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Background Information [1]
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Background Information [1]
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2.3 the Advantage of 32-bit Data
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Example 1: Transferring 32-bit data

1. PROGRAMCOMPARE2

2. C

3. C PVM version
4. C

5. INCLUDE ’fpvm3.h’

6. INTEGER ME

7. INTEGER ISTAT, SENDER, RECEIVER

8. PARAMETER(N=1000)
9. PARAMETER(SENDER= 0)

10. PARAMETER(RECEIVER= 1)

11. PARAMETER(MTAG= 2)

12. REAL (KIND=4) D_SEND(N), D_RECV(N)

13. C
14. C Get PE info

15. CALL PVMFMYTID(MYTID)

16. CALL PVMFGETPE(MYTID, ME)
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17. C

18. C Initialize data
19. DO I=1,N

20. D_SEND(I) = I * 1.0

21. END DO

22.

23. IF (ME .EQ. SENDER) THEN

24. C
25. C Send data

26. CALL PVMFINITSEND(PvmDataRaw, ISTAT)

27. CALL PVMFPACK(REAL4, D_SEND, N, 1, ISTAT)

28. CALL PVMFSEND(RECEIVER,MTAG, ISTAT)

29. ELSE IF (ME .EQ. RECEIVER) THEN
30. C

31. C Receive data

32. CALL PVMFRECV(SENDER,MTAG, ISTAT)

33. CALL PVMFUNPACK(REAL4,D_RECV, N, 1, ISTAT)

34. C
35. C Print results

36. WRITE(*,*) ’Receiver=’,ME,’ D_RECV=’, D_RECV(1), D_RECV(2)

37. 1 ,D_RECV(3),D _RECV(4),D_RECV(5),D_RECV(6),D_RECV(7)

38. ENDIF

39. END
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Receiver=1 D_RECV=1., 2., 3., 4., 5., 6., 7.
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5. INCLUDE ’fpvm3.h’
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9. PARAMETER(SENDER= 0)

10. PARAMETER(RECEIVER= 1)
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12. REAL (KIND=4) D_SEND(N), D_RECV(N)
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26. CALL PVMFINITSEND(PvmDataRaw, ISTAT)
27. CALL PVMFPACK(REAL4, D_SEND, N, 1, ISTAT)

28. CALL PVMFSEND(RECEIVER,MTAG, ISTAT)
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32. CALL PVMFRECV(SENDER,MTAG, ISTAT)
33. CALL PVMFUNPACK(REAL4,D_RECV, N, 1, ISTAT)

2.4 Sending and Receiving Stride-1 Data
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Example 2: PVMFPSENDand PVMFPRECV

1. PROGRAMPSEND_PRECV

2. INCLUDE ’fpvm3.h’

3. INTEGER SRC, DEST

4. PARAMETER(SRC= 0)
5. PARAMETER(DEST= 1)

6. PARAMETER(LEN= 10)

7. PARAMETER(BACK_AND_FORTH= 1000)

8. REAL ARRAY(LEN)

9. INTRINSIC MY_PE
10.

11. ME = MY_PE()

12. C Initialize data

13. IF (ME .EQ. SRC) THEN

14. DO I = 1, LEN

15. ARRAY(I) = I * 1.0
16. ENDDO

17. ENDIF

18.

19. C Send and receive data BACK_AND_FORTHtimes

20. DO I = 1, BACK_AND_FORTH
21. C Send data to DEST PE

22. IF(ME .EQ. SRC) THEN

23. CALL PVMFPSEND(DEST,LEN, ARRAY, LEN, REAL8,

24. $ ISEND)

25. C Receive data from DEST PE
26. CALL PVMFPRECV(DEST,LEN, ARRAY, LEN, REAL8,

27. $ IATID, IATAG, IALEN, IRECV)

28. ELSE

29. C Receive data from SRC PE

30. CALL PVMFPRECV(SRC,LEN, ARRAY, LEN, REAL8,

31. $ IATID, IATAG, IALEN, IRECV)
32. C Send data to SRC PE

33. CALL PVMFPSEND(SRC,LEN, ARRAY, LEN, REAL8,

34. $ ISEND)
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35. ENDIF

36. ENDDO
37. END
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2.5 Mixing Send and Receive Routines
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2.6 Initializing and Packing Data
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DO I = 1, NUM_PES

CALL PVMFINITSEND(PvmDataRaw, ISTAT)

CALL PVMFPACK(REAL8, ARRAY, N, 1, ISTAT)
CALL PVMFSEND(I, MTAG, ISTAT)

END DO
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DO I = 1, NUM_PES-1

CALL MYOWN_SEND(I, NSIZE, N, ISTAT)

END DO
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2.7 Working While You Wait
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CALL PVMFNRECV(-1, 4, ARRIVED)

IF (ARRIVED .EQ. 0) THEN

C Do something else

ELSE
C Process data in message

ENDIF
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2.9 Using Broadcast or Multicast
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Example 3: PVMFBCAST

PROGRAMBCAST

INCLUDE ’fpvm3.h’

PARAMETER(LEN=10)

INTEGER MYTID, ME, NPES
DIMENSION ARR(LEN)

C Use PVM method of obtaining task id, PE number, number of PEs

CALL PVMFMYTID(MYTID)

CALL PVMFGETPE(MYTID, ME)
CALL PVMFGSIZE(PVMALL, NPES)

C PE 0 initializes, packs, and sends the array of 10 elements

IF (ME .EQ. 0) THEN

DO I = 1, LEN

ARR(I) = I / 2.0
ENDDO

CALL PVMFINITSEND(PvmDataRaw, ISTAT)

CALL PVMFPACK(REAL8, ARR, LEN, 1, ISTAT)

CALL PVMFBCAST(PVMALL, LEN, ISTAT)

C All other PEs receive it
ELSE

CALL PVMFRECV(0, LEN, ISTAT)

CALL PVMFUNPACK(REAL8,ARR, LEN, 1, ISTAT)

ENDIF

C A representative PE prints the array

IF (ME .EQ. 2) THEN

WRITE(*,*) ’The array values are: ’, ARR

ENDIF

END
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Example 4: PVMFMCAST

PROGRAMMCAST
INCLUDE ’fpvm3.h’

PARAMETER(LEN=10)

INTEGER MYTID, ME, NPES

DIMENSION ARR(LEN)

INTEGER PE_ARR(NUM_PES)

C Use PVM method of obtaining task id, PE number, number of PEs

CALL PVMFMYTID(MYTID)

CALL PVMFGETPE(MYTID, ME)

CALL PVMFGSIZE(PVMALL, NPES)

C Set up array of PE numbers

DO I = 1, NPES-1

PE_ARR(I) = I

ENDDO

C PE 0 initializes, packs, and sends the array of 10 elements

IF (ME .EQ. 0) THEN

DO I = 1, LEN

ARR(I) = I / 2.0

ENDDO
CALL PVMFINITSEND(PvmDataRaw, ISTAT)

CALL PVMFPACK(REAL8, ARR, LEN, 1, IPACK)

CALL PVMFMCAST(NPES,PE_ARR, LEN, ICAST)

C All other PEs receive it

ELSE
CALL PVMFRECV(0, LEN, IRECV)

CALL PVMFUNPACK(REAL8,ARR, LEN, 1, IUPK)

ENDIF

C A representative PE prints the array

IF (ME .EQ. 1) THEN
WRITE(*,*) ’The array values are: ’, ARR

ENDIF

END

������5'���0*����h:��B5;!l+'5;���2*-�B5'&'�
�	!"#N�
#>�	#>:A5;�
�
5;/1#�o

The array values are: 0.5, 1., 1.5, 2., 2.5, 3., 3.5, 4., 4.5, 5.
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2.10 Minimizing Synchr onization Time When Receiving Data
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OFFSET = 1
DO I = 1, NPES-1

CALL PVMFRECV(I, MSGTAG, IRECV)

CALL PVMFUNPACK(REAL8,ARRAY(OFFSET), LENGTH, 1, IUPK)

OFFSET = OFFSET + LENGTH

ENDDO
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DO I = 1, NPES-1
CALL PVMFRECV(-1, MSGTAG, IRECV)

CALL PVMFUNPACK(REAL8,X((MSGTAG-1) * LENGTH + 1), LENGTH, 1, IUPK)

ENDDO
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DO I = 1, NPES-1

CALL PVMFRECV(-1, MSGTAG, IRECV)

CALL PVMFUNPACK(INT4, ISOURCE, 1, 1, IUPK1)
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CALL PVMFUNPACK(REAL8,X((ISOURCE-1) * LENGTH+1), LENGTH, 1, IUPK2)

ENDDO
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DO I = 1, NPES-1

CALL PVMFRECV(-1, MSGTAG, IRECV)

CALL PVMFBUFINFO(IBUFID, IBYTES, ITAG, ISOURCE, ISTAT)
CALL PVMFGETPE(ISOURCE,NEXTPE)

CALL PVMFUNPACK(REAL8,X((NEXTPE-1) * LENGTH + 1), LENGTH, 1, IUPK2)

ENDDO
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2.11 Using the Reduction Functions
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CALL PVMFREDUCE(PvmMax,ARR, 10, INTEGER8, MTAG, PVMALL, 0, IMAX)
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Example 5: PvmSum

PROGRAMREDUCE

INCLUDE ’fpvm3.h’

INTEGER MYTID, ME, NPES, LEN

INTEGER ARR(10), RESULTS(10)

EXTERNALPVMSUM

CALL PVMFMYTID(MYTID)

CALL PVMFGETPE(MYTID, ME)

CALL PVMFGSIZE(PVMALL, NPES)

C Initialize the array

LEN = 10

DO I = 1, LEN
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ARR(I) = ME * I

ENDDO

C Make sure initialization is complete

CALL BARRIER

C Find the sums at each location

CALL PVMFREDUCE(PvmSum,ARR,LEN,INTEGER8,LEN,PVMALL,0,IRED)

C Write the answers on PE 0

IF (ME .EQ. 0) THEN

WRITE(*,*) ’The array sums are: ’, ARR

ENDIF
END

ZH�������
��&2�0���8*��B5;&C����!�5;�M�)�
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The array sums are: 28, 56, 84, 112, 140, 168, 196, 224, 252, 280

2.12 Gathering and Scattering Data
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Example 6: Gather operation

PROGRAMGATHER
INCLUDE "fpvm3.h"

C Initialize PE0 as the root PE

INTEGER, PARAMETER:: ROOT_PE= 0

PARAMETER(IXDIM = 64, IYDIM = 128)

DIMENSION A(IXDIM, IYDIM)

DIMENSION B(IYDIM)

DIMENSION SMALL_C(IXDIM)

DIMENSION BIG_C(IXDIM*4) !Assume 4 PEs
C

CALL PVMFMYTID(MYTID)

CALL PVMFGETPE(MYTID, MYPE)

MSGTAG= 9

A = MYPE

B(1:IYDIM-1:2) = -1.2
B(2:IYDIM:2) = 1.0

SMALL_C = 0.0

C Perform matrix-vector multiplication on each PE

DO I = 1, IXDIM

DO J = 1, IYDIM
SMALL_C(I) = SMALL_C(I) + A(I,J) * B(J)

ENDDO

ENDDO

C Gather each PE’s SMALL_C into ROOT_PE’s BIG_C

CALL PVMFGATHER(BIG_C,SMALL_C,IXDIM,REAL8,MSGTAG,PVMALL,ROOT_PE,IGATHER)
IF (MYPE .EQ. ROOT_PE) THEN

WRITE(6,1) (BIG_C(I), I = 1, IXDIM*4)

1 FORMAT(8(1X, F7.2))

ENDIF

END
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�
�)�
SMALL_X��������,C#�D

Example 7: Scatter operation

PROGRAMSCATTER

INCLUDE "fpvm3.h"

C Initialize PE0 as the root PE

INTEGER, PARAMETER:: ROOT_PE= 0
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PARAMETER(IY = 128, IX = IY/4) !Assume 4 PEs
DIMENSION SMALL_X(IX)

DIMENSION BIG_X(IY) !Assume 4 PEs

PARAMETER(MTAGBCAST= 10, MTAGSCAT= 11)

CALL PVMFMYTID(MYTID)

CALL PVMFGETPE(MYTID, MYPE)

IF (MYPE.EQ.IROOT_PE)THEN

C Initialize BIG_X

I = 1

DO J = 1,4 ! Assume 4 PEs
DO INDX = 1,IX

BIG_X(I) = 1. * J

I = I+1

ENDDO

ENDDO
ENDIF

CALL PVMFSCATTER(SMALL_X, BIG_X, IX, REAL8, MTAGSCAT, PVMALL,

x IROOT_PE, ISCATTER)

PRINT *,’FOR PE ’,MYPE,’ SMALL_X IS ’,SMALL _X

END
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Example 8: Example of a SHMEM_PUT64transfer

1. INCLUDE "mpp/shmem.fh"

2. INTEGER SOURCE(8), DEST(8)

3. INTRINSIC MY_PE
4. SAVE DEST

5. C On the sending PE

6. IF (MY_PE() .EQ. 1) THEN

7. DO I = 1,8

8. SOURCE(I) = I
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9. ENDDO

10. C PE 1 sends the data to PE 0.
11. CALL SHMEM_PUT64(DEST, SOURCE, 8, 0)

12. ENDIF

13.

14. C Make sure the transfer is complete.

15. CALL SHMEM_BARRIER_ALL()

16.
17. C On the receiving PE

18. IF (MY_PE() .EQ. 0) THEN

19. PRINT *, ’DEST ON PE 0: ’, DEST

20. ENDIF

21.
22. END
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���&���h�&����	���2��&���8	��
1�1�
�J��8�
�8!3U?���8��
�� 	�A�J����������0�92c�����8	��
1�1�
�J��8�
�"!ZU��9�"��
�� 	

��;	���QbA��
	���Q*
�1�1�J��`
�	��&���\L&���&�����9A[� 	a�������`fl�8�
!$iE�9���9�
�����a�
	���%c
�1�
�����	�d;�8� 6 ��
������� 6 ������� � 6 ���&�9�P��!����������
VX�r����1��
�8
�	�7

MY_PE
�
�P�
	a
�	����8
�	���
��;
��r	�� �.	��������������"!�A�J����_
��

Q*
�1�1���	��������Y!?� ����L.7?�9�&��
�	�7��&���\��1�
�7?����1�!�L&�
��������U?���8��
�� 	�� L_�&������� ���&
�	���V
3. INTRINSIC MY_PE
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q ���\�,����	����e��� 	����&�
	��
N$PES

A[Q*��
��������9�&���8	��;�����*	�����J����b��L.j,+��;
�	�� 6 ��� 7��"�
��A�
��
�
1�������1�
�7����&1�!KLy���������������
	$�&���\��� ��� 6 � �"���
J�1��Y��2��&�9�"	���1�1�
�J��8�
�8!$��� ���&
�	��

NUM_PES
V

· 
�n��
MY_PE

A?J�� �&�eU?���"��
�� 	��N���������"	e���������
���\
�	�L&� �8���
�&
�� 	HV
q ���\
�	��&�8
�	���
��rL&��	����&
�� 	

MY_PE
�
	��������*��� 	������
	��

N$PES
�����\��1����5Ly���������������
	$����
�	�7

��s���
�U���1���	��H���������
7���S 6 �
����
�	�7���� ���&
/	�����A����������
�
SHMEM_MY_PE

�
	��
SHMEM_N_PES

VcW,�����$�������������r���9�&���8	������*���
���Y
�	�L&���8���
��
���	K�
	��������Z�
U?�

�1��
J�1��`��	
fh�"�
!Kj,kbje��!?���������;�
�PQ*��1�1,���0fh�"�
!5)�j�je��!?���&�9���
V
· 
�	��\C\��	��������9�r�&���
�H������������� �&�Y�
�8�"��!�#

DEST
-H
��N�8 
�r�0�8�&�8�¹�N#y7�1�� �����
�8!�A 6 �
7���B
�
��-yAQ*��
����e�����
	��;�&�����^
��E���
�P�����\�����������,�,�������;� 	a������� �&�Yj�+,�;�
�P� 	a�&����1�� ���
1�j�+=V

4. SAVE DEST

���������
	����
n��Y�������
DEST


��N��!?�����9�&�8
��r
�	��
	�!K��L_������L&��1�1�� Q*
�	�7�Q*�
!?�
V,#yº\��	��Y� L
���������Y�����&��� �,�;
��r��
�7�	�
����T�
	���1�!KL&�
�������l�����
	a�&����� �&���9�"�
V -
u º*�
���`
��E
�	��

SAVE
���&�
��������	���A[�
�P
�	���������2��
� 6 1���V

uwv 	���1����,�Y
��.
�	��Z��� ������	�J�1�� �Tn�V
uwv L^
��E
��P��	a�
�8�"�
!�A��
1�1�� ���
�&�Y
��EJ�!¸����
�	�7

shpalloc
#&p
-zV

uwv LX
��X
��b�`���&�
��n¸U?�
�8
��
J�1���A �,����1��
���`
��XJ�!Z����
�	�7¸�&���
!CDIR$ SYMMETRIC

�,
����9�T��
�U?�?V
v 	a1�
�	��*~
A��&���

MY_PE
Ly��	�����
���	a
��;���
1�1����=V q ����L&��	��T��
���	������&���8	��;������	�����J������ L_�&���

���
1�1�
�	�7$j�+,A[���9�
	�
�	�75��	�1�!Kj�+eBZQ*
�1�1���2��������&�Y�����
THEN

��1��
�����?VXxr�;�\��������1���A[�&���
�
�8�8�
!

SOURCE

��;
�	�
��&
��
1�
�O����e� 	�1�!K� 	aj,+eB�V

5. C On the sending PE

6. IF (MY_PE() .EQ. 1) THEN

7. DO I = 1,8

8. SOURCE(I) = I

9. ENDDO

v 	a1�
�	��*B
B�A�j�+gBY��2c�9���,�����;�&���
SHMEM_PUT64

��� ���&
�	��\���
1�1X�����
�H����	��,�N�&���\�,�
����V
SHMEM_PUT64


��r������U?�
�8
��
	��H� L
SHMEM_PUT64

�&�����E���8�
	���Ly�9�"�P~
C
»
J�
��H#
KIND=8

-
�,���&��V v �.����	��,�r��
�7����^�
�8�"�
!��91�������	����rL&��� �4
����

SOURCE
�
�8�"��!��&�5�&���

DEST
�
�"�8�
!�� 	

j�+g��V
11. SHMEM_PUT64(DEST, SOURCE, 8, 0)

12. ENDIF

· 
�	��\B
�\
��r�Y¼9���8���/�8��#&7�1��������
�8!�A 6 �
7���B
C
B
-&A�Q*��
���� 6 ����U?
��,�9�P�Z�8 
���z�
�����?�¹½T���&�/��� 6 ��
�	��#&7�1��������
�8!�A 6 �
7?�\B
��B
-zVXº*�5j�+ 6 ��� �������,�PJ���!���	�������
�� 6 � 
�	��_
�	������ 6 ����7��8�
�}��	��&
�1X�
1�1
j�+,�����
U?�`���"�8
�U?���=V q ���0�9LML&������
�	K����
������
����
��l�&�3Q*�

��^��	���
�1��&���r�&�8�
	���L&���b��������	�
��������=V
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¡R
������ �,�E������J��
�8�"
�����A�j�+e�Z������1�� 6 �8
�	��H����� DEST
�
�8�"��!�J���L&�����\��������
�U?
�	�7$�&�������
�&��V

fh�
1�1�
�	�7
SHMEM_BARRIER_ALL


��N�
�rL&�
���.�
�P���
1�1�
�	�75�����
BARRIER

��� ���&
�	��\�,
����9�T��1�!�V
15. CALL SHMEM_BARRIER_ALL()

· 
�	��\B
D\����1������&�Pj,+e�
A�Q*��
����e
�� 6 �
����
�U?��1�!5��������
�U?
�	�7��������,�
����V�W,�����
�����
SHMEM_PUT646 1��
�����;�&�������
�&�\�,
���������1�!$
�	����$j�+e�
¾/�;1�� ���
1����9�����8!�A�j,+R�\
��r	�� �

�	�U?� 1�U��9�R
�	e�������&�8�
	���L&���b� 6 ���8�
��
���	HV,x0L&������J���
�	�7K���91����
�����RL&��� ��������J��
�8�"
�����A�j�+e�
6 �8
�	���� DEST

A[��	����&��� 6 ����7��"���}��2�
��&�
V
18. IF (MY_PE() .EQ. 0) THEN

19. PRINT *, ’DEST ON PE 0: ’, DEST

20. ENDIF

3.2 Optimizing Existing MPI and PVM Programs by Using SHMEM
q ���\Ly� 1�1�� Q*
�	�7K��������
���	��;����� Q���QZ�¸���9�&��� �,�;��L.� 6 �&
���
�O

�	�7K�Zj�kb) 6 ��� 7��"�
�4J�!
����
�	�7K%('\)R+,)]��� ���&
�	��\���
1�1��
VX%c'*)�+,)]�,�
���
S&�&�8�
	���L&���l��������
�	����P���
U?�Y1�� Q*��� � �T�&���?�"�/�8�
#&7�1��������
�8!�A 6 �
7?�\B
C�~
-E�
	��e��
�7?���9�b¼������
¿b�/�
�&�\#y7�1�� �����
�8!�A 6 �
7��\B
C
B
-H�&���
	$��� � 6 �
�8�
J�1�����9�����
7���S 6 �
����
�	�7$��������
�	����
V q ���*j�kb)]U?���8��
���	�� LH����� 6 ����7��"���}
��N�
�PL&��1�1�� Q*�
V

À*Á�Â&Ã
Ä q ����L&� 1�1���Q*
�	�7 6 ��� 7?�8�
���r
�� 6 1������9	��^�Z7?1�� J��
1,���������
�&
�� 	��
��� ��	��g�\�8
�	�7^V
q ����!$�����\
�	�����	��,�9��������� � 6 �
���\��s?��
�U?�
1��9	��H%('\)R+,)]�
	��ej,kb)]U?���8��
���	��;� LH�
6 ��� 7��"�
��A�	�� �.�&� 6 ����U?
��,�\��	a� 6 �&
����
1,
�� 6 1�������	����
�&
�� 	���L.�Z7?1�� J��
1^���������
��
���	HV
m ���b�ZL&�
���&����U?���8��
���	�� LH�Z7�1�� J��
1,�����������&
�� 	�A��������&�������9�,���T��
���	a��������
�	����P� 	
6 ��7?�\I
C�V

Example 9: PVM version of the ring program

1. PROGRAMRING_SUM_1

2. INCLUDE ’fpvm3.h’

3. INTEGER ME, NPES, NEXT, PREV, ISTAT

4. C

5. C Get PE info
6. CALL PVMFMYTID(MYTID)

7. CALL PVMFGSIZE(PVMALL, NPES)

8. CALL PVMFGETPE(MYTID, ME)

9. C

10. C Define the ring
11. NEXT = ME + 1

12. IF (NEXT .GE. NPES) NEXT = NEXT - NPES

13. PREV = ME - 1

14. IF (PREV .LT. 0) PREV = PREV + NPES

15. C
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16. C Initialize data

17. C And begin loop
18. C

19. I_SEND = ME

20. I_TOTAL = ME

21. DO I=2, NPES

22. C

23. C Send data to next PE
24. CALL PVMFINITSEND(PvmDataRaw, ISTAT)

25. CALL PVMFPACK(INTEGER4, I_SEND, 1, 1, ISTAT)

26. CALL PVMFSEND(NEXT, I, ISTAT)

27. C

28. C Receive data from previous PE
29. CALL PVMFRECV(PREV, I, ISTAT)

30. CALL PVMFUNPACK(INTEGER4,I_RECV, 1, 1, ISTAT)

31. C

32. C Perform work

33. I_TOTAL = I_TOTAL + I _RECV
34. I_SEND = I _RECV

35. ENDDO

36.

