMM_RANK(comm, rank, ierr) 3
IF(rank.EQ.0) THEN 4
CALL MPI_SEND(a, 2, MPI_REAL, 1, O, comm, ierr) 5
CALL MPI_SEND(a, 3, MPI_REAL, 1, O, comm, ierr) 6
ELSE 7
CALL MPI_RECV(a, 2, Type2, O, O, comm, stat, ierr) 8
CALL MPI_GET_COUNT(stat, Type2, i, ierr) ! returns i=1 9
CALL MPI_GET_ELEMENTS(stat, Type2, i, ierr) ! returns i=2 10
CALL MPI_RECV(a, 2, Type2, O, O, comm, stat, ierr) 11
CALL MPI_GET_COUNT(stat, Type2, i, ierr) ! returns i=MPI_UNDEFINED 12
CALL MPI_GET_ELEMENTS(stat, Type2, 1, ierr) ! returns i=3 13
END IF 14

15

The function MPI_GET_ELEMENTS can also be used after a probe to find the number 16
of elements in the probed message. Note that the two functions MPI_GET_COUNT and 17
MPI_GET_ELEMENTS return the same values when they are used with basic datatypes. 18

19

Rationale. The extension given to the definition of MPI_GET_COUNT seems natural:
one would expect this function to return the value of the count argument, when
the receive buffer is filled. Sometimes datatype represents a basic unit of data one
wants to transfer, for example, a record in an array of records (structures). One
should be able to find out how many components were received without bothering to
divide by the number of elements in each component. However, on other occasions,
datatype is used to define a complex layout of data in the receiver memory, and does
not represent a basic unit of data for transfers. In such cases, one needs to use the

function MPI_GET_ELEMENTS. ( End of rationale.)

20
21
22
23
24
25
26
27
28

29
Advice to implementors.  The definition implies that a receive cannot change the

value of storage outside the entries defined to compose the communication buffer. In
particular, the definition implies that padding space in a structure should not be mod-
ified when such a structure is copied from one process to another. This would prevent
the obvious optimization of copying the structure, together with the padding, as one
contiguous block. The implementation is free to do this optimization when it does not
impact the outcome of the computation. The user can “force” this optimization by
explicitly including padding as part of the message. (End of advice to implementors.)

30
31
32
33
34
35
36
37
38
3.12.6 Correct use of addresses 2

Successively declared v tiguous ~ *°

locations. Thus, care must be exercised that displacements do not cross from one variable
to another. Also, in machines with a segmented address space, addresses are not unique
and address arithmetic has some peculiar properties. Thus, the use of addresses, that is,

41

42

43

displacements relative to the start address MPILBOTTOM, has to be restricted. i
sequential storage if they belong to the same array, to ~ *°
the same COMMON bloc alid addresses are ~ *¢

defined recursively as follows: 47

48

Ex.1049 / Page 93 of 748
Intel Corporation et al



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

3.12. DERIVED DATATYPES

=1
[y

1. The function MPI_,ADDRESS returns a valid address, when passed as argument a
variable of the calling program.

2. The buf argument of a communication function evaluates to a valid address, when
passed as argument a variable of the calling program.

3. If vis a valid address, and i is an integer, then v+i is a valid address, provided v and
v+i are in the same sequential storage.

4. If v is a valid address then MPI_BOTTOM + v is a valid address.

A correct program uses only valid addresses to identify the locations of entries in
communication buffers. Furthermore, if u and v are two valid addresses, then the (integer)
difference u - v can be computed only if both u and v are in the same sequential storage.
No other arithmetic operations can be meaningfully executed on addresses.

The rules above impose no constraints on the use of derived datatypes, as long as
they are used to define a communication buffer that is wholly contained within the same
sequential storage. However, the construction of a communication buffer that contains
variables that are not within the same sequential storage must obey certain restrictions.
Basically, a communication buffer with variables that are not within the same sequential
storage can be used only by specifying in the communication call buf = MPI_BOTTOM.,
count = 1, and using a datatype argument where all displacements are valid (absolute)
addresses.

Advice to users. It is not expected that MPI| implementations will be able to detect
erroneous, “out of bound” displacements — unless those overflow the user address
space — since the MPI call may not know the extent of the arrays and records in the
host program. (End of advice to users.)

Advice to implementors.  There is no need to distinguish (absolute) addresses and
(relative) displacements on a machine with contiguous address space: MPI_LBOTTOM is
zero, and both addresses and displacements are integers. On machines where the dis-
tinction is required, addresses are recognized as expressions that involve MPI_LBOTTOM.
(End of advice to implementors.)

3.12.7 Examples

The following examples illustrate the use of derived datatypes.

Example 3.29 Send and receive a section of a 3D array.
REAL a(100,100,100), e(9,9,9)

INTEGER oneslice, twoslice, threeslice, sizeofreal, myrank, ierr
INTEGER status(MPI_STATUS_SIZE)

C extract the section a(1:17:2, 3:11, 2:10)
C and store it in e(:,:,:).

CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank)
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CALL MPI_TYPE_EXTENT( MPI_REAL, sizeofreal, ierr) 1

2

C create datatype for a 1D section 3
CALL MPI_TYPE_VECTOR( 9, 1, 2, MPI_REAL, oneslice, ierr) 4

5

C create datatype for a 2D section 6

CALL MPI_TYPE_HVECTOR(9, 1, 100*sizeofreal, oneslice, twoslice, ierr) 7

C create datatype for the entire section 9
CALL MPI_TYPE_HVECTOR( 9, 1, 100*%100*sizeofreal, twoslice, 1, 10
threeslice, ierr) 11

12

CALL MPI_TYPE_COMMIT( threeslice, ierr) 13

CALL MPI_SENDRECV(a(1,3,2), 1, threeslice, myrank, O, e, 9%9%9, 14
MPI_REAL, myrank, O, MPI_COMM_WORLD, status, ierr) 15

16
Example 3.30 Copy the (strictly) lower triangular part of a matrix.

17

18

REAL a(100,100), b(100,100)
INTEGER disp(100), blocklen(100), ltype, myrank, ierr
INTEGER status(MPI_STATUS_SIZE)

19
20
21

C copy lower triangular part of array a m

C onto lower triangular part of array b

23
24
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank) >

26

27
C compute start and size of each column

DO i=1, 100
disp(i) = 100%(i-1) + i
block(i) = 100-i

END DO

28
29
30
31
32

33
C create datatype for lower triangular part

CALL MPI_TYPE_INDEXED( 100, block, disp, MPI_REAL, ltype, ierr)

34
35

36

CALL MPI_TYPE_COMMIT(ltype, ierr)
CALL MPI_SENDRECV( a, 1, ltype, myrank, O, b, 1,
ltype, myrank, O, MPI_COMM_WORLD, status, ierr)

37

38

39

Example 3.31 0
41

REAL a(100,100), b(100,100) 42
INTEGER row, xpose, sizeofreal, myrank, ierr 43
INTEGER status(MPI_STATUS_SIZE) 44

45

C transpose matrix a onto b 16
47

CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank) 48
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CALL MPI_TYPE_EXTENT( MPI_REAL, sizeofreal, ierr)

create datatype for one row
CALL MPI_TYPE_VECTOR( 100, 1, 100, MPI_REAL, row, ierr)

create datatype for matrix in row-major order
CALL MPI_TYPE_HVECTOR( 100, 1, sizeofreal, row, xpose, ierr)

CALL MPI_TYPE_COMMIT( xpose, ierr)
send matrix in row-major order and receive in column major order

CALL MPI_SENDRECV( a, 1, xpose, myrank, O, b, 100%100,
MPI_REAL, myrank, O, MPI_COMM_WORLD, status, ierr)

Example 3.32 Another approach to the transpose problem:

REAL a(100,100), b(100,100)

INTEGER disp(2), blocklen(2), type(2), row, rowl, sizeofreal
INTEGER myrank, ierr

INTEGER status(MPI_STATUS_SIZE)

CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank)
transpose matrix a onto b
CALL MPI_TYPE_EXTENT( MPI_REAL, sizeofreal, ierr)

create datatype for one row
CALL MPI_TYPE_VECTOR( 100, 1, 100, MPI_REAL, row, ierr)

create datatype for one row, with the extent of one real number
disp(1) =0

disp(2) = sizeofreal

type(l) = row

type(2) = MPI_UB

blocklen(1) 1

blocklen(2) 1

CALL MPI_TYPE_STRUCT( 2, blocklen, disp, type, rowl, ierr)

