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EXERCISE: Simple MPI programs. 
 

DESCRIPTION:  

In this exercise you will become acquainted with 2 simple MPI programs that demonstrate 2 
simple but different modes of communication (broadcasting and point-to-point) between 
processes.  You will install and understand the programs and execute them as multiple-
processes on your desktop.  In the final step you will enable the machine of a neighbor such 
that you can execute the program on 2 machines simultaneously over the network.  

Tasks: 

1, Download and install code 

2, Compile code and link to MPI library 

3, Run the code on the local desktop and understand how it works. 

4, Configure a second machine and run the code on both your desktop and the second 
machine at the same time..  

  

EXERCISE GUIDE for free Libraries   

1.1 Go to /scratch directory on nfs server by mounting it as an 

NFS partition 

>mount 10.34.37.61:/scratch /mnt/cdrom 

and get lab_mpi.tar. 

Un-mount the NFS partition 

>umout /mnt/cdrom 

1.2  make a directory lab_mpi on your machine and unpack tar file 

        tar –xzvf lab_mpi.tar 

   

2,1 Enter directory and compile the codes: pi.f, matvec.f 

Note: if you compile with the script mpif77 you will be defaulting to the gnu compiler. 

>mpif77 pi.f –o pi.x 

To change fortran compiler (see example wrappers in lab_mi/bin) you need to change the 
LAMHF77 environment variable 

Ex. 

LAMHF77=ifort  

� � ����� � � �
====================

=============================
====== 
� � ����� � � �

Created by AbiWord, a 
free, Open Source wordprocessor. 
� � ����� � � �

For more information visit 
http://www.abisource.com. 
� � ����� � � �

====================
=============================
====== 
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Export LAMHF77  

Also the way lam is installed is problematic for ifort and pgi compilers 

(check to make sure your  MPI library is installed if not then retr ieve the  

lam-6.5..9-1.i386 rpm from the NFS server /scratch /lab1/SL 303//RPM and per form an 
rpm install 

>rpm –i  lam-6.5.9-1.i386.rpm) 

 

3.1 Boot lam, run code (on however many processes you want) halt lam 

      >lamboot 

      >mpirun –np (pick an integer number) pi.x 

(play with codes till you are sick of them) 

      >lamhalt 

DO the same with both codes till you are comfortable with how they work what they do etc. 

 

(note the following does not work on the cur rent set up due to a VERY strange ssh 
configur ation try this on your  own) 

4.1 Team up with your neighbor and install an identical user account on their machine 

(same user id, path etc).   

4.2 Set lam environment variables LAMRSH=ssh in /etc/profile.d/lam.sh 

(see class notes on both machines). 

4.3 Prepare the user account. A, Enable public/private ssh keys on both machines to perform 
login without a password. 

In order to use the queue system you need to be able to log into one machine from 
each other machine without giving a password. This is required for mpi. 
 
This is how you achieve this with OpenSSH (the ssh software installed):  
Go to your private '.ssh' directory: 
>cd ~/.ssh  
If the directory does not exist yet, just create it with: 
>mkdir ~/.ssh ; chmod 0700 ~/.ssh  
Generate a private/public identity key pair with: 
>ssh-keygen -d  
Hit return (2 times) when asked for a password.  
This gives you 2 new files 'id_dsa' and 'id_dsa.pub'. 
Take the latter file and copy it in the ~/.ssh directory under the name  
authorized_keys2: 
>cp id_dsa.pub authorized_keys2 
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Try it out and log into your own machine with: 
>ssh machine_name 
 
 

B, Place the executable in the same place on both machines!… 

 

 

 

4.4 Edit a host file in the lab_mpi directory: 

ex 

machine1 cpu=1 

machine2 cpu=1 

where machine is the machine name or IP number of both the machines you wish to use. 

Type: 

>lamboot –v hostfile 

(should boot lam environment on BOTH machines) 

4.5  Run your code as before with the mpirun command and do a top on both machines to 
make sure the code is running on both platforms. 

4.6 Halt lam on both machines 

>lamhalt –v hostfile 

4.6 Do a wall time (with the date command) and a cpu time (with the time command) 
measurement for the code running on the desktop and over the network. 

