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To: Dr. Jff Mcgough
From: William Martin
Re: Homework #3, 4/7/03

I ntroduction

The god of thisassgnment isto develop sequential and pardld sysemsfor two
problems assigned to the “Pardld and Didtributed Algorithms’ class. The task for this
assgnment consists of a pseudo redl-time Astronomy smulation of the gravitationd
effects on an N-body system and a Heat distribution smulation problem.

1. N-Body Problem (text): 4-20
2. Hesat digribution (text): 6-14

How to compile:

> make nbody: To make the nbody executable
> make heat: To make the heat distribution executable
> makedl: to make nbody and hesat

How to run:

mpirun —c n nbody or heat
where n isthe number of processors.




Problem 6-14

Problem Description:

Figure 6.19 (in the book, p192) shows aroom that has four walls and a fireplace.
The temperature of the wall is 20 degrees, centigrade and the temperature of the fireplace
is 100 degrees centigrade. Write apardld program using Jacobi iter ation to compute
the temperature insde the room and plot (preferably in color) temperature contours at 10
degrees Centigrade intervas using Xlib cals or amilar graphics cdls as available on
your system. Instrument the code so that the eapsed time is displayed. (the
programming assgnment is convenient after a Manddbrot assgnment because it can use
the same graphics cdls).

More Details

The heat distribution problem described in the textbook, on page 179, discusses
thisasaloca synchronization problem. A loca synchronization problem is one that
condgts of synchronizing itsdf with only asubset of the running processes, whereas a
globa synchronization problem is one that conssts of synchronization with al processes.

Without much imagination, one could foresee that the processesinvolved in a
loca synchronization problem of heat distribution would involve only the pixd’s own
neighborhood; propagating heat from an area of higher temperature to lower. To be more
specific, it would involve only its nearest neighbors.

Sequential | mplementation with XdrawPoint and PutPixel

Just a brief note on the sequentid/serid implementation; it isextremely dow. |
tried the smple Xlib cdl, XdrawPoint() and Brian Stone' sfast PutPixel() routine and
saw no red difference. It wasbasicdly ashot in the dark, because | had implemented the
Xdrawpoint version first and noted the speed was unacceptable, even at 200x200. |
thought that using Brian Stone' s method would be visbly faster, and spent afew minutes
filling in the changes needed. It was not time well spent.

| would dso like to add that thereis alikelihood of my sequentia implementation
not being optimal. | followed the textbook’ s example for sequentiad heat ditribution,
which is probably more likely a“user-readable’ verson vs. an optimized version.

Parallel | mplementation

From the text and Hewlett Packard’s HPC gite, I’ ve read that Jacobi’ siterative
method is dow to converge. Why useit then? Hewlett Packard Statesthat it isan
excellent method for teaching pardldization, because it is Smpleto implement. HP aso




goes on to recommend optimizations, such as reducing inter-node communication and
“shadow edges’, or ‘ghost points' as described in class (lecture 21, 3/14/2003).

Partitioning

As described in the book, we have the choice of either ablock or strip partitioning
for dividing up data to processors. The block partition is better if we have a small startup
time. The drip partitioning is better if we have alarge gartup time. Why isthis?

Because the amount of communication that exists between partitions in the block scheme
is much grester than the strip partitioning.  For MPI, it isbest to use “ strip partitioning”,
and thus | have used that for this project.

Intuitive choice for partitioning

Row 0->99

Row 100->199

Row 200-299

Row 300->399

Why? Because the first row holds the starting temperature information (fireplace =
100 degrees C, walls 20 degrees C)

I’ve aso decided to implement the strips into rows, insteed of columns. The
textbook presents the fact that C is row-major order and thusisthe logica choice. |
believe that there is another, more vaid, reason which is problemdescription specific:
the fireplace and walls are located at the top of the room.

In order to prevent “locks’ when sending data from one node to another, |
implemented the even/odd arrangement discussed in the book — which is, the even node
will send firgt, while the odd nodes receive. And, then the even will recaeive, while the
odd will send.