CALL MPI_TYPE_COMMIT( rowl, ierr)

send 100 rows and receive in column major order
CALL MPI_SENDRECV( a, 100, rowl, myrank, O, b, 100%100,
MPI_REAL, myrank, O, MPI_COMM_WORLD, status, ierr)

Example 3.33 y of structures.

struct Partstruct
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{

int class; /* particle class */

double d[6]; /* particle coordinates */

char b[7]; /* some additional information */
s

struct Partstruct particle[1000];

int i, dest, rank;
MPI_Comm comm;

/* build datatype describing structure */

MPI_Datatype Particletype;
MPI_Datatype typel[3] = {MPI_INT, MPI_DOUBLE, MPI_CHAR};

int blocklen[3] = {1, 6, 7};
MPI_Aint disp[3];
int base;

/* compute displacements of structure components */

MPI_Address( particle, disp);
MPI_Address( particle[0].d, disp+1);
MPI_Address( particle[0].b, disp+2);
base = disp[0];

for (i=0; i <3; i++) disp[i] -= base;

MPI_Type_struct( 3, blocklen, disp, type, &Particletype);

/* If compiler does padding in mysterious ways,
the following may be safer */

MPI_Datatype typel[4] = {MPI_INT, MPI_DOUBLE, MPI_CHAR, MPI_UB}
int blockleni[4] = {1, 6, 7, 1};
MPI_Aint disp1[4];

/* compute displacements of structure components */

MPI_Address( particle, displ);
MPI_Address( particle[0].d, displ+1);
MPI_Address( particle[0].b, displ+2);
MPI_Address( particle+l, displ+3);
base = disp1[0];

for (i=0; i <4; i++) dispi[i] -= base;

/* build datatype describing structure */

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

5 35
36
37
38
39
40
41
42
43
44
45
46
47

48
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MPI_Type_struct( 4, blocklenl, displ, typel, &Particletype);

/* 4.1:
send the entire array */

MPI_Type_commit( &Particletype);
MPI_Send( particle, 1000, Particletype, dest, tag, comm) ;

/* 4.2:
send only the entries of class zero particles,
preceded by the number of such entries */

MPI_Datatype Zparticles; /* datatype describing all particles
with class zero (needs to be recomputed
if classes change) */

MPI_Datatype Ztype;

MPI_Aint zdisp[1000] ;
int zblock[1000], j, k;
int zzblock[2] = {1,1};
MPI_Aint zzdisp[2];
MPI_Datatype zztypel[2];

/* compute displacements of class zero particles */
j=0;
for(i=0; i < 1000; i++)
if (particle[i].class==0)
{
zdispl[j] = 1i;
zblock[j] = 1;
jt+;

}

/* create datatype for class zero particles */
MPI_Type_indexed( j, zblock, zdisp, Particletype, &Zparticles);

/* prepend particle count */

MPI_Address(&j, zzdisp);

MPI_Address(particle, zzdisp+1);

zztype[0] = MPI_INT;

zztypell]l = Zparticles;

MPI_Type_struct(2, zzblock, zzdisp, zztype, &Ztype);

MPI_Type_commit( &Ztype);
MPI_Send( MPI_BOTTOM, 1, Ztype, dest, tag, comm);
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/* A probably more efficient way of defining Zparticles x/ 3

4

/* consecutive particles with index zero are handled as one block */ 5
j=0; 6
for (i=0; i < 1000; i++) 7
if (particle[i].index==0) 8

{ 0
for (k=i+1; (k < 1000)&&(particlel[k].index == 0) ; k++); 10
zdisp[j] = i; 11
zblock[j] = k-i; 12
j++; 13

i = k; 14

} 15
MPI_Type_indexed( j, zblock, zdisp, Particletype, &Zparticles); 16
17

18

/*x 4.3: 19

send the first two coordinates of all entries */ 20

21

MPI_Datatype Allpairs; /* datatype for all pairs of coordinates */ 22
23

MPI_Aint sizeofentry; 24
25

MPI_Type_extent( Particletype, &sizeofentry); 26
27

/* sizeofentry can also be computed by subtracting the address 28

of particle[0] from the address of particle[1] */ 29

30

MPI_Type_hvector( 1000, 2, sizeofentry, MPI_DOUBLE, &Allpairs); 31
MPI_Type_commit( &Allpairs); 32
MPI_Send( particle[0].d, 1, Allpairs, dest, tag, comm); 33
34

/* an alternative solution to 4.3 */ 35

36

MPI_Datatype Onepair; /* datatype for one pair of coordinates, with a7
the extent of one particle entry */ 38

MPI_Aint disp2[3]; 39
MPI_Datatype type2[3] = {MPI_LB, MPI_DOUBLE, MPI_UB}; 10
int blocklen2[3] = {1, 2, 1}; 41
42

MPI_Address( particle, disp2); 13
MPI_Address( particle[0].d, disp2+1); 44
MPI_Address( particle+l, disp2+2); 45
base = disp2[0]; 46
for (i=0; i<2; i++) disp2[i] -= base; 47

48
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MPI_Type_struct( 3, blocklen2, disp2, type2, &Onepair);
MPI_Type_commit( &Onepair);
MPI_Send( particle[0].d, 1000, Onepair, dest, tag, comm);

Example 3.34 The same manipulations as in the previous example, but use absolute ad-
dresses in datatypes.

struct Partstruct
{
int class;
double d[6];
char b[7];
};

struct Partstruct particle[1000];
/* build datatype describing first array entry */

MPI_Datatype Particletype;

MPI_Datatype typel[3] = {MPI_INT, MPI_DOUBLE, MPI_CHAR};
int block[3] = {1, 6, 7};

MPI_Aint disp[3];

MPI_Address( particle, disp);

MPI_Address( particle[0].d, disp+1);

MPI_Address( particle[0].b, disp+2);

MPI_Type_struct( 3, block, disp, type, &Particletype);

/* Particletype describes first array entry -- using absolute
addresses */

/* 5.1:
send the entire array */

MPI_Type_commit( &Particletype);
MPI_Send( MPI_BOTTOM, 1000, Particletype, dest, tag, comm);

/*x 5.2:
send the entries of class zero,
preceded by the number of such entries */

MPI_Datatype Zparticles, Ztype;
MPI_Aint zdisp[1000]

int zblock[1000], i, j, k;
int zzblock[2] = {1,1};
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MPI_Datatype zztypel[2]; 1
MPI_Aint zzdisp[2]; 2
3

3=0; *
for (i=0; i < 1000; i++) 5
if (particle[i].index==0) 6

{ 7

for (k=i+1; (k < 1000)&&(particlel[k].index = 0) ; k++); 8
zdispl[j] = 1i; 9
zblock[j] = k-i; 10
jt+; H

i = k; 12

} 13
MPI_Type_indexed( j, zblock, zdisp, Particletype, &Zparticles); 14
/* Zparticles describe particles with class zero, using 15
their absolute addressesx*/ 16

17

/* prepend particle count */ 18
MPI_Address(&j, zzdisp); 19
zzdisp[1] = MPI_BOTTOM; 20
zztype[0] = MPI_INT; 21
zztypell]l = Zparticles; 22
MPI_Type_struct(2, zzblock, zzdisp, zztype, &Ztype); 23
24

MPI_Type_commit( &Ztype); 25
MPI_Send( MPI_BOTTOM, 1, Ztype, dest, tag, comm); 26
27

28

Example 3.35 Handling of unions. 29
30

union { .
int ival; 2o
float  fval; a3

¥ ul1000] a4

35

int utype; 26

37
/* All entries of u have identical type; variable

utype keeps track of their current type */

38
39
40

MPI_Datatype typel2];

41

int blocklen[2] = {1,1}; 42
MPI_Aint disp[2]; 42
MPI_Datatype mpi_utypel[2]; "
MPI_Aint i,j; 45

