PVM and MPI

Jack Dongarra University of Tennessee and Oak Ridge National Laboratory

ffl PVM Parallel Virtual Machine – XPVM ffl MPI Message Passing Interface – Standards activity

Heterogeneous Network Computing

The goal of the project is to develop parallel programming tools to assist computational scientist in solving problems on a network of heterogeneous computers.

ffl Programmer explicitly specifies parallelism. ffl High latency + Low bandwidth + Fast processor =¿ Coarse Grain

ffl PVM Low level - Message Passing

– Designed by a small team of people – Scientific computing – Heterogeneous computing ffl MPI Low level - Message Passing

– Designed by community – Not only scientific computing

3

What is PVM?

ffl Library (Fortran and C)

– Message send/receive routines.

– Message creation (packing) and unpacking routines. – Task create and control routines. – Others.

ffl Runs on heterogeneous collections of machines.

– Workstations.

– Small scale (shared memory) SMPs.

– Large scale parallel machines (Paragon, T3D, SP-2) ffl Virtual parallel machine: collection of machines used as single parallel computer.

ffl Console: Interactive PVM control program.

– Manage VM – add/delete hosts. – Start/kill tasks running on the VM. – Trace task behavior.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

PVM ffl From Netlib, XNetlib, or FTP get:

– pvm3.3.4.tar.z.uu ffl uudecode pvm3.3.8.tar.z.uu ffl uncompress pvm3.3.8.tar.Z ffl tar pvm3.3.8.tar ffl cd pvm3 ffl make ffl set path = ( . $HOME/pvm3/lib/SUN4 ) ffl pvm

– add ens gin thud.cs.utk.edu – from another window start program – $HOME/pvm3/bin/SUN4/xxx

      PROGRAM INPROD
*
* INPROD performs a parallel inner product.
*
* .. External Subroutines ..
      EXTERNAL PVMFMYTID, PVMFPARENT, PVMFSPAWN, PVMFEXIT, PVMFINITSEND
      EXTERNAL PVMFPACK, PVMFSEND, PVMFRECV, PVMFUNPACK
*
* .. External Functions ..
      REAL SDOT, SINPROD
      EXTERNAL SDOT, SINPROD
*
* .. Intrinsic Functions ..
      INTRINSIC MOD
*
* .. Parameters ..
      INTEGER MAXN
      PARAMETER( MAXN = 8000 )
      INCLUDE ’fpvm3.h’
*
* .. Scalars ..
      INTEGER N, MYTID, MYPROC, NPROCS, IBUF, IERR
      INTEGER I, J
      REAL SIP, PIP
      CHARACTER*1 ERRCHAR
      LOGICAL ERRCHK
*
* .. Arrays ..
      INTEGER TIDS(0:63)
      REAL X(MAXN), Y(MAXN)
*
* Enroll in PVM and get my and the master process’ task ID number
*
      CALL PVMFMYTID(MYTID)
      CALL PVMFPARENT(TIDS(0))
*
* If I need to spawn other processes (I am master process)
*
      IF (TIDS(0) .EQ. PVMNOPARENT) THEN
*
* Get starting information
*
         WRITE(*,*) ’How many processes should participate (1-64)?’
         READ(*,*) NPROCS
         WRITE(*,2000) MAXN
         READ(*,*) N
         WRITE(*,*) ’Do you wish to perform error checking?’
         READ(*,*) ERRCHAR
         ERRCHK = (ERRCHAR.EQ.’Y’ .OR. ERRCHAR.EQ.’y’)
         MYPROC = 0
         TIDS(0) = MYTID
*
         DO 10 I = 1, NPROCS-1
*

* Spawn process and check for error
*
            CALL PVMFSPAWN(’sinprod’, 0, ’anywhere’, 1, TIDS(I), IERR)
            IF (IERR .NE. 1) THEN
               WRITE(*,*) ’ERROR, could not spawn process #’,I,
     $ ’. Dying . . .’
               CALL PVMFEXIT(IERR)
               STOP
            END IF
*
* Send out startup info
*
            CALL PVMFINITSEND(PVMDEFAULT, IBUF)
            CALL PVMFPACK(INTEGER4, N, 1, 1, IERR)
            CALL PVMFPACK(INTEGER4, I, 1, 1, IERR)
            CALL PVMFPACK(INTEGER4, NPROCS, 1, 1, IERR)
            CALL PVMFPACK(INTEGER4, ERRCHK, 1, 1, IERR)
            CALL PVMFSEND(TIDS(I), 0, IERR)
10 CONTINUE
*
* All other processes should check in with spawning process
*
         DO 20 I = 1, NPROCS-1
*
* Recv slave task ID from process number I
*
            CALL PVMFRECV(TIDS(I), 1, IBUF)
*
* Unpack and make sure received ID agrees with IDs returned by spawn
*
            CALL PVMFUNPACK(INTEGER4, J, 1, 1, IERR)
            IF (J .EQ. TIDS(I)) THEN
               WRITE(*,1000) MYTID, I, TIDS(I)
            ELSE
               WRITE(*,*) ’Data corruption during checkin: tid, ’//
     $ ’should be =’, J, TIDS(1)
               WRITE(*,*) ’Error during checkin phase, aborting run’
               CALL PVMFEXIT(IERR)
               STOP
            END IF
20 CONTINUE
*
* If I am a process who was spawned by master process
*
      ELSE
*
* Receive startup info
*
         CALL PVMFRECV(TIDS(0), 0, IBUF)
         CALL PVMFUNPACK(INTEGER4, N, 1, 1, IERR)
         CALL PVMFUNPACK(INTEGER4, MYPROC, 1, 1, IERR)
         CALL PVMFUNPACK(INTEGER4, NPROCS, 1, 1, IERR)
         CALL PVMFUNPACK(INTEGER4, ERRCHK, 1, 1, IERR)
*