37. WRITE(*,*) ’ PE = ’, ME, ’ Result = ’, I_TOTAL,

38. $ ’ Expect = ’, (NPES-1)*NPES*.5

39. END

q ��
�� 6 ����7��8�
�}��
�� 6 1�! 6 �
�������P���9�����
7����;��������	��e�Z�"
�	�7K��L.j,+���V,x01�1,��L.�&���\j�+,�
��2����������\��1�1���L.�&���\���&�
�������9	��&�
V,+,�
��� 6 �
�������r
��&�Pj�+�	�����J����b�
������	��e�
	����
���,�;�����
	�����J����b
��E��������
�U?���r����������U?�
�"
���J?1��

I_TOTAL
Vc¡¢����	$�����T��j�+g�����P������	$�����*j�+

	�����J����b��L_��U?���8!5���������Nj�+,A?���
��� 6 �8
�	��&�;�����.
��&�P� Q*	�j�+g	�����J�������	����&������� �&�
1�
��
���
�r���
1�����1��
�����=V
q ���\����� 6 ���.L&��� ������� 6 ��� 7?�8�
��A�����Å������&
�	�7$�������8�
	��,� �}� ���,���N
�	�Q*��
����$�&����j�+,�
��	�
�����A�
��N�
�rLy� 1�1�� Q*��t

PE = 1 Result = 28 Expect = 28.

PE = 5 Result = 28 Expect = 28

PE = 3 Result = 28 Expect = 28
PE = 7 Result = 28 Expect = 28

PE = 2 Result = 28 Expect = 28

PE = 4 Result = 28 Expect = 28

PE = 6 Result = 28 Expect = 28

PE = 0 Result = 28 Expect = 28
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m ���b�&���
SHMEM_GET64

U?���"��
�� 	���L.�&���\���
��� 6 ��� 7?�8�
��A������Y%c������
���	$p�V o�V B
A 6 ��7?�\�
B
Æ
� �&���9�"Q*
�����A������Y��������������
�	��,���N� LH����
��P���9�T��
�� 	�L&� �l�Z��� ���*�����&��
�1����a�,�������"
 6 ��
���	�� L
�����*j�kb)]U?���8��
���	HV
· 
�	��\o\���9Ly�9����	������r�&���\j�kb)

INCLUDE
��1��?V · 
�	���pZ�,����1��
���9�P�������\	��9�T�9�����
�8!

U?�
�8
��
J�1����
V
2. INCLUDE ’fpvm3.h’

3. INTEGER ME, NPES, NEXT, PREV, ISTAT

q ����	���2��^L&��QÇ�����
�&�9����	����N������	��0�\j�+,¾/�N	���
�7���J����8�
V q ���0U?�
�8
��
J�1����
NEXT

��	��
PREV

A
�,�9�,	��9�R
�	�1�
�	����;B
B\�&����� ��7?��B
C
A[� 6 �9�T
�L&!KQ*��
������ LH
����;	���
/7?��J�� �"�;�Zj�+eQ*
�1�1�J��
6 ������
�	�7������
	��eQ*��
��T�$
��.Q*
�1�1�J��\���9�T�9
�U�
/	�7�Ly��� ��A[���9� 6 �����&
�U?��1�!(V · 
�	����;B
o\�
	��eB
C
�,�9�,	��\	���
�7���J?� �8�;L&���l�����\j,+��;��	K�&���\��	��,A?	��
����1�!$j�+e�
	���j�+eIZ
�	��
	aD
S&j�+
��� 	��,7����"���&
�� 	HV · 
�	��*B
o\���
�������Pj�+�IZ��� 6 �����;����j�+e�
A��
	���1�
�	��YB
CZ���
�����9�Pj,+e���
���9�T�9
�U��*Ly��� ��j�+gI�V
10. C Define the ring

11. NEXT = ME + 1

12. IF (NEXT .GE. NPES) NEXT = NEXT - NPES

13. PREV = ME - 1
14. IF (PREV .LT. 0) PREV = PREV + NPES

q ���\U��
1/�,�9�NL&���
NEXT

��	��
PREV


�	����
����j�+g�
���Y�
�P
�1�1������&�8�
������
�	������*L&� 1�1���Q*
�	�7
��7��,���?V

PE0 PE1 PE2 PE3 PE4 PE5 PE6 PE7

NEXT=1 NEXT=2 NEXT=3 NEXT=4 NEXT=5 NEXT=6 NEXT=7 NEXT=0

PREV=7 PREV=0 PREV=1 PREV=2 PREV=3 PREV=4 PREV=5 PREV=6

a10003¤
¥�¦�§?¨�©�ª\«
È�­�É ® ª ±�° ¦�Ê�Ë ¯
° ¦�Ì ± Ì ³_± ª�¦�§�Í�Î�Ì�© ² ¦ ±�° Í�ª�©"¦ ± §KÏ�©�Ì §?© ¯
Ð ­

Ñ,¦ ± ª\«
Ò\¦ ± ¦ ° ¦ ¯�Ó ¦�Ô
ª ²;° Í�ª\Õ ¯ ©8¦ ¯ Î Ó ª ° Í ¯�° ª ¯ Ë�Í�Ö,×eØ*¦ Ó�Ó Ï ¯
²�² Ì ±a° Ì NEXTÙ[¯�±�®�Ó ¦ ± ªY¬
Ú¦ ± ¦ ° ¦ ¯
Ó ¦�Ô
ª ²P° Í�ª\Õ ¯ ©8¦ ¯ Î Ó ª ° Í ¯
° Ø*¦ Ó�Ó Í�Ì Ó�®e° Í�ª�©8¨ ±�± ¦ ± § ° Ì °�¯
Ó ¦ ± ª ¯ Ë�Í�Ö�×=­�Û,Ì ° ÍÕ ¯ ©8¦ ¯ Î Ó ª ²;¯
° Ê�© ²�° Ë�Ì ±�°&¯ ¦ ±a° Í�ª ± ¨ Ð Î�ª�©�Ì ³H° Í�ª*©�ª ² Ï[ª�Ë ° ¦�Õ?ªYÖ�×=­
19. I_SEND = ME

20. I_TOTAL = ME
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º*�92c�.�������9�;�����
DO

1���� 6 A�Q*
�����
�	$Q*��
�����������j,kb)]�����
�&�9����	���� 6 �
���;��	��a���9�T�9
�U��Y�����
�,���&��V v ����2������������N��	����`L&� �l��U?���8!5j,+e��2���� 6 � ME

A���
�	����`������U��
1/�,�0� L
ME


��N�
1������
�,!3
�	
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�	�7¸�&� �&�
1�V v 	�1�
�	��Yo
C�A[�&���

PVMFINITSEND
��� ���&
�	��\
�	�
���
��
1�
�O
�9�;�\¼��8Ü/Ü����

#&7�1��������
�8!�A 6 �
7?�\B
C�o
-EL&� �l���
����j�+g����J��`�����9�R�&�5����	��R�������,�
����V v 	�1�
�	��Yo��
A������
PVMFPACK

��������
�	�� 6 �����;�����*���
�&�\#
I_SEND

-E
�	����5�����*J���LML&����A���	���
�	�1�
�	��Yo
~
A
PVMFSEND

����	��,�N�&����J���LML&�9�N� 	$���3�&����	��92c�Hj�+=V�+,�
���$j�kb)]��������
�	���
��N�,�������8
�J?�9�a
�	
��� ���\�,�����

�1^� 	$
����P���
	 6 ��7?�?V
21. DO I=2, NPES

22. C

23. C Send data to next PE

24. CALL PVMFINITSEND(PmvDataRaw, ISTAT)

25. CALL PVMFPACK(REAL8, I_SEND, 1, 1, ISTAT)
26. CALL PVMFSEND(NEXT, I, ISTAT)

· 
�	��9�;o
DZ�
	���o
�\��������
�U?�Y�&���\�,�
���*L&��� ��������j�+������
�H
��r�,�9�,	��9�e
�	
PREV

V q ���
PVMFRECV

��������
�	������9�T�9
�U��9�r�&���\J���LML&����A��
	���A�
�	�1�
�	��Yp
�
A[�����
PVMFUNPACK

��������
�	��
���
n����;�&���\�,�
���*L&��� �4�����\J��,L¶Ly�9���
	�� 6 �����;
��.
�	����K�&����U?�
�8
��
J�1��

I_RECV
V

28. C Receive data from previous PE

29. CALL PVMFRECV(PREV, I, ISTAT)

30. CALL PVMFUNPACK(REAL8,I_RECV, 1, 1, ISTAT)

xr�E�����*�9	���� LH�����
DO

1�� � 6 A��9�
����j,+e� 6 �,�
�����P
��&�P�"��	�	�
�	�7��&� �&�
1,�
	��e����U?���P�����
	�����J����b
��E��������
�U?����
�	����5�����

I_SEND
U?�
�8
��
J�1���A 6 ��� 6 ���"
�	�75�&� 6 �
���;
��.� 	a�&�

NEXT

�	

�����*	��92c�H
������8�
�&
�� 	���L.�&����1�� � 6 V
32. C Perform work

33. I_TOTAL = I _TOTAL + I_RECV

34. I _SEND = I_RECV
35. ENDDO

3.2.1 Optimizing by Using SHMEM_GET64
q �¸� 6 �&
���
�O
�`�&���rj,kb)]U?���8��
���	���L��������"
�	�7 6 ��� 7��"�
�Ý������Q*	�
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A 6 �
7?�`C
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A!��������
	���� 6 1��
���Y�����\j,kb)]���9�����
7�� 6 �
����
�	�7K���&���&�����9	��&�PQ*
��&�$%('*)�+,)]���&�
�������9	��&�
V
�������
1�����	����9����2 6 1�
���
��.��!�	���������	�
�O��
�&
�� 	 6 ��
�	�����A�
�	������*L&� �"��� LHJ��
�8�"
��9�"��A[������� 6 1��
��������*
�� 6 1�
��T
��H��!?	�������� 	�
�O
�
��
���	 6 ����U?
��,���gJ�!K�&����j�kb)]����	����
	������9�T�9
�U��Y��� ���&
�	����
V
q ���\� 6 ��
���
�O
�
��
���	��,�������"
�J����a
�	�����
��0��������
���	$�
	���������Q*	�
�	�������L&��1�1�� Q*
�	�7���2��
� 6 1���������P�ZLy� �8�4� L_�����

SHMEM_GET64
��� ���&
/	���Æ�
�	�+,2c��� 6 1��YB
B
A 6 ��7?����C
A[j�kb)]
��

��� 6 1��
�����RJ�!
SHMEM_PUT64

V
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Example 10: SHMEM_GET64version of the ring program

1. PROGRAMRING_SUM_2
2. INCLUDE ’mpp/shmem.fh’

3. INTEGER ME, NPES, NEXT, PREV, ISTAT

4. COMMON/D _DATA/ D_SEND

5. INTRINSIC MY_PE, N$PES

6. C
7. ME = MY_PE()

8. NPES = N$PES()

9. C

10. C Define the ring

11. NEXT = ME + 1
12. IF (NEXT .GE. NPES) NEXT = NEXT - NPES

13. PREV = ME - 1

14. IF (PREV .LT. 0) PREV = PREV + NPES

15. C

16. C Initialize data

17. D_ME = ME
18. C

19. D_SEND = D_ME

20. D_TOTAL = D_ME

21. DO I=2, NPES

22. C
23. C Synchronize - Make sure data is ready on other PE

24. C

25. CALL SHMEM_BARRIER_ALL()

26. C Get data from previous PE

27. CALL SHMEM_GET64(D_RECV,D_SEND, 1, PREV)
28. CALL SHMEM_BARRIER_ALL()

29. C Perform work

30. D_TOTAL = D_TOTAL + D_RECV

31. D_SEND = D_RECV

32. ENDDO

33.
34. WRITE(*,*) ’ PE = ’, ME, ’ RESULT = ’, D_TOTAL,

35. $ ’ EXPECT = ’, (NPES-1.)*NPES*.5

36. END

· 
�	��\o\���9Ly�9����	������r�&���\%('\)R+,)
INCLUDE

��1��?V · 
�	���C 6 ���&�P�&����U?�
1���� D_SEND

�	����

�Z��� ������	�J�1�� �Tn�������	��������Y�&���
�H�����*���9�������Y�
	���1�� �T��1��
�8�"��!?���
���Z�� 
�0�r�8�&�8�/�
#&7�1��������
�8!�A 6 �
7?�`B
�
�
-zV q �����
�,�,���9�������N�������^J��\���������
���`L&���l��1�1,� LH������j�+,�N
�	�U?� 1�U��9�
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�	e�&��� 6 ����7��"����A��
	�������
�	�7K	��
�����R��� ������	�7����
�8�
	��&�9���;�����
�"VX+,	������"
�	�75�&���
�H�����
�
�8�8�
!?�P�
���Y��!����������"
��`
��N	����.�Z���9s?��
���������	��.Ly� ��j�kb)ÞV
2. INCLUDE ’mpp/shmem.fh’

4. COMMON/D_DATA/ D_SEND

· 
�	��9�;IZ�
	���DY�����\%c'*)�+,){L&��	����&
�� 	��P�����
�^7����E�������������\
�	�L&���8���
��
���	K#&�����Y	�����J����
� LH���������
1�1�
�	�73j�+��
	���������	�����J?�9�l� L�j�+,�;
�	�U?��1�U?����
�	K�����bß�� J�-^�
��������j�kb)à���
1�1���
�	
1�
�	��9�r~Z����������7��aDY��L_������j�kb)]U?���"��
�� 	���L_����� 6 ��� 7?�8�
�}#&�����Y+�2c�
� 6 1��Y��A 6 �
7?�\C
D�-�V
xr�;����	��&
�� 	����eJ���L&�����9A,�&����
�	����8
�	���
��

MY_PE
�
	��e�&������� 	������
	��

N$PES
�����\��1�
�7����&1�!

L&�
���&�9���&����	e������%('*)�+,)]��s?��
�U?�
1��9	��&�;�
	�����������2c�����8	��
1X1�
�J��"���"!KU��9�"��
�� 	���A
MY_PE�
	��

NUM_PES
V m ���b�������\
�	�L&���8���
��
���	�A������ 6 �
7?�\C
~�V

7. ME = MY_PE()

8. NPES = N$PES()

q ���\%('*)�+,)]U?���8��
�� 	�� LH����� 6 ��� 7��"�
�4�,����	����;�������"
�	�7�A�
�	�
��&
���1�
�O
���;�������,�
���
A
� 6 �,���&���P�&���\�8��	�	�
�	�75�������
1�A[��	���Q*�"
������P�&���\����� 6 ���^��2c���T��1�!K���P
�	�������)�j v U?���8��
�� 	� L_�&��� 6 ����7��"���gVXá`	�1�!$�����������������e��L 6 ������
�	�7��,�
�&�\�,
�LML&���8�
V
· 
�	��9�;o
�Z�
	���o
D
A�Q*��
��T�$�����HJ��
�8�"
����8��A������Z	������������
�8!5Q*����	a����
�	�7$�����
SHMEM_GET64

��� ���&
�	��?VX%c!�	��T����� 	�
�O
�
��
���	�
��r
�� 6 1�
���
��^
�	������*j�kb)]U?���8��
�� 	�J������
�����
� L_�&����j�kb)]��� �,�\��L.� 6 �9�"�
��
�� 	HtX�����T������	���
��N���
���T���9�RJ�!K�Z��������
�U?�?VX��� �R�������
6 ��� U?
��,�\!������b��Q*	e��!�	��T����� 	�
�O
�
��
�� 	$Q*����	a����
�	�7$%c'*)�+,)FV q ���
SHMEM_BARRIER_ALL

��� ���&
�	��\���
n����N�
�,U?�
	����
7��\��L.�&���\L&�
���.���
����QZ�����*J��
�8�"
����
���9�T���
	�
/����A[���
n�
�	�7K�&�������Y���
1�1��N���91��
�&
�U?��1�!$
�	���2 6 ��	���
�U���V q ����
�� 6 1�
���
����!�	��T����� 	�
�O
�
��
�� 	e
�	�j�kb)]���
	eJ������ 6 1��
�����RJ�!K����
��PLy������������!�	��T����� 	�
�O
�
��
�� 	e���9�&��� �
Q*����	a!�� �R�����\��� 	�U��9�"��
�	�7KJ����&Q*���9	$j�kb)]�
	��g%c'*)�+,)FV
25. CALL SHMEM_BARRIER_ALL

26. C Get data from previous pe

27. CALL SHMEM_GET64(D_RECV,D_SEND, 1, PREV)
28. CALL SHMEM_BARRIER_ALL

á0�&���9� 6 ���8L&���8���
	����Y
�� 6 ����U?�����9	��&�;�����
�H!?� �aQ*
�1�1�������Q*����	a����	�U?���8��
�	�75�&�
%c'*)�+,)��,���&� 6 �
����
�	�7��
���Y�
�PL&� 1�1���Q*�
V q ����!5� 6�6 1�!KQ*�����������b!�� �R�����\����
�	�7
SHMEM_PUT64

� �
SHMEM_GET64

��������
�	����
V
u %c'*)�+,){�������N	����.���9s?��
����Z��� 6 �
�8�
�������
1�1��;������� ���&
�	����P���$
�	�
���
��
1�
�O
��A?�&�5����	��R�����

�,�
���
A���	��â�������9�T�9
�U��Y�������,�
����V
u %c'*)�+,){�������N	����.���9s?��
����Z�&�������9�������Yj,+e����J��\
�	�U?� 1�U��9�RQ*��
�1��Y�,��
�	�7