 

 

** **************************************************************  

CODES: Comments attempt to explain in Excessive detail what they are doing. 

** **************************************************************  
 
c*************************************************************** 
c*                                                             * 
C*                                                             * 
c*    pi.f                                                     * 
c*                                                             * 
c*     a program to perfrom the integral(4/1-x**2) from        * 
c*     0 to 1=pi to calculate the value of pi                  * 
c*     The program is designed to use the MPI protocal         * 
c*     to perform this task in parallel                        * 
c*************************************************************** 
c 
      program main 
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c     i ncl ude t he MPI  header  f i l e       
c     needed t o def i ne al l  t he const ant s 
c     and par amet er s f or  t he mpi  i mpl ement at i on 
      i ncl ude ' mpi f . h'  
c     Pi  t o mor e di gi t s t han you may ever  need       
      doubl e pr eci si on PI 25DT 
      par amet er  ( PI 25DT=3. 141592653589793238462643d0)  
c 
c     var i abl es i n t he code       
      doubl e pr eci si on mypi ,  pi ,  h,  sumf ,  x,  f ,  a 
      i nt eger  n,  myi d,  numpr ocs,  i ,  i er r  
c     n       - number  of  r ect angl ess i n whi ch t o di v i de t he cur ve 
c     mypi     - t he ar ea under  t he cur ve cal cual t ed by a pr ocess 
c     numpr ocs- number  of  pr ocessor s f r om mpi r un - np numpr ocs 
C               command 
c     i        - l oop count er  on a gi ven node 
c     i er r     - MPI  er r or  code  
c 
c     f unct i on t o i nt egr at e 
      f ( a) =4. 0d0/ ( 1. 0d0+a* a)  
c 
c     Fi r st  MPI  cal l  must  al ways be t o mpi _i ni t  t o set  up 
c     t he " MPI  envi r onment "  
c       
      cal l  MPI _I NI T( i er r )  
c 
c     i f  al l  goes r i ght  i t  wi l l  r eut r n val ue of  t he var i abl e 
c     ( MPI _SUCCESS=0)  - see mpi f . h f i l e f or  t he val ue 
c 
      i f ( i er r . ne. MPI _SUCCESS)  got o 30 
c     set  up t he MPI  communi cat or   
c      
c     al l  pr ocessor s i ni t al i zed i n t he MPI  envi r onment s 
c     ar e def i ned wi t hi n t he MPI  communi cat or  by 
c     sendi ng i t  t he val ue MPI _COMM_WORLD 
c     MPI _COMM_WORLD=0 i s def i ned i n t he mpi f . h f i l e 
c 
      cal l  MPI _COMM_SI ZE( MPI _COMM_WORLD, numpr ocs, i er r )  
c     shoul d r et ur n t he var i abl e numpr ocs 
c      
c     The pr ocessor s  
c     ar e gi ven a r ank wi t hi n t he communi cat or - i e an I D number  
c      so each cpu has a di f f er ent  val ue of  myi d 
      cal l  MPI _COMM_RANK( MPI _COMM_WORLD, myi d, i er r )  
c 
c     on cpu 0 r ead t he val ue of  n 
c 
   10 i f ( myi d. eq. 0) t hen 
       pr i nt  * , ' Ent er  number  of  i nt er val s,  ( 0 qui t ) '  
       r ead( * , * )  n 
      endi f   
c 
c     br oadcast  n t o al l  t he pr ocesses       
c     r ead as br oadcast i ng t o al l  cpus i n t he communi cat or :  
c     var i abl e, number  of  i t ems, dat at ype, myi d=0, al l  pr ocessor s i n 
c     communi cat or ,  er r or  code 
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      cal l  MPI _BCAST( n, 1, MPI _I NTEGER, 0, MPI _COMM_WORLD, i er r )  
c       
c     check f or  qui t  s i gnal  on each cpu i f  n=0 i s r eci eved al l  
c     al l  copi es of  t he pr ogr am st op 
      i f ( n. eq. 0)  got o 30 
c 
c     Each comput e node cal cul at es  t he numpr ocs' t h pi ece of  
c     t he i nt er val   
c 
c     f i r st  set  t he sum count er  t o zer o  
c 
      sumf  = 0. 0d0 
c 
c     t hen per f or m a l oop on each node each of  whi ch sums 
c     up i t ' s par t  of  t he ar ea under  t he cur ve.  
c 
      h=1. 0d0/ df l oat ( n)  
c    
c     l oop on t he pr ocessor  myi d+1 
c 
      do i =myi d+1, n, numpr ocs 
       x= h *  ( df l oat ( i ) - 0. 5d0)  
       sumf  = sumf  + f ( x)   
      enddo 
c 
c     each node cal cs i t s pi ece of  t he pi  
c 
      mypi = h *  sumf   
c 
c     col l ect  al l  t he par t i al  sums and t ur ns t hem i nt o a gl obal  sum 
c     t hi s command r educes al l  t he mypi  s t o pi  
c     r ead as:  
c     sour ce addr ess,  r esul t  addr ess,  one i t em of  dat a f r om each cpu,  
c     dat e t ype doubl e pr eci ssi on,  i nt o a sum,  assembl ed on pr ocessor  
c     f or m al l  cpus i n t he communi cat or ,  er r or  message.   
c 
      cal l  MPI _REDUCE( mypi , pi , 1, MPI _DOUBLE_PRECI SI ON, MPI _SUM, 0,  
     *    MPI _COMM_WORLD, i er r )  
c 
c     pr i nt  t he answer  on node 0 
c             
      i f ( myi d. eq. 0) t hen 
       pr i nt  * , ' pi  est i mat e= ' , pi , '  Er r or = ' , ( pi  -  PI 25DT)  
      endi f  
c 
c     go back t o 10 and get  anot her  n st ar t  al l  over  agai n.        
c 
      got o 10 
c 
c     st op t hi s st upi d pr ogr am 
c 
   30 cal l  MPI _FI NALI ZE( i er r )     
      st op 
      end 
 