46
/* compute an MPI datatype for each possible union type;

assume values are left-aligned in union storage. */

47

48
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MPI_Address( u, &i);
MPI_Address( u+i, &j);
disp[0] = 0; disp[1] = j-i;
typel1] = MPI_UB;

type[0] = MPI_INT;
MPI_Type_struct(2, blocklen, disp, type, &mpi_utypel0]);

typel[0] = MPI_FLOAT;
MPI_Type_struct(2, blocklen, disp, type, &mpi_utypell]);

for(i=0; i<2; i++) MPI_Type_commit(&mpi_utypelil);
/* actual communication */

MPI_Send(u, 1000, mpi_utypelutypel, dest, tag, comm);

3.13 Pack and unpack

Some existing communication libraries provide pack/unpack functions for sending noncon-
tiguous data. In these, the user explicitly packs data into a contiguous buffer before sending
it, and unpacks it from a contiguous buffer after receiving it. Derived datatypes, which are
described in Section 3.12, allow one, in most cases, to avoid explicit packing and unpacking.
The user specifies the layout of the data to be sent or received, and the communication
library directly accesses a noncontiguous buffer. The pack/unpack routines are provided
for compatibility with previous libraries. Also, they provide some functionality that is not
otherwise available in MPI. I'or instance, a message can be received in several parts, where
the receive operation done on a later part may depend on the content of a former part.
Another use is that outgoing messages may be explicitly buffered in user supplied space,
thus overriding the system buffering policy. Finally, the availability of pack and unpack
operations facilitates the development of additional communication libraries layered on top

ol MPI.

MPI_PACK(inbuf, incount, datatype, outbuf, outcount, position, comm)

IN inbuf input buffer start (choice)

IN incount number of input data items (integer)

IN datatype datatype of each input data item (handle)
ouT outbuf output buffer start (choice)

IN outcount output buffer size, in bytes (integer)
INOUT  position current position in buffer, in bytes (integer)
IN comm communicator for packed message (handle)

int MPI Pack(void* inbuf, int incount, MPI Datatype datatype, void *outbuf,
int outcount, int *position, MPI_Comm comm)
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MPI_PACK(INBUF, INCOUNT, DATATYPE, OUTBUF, OUTCOUNT, POSITION, COMM, !
IERROR) 2

<type> INBUF(*), OUTBUF (%) 8
INTEGER INCOUNT, DATATYPE, OUTCOUNT, POSITION, COMM, IERROR 4

Packs the message in the send buffer specified by inbuf, incount, datatype into the buffer
space specified by outbuf and outcount. The input buffer can be any communication buffer
allowed in MPI_SSEND. The output buffer is a contiguous storage area containing outcount
bytes, starting at the address outbuf (length is counted in bytes, not elements, as if it were
a communication buffer for a message of tvpe MPI_PACKED).

The input value of position is the first location in the output buffer to be used for
packing. position is incremented by the size of the packed message, and the output value
of position is the first location in the output buffer following the locations occupied by the
packed message. The comm argument is the communicator that will be subsequently used
for sending the packed message.

10

11

12

13

14

15

16

MPI_UNPACK(inbuf, insize, position, outbuf, outcount, datatype, comm) 17
IN inbuf input buffer start (choice) b
19

IN insize size of input buffer, in bytes (integer) 20
INOUT  position current position in bytes (integer) 21
ouTr outbuf output buffer start (choice) *
23

IN outcount number of items to be unpacked (integer) 4
IN datatype datatype of each output data item (handle) 25
IN comm communicator for packed message (handle) *
27

28

int MPI N
int outcount, MPI_Datatype datatype, MPI_Comm comm) 20

MPI a
IERROR) a2

<type> INBUF (%), OUTBUF (x) 33
INTEGER INSIZE, POSITION, OUTCOUNT, DATATYPE, COMM, IERROR a4

35

Unpacks a message into the receive buffer specified by outbuf, outcount, datatype from 26

the buffer space specified by inbuf and insize. The output buffer can be any communication a
buffer allowed in MPI_RECV. The input buffer is a contiguous storage area containing insize
bytes, starting at address inbuf. The input value of position is the first location in the output a9

buffer occupied by the packed message. position is incremented by the size of the packed
message, so that the output value of position is the first location in the output buffer after
the locations occupied by the message that was unpacked. comm is the communicator used
to receive the packed message.

40
41
42
43

44

Advice to users.  Note the difference between MPI_RECV and MPI.UNPACK: in
MPI_RECV. the count argument specifies the maximum number of items that can
be received. The actual number of items received is determined by the length of
the incoming message. In MPI_UNPACK. the count argument specifies the actual

45
46
47

48
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number of items that are unpacked; the “size” of the corresponding message is the
increment in position. The reason for this change is that the “incoming message size”
is not predetermined since the user decides how much to unpack; nor is it easy to
determine the “message size” from the number of items to be unpacked. In fact, in a
heterogeneous system, this number may not be determined a priori. (Fnd of advice
to users.)

vior of pack and unpack, it is convenient to think of the data
part of a message as being the sequence obtained by concatenating the successive values sent
in that message. The pack operation stores this sequence in the buffer space, as if sending
the message to that buffer. The unpack operation retrieves this sequence from buffer space,
as if receiving a message from that buffer. (It is helpful to think of in
sscanf in C, for a similar function.)

Several messages can be successively packed into one packing unit. This is effected
by several successive related calls to MPI_PACK, where the first call provides position = 0,
and each successive call inputs the value of position that was output by the previous call,
and the same values for outbuf, outcount and comm. This packing unit now contains the
equivalent information that would have been stored in a message by one send call with a
send buffer that is the “concatenation” of the individual send buffers.

A packing unit can be sent using tvpe MPI_LPACKED. Any point to point or collective
communication function can be used to move the sequence of bytes that forms the packing
unit from one process to another. This packing unit can now be received using any receive
operation, with any datatype: the type matching rules are relaxed for messages sent with
type MPI_PACKED.

A message sent with any type (including MPI_.PACKED) can be received using the type
MPI_PACKED. Such a message can then be unpacked by calls to MPI_UNPACK.

A packing unit (or a message created by a regular, “typed” send) can be unpacked
into several successive messages. This is effected by several successive related calls to
MPI_UNPACK, where the first call provides position = 0, and each successive call inputs
the value of position that was output by the previous call, and the same values for inbuf,
insize and comm.

The concatenation of two packing units is not necessarily a packing unit; nor is a
substring of a packing unit necessarily a packing unit. Thus, one cannot concatenate two
packing units and then unpack the result as one packing unit; nor can one unpack a substring
of a packing unit as a separate packing unit. Each packing unit, that was created by a related
sequence of pack calls, or by a regular send, must be unpacked as a unit, by a sequence of
related unpack calls.

Rationale.  The restriction on “atomic” packing and unpacking of packing units
allows the implementation to add at the head of packing units additional information,
such as a description of the sender architecture (to be used for type conversion, in a
heterogeneous environment ) ( )

The following call allows the user to find out how much space is needed to pack a
message and, thus, manage space allocation for buffers.
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MPI_PACK_SIZE(incount, datatype, comm, size) 1
IN incount count argument to packing call (integer) ?
IN datatype datatype argument to packing call (handle) j
N comm communicator argument to packing call (handle) 5
ouT size upper bound on size of packed message, in bytes (in- 6

teger) T

int MPI_Pack_size(int incount, MPI Datatype datatype, MPI_Comm comm,

. . 10
int *size)

11
MPI_PACK_SIZE(INCOUNT, DATATYPE, COMM, SIZE, IERROR) 12
INTEGER INCOUNT, DATATYPE, COMM, SIZE, IERROR 12

A call to MPI_PACK_SIZE(incount, datatype, comm, size) returns in size an upper bound Y

on the increment in position that is effected by a call to MPI_LPACK(inbuf, incount, datatype,
outbuf, outcount, position, comm).

15
16
17

Rationale. The call returns an upper bound, rather than an exact bound, since the 18

exact amount of space needed to pack the message may depend on the context (e.g.,
first message packed in a packing unit may take more space). (End of rationale.)