Global Termination

And, for globa termination, | have each node send up “converged” or “not
converged” to the master process. If it receivesdl “converged”, then it sends back a
message to date that itstime to quit and send dl the rows you currently have. It then
proceeds to draw that data and exitsimmediately. The choice to leave out another
method of exiting was decided based upon the request that the professor not have to



gpend higher life figuring out if he/she should manudly exit, or should wait on the
measter to exit.

Problem 4-20

4-20: Write asequentia program and apardld program to Smulate an astronomicdl
N-body system, but in two-dimensons. The bodies areinitidly a rest. Ther initid
positions and masses are to be selected randomly. Display the movement of the
bodies using the graphica routines used for the Mande brot program found in
http://www.cs.uncc.edu/par_prog, or otherwise, showing each body in a color and
gzeto indicate the mass,

The problem of smulating an N-body caculation is an interesting and chalenging
problem. The mgor idea behind this agorithm isto smulate the gravitationd effects on
abody in space, given one or more heavenly bodies. Thisinvolves computing the impact
on every body in the given ‘universg. Redligtically, there are many theoretica aspects
that are being left out such as black holes and dark matter. For the purpose of this
assignment, we will not dwel on the collison Boltzmann equation or consult Stephen
Hawking or do any further research except to attempt to author a sequential and a
pardlelized solution to the given problem.

With that in mind we, as an individud, have a choice as to whether to implement this
problem using the straightforward code in the book, or using another method called the
“Barnes-Hutt Algorithm”. There are many variations of the Barnes-Hutt Algorithm,
which is agreat dgorithm because of the time complexity (on the order of log n). Itis
aso recursve, which lendsitsalf as a great solution to implement in a divide and conquer
fashion. In deding with large systems, it is best to use afaster dgorithm. The N-body
solution in the book is O(N"2); unredlitic for larger systems.

| have chosen to use the smple choice of the universal gravitationd force
equation.

_ GmM
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Onething a person has to acknowledge is that the force equation is calculated for each
dimension thet the programmer intends to design with. In the smple case of my
program, | have chosen to implement the 2-dimensiond version, and thus only the x and
y coordinates are needed.



Scaling

During adiscusson in class, we mentioned the fact that the universe would
collapse upon itsdf if we used the gravitational congtant, g, instead of G. g= 9.8 m/s,
whereas G =6.711 x 10-11. Itistrue, if the rest of the universeis modeed redidticaly,
that we will see avery quick destruction of most of the objectsin our Universe. To prove
that al of the objects would be destroyed is another interesting aspect of this assgnmert,
of which | will not have time to investigate and research.

My origind (and consequently find) implementation does not collgpse upon
itself. Thereason isbecause |’ ve scaled the other factors involved in the calculation. |
limited the masses to be <=2000 and the deltat (our sampling period, and also the
elapsed time between “epochs’) to be 0.5. This produced nice results; aslong as| used a
“molasses-factor”, i.e. “degp” for a certain amount of time before making the next
cdculation of the epoch.

Parallelization

Theimplementation of this requires abarrier for paraldization because we have a
need for synchronization after each object’ s data (x,y,vx,vy) iscaculated. The dave
nodes must have the current location of the other nodes in order to caculate the effect of
itsmass. The barrier description is briefly demondirated in Figure 1.0.  Essentidly, we
will initiglize the data (this could be done at the Magter or individualy, and more
complex, by the daves) and then send out theinitidized datato al nodes. All nodes will
go through one iteration of caculating it's set of nodes and then send that data back to the
master.

Termination

The nbody program will exit on it'sown. It has been clocked to give at least some
objectsthe ahility to leave the “universe’, but maybe afew sragglerswill stick around to
give the professor sometrailsto look at, and some visible bodies interacting.
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Figure 1.0: Simple Barrier Description

Nbody Source Code (Parallel version)

/************************************************************************

** Program : nbody

*x Witten by : WIlliam Martin

** Dat e : February 27, 2003

* % Pur pose : To simulate an N-body gravitational system
** probl em

*x how-t o-cal | : nbody n, where n is the number of iterations
** The N-body problemis discussed in Chapter 4, page 126

* *
************************************************************************/

#include <X11/Xlib.h> /* Every Xlib program nust include this*/
#i ncl ude <stdio. h>

