
     1 ! CGV/solution/parts/cgvp02.F90
     2
     3 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
     4 !                                                              !
     5 ! This file has been written as a sample solution to an        !
     6 ! exercise in a course given at the High Performance           !
     7 ! Computing Centre Stuttgart (HLRS).                           !
     8 ! It is made freely available with the understanding that      !
     9 ! every copy of this file must include this header and that    !
    10 ! HLRS takes no responsibility for the use of the enclosed     !
    11 ! teaching material.                                           !
    12 !                                                              !
    13 ! Authors: Dr. Rolf Rabenseifner                               !
    14 !          Stephan Scheiderer                                  !
    15 !                                                              !
    16 ! Contact: rabenseifner@hlrs.de                                !
    17 !                                                              !
    18 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
    19                                                             !EOH
   533 !>>>>>>>>>>>>>>>>>>>>>> begin of task 02 <<<<<<<<<<<<<<<<<<<<<<
   534
   535 !*********************** halo routines ************************
   536
   537 #ifndef serial
   538 !−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
   539 !Init_Halo_Struct
   540 !
   541 ! TASK:
   542 !   Initialize the halo structure.
   543 !
   544 ! GLOBAL DATA:
   545 !   IN INTEGER rowsize : number of data entries in a row of the local chunk
   546 !   IN INTEGER colsize : number of data entries in a column of the local chunk
   547 !   IN/OUT halo_structure halo : the halo
   548 !   OUT REAL(0:) recv_scratch_buff_north : receive buffer for north halo
   549 !   OUT REAL(0:) recv_scratch_buff_east  : receive buffer for east halo
   550 !   OUT REAL(0:) recv_scratch_buff_south : receive buffer for south halo
   551 !   OUT REAL(0:) recv_scratch_buff_west  : receive buffer for west halo
   552 ! USED FUNCTIONS:
   553 !   APPL:
   554 !     −− 
   555 !   MPI:
   556 !     MPI_CART_SHIFT
   557 SUBROUTINE Init_Halo_Struct(v1)
   558     REAL, DIMENSION(0:), TARGET :: v1
   559     INTEGER                     :: maxScratchBuffSize
   560
   561     ! allocate sufficient memory for the send scratch buffer
   562     IF (rowsize > colsize) THEN
   563         maxScratchBuffSize = rowsize
   564     ELSE
   565         maxScratchBuffSize = colsize
   566     END IF
   567     ! allocate sufficient memory for the receive scratch buffer for the halo 
   568     ALLOCATE(recv_scratch_buff_north(0:maxScratchBuffSize−1))
   569     ALLOCATE(recv_scratch_buff_east(0:maxScratchBuffSize−1))
   570     ALLOCATE(recv_scratch_buff_south(0:maxScratchBuffSize−1))
   571     ALLOCATE(recv_scratch_buff_west(0:maxScratchBuffSize−1))
   572
   573     ! determine neighbors (1−dim and 2−dims)
   574     halo%north => v1(1:rowsize)
   575     halo%north_size = rowsize
   576     halo%south => v1((rowsize + 2) * (colsize + 1) + 1:(rowsize + 2) * (colsize + 1) + rowsize)
   577     halo%south_size = rowsize
   578     ! compute north_rank and south_rank
   579     CALL MPI_CART_SHIFT(comm_cart, 0, 1, halo%north_rank, halo%south_rank, ierror)
   580
   581     halo%west => v1((rowsize + 2):(colsize * (rowsize + 2)):(rowsize + 2))
   582     halo%west_size = colsize
   583     halo%east => v1((rowsize + 2) * 2 − 1:((colsize + 1) * (rowsize + 2) − 1):(rowsize + 2))
   584     halo%east_size = colsize
   585     ! compute west_rank and east_rank
   586     CALL MPI_CART_SHIFT(comm_cart, 1, 1, halo%west_rank, halo%east_rank, ierror)
   587 END SUBROUTINE Init_Halo_Struct
   588
   589 ! halo communication: e.g. FROM_WEST_TO_EAST
   590 !
   591 ! halo is included in the local vector chunk
   592 !
   593 !   **************************      **************************
   594 !   *  −−−−−NORTH HALO−−−−−  *      *  −−−−−NORTH HALO−−−−−  *
   595 !   *W ******************** E*      *W ******************** E*
   596 !   *E *                *|* A*      *E *                  * A*
   597 !   *S * WEST PROCESS   *−−−−−−−−−−−−> *   EAST PROCESS   * S*
   598 !   *T *                *|* T*      *T *                  * T*
   599 !   *  *                *|*  *      *  *                  *  *
   600 !   *H ******************** H*      *H ******************** H*
   601 !   *  −−−−−SOUTH HALO−−−−−  *      *  −−−−−SOUTH HALO−−−−−  *
   602 !   **************************      **************************
   603
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   604 !−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
   605 ! comm_vec_halo
   606 !
   607 ! IN  REAL(0:) v1: the vector with the data to send to other processes
   608 !
   609 ! TASK:
   610 !   Send neccessary data to the neighbors
   611 !   and receive the needed data from the neighbors into
   612 !   the halo area.
   613 !
   614 ! USED GLOBAL DATA:
   615 !   IN/OUT halo_structure halo : the halo
   616 !   IN     INTEGER rowsize : number of data entries in a row of the local chunk
   617 !   IN     INTEGER colsize : number of data entries in a column of the local chunk
   618 !   OUT REAL(0:) recv_scratch_buff_north : receive buffer for north halo
   619 !   OUT REAL(0:) recv_scratch_buff_east  : receive buffer for east halo
   620 !   OUT REAL(0:) recv_scratch_buff_south : receive buffer for south halo
   621 !   OUT REAL(0:) recv_scratch_buff_west  : receive buffer for west halo
   622 !