19
20
21

Example 3.36 An example using MPI_PACK. 22

23
int position, i, j, al[2];

char buff[1000];

24
25
26
27

28

MPI_Comm_rank (MPI_COMM_WORLD, &myrank);
if (myrank == 0)
{

29
30
31
/ * SENDER CODE */

32

33
position = 0;

MPI_Pack(&i, 1, MPI_INT, buff, 1000, &position, MPI_COMM_WORLD) ;
MPI_Pack(&j, 1, MPI_INT, buff, 1000, &position, MPI_COMM_WORLD) ;
MPI_Send( buff, position, MPI_PACKED, 1, O, MPI_COMM_WORLD);

34
35
36

37

b
else /x RECEIVER CODE */
MPI_Recv( a, 2, MPI_INT, O, O, MPI_COMM_WORLD)

38
39
40
41
} 42
43

Example 3.37 A elaborate example.

44

int position, 1ij; 45
float a[1000]; 16
char buff[1000] 47

48
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23
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29

30

31

32

33
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CK 87

MPI_Comm_rank (MPI_Comm_world, &myrank);
if (myrank == 0)

{

/ * SENDER CODE */

int len[2];
MPI_Aint disp[2];
MPI_Datatype typel2], newtype;

/* build datatype for i followed by alO]...a[i-1] =*/

len[0] 1;

len[1] i

MPI_Address( &i, disp);

MPI_Address( a, disp+1);

typel[0] = MPI_INT;

typel[1] = MPI_FLOAT;

MPI_Type_struct( 2, len, disp, type, &newtype);
MPI_Type_commit( &newtype);

/* Pack i followed by alO]...a[i-1]*/

position = O;
MPI_Pack( MPI_BOTTOM, 1, newtype, buff, 1000, &position, MPI_COMM_WORLD) ;

/* Send */

MPI_Send( buff, position, MPI_PACKED, 1, O,
MPI_COMM_WORLD)

/¥ kkkokk

}

One can replace the last three lines with
MPI_Send( MPI_BOTTOM, 1, newtype, 1, O, MPI_COMM_WORLD);
kxckkk k[

else /* myrank == 1 */

{

/* RECEIVER CODE */
MPI_Status status;
/* Receive %/
MPI_Recv( buff, 1000, MPI_PACKED, O, O, &status);

/* Unpack i */
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position = O;

MPI_Unpack(buff, 1000, &position, &i, 1, MPI_INT, MPI_COMM_WORLD); 3

/* Unpack a[0]...a[i-1] */

MPI_Unpack(buff, 1000, &position, a, i, MPI_FLOAT, MPI_COMM_WORLD) ; 6

¥

Example 3.38 Each process sends a count, followed by count characters to the root; the

root concatenate all characters into one string.

int count, gsize, counts[64], totalcount, k1, k2, k,
displs[64], position, concat_pos;
char chr[100], *1buf, *rbuf, *cbuf;

MPI_Comm_size(comm, &gsize);
MPI_Comm_rank(comm, &myrank) ;

/* allocate local pack buffer */
MPI_Pack_size(1, MPI_INT, comm, &k1);
MPI_Pack_size(count, MPI_CHAR, &k2);

k = ki1+k2;
lbuf = (char *)malloc(k);

/* pack count, followed by count characters */
position = O;
MPI_Pack(&count, 1, MPI_INT, &lbuf, k, &position, comm);
MPI_Pack(chr, count, MPI_CHAR, &lbuf, k, &position, comm);

if (myrank !'= root)
/* gather at root sizes of all packed messages */
MPI_Gather( &position, 1, MPI_INT, NULL, NULL,
NULL, root, comm);

/* gather at root packed messages */
MPI_Gatherv( &buf, position, MPI_PACKED, NULL,
NULL, NULL, NULL, root, comm);

else { /* root code */
/* gather sizes of all packed messages */
MPI_Gather( &position, 1, MPI_INT, counts, 1,
MPI_INT, root, comm);

/* gather all packed messages */
displs[0] = 0;
for (i=1; i < gsize; i++)
displs[i] = displs[i-1] + counts[i-1];
totalcount = dipls[gsize-1] + counts[gsize-1];
rbuf = (char *)malloc(totalcount);

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
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cbuf = (char *)malloc(totalcount);
MPI_Gatherv( lbuf, position, MPI_PACKED, rbuf,
counts, displs, MPI_PACKED, root, comm);

/* unpack all messages and concatenate strings */
concat_pos = 0;
for (i=0; i < gsize; i++) {
position = 0O;

MPI_Unpack( rbuf+displs[i], totalcount-displs[i],
g&position, &count, 1, MPI_INT, comm);
MPI_Unpack( rbuf+displs[i], totalcount-displs[i],

&position, cbuf+concat_pos, count, MPI_CHAR, comm);
concat_pos += count;
}
cbuf [concat_pos] = ‘\0’;
}

&9
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Chapter 4 :

Collective Communication 0

11
12
13
14

4.1 Introduction and Overview

15

Collective communication is defined as communication that involves a group of processes. 16
The functions of this type provided by MPI are the following;: 1
18

¢ Barrier synchronization across all group members (Sec. 4.3). 19

20

¢ Broadcast from one member to all members of a group (Sec. 4.4). This is shown in N

figure 4.1. N

¢ Gather data from all group members to one member (Sec. 4.5). This is shown in 23
figure 4.1. 24
25

¢ Scatter data from one member to all members of a group (Sec. 4.6). This is shown 26
in figure 4.1. o7

¢ A variation on Gather where all members of the group receive the result (Sec. 4.7). *

This is shown as “allgather” in figure 4.1.

29

30

¢ Scatter/Gather data from all members to all members of a group (also called complete a1
exchange or all-to-all) (Sec. 4.8). This is shown as “alltoall” in figure 4.1. 22
33

¢ Global reduction operations such as sum, max, min, or user-defined functions, where 34
the result is returned to all group members and a variation where the result is returned a5
to only one member (Sec. 4.9). 26

¢ A combined reduction and scatter operation (Sec. 4.10). 37
38

¢ Scan across all members of a group (also called prefix) (Sec. 4.11). 29

40

A collective operation is executed by having all processes in the group call the com- “
munication routine, with matching arguments. The syntax and semantics of the collective .
operations are defined to be consistent with the syntax and semantics of the point-to-point 42
operations. Thus, general datatypes are allowed and must match between sending and re- "
ceiving processes as specified in Chapter 3. One of the key arguments is a communicator 45
that defines the group of participating processes and provides a context for the operation. 16
Several collective routines such as broadcast and gather have a single originating or receiv- o
ing process. Such processes are called the reot. Some arguments in the collective functions 48
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Figure 4.1: Collective move functions illustrated for a group of six processes. In each case,
cach row of boxes represents data locations in one process. Thus, in the broadcast, initially
just the first process contains the data Ag, but after the broadcast all processes contain it.
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are specified as “significant only at root,” and are ignored for all participants except the 1
root. The reader is referred to Chapter 3 for information concerning communication buffers, 2
general datatypes and type matching rules, and to Chapter 5 for information on how to 2
define groups and create communicators. 4

The type-matching conditions for the collective operations are more strict than the cor- 5
responding conditions between sender and receiver in point-to-point. Namely, for collective 6
operations, the amount of data sent must exactly match the amount of data specified by 7
the receiver. Distinct type maps (the layout in memory, see Sec. 3.12) between sender and 8
receiver are still allowed. 9

Collective routine calls can (but are not required to) return as soon as their participa- 10
tion in the collective communication is complete. The completion of a call indicates that the 1
caller is now free to access locations in the communication buffer. It does not indicate that 12
other processes in the group have completed or even started the operation (unless otherwise 13
indicated in the description of the operation). Thus, a collective communication call may, 14
or may not, have the effect of synchronizing all calling processes. This statement excludes, 15
of course, the barrier function. 16

Collective communication calls may use the same communicators as point-to-point 17
communication; MPI guarantees that messages generated on behalf of collective communi- 18
cation calls will not be confused with messages generated by point-to-point communication. 19
A more detailed discussion of correct use of collective routines is found in Sec. 4.12. 20

Rationale. The equal-data restriction (on type matching) was made so as to avoid
the complexity of providing a facility analogous to the status argument of MPI_RECV
for discovering the amount of data sent. Some of the collective routines would require
an array of status values.

The statements about synchronization are made so as to allow a variety of implemen-
tations of the collective functions.