#i nclude <stdlib. h>

#i ncl ude <math. h>

#i ncl ude <sys/types. h>

#i ncl ude <unistd. h>




ne GBL_HEI GHT 600.0

FETEEEEE bbb bbb

NOTE: CHANGE THI S LINE TO HAVE MORE OR LESS OBJECTS
FEEEPEEEPTr bbb bbb irrirrr
efine GBL_NUMOBJECTS 150
FEEEPEEEPEr bbb bbb irrrrrr

change this line to have a delay tinme in draw ng
FEEEPEEEErr bbb bbbt
defi ne DELAYTI ME 12000
PEELLEE bbb rrrng
/1 how many "tine periods"
PEELLEEEPEE bbb irn
#defi ne NUMBER_OF_EPOCHS 850

ng nggléh‘j(/\%ﬁ 800. 0
erl
/1

#defi ne WORKTAG 25 /* MY "SPECI AL" TAG */
/*
struct twodpos {
doubl e x;
doubl e vy;
doubl e vx; define SDEBUG 0
doubl e vy;
doubl e mass
b
*/

PELLLEEE T bbb bbb rrrirr
/'l refernce the above structure to figure

/1 out why these variables are set so

/'l They reference the single-dinmensional object, retpts

/'l retpts2

PEEELEEEEEE bbb bbb bbb irrnnd
#define xpos 0

#define ypos 1

#defi ne vxpos 2

#defi ne vypos 3

#define masspos 4

#defi ne DEBUG 1

doubl e obj ect [ GBL_NUMOBJECTS* 5] ;
doubl e G_FORCE;

FEEEPEEE bbb irrirn

function pre-declares

FEEEPEEE bbb irrirn

doubl e Force_routine(int current_body, char conponent, double objectl[]);
voi d CreateUniverse(int nunbodies);

void InitGraphics();

voi d RedrawScreen();

Il
Il
11

/* gl obal variables */
Di spl ay* dpy;

W ndow w;,

GC gc;

int main(int argc, char* argv[]) {

int t max;

/* |l oop counters */

int t, i,%,];

/* MPlI Variables */

i nt myrank = O; /* who am|? */
int size = 0;

int total size;

int | eftovers=0




MPI _St at us st at us;

doubl e ret pts[ GBL_NUMOBJECTS*5] ;

doubl e ret pts2[ GBL_NUMOBJECTS*5] ;

doubl e F = 0.0;

doubl e dt = 0. 2; /* change in time=3 */

G FORCE = 5.9;
tmax = NUMBER_OF EPOCHS;

MPI _I nit(&argc, &argv);
MPI _Comm si ze( MPI _COVM WORLD, &si ze);
MPI _Comm r ank( MPI _COVMM WORLD, &myrank);/* get the rank */

total size = (GBL_NUMOBJECTS)/ (size-1);
| eftovers =GBL_NUMOBJECTS % (size-1);

i f(nmyrank==0) { /* we are the master */
I ni t Graphics();
Creat eUni ver se( GBL_NUMOBJECTS) ;

for(t=0;t<tmax;t++) {
for(x = 1;x < size;x++) {
MPI _Send( obj ect, GBL_NUMOBJECTS*5, MPI _DOUBLE, X,
WORKTAG, MPI _COVMM _WORLD) ;
}
for(x = 1;x < size;x++) {
MPl _Recv( &retpts2, GBL_NUMOBJECTS*5, MPI_DOUBLE,
MPI _ANY_SOURCE, WORKTAG, MPI _COVM WORLD, &st atus);
for(i=0;i<total size*5;i++){
object[(((status. VPl _SOURCE-1)* total size * 5) +
i)] = retpts2[i];

/* if we have leftovers, let the master handle them */
if(leftovers>0) {

for(i=(GBL_NUMOBJECTS-
|l eftovers)*5;i <GBL_NUMOBJECTS*5; i +=5) {

F = Force_routine(i, 'x', object); / *conput e
force on ith body */
object[vxpos + i] = object[vxpos + i] + F *
(doubl e) dt/ (doubl e) obj ect [ masspos + i];
F = Force_routine(i, 'y', object);

obj ect[vypos + i] = object[vypos + i] + F *
(doubl e) dt/ (doubl e) obj ect [ masspos + i];

obj ect[ xpos + i] = object[xpos + i] +
obj ect[vxpos + i] * dt;

obj ect[ypos + i] = object[ypos + i] +
obj ect[vypos + i] * dt;