���"�
	���L&���8�
V q �����^�����
	��;�����\������� �&�Yj�+�
��;Ly���9�\�����������������lQ*���8n?A��
1������ �,7��$
��
�,� ���P	�� �.�,������
�	�����
��r��2c��� 6 1��?V
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v L_!�� �R����U���Q*�"
����&��	 6 ����7��"�����PL&���������*fhiEx^� q p
�µ��!��������4� ��L&� �Nfh�"��!�j�kbj
��!�����������A�!?� �a�
��� 6 ��� J��
J�1�!K�
���T�������������g���bãh���8�
�/�9�K�
���&�`�z���z�
�b#&7�1��������
�8!�A 6 �
7��\B
C
�
-
� 	a�&���\j�+����9�T�9
�U�
/	�7��&���\�,�
���*
�	�� ���,�����&� 6 ���������8U����"�T�"�
�b�z���
�������?�"�N#&7�1��������
�8!�A 6 �
7��B
C�o
-zV q ���
�H
��r	��¸1�� 	�7����b	��������������"!K��	a������fliHxE� q p
+g��!��������gV m � � 6 � �"���
J�
�1�
���!
6 ��� 6 � ���9��A[����Q*��U?����A�!?� �����
	�1����
U?�Y���
������Å,������
�	�7���� ���&
�	��\���
1�1��;
�	�!������ 6 ��� 7?�8�
�gV
q ����!$�����\�9������	���
��
1�1�!K
�7?	�� �����e� 	afliHx.� q p�+g��!?����������A�����������!$���¸	�� �_�
LML&�9�T�
6 �9�"L&� �"����	��T�9A�J��,�^�&����!K�
���Y����s?��
������eJ�!KfliExH� q �
�Y��!?���&�9���;�
	������
!$J��`����s?��
����9�
J�!KL&���&�����\��!����&�����
V

3.2.2 Optimizing by Using SHMEM_PUT64
q ���

SHMEM_PUT64
��� ���&
/	����P���
	��,��1�
�U?���b�&���\�
	���Q*���8�NL&��� �������*�8
�	�7 6 ��� 7?�8�
�}�
�

L&�
���E�
�P�����
SHMEM_GET64

��������
�	����
V q ����Ly� 1�1�� Q*
�	�7K��2��
� 6 1��\����� QZ�N�����
SHMEM_PUT64

U?���8��
�� 	�� L_�&�����8
�	�7 6 ��� 7��"�
�gV

Example 11: SHMEM_PUT64version of the ring program

1. PROGRAMRING_SUM_3

2. INCLUDE ’mpp/shmem.fh’

3. INTEGER ME, NPES, NEXT, PREV, ISTAT
4. COMMON/D _DATA/ D_RECV

5. C

6. C Get PE info

7. ME = MY_PE()

8. NPES = N$PES()
9. C

10. C Define the ring

11. NEXT = ME + 1

12. IF (NEXT .GE. NPES) NEXT = NEXT - NPES

13. PREV = ME - 1

14. IF (PREV .LT. 0) PREV = PREV + NPES
15. C

16. C Initialize data

17. D_ME = ME

18. C

19. D_SEND = D_ME
20. D_TOTAL = D_ME

21. DO I=2, NPES

22. C

23. C Send data to next PE

24. CALL SHMEM_PUT64(D_RECV,D_SEND, 1, NEXT)

25. C
26. C Synchronize - Ensure all have valid data in D_RECV
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27. CALL SHMEM_BARRIER_ALL

28. C
29. C Perform work

30. D_TOTAL = D_TOTAL + D_RECV

31. D_SEND = D_RECV

32. C

33. C Synchronize - Ensure all have accessed D_RECV

34. CALL SHMEM_BARRIER_ALL
35. ENDDO

36.

37. WRITE(*,*) ’ PE = ’, ME, ’ RESULT = ’, D_TOTAL,

38. $ ’ EXPECT = ’, (NPES-1.)*NPES*.5

39. END

q ���\�,�8���.���
1�LE� LH����� 6 ����7��"���}
��N�&���\���
���`�
�0�����
SHMEM_GET64

U?���"��
�� 	�#&���9�
+,2��
� 6 1��YB
��A 6 �
7��\�
o
-&A���2���� 6 �H�����
�H�&�������9�������YU��
�8
��
J�1��*������1��
������
�	��������T� ����� 	
J�1�� �Tn$
��P	�� Q

D_RECV
A[Q*��
�����
��r���������
��7?�9�H� L_�&�����,���&�\�&�8�
	���L&���"V

v 	a1�
�	��*o
C�A������T��j�+ 6 �
�����9�P�&�����,���&�\�&�5�&���\	���2��Hj,+_V · 
�	����Po
I3��	���p
C\J�����������	����

�	
��!�	��T����� 	�
�O
�
��
�� 	e��� ���&
�	��9��A[�
	��eJ��������
���Y	����������g����7����
�8�
	��&�9�Y�����
�H�������&�8�
	���L&���"�
�
���*����� 6 1��9�&�?V
24. CALL SHMEM_PUT64(D_RECV,D_SEND, 1, NEXT)

25. C

26. C Synchronize - Make sure everyone has data

27. CALL SHMEM_BARRIER_ALL
28. C

29. C Perform work

30. D_TOTAL = D_TOTAL + D_RECV

31. D_SEND = D_RECV

32. C

33. C Synchronize - Ensure everyone is ready to continue
34. CALL SHMEM_BARRIER_ALL

3.3 Passing 32-bit Data
q Q*�5U?�
�8
��
	��&�;��L

SHMEM_GET64
�
	��

SHMEM_PUT64
A

SHMEM_GET32
�
	��

SHMEM_PUT32
A��
���Y�,����
�7?	��9���
	��e� 6 ��
���
�O
����� 6 ����
��,���
1�1�!5Ly� � 6 �
����
�	�7Kp
o�SyJ�
��H�,�
����V

¡¢����	a�����9� 6 ��� 6 ���81�!�A�������!$���
	 6 �
����p
o
S&J�
��H�,�
�&�\L&�
���&�9���&���
	
SHMEM_GET64

�
	��
SHMEM_PUT64

V
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¡¢����	a!?� ��������������p
o
S&J�
��H��������
�	�����A[�
1�
�7?	���
���������J�� �&��� ��	���
/�&�����b��L.�&�����,�9����
�	��
��
���	
�
�8�8�
!���	����&������� �������\�
�8�8�
!���	a�Y~
C
S&J�
��HJ�����	��,�
�8!
VXj����8L&���8���
	����Y��1�
 6 �P��
�7�	�
����T��	��&1�!Q*����	a�����\�&Q*�¸�
���Y	�� �_������1�
�7?	��9�,A��
�P
�	e�&����L&� 1�1���Q*
�	�7����
1�1�t
CALL SHMEM_PUT32(DEST(1), SOURCE(6), NLONG, PE)

v 	��������
��A����
������S&�
1�
�7�	$�&���\��QZ���
�8�"��!?���
	���J���7�
�	��&���\���"�
	���L&���l��
��&���9����	a��Q*�
��U?��	�S&	�����J��������g� ����QZ��� �,�,S&	�����J��������e�
�8�"��!���1��9����	�����V q ����f m �
�*����� 6 
�1�����,
����9�T��
�U?�

CACHE_ALIGN
�����8U��9�N�&��� 6 ��� 6 ������� LH�
1�
�7�	�
�	�7$�T���T����V

!DIR$ CACHE_ALIGN DEST, SOURCE

SHMEM_PUT32(DEST,SOURCE, NLONG, PE)

q ���\Ly� 1�1�� Q*
�	�7Kp
o�SyJ�
��HU?���8��
�� 	�� LH�������"
�	�7 6 ����7��8�
�}�������;�����
SHMEM_PUT32��� ���&
�	���t

Example 12: 32-bit version of ring program

1. PROGRAMRING_NSUM_3_4

2. C

3. C Summing around a ring

4. C SHMEM_PUT64 version

5. C
6. INCLUDE ’mpp/shmem.fh’

7. INTEGER ME, NPES, NEXT, PREV

8. INTEGER ISTAT

9. C Pass arrays of size N

10. PARAMETER(N=100000)

11. REAL(KIND=4) D_SEND(N), D_RECV(N), D_TOTAL(N)
12. COMMON/D_DATA/ D_RECV

13. C

14. C Get PE info

15. ME = MY_PE()

16. NPES = N$PES()
17. C

18. C Define the ring

19. C

20. NEXT = ME + 1

21. IF (NEXT .GE. NPES) NEXT = NEXT - NPES

22. PREV = ME - 1
23. IF (PREV .LT. 0) PREV = PREV + NPES

24. C

25. C Initialize data

26. C
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27. D_ME = ME

28. C
29. D_SEND(1:N) = D_ME

30. D_TOTAL(1:N) = D_ME

31. DO I=2, NPES

32. C

33. C Send data to next PE

34. CALL SHMEM_PUT32(D_RECV, D_SEND, N, NEXT)
35. C

36. C Synchronize -

37. C Wait for data to arrive at other PE (implicit SHMEM_QUIET)

38. C and make sure everyone has data

39. CALL SHMEM_BARRIER_ALL
40. C

41. C Flush cache if on a PVP system

42. CALL SHMEM_UDCFLUSH()

43. C

44. C Perform work
45. CALL WORK(N, D_TOTAL, D_SEND, D_RECV)

46. C

47. C Synchronize - Make sure everyone is ready to continue

48. CALL SHMEM_BARRIER_ALL

49. ENDDO

50.
51. WRITE(*,*) ’ PE = ’, ME, ’ Result = ’, D_TOTAL(1),

52. $ ’ Expect = ’, (NPES-1.)*NPES*.5

53. END

54.

55. SUBROUTINEWORK(N, D_TOTAL, D_SEND, D_RECV)
56. REAL(KIND=4) D_SEND(N), D_RECV(N), D_TOTAL(N)

57. D_TOTAL(1:N) = D_TOTAL(1:N) + D_RECV(1:N)

58. D_SEND(1:N) = D_RECV(1:N)

59. RETURN

60. END

q ���\����� 6 ���.L&��� ������� 6 ��� 7?�8�
�}
��;�
�PL&��1�1�� Q*�
t
PE = 0 Result = 28. Expect = 28.

PE = 7 Result = 28. Expect = 28.

PE = 3 Result = 28. Expect = 28.
PE = 1 Result = 28. Expect = 28.

PE = 6 Result = 28. Expect = 28.

PE = 2 Result = 28. Expect = 28.
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PE = 4 Result = 28. Expect = 28.

PE = 5 Result = 28. Expect = 28.

3.4 Copying Strided Data
q ���\�8�&�8�/�
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Example 13: Passing strided data using SHMEM_REAL_IGET

1. PROGRAMSTRIDED

2. C
3. C SHMEM_REAL_IGETversion

4. C The sending array is accessed with stride 2

5. C The receiving array is accessed with stride 3

6. C

7. INCLUDE ’mpp/shmem.fh’

8. INTEGER ME
9. INTEGER ISTAT, SENDER, RECEIVER

10. PARAMETER(N=100)

11. PARAMETER(SENDER= 0)

12. PARAMETER(RECEIVER= 1)

13. REAL D_SEND(2*N), D_RECV(3*N)
14. INTRINSIC MY_PE

15. COMMON/D_DATA/ D_SEND

16. C

17. C Get PE info

18. ME = MY_PE()
19. C

20. C Initialize data

21. DO I=1,2*N

22. D_SEND(I) = I + ME

23. ENDDO

24. D_RECV = 0.0
25. C
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26. IF (ME .EQ. SENDER) THEN

27. C
28. C Synchronize - Make sure data is ready

29. CALL SHMEM_BARRIER_ALL

30. C

31. C Note: Sender does nothing but synchronize,

32. ELSE IF (ME .EQ. RECEIVER) THEN

33. C
34. C Synchronize - Make sure data is ready on other PE

35. CALL SHMEM_BARRIER_ALL

36. C

37. C Get data

38. CALL SHMEM_REAL_IGET(D_RECV, D_SEND, 3, 2, N, SENDER)
39. C

40. C Print results

41. WRITE(*,*) ’Receiver=’,ME,’ d_recv=’, D_RECV(1),

42. 1 D_RECV(2),D _RECV(3),D_RECV(4),D_RECV(5),D_RECV(6),D_RECV (7)

43. ENDIF
44. END

Example 14: Passing strided data using SHMEM_REAL_IPUT

1. PROGRAMSTRIDED_2

2. C
3. C SHMEM_REAL_IPUTversion

4. C The sending array is accessed with stride 2

5. C The receiving array is accessed with stride 3

6. C

7. INCLUDE ’mpp/shmem.fh’
8. INTEGER ME

9. INTEGER ISTAT, SENDER, RECEIVER

10. PARAMETER(N=100)

11. PARAMETER(SENDER= 0)

12. PARAMETER(RECEIVER= 1)

13. REAL D_SEND(2*N), D_RECV(3*N)
14. INTRINSIC MY_PE

15. COMMON/D_DATA/ D_RECV

16. C

17. C Get PE info

18. ME = MY_PE()
19. C

20. C Initialize data

21. DO I=1,2*N
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22. D_SEND(I) = I + ME

23. ENDDO
24. D_RECV = 0.0

25. C

26. C Synchronize - Make sure all arrays are initialized

27. CALL SHMEM_BARRIER_ALL

28. IF (ME .EQ. SENDER) THEN

29. C
30. C Send data

31. CALL SHMEM_REAL_IPUT(D_RECV,D_SEND, 3, 2, N, RECEIVER)

32. C

33. C Synchronize - Make sure data has arrived

34. CALL SHMEM_BARRIER_ALL
35. ELSE IF (ME .EQ. RECEIVER) THEN

36. C

37. C Synchronize - Make sure data has arrived

38. CALL SHMEM_BARRIER_ALL

39. C
40. C Cache update not required on

41. C CRAY T3E system (no-op)

42. CALL SHMEM_UDCFLUSH()

43. C

44. C Print results

45. WRITE(*,*) ’Receiver=’,ME,’D_RECV=’,D _RECV(1),D_RECV(2)
46. 1 ,D _RECV(3),D_RECV(4),D_RECV(5),D_RECV(6),D_RECV (7)

47. ENDIF

48. END
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C Send data

CALL PVMFINITSEND(PvmDataRaw, ISTAT)

CALL PVMFPACK(REAL8, D_SEND, N, 2, ISTAT)
CALL PVMFSEND(RECEIVER,MTAG, ISTAT)

C
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C Receive data

CALL PVMFRECV(SENDER,MTAG, ISTAT)
CALL PVMFUNPACK(REAL8,D_RECV, N, 3, ISTAT)
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38. CALL SHMEM_REAL_IGET(D_RECV,D_SEND, 3, 2, N, SENDER)

SHMEM_REAL_IPUT
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31. CALL SHMEM_REAL_IPUT(D_RECV, D_SEND, 3, 2, N, RECEIVER)
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a10010¤
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SHMEM_REAL_IGET̄
±�® SHMEM_REAL_IPUT ° © ¯
±�²�³ ª�© ²

ç ²;Ð ª ±�° ¦�Ì ± ª ® ª ¯ © Ó ¦�ª�©Nè ² ª�ªYÏ ¯ §�ª�é
æ�ê Ù[° Í�ª ³ Ì Ó�Ó Ì Ø*¦ ± § SHMEM_UDCFLUSH
Ë ¯
Ó�Ó ¦ ²¦�§ ± Ì�©�ª ® Ì ±aëlì ç.íïî È
× ²�ð�²�° ª Ð�² ­[É ° ¦ ²NÓ ª ³&° ¦ ±e° Í�ª�Ï�©�Ì�§�© ¯
Ð}³ Ì�©�Ë�Ì Ð Ï ¯
° ¦�Î�¦ Ó ¦ °�ð©�ª ¯
² Ì ±�² ­

41. C CRAY T3E system (no-op)
42. CALL SHMEM_UDCFLUSH()

î Í�ª�Ì ¨ ° Ï�¨ °�Ù Ø*Í�¦�Ë�Í�¦ ²N° Í�ª ²�¯
Ð ª ³ Ì ©lÎ�Ì ° ÍKÏ[©�Ì�§�© ¯�Ð�²�Ù ¦ ® ª ±�° ¦�Ê,ª ²b° Í�ª�Ö�× ° Í ¯�° ©�ª�Ë�ª�¦�Õ?ª ®
° Í�ª ®�¯
°&¯\¯
±�®�° Í�ª*Õ ¯
Ó ¨�ª ² Ì ³_° Í�ª�Ê�© ²�°E² ª�Õ?ª ± ª Ó ª Ð ª ±�°&² Ì ³.° Í�ª D_RECV̄

©"© ¯
ð�ñ
Receiver=1 D_RECV=1., 0., 0., 3., 0., 0., 5.

3.5 Gathering and Scattering Data
î Í�ª\©�Ì�¨ ° ¦ ± ª ² SHMEM_IXGET̄
±�® SHMEM_IXPUT

Ë�Ì Ï ðK®,¯�°&¯ è ² ¨�Ë�Í ¯�²P¯ ©"© ¯
ð�² ê ³ ©�Ì ÐÌ ± ª\Ö�× ° Ì ¯
± Ì ° Í�ª�©"­ ç ± ¦ ±�® ª�ò ¯ ©8© ¯
ð�Ù�² Ï�ª9ËT¦�Ê�ª ®e¯
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ð ª Ó ª Ð ª ±�°�²r° Í ¯
°^¯ ©�ªÎ�ª�¦ ± §�Ï ¯
²�² ª ® ­,ó(ô\õR×,õ|¦ ²N³y¯�²�° ª�© ° Í ¯
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Example 15: SHMEM_IXPUTversion of a reor dered scatter

1. PROGRAMSCATTER_2A
2. C

3. C SHMEM_IXPUTversion

4. C Use the index array for the receiving array (scatter)

5. C

6. INCLUDE ’mpp/shmem.fh’
7. INTEGER ME

8. INTEGER ISTAT, SENDER, RECEIVER

9. PARAMETER(NN=100)

10. PARAMETER(N=10)

11. PARAMETER(SENDER= 0)
12. PARAMETER(RECEIVER= 1)

13. REAL D_SEND(N), D_RECV(NN)

14. INTRINSIC MY_PE

15. COMMON/D_DATA/ D_RECV

16. INTEGER INDEX(N)

17. DATA INDEX / 99, 19, 28, 91, 82, 37, 73, 46, 64, 55 /
18. C

19. C Get PE info

20. ME = MY_PE()

21. C

22. C Initialize data
23. DO I=1,N

24. D_SEND(I) = I + ME

25. ENDDO

26. D_RECV(1:NN) = 0.0

27. C
28. C Synchronize - Make sure data arrays are initialized

29. CALL SHMEM_BARRIER_ALL

30. IF (ME .EQ. SENDER) THEN

31. C

32. C Send data

33. CALL SHMEM_IXPUT(D_RECV, D_SEND, INDEX, N, RECEIVER)
34. C

35. C Synchronize - Make sure data has arrived

36. CALL SHMEM_BARRIER_ALL
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37. ELSE IF (ME .EQ. RECEIVER) THEN

38. C
39. C Synchronize - Make sure data has arrived

40. CALL SHMEM_BARRIER_ALL

41. C

42. C Make sure cache is up to date

43. CALL SHMEM_UDCFLUSH()

44. C
45. C Print results

46. WRITE(*,*) ’Receiver=’,ME,’ D_RECV=’, D_RECV(100), D_RECV(20)

47. 1 ,D_RECV(29),D _RECV(92),D_RECV(83),D_RECV(38)

48. ENDIF

49. END
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35. DO I=1,N

36. CALL PVMFUNPACK(REAL8,D_RECV(1+INDEX(I)), 1, 1, ISTAT)

37. ENDDO
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17. DATA INDEX / 99, 19, 28, 91, 82, 37, 73, 46, 64, 55 /

33. CALL SHMEM_IXPUT(D_RECV,D_SEND, INDEX, N, RECEIVER)
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V
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Receiver=1 D_RECV=1., 2., 3., 4., 5., 6.
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CALL SHMEM_IXGET(D_RECV,D_SEND, INDEX, N, SENDER)

3.6 Broadcasting Data to Multiple PEs
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Example 16: One-to-all broadcasting

1. INCLUDE ’mpp/shmem.fh’
2. INTEGER DEST(8), SOURCE(8)

3. C Declare the PSYNC array

4. INTEGER PSYNC(SHMEM_BCAST_SYNC_SIZE)

5. INTRINSIC MY_PE

6.
7. C Use the DATA statement to initialize PSYNC

8. DATA PSYNC /SHMEM_BCAST_SYNC_SIZE*SHMEM_SYNC_VALUE/

9. SAVE DEST, SOURCE

10.