The collective operations do not accept a message tag argument. If future revisions of 4

MPI define non-blocking collective functions, then tags (or a similar mechanism) will 20
need to be added so as to allow the dis-ambiguation of multiple, pending, collective 30
operations. (End of rationale.) 0
Advice to users. It is dangerous to rely on synchronization side-effects of the col- a2
lective operations for program correctness. For example, even though a particular 32
implementation may provide a broadcast routine with a side-effect of synchroniza- i
tion, the standard does not require this, and a program that relies on this will not be 35
portable. 36

On the other hand, a correct, portable program must allow for the fact that a collective
call may be synchronizing. Though one cannot rely on any svnchronization side-effect,
one must program so as to allow it. These issues are discussed further in Sec. 4.12.
(End of advice to users.)

Advice to implementors. ~ While vendors may write optimized collective routines 2
matched to their architectures, a complete library of the collective communication 42
routines can be written entirely using the MPI point-to-point communication func- 4
tions and a few auxiliary functions. If implementing on top of point-to-point, a hidden, 45
special communicator must be created for the collective operation so as to avoid inter- 16
ference with any on-going point-to-point communication at the time of the collective 47
call. This is discussed further in Sec. 4.12. (End of advice to implementors.) 4
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4.2. COMMUNICATOR ARGUMENT 93

4.2 Communicator argument

The key concept of the collective functions is to have a “group” of participating processes.
The routines do not have a group identifier as an explicit argument. Instead, there is a com-
municator argumen hapter, a communicator can be thought of
as a group identifier linked with a context. An inter-communicator, that is, a communicator
that spans two groups, is not allowed as an argument to a collective function.

4.3 Barrier synchronization

MPI_BARRIER( comm )

IN comm communicator (handle)

int MPI Barrier(MPI_Comm comm )

MPI_BARRIER(COMM, IERROR)
INTEGER COMM, IERROR

MPI_BARRIER blocks the caller until all group members have called it. The call returns
at any process only after all group members have entered the call.

4.4 Broadcast

MPI_BCAST( buffer, count, datatype, root, comm )

INOUT buffer starting address of buffer (choice)
IN count number of entries in buffer (integer)
IN datatype data type of buffer (handle)

IN root rank of broadcast root (integer)

IN comm communicator (handle)

int MPI_Bcast(void* buffer, int count, MPI_Datatype datatype, int root,
MPI_Comm comm )

MPI_BCAST (BUFFER, COUNT, DATATYPE, ROOT, COMM, IERROR)
<type> BUFFER(x)
INTEGER COUNT, DATATYPE, ROOT, COMM, IERROR

MPI_BCAST broadcasts a message from the process with rank root to all processes of
the group, itself included. It is called by all members of group using the same arguments
for comm, root. On return, the contents of root’s communication buffer has been copied to
all processes.

General, derived datatypes are allowed for datatype. 'T'he type signature of count,
datatype on any process must be equal to the type signature of count, datatype at the root.
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This implies that the amount of data sent must be equal to the amount received, pairwise 1
between cach process and the root. MPI_BCAST and all other data-movement collective 2
routines make this restriction. Distinct type maps between sender and receiver are still 3
allowed. 4
5

441 Example using MPI_LBCAST 6
Example 4.1 Broadcast 100 ints from process O to every process in the group. :
MPI_Comm comm; 9

int array[100]; 10

int root=0; 11

“ e 12
MPI_Bcast( array, 100, MPI_INT, root, comm); 13

. . 14
As in many of our example code fragments. we assume that some of the variables (such as

15
comm in the above) have been assigned appropriate values.

16
17
4.5 Gather 18
19
20
21

MPI_GATHER( sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm)

22

IN sendbuf starting address of send buffer (choice) 23
IN sendcount number of elements in send buffer (integer) 24
IN sendtype data type of send buffer elements (handle) *
26

ouTr recvbuf address of receive buffer (choice, significant only at o
root) 28

IN recvcount number of elements for any single receive (integer, sig- 29
nificant only at root) 30

IN recvtype data type of recv buffer elements (significant only at a
root) (handle) a2

IN root rank of receiving process (integer) v
34

IN comm communicator (handle) a5
36

int MPI Gather(void#* sendbuf, int sendcount, MPI Datatype sendtype, a7
void* recvbuf, int recvcount, MPI_Datatype recvtype, int root, 38

MPI_Comm comm) 39

40

MPI_GATHER (SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT, RECVTYPE,
ROOT, COMM, IERROR)
<type> SENDBUF (*), RECVBUF (*)
INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, ROOT, COMM, IERROR

41

42

43

44

Fach process (root process included) sends the contents of its send buffer to the root  4s
process. The root process receives the messages and stores them in rank order. The outcome 16
is as if each of the n processes in the group (including the root process) had executed a call 47

to 48
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MPI_Send(sendbuf, sendcount, sendtype, root,...),
and the root had executed n calls to
MPI Recv(recvbuf + i - recvcount - extent(recvtype), recvcount,recvtype,i,...),

where extent (recvtype) is the type extent obtained from a call to MPI _extent ().

An alternative description is that the n messages sent by the processes in the group
are concatenated in rank order, and the resulting message is received by the root as if by a
call to MPI_RECV(recvbuf, recvcount-n, recvtype, ...).

The receive buffer is ignored for all non-root processes.

General, derived datatypes are allowed for both sendtype and recvtype. The type sig-
nature of sendcount, sendtype on process i must be equal to the type signature of recvcount,
recvtype at the root. This implies that the amount of data sent must be equal to the amount
of data received, pairwise between cach process and the root. Distinct type maps between
sender and receiver are still allowed.

All arguments to the function are significant on process root, while on other processes,
only arguments sendbuf, sendcount, sendtype, root, comm are significant. The arguments
root and comm must have identical values on all processes.

The specification of counts and types should not cause any location on the root to be
written more than once. Such a call is erroneous.

Note that the recvcount argument at the root indicates the number of items it receives
from each process, not the total number of items it receives.

MPI_GATHERV( sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs, recvtype, root,
comm)

IN sendbuf starting address of send buffer (choice)

IN sendcount number of elements in send buffer (integer)

IN sendtype data type of send buffer elements (handle)

ouTr recvbuf address of receive buffer (choice, significant only at
root )

IN recvcounts integer array (of length group size) containing the num-

ber of elements that are received from each process
(significant only at root)

IN displs integer array (of length group size). Entry i specifies
the displacement relative to recvbuf at which to place

the incoming data from process i (significant only at

root)

IN recvtype data type of recv buffer elements (significant only at
root) (handle)

IN root rank of receiving process (integer)

IN comm communicator (handle)

int MPI Gatherv(void* sendbuf, int sendcount, MPI Datatype sendtype,
void* recvbuf, int *recvcounts, int *displs,
MPI Datatype recvtype, int root, MPI _Comm comm)
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MPI_GATHERV (SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNTS, DISPLS, 1
RECVTYPE, ROOT, COMM, IERROR) 2

<type> SENDBUF (%), RECVBUF (%) 3
INTEGER SENDCOUNT, SENDTYPE, RECVCOUNTS(*), DISPLS(*), RECVIYPE, ROOT, 4
COMM, IERROR 5

MPI_GATHERV extends the functionality of MPI_GATHER by allowing a varying count
of data from each process, since recvcounts is now an array. It also allows more flexibility
as to where the data is placed on the root, by providing the new argument. displs.

The outcome is as if each process, including the root process, sends a message to the
10

root.
11

MPI_Send(sendbuf, sendcount, sendtype, root, ), 12

13

and the root executes n receives. 14
15

MPI Recv(recvbuf + disp[i]- extent(recvtype),recvcounts[i],recvtype,i,...).
16

Messages are placed in the receive buffer of the root process in rank order, that is, the 17
data sent from process j is placed in the jth portion of the receive buffer recvbuf on process 18
root. The jth portion of recvbuf begins at offset displs[j] elements (in terms of recvtype) into 19
recvbuf. 20

The receive buffer is ignored for all non-root processes. 21

The type signature implied by sendcount, sendtype on process i must be equal to the 22
type signature implied by recvcounts]i], recvtype at the root. This implies that the amount 22
of data sent must be equal to the amount of data received, pairwise between cach process 24
and the root. Distinct type maps between sender and receiver are still allowed, as illustrated 25
in Example 4.6. 26

All arguments to the function are significant on process root, while on other processes, 27
only arguments sendbuf, sendcount, sendtype, root, comm are significant. The arguments 28
root and comm must have identical values on all processes. 29

The specification of counts, types, and displacements should not cause any location on 30
the root to be written more than once. Such a call is erroneous. 31

32
4.5.1 Examples using MPI_.GATHER, MPI_GATHERV o
34
Example 4.2 Gather 100 ints from every process in group to root. See figure 4.2. a5

36
MPI_Comm comm;

int gsize,sendarray[100];
int root, *rbuf;

37
38
39

c. w0
MPI_Comm_size( comm, &gsize);

rbuf = (int *)malloc(gsize*100*sizeof(int));
MPI_Gather( sendarray, 100, MPI_INT, rbuf, 100, MPI_INT, root, comm) ;

41
42
43

Example 4.3 Previous example modified — only the root allocates memory for the receive "

buffer.

