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* Parallel programming options

Programming a message-passing multicomputer can be achieved by
e Designing a special parallel programming language
(e.g., OCCAM for transputers)
e Extending the syntax/reserved words of an existing sequential

high-level language to handle message passing
(e.g., CC+, FORTRAN M)

e Using an existing sequential high-level language and providing
a library of external procedures for message passing
(e.g., MPI, PVM)
Another option will be to write a sequential program and to use a
parallelizing compiler to produce a parallel program to be executed
by multicomputer.
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* ..Parallel programming options

We will concentrate on the third option. In such a case we have to
say explicitly:

e What processes are to be executed
e wWhen to pass messages between concurrent processes
e What to pass In the messages
Two methods are needed for this form of message-passing systems:

e a method of creating separate processes for execution on dif-
ferent computers

e a method for sending and receiving messages
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* SPMD (Single Program Multiple Data) model

In this case different processes are merged into one program. Within
the program there are control statements that will customize the
code, I.e., select different parts for each process.

' S
Basic features: ﬁ?eurce

—usually static process

creation / \
—a basic model is MPI , ~~ Compileto .

suit processor

Executables

Process 0 Process n—1
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i\/IPMD (Multiple Program Multiple Data) model

In this case separate programs are written for each processor. A
master-slave approach is usually taken: a single processor executes
a master process and the other processes are started from within the

master process.
Process 1

Basic features: Start execution of

—usually dynamic pro- spawn(); OCEsS 2
cess creation Process 2

—a basic model i1s PVM

Time
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* Basic send and receive routines

Passing a message between processes using send() and recv() li-
brary calls

Process 1 Process 2
- \ location - \
R --—--read write-------= Y
¢ |
send(& X, 2); :
7 Ve !
Phd \\\ \ V
/ : recv(&y, 1);
| o~ : I S~
what | destination T
v whereto put ! source
- / - J
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* Synchronous message-passing

e Synchronous message-passing routines return when the mes-
sage transfer has been completed.

e There is no need for message buffer storage.

— The synchronous send routine could walit until the com-
plete message can be accepted by the receiving process
before sending the message.

— The synchronous receive routine wait until the message it
IS expecting arrives.

e Synchronous routines perform two basic actions: They

— transfer data and
— synchronize processes
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* ..Synchronous message-passing

A three-way protocol is actually used here:

e Case 1. Process 1 arrives to send() before Process 2 ar-
rivestorecv():

4 N\ 4 N\

send% ) Request to send
Susg&nd Acknowledgement / |
process | Message recv( );
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* ..Synchronous message-passing

e Case 2: Process 1 arrivesto send() after Process 2 arrives

torecv():
i
recv();
seQn Q0 Request to send > — lsugpenc
: - essagf process
\ ' | Acknowledgement]| v )
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* Blocking and nonblocking message-passing

Blocking

e this term i1s used to describe routines that do not return until the
transfer Is completed.

e more precisely, the routines are blocked from continuing the
process code

e generally speaking, the terms synchronous and blocking are
synonymous

Non-blocking

e this term is used to describe routines that return whether or not
the message had been received

Warring: These general terms were redefined in MPI, see below.
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* MPI definition of blocking and nonblocking

Blocking - return after their local actions are finished, though the
message transfer may not have been completed (E.g., for send() it
may return after the data are put in a buffer to be sent.)

Nonblocking - return immediately. In such a case it is assumes that
the data storage to be used for the transfer is not modified by the
subsequent statements before the transfer is completed and it Is the
programmer duty to ensure this.

Notice: This type of message passing is based on the use of message buffers
between the source and destination processes. As the buffers are of finite length,
It may happen that the send() routine is blocked because the available buffer
space has been exhausted.
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* Message tag

A message tag Is an extra information put in the message to differ-
entiate between different messages being sent.

Example:
send( &x, 2, 5) ; recv(é&x,1,5);
(process 1) (process 2)

the tag 5 Is used to match the send statement in process 1 to the
recelve statement in process 2.

Notice: If such a special type matching Is not required, then a wild
card message tag Is used, so that recv() will match any send()
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* Broadcast

Broadcast Is used to send the same message to all processes con-
cerned with the problem.