11. C Initialize the SOURCEarray
12. IF (MY_PE().EQ.0) THEN

13. DO I = 1, 8

14, SOURCE(I) = I * I

15, ENDDO
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16. PRINT *, ’THE ORIGINAL ARRAY VALUES ARE ’, SOURCE

17. ENDIF
18.

19. C Broadcast an 8-element array from PE 0

20. CALL SHMEM_BROADCAST(DEST,SOURCE, 8, 0, 0, 0, 4, PSYNC)

21. C Don’t forget the PSYNC argument

22.

23. C Print the DEST array on all PEs
24. PRINT *, ’PE ’, MY_PE(), ’ HAS ’, DEST

25.

26. END
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THE ORIGINAL ARRAY VALUES ARE 1, 4, 9, 16, 25, 36, 49, 64

PE 0 HAS 8*0

PE 1 HAS 1, 4, 9, 16, 25, 36, 49, 64

PE 2 HAS 1, 4, 9, 16, 25, 36, 49, 64
PE 3 HAS 1, 4, 9, 16, 25, 36, 49, 64
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3.7 Merging Arra ys
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Example 17: SHMEM_FCOLLECT

1. PROGRAMSHARE_ARRAY
2. INCLUDE ’mpp/shmem.fh’

3. INTEGER MYVALS(N$PES), ALLVALS(16)

4. INTRINSIC MY_PE

5. INTEGER PSYNC(SHMEM_COLLECT_SYNC_SIZE)

6. DATA PSYNC /SHMEM_COLLECT_SYNC_SIZE*SHMEM_SYNC_VALUE/
7.

8. C Assume 4 PEs

9. NPES = 4

10.

11. C The values to be passed will be based on PEs numbers
12. N = NPES * MY_PE()

13. DO I = 1, NPES

14. N = N + 1

15. MYVALS(I) = N

16. END DO

17.
18. C Wait until all PEs are initialized

19. CALL SHMEM_BARRIER_ALL

20.

21. CALL SHMEM_FCOLLECT(ALLVALS,MYVALS, 4, 0, 0, NPES, PSYNC)

22.
23. PRINT *, ’PE ’, MY_PE(), ’ HAS ’, ALLVALS

24. END
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PE 3 HAS 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16

PE 0 HAS 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16

PE 1 HAS 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 13 14, 15, 16

PE 2 HAS 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16
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3.8 Reading and Updating in One Operation
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SHMEM_INT4_FINC
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Example 18: Remote fetch and increment

1. C
2. C These LOCK/UNLOCKroutines implement a take-a-number lock

3. C using an array of 2, assumed to be initialized to 0.

4. C

5. SUBROUTINELOCK(LCK)

6. INTEGER(KIND=4) LCK(2), NOW_SERVING

7. INTEGER(KIND=4) SHMEM_INT4_FINC
8.

9. C Take the next number.

10.

11. MYNO= SHMEM_INT4_FINC(LCK(1), 0)

12.
13. C Wait until my number comes up.

14.

15. CALL SHMEM_GET4(NOW_SERVING,LCK(2), 1, 0)

16. DO WHILE (NOW_SERVING.NE. MYNO)

17. CALL SHMEM_GET4(NOW_SERVING, LCK(2), 1, 0)
18. ENDDO

19. END
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3.9 Using Reduction routines
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Example 19: Minim um value reduction routine

1. PROGRAMMINVAL

2. INCLUDE ’mpp/shmem.fh’

3. INTRINSIC MY_PE, RANF, RANSET

4.

5. INTEGER PSYNC(SHMEM_REDUCE_SYNC_SIZE), NR, SEED

6. DATA PSYNC /SHMEM_REDUCE_SYNC_SIZE*SHMEM_SYNC_VALUE/
7.

8. C Make the number of results a constant

9. PARAMETER(NR=4)

10. REAL FOO(NR), FOOMIN(NR), PWRK(SHMEM_REDUCE_MIN_WRKDATA_SIZE)

11. COMMON/COM/ FOO, FOOMIN, PWRK
12.

13. C Put some values into the FOO arrays

14. DO I = 1, 4

15. SEED = RANSET((MY_PE()+I) * (I*I))

16. FOO(I) = RANF()

17. END DO
18.

19. C Print the preliminary numbers on each PE

20. PRINT 100, MY_PE(), FOO

21. 100 FORMAT(’At first, PE ’, I2, ’ has ’, 4F8.5)
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22.

23. CALL SHMEM_BARRIER_ALL
24. PRINT *

25.

26. CALL SHMEM_REAL8_MIN_TO_ALL(FOOMIN,FOO,NR,0,0,4,PWRK,PSYNC)

27.

28. C All the values should be the same

29. PRINT 200, MY_PE(), FOOMIN
30. 200 FORMAT(’Result on PE ’, I2, ’ :’, 4F8.5)

31.

32. END

q ���\����� 6 ���.L&��� ������� 6 ��� 7?�8�
�}
��;�
�PL&��1�1�� Q*�
t
At first, PE 0 has 0.15804 0.42240 0.26721 0.27292

At first, PE 3 has 0.79022 0.31894 0.69247 0.85908

At first, PE 1 has 0.47413 0.05458 0.84766 0.80164

At first, PE 2 has 0.47413 0.68676 0.11202 0.33036

Result on PE 0 : 0.15804 0.05458 0.11202 0.27292

Result on PE 1 : 0.15804 0.05458 0.11202 0.27292

Result on PE 2 : 0.15804 0.05458 0.11202 0.27292

Result on PE 3 : 0.15804 0.05458 0.11202 0.27292

q ���\Ly� 1�1�� Q*
�	�7K��7��,���*
�1�1������&�8�
�����P����������	�����	����;��L.�&���\��QZ���
�8�"��!?����	a�9�
����j,+e�
�.�&���
��	��R��L.�&��� 6 ��� 7��"�
�gV
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PE0

1

2

3

4

0.15804
�

0.42240

0.26721

0.27292

FOO

0.15804
�
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0.11202

0.27292
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PE1

1

2

3

4

0.47413
�
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0.84766

0.80164
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0.15804
�
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0.11202

0.27292

FOOMIN

PE2

1

2

3

4

0.47413
�

0.68676
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0.33036

FOO

0.15804
�
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0.27292

FOOMIN

PE3

1

2

3

4

0.79022
�

0.31892

0.69247

0.85908

FOO

0.15804
�

0.05458

0.11202

0.27292

FOOMIN

a10007¤
¥?¦�§�¨�©�ª�«���­ î Í�ª

SHMEM_REAL8_MIN_TO_ALL
ª9ò ¯
Ð Ï Ó ª

É ±a° Í�ª ± ª�ò ° ª9ò ¯
Ð Ï Ó ª Ù[° Í�ª ² ¨ Ð�Ð�¯
° ¦�Ì ± Ï�ª�© ³ Ì�© Ð ª ® Î ðK° Í�ª�©8¦ ± §$Ï[©�Ì�§�© ¯�Ð ¦ ²¦ Ð Ï Ó ª Ð ª ±�° ª ® Î ð ¨ ² ¦ ± § ° Í�ª SHMEM_INT4_SUM_TO_ALL
è&È
êH©�ª ® ¨�Ë ° ¦�Ì ± ©�Ì ¨ ° ¦ ± ª?­î Í�ª0©�ª ® ¨�Ë ° ¦�Ì ± ¦ ²b³&¯
²�° ª9© ° Í ¯
± ¨ ² ¦ ± §3ª�¦ ° Í�ª�© SHMEM_GET64
Ì�©

SHMEM_PUT64Ù Ø*Í�¦�Ë�Í
Ø*Ì ¨ Ó�® Ï ¯
²�²;®,¯
°&¯ «
é ° ¦ Ð ª ² Ì ±a¯ «�ø û Ö,×RË�Ì ± Ê�§?¨�© ¯
° ¦�Ì ± ­,É ° ¦ ²;¯ Õ ¯
Ó ¦ ® Ì�Ï ° ¦ Ð ¦�Ô ¯
° ¦�Ì ±
° ª�Ë�Í ± ¦�ù?¨�ª ° Í ¯
° ©�ª�Ï Ó�¯ Ë�ª ²P¯\²�Ó Ì�Ø*ª9© ¯
Ó §�Ì ©"¦ ° Í Ð Ø*¦ ° Í ¯\Ð Ì ©�ª*ª ³ Ê�ËT¦�ª ±�°E¯�Ó §?Ì ©"¦ ° Í Ð ­

Example 20: Summation using a reduction routine

1. PROGRAMRING_NSUM_4

2. C

3. C SHMEM_INT4_SUM_TO_ALLversion of ring nsum

4. C

5. INCLUDE ’mpp/shmem.fh’
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6. INTEGER ME, NPES, NEXT, PREV

7. INTEGER ISTAT
8. INTRINSIC MY_PE, N$PES

9. PARAMETER(N=100000)

10. INTEGER(KIND=4) SEND(N), TOTAL(N)

11. COMMON/IDATA/SEND, TOTAL

12. REAL PWRK(MAX(N/2+1, SHMEM_REDUCE_MIN_WRKDATA_SIZE))

13. INTEGER PSYNC(SHMEM_REDUCE_SYNC_SIZE)
14. DATA PSYNC/SHMEM_REDUCE_SYNC_SIZE*SHMEM_SYNC_VALUE/

15. C

16. C Get PE info

17. ME = MY_PE()

18. NPES = N$PES
19. C

20. C Initialize data

21. C

22. SEND = ME

23. C
24. C Synchronize - make sure data is ready on all PEs

25. CALL SHMEM_BARRIER_ALL

26. C

27. C Perform work

28. CALL SHMEM_INT4_SUM_TO_ALL(TOTAL, SEND,

29. * N, 0, 0, NPES, PWRK, PSYNC)
30.

31. WRITE(*,*) ’ PE = ’, ME, ’ Result = ’, TOTAL(1),

32. $ ’ Expect = ’, (NPES-1.)*NPES*.5

33. END

q ���\����� 6 ���.L&��� ���8��	�	�
�	�7K����� 6 ����7��8�
�}� 	aB
~\j,+��;
��N�
�0L&� 1�1���Q*�
V�x0�;Q*
�������� ���
6 ��� 7��"�
���r
�	�U?� 1�U�
�	�7¸� ��� 6 ���.L&��� ������1��&
 6 1��`j�+,��A��&����� ���,���l
�	�Q*��
�����������j�+,�N��	�
����

��;�"�
	������gV

PE = 5 Result = 120 Expect = 120.

PE = 12 Result = 120 Expect = 120.
PE = 13 Result = 120 Expect = 120.

PE = 2 Result = 120 Expect = 120.

PE = 11 Result = 120 Expect = 120.

PE = 10 Result = 120 Expect = 120.

PE = 14 Result = 120 Expect = 120.
PE = 8 Result = 120 Expect = 120.

PE = 7 Result = 120 Expect = 120.

PE = 15 Result = 120 Expect = 120.
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PE = 6 Result = 120 Expect = 120.

PE = 9 Result = 120 Expect = 120.
PE = 0 Result = 120 Expect = 120.

PE = 3 Result = 120 Expect = 120.

PE = 4 Result = 120 Expect = 120.

PE = 1 Result = 120 Expect = 120.

fh��� 6 ���"
�	�7�����
��P�&�5�&����j�kb)�A
SHMEM_GET64

A��
	��
SHMEM_PUT64

U?���"��
�� 	��N� L_�&���
�8
�	�7 6 ��� 7��"�
��A

SHMEM_INT4_SUM_TO_ALL
�,��1�
�U?���8�r������J������ 6 ���8L&���8���
	����Y��L.�&���

L&� ���zV
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4.1 Unrolling Loops
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4.2 Software Pipelining
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4.2.1 Optimizing a Program with Software Pipelining
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4.2.1.1 Selecting the Level of Pipelining
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4.2.1.2 Using the CONCURRENTand IVDEP Directives
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!DIR$ CONCURRENTSAFE_DISTANCE=3

DO I = K+1, N

X(I) = A(I) + X(I-K)
ENDDO
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4.2.2 Identifying Loops for Pipelining
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DO I = P+1, N

X(I) = A(I) + X(I-P)

END DO
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DO I = 2, N

X(I) = A(I) + X(I-1) ! Recurrence

Y(I) = B(I+1)*R + B(I-1)*S ! Unrelated work

Z(I) = Z(I) - Y(I)*C(I) ! Unrelated work

... ! More work

END DO
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4.2.3 How Pipelining Works
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DO 1 I = 1, N

Y(I) = X(I)

END DO
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T = X(I)

Y(I) = T

I = I+1

IF (I.GT.N) EXIT
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I=1

T1=X(I)
I=I+1

T2=X(I)

DO

Y(I-1)=T1 I=I+1

IF(I.GT.N) EXIT T1=X(I)

Y(I-1)=T2 I=I+1
IF(I.GT.N) EXIT T2=X(I)

END DO

S����'(�� ��^�p
6 n !��$�.0��������#1>��	,�$�4�3	������
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DO I=1,N

... = A(I) * B(I)

... = C(I) * D(I)
END DO
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Time

Iteration I

A(I) + B(I)

C(I) * D(I)

Initiation
interval

Iteration I + 1

A(I + 1) * B(I + 1)

C(I + 1) * D(I + 1)

Iteration I + 2

A(I + 2) * B(I + 2)

C(I + 2) * D(I + 2)

Multiply
pipeline
is 100%
busy

Iterations
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C(I+1) * D(I+1)

A(I+2) * B(I+2)

C(I) * D(I)

A(I+1) * B(I+1)

4.3 Optimizing for Cache
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4.3.1 Rearranging Arra y Dimensions for Cache Reuse
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Example 21: Unoptimized code

COMMONA(N,3,3), B(N,3,3), C(N,3,3)

DO I=1,3

DO K=1,3

DO L=1,N
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C(L,I,K) = A(L,I,1) * B(L,1,K)

& +A(L,I,2) * B(L,2,K)
& +A(L,I,3) * B(L,3,K)

ENDDO

ENDDO

ENDDO
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COMMONA(3,3,N), B(3,3,N), C(3,3,N)
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DO L=1,N

DO K=1,3

DO I=1,3
C(I,K,L) = A(I,1,L) * B(1,K,L)

& +A(I,2,L) * B(2,K,L)

& +A(I,3,L) * B(3,K,L)

ENDDO

ENDDO
ENDDO
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4.3.2 Padding Common Bloc ks and Arra ys to Reduce Cache Conflict
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COMMON/AAA/ A(1024), B(1024), C(1024)

DO I=1,1024

A(I) = B(I) + C(I)

ENDDO
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B(1-4)

B(5-8)

B(1021-
1024)

C(1-4)

C(5-8)

C(1021-
1024)

Data cache
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COMMON/AAA/ A(1024), B(1024), P(4), C(1024)

!DIR $ CACHE_ALIGN /AAA/
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Local memory

B(1)

B(2)

B(1024)

P(1)

P(2)

Next data item

Size of data cache
Ø

Size of data cache
Ø

P(3)

P(4)

C(1)

C(1020)

C(1021)

C(1022)

C(1023)

C(1024)

Size of data cache
Ø
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¤
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B(1-4)
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B(1021-
1024)
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Data cache

B(9-12)

B(13-16) C(9-12)
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COMMON/AAA/ A(4096), B(4096), C(4096)
!DIR$ CACHE_ALIGN /AAA/

DO I=1,4096

A(I) = B(I) + C(I)

ENDDO
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COMMON/AAA/ A(4096), P1(8), B(4096), P2(8), C(4096)

<���1919���
�:���
19��!���19(���0919�����$�
�������
�zCD��	��
���*	,�
�����������3�4�.��%�����%*��0������ �#19(��A�L�������
�
����� � ����	�P
���K���>	,�
�����'0�0���CD���
���A��19���b�.���'���$�
	4e

COMMON/AAA/ A(1024,64), B(1024,64)

!DIR$ CACHE_ALIGN /AAA/

DO J=1,64

DO I=1,1024
A(I,J) = B(I,J) - B(I,J+1)

ENDDO

ENDDO
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COMMON/AAA/ A(1032,64), B(1032,64)
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Example 22: Automatic padding

COMMONA(1024), B(1024), C(1024), D(1024), E(1024), F(1024),
% G(1024), H(1024), R(1024), S(1024), T(1024), U(1024)
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& D(1024), PAD4(72), E(1024), PAD5(72), F(1024), PAD6(72),

& G(1024), PAD7(72), H(1024), PAD8(72), R(1024), PAD9(72),

& S(1024), PAD10(72), T(1024), PAD11(72), U(1024), PAD12(72)
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Example 23: Automatic padding for smaller arrays

COMMONA(256), B(256), C(256), D(256), E(256), F(256),

& G(256), H(256), R(256), S(256), T(256), U(256)
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COMMONA(256), PAD1(8), B(256), PAD2(8), C(256), PAD3(8),

& D(256), PAD4(8), E(256), PAD5(8), F(256), PAD6(8),

& G(256), PAD7(8), H(256), PAD8(8), R(256), PAD9(8),

& S(256), PAD10(8), T(256), PAD11(8), U(256), PAD12(8)

4.4 Optimizing for Stream Buffer s
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Example 24: Original loop

!DIR$ SPLIT

DO I=1,4000

A(I) = B(I) * C(I)
T = D(I) + A(I)

E(I) = F(I) + T * G(I)

H(I) = H(I) + E(I)

ENDDO

S'���4��	,PQ	,�
���A��������0��$�-���#�
�$�.��	��#�&	,�
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T
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TA
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�
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Example 25: Splitting loops

DO I=1,4000
A(I) = B(I) * C(I)

TA(I) = D(I) + A(I)

ENDDO

DO I=1,1000

E(I) = F(I) * TA(I) * G(I)
H(I) = H(I) + E(I)

ENDDO
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Example 26: Stripmining

DO I1=1,4000,256

I2 = MIN(I1+255, 1000)

DO I=I1,I2

A(I) = B(I) * C(I)
TA(I-I1+1) = D(I) + A(I)

ENDDO

DO I=I1,I2

E(I) = F(I) * TA(I-I1+1) * G(I)

H(I) = H(I) + E(I)
ENDDO

ENDDO

w��V	,�
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��	��3	��$���#�
	j6

Example 27: Splitting loops across IF statements

!DIR $ SPLIT

DO I=1,4000
IF (A(I) .LT. 0.0)

B(I) = C(I) * D(I)

ELSE

E(I) = F(I) * G(I)

ENDIF
ENDDO
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89�
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��0��'���2���&����0���	����K����0�0��'CD��e

DO I=1,4000
L(I) = A(I) .LT. 0.0

IF (L(I))

B(I) = C(I) * D(I)

ENDIF

ENDDO
DO I=1,1000

IF (.NOT. L(I))

E(I) = F(I) * G(I)

ENDIF

ENDDO
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�$��	,�$1>CD��	,�
���2��	,�
�$�
IF��	��3	��$���#�
	���69�D�$��	,�$1

IF
��	��3	��$���#�
	��K� �$�������F���
	�����	���	�	,�
�D�$�
12����	,�
�D����0���	,	����
�

��� �����$����6
89�
�����'���Q��0��$�c��0����~����0���	��M���
1���!"��19(��30{��	���	,�$���#�
	��c	,�
��	�CD�'(�0�12�30�0��'����	,������� ��	,�
���*�5���
��	��U�$���/B'(��o���$�.��PQ���@���F	��
������0�0��'CD���
���$�y������0���6

Example 28: Splitting individual statements

!DIR$ SPLIT

DO I=1,4000
A(I) = B(I) * C(I) + D(I) * E(I) + F(I) * G(I)

ENDDO

89�
����� �$���$19���
��0��'���2CD��(�0�1)B'������0���	��3�K�b��0�0���CD�K���
1>	,�
�$�V��	��.���������
�$1
e

DO I=1,4000
T(I) = B(I) * C(I) + D(I) * E(I)

ENDDO

DO I=1,1000

A(I) = T(I) + F(I) * G(I)

ENDDO

��	��3	��$���#�
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4.4.2 Padding Common Bloc ks and Arra ys for Loop Splitting
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������� � ����	�P�����191����
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COMMON/AAA/ A(4096), B(4096), C(4096), D(4096),

& X(4096), Y(4096), Z(4096)

DO I1=1,4096,256

I2 = MIN(I1+255, 4096)

DO I=I1,I2

A(I) = B(I) * C(I) + D(I)
ENDDO

DO I=I1,I2

X(I) = Y(I) * Z(I) - D(I)

ENDDO

ENDDO
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COMMON/AAA/ A(4096), P1(8), B(4096), P2(8), C(4096), P3(264),

& D(4096), P4(264), X(4096), P5(8), Y(4096), P6(8), Z(4096)
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4.4.3 Changed Behavior from Loop Splitting
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4.4.4 Maximizing Inner Loop Trip Count
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Example 29: Rearranging array dimensions

DIMENSION X(32, 1000), Y(32, 1000), Z(32, 1000)
DIMENSION S(32, 1000), T(32, 1000), W(32, 1000), U(32, 1000)