45
46
47

48
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at root

rbuf

Figure 4.2: The root process gathers 100 ints from each process in the group.

MPI_Comm comm;
int gsize,sendarray[100];
int root, myrank, *rbuf;

MPI_Comm_rank( comm, myrank);
if ( myrank == root) {
MPI_Comm_size( comm, &gsize);
rbuf = (int *)malloc(gsize*100*sizeof (int));
}
MPI_Gather( sendarray, 100, MPI_INT, rbuf, 100, MPI_INT, root, comm) ;

Example 4.4 Do the same as the previous example, but use a derived datatype. Note
that the type cannot be the entire set of gsize*100 ints since type matching is defined
pairwise between the root and each process in the gather.

MPI_Comm comm;

int gsize,sendarray[100];
int root, *rbuf;
MPI_Datatype rtype;

MPI_Comm_size( comm, &gsize);

MPI_Type_contiguous( 100, MPI_INT, &rtype );

MPI_Type_commit( &rtype ) ;

rbuf = (int *)malloc(gsize*100*sizeof(int));

MPI_Gather( sendarray, 100, MPI_INT, rbuf, 1, rtype, root, comm);

Example 4.5 Now have cach process send 100 ints to root, but place each set (of 100)
stride ints apart at receiving end. Use MPI_GATHERV and the displs argument to achieve
this effect. Assume stride > 100. See figure 4.3.

MPI_Comm comm;

int gsize,sendarray[100];
int root, *rbuf, stride;
int *displs,i,*rcounts;
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100 100 100 )
N 3
4
100 100 100
5
at root

_— 6
stride 7

rbuf
8
Figure 4.3: The root process gathers 100 ints from each process in the group, each set is 9
placed stride ints apart. 10

11

12
MPI_Comm_size( comm, &gsize);

rbuf = (int *)malloc(gsizexstridexsizeof (int));
displs = (int *)malloc(gsizex*sizeof(int));
rcounts = (int *)malloc(gsize*sizeof(int));
for (i=0; i<gsize; ++i) {

displs[i] = ixstride;

rcounts[i] = 100;

13
14
15
16
17
18

19

}
MPI_Gatherv( sendarray, 100, MPI_INT, rbuf, rcounts, displs, MPI_INT,
root, comm);

20
21
22
Note that the program is erroneous if stride < 100. *

24

25

Example 4.6 Same as Example 4.5 on the receiving side, but send the 100 ints from the 26
0th column of a 100x 150 int array, in C. See figure 4.4. 27
28

MPI_Comm comm; 29
int gsize,sendarray[100] [150]; 30
int root, *rbuf, stride; 31
MPI_Datatype stype; 32
int *displs,i,*rcounts; 33
34

35

36

MPI_Comm_size( comm, &gsize); a7
rbuf = (int *)malloc(gsize*stride*sizeof (int)); as
displs = (int *)malloc(gsize*sizeof(int)); 39
rcounts = (int *)malloc(gsize*sizeof(int)); 10
for (i=0; i<gsize; ++i) { 41
displs[i] = i*stride; 42
rcounts[i] = 100; 42

} 44
/* Create datatype for 1 column of array 45
*/ 46
MPI_Type_vector( 100, 1, 150, MPI_INT, &stype); 47
MPI_Type_commit( &stype ) ; 48
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150 150 150

100 I 100 I 100 I all processes
v

100 100 100

at root
stride

rbuf

Figure 4.4: The root process gathers column 0 of a 100150 C array, and each set is placed
stride ints apart.

MPI_Gatherv( sendarray, 1, stype, rbuf, rcounts, displs, MPI_INT,
root, comm);

Example 4.7 Process i sends (100-i) ints from the ith column of a 100 x 150 int array. in
C. It is received into a buffer with stride, as in the previous two examples. See figure 4.5.

MPI_Comm comm;

int gsize,sendarray[100] [150],*sptr;
int root, *rbuf, stride, myrank;
MPI_Datatype stype;

int *displs,i,*rcounts;

MPI_Comm_size( comm, &gsize);
MPI_Comm_rank( comm, &myrank );
rbuf = (int *)malloc(gsizexstride*sizeof(int));
displs = (int *)malloc(gsize*sizeof(int));
rcounts = (int *)malloc(gsize*sizeof(int));
for (i=0; i<gsize; ++i) {
displs[i] = ixstride;
rcounts[i] = 100-i; /* note change from previous example */
}
/* Create datatype for the column we are sending
*/
MPI_Type_vector( 100-myrank, 1, 150, MPI_INT, &stype);
MPI_Type_commit( &stype ) ;
/* sptr is the address of start of "myrank" column
*/
sptr = &sendarray[0] [myrank] ;
MPI_Gatherv( sptr, 1, stype, rbuf, rcounts, displs, MPI_INT,
root, comm);

Note that a different amount of data is received from each process.
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150 150 150

1
100 I 100 I 100 I all processes 2
3

at root
F]]: :
stride 8

rbuf

10

Figure 4.5: The root process gathers 100-i ints from column i of a 100> 150 C array. and

cach set is placed stride ints apart. 1

12

Example 4.8 Same as Example 4.7, but done in a different wa "

create a datatype that causes the correct striding at the sending end so that that we read
a column of a C array. A similar thing was done in Example 3.32, Section 3.12.7.

14
15
16

MPI_Comm comm; 1

int gsize,sendarray[100] [150],*sptr;

int root, *rbuf, stride, myrank, disp[2], blocklen[2];
MPI_Datatype stype,typel2];

int *displs,i,*rcounts;

18
19
20
21
22
23
24

MPI_Comm_size( comm, &gsize); %

MPI_Comm_rank( comm, &myrank );
rbuf = (int *)malloc(gsizexstridexsizeof(int));
displs = (int *)malloc(gsizex*sizeof(int));
rcounts = (int *)malloc(gsize*sizeof(int));
for (i=0; i<gsize; ++i) {

displs[i] = i*stride;

rcounts[i] = 100-i;

26

27

28

29

30

31

32

} 33
/* Create datatype for one int, with extent of entire row .

*/ 35
disp[0] = 0; disp[1] = 150*sizeof (int); ¥

37

typel[0] = MPI_INT; typel1] = MPI_UB;

blocklen[0] = 1; blocklen[1] = 1;

MPI_Type_struct( 2, blocklen, disp, type, &stype );

MPI_Type_commit( &stype ) ;

sptr = &sendarray[0] [myrank] ;

MPI_Gatherv( sptr, 100-myrank, stype, rbuf, rcounts, displs, MPI_INT,
root, comm);

38

39

40

41

42

43

44

Example 4.9 Same as Example 4.7 at sending side, but at receiving side we make the 15
stride between received blocks vary from block to block. See figure 4.6. 46
47

MPI_Comm comm; 48
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4.5. GATHER 101

int gsize,sendarray[100] [150],*sptr;

int root, *rbuf, *stride, myrank, bufsize;
MPI_Datatype stype;

int *displs,i,*rcounts,offset;

MPI_Comm_size( comm, &gsize);
MPI_Comm_rank( comm, &myrank );

stride = (int *)malloc(gsize*sizeof(int));

/* stride[i] for i = 0 to gsize-1 is set somehow

*/

/* set up displs and rcounts vectors first
*/
displs = (int *)malloc(gsize*sizeof(int));
rcounts = (int *)malloc(gsize*sizeof(int));
offset = 0;
for (i=0; i<gsize; ++i) {
displs[i] = offset;
offset += stridel[i];
rcounts[i] = 100-i;
L
/* the required buffer size for rbuf is now easily obtained
*/
bufsize = displs[gsize-1]+rcounts[gsize-1];
rbuf = (int *)malloc(bufsize*sizeof(int));
/* Create datatype for the column we are sending
*/
MPI_Type_vector( 100-myrank, 1, 150, MPI_INT, &stype);
MPI_Type_commit( &stype ) ;
sptr = &sendarray[0] [myrank] ;
MPI_Gatherv( sptr, 1, stype, rbuf, rcounts, displs, MPI_INT,
root, comm);

Example 4.10 Process i sends num ints from the ith column of a 100 x 150 int array. in
C. The complicating factor is that the various values of num are not known to root. so a
separate gather must first be run to find these out. The data is placed contiguously at the
receiving end.