Multicast Is similar, but it i1s used to send a message to a defined

group of processes.
data data data
=
buf / -
becast( ); becast( ); becast( );
Process 0 Process1 Process n—-1
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* Scatter

Scatter is used to send each element in an array of data of the send-
Ing process to corresponding separate processes (datum from the
I-th location goes to the I-th process).

data data data
/>/ N =
~N 1 //
scatter( ); scatter( ); scatter( );
Process O Processl - Process n—1
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* Gather

Gather 1Is the opposite operation: the receiving process collect In
an array the data sent by separate processes (datum from the i-th
process goes to the i-th location).

data data data

Quf / /

gather(); gather(); gather( );
Process 0 Process1 - Process n—1
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* Reduce

Reduce combines the gat her () routine with an arithmetic or log-
Ical operation: the receiving process collects the data, applies the
operation and saves It In Its own memory.

( R

data data data
vyl
\ d
buf _ @ <_/
/ 5
reduce( ); reduce( ); reduce( );
Process 0 Process1 - Process n—1
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* Software tools

PVM (Parallel Virtual Machine)

e a first wildly accepted attempt to use a workstation cluster as a
multicomputer.

e It may be used to run programs on both homogeneous or het-
erogeneous multicomputers

e It has a collection of library routines to be used with C or FOR-
TRAN programs

o free
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* ..Software tools

MPI (Message Passing Interface)

e it Is a standard developed by a group of academics and indus-
trial people to increase the use and the portability of message
passing

e several free Implementation exists [we use the one from
Chicago, npi ch]
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* PVM

e The programmer decomposes the problem into separate pro-
grams; each program is written in C (or FORTRAN) and com-
piled to be run on a specific type of computers in the network

e The set of computers used for the problem must be defined
prior the running of the programs. (A convenient way to do
this iIs by using a host-file listing the names of the computers
available. This host-file is then read by PVM.)

e The routing of messages between computers is done by PVM
demon processes installed by PVM on the computers that form
the virtual machine.
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* Basic PVM message-passing routines

General:

e all PVM send routines are nonblocking (or asynchronous),
while PVM receive routines are either blocking (or syn-
chronous) or nonblocking.

e both messages tags and wild cards may be used to match send
and the corresponding receive occurrences.
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* Basic PVM message-passing routines

Basic send-recelve routines

e pvmpsend() and pvmprecv() - it hastwo goals: to pack data
and to send them

e pvmsend() and pvmrecv() - send and receive without pack-
Ing; It has to be used with explicit packing statements:
—clear the buffer (pvmi ni t send() ) and pack the data (with
pvmpkint (), pvmpkstr(), ...) before sending and
—unpack the data (using pvmupki nt (), pvmupkstr(), ...)
after receiving

e broadcast, scatter, gather, reduce may all be used; the PVM
statements are:
pvmbcast (), pvmscatter(),pvmgat her(),pvmreduce()
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* Example PVM program

We Illustrate PVM programming with a simple Sum program: the
question is to add the numbers from a file using multiple processes.

We use a master-slave approach:

e A master process creates the slave processes, reads data from
the file and sends them to slaves (by multicast).

e Each slave identifies Its portion of data, adds them and sends
the result to the master [together with their i1dentification num-
ber].

e The master receives the partial sums, adds them and prints the
final result.

Slide 2.22 CS-3211/ Parallel & Concurrent Programming / G Stefanescu



* ..Example PVM program

Master code
01 #include <stdio.h>
02 #include <stdlib.h>
03 #include <pvnB. h>
04 #define SLAVE "spsunt
05 #define PROC 10
06 #define NELEM 1000

07 main(){

08 Int nmytid,tids[PROC;

09 int n = NELEM nproc = PROCC,

10 I nt no, i, who, nsgt ype;

11 I nt datal NELEM, resul t [ PROC] , t ot =0;
12 char fn[255];

13 FILE *fp;

Slide 2.23 CS-3211/ Parallel & Concurrent Programming / G Stefanescu



* ..Example PVM program

14 [* Start slave tasks */

15 nmytid = pvmnytid(); /*enroll in PVM/

16 no = pvmspawn( SLAVE, (char**)0,0,"", nproc,tids);
17 if (no < nproc){

18 printf("trouble spawning slaves \n");

19 for (1=0; i<no; i1++) pvmkill(tids[i]);
20 pvmexit(); exit(1);

21 }

22 |* Qpen input file and initialize data */

23 strcpy(fn, getenv("HOMVE"));

24 strcat(fn,"/pvnB/src/rand_data.txt");

25 1f ((fp = fopen(fn,"r")) == NULL){

26 printf("Can’t open input file %\n",fn);
27 exit(1);

28 }

29 for (1=0; i<n; i1++)fscanf(fp,"%l", &ata[l]);
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* ..Example PVM program

30 /* Broadcast data to slaves */

31 pvmi ni t send( PvnDat aDef aul t ) ;

32 megt ype = O;

33 pvmpki nt (&nproc, 1, 1);

34 pvmpkint (tids, nproc, 1);