}

Redr awScr een() ;
}

printf("Done...now sleeping 1 second. Do not close wi ndow or press ctrl-
c in the shell w ndow. \n");
sl eep(1);

else { /* slave n */

for(t=0;t<tmax;t++) {




for(i =((nyrank-1)*tota|si ze*5);i<((myrank-1)*total size*5) +

(‘Ota'Size*5)'i+:5) i w _Recy( &opj ect, NUVOBJECTS 8, WPl _DOUBL
rce’rou |-ne . Tob) ew Fcor‘rpute }%orce
MR! - ERMLYORLP. dstatus);
obj ect[vxpos + i] = object[vxpos + i] + F *
(doubl e)dt/ (doubl e) obj ect [ masspos + i];
F = Force_routine(i, 'y', object);
obj ect[vypos + i] = object[vypos + i] + F *

(doubl e) dt/ (doubl e) obj ect [ masspos + i];

obj ect[ xpos + i] = object[xpos + i] + object[vxpos + i] *
dt;

object[ypos + i] = object[ypos + i] + object[vypos + i] *
dt;

or (j=0;j<total size*5;j++)
retpts[j] = object[(((nyrank-1)*total size*5)+j)];

}
MPI _Send(retpts, GBL_NUMOBJECTS*5, MPI_DOUBLE, 0, WORKTAG,
MPI _COMM WORLD) ;

}

return O;
}
/****************************************************************************
* % FUNCTI ON: Force_routine
** PURPOSE: Cal cul ate effect of other n-1 bodies on body.

****************************************************************************/

doubl e Force_routine(int current_body, char conmponent, double objectl[]) {
doubl e result=0.0;
int i=0;
doubl e second=0. 0;
doubl e r=0;
//printf("Current body =% \n", current_body);
FEEEEEEEPEr bbb rrrirrrirrnd
/1 Enumerate all of the bodies
FEEEEEEEPEr bbb rrrirrrirrnd
for(i=0;i<GBL_NUMOBJECTS*5; i +=5) {

if(i!=current_body) {

r = sqrt(pow( obj ect 1[ xpos+i ] - obj ect 1[ xpos+current _body], 2. 0) +
pow( obj ect 1[ypos + i]-objectl[ypos + current_body], 2.0));

if(r!1=0) {
i f(conmponent ==
second

I x

) A
(obj ect 1[ xpos+i] -
obj ect 1[ xpos+current _body])/r;

el se {

second = (objectl[ypos+i]-objectl[ypos +

current _body])/r;
}

result += (((objectl]msspos+current_body] *
obj ect 1[ masspos+i]) * G _FORCE)/ (pow(r, 2.0))*second);
}

} }
resul t=resul t/ (doubl e) GBL_NUMOBJECTS;

return result;




* % FUNCTI ON: Cr eat eUni ver se
** PURPCSE : To initialize the N-bodies in space
****************************************************************************L
/*:k**********:k******:k*******************************************************
voi d CreateUniverse(int numbodies) {

int i;

int v=getpid();

srand(v);

for(i = 0;i < GBL_NUMOBJECTS*5;i +=5) {

obj ect[ xpos+i]= 1.0 + (double)((double) GBL_W DTH
*rand()/ (doubl e) (RAND_MAX+1.0));

obj ect[ypos+i]= 1.0 + (doubl e)((double) GBL_HEI GHT
*rand()/ (doubl e) (RAND_MAX+1.0));

obj ect [ masspos+i] =1.0 +(double)(16000.0 *
rand()/ (doubl e) (RAND_MAX+1.0));

obj ect [ vxpos+i] = 0.0;
obj ect[vypos+i] = 0.0;

}
/****************************************************************************
** FUNCTI ON: I nit Graphics
* % PURPCSE : Initializes graphics