MPI_Comm comm;

int gsize,sendarray[100] [150],*sptr;

int root, *rbuf, stride, myrank, disp[2], blocklen[2];
MPI_Datatype stype,types[2];

int *displs,i,*rcounts,num;
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150 150
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1
100 100 100 all processes 2
3
4
5
99 98

100
. -
7

S —

stride[1] 8

rbuf

10

Figure 4.6: The root process gathers 100-i ints from column i of a 100150 C array. and

each set is placed stride[i] ints apart (a varying stride). 1
12

13
14

15
MPI_Comm_size( comm, &gsize);

MPI_Comm_rank( comm, &myrank );

16
17

18
/* First, gather nums to root

*/
rcounts = (int *)malloc(gsize*sizeof(int));
MPI_Gather( &num, 1, MPI_INT, rcounts, 1, MPI_INT, root, comm);
/* root now has correct rcounts, using these we set displs[] so
* that data is placed contiguously (or concatenated) at receive end
*/
displs = (int *)malloc(gsize*sizeof(int));
displs[0] = 0;
for (i=1; i<gsize; ++i) {
displs[i] = displs[i-1]+rcounts[i-1];

19
20
21
22
23
24
25
26
27
28

29

L
/* And, create receive buffer
*/
rbuf = (int *)malloc(gsize*(displs[gsize-1]+rcounts[gsize-1])
*sizeof (int));
/* Create datatype for one int, with extent of entire row
*/
disp[0] = 0; disp[1] = 150%*sizeof(int);
typel[0] = MPI_INT; typel[1] = MPI_UB;
blocklen[0] = 1; blocklen[1] = 1;
MPI_Type_struct( 2, blocklen, disp, type, &stype );
MPI_Type_commit( &stype ) ;
sptr = &sendarray[0] [myrank] ;
MPI_Gatherv( sptr, num, stype, rbuf, rcounts, displs, MPI_INT,
root, comm);

30

31

32

33

34

35

36

37
38
39
40
41
42
43
44
45
46
47

48
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1.6. SCATTER 103

4.6 Scatter

MPI_SCATTER( sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm)
IN sendbuf address of send buffer (choice, significant only at root)

IN sendcount number of elements sent to each process (integer, sig-

nificant only at root)

IN sendtype data type of send buffer elements (significant only at
root) (handle)

our recvbuf address of receive buffer (choice)

IN recvcount number of elements in receive buffer (integer)

IN recvtype data type of receive buffer elements (handle)

IN root rank of sending process (integer)

IN comm communicator (handle)

int MPI Scatter(void* sendbuf, int sendcount, MPI Datatype sendtype,
void* recvbuf, int recvcount, MPI Datatype recvtype, int root,
MPI_Comm comm)

MPI_SCATTER (SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT, RECVTYPE,
ROOT, COMM, IERROR)
<type> SENDBUF (*), RECVBUF (%)
INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, ROOT, COMM, IERROR

MPI_SCATTER is the inverse operation to MPI_GATHER.

The outcome is «as if the root executed n send operations,
MPI_Send(sendbuf + i - sendcount - extent(sendtype), sendcount, sendtype, i,...),
and each process executed a receive,
MPI Recv(recvbuf,recvcount,recvtype,i,...).

An alternative description is that the root sends a message with MPI_Send(sendbuf,
sendcount-n, sendtype, ...). This message is split into n equal segments, the ith segment is
sent to the ¢th process in the group, and each process receives this message as above.

The send buffer is ignored for all non-root processes.

The type signature associated with sendcount, sendtype at the root must be equal to
the type signature associated with recvcount, recvtype at all processes (however, the type
maps may be different). This implies that the amount of data sent must be equal to the
amount of data received, pairwise between cach process and the root. Distinct type maps
between sender and receiver are still allowed.

All arguments to the function are significant on process root, while on other processes,
only arguments recvbuf, recvcount, recvtype, root, comm are significant. The arguments root
and comm must have identical values on all processes.

The specification of counts and types should not cause any location on the root to be
read more than once.
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Rationale. Though not needed, the last restriction is imposed so as to achieve 1
symmetry with MPI_GATHER, where the corresponding restriction (a multiple-write 2
restriction) is necessary. (End of rationale.) 3

MPI_SCATTERV( sendbuf, sendcounts, displs, sendtype, recvbuf, recvcount, recvtype, root,
comm)

IN sendbuf address of send buffer (choice, significant only at root) o
IN sendcounts integer array (of length group size) specifying the num- 10

ber of elements to send to each processor 1
IN displs integer array (of length group size). Entry i specifies '

the displacement (relative to sendbuf from which to ¥
take the outgoing data to process i .
15

IN sendtype data type of send buffer elements (handle) 16
ouT recvbuf address of receive buffer (choice) 17
IN recvcount number of elements in receive buffer (integer) e
IN recvtype data type of receive buffer elements (handle) :Z
IN root rank of sending process (integer) 21
IN comm communicator (handle) 2

23

24
int MPI_Scatterv(void* sendbuf, int #*sendcounts, int *displs,

MPI_Datatype sendtype, void* recvbuf, int recvcount,

25

26

MPI Datatype recvtype, int root, MPI_Comm comm) .

MPI_SCATTERV(SENDBUF, SENDCOUNTS, DISPLS, SENDTYPE, RECVBUF, RECVCOUNT, 28
RECVTYPE, ROOT, COMM, IERROR) 29

<type> SENDBUF (*), RECVBUF (%) 30
INTEGER SENDCOUNTS(*), DISPLS(*), SENDTYPE, RECVCOUNT, RECVTYPE, ROOT, 31
COMM, IERROR 32

33

MPI_SCATTERV is the inverse operation to MPI_GATHERV.

MPI_SCATTERV extends the functionality of MPI.SCATTER by allowing a varying
count of data to be sent to each process, since sendcounts is now an array. It also allows
more flexibility as to where the data is taken from on the root, by providing the new
argument. displs.

34
35
36
37
38

The outcome is as if the root executed n send operations, 2o

MPI_Send(sendbuf + displs[i]-extent(sendtype), sendcounts|[i], sendtype,i,...), 40

41

and each process executed a receive, 42
43

MPI_Recv(recvbuf,recvcount,recvtype,i,...).
44

The send buffer is ignored for all non-root processes. a5
The type signature implied by sendcount[i], sendtype at the root must be equal to the 46
type signature implied by recvcount, recvtype at process i (however, the type maps may be a7
different). This implies that the amount of data sent must be equal to the amount of data a8
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4.6. SCATTER 105

100 100 100
i i
100

100 100

at root

sendbuf

Figure 4.7: The root process scatters sets of 100 ints to each process in the group.

received, pairwise between each process and the root. Distinct type maps between sender
and receiver are still allowed.

All arguments to the function are significant on process root, while on other processes,
only arguments recvbuf, recvcount, recvtype, root, comm are significant. The arguments root
and comm must have identical values on all processes.

The specification of counts. types, and displacements should not cause any location on
the root to be read more than once.

4.6.1 Examples using MPI_SCATTER, MPI_SCATTERV

Example 4.11 The reverse of Example 4.2. Scatter sets of 100 ints from the root to each
process in the group. See figure 4.7.