DO J=1,N1000

DO I=1,N32

X(I,J) = Y(I,J) + Z(I,J)
W(I,J) = X(I,J) * T(I,J) - S(I,J) * U(I,J)

ENDDO

ENDDO
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DIMENSION X(1000, 32), Y(1000, 32), Z(1000, 32)

DIMENSION S(1000, 32), T(1000, 32), W(1000, 32), U(1000,32)

DO J=1,N32

DO I=1,N1000

X(I,J) = Y(I,J) + Z(I,J)

W(I,J) = X(I,J) * T(I,J) - S(I,J) * U(I,J)

ENDDO

ENDDO

4.4.5 Minimizing Stream Count
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Example 30: Minimizing streams

DIMENSION X(1000, 6)
DIMENSION Y(1000, 6)

DO I=1,1000

X(I,1) = Y(I,1)

X(I,2) = Y(I,2)

X(I,3) = Y(I,3)

X(I,4) = Y(I,4)
X(I,5) = Y(I,5)

X(I,6) = Y(I,6)

ENDDO

89�
��0��'���2���F	,�
�D����0�0��'CD���
���$�y������0����30�0��'����	,�$�&�'�
0�%R	�CD���5	,� �$�����@���*WYXGZG[\89]3=
��%'�5	,�$����e

Example 31: Reduced streams version

DIMENSION X(6, 1000)

DIMENSION Y(6, 1000)

DO I=1,1000

X(1,I) = Y(1,I)

X(2,I) = Y(2,I)

X(3,I) = Y(3,I)
X(4,I) = Y(4,I)

X(5,I) = Y(5,I)

X(6,I) = Y(6,I)

ENDDO

4.4.6 Grouping Statements That Use the Same Streams
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Example 32: Original code

DIMENSION X(2,1000), Y(2,1000), Z(2,1000)
DIMENSION S(2,1000), T(2,1000), W(2,1000), U(2,1000)

DO I=1,1000

X(1,I) = Y(1,I) + Z(1,I)

W(1,I) = X(1,I) * T(1,I) - S(1,I) * U(1,I)
X(2,I) = Y(2,I) + Z(2,I)

W(2,I) = X(2,I) * T(2,I) - S(2,I) * U(2,I)

ENDDO
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Example 33: Grouping statements within the loop

DO I=1,1000
X(1,I) = Y(1,I) + Z(1,I)

X(2,I) = Y(2,I) + Z(2,I)

W(1,I) = X(1,I) * T(1,I) - S(1,I) * U(1,I)

W(2,I) = X(2,I) * T(2,I) - S(2,I) * U(2,I)

ENDDO

89�
���5��	,(���	,���'�*���F	��
����� �$���$19���
���$�y������0������&���'��	�0���+'�$0�%�	��k�'����(��c���F�'0�1��$�-S����.	��.���
����19�$�&	,�
��	��A���
	,�����V���4�.��%'�&CD��	��*������0�0{19�����$�
�����'�
�KH�B'�$	,CD�$�$�*_O�3�
1>_�q��$0��$���#�
	���J
	,�
��	�������(�0���	���S'�'�.	��.���Fp�q�19�$�.��!"�#1>	,%����#�y6 t (�	���	������F�30��5�kB'�����'(��
1>���F���'19�#�&	��
��	
�����
	������V0����'�Q�M	,�
��	I�
��!��LB'�$�#�*(��
� ��0�0��$12�����
(��30�0�%a6989�
�$����0��'�����&���
�'(�0�1V�$��	,�
�$�T�
�3!"�
	,�
�$���c��	��3	��$���#�
	��K��� ��(����$1�P����c	,�
�D0��������M���
��(�0�1)B'��� �$� ��0�0��$1|6{89�
�����'0�0���CD���
��0��'����P
(��
� ��0�0��$1)�����
(���0�0�%�P
CD��0�0EB'������0���	����
	��k����(��c19���o���$� �$�
	�0����'�Q�ye

Example 34: Loop that will be split into four

DIMENSION X(1000), Y(1000), Z(1000)

DIMENSION S(1000), T(1000), W(1000), U(1000)

DO I=1,1000,2

X(I) = Y(I) + Z(I)
W(I) = X(I) * T(I) - S(I) * U(I)

X(I+1) = Y(I+1) + Z(I+1)

W(I+1) = X(I+1) * T(I+1) - S(I+1) * U(I+1)

ENDDO
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Example 35: Loop that will be split into two

DO I=1,1000,2

X(I) = Y(I) + Z(I)

X(I+1) = Y(I+1) + Z(I+1)

W(I) = X(I) * T(I) - S(I) * U(I)

W(I+1) = X(I+1) * T(I+1) - S(I+1) * U(I+1)
ENDDO

4.4.7 Enabling and Disabling Stream Buffer s
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CALL SET_D_STREAM(0)

89�
�
GET_D_STREAM

� ��(�	����
������!��$�z	,�
����(��4� �#�
	G��	��U�$���/B'(��o���$�c0��$!��$09���F�'� 19�#�M	,�
� �#�5	,�'� ����	G0���	��#�j6
S'�'�-���$�4	,�����2!��$�4�������
�M���
	��
��WYXGZI[\89]�=7��%'��	��$��P��5	,� �$���/B'(��o���#�4�@��� �L19������B'0��$1>B'%
19�#�b�3(�0�	
�����M	,�
�����'0�0���CD���
���A0��3�5���$�&�����Q� �'�'�4�3���ye
f Z���� �'�'�.���/	,�
��	��A�30�0��M��(�B'� �'(�	,���
�$�z�b� ���Ç	��
�����Dd>=9dÿ0���B'�.���.%�6

004–2518–002 105



CRAY T3ETM Fortran Optimization Guide

f Z���� �'�'�.���/	,�
��	�(��5�#�&�
���'�F���#�4�����4���3�
�A�LS'�'�.	��.���FHb��<9S'J����c< ü �D<�SIí�WTX�ZzS'8
0����
�'(����'�����$��	,(�� �$��6

f Z �Q� �'�'�4�3�Ç	,�
��	9(��5�#�T	��
�
CACHE_BYPASS

19��� �$��	,��!"�&H����$�z�a�#�A	,���'�k`
6 i�Pa�����'�@^�^�]�Jj6
89�
��19�'��(����$�
	Iî�ó �������	��
 �UÎU�
�.��ÌzÌ@Ê � �>ú-Ê�Ë�ÞOî�Î�Þ��.�U� � ËQõö��ÌzÎ��.û
��Ë��U�.��Ìz�-��(�	�0����
�$�
�����
19��	������
�@(��
19�#�MCD�
�����*%���(>�A�3�F�������$0�%:�#�
��B'0�����	��U�$�����@���'�c��� �����.�����M���F	��
�$���
����	,�$�'�'�.���$��6E89�
�L1��'��(����$�
	G���M��!�����0���B'0��L�'�
0����
�L��	�	��
������0�0��'CD���
� g X u e

http://www.sgi.com/t3e/guidelines.html

n �
���L%���(>�$�
��(�� ��	,�
��	�%���(��c�Q� �'�'�4�3�/���M�5�3�b�#P�%���(V�����F�#�
��B'0�����	�� �$�3���z�����T	,�
�$���
��� ���'�4�����@(������
�:	,�
�

SET_D_STREAM
0���B'�.���.%*� ��(�	����
���'�-B'%:�5�#	�	,���
�*	,�
�

SCACHE_D_STREAMS
�$�
!���� ���
���$�
	�!����.����B'0��L	,��^
6

4.5 Optimizing Division Operations
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!DIR$ UNROLL
DO I = 1, 256

A(I) = (B(I) + 2.0 * C(I) + D(I)) / X

ENDDO
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XINV = 1.0/X

!DIR$ UNROLL

DO I = 1, 256

A(I) = (B(I) + 2.0 * C(I) + D(I)) * XINV
ENDDO
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Example 36: Original code

1. DO 1300 JN = 1,LPR
2. J = IAR2(JN+LPAIR)

3. IC = ICO(IACI _IAC(J))

4. XW1 = TMP1-X(1,J)

5. XW2 = TMP2-X(2,J)

6. RWTMP= TMP3-X(3,J)
7. R2INV = 1.0E0/(XW1**2+XW2**2+RWTMP**2)

8. C The problem is here. The result of divide is used

9. C in next calculation.

10. DF2 = CGI*CG(J)*R2INV

11. EELT = EELT+DF2

12. R6 = R2INV**3
13. F1 = CN12(1,IC)*(R6*R6)

14. F2 = CN12(2,IC)*R6

15. ENBT = ENBT + (F2-F1)

16. DF = (DF2+6.0E0*((F2-F1)-F1))*R2INV

17. FW1 = XW1*DF
18. FW2 = XW2*DF

19. FW3 = RWTMP*DF

20. F(1,J) = F(1,J) +FW1

21. F(2,J) = F(2,J) +FW2

22. F(3,J) = F(3,J) +FW3
23.

24. TMP4 = TMP4 -FW1

25. TMP5 = TMP5 -FW2

26. TMP6 = TMP6 -FW3

27. 1300 CONTINUE
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Example 37: Modified code

1. C First divide computed

2. J = IAR2(1+LPAIR)

3. XW1 = TMP1-X(1,J)

4. XW2 = TMP2-X(2,J)

5. RWTMP= TMP3-X(3,J)
6. R2INV = 1.0E0/(XW1**2+XW2**2+RWTMP**2)

7.

8. DO 1300 JN = 1,LPR

9. C Compute the divide needed for next pass

10. J_NEXT = IAR2((JN+1)+LPAIR)
11. XW1_NEXT = TMP1-X(1,J _NEXT)

12. XW2_NEXT = TMP2-X(2,J _NEXT)

13. RWTMP_NEXT= TMP3-X(3,J_NEXT)

14. R2INV_NEXT = 1.0E0/(XW1_NEXT**2+XW2_NEXT**2+RWTMP_NEXT**2)

15. IC = ICO(IACI+IAC(J))
16. DF2 = CGI*CG(J)*R2INV

17. EELT = EELT+DF2

18. R6 = R2INV**3

19. F1 = CN12(1,IC)*(R6*R6)

20. F2 = CN12(2,IC)*R6

21. ENBT = ENBT + (F2-F1)
22. DF = (DF2+6.0E0*((F2-F1)-F1))*R2INV

23. FW1 = XW1*DF

24. FW2 = XW2*DF

25. FW3 = RWTMP*DF

26. F(1,J) = F(1,J) +FW1
27. F(2,J) = F(2,J) +FW2

28. F(3,J) = F(3,J) +FW3

29.

30. TMP4 = TMP4 -FW1

31. TMP5 = TMP5 -FW2

32. TMP6 = TMP6 -FW3
33. C Juggle the values for the next pass.

34. J = J_NEXT

35. XW1 = XW1_NEXT

36. XW2 = XW2_NEXT
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37. RWTMP= RWTMP_NEXT

38. C The result of divide not needed until here. All the work
39. C above this can proceed concurrently with the divide.

40. R2INV = R2INV_NEXT

41. 1300 CONTINUE
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Example 38: Transf orming a loop for vectorization

DO I = 1, N

A(I) = B(I) * SQRT( C(I) + D(I) )

ENDDO
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DO II = 1, N, 256

NN = MIN( II+255, N )

DO I = II, NN

T(I-II+1) = C(I) + D(I)

ENDDO
SQRT_V( NN - II + 1, T, T2, 1, 1 )

DO I = II, NN

A(I) = B(I) * T2(I-II+1)

ENDDO

ENDDO
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DO I=1,N

...
X = A(I-K)

A(I) = B(I) * C(I) - W

...

ENDDO
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!DIR $ CACHE_BYPASSB

DO I=1,N
A(I) = B(1,I)

ENDDO
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��M�� ] �93H�/1[F�&%'`�26�3D����QS����6��+�c��
	���Z�����e�����XK�"%����'\�9¶L6��	��P�� U ��P�Pp37M��W1+6�'�� U ���9�����93H�����
'���6�3=� : }�P��O��'\����6e'�����
/P�� : ��'�d���34'��+37����� : �/8*�93H�	6���) : ��'�d/'LK

OPEN(UNIT=9,ACCESS=DIRECT,ACTION=READ,RECL=40960)

OPEN(UNIT=11,ACCESS=DIRECT,ACTION=WRITE,RECL=40960)

DO I = 1, NUMTODO

NEXT = FINDNEXT(NEXT, MY_PE, N$PES)

READ(9, REC=NEXT) Z

! Process the record
WRITE(11,REC=NEXT) Z

ENDDO

�_P�Pl��1b������F�&%'.�,¶��,QYM����O6�P�P%��1b������'��+6����9�	�,���+'�K%"%����������M���}�P��^��'.�����9��� : 1+�/34376�� : ���
6�QSQS�9'�'_h

DIRECT
i 6�� : '��9��'_������3=�9QS�/3 : P��,��
*�������	z���0º¹Ew�� ] )*���9'�Klj��9���+����
	�+���

ACTION6�3=
/M��	�9�������
READ

h+376������93�����6��
READWRITE

0T1+��3.����'���6���QS� i 6�P�P�� U '`�+�����@�A�
P�� ] 376�37���9'����	�����+���	��
E���+����3=�,6 : �����9376��+�����bK
��'��9�26�3D6E�+�

OPEN
'��+6����9�	�,���5�/�2�9��'\�+���e�/M�����M��!M������+0 U ����QS�Z��'`6�P�'��	3D6E� : �/�-6�QSQS�9'�'LK

&%6EQY��F�& U 37���+�,'`����'`� U �I3=�9QS��3 : 1<3=���
Z
�96EQY�I�����	�^����3=�/M�
/�N�+����P������[K
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» �,1<��3=�a��������3=��
*376��f����6��b����QSP�M : �9'.�+����'\QS� : �k��'.3DM���0��9¶L�9QSM��+�O�����
assignQS���	�	6�� : � U ��QS�9026E'\1<��P�P�� U ' m

% assign -F cachea:10 u:9 f:datadir/input
% assign -F cachea:10 -m on u:11 f:datadir/output

"%���
assign

QS���	�	6�� : '��9�+'.M��N6OQS6�QS���k��1brE� ] P���QYd/'�0��96�QS�ZQS�/����6���������
�q�rEv U �/3 : '�K
�+�������e��3=�/
/376��	0�����6��b'J��
E�O��'_�	6E�+QS��� : ��� ] )*���9' ] )������

RECL
6�3=
/M��	�9�������	�����

OPEN
'J��6����9�	�9����'LK x 6���QY������
X�+���e3=�9QS�/3 : P��,��
*��� U ���+�W�+����QS6�QS���e'���
��O��'`QS3DM�QS��6�P

U ���9� U 37���+���T
W���Z376�� : ���f6EQYQS�9'�'.�	� : �k���	6E8T��� : ��8*�93 U 37��������
 : 6��+6�K�"%���
-m on6�3=
/M��	�9�������	�����

assign
QS�/�	�	6E� : ��3=�98*�9����'`�+����F�&%'`1+3=������3DM���QS6�������
~�+���e�9� : �/1

�����k}�P��90T�96�QS�Z���Z6 : ��1;1<�,3=�9���b��P�6�QS�90�6E'\�+���9)XQS�/�	�2P��9�+�O�����9��34��M��+��M��DK

!
¼H½�¾�¿<À+Á/Â%Ã��/­���¥a£��9Ä/���9¤��+��¥E��Å���¤�¬+­��D©	¥����+�,«I¦����9ÅT�+®��e±�²�³o����Æ/�7¥��Dª�¤�­/�7©	¥�����ª�¥�«%«%£\¥
Æ/��­�¯YÇ/�9«(¦%���O£��+�7��¯S�+���=�^��®�¥��b¯Y­�¤���¥���¤�£\¯S­/¤����=­/�l��¤�¬<­��7©	¥��+��­�¤���­	«��9����©	�����=�9¯S­��=«%£��
È%®���£_¥�«%«%£`�,É����D¥O����©	�O��­	¥a ��=­��*�7¥�©V�l§e­/°k�9¨*�9��Å2��¬!ª*­��N°k¥�¤��b�+­X«%­	 �­�£J������­�¤���¤��
��¤I�+®���¦����OÊ+£���¯Y®Z¥�£\Æ/¥�¯SÇ*£� �¥E¯Y��¤��/Ë+Å�ª/­��(©	��£��b��£J����®���¯S­/¤����=­/�l��¤�¬<­��7©	¥��+��­�¤b�
Ìk�,���+®��,�\­�¬b��®��k 2�=�9¯S�9«%��¤��

assign
£���¥��+�,©	�9¤���£`£� ��9¯S��¬+ªW¯S­�¤��+�=­��p��¤�¬+­��D©	¥E�+��­�¤b�

5.1.2 Using Multiple Files and Multiple PEs
´b�9¥�«%��¤���¬+�=­�©�¥�¤�«I°k�D������¤����+­X©	�����+�� �����¦%���,£_©	¥�ª	Æ/�O�+®����9¥E£J���,£J�5¥�¤�«I¬<¥E£J���9£���±@²A³
£��+�7¥����9�/ªSÅ��/��¨T�,¤W¥a¤���©	Æ*�,�4­�¬b¡�¢%£`���9£�£\�+®�¥E¤I­��4�9Ä*��¥�����­	��®��k¤���©	Æ/�,�4­/¬5«%¥���¥
£��+���9¥�©	£_­/¤�ª*­����4ÍC´�Î�ÏÐÈ%Ñ�¢I£Jª/£��+�,©V�%È%®���±�²�³�����Æ/�7¥��7ª	�=­����+�c¤��9£�Å���®���±�²�³B®�¥��=«%°k¥��=�
 �¥E�+®�£`Æ/�9��°k�9�9¤Z��­/¯S¥��l©	�9©	­��Dª	¥�¤�«N«���£JÇ/Å�¥�¤�«I�+®���«%��£�Ç�«��9¨*��¯Y�,£_��®��9©	£��9��¨*�9£.¯S¥�¤Z¥����
­� ��9�7¥����e��¤Z 2¥��D¥E�����9�=�
Ò_£J�O¯Y­�¤�«%������­/¤�¥��

OPEN
£J��¥����9©	�9¤���£JÅT¥�£\��¤	�+®��e¬+­/����­�°k��¤��~�9ÉL¥�©	 ����,Å2��­	�=�9¥E«N¬+�=­/©?¥�¤�«

°k�7���+�e�+­X¬+­/����¦����9£.��¤Z¥aÓ�Ô+¡�¢N ��=­/�/�7¥�©V��ÏT­/�N©	¥�ª	Æ/�^¥�Æ/���e��­	­� ��+��©	��Õ��^�+®���£\�9ÉL¥�©	 ����
¬+���7�+®��9�.Æ/ªX ��9�7¬+­/�7©	��¤���±@²A³B��­	«%��¬�¬+�9���9¤��b¦%���O£�ª/£J���9©	£`��­�¯S¥��+�,«V­�¤W«���¬�¬+�9�=�9¤��
Ö ���/¥�´���¤��/£��!×��9��ª/­����4£�ª*£����9©-¥�«�©	��¤���£J���7¥��+­��4¬+­/�4��¤�¬+­/�7©	¥�����­/¤�­�¤�®�­/°Ø¦����e£�ª/£��+�9©	£
¥��=�k �¥��7�+������­/¤��,«N¥�¯S�=­�£�£ Ö ���*¥E´���¤��/£L�

IF(MY_PE() .EQ. 0) THEN

OPEN(9,ACTION=READWRITE,FILE=’File0’)

IF(MY_PE() .EQ. 1)
OPEN(9,ACTION=READWRITE,FILE=’File1’)

IF(MY_PE() .EQ. 2)

OPEN(9,ACTION=READWRITE,FILE=’File2’)

IF(MY_PE() .EQ. 3)

OPEN(9,ACTION=READWRITE,FILE=’File3’)

READ(9,*) ARRAY

120 004–2518–002



Input/Output [5]

! Perform calculations

WRITE(9,*) ARRAY

�+��������'_�9¶�6E�	��P��90��96�QS�ZF�&N�����9��'\����'`� U �Z}�P��O1+�/343=�96 : ����
W6�� :NU 37���+���T
!Kl"%���
READ6�� :

WRITE
'��+6����9�	�,���+'\6�3=�O�9¶��,QSM%��� :I] )�6�P�PpF�&%'�Klg/��346�����P�P�M�'���3D6��������W��1[������'

��3=��QS�9'�'�02'��9�kg/��
*M�3=��v�sTK

PE 0

File0

a11301�

Read

Write

PE 1

File1

PE 2

File2

PE 3

File3

�/���/���=�k��ÙT�%�N�����+�� 2���e¡�¢%£`¥�¤�«I©	�����+�� �����¦%���,£

5.1.3 Using a Single PE
Ú ®��9¤�¥a£J��¤��/���^¡�¢V ��9�7¬+­/�7©	£\��®���±�²�³^Å�ª/­/�N°k�����p��£���¥�����ªX®�¥�¨*�O�+­X£�®�¥��=�e��®���«%¥��+¥
°k����®I­/��®��9��¡%¢�£L�%�*­��4¥E¤���������£��+�7¥��+��­�¤�Å�£��9����®��k¬+­�����­/°k��¤��	¦��*���=�*�
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PE 0