35 pvmpkint(&n, 1,1);

36 pvmpki nt (data, n, 1);

37 pvmntast (tids, nproc, nsgtag); — out.0
38 [/* Cet results from Sl aves */

39 megtype = 5;

40 for (i=0; i<nproc; i++){

41 pvmrecv(-1, nsgtype); <— IN.5

42 pvmupki nt ( &who, 1, 1) ;

43 pvmupki nt (& esul t[who], 1, 1)

44 printf("%l from %l\n", resul t[who], who);
45 }
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* ..Example PVM program

46 [* Conmpute gl obal sum */

47 for (1=0; i<nproc; i++) tot += result[i];
48 printf ("The total is %l. \n\n",tot)

49 [* Programfinished; exit PVM*/

50 pvmexit();

51 return(0);

52 }
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* ..Example PVM program

01 #include <stdio. h> Slave code
02 #include "pvnB. h"

03 #define PROC 10

04 #define NELEM 1000

05 main(){

06 int nytid,tids[PROC], n, e, i, nmsgtype,;
07 | nt X, nproc, mast er, dat al NELEM , sum
08 mytid = pvmnytid();

09 /* Receive data frommaster */

10 nsgtype = 0;

11 pvmrecv(-1, nsgtype); <— In.0

12 pvmupki nt ( &proc, 1, 1);

13 pvmupki nt (tids, nproc, 1);

14 pvmupkint (&n, 1, 1);

15 pvmupki nt (data, n, 1);

16 /* Determne ny tid */

17 for (1=0; i<nproc; I++)

18 i f (nytid == tids[i])

19 {me =1i; break;}
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* .Example PVM program

20 /* Add ny portion of data */

21 X = n /[ nproc;

22 low = ne * Xx;

23 high = [ow + Xx;

24 for (i:|0W; |<hlgh, i++)

25 sum += data[i];

26 [* Send result to master */

27 pvmi ni t send( PvnDat aDeaf ul t) ;
28 pvmpki nt (&me, 1, 1) ;

29 pvmpki nt (&sum 1, 1);

30 megtype = 5;

31 master = pvmparent();

32 pvmsend(mast er, nsgtype): — out.5
33 /[* Exit PV */

34 pvmexit();

35 return(0);

36 }
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* MPI

General: MPI Is a standard with various implementations; one
writes a single program, each process running its own copy;

Process creation and execution: generally it is not defined; it Is
specified at compiling time how many processes are using;
only static process creation Is supported (in MPI, version 1)

Communications: one defines the scope of the communication op-
eration; the set of all involved processes may be accessed us-
Ing the predefined variable MPI _COMM.WORLD; each process has
a unique rank, a number from 0 to n— 1 (where n Is the number
of processes); other communication groups may be defined
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* .MPI

SPMD model: The shape of an MPI program is

main (int argc, char *argv[])

{
MPI _I ni t (&argc, &r gv) ;

[* find process rank */
MPI _Conmmr ank( MPI _COVMMWORLD, &myr ank) ;
it (myrank == 0)
[* master code */
el se
[* slave code */

MPI _Finalize();
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* .MPI

Global and local variables: By default, any global declaration of
variables will be duplicated in each process; the variables that
are not to be duplicated need to be declared within the code
executed by that process

MPI _Conmmr ank ( MPI _COMMWORLD, &nyr ank) ;

I f (nmyrank == 0){
Int X,V,;

} elseif (nyrank == 1){
Int X,V,;

)
(X, y from process O are different from x, y In process 1)
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* .MPI

Point-to-point communication: message tags and wild cards may
be used (MPI _ANY_TAG, or MPI _ANY_SOURCE)

Blocking routines: return when they are locally complete, I.e.,
when the location used for the message can be used again with-
out affecting the message being sent; general format:

MPI _Send( buf, count, datatype, dest, tag, conm
where: buf - address of send buffer, count - number of itemsto send,

dat at ype - datatype of each item, dest - rank of destination process,
t ag - message tag; conm- communicator

and

MPl _Recv(buf, count, datatype, src, tag, conm status)
where: buf - address of receive buffer, count - maximum number of items
to recelve, dat at ype - datatype of each item, sr ¢ - rank of source process,
t ag - message tag, conm- communicator, st at us - status after operation
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* .MPI

Example (blocking communication): To send an integer x from
process 0 to process 1

MPI _Comm.r ank ( MPI _COMMWORLD, &myr ank) ;
i f (nyrank == 0){
Int X:
MPI _Send( &x, 1, MPI _I NT, 1, 73, MPI _COWWORLD) ;
} elseif (myrank == 1){
I nt X;
MPI _Recv( &x, 1, MPI _I NT, 0, 73, MPI _COWMMORLD, st at us) ;
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* .MPI

Non-blocking communication: MPI _I send() and MPI _Irecv() -
return “imediatelly”, even if the communication is not safe; to
be used in combination with MPl Mait () and MPl _Test () In
order to ensure a complete communication.