****************************************************************************/

void InitGaphics() {

/*create a display object */
/* create a Graphics context object */
/* GC gc; */
/* reserve two colors for use */
Di spl ay* newdpy = XOpenDi splay(NIL);
int blackCol or Bl ackPi xel (newdpy, Def ault Screen(newdpy));
i nt whiteCol or Wi t ePi xel (newdpy, Default Screen(newdpy));
dpy = newdpy;
/* create a sinple wi ndow, h200 x w100, black bg */
w = XCr eat eSi npl eW ndow( dpy, Defaul t Root W ndow(dpy), 0, O,
GBL_W DTH, GBL_HEI GHT, 0, bl ackCol or, bl ackCol or);
XSel ect | nput (dpy, w, StructureNotifyMask);
XMapW ndow( dpy, W) ;
/* initialize GC */
gc = XCreateGC(dpy, w, 0, NIL);
/* set the forecolor */
XSet For eground(dpy, gc, whiteCol or);
for(;;) {

XEvent e;

XNext Event (dpy, &e);

if (e.type == MapNotify)

br eak;

}
XFl ush(dpy);
}

/****************************************************************************

*x FUNCTI ON: Redr awScr een
** PURPOCSE : redraws the screen and objects new positions

****************************************************************************/

voi d RedrawScreen() {

int col or=5000;
int x=0;

| ong i =0;

doubl e dunmy=0. 0;

XFl ush(dpy) ;

/*******************************************************************

** this inplenents a "delay". Sleep fails to redraw thereafter

*******************************************************************/

for(i=0;i<DELAYTI ME;i++) //32765




XSet For eground(dpy, gc, col or);

f or (x=0; x SEBTY NOMPBYEL MY 2,985 ¢

i f(object[msspos+x] < 2100.0) { /* blue */

XSet For egr ound( dpy, gc, 0x0000f f) ;

XDr awPoi nt (dpy, w, gc, (i nt) obj ect [ xpos+x] +1, (i nt) obj ect[ypos+x]);
XDr awPoi nt (dpy, w, gc, (i nt)object[xpos+x]-1, (int)object[ypos+x]);
XDr awPoi nt (dpy, w, gc, (i nt)obj ect[xpos+x] -1, (int)object[ypos+x]+1);
XDr awPoi nt (dpy, w, gc, (i nt)obj ect [ xpos+x] +1, (i nt)obj ect[ypos+x]-1);

}
el se if(object[msspos+x] <5600.0) { /*white */

}

el se {
XSet For egr ound(dpy, gc, OxFFOFQO) ;

XSet For egr ound( dpy, gc, OxFFFFFF) ;
XDr awPoi nt (dpy, w, gc, (i nt)object[xpos+x], (int)object[ypos+x]-1);
XDr awPoi nt (dpy, w, gc, (i nt)obj ect [ xpos+x], (i nt)object[ypos+x]+1);

/* green */

XDr awPoi nt (dpy, w, gc, (i nt)obj ect[xpos+x], (int)object[ypos+x]-1);

}

XDr awPoi nt (dpy, w, gc, (i nt)obj ect [ xpos+x], (i nt)object[ypos+x]+1);
XDr awPoi nt (dpy, w, gc, (i nt)obj ect[xpos+x] -1, (int)object[ypos+x]);
XDr awPoi nt (dpy, w, gc, (i nt)obj ect [ xpos+x] +1, (i nt)obj ect[ypos+x]);
XDr awPoi nt (dpy, w, gc, (i nt) obj ect [ xpos+x] +1, (i nt) obj ect [ ypos+x]-1);

XDr awPoi nt (dpy, w, gc, (i nt) obj ect[ xpos+x], (int)object[ypos+x]);

;;(FI ush(dpy);

/**************************************

*x END OF PROGRAM *x

**************************************/

Heat Distribution Source Code

/********************************************************************************

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* *

* %

* *

Nanme

Fi | ename :
Witten by :
Pur pose

Pr obl em

St at enent

Not e:

Heat Distribution Problem

heatdi stro.c

Wlliam Martin

To inplement the heat distribution problem 6-14

Figure 6.19 shows a roomthat has four walls and a
fireplace. The tenperature of the wall is

20 degrees centigrade, and the tenperature is 100 degrees
centigrade. Wite a parallel program using jacobi
iteration to conpute the tenperature inside the room and
plot (preferably in color) tenperature contours at 10
degree intervals using Xlib calls or simlar graphics
calls as available on your system |Instrunent the code
so that the elapsed tine is displayed. (this progranm ng
assignment is convenient after a Mandel brot assi gnnment
because it can use the sanme graphics calls.