* Send my task ID back as acknowledgement that process started correctly
*
         CALL PVMFINITSEND(0, IBUF)
         CALL PVMFPACK(INTEGER4, MYTID, 1, 1, IERR)
         CALL PVMFSEND(TIDS(0), 1, IERR)
      END IF
*
* Everybody generates same X & Y
*
      CALL SGENMAT(N, 1, X, N, TIDS(0), N, NPROCS, N/NPROCS)
      CALL SGENMAT(N, 1, Y, N, N/NPROCS, TIDS(0), TIDS(0)/NPROCS,
     $ NPROCS*N)
*
* Compute the inner product in parallel
*
      PIP = SINPROD(N, X, Y, MYPROC, NPROCS, TIDS)
*
* Perform error checking
*
      IF (ERRCHK) THEN
*
* Compute the inner product sequentially
*
         SIP = SDOT(N, X, 1, Y, 1)
         IF (MYPROC .EQ. 0)
     $ WRITE(*,*) ’<x,y> is sequential inner product, <x^y^>’//
     $ ’ is parallel product’
         WRITE(*,*) ’|<x,y> - <x^,y^>| = ’, ABS(SIP - PIP)
      END IF
*
      IF (MYPROC .EQ. 0) WRITE(*,*) ’DONE INPROD’
      CALL PVMFEXIT(IERR)
*
1000 FORMAT(I10,’ Successfully spawned process #’,I2,’, TID =’,I10)
2000 FORMAT(’Enter the length of vectors to multiply (1 -’I7,’):’)
      STOP
*
* End program INPROD
*
      END
*
      REAL FUNCTION SINPROD(N, X, Y, MYPROC, NPROCS, TIDS)
*
* PVM example routine written by Clint Whaley on 6/28/93
*
* .. Scalar Arguments ..
      INTEGER N, MYPROC, NPROCS
*
* .. Array Arguments ..
      INTEGER TIDS(0:*)
      REAL X(*), Y(*)
*
* Purpose
* =======

* Returns the inner product of <y,x>, which is computed in parallel.
*
* Arguments
* =========
*
* N (input) INTEGER
* Number of elements in X and Y.
*
* X (input) REAL, dimension (N)
* 1st vector to multiply.
*
* Y (input) REAL, dimension (N)
* 2nd vector to multiply.
*
* MYPROC (input) INTEGER
* Integer ID between 0 (master) and NPROCS-1
*
* NPROCS (input) INTEGER
* The number of processes working on the problem.
*
* TIDS (input) INTEGER, dimension (NPROCS)
* Array of task IDs (assigned by PVM) of processes.
*
* ======================================================================
*
* .. External Subroutines ..
      EXTERNAL PVMFINITSEND, PVMFPACK, PVMFSEND, PVMFRECV
      EXTERNAL PVMFUNPACK, PVMFMCAST
*
* .. External Functions ..
      REAL SDOT
      EXTERNAL SDOT
*
* .. Intrinsic Functions ..
      INTRINSIC MOD
*
* .. Parameters ..
      INCLUDE ’fpvm3.h’
*
* .. Local Scalars ..
      INTEGER LN, IG, IERR, K
      REAL STMP, STMP2
*
* Executable Statements
*
* LN is the number of elements to be multiplied locally. Process 0
* handles any extra rows; IG is global index into X & Y.
*
      LN = N / NPROCS
      IF (MYPROC .EQ. 0) THEN
         LN = LN + MOD(N, NPROCS)
         IG = 1
      ELSE
         IG = LN*MYPROC + MOD(N, NPROCS) + 1

      END IF
      STMP = SDOT(LN, X(IG), 1, Y(IG), 1)
*
* If I am not master, send my part of inner product to master,
* and get back global answer.
*
      IF (MYPROC .NE. 0) THEN
         CALL PVMFINITSEND(PVMDEFAULT, IERR)
         CALL PVMFPACK(REAL4, STMP, 1, 1, IERR)
         CALL PVMFSEND(TIDS(0), 100, IERR)
         CALL PVMFRECV(TIDS(0), 101, IERR)
         CALL PVMFUNPACK(REAL4, STMP, 1, 1, IERR)
*
* If I am master, recv parts of inner product, sum up, and broadcast answer
*
      ELSE
         DO 10 K = 1, NPROCS-1
            CALL PVMFRECV(-1, 100, IERR)
            CALL PVMFUNPACK(REAL4, STMP2, 1, 1, IERR)
            STMP = STMP + STMP2
10 CONTINUE
         CALL PVMFINITSEND(PVMDEFAULT, IERR)
         CALL PVMFPACK(REAL4, STMP, 1, 1, IERR)
         CALL PVMFMCAST(NPROCS-1, TIDS(1), 101, IERR)
      END IF
*
      SINPROD = STMP
      RETURN
*
* END OF SINPROD
*
      END
*
*

XPVM Console

Graphical PVM console which will allow you to: ffl Manage the virtual machine – add/delete hosts, reset ffl Spawn and kill tasks ffl Visualize an application running

XPVM graphically displays trace data generated by the pvmds and tasks allowing you to see: ffl Spawn calls ffl Task-task messages ffl Task-task signals

Trace data is generated by the system automatically, can also be generated by the application

Tracing is normally switched off for maximum performance but can be enabled dynamically without recompiling or even restarting the application

XPVM Trace Display

XPVM displays a per-host or per-task graph showing program activity The graph can be zoomed in or out to the desired level of detail Status of each component determines color of bar graph Communication (messages or control) is shown as an arc between components XPVM will be extended with other functions

38

39