Example (non-blocking communication): - same example

MPI _Conmur ank( MPI _COVMMMORLD, &myr ank) ;
I f (myrank == 0){
Int Xx;
MPI _I send(&x, 1, MPI _I NT, 1, 73, MPl _.COMMWORLD, reql) ;
conput e() ;
MPI Vit (reql, status);
} elseif (nyrank == 1){
Int Xx;
MPI _Recv(&x, 1, MPI _I NT, 0, 73, MPl _COMMWORLD, st at us) ;
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* .MPI

Send communication modes: Four basic modes are

1. Standard mode send - it is not assumed that the corresponding
recelve routine has started (buffer space Is not defined here;
If buffering Is provided, send can complete before the corre-

sponding receive was reached)
2. Buffered mode - send may start and return before a match-

Ing receive was reached (here it is necessary to specify buffer
space)
3. Synchronous mode - send and receive have to complete to-

gether (however, they may start at any time)
4. Ready mode - send can only start if a matching receive was

already reached (use It with care...)
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* .MPI

Collective communication: This applies to processes included in a
communicator. The main operations are:

_Bcast () - broadcast from root to all other processes

_Gat her () - gather values from processes in the group

_Scat her () - scatter parts of the buffer to processes

Al'ltoall () -senddatafrom all processes to all processes

_Reduce() - collect and combine values from processes

_Reduce_scatter() - combine values and scatter results

T3

Barrier: May be used to synchronize processes by stopping each
process until all have reached the barrier call

Slide 2.36 CS-3211/ Parallel & Concurrent Programming / G Stefanescu



* Example of MPI program

We illustrate MPI programming style with the same simple ques-
tion: add the numbers from a file using multiple processes.

A similar master-slave approach is used:

e A master process (process 0) detects the number of processes
from communicator, reads data from the file and sends them to
all processes (by broadcast).

e Each process (including the master) identifies its portion of
data and adds them.

e The master collects the partial sums and adds them (using
r educe statement) and prints the final result.
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* .Example (MPI program)

01 #include "npi.h"

02 #includes <stdio.h>

03 #i nclude <math. h>

04 #define MAXSI ZE 1000

05 void main(int argc, char *argv){

06 Int nyid, nunprocs;

07 I nt data[ MAXSI ZE], 1, x, low, high, myresult, result;
08 char fn[255];

09 char *fp;

10 MPI _I nit(&argc, &rgv);

11 MPl _Conmssi ze( MPI _COVMMORLD, &nunpr ocs) ;

12 MPI _Conm.r ank ( MPI _COMMWORLD, &nyi d)

13 1f (myid == 0){

14 strcpy(fn, getenv("HOVE"));

15 strcat(fn,"/MPl/rand_data.txt");

16 1 f((fp = fopen(fn,"r")) == NULL) {

17 printf("Can’t open the input file %\n\n",fn);
18 exit(1);

19 }

Slide 2.38 CS-3211/ Parallel & Concurrent Programming / G Stefanescu



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35 )
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.Example (MPI program)

for (1=0; |<MAXSIZE, 1++) fscanf(fp,"%l", &ata[i]);
t
[ * Broadcast data */
MPI _Bcast (dat a, MAXSI ZE, MPI _I NT, 0, MPI _COWWL.WORLD) ;
[* Add ny portion of data */
X = n /[ nproc;
low = nyid * Xx;
high = low + X;
for (i=low 1<high; I++)
nmyresult += datafi];
printf("l got %l from%l\n", nyresult,nyid);
[* Conpute global sum*/
MPl _Reduce(&nyresult, & esul t, 1, MPl _I NT, MPI _SUM 0, MPI _COVMWORLD) ;
1f (myid == 0) printf("The sumis %l. \n",result);
MPI _Final i ze();
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* SoC Cluster

SoC has a Linux cluster Tembusu:

e a 64-node cluster of Dell PCs: each node has two 1.4GHz Intel
PIlI1 CPUs with 1GB of memory

e the nodes are connected by Myrinet as well as Gigabit ethernet

e Dbesides the standard Linux suite of tools, MPI (versions using

Myrinet and Gigabit ethernet) and PVM are available on the
cluster.

See

https: //www.comp.nus.edu.sg/cf/tembusu/index.html

for more.
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