Thi s DOES NOT ACCOUNT FOR "NON-| NTEGER" splits!!!

khkkk khkkk kkhkk Khkkkkkk Kkkk khkkkkhkkkkk Kk * ok ok kk ok

R I S R Ik O

********************************************************************************/

#i ncl ude <stdio. h>
#i nclude <tinme. h>




#i nclude <X11/ Xli b. h>
#i ncl ude <npi. h>

# Rel ude <0 Beh>n>

/* A name for the void pointer*/
#define NIL (0)

#defi ne WORKTAG 21

#define QU TTAG 86 /* Special tag to say */
/* "The Master wi shes you to quit"*/

#defi ne ROOMWN DTH 400

#defi ne ROOVHEI GHT 400

#defi ne FI REPLACETEMP 100

#defi ne WALLTEMP 20

#defi ne DEBUG 1

enum COLORS { BLACK=0X000000, RED=0x00f 000, BLUE=0x0000f f, PURPLE=0x00f OFf, Pl NK=0xf 1f 00f,
GREEN=0x000f 00,

LI GHTGREEN=0xf f Of 00, YELLOW=0x00f f 00} ;
enum BOOLEAN { FALSE=0, TRUE = 1};

FHEEEEErrrrr i irrrirrrrtd
/ Routine List

/ 1 nitGraphics()

/ Di spl ayEl apsedTi me()

/ DoDistribution()

/| PartitionSize()

/1 Cal cul at eS|l aveVal ues()

FEEELEEEEEr bbb
voi d I nitGraphics();

void InitializeWrkspace();

voi d DoDi stribution(int nunmprocs, int currentrank);
voi d DrawGr aphics();

void PartitionData(int nunprocs);

voi d Cal cul at eSl aveVal ues();

t nyrank;

t size;

t global _term

FEEEEEE bbb irrirn
Decl are basic graphics el enents

FEEEEEE bbb rrrirn
Di spl ay* dpy;

W ndow w;

GC gc;

n
n
n
/
/
/

i
i
i
/
/
/

struct tinmeval starttine;

int main(int argc, char* argv[]) {

FHELEETEE i rr i rrirrn
11 initialize MPI variables

FHELEETE bbb
MPI _I nit(&argc, &argv);

MPI _Comm si ze( MPI _COVM WORLD, &si ze);

MPI _Comm r ank( MPl _COVMM WORLD, &myr ank);

gl obal _t er meFALSE;

if(myrank == 0) { /* master; Role of the 'painter' */
gettimeof day(&starttinme, (struct tinmezone *) 0);
I nitGraphics();
PartitionData(size);

else { /* do the slave work */
DoDi stri bution(size, nyrank);

%\/PI _Finalize();
return(0);




}

/1
/1
/1
/1
111
voi

Il
Il
Il
Il
Il
11l
Vo

Functi on: I ni t Graphics
Pur pose: To initialize the graphics context and set up
col ors.

LEEEEEEEE bbb rr i rrr i
d InitGaphics() {

/*create a display object */

/* create a Graphics context object */
/* GC gc; */

/* reserve two colors for use */

Di spl ay* newdpy = XOpenDi splay(NIL);

int blackCol or
int whiteCol or

Bl ackPi xel (newdpy, Default Screen(newdpy));
VWi t ePi xel (newdpy, DefaultScreen(newdpy));

dpy = newdpy;

/* create a sinple wi ndow, h200 x w100, black bg */
w = XCreat eSi npl eW ndow( dpy, Defaul t Root W ndow(dpy), 0, O,
ROOWMWN DTH, ROOWVHEI GHT, 0, bl ackCol or, bl ackCol or);

XSel ect | nput (dpy, w, StructureNotifyMask);
XMapW ndow( dpy, W) ;

/* initialize GC */
gc = XCreateGC(dpy, w, 0, NIL);