Data file�

a11302�

Read

Write

PE 1

PE 2

PE 3

An array put routine

An array get routine

�*���/���=�k�EÛ��%±@²A³B��­	¥�¤�«N¬+�=­�©?¥a£J��¤��/���e¡�¢

ÏT­/�N¯S¥�¤Z£�®�¥��=�e��®���«%¥���¥���£J��¤T�X­/¤��e­�¬b��®��e¬<­�����­�°k��¤���©	�,�+®�­�«%£�µ
Ü Ï/­/�N¯S¥�¤Z¥a©	�,£J£�¥��/�9Ô+ �¥�£�£���¤��	£�ª*£����9©-��­W �¥�£�£.­�¤��+®���«�¥��+¥��p¡�ÝH�NÅT�N¡�±<Å2¥�¤�«
×�§k�N¢%�Þ¥E���p®�¥�¨*�OÆ/�=­�¥�«%¯S¥�£��5�=­/������¤��9£_�+®�¥��p �¥�£�£`«%¥��+¥e��­	­��+®��9�4¡%¢�£L�%±<¬5�,¨T�,�Dª�¡%¢
¤��9�,«%£.¥����p��®��e«%¥��+¥EÅT��®��

SHMEM_BROADCAST
Ê<ÑEË��=­/������¤�����£`�+®���¬+¥�£����9£���­�¬b��®��

��®��=�9�9Å�Æ/���5������£.¤�­��[ �­��D��¥�Æ/���O��­	­��+®��,�H¨*�9¤�«%­��7£Jß%£�ª/£J���9©	£��l�/­/�H�9ÉL¥�©	 ����9£\­�¬
SHMEM_BROADCAST

Å�£��9�O×��9¯S����­/¤WÑ�� ��ÅT �¥��/�k�E���%�/­��4��¤�¬+­/�7©	¥�����­/¤Z­/¤
PVMFBCAST

Ê+Ñ�Ë+Å2£��9��×A�,¯S�+��­�¤Z�T� à�Å� �¥��/�eÑ�Ñ��
Ü ±<¬!�9¥�¯S®Z¡�¢V­/¤���ª�¤��,�9«%£. 2¥��D��­�¬b��®��e«%¥��+¥EÅT��£���¥��D�7¥�ª/Ô+®�¥�¤�«%����¤����/�9��¥�¤�«N ����
�=­����+��¤��9£��

SHMEM_IXPUT
Ê+Ñ�Ëb¥�¤�«

SHMEM_IXGET
Ê+Ñ�Ë5¥��=�O�+®���¬+¥�£��+�,£��@�l�*­��

��¤�¬+­/�7©	¥�����­/¤Z­/¤���£J��¤T�
SHMEM_IXPUT

¥�¤�«
SHMEM_IXGET

Å�£��9��×��9¯S�+��­�¤IÑ�� áEÅ
 �¥��/�����T�p±<¬5 2­/�7�+¥�Æ/��������ª���£`¥e¯S­/¤�¯S�9�7¤�Å�Æ/­��+®W¡%ÝH�â¥E¤�«N�N¡%±b®�¥�¨*�O �����¥�¤�«N�/�9�
�=­����+��¤��9£\��®�¥��b¯S¥�¤Z �¥E£J£`¥��7�7¥�ª*£�ÅTÆ/�%�!�+®��9ª�¥��=�O£J��­�°k�9�D�

5.2 Unformatted I/O
ã%�,¯Y¥E�%£��O¬+­/�7©	¥����+�9«(±�²�³o�=�9Ä/�%�����9£_«%¥���¥k¯S­�¤�¨T�,�D£���­�¤�Å2����°k�����%¥�«�«V­/¨*�9�=®��,¥�«I�+­Xª*­����
 ��=­��/�D¥�©V�%ÎC¨*­/��«I¬+­��D©	¥������9«V±@²A³o°k®��,¤��9¨*�9�. ��D¥E¯Y����¯S¥��=�
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g/�/3H�9¶L6��	��P��90���1�)*��MN6�3=�O�	�/8*����
 : 6��+6 ] �9� U �,�9���	6�QS�������,'J0�)/�/M�QS6��W'J�,� : �����
] ����6�37)Wh<M���1+��3D�	6E�+��� :%i 8*�937'����/�Z����'����96 : �/1[�_jA�C�<�@KE T�/MNQS6�� ] �9'��bQS�/��8*�937�5����� : 6E�+6e6�'
1+��P�P�� U ' m
nut '��^�+��� assign

h+r i QY���	�	6�� :(] �91+��3=�k37M���������
~)*��M�34��3=��
/3D6��-�+�XQY����8*�937�[���
���+���93�1+�/37�	6���'_6�M��+���	6�����QY6EP�P�)LK%"%���O1+��P�P�� U ����
WQY���	�	6�� : QS����8T�,3D��'`���	�C���� ä"%$�&
1+�/37�	6�� m

% assign -N t3e f:myfile1

n ���,�	�/8*�
FORMAT

'��+6E�+�9�	�,���+'\1+3=�/�f)*��M�34��3=��
/3D6��-6�� : �	� : ��1+)	)/�/M�3
OPEN'��+6����9�	�,���56�'\1+�/P�P�� U ' m

OPEN (9, FORM=’UNFORMATTED’)

» ) : �91+6�M�P���0T�����e'J)/'��+�,�-6�P U 6�)/'`6�QSQY�,'J'��9'\���������9¶��b3=�,QY��3 : 6�M��+���	6�����QY6EP�P�) : M�3D����
	6
3=�,6 : �/3H6 U 37���+�*Kl"%��6����	�,6���'4'J�,R*M��9������6�P5�@�A� U ��P�P ] �^1+6�'��@KlåÐ���,�I)/��M�6�3=�O6�P�'��
�	6������2M%Pc6��+����
WM���1<��37�	6��+��� :�: 6��+6E02)*��MN��6�8*�O�+�����2�/���9���+��6EP%1<��348*�93D)�1+6�'�� : 6��+6
��3D6E��'J1+�937'�K%"%���k1+�/P�P�� U ����
	'J�,QY������� : �9'�QS3D� ] �,'`��� U ���	
/�9���+�����	��'��5�/M��[��1b6O
*��� :
QS��� ] ����6��+�����bK

5.2.1 Sequential, Unformatted Requests
"%����'_'J�,QY������� : �9'�QS3D� ] �,'`��� Uæ] �9'��b���	�����+���	��
��^����� U ���9��)/��M�6�3=�O3=�96 : ����
��/3
U 37���+����
�'��9R*M��,���+��6�P�02M���1+�/37�	6����+� :I: 6���6�K
�o���937�	6����9���5}�P��O�9¶L��'J��'4�/��6����9¶L���937��6�P : �98*��QS�90T'JM�QS�Z6�'\6 : ��'JdpK%�<��'����96 : ��1b3=�,6 : ����

1+3=��������� : ��'�d~�98*�937)W�����	�90T)*��MNQY6E�Z'�6�8T�e�����	� ] )��	��8T����
	)*��M�34}�P��^�������W�	�,�	�/37)
6�� : 3=�,6 : ����
X1<3=���������93=�/Kl"%���O}�P��O���Z�	�9�	��37)���'`�+�,�	���/376�37)J0�'�����QS�O)*��M U ��P�P
��3=� ] 6 ] P�) U 3D�����k���!�/M��56��b'����	�e���������5���Z�+���e��3=��
*376��VK
�b�96 : ����
�1+3=������3 U 37���+����
����	6 : ��'Jd	����8T��P�8*�9'\6�QSQS�9'�'�����
�'J)/'��+�,�çQS6�P�P�'�0 U ����QS�W�	�/8*�
����� : 6��+6 ] �9� U �,�9� : ��'�d�6E� : '�)*'��+�,� ] M�1�1+�937'�Kp�^�TQY� : 6E�+6e��6�' ] �9�,��3=�96 : �����+�������
'�)/'J���9� ] M�1�1+�93�0�������������P�� ] 376�37)W�	��8*�9'\���51+3=�/�f�+���,3=�e���	����'`� U �Z'��9�b��1 ] M�1�1+�937'_��3
�������WQS6�QS���90 ] ���+�Z��1 U ����QS�Z6E3=�a���Z�������	�9�	��3D)	��1[6����/�����93�F%&I����6e���b�� #"%$�&
'�)/'J���9�VK
�+1[����� U ���/P���}�P�� : �/�9'.���/�5}������Z�	�9�	��37)J0�)/�/M�QS6��I3=�,6 : ���Z��6E3D��'`��1[���56E�b6a�����	�90
����'�'J� ] P�)�
/�9���+����
 U �/37d : �����e����������QYM�373=�9��� : 6���6 U ����P�� U 6��c�+����
	1+�/34���������9¶��
QS��M���d��+� ] �e3=�96 : K�"%���k1+��P�P�� U ����
	}�
*M�3=����P�P�M�'��+376����9'_����� : 6��+6eè%� U 1+��3.6E�W6�37376�)
��6��	� :

A
���ZF�&Iz�K
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a11333é

Library
ê
buffers

PE 3

A

PE 4

Library
buffers

PE 5

System
buffer

System
buffer

Libraryë
layer

Systemì
layer

Read

Write

�*���/���=����à��lí�¥E�+¥k �¥E�+®�£4Æ/�9�+°k�9�,¤�«%��£�Ç�¥�¤�«I¥�¤�¥��7�D¥Eª

ÈA­	©	­/¨*����®��k«�¥��+¥eÆ/�9��°a�,�9¤�«%��£�Ç~¥�¤�«V�+®���£�ª/£��+�9©?Æ/�%¬;¬<�,�D£�Å2��£��e�+®���¬+­�����­/°k��¤��
­� ��+��©	��ÕE¥��+��­�¤�£�µ
Ü Í�®�­�­�£J��£�ª*£����9©-¯S¥����l±@²A³~��×�ª*£����9©�¯S¥����l±@²A³B��£.£� ��9¯S��¦%�,«N­�¤�¥�¤

assign¯S­/©	©	¥E¤�«I�9����®��9�4�9ÉL �����¯S���+��ªSÅ�Æ/ª�£��9���,¯Y����¤��W��®��
system

­/�
syscall

�/�*±+³���¥Eª*�9��Å
­��4��©	 �����¯S���+��ª/î���¬����!��£_¤�­��5£J ��,¯S��¦%�,«%ÅT������£.¥�«%«%�9«(¥�����­/©	¥E�+��¯S¥�����ª��!Ê+�*­���©	­��=�
��¤�¬+­/�7©	¥�����­/¤Z­/¤��*�/±<³�Å�£��9��×A�,¯Y����­/¤�á�� Ó�Å� 2¥��*�^ï���Û�� Ë_È%®��k¬+­/����­�°k��¤��	�9É�¥E©	 ����
£��9���9¯S��£

syscall
¬<­��4��¤����!à�µ

% assign -F syscall u: 9

Ü �N¥�Ç/�e±@²A³o�=�,Ä*���9£��+£\�+®�¥E��Æ/�,�*��¤Z¥�¤�«N�,¤�«V­/¤�«%��£�Ç�£��9¯S�+­��.Æ/­/��¤�«%¥E�D���,£L�2�N­/£��b«%��£�Ç
£��9¯S�+­��7£`¥��=�O��®���£J¥E©	�e¥�£\¥aÆ/��­�¯YÇ	£���Õ��9ÅTáEï��k°k­��=«%£_Ê+­/�4Ó�ÅºðEà��kÆ/ª/�+�,£JË@�lÍC®��9¯SÇ�°k���+®
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)/�/M�3H'J)/'��+�,�-6 : �	������'��+376����/34���	�	6Ed*��'�M%3��e��1b�����k'���
����/156 : ��'Jd	'��9QS�+��3H����)*��M�3
���b�5 Ð"%$�&V'�)/'J���9�VK
"%����1+�/P�P�� U ����
�QS���	�	6�� : ��3=�96�P�P���QS6����9'`6���6E3=�96e����6��b��'_{E�kqEr�v�y U �/3 :N] P���QYd/'`���
'���
�� m

% assign -n 80

���������	��
�6��+������'_'�M�QY�Z6E' : �/M ] P�� ] M�1�1+�937����
�h+��3.�,8T�,�Z��3D����P��O6�� : R*M�6 : 3DM���P��
] M�1�1+�937����
 i 6�� :N: ��'�d�'��+37��������
X6E3=�a���9371+�/37�	� :�] )������e�/���,3D6�������
	'�)/'J���9�VK t '��93
'��+37��������
�QS6��Z'��+��P�P!
/6����Z)*��M����,3D1+��3D�	6E��QY�O���	��3=��8*�9�	�9����'J0 ] M%�����!��'_�	��3=��P�6 ] ��3
�������9��'���8*�e�+��6E�I���+���93������+���	��
�6E�+������' : �,'JQS37� ] � : ���Z������'_QY��6E���+�93DK2h+g/�/346E���9¶L6��	��P�����1
M�'��934'��+37��������
/0�'��9�kj��9QS�+�����Wq�K w�0���6E
*�er�$�zTK i
» )W6 : ¸�M�'��+����
	������6�3=
*M��	�,���+'����	�����

cachea
6�� :

bufa
P�6E)*�937'.��1[g*g/�<��0�)/�/M�QS6��

��6�8*� : ��M ] P�� ] M%1;1<�,3D����
 : �/���O6�M����/�	6E�+��QS6�P�P�)�Kl"%���e1<��P�P�� U ����

assign

QS�/�	�	6E� :
QS3=�96����9'_� U � ] M�1�1+�937'�02�96�QS�Zq�� ] P���QYd/'`���Z'���
�� m

& assign -F bufa:50:2

"A�	�/�������	��
�����������3=��QY�,'J'_��1b�	��8*����
 : 6���6 ] �9� U �9�9���+���e'�)*'����9� ] M�1�1+�937'_6�� : 6E�
6�37376�)Z���Z)/��M�34��3=��
*376��	0�M�'��e�+����1+��P�P�� U ����
	�+�,QY������R/M��9' m
n "�6�d*�e6 : 8T6E���+6�
/�e��1b6�'�)/��QY��3=������M�'_�����o��1�)/�/MNQS6��Z6�QSQS���	��P���'J���/�����93 U ��37d
U ����P��^�+���e�����o��'_��6�d/����
	��P�6EQY�/Kl�+1['��9R/M��9���+��6EP�0�M���1+��3D�	6����+� : �@�A�B3=�9R*M��,'J��'`��6�d/�
�	��'J�5��1b)/��M�34��3=��
*376��	·ñ'^�����	�90T)/�/M�QS6��I��3=� ] 6 ] P�)����	��3=�/8*�O���9371+�/37�	6���QS� ] )
QS�/� ] ��������
	QS�/�	�2M%��6������/� U ���+�W�+���e�������93=�9���56�'�)/��QY��3=������M�'_QS6���6 ] ��P�����)	��1[�����~K
g/��3D'���02'��9P��,QY�56��Z6�'�)*��QS��3=�����/M�'.g/g*�+��P�6�)/�93 ] )�3DM���������


assign
QS���	�	6�� : '

'�M�QY�Z6E'\�+����1+��P�P�� U ����
 ] �,1<��3=���9¶L�9QSM�������
Z)/��M�34��3=��
*376�� m

% assign -F cachea:80:7 f:indata

% assign -F bufa:100:12 f:indata

"%������3=�9QS� : ����
	�9¶L6��	��P��,'`��6�d/�a6 : 8T6E���+6�
/����1bP�� ] 376�37)WQS6�QS������
�6�� :I] M%1;1<�,3D����
/0
3=�9'����9QS����8T�,P�)LKl"%���

bufa
6�� :

cachea
P�6E)*�937'.��6�8*�O���7òS��ó+òSô��7òS�ah+
/P��/'�'�6�37)S0��26�
*�

r�z�{ i 6�� :Nõ ���c�+�7ó+ö��7ô��ñ÷*�kh<
/P���'J'�6�37)J0���6E
*�er�q�v i QS6���6 ] ��P��������9'\�+��6��bQS6��Z���	�23=�/8*�
���9371+�/37�	6���QS�O'���
*����}�QS6����+P�)LK

n �<1!�+���e}�P��e��'.'��	6�P�Pl�9����M�
*�Z�+�X}����9���+��3=�,P�)��������X�+�����	�,�	�/37)Z��1b6aF�&%0*�/34��1�6
QS�937�+6����Z�26�3D�!�/1[������}�P��O��'\���,6�8*��P�)Z6EQYQS�9'�'�� : 0TM�'J�������k�	�,�	�/37)/y<3=�,'�� : �9���bP�6�)/�93H���
g/g*�+�XK�"%�����	�9�	��37)*y+3=�9'�� : �,���bP�6�)*�,34����8*��P�8T�,'\P��9'�'`��8*�93=���96 : �+��6E��021+�/34�9¶L6��	��P��,0
�����

cachea
P�6E)*�93DK%g/�/3H�	�/3=�e����1+��3D�	6E�+������0�'��9��jA�,QY�����/��q�K z�K rE0���6�
/�er�v�{�K
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5.3 Formatted I/O
�+1[M�'�����
�1+�/37�	6����+� : ������QS6�������� ] �^6�8T��� : � : 02)/�/MNQS6��ZM�'���'��/�	�e��1b�����
�����+���	��
E6��+���������9QS������R*M��9' : �9'�QY37� ] � : ���Z�+����1+��P�P�� U ����
	'��9QS�+������'`�+�X'����9� : ���5M��[K

5.3.1 Reduce Formatted I/O
 T�/MNQS6��ZQS3=�96����e����QS3=�9�	�,���+6�Pl'����9� : M���'\���	)/�/M�3H��3=��
*376�� ] )�3=� : M�QY����
W������6��	�/M����
��1[�+����1+��3D�X6��+��� : �����o6�'\1+�/P�P�� U ' m
n �<1!)*��MN6�3=�O���/�5
/�/����
����	M�'��e6�P�P%��1[�������/M�����M��+0���37�����b����P�)�6e'�6��	��P��*K
nuø �~���/��1+�/37�	6��!�������93D�X� : ��6����O3=�9'�M�P��+'�K

5.3.2 Make Large I/O Requests
�b6��+���,3H�+��6E�Z3=�,6 : ����
X6���6�3D376�)	6����9P��,�	�9���!6E�b6O�+���	�90�3=�96 : �	M�P��+����P�� : 6��+6������9�	'.���Z6
'�����
/P��e'��+6����9�	�,���@Kp"%����' U ��P�P�3=� : M�QS�e��8*�93=���96 : 6�� : '����,� : M��N)/�/M�3H��3=�/
/376��VK
g/�/3H�9¶L6��	��P��90��+���e1+�/P�P�� U ����
	QY� : ���	6�d*�,'`�	6���)X'J�	6EP�Pp�@�A�B3=�9R/M%�,'J��' ] )�3=�96 : ����
�6��
6�37376�) U ���������W6aP��/����0T�,P��9�	�9����y ] )*y+�9P��,�	�9��� m

REAL A(I,J,K)

...