 c* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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c*                                                              *  
C*                                                              *  
c*     mat vec. f                                                  *  
c*                                                              *  
c*     a pr ogr am f or  mat r i x vect or  mul t i pl i cat i on               *  
c*     i n par al l el  t o demonst r ai t  MPI  send and RECI EVE          *  
c*     t o i l l ust r at e poi nt - t o- poi nt  communi cat i on               *  
c*                                                              *  
c* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
      pr ogr am mai n 
c 
c     i ncl ude t he MPI  header  f i l e       
c     needed t o def i ne al l  t he const ant s 
c     and par amet er s f or  t he mpi  i mpl ement at i on 
c 
      i ncl ude ' mpi f . h'  
c 
c       
      i nt eger  MAX_ROWS,  MAX_COLS,  r ows,  col s 
      par amet er  ( MAX_ROWS = 1000,  MAX_COLS = 1000)  
c       
      doubl e pr eci si on a( MAX_ROWS, MAX_COLS) ,  b( MAX_COLS) ,  c( MAX_ROWS)  
      doubl e pr eci si on d( MAX_ROWS)  
      doubl e pr eci si on buf f er ( MAX_COLS) ,  ans 
C   
c     pr ogr am cal cul at ed c= a* b 
c     wher e  a i s a mat r i x  
c            b and c ar e vect or s 
c 
      i nt eger  myi d,  mast er ,  numpr ocs,  i er r ,  st at us( MPI _STATUS_SI ZE)   
      i nt eger  i , j ,  numsent ,  sender   
      i nt eger  anst ype,  r ow 
c 
c     Fi r st  MPI  cal l  must  al ways be t o mpi _i ni t  t o set  up 
c     t he " MPI  envi r onment "  
c       
      cal l  MPI _I NI T( i er r )  
c 
c     i f  al l  goes r i ght  i t  wi l l  r eut r n val ue of  t he var i abl e 
c     ( MPI _SUCCESS=0)  - see mpi f . h f i l e f or  t he val ue 
c 
c     set  up t he MPI  communi cat or   
c      
c     al l  pr ocessor s i ni t al i zed i n t he MPI  envi r onment s 
c     ar e def i ned wi t hi n t he MPI  communi cat or  by 
c     sendi ng i t  t he val ue MPI _COMM_WORLD 
c     MPI _COMM_WORLD=0 i s def i ned i n t he mpi f . h f i l e 
c 
      cal l  MPI _COMM_SI ZE( MPI _COMM_WORLD, numpr ocs, i er r )  
c     shoul d r et ur n t he var i abl e numpr ocs 
c      
c     The pr ocessor s  
c     ar e gi ven a r ank wi t hi n t he communi cat or - i e an I D number  
c     so each cpu has a di f f er ent  val ue of  myi d 
      cal l  MPI _COMM_RANK( MPI _COMM_WORLD, myi d, i er r )  
c 
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c     assi gn a mast er  node 
c 
      mast er  = 0  
c     assi gn mat r i c s i ze 
c 
      r ows = 100  
      col s = 100 
c     i f  s t at ement  set s up di f f er ent  scenar i os f or  mast er  and sl aves 
c 
      i f  (  myi d . eq.  mast er  )  t hen  
       pr i nt  * , ' Thi s pr ogr am i s cal cul at es c( i ) =sum_j  a( i , j ) * b( j ) '  