MPI_Comm comm;
int gsize,*sendbuf;
int root, rbuf[100];

MPI_Comm_size( comm, &gsize);
sendbuf = (int *)malloc(gsize*100*sizeof (int));

MPI_Scatter( sendbuf, 100, MPI_INT, rbuf, 100, MPI_INT, root, comm);

Example 4.12 The reverse of Example 4.5. The root process scatters sets of 100 ints to
the other processes, but the sets of 100 are siridc ints apart in the sending buffer. Requires

use of MPI_.SCATTERV. Assume stride > 100. See figure 4.8.

MPI_Comm comm;
int gsize,*sendbuf;
int root, rbuf[100], i, *displs, *scounts;

MPI_Comm_size( comm, &gsize);
sendbuf = (int *)malloc(gsize*stridexsizeof(int));

displs = (int *)malloc(gsizex*sizeof(int));
scounts = (int *)malloc(gsize*sizeof(int));
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1
\ )
! 3
: 4
100 100 100
5
at root
6
stride 7
sendbuf 8

Figure 4.8: The root process scatters sets of 100 ints. moving by stride ints from send to
send in the scatter.

10
11
12
for (i=0; i<gsize; ++i) {
displs[i] = i*stride;
scounts[i] = 100; 1
} 16
MPI_Scatterv( sendbuf, scounts, displs, MPI_INT, rbuf, 100, MPI_INT,
root, comm);

13

14

17
18
19

Example 4.13 The rev ve a varying stride between blocks af 20

sending (root) side, at the receiving side we receive into the ith column of a 100150 €
array. See figure 4.9.

21

22

23

MPI_Comm comm; 24
int gsize,recvarray[100] [150],*rptr; 25
int root, *sendbuf, myrank, bufsize, *stride; 26
MPI_Datatype rtype; 27
int i, *displs, *scounts, offset; 28
PN 29
MPI_Comm_size( comm, &gsize); 30
MPI_Comm_rank( comm, &myrank ); 31
32

stride = (int *)malloc(gsize*sizeof (int)); a3
PN 34
/* stridel[i] for i = 0 to gsize-1 is set somehow 35
* sendbuf comes from elsewhere 36
x/ 37
PN 38
displs = (int *)malloc(gsize*sizeof (int)); a9
scounts = (int *)malloc(gsize*sizeof (int)); 40
offset = 0; 41
for (i=0; i<gsize; ++i) { 42
displs[i] = offset; 43
offset += stridel[i]; 14
scounts[i] = 100 - i; 15

+ 46
/* Create datatype for the column we are receiving 47
x/ 48
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1.7. GATHER-TO-ALL
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1
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all processes
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99’ 98
N

stride[1]
sendbuf

Figure 4.9: The root scatters blocks of 100-i ints into column i of a 100x150 C array. At
the sending side, the blocks are stride[i] ints apart.

MPI_Type_vector( 100-myrank, 1, 150, MPI_INT, &rtype);

MPI_Type_commit( &rtype ) ;
rptr = &recvarray[0] [myrank] ;

MPI_Scatterv( sendbuf, scounts, displs, MPI_INT, rptr, 1, rtype,

4.7 Gather-to-all

MPI_
IN sendbuf
IN sendcount
IN sendtype
our recvbuf
IN recvcount
IN recvtype
IN comm

root, comm);

ype, recvbuf, recvcount, recvtype, comm)
starting address of send buffer (choice)
number of elements in send buffer (integer)
data type of send buffer elements (handle)
address of receive buffer (choice)
number of elements received from any process (inte-
ger)
data type of receive buffer elements (handle)

communicator (handle)

int MPI_Allgather(void* sendbuf, int sendcount, MPI Datatype sendtype,
void* recvbuf, int recvcount, MPI Datatype recvtype,

MPI_Comm comm)

MPI_ALLGATHER (SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT, RECVTYPE,

COMM, IERROR)
<type> SENDBUF (%), RECVBUF (%)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, COMM, IERROR
MPI_ALLGATHER can be thought of as MPI_.GATHER, but where all processes receive

the result, instead of just the root. The jth block of data sent from each process is received
by every process and placed in the jth block of the buffer recvbuf.
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The type signature associated with sendcount, sendtype, at a process must be equal to 1
the type signature associated with recvcount, recvtype at any other process. 2
The outcome of a call to MPI_ALLGATHER(...) is as if all processes executed n calls to 3

MPI_GATHER(sendbuf,sendcount,sendtype,recvbuf,recvcount,
recvtype,root,comm) ,

forroot = 0 , ..., n-1. The rules for correct usage of MPI THER are easily found 7
from the corresponding rules for MPI_GATHER. 8
9

10

MPI_ ype, recvbuf, recvcounts, displs, recvtype, comm)
12

IN sendbuf starting address of send buffer (choice) 13
IN sendcount number of elements in send buffer (integer) i
IN sendtype data type of send buffer elements (handle) 16
our recvbuf address of receive buffer (choice) 17
IN recvcounts integer array (of length group size) containing the num- ’

19

ber of elements that are received from each process
20

IN displs integer array (of length group size). Entry i specifies 21
the displacement (relative to recvbuf) at which to place 22
the incoming data from process i 23
IN recvtype data type of receive buffer elements (handle) 24
25

IN comm communicator (handle)

26

27

int MPI_Allgatherv(void* sendbuf, int sendcount, MPI
void* recvbuf, int *recvcounts, int *displs,
MPI Datatype recvtype, MPI Comm comm)

28

29

30

MPI_ALLGATHERV (SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNTS, DISPLS, o
RECVTYPE, COMM, IERROR) 2

<type> SENDBUF (%), RECVBUF (%) 2
INTEGER SENDCOUNT, SENDTYPE, RECVCOUNTS(*), DISPLS(*), RECVIYPE, COMM, o
IERROR 2

36

MPI_ALLGATHERYV can be thought of as MPI_GATHERV, but where all processes receive e
the result, instead of just the root. The jth block of data sent from each process is received a8
by every process and placed in the jth block of the buffer recvbuf. These blocks need not a9

all be the same size. 10

The type signature associated with sendcount, sendtype, at process j must be equal to "
the type signature associated with recvcounts|j], recvtype at any other process. 2
The outcome is as if all processes executed calls to "

MPI_GATHERV(sendbuf,sendcount,sendtype,recvbuf,recvcounts,displs, "

45
recvtype,root,comm),

46
for root = 0 , ..., n-1. The rules for correct usage of MPI_ ALLGATHERV are easily 47
found from the corresponding rules for MPI_GATHERV. 48
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1.8. ALL-TO-ALL SCATTER/GATHER 109

4.7.1 Examples using MPI_ALLGATHER, MPI_ALLGATHERV

Example 4.14 The all-gather version of Example 4.2. Using MPI_ALLGATHER. we will
gather 100 ints from every process in the group to every process.

MPI_Comm comm;

int gsize,sendarray[100];

int *rbuf;

MPI_Comm_size( comm, &gsize);

rbuf = (int *)malloc(gsize*100*sizeof(int));

MPI_Allgather( sendarray, 100, MPI_INT, rbuf, 100, MPI_INT, comm);

After the call, every process has the group-wide concatenation of the sets of data.

4.8 All-to-All Scatter/Gather

MPI_ALLTOALL(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, comm)

IN sendbuf starting address of send buffer (choice)

IN sendcount number of elements sent to each process (integer)

IN sendtype data type of send buffer elements (handle)

ourT recvbuf address of receive buffer (choice)

IN recvcount number of elements received from any process (inte-
ger)

IN recvtype data type of receive buffer elements (handle)

IN comm communicator (handle)

int MPI_Alltoall(void* sendbuf, int sendcount, MPI Datatype sendtype,
void* recvbuf, int recvcount, MPI_Datatype recvtype,
MPI_Comm comm)

MPI_ALLTOALL(SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT, RECVTYPE,
COMM, IERROR)
<type> SENDBUF (*), RECVBUF (%)
INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, COMM, IERROR

MPI_ALLTOALL is an extension of MPI_ALLGATHER to the case where each process
sends distinct data to each of the receivers. The jth block sent from process 1 is received
by process j and is placed in the ith block of recvbuf.

The type signature associated with sendcount, sendtype, at a process must be equal to
the type signature associated with recvcount, recvtype at any other process. This implies
that the amount of data sent must be equal to the amount of data received, pairwise between
every pair of processes. As usual, however, the type maps may be different.

The outcome is as if each process executed a send to each process (itself included) with
a call to,
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