DO K = 1, N

DO J = 1, M
DO I = 1, L

READ *, A(I,J,K)

ENDDO

ENDDO

ENDDO

�+��'J���96 : 0�3=�,6 : �����k�,���+��3=�O6�373D6�) U �����Z6a'�����
/P��e'��+6����9�	�,���@K ø �/����
	'J� U ��P�Pp3=�9��P�6EQY�
�	6���)�P�� ] 3D6�37)X�����o3=�9R*M��,'J��' U �����Z6a'�����
/P���3=�,R*M��9'��+0��	�96�������
X1+� U �93�QS6�P�P�'`���	�����������
P�� ] 376�37)W6�� : M�P������	6����9P�)W1+� U �93�QS6�P�P�'`���	������'J)/'��+�,�VK!"%����1+��P�P�� U ����
	�9¶L6��	��P���3=�,6 : '
�����k�,���+��3=�O6�373D6�)	���Z6E3D376�)/y+�9P��9�	�9���5��3 : �93DKlg*��346��Z��P�P�M�'J��3D6E�+��������1b�������/3 : �93.��� U ����QS�
6�37376�)Z�,P��9�	�9����'.6�3=�O'J���/3�� : 02'��9��g*��
/M�3=�kvEr�02��6�
/��{�sTK

REAL A(I,J,K)

READ *, A
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5.3.3 Minimize Data Items
"%���eQY���	����P��93H3=� : M�QS�9' : 6���6����+�,�	'.6�M��+���	6�����QY6EP�P�) U ���9����� : �9���9QS�+'\6��������
'��+6E�+�9�	�,��� U ���+�Z6E���9¶LQY�,'J'���8*�O��M�� ] �93DK% /�/M�0%��� U �98*�93�0TQY��M�P : '����9� : M��Z�+���
QS���	����P�6��+����� ] )��	�������	��
�����
 : 6��+6e���+�,�	'LKlå(��������M%�!�/�������	��
�6������/��0T�+����1+��P�P�� U ����

�9¶L6��	��P��eQS��M%P : �	6Ed*�kM��Z���	v�vaQS6�P�P�'`�+�X�+���

WRITE
'��+6E�+�9�	�,��� m M��N���	v��e1+�/34�����

X6�37376�)Z6E� : �/���^�96�QS�Z1+�/34�����
Z
6�37376�)Z6E� :

M
m

DIMENSION X(20), Y(10), Z(5,30)

WRITE (6,101) M, (X(I), I=1,20), Z(M,J)

"%���e1<��P�P�� U ����
��9¶L6��	��P��^QY6EP�P�'
WRITE

¸�M�'J�!����3=�9�O�+���	�9' m

WRITE (6,101) M, X, Z(M,J)

5.3.4 Use Longer Recor ds
» �9QS6�M�'J�k3=�96 : ����
�6�� :NU 37���+����
�6a3=�,QY��3 : 3=�9R*M���3=�,'_'J���	�e��3=��QS�9'�'�����
*0���6�� : P�����
W6O1<� U
P�6�3=
/�k3=�9QS�/3 : '_��'.�	��3=�k�,1�}�QY���,��������6����	6���)	'��	6�P�P��,3H3=�9QS�/3 : 'LKl"%���e1<��P�P�� U ����

�9¶L6��	��P�� U 37���+�,'`������3=�9QS��3 : 6��56a�����	� m

WRITE (42, 100) X

100 FORMAT(E25.15)

"%���e1<��P�P�� U ����
��9¶L6��	��P��^��3=�/QS�9'�'��9'`}�8*�k3=�,QY��3 : '`���93 U 3D�����902�	�,6�������
X��� U ��P�P%��6�� : P��
{��Eù|1+� U �93�3=�9QS�/3 : '`����6��I��������3=�98*����M�'`�9¶L6��	��P�� m

WRITE (42, 101) X

101 FORMAT(5E25.15)

5.3.5 Format Manuall y
 T�/MNQS6��Z'�6�8*�e'J���	�^�/8*�93=���,6 :V] )�3=� : M�QY����
	�����e��M�� ] �,34��1b� : ��� : �9'�QS37�����+��3D'�K2g*��3
����'���6���QY�,02��1�)/�/MN6�3=� U 37���+����
��������9
/�937'\����6��b}��5�������W1+��M�3 : ��
/���+'`h ] �,� U �9�,�Wú�¹�¹�¹E¹a6�� :
¹�¹E¹�¹ i 0%�,���+���,3��/1[������1+�/P�P�� U ����
	'J��6����9�	�9����' U ��3Dd/0 ] M��5�+���e'��9QS�/� : ��'.�	��3=�k�,1�}�QY���,��� m

200 FORMAT(16(X,I4))

201 FORMAT(16I4)

"%���e1<��P�P�� U ����
�P������,'_��1b��M��+��M��!
/�9���9376���� : 1+3=����������� U �	1<��37�	6��+'.6�3=�O� : �9������QY6EP=K
h+j��/�	� : 6��+6e�����9�	'_6E3=�e3=�,�	�/8*� : 1<3=���������e1<��P�P�� U ����
 ] �9QS6�M�'�����1bP������ U � : ���
3=�,'J��3D��QS�����/��' i@m

9911 9912 9913 9914 9915 9916 9917 9918 9919 9920 9921 9922 ...
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9911 9912 9913 9914 9915 9916 9917 9918 9919 9920 9921 9922 ...

5.3.6 Change Edit Descriptor s for Character Data

t 'J�O� : ��� : �9'�QS3D�������/37'`����6��!'����9QS��1+)W������'�6��	� U � : ����6�'\������QY��6E3D6�QS���93.8*6�37��6 ] P�� U ���9�
��3D6E��'J1+�93737����
ZQS��6�376�QS�+�93 : 6E�+6�K�g*��3

CHARACTER*
÷ : 6���6�02M�'J�������

A
��3

A
÷�� : ���

: �,'JQS37�����+��3DKp"%���O1+��P�P�� U ����
	�9¶L6��	��P���6E'J'�M��	�9'\�+��6E�
MYNAME

��'`r�veQY��6E3D6�QS���937'�P�����
 m

READ (*, ’(A12)’) MYNAME

5.4 FFIO
"%���

bufa
6E� :

cachea
P�6�)/�937'.��1[è%�9¶L� ] P���}�P��e�@�A�Bh+g*g/�<� ib: �	6�'�)*��QS��3=�����/M�'

] M�1�1+�937����
Z6�� : QY6EQY������
	�����+�937��6�P�P�)LK%"%���/'��e� U �/0�6�P�����
 U ���+�
global

0 U ����QS�
: ��'���3D� ] M����9'`6 : 6E�+6e}%P��O6�QS3=��'�'��	M�P�������P��OF�&%'�0T6�� :

mr
0 U ����QS�W'J���/3��9'_��6E3D����346�P�P��/1[6

: 6E�+6�}�P��O���Z�+�����	�,�	�/37)	�/1[6O'�����
*P��OF%&�026�3=�O�+��������
/�Z�2�93D1+��37�	6���QS�eg/g*�+��P�6E)*�937'�K
"%���e1<��P�P�� U ����
�'��9QS�����/��' : �,'JQS37� ] ����� U �+�X���	��3=��8T�k�+�����2�93D1+��37�	6���QS�e��1b)/�/M�3
��3=��
/3D6�� ] )�M�'J����
������9�VK

5.4.1 Memory-resident Data Files
 T�/MNQS6��Zd/�9�9�Z��6�37���/3C6�P�Pp��1b6 : 6E�+6e}%P��O���Z������P��/QS6�Pl�	�9�	��3D)	��1b������F�&N���,3D1+��3D�	����

�����k�@�A� ] )XM�'�����
������k�	�,�	�/37)*y+3=�,'J� : �,���bP�6�)/�934��1bg/g/�<�~K�"%����'`���9QS������R*M���QS6��I'J���,� :
M�� : 6��+6a6�QSQY�,'J' : 376��	6�����QS6�P�P�)�1+�/346e'��	6�P�P�021+3=�9R*M��9����P�)�6�QSQS�9'�'�� : }�P��^��341+��3.6aP�6E3=
*�
}�P�� U ���+�I�	��'��5�/15�+���e�����o6�QS�+��8*����)W��QSQSM%3737����
W6��5�+��� ] �,
*����������
W��1b������}�P��*K
x �9�	��37)W��'`6e�	��3=�e��3=�9QS���/M�'\QY���	�	� : ���+)	�/��6O�����b #"%$�&IF�&N����6��I���W6a�C3D6E)	F�GHF
'�)/'J���9�VKp��3=�,6��+����
	6O�	�9�	��3D)/y+3=�9'�� : �9���b}�P��O�+��6E����'.���/�	P�6�3=
/�OQS�/M�P : ��6�d/�OM��N�	�,�	�/37)
'���6�QS�e���9QS�9'�'�6�3D)����	)/�/M�3H6�����P���QS6������/�bK�"L� : �9�+�,3D�	�����O��� U �	M�QY�Z'���6�QS�e)/�/M���6E8T�
1+��3 : 6��+6�02)/��M�}�3D'����	M�'���d/��� U ��� U �	M�QS�Z�	�9�	��3D)W��'.6�8T6E��P�6 ] P��e���W�96�QS�ZF�&>KL�
�C���� #"%$E&N'�)/'��+�9�?QY���	�9' U ���+� ] �,� U �9�,��w�z x ] )/���9'\6�� : vaû ] )/�+�,'\��1[P���QY6EP
�	�,�	�/37)Z���,34F�&>K9�<1�)*��M : �	�����bd/��� U ��� U �	M�QS�Z)/�/M�3H'J)/'��+�,�ç��6E'J0*)/�/MNQS6��Z}�� :
��M�� ] )X�9�����937����
������

grmview -l
QS���	�	6�� : K�"%���e1<��P�P�� U ����
��9¶L6��	��P��^'J��� U '_�����

}�37'J���26�3D�!�/1[��������M��+��M���0 U �����Z'��98*�9376�PlQY��P�M��	��'_����6��b6�3=�O��3D3��9P��98*6����5���	������'_'JM ] ¸��9QS�
3=�,�	�/8*� :>m
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PE Map: 20 PEs configured

Ap. Size Number Aps.
Type PE min max running limit x y z Clock UsrMem FreMem

+ APP 0 2 10 0 1 0 0 0 300 119 119

+ APP 1 2 10 0 1 1 0 0 300 119 119

+ APP 2 2 10 1 1 0 1 0 300 119 116

+ APP 3 2 10 1 1 1 1 0 300 119 116

+ APP 4 2 10 1 1 0 2 0 300 119 116
+ APP 5 2 10 1 1 1 2 0 300 119 116

+ APP 6 2 10 1 1 0 3 0 300 119 117

+ APP 7 2 10 1 1 1 3 0 300 119 116

+ APP 8 2 10 0 1 1 0 1 300 119 119

+ APP 9 2 10 0 1 0 1 1 300 119 119
+ CMD 10 1 1 4 unlim 1 1 1 300 114 52

+ CMD 11 1 1 5 unlim 0 2 1 300 111 78

+ CMD 12 1 1 2 unlim 1 2 1 300 113 57

+ CMD 13 1 1 2 unlim 0 3 1 300 115 57

+ CMD 14 1 1 2 unlim 1 3 1 300 113 52
+ CMD 15 1 1 3 unlim 0 0 2 300 115 55

+ CMD 16 1 1 2 unlim 1 0 2 300 106 50

+ CMD 17 1 1 1 unlim 0 1 2 300 107 45

+ OS 18 0 0 0 0 1 1 2 300 95 67

+ OS 19 0 0 0 0 0 0 1 300 75 0

"%���e6�����P���QS6������/�WF%&�'`h
APP

M�� : �934�����
Type

QS�/P�M��	� i 6�3=�O�������/���,'\�+�XP��/��dW6��@K%"%���
UsrMem

QY��P�M��	��'���� U '\rEr�¹ x ] )*���9'\6�8*6���P�6 ] P��e���	6aM�'��93C��3=�/
/376��	0��	�96�������
X�96�QS�
F�&V��3=� ] 6 ] P�)���6�'\r�vE{ x ] )/���9'\�/15P��/QS6�Pl�	�9�	��3D)AK%�<15�����eQY��� ] ����� : '���
����/15)*��M�3 : 6E�+6
6�� : )/�/M�3H�9¶L�9QSM��+6 ] P��^}�P�� : �	���/�56��2��3=�/6�QS�Zr�r�¹ x ] )/�+�9'�02)/�/M��	6E) ] �^6 ] P��e���	�	��8T�
�����k�,���+��3=� : 6���6k}�P��O�����+�X�����e�	�9�	��3D)	��1b6a'�����
*P��OF�&>KE"A�~�9��6 ] P��e�����
�	�,�	�/37)*y+3=�,'J� : �,���>P�6E)*�93H��1bg/g*�+�^0��9�����9346��

assign
QS���	�	6�� : '�M�QY�Z6E'\�+���

1+��P�P�� U ����
 ] �,1<��3=���9¶L�9QSM�������
Z)/��M�34��3=��
*376��VKl"%����'\�9¶L6��	��P��^6�P�P��/QS6����9'`r��eq�r�v�y U ��3 :
] P���QYd/'`h+6 ] �/M��.K z x ] )/�+�,' i ��1b�	�9�	��37)�1+��34�+��� : 6E�+6�QS���	����
X1+3=���������k}�P��

myfile
K

% assign -F mr:10 f:myfile

"%��� : 6��+6e��'_6EM��+���	6��+��QS6�P�P�)	3=�,6 : ���������+�����	�,�	�/37)*y+3=�,'J� : �,���b6�3=�96 U ���,���+����}�P��
myfile

��'\�����9��� : 6�� :NU 37���+���9� ] 6�QSd	�/M�� U ���9�
myfile

��'_QSP��/'�� : Kl�<1!�+��� : 6���6
6�3=�,6a��3=��8T�,'`�+� ] �e�+���	'J�	6EP�P�0������ : 6��+6e}�P��O��'\'���P����56�M��+���	6�����QS6�P�P�) ] �,� U �9�,�WP���QS6�P
�	�,�	�/37)Z6�� :I: ��'JdpK
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5.4.2 Distrib uted I/O
"%��� : ��'J��37� ] M��+� : g*g/�<�BP�6�)/�93 : ��'J��37� ] M��+�9'\������M�� : 6���6k6EQY3=��'�'\�����kF�&%'`����8*��P�8T� : ���Z6
¸�� ] Kp������F�&I�	6�d*�,'`6����@�A�B3=�9R*M��,'J�!�+��6��b3=�,6 : '`����� : 6E�+6e6�� : 6�M����/�	6�����QS6�P�P�)
: ��8*� : �9'`����6��	����
	�+����P���QS6�Pp�	�,�	�/37���9'`��1b������F%&�'`����8*�/P�8*� : ���Z�����\¸�� ] K
åü���9���9¶��,QSM%������
	)/�/M�3H��3=��
*376��	0�6e3=�,6 : 3=�9��3D���,8T�,'`����� : 6��+6a1<3=���?�+���e37��
*���5F�&%0
M�'�����
��+���

SHMEM_GET
h+$ i 3=�/M��������*K  /��M : �	�����5���9� : ���	d/��� UæU ���93=�O����� : 6E�+6e��'

'��+��3=� : �/34��� U ������'.3=�,�+37���98*� : Kl"%�������9371+�/37�	6���QS�O��'_�����56�'\1+6�'���6�'\M�'�����

�	�,�	�/37)*y+3=�,'J� : �,���bh

mr
i[: 6���6�0 ] M��5���!��'_6��2��3=�/¶L���	6����9P�)��,R*M���8*6�P��9���p�+�XM�'J����


bufa
K��

'�6��	��P��
assign

QS���	�	6�� : P����/d/'`6�'\1+��P�P�� U ' m

% assign -F global:5:1 f:filea

"%����'_�9¶�6E�	��P���6�P�P���QS6��+�,'_q�� ] P���QYd/'`1+�/3��,6�QS�Z��6�
/�90 U �����I�96�QS� ] P���QYd	QS6���6 ] P��^�/1
QS�����+6���������
	q�r�v�w�z�y ] ��� U ��3 : '.�/1 : 6E�+6�Kpg/�/3C6Or���y+F�&I��3=��
*376��	0����!6�P�P���QY6E�+�9'.rO��6�
/��1+�/3
�96EQY�IF�&%0T�	�,6�������
W�����93=�O6�3=�Oq�� ] P��/QSd*'`�����96�QS�Z��1b������r���F�&%'�0�1+��346e���/��6�P!��1bq��E�
] P���QYd/'�Kl"%��� : ��'J��37� ] M��+�����I1+�/3�6E��6�373D6�)	��1[q���� ] P��/QSd*' U ��M�P : ��P�6�QS�O������}%37'���q��e�/�
�����k}�37'��5F�&V���	6�QSQS�9'�'.6a}%P��O��6E
*�90�������'J�,QY��� : q��e�/�����������9¶L�bF�&N���W6�QSQS�9'�'\6a}�P��
��6E
*�90�6�� : '����/�bKl"%����1+��P�P�� U ����
~}�
/M�3=��3=�9��3=�9'��9����'\�+���_P�6�)/�/M��b��1p�+��� U ��3 : '.�/1 : 6E�+6
���W�96EQY�	F�&>KE�+� : ���9'H���/�p3=�,è%�9QS�5������376�� : ���?��3 : �93���� U ����QY�W�+���_F�&%'.6EQYQS�9'�'.������}�P��*K
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PE 0

Blocks
11-15

PE 1

36-40

PE 2

26-30

PE 3

1-5

PE 4

41-45

PE 5

6-10

PE 6

31-35

PE 7

46-50

PE 8

16-20

PE 9

21-25

a10995�

Program area Data area

�/���*���=�eÑ�ð���í_¥���¥k��¥�ª*­����b¬+­��.«���£J���D��Æ/�����9«�±�²�³

±+¬[ª/­��(��£���«%��£��+�7��Æ/���+�,«(±�²�³o«%���7��¤���¥�¤�­� ��9�7¥�����­/¤Z��¤Z°k®���¯S®Z¥����p­�¬b��®��e¡%¢�£`°k�9�=�
��¤�¨*­���¨T�,«%Å��9¥�¯S®Z¡�¢I°k­/����«(®�­���«N«%¥���¥k¬+­��.�,¨T�,�DªX­��+®��9�4¡%¢[�LÎ�����®�­/���/®��+®���£_©	���*®��
£��9�,©f����Ç/�O¥a¯Y­�¤�¬+��£J�c¤���¥��D�7¥�¤��/�9©	�9¤T�+Å����5��£_¥O�*­�­�«(��£J��­�¬b©	�,©	­/�7ªZ¬+­���©	­/£��
¥� 2 �����¯Y¥E�+��­�¤�£��
È%®��e¥�«%¨*¥�¤��+¥E�*�9£\­�¬b��£���¤���«%��£��+�7��Æ/���+�,«(±�²�³o¥��=�O¥�£_¬<­�����­�°k£Lµ
Ü Ï/­/�N�/�9�5©	­��=�kÆ/��¬�¬+�,�.£� �¥�¯S�e°k���+®�­����5£��9¨*�9�=�,��ª���©	 2¥�¯S�+��¤��W��®���©	�9©	­��7ªZ­�¬b¥�¤�ª
£���¤��*���^¡�¢>�
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n "%��� : 6���6 ] �9QS���	�9'`�,'J'��9������6�P�P�)�6e
/P�� ] 6�P�P�)�6�QSQS�9'�'J� ] P��e}�P��*K2 T�/M : �	�����b��6E8T���+�
d/��� U �/� U ����QS�WF%&I6���)���6E3D����QYM�P�6E3 : 6��+6a�9P��9�	�9���5��'\'����/3=� : K

"%���e1<��P�P�� U ����
�6�3=� : ��'�6 : 8*6�����6�
/�9' m
n  /�/MN6�3=�OM�'�����
��	�9�	��3D)	����6��b�	��
*��� ] �O���9� : � :N] )�6aF�&>K
n F�&%'4�	��
*���5���,� : 6OP�6�3=
*��6��	�/M����!��1 : 6E�+6e3=�9'�� : ����
W�����������	�9�	��37)���1b�������93HF�&%'�0
QS3=�96�������
	�	6���)W3=�9�	���+�O��3D6E��'J1+�937'�K

"%���e1<��P�P�� U ����
��9¶L6��	��P��^M�'J�,' : ��'��+37� ] M��+� : �����~KL&�6�QY����3=��QS�9'�'��/3�'J���	M�P���6����9��M�'�P�)
U 37���+�,'`��M��[�+�X6 : ��1�1+�93��9���b3=�9QS�/3 : �/156 : ��3=�9QS��6�QSQS�9'�'.}�P��e'���3=�,6 : 6�QS3=��'�'�6EP�P%��1[�+���
F�&%'�Kl"%���e}�P��e��'.QSP���'J� : 6�� : F%&I�a3=�96 : '`���5���W�9��'�M�3=�e����6��!��' U 6�' U 37���+���9�ZQS�/373=�9QS�+P�)LK

Example 39: Distrib uted I/O

PROGRAMGLOBAL

C Compile like this:

C f90 -VVv -o global global.f

C Run on any number of PEs >1
C This is private data different on each PE

REAL GLOBOUT(512),GLOBIN(512)

C Clean up the assign environment

CALL assign("assign -R")

C Define unit 20 as a global I/O file with each PE having its

C own private position in the file.
CALL assign("assign -F global.privpos:1:1 u:20")

C OPENs and CLOSEs are "collective ": they must be done by all PEs

OPEN (20,FILE= "GLOBDAT",ACCESS="DIRECT",RECL=4096)

CALL BARRIER()

C Put unique data in the array on each PE
GLOBOUT=REAL(MY_PE())

IREC=MY_PE()+1

PRINT *,"PE#",MY_PE()," WRITING TO RECORD",IREC

C Each PE will write out to a different record simultaneously

WRITE(20,REC=IREC) GLOBOUT
CLOSE(20)

CALL BARRIER()

C Verify that this worked by having PE 0 read all the data back.