       pr i nt  * , ' I n par al l el  wher e pr ocess' , mast er , '  i s  t he mast er '   
       pr i nt  * , ' Wi t h' , numpr ocs- 1, '  s l aves'   
       pr i nt  *  
c 
c      mast er  i ni t i al i zes and t hen di spat ches  
c      i ni t i al i ze a and b ( ar bi t r ar y)   
c 
c      comput e vect or  d j ust  t o compar e wi t h t he MPI  ver si on 
c      f i r st  set  t o zer o 
      do i  = 1, r ows  
       d( i )  = 0. 0d0  
      enddo  
      do j  = 1, col s  
        b( j )  = 1. 0d0  
        do i  = 1, r ows  
         a( i , j )  = df l oat ( i )   
        enddo  
       enddo  
       pr i nt  * , ' Vect or '  
       do j  = 1, col s  
        pr i nt  * , ' b( ' , j , ' ) =' , b( j )   
       enddo  
       pr i nt  *  
       pr i nt  * , ' mat r i x '  
       do i  = 1, r ows  
        pr i nt  * , ' a( ' , i , ' , j ) =' , ( a( i , j ) , j =1, col s)   
c       
c       whi l st  I  am at  i t  I  wi l l  comput e my check 
c       
        do j =1, col s  
  d( i ) =d( i ) +a( i , j ) * b( j )  
        enddo 
       enddo  
       pr i nt  *  
       pr i nt  * , ' Sendi ng dat a t o s l aves'  
       pr i nt  *  
       numsent  = 0  
c 
c     send b t o al l  s l ave pr ocess by br oadcast  
c 
        cal l  MPI _BCAST( b,  col s,  MPI _DOUBLE_PRECI SI ON,  mast er ,   
     *  MPI _COMM_WORLD,  i er r )   
c 
c    send a r ow t o each sl ave pr ocess;  t ag wi t h r ow number   
c    by usi ng MPI _send command 
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c 
       do i  = 1, mi n( numpr ocs- 1, r ows)   
        do j  = 1, col s  
         buf f er ( j )  = a( i , j )   
        enddo 
c 
c       we send var i abl e buf f er ,  wi t h di mensi on col s,  dat a t ypoe doubl e,  
c       t o pr ocess I ,  wi t h t ag I ,  command appl i cabl e t o  
c       al l  pr ocesses i n t he communi cat or  
c        
        cal l  MPI _SEND( buf f er ,  col s,  MPI _DOUBLE_PRECI SI ON,  i ,  
     *   i ,  MPI _COMM_WORLD,  i er r )   
        numsent  = numsent +1  
        pr i nt  * , ' sent '  
 pr i nt  * , ' r ow ' , i , '  sent  t o pr ocess ' , i  
       enddo 
c 
       do  i  =1, r ows  
c 
c       we r eci eve var i abl e ans,  wi t h di mensi on 1,  dat a t ypoe doubl e,  
c       f r om pr ocess  MPI _ANY_SOURCE,   
c       wi t h t ag MPI _ANY_TAG,  command appl i cabl e t o  
c       al l  pr ocesses i n t he communi cat or  
c        
        cal l  MPI _RECV( ans,  1,  MPI _DOUBLE_PRECI SI ON,   
     *    MPI _ANY_SOURCE,  MPI _ANY_TAG, MPI _COMM_WORLD,  st at us,  i er r )   
        sender  = st at us( MPI _SOURCE)  
        anst ype = st at us( MPI _TAG)   
c 
        pr i nt  * , ' r eci eved'  
 pr i nt  * , ' c( ' , anst ype, ' )  as r eci eved f r om ' , sender , ' =' , ans 
c 
c       r ow i s t ag val ue of  i  
c 
        c( anst ype)  = ans  
c 