   623 ! USED FUNCTIONS:
   624 !   MPI:
   625 !     MPI_IRECV, MPI_SEND, MPI_WAITALL
   626 !
   627 ! message tags for the different communication directions
   628 SUBROUTINE comm_vec_halo(v1)
   629     REAL, DIMENSION(0:), INTENT(IN), TARGET :: v1
   630     INTEGER :: i
   631
   632     INTEGER :: req_array(4)
   633     INTEGER :: status_array(MPI_STATUS_SIZE, 4)
   634     INTEGER :: TAG_FROM_NORTH_TO_SOUTH = 101
   635     INTEGER :: TAG_FROM_EAST_TO_WEST   = 102
   636     INTEGER :: TAG_FROM_SOUTH_TO_NORTH = 103
   637     INTEGER :: TAG_FROM_WEST_TO_EAST   = 104
   638
   639     REAL, DIMENSION(:), POINTER :: send_to_east_values
   640     REAL, DIMENSION(:), POINTER :: send_to_west_values
   641     REAL, DIMENSION(:), POINTER :: send_to_north_values
   642     REAL, DIMENSION(:), POINTER :: send_to_south_values
   643
   644     ! make a non−blocking receive
   645
   646     ! Receive halo (non blocking). If current rank has no neighbors,
   647     ! the neighbor rank is MPI_PROC_NULL and nothing is sent.
   648
   649     ! ATTENTION:
   650     ! It is NOT allowed to use pointers or strided arrays in NON−blocking send/receive routines,
   651     ! because the memory MAY NOT be contiguous. One must use a contiguous scratch buffer
   652     ! for sending and receiving, if the memory is not contiguous or a pointer to an array.
   653
   654     ! receive north halo
   655     CALL MPI_IRECV(recv_scratch_buff_north, halo%north_size, MPI_REAL, halo%north_rank, &
   656                 & TAG_FROM_NORTH_TO_SOUTH, comm_cart, req_array(1), ierror)
   657     ! receive east halo
   658     CALL MPI_IRECV(recv_scratch_buff_east, halo%east_size, MPI_REAL, halo%east_rank, &
   659                  & TAG_FROM_EAST_TO_WEST, comm_cart, req_array(2), ierror)
   660     ! receive south halo
   661     CALL MPI_IRECV(recv_scratch_buff_south, halo%south_size, MPI_REAL, halo%south_rank, &
   662                  & TAG_FROM_SOUTH_TO_NORTH, comm_cart, req_array(3), ierror)
   663     ! receive west halo
   664     CALL MPI_IRECV(recv_scratch_buff_west, halo%west_size, MPI_REAL, halo%west_rank, &
   665                 & TAG_FROM_WEST_TO_EAST, comm_cart, req_array(4), ierror)
   666    
   667     ! send to north neighbor (blocking)
   668     send_to_north_values => v1(SIDX(1, 1):SIDX(colsize, 1):1)
   669     CALL MPI_SEND(send_to_north_values, halo%north_size, MPI_REAL, halo%north_rank, &
   670                 & TAG_FROM_SOUTH_TO_NORTH, comm_cart, ierror)
   671
   672     ! send to east neighbor (blocking)
   673     send_to_east_values => v1(SIDX(1, rowsize):SIDX(colsize, rowsize):rowsize+2)
   674     CALL MPI_SEND(send_to_east_values, halo%east_size, MPI_REAL, halo%east_rank, &
   675                 & TAG_FROM_WEST_TO_EAST, comm_cart, ierror)
   676
   677     ! send to south neighbor (blocking)
   678     send_to_south_values => v1(SIDX(colsize, 1):SIDX(colsize, rowsize):1)
   679     CALL MPI_SEND(send_to_south_values, halo%south_size, MPI_REAL, halo%south_rank, &
   680                 & TAG_FROM_NORTH_TO_SOUTH, comm_cart, ierror)
   681     
   682     ! send to west neighbor (blocking)
   683     send_to_west_values => v1(SIDX(1, 1):SIDX(colsize, 1):rowsize+2)
   684     CALL MPI_SEND(send_to_west_values, halo%west_size, MPI_REAL, halo%west_rank, &
   685                 & TAG_FROM_EAST_TO_WEST, comm_cart, ierror)
   686
   687     ! wait for all halo info
   688     CALL MPI_WAITALL(4, req_array, status_array, ierror)
   689
   690     ! copy the received halo from the scratch buff into the real halo
   691     ! ATTENTION: pointers always start with the index 1!!!
   692     IF (halo%north_rank /= MPI_PROC_NULL) THEN
   693         DO i = 0, halo%north_size − 1
   694             halo%north(i+1) = recv_scratch_buff_north(i)
   695         END DO
   696     END IF
   697     IF (halo%east_rank /= MPI_PROC_NULL) THEN
   698         DO i = 0, halo%east_size − 1
   699             halo%east(i+1) = recv_scratch_buff_east(i)
   700         END DO
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   701     END IF
   702     IF (halo%south_rank /= MPI_PROC_NULL) THEN
   703         DO i = 0, halo%south_size − 1
   704             halo%south(i+1) = recv_scratch_buff_south(i)
   705         END DO
   706     END IF
   707     IF (halo%west_rank /= MPI_PROC_NULL) THEN
   708         DO i = 0, halo%west_size − 1
   709             halo%west(i+1) = recv_scratch_buff_west(i)
   710         END DO
   711     END IF
   712 END SUBROUTINE comm_vec_halo
   713 #endif
   714
   715 !>>>>>>>>>>>>>>>>>>>>>> −end− of task 02 <<<<<<<<<<<<<<<<<<<<<<
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