IF (MY_PE().EQ.0) THEN

PRINT *,"READING THE GLOBAL FILE ON PE#0"

OPEN (30,FILE= "GLOBDAT",ACCESS="DIRECT",RECL=4096)
DO I=0,N$PES-1

IREC=I+1

READ(30,REC=IREC) GLOBIN
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PRINT *,"RECORD ",IREC,"= ",INT(GLOBIN(1))

ENDDO
CLOSE(30)

ENDIF

CALL BARRIER()

STOP

END

5.4.3 Using the Cache Layer

t 'J����
W�+����QS6�QS����P�6�)/�93H��'_�9'����,QY��6EP�P�)W��3=� : M�QS�+��8*�e���W376�� : ���f6�QSQS�9'�'_}�P��9' U ���9�
�	6���)�3=�9R*M��9'���'`6�3=�O�	6 : �k1+��3 : 6��+6e����6��b��6�'\6�P�3=�,6 : ) ] �9�9��3=�,6 : �������XQY6EQY���,02�����/M�
/�
������'.6�P�'��	�91;1+�9QS�+��8*�e����'J�,R*M��9������6�P : 6���6�K
» �k'�M�3=�e���	QS�����/'����+����6E'J)/��QS��3=�/����M�'_g/g/�<�BQY6EQY���^P�6�)*�,34h

cachea
i 1+�/34)/�/M�3H�����XK

"%���e1<��P�P�� U ����
�QS���	�	6�� : 0��9¶��,QSM%��� :I] �91+�/3=�e)/�/MZ3DM��W)/�/M�3H��3=�/
/376��	0 U ��P�Pp'J�,�!M��N6
QS6�QS���e���Z�+����P���QS6�Pp�	�,�	�/37)	�/1[6EP�PpF�&%'.����8*��P�8T� : ���Z�+���.¸�� ]pm

% assign -F cachea:100:40:2 f:indata

"%����'_�9¶�6E�	��P���'��9��'_M��Z6aQY6EQY���^�/1[z��e��6E
*�9'�02�96�QS�Z��6�
/����1 U ����QS�I��'.r���� ] P���QSd*'`��1
q�rEv~wEz�y ] ��� U �/3 : '`h<qEr�0ºv���� U �/3 : ' i K��<1��+�����@�A�BP�� ] 376�3D���,' : �9�+�,QY��'��9R/M��9���+��6EPl6�QSQY�,'J'�0
�����9)W���,3D1+��3D�f�9�������93C6�'�)*��QS��3=�����/M�'`3=�96 : y+6����,6 : �/346E'J)/��QS��3=�/����M�' U 37���+�,y ] �9����� : K
"%���e�+����3 : ��6�376��	�9���93H�+�

cachea
0 U ����QS�Z��'

2
���Z�������9¶L6��	��P��90��+�,P�P�'`������P�� ] 3D6E3D���9'

��� U �	6���)X��6�
/�9'\)*��M U 6����b�+� ] �e3=�96 : 6����96 : Klj��9�+������
��������+����3 : ��6�376��	�9���93H��'
���	����37�+6����b�+�X�+���e���9371+�/37�	6���QS�^1+�/346a��3=��
/3D6��-M�'J����
~'J�,R*M��9������6�P5�@�A��0*'�����QS�O�����
: �,1<6EM�P��[��'.���	3=�96 : 6����96 : K
t 'J����
WQY6EQY���^��'_'����	��P�6�3��+�XM�'J����
�P�� ] 376�37) ] M�1�1+�,3D'_h+'��9�O������1+�/P�P�� U ����
Z'��9QS�+����� i+ýT] �/���
��6�8*�k6���6�'�)*��QS��3=�����/M�'`QS6���6 ] ��P�����)W6�� :N] ���+�Z6E3=�e'����/3=� : ���Z�+�����	�,�	�/37)	�/1[F�&%'�K
"%���93=�O6�3=� : ��1�1+�93=�9��QS�9' ] �9� U �9�9��������� U ��0���� U �98*�93DK
�C6�QS���kQS�����+6��c��'\6������ : �9¶L����
	'J)/'��+�,�-1+�/34����� : 6��+6a���Z6��W6EQY����8*�OQY6EQY���/Kp T�/M�QS6��
QS�����/'��k6���)���� : �9¶�� :N: 6��+6e���ZQS6�QS����6�� : R/M���QYd/P�)��	��8T�e���!�����+��6e3=�,
*��'��+�,3DK
� ] M�1�1+�,3 : �/�9'.���/�5��6�8*�O6E����� : �9¶L����
�'�QS���9�	� ý ���5d/��� U '`����P�)��+���e}�P��^����'J�������/��6��
�����k�����N��1b����� ] M%1;1<�,3DKl� ] M�1�1+�,3.��' : �,'J��
/��� : 1+�/34'��9R*M��9������6�Pl6�QSQS�9'�'�Kp�+15)/�/M
3=�,���/'��������/� U ���������W6 ] M%1;1<�,3�0��+����QSM�373=�9��� ] M%1;1<�,34��'_è%M�'���� : 6�� : 6a��� U '��9�b��1 : 6E�+6���'
3=�,6 : 1+3=�/� : ��'JdpK

5.4.4 Using Library Buffer s
åü���9��)*��MN6�3=� : �96�P�����
 U �����Z'��9R*M��9������6�Pl6�QSQS�9'�' : 6��+6�0*QS3=�96����eP�6�3=
/� ] M%1;1<�,3D'�K�jA�,�b�����
] M�1�1+�93\'���
��O���	������'���
��O��1[�+�����,���+��3=� : 6���6k}�P��O��1�����'J'�� ] P��90���34���	6e1+376�QS�+��������1b�����
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: 6E�+6�'���
����+��6��bd/�9�9��'.�+376���'�1+�93D'\���	6a�	�������	M��VK t 'J�^����� assign
h<r i '��+6����9�	�9����6�'

1+��P�P�� U ' m

% assign -F bufa:40:1 f:file1

"%����'_6�P�P��/QS6����9'.����� ] M�1�1+�934�/15z��eq�r�v�y U ��3 :þ] P���QYd/'�0��/3H6 ] �/M��!rEw�zkÿ ] )*���9'�K%"%���
] M�1�1+�937'_6�3=�O6�P�P���QS6��+� :V: M�37����
���3=��
*376��f�,¶��,QYM������/�bK2&�6�QY��F�&I�/���,������
�6a}%P��O3=�,QY�,��8T�,'
6 ] M�1�1+�93DK

5.5 Random Access
�b6�� : ���ç6EQYQS�9'�'.h+6�P�'��	QY6EP�P�� :I: ��3=�9QS��6�QSQS�9'�' i[: ���9'\�����53=�96 : ��3 U 37���+�e}�P��9'.���
'��9R*M��,���+��6�P!��3 : �93DK » �9QS6�M�'��O�+���93=�O��'_���~��6E�+���93D�T0�������������P�� ] 376�37���9'\QY6E�����/�!�/�2�+���	��
��
376�� : ���f�@�A�B���Z�+����'�6��	� U 6�)	6�'_'��9R*M��9������6�Pl�����~K » M��!�+���,3=�e6�3=�k'J���	�^�+������
/'_)/�/M
QS6�� : �	���	'����9� : M��N376�� : ���f6�QSQS�9'�' m
nut '�� ] ����6�37)Z}�P��9'.����6�� ] )*��6�'�'`������'�)*'��+�,�-QS6�QS��� ] )��9���+�,3D����
	�+���

assign -l
none

QS�/�	�	6�� :(] �91+��3=���9¶L�9QSM��+����
W)/�/M�3H��3=��
*376��VK » �,QY6EM%'��O3D6E� : �/�|6�QSQS�9'�'
M�'�M�6�P�P�)	����8*��P�8T�,'\'��	6�P�Pl3=�96 : '�6�� :NU 37���+�,'�0�
/�/����
	�+��3=��M�
*�Z'�)*'��+�,�-QS6�QS���eQY3=�,6��+�,'
�9¶L�+376k�/8*�93=���,6 : K���P�'��/0���6��	�������k6�37376�)	���Z6

CACHE_ALIGN
: ��3=�9QS����8T�k���	6�P���
/�

������6�3D376�)	���Z'��9QS��� : 6�37)ZQS6�QS����6�� : 1+M�37�+���,34'����9� : M��I��3=��QY�,'J'�����
pKl�<15)/��M : �
��6�8*�OP�6�3=
/�O3=�,6 : '`��3 U 3D�����9'�0T'J)/'��+�,�çQS6�QS�����	6E) ] �9���9}���)*��M�34�23=�/
/3D6E�VK

nuø �~���/�lM�'J��1+��3D�	6������ : ��3 ] P���QYd/� : }�P��^1+��3D�	6���'�K%�C�/��8*�937�+����
X��3CM�� ] P���QSd*����
 : 6E�+6
��6�d*�,'.�9¶L�+376a�����	�*K

n �<1!)*��M�3 : 6E�+6�}�P��O}��+'\���ZP��/QS6�Pl�	�9�	��3D)�0�QS�/��'�� : �93�M�'J���T
W�������	�9�	��37)*y+3=�9'�� : �,���
P�6�)/�93H�/15g*g/�<�~K�g*��34�	��3=�e����1+�/37�	6������/��0T'J�,�Oj��9QS�+�����IqTK z�K r�0T��6�
/��r�v�{�K

n �<1!������'\�23D6�QS����QY6EP�023=�96�373D6E��
*�e)/�/M�3 : 6���6k'��X�+��6��b)/�/MNQS6��Z�23=�/QS�9'�'\����'��9R/M��9���+��6EP�P�)LK

5.6 Striping
j��+37��������
�6a}�P��O��8T�,3 : ��'Jd	��6�37�+�������/��'`6 :%: '\6eP��98*�9P%�/1[�26�3D6EP�P��9Pp��3=��QS�9'�'�����
X�+�W�����
'�P�� U �,'����26�3D����1b�@�A� m �����k����)/'���QY6EP�3=�96 : ����
 : 6���6�1+3=�/�?6�� :NU 37���+���T
 : 6��+6e�+� : ��'�d!K
 T�/MNQS6��Z'����9QS��1+)W6EM��+���	6��+��Q`'J��37��������
 ] )��,���+�937����
	6��

assign
h+r i 'J��6����9�	�9���5'�M�QS�Z6�'

�����k1+��P�P�� U ����
 ] �91+��3=�k�,¶��,QYM�������
	)/�/M�3H��3=�/
/376�� m

% assign -p 0-3 -n 8400 -q 21 -s u f:mydata"%����'_QY���	�	6�� : '���3D�����,'`��8T�,3H1<��M�34��6�37�+�������/��'`h+��0*r�0�v�0�6�� : $ i 0���M��+������
	v�r�'��9QS���/37'`���
�96EQY�I��6�37�+���������bK
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 T�/MNQS6��Z6�P�'��	QS6�P�Pl�����
assign

h+$�g i 3=��M��+�����e���	'��+37�����e6 : ��'�d�}�P��O1+3=�/� U ���+�����W6
��3=��
/3D6��VK%"%���k1+�/P�P�� U ����
	��3=�/
/376�� U 37���+�9'\�/M��56ew�zEy x ] )/�+�O6�373D6E)Z��� /usr/tmp

0
'��+37��������
������������	��3=�kP��,8T�,P U ���+�W�96�QS� U 37���+�eM��N���	�������	6�¶����	M��-��M�� ] �,34�/1
��6E3D�����+������'_��������� : ��'JdpK%�<�5'���6�37�+' U ���+�W�+������6E3D�����+����� U ���+�I�������	�/'��51+3=�9�O'���6�QS�k6E� :
U ��3Dd/'_�+� U 6�3 : '`��������6�37�+�������/� U ���+�W�+���eP��96�'��!'���6�QS�*Kl�<�5�����	�9'`�96�QS� U 37���+��6�� : �23D������'
��M��[�+��� ] �,'J�b376�����6��b�����e�9� : ��1b�����e��3=�/
/376��VKl"%������3=��
*376��f��'`P��/��
/0 ] M��5����'�����M�P :
] �e
/�9���,3D6�Pl�,���/M�
/�����	37M��W�/��6���)��C���! #"%$�&I'�)*'����9���/� U ����QS�I�+���

/usr/tmp: ��3=�,QY����3D)���'_'��+37����� : K

Example 40: Disk striping from within a program

PROGRAMSTRIPEX
C

IMPLICIT NONE

C Compile with "f90 -O stripex -VVv stripex.f", AND RUN ON ANY

C Number of PEs

INTEGER NBLOCK,I,IPART,IERR,ILEN,ISHELL,NPART,PART1,MY _PE
INTEGER IPARTMIN,LENDAT

C Secondary partitions sorted by free space

INTEGER IFREE(100)

C Size of the array to write out

PARAMETER(NBLOCK=16*1024)
PARAMETER(LENDAT=NBLOCK*512)

REAL A(LENDAT),T1,T2,DUR,SECONDR,RATE,DURMIN,RATEMAX

C This will be the string that does shell commands

CHARACTER*80SHELARG

C This will be the string that does the various assigns

CHARACTER*360ASGARG
C These strings will hold file names.

CHARACTER*50STRIPEFILE

C This will be the string that removes the stripe file

CHARACTER*80RMSTRIPE

C This will hold your user name
CHARACTER*16MYNAME

C This will hold the partition portion of the assign argment

CHARACTER*3PARTARG(100)

C Do your work on 1 PE. You might want to run it as a 2 PE

C application, so that you don’t get interrupted. All the

C PEs except for 0 spend all their time at a barrier.
IF (MY_PE().EQ.0) THEN

C Find the user name associated with this process

CALL PXFGETLOGIN(MYNAME,ILEN, IERR)

IF (IERR.NE.0) THEN
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PRINT *,"PXFGETLOGIN ERROR=",IERR, " EXITING"

GOTO999
ENDIF

C Get reasonably unique names for the striped data file

WRITE(STRIPEFILE,500) MYNAME

500 FORMAT("/USR/TMP/STRIPE. ",A16)

C Clean up any old files lying around.

WRITE(RMSTRIPE,520) STRIPEFILE
520 FORMAT("RM -F ",A50)

PRINT *,RMSTRIPE

IERR=ISHELL(RMSTRIPE)

IF (IERR.NE.0) THEN

PRINT *,"ERROR DELETING OLD STRIPED FILE=",IERR
GOTO999

ENDIF

C Fill up array with consecutive REAL (integers)

DO I=1,LENDAT

A(I)=REAL(I)
ENDDO

WRITE(SHELARG,540) STRIPEFILE

540 FORMAT("WRITING OUT DATA TO ",A50)

PRINT *,SHELARG

CALL DFREAD(MYNAME,NPART,PART1,IFREE,IERR)

IF (IERR.NE.0) THEN
GOTO999

ENDIF

IF (NPART.EQ.0) THEN

PRINT *,"/USR/TMP IS NOT STRIPED ON THIS SYSTEM"

GOTO999
ENDIF

C STRIPE THE FILE ON ALL THE SECONDARYPARTITIONS

DO I=PART1,PART1+NPART-1

IPART=I-PART1+1

C We will use assign/FFIO to do the striping. Call assign
C from the program so that you can change the environment.

C Clean up the old assign.

CALL assign("assign -R")

C This routine will format the partition argument for the

C assign command.

CALL PARTFMT(PARTARG,IPART,IFREE)
C Create the FORMATstatement that creates the assign

C ARGUMENT

WRITE(SHELARG,501) IPART
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501 FORMAT(’("assign -p ", ’,I2,’A3,’,

1 ’" -N ",I6, " -Q 128 -F BUFA:128:",I2.2," U:20")’)
WRITE(ASGARG,SHELARG)PARTARG(1:IPART),NBLOCK,IPART

PRINT *,ASGARG

CALL assign(asgarg)

OPEN (20,FILE=STRIPEFILE,

1 FORM="UNFORMATTED")

C Time the striped file write. I’ve included a close in the timing
C to make sure that the file was actually written out to disk.

T1=SECONDR()

WRITE (20) A

CLOSE(20)

T2=SECONDR()
DUR=T2-T1

RATE=(8*(NBLOCK*512))/(DUR*(10**6))

PRINT 555,IPART,DUR,RATE

555 FORMAT("WRITING FILE TO ",I2, " PARTITIONS TOOK ",F6.3,

1 " SECONDSRATE=",F7.3, " MBYTES/SEC")
C This command will actually show you how the file is laid out if

C you uncomment it. It produces a lot of output to the screen!

C CALL ISHELL("/ETC/FCK -B /USR/TMP/STRIPE.OUT")

C Record the maximum I/O rate

IF(IPART.EQ.1) THEN

DURMIN=DUR
RATEMAX=RATE

IPARTMIN=IPART

ELSE

IF (RATE.GT.RATEMAX) THEN

DURMIN=DUR
RATEMAX=RATE

IPARTMIN=IPART

ENDIF

ENDIF

IERR=ISHELL(RMSTRIPE)
IF (IERR.NE.0) THEN

PRINT *,"ERROR DELETING STRIPED FILE=",IERR

ENDIF

END DO

PRINT 565,RATEMAX,IPARTMIN

565 FORMAT("*** MAXIMUMRATE WAS",F7.3," MBYTES/SEC",
1 "ACHIEVED ON ",I2," PARTITIONS")

999 CONTINUE

ENDIF
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CALL BARRIER()

STOP
END

SUBROUTINEDFREAD(MYNAME,NPART,PART1,IFREE,IRET)

C This routine finds out how many secondary partitions there are in

C /usr/tmp on this system and sorts them by the amount of free space

IMPLICIT NONE
INTEGER IERR,IRET,NPART,ISHELL,PART1,I,ITEMP,FTEMP,J

C IFREE will contain the partition numbers ordered by amount of

C free space, with the partition with the greatest free space

C first

INTEGER IFREE(100)
REAL FREE(100)

C This will be the string that removes the DF file

CHARACTER*80RMDF

CHARACTER*80SHELARG

CHARACTER*80DFREC
CHARACTER*50DFFILE

CHARACTER*16MYNAME

CHARACTER*1SECOND

IRET=0

NPART=0

PART1=0
C Get reasonably unique names for the striped data and DF files

WRITE(DFFILE,510) MYNAME

510 FORMAT("/USR/TMP/DFLOG.",A16)

WRITE(RMDF,530) DFFILE

530 FORMAT("RM -F ",A50)
PRINT *,RMDF

IERR=ISHELL(RMDF)

IF (IERR.NE.0) THEN

PRINT *,"ERROR DELETING OLD DF FILE= ",IERR

IRET=IERR
GOTO999

ENDIF

WRITE(SHELARG,550) DFFILE

550 FORMAT("DF -P /USR/TMP > ",A50)

PRINT *,SHELARG

IERR=ISHELL(SHELARG)
IF (IERR.NE.0) THEN

PRINT *, "ERROR CREATING DF LOG=",IERR, " EXITING"

IRET=IERR
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GOTO999

ENDIF
OPEN(30,FILE=DFFILE)

100 CONTINUE

READ(30,600,END=999,ERR=900) DFREC

600 FORMAT(A80)

READ(DFREC,610) SECOND

610 FORMAT(12X,A1)
IF (SECOND.EQ."S") THEN

NPART=NPART+1

READ(DFREC,620) IFREE(NPART),FREE(NPART)

620 FORMAT(10X,I2,32X,F5.1)

C PRINT*,"PART# ",IFREE(NPART)," FREE=",FREE(NPART)
IF(PART1.EQ.0) THEN

PART1=IFREE(NPART)

ELSE

DO I=1,NPART-1

IF(FREE(NPART).GT.FREE(I)) THEN
FTEMP=FREE(I)

ITEMP=IFREE(I)

FREE(I)=FREE(NPART)

IFREE(I)=IFREE(NPART)

DO J=NPART,I+2,-1

FREE(J)=FREE(J-1)
IFREE(J)=IFREE(J-1)

ENDDO

FREE(I+1)=FTEMP

IFREE(I+1)=ITEMP

ENDIF
ENDDO

ENDIF

ENDIF

GOTO100

900 CONTINUE
PRINT *,"ERROR READING ",DFFILE

IRET=-1

999 CONTINUE

PRINT *,NPART," TOTAL SECONDARYPARTITIONS"

DO I=1,NPART

C PRINT*,"ORDERED PART#",IFREE(I)," FREE=",FREE(I)
ENDDO

IERR=ISHELL(RMDF)

IF (IERR.NE.0) THEN
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PRINT *,"ERROR DELETING DF FILE=",IERR

ENDIF
RETURN

END

SUBROUTINEPARTFMT(PARTARG,IPART,IFREE)

C This routine will write a string containing the IPART secondary

C partitions with the most space suitable for an assign command.
IMPLICIT NONE

CHARACTER*3PARTARG(IPART)

INTEGER IPART,I

INTEGER IFREE(IPART)

DO I=1,IPART-1
WRITE(PARTARG(I),500) IFREE(I)

500 FORMAT(I2.2,":")

ENDDO

WRITE(PARTARG(IPART),510) IFREE(IPART)

510 FORMAT(I2.2," ")
RETURN

END
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DO I = 1,N

A(I) = B(I) * 2.0 + VAL * C(J)

ENDDO
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