c       I F t hee ar e mor e r ows t o wor k on 
c       t hen send t hem out  i f  not  t el l  t he s l vae 
c       t her e i s no mor e wor k 
c 
        i f ( numsent  . l t .  r ows)  t hen  
c 
c       send anot her  r ow  
c 
         do j  = 1, col s  
          buf f er ( j )  =a( numsent +1, j )   
         enddo  
         cal l  MPI _SEND( buf f er ,  col s, MPI _DOUBLE_PRECI SI ON,   
     *     sender ,  numsent +1,  MPI _COMM_WORLD,  i er r )  
         numsent = numsent +1  
         pr i nt  * , ' sent '  
  pr i nt  * , ' pr ocess # ' , sender , '  r ow #' , numsent  
        el se  
c 
c     Tel l  s l ave t hat  t her e i s no mor e wor k by sendi ng an empt y message  
c 
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         cal l  MPI _SEND( MPI _BOTTOM,  0,  MPI _DOUBLE_PRECI SI ON,   
     *    sender ,  0, MPI _COMM_WORLD,  i er r )   
         pr i nt  * , ' pr ocess ' , sender , '  has been t ol d t o st opped wor ki ng'  
 endi f   
       enddo 
      el se  
c 
c    s l aves r ecei ves b 
c 
      cal l  MPI _BCAST( b, col s,  MPI _DOUBLE_PRECI SI ON,  mast er ,  
     *   MPI _COMM_WORLD,  i er r )   
c 
c    done message r ecei ved?  
c     ski p i f  mor e pr ocesses t han wor k  
c 
      i f  ( r ank . gt .  r ows)  got o 200  
c 
c     I F not  t hen r eci eve ' buf f er '  f r om t he mast er  node and  
c     get  t o wor k!  
c 
  90  cal l  MPI _RECV( buf f er ,  col s,  MPI _DOUBLE_PRECI SI ON,  mast er ,   
     *   MPI _ANY_TAG, MPI _COMM_WORLD,  st at us,  i er r )   
c 
c     I F t he no mor e wor k s i gnal  i s  r eci eved t hen qui t   
c 
       i f  ( st at us( MPI _TAG)  . eq.  0)  t hen  
        got o 200 
c 
c      i f  not  do some wor k 
c 
       el se  
        r ow = st at us( MPI _TAG)   
c 
c       r eset  anser  t o zer o on each node 
c 
        ans = 0. 0  
c 
c       per f or m l oop sum_j  a( i , j ) * b( j )  
c 
        do j  = 1, col s  
  ans =ans+buf f er ( j ) * b( j )   
 enddo 
c 
c       send answer  t o t he mast er  
c 
 cal l  MPI _SEND( ans,  1, MPI _DOUBLE_PRECI SI ON,  mast er ,   
     *   r ow,  MPI _COMM_WORLD,  i er r )   
c 
c       go get  anot her  ' buf f er '  ( i f  t her e i s one l ef t )  
c 
        got o 90 
       endi f   
  200  cont i nue  
      endi f  
c 
c    make sur e answer  i s ok 
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c 
      i f ( myi d. eq. 0) t hen 
       pr i nt  * , ' Resul t i ng Vect or '  
       do i =1, r ows 
        pr i nt  * , ' i ,     , MPI  r esul t    ser i al  r esul t '  
        pr i nt  * , i , '    ' , c( i ) , '    ' , d( i )  
        i f ( c( i ) . ne. d( i ) ) t hen 
  pr i nt  * ,  ' Somet hi ng i s messed up c( i )  and d( i )  shoul d be t he same! '  
        endi f  
       enddo 
      endi f  
c 
c     st op t hi s st upi d pr ogr am 
c 
   30 cal l  MPI _FI NALI ZE( i er r )     
      st op 
      end 
 

 