/* set the forecolor */
XSet For eground(dpy, gc, whiteCol or);

for(;;) {

XEvent e;

XNext Event (dpy, &e);

if (e.type == MapNotify)
br eak;

i f(global _term=TRUE)
return;

}

XFl ush(dpy);
XSet For eground(dpy, gc, RED);
XDr awPoi nt (dpy, w, gc, 50, 50) ;

LOLEEEEEE bbb bbb r bbb b rrrrrng g

Function : DoDistribution
Purpose : This is responsible for doing the heat
di stribution

NNy
id DoDistribution(int nunprocs, int currentrank) {

nt iteration=0;

nt limt = 5355;

nt term nate = FALSE;
nt gterm nate = FALSE;
nt i,j;

MPI _St at us st at us;

MPI _Request req;

unsigned | ong startingpoint = 0;
|l ong rowsi ze = ROOVHEI GHT/ (nunprocs-1);

doubl e habove[ ROOMWA DTH] ={ 20. 0} ; /* represents ghost

FEEEEEEE b b bbb b bbb

poi nt s*/




doubl e gabove[ ROOMWA DTH] ={ 20. 0}; /* represents ghost points*/

doubl e gbel owf ROOWA DTH] ={ 20. 0} ; /* represents ghost points*/
doubl e hbel ow] ROOWA DTH] ={ 20. 0} ; /* represents ghost points*/
doubl e h[ nunprocs] [ ROOMWAI DTH] [ r owsi ze] ; /* doubl e*/

int converged[ ROOWAI DTH] [ r owsi ze] ; [* int */

doubl e ol dval ues[ ROOMWN DTH] [ r owsi ze] ; /* doubl e*/

doubl e g[ nunprocs-1] [ ROOWAI DTH] [ r owsi ze] ; /* doubl e*/

PEELTEEE i
/1 Initialize values for running
PEELTEEEEE bbb rriirrnng
for(i = 0;i < ROOWN DTH; i ++) {

for(j = 0;j<rowsize;j++) {

converged[i][j] = O;

ol dvalues[i][j] = -50.0;
h[currentrank] [i][]j]=20.0;
glcurrentrank][i][j]=20.0;

whi | e(term nat e==FALSE) {

PEEELEEEEEr bbbt rrrirr

/1l Set up fireplace, and walls

PEELEEEEEEr bbb rrri i

if(currentrank==1)

for(i = (ROOMWADTH * (1.0/3.0));i < (ROOMAIDTH * (1.0/3.0) ) *
2;i++) |

h[ currentrank] [i][ 0] =FI REPLACETEMP;
h[ currentrank] [i][ 0] =FI REPLACETEMP;

for(i = 0;i < (ROOMNDTH * (1.0/3.0));i++) {
h[currentrank] [i][ 0] =WALLTEMP;
h[ currentrank][i][ 0] =WALLTEMP;

}

for(i = ROOMAI DTH*(1.0/3.0) * 2;i <ROOWA DTH; i ++) {
h[currentrank] [i][ 0] =WALLTEMP;
h[currentrank][i][ 0] =WALLTEMP;

}

PHLEETEETE i rr b rr i rrrrnd
Modi fi ed Jacobi Iterative nethod.
PHLEETEETE i rr b rr i rrrrnd
= 1;i < ROOWN DTH-1 ;i ++) {
for(j = 0;j < rowsize;j++) {
if(j==0 && currentrank==1)
glcurrentrank][i][j] = 0.25 * (h[currentrank][i -
1]1[j]1 + h[currentrank][i+1][j] + h[currentrank][i][]j+1]);
else if(j==0 && currentrank>1)
glcurrentrank][i][j] = 0.25 * (h[currentrank][i-
1]1[j] + h[currentrank][i+1][j] + hbelowi] + h[currentrank][i][]+1]);

else if(j==rowsize-1 && currentrank<(nunprocs-1)) {
glcurrentrank][i][j] = 0.25 * (h[currentrank][i -
11[j] + h[currentrank][i+1][j] + h[currentrank][i][]j-1] + habove[i]);
}

el se {
if(j!=rowsize-1)
glcurrentrank][i][j] = 0.25 *
(h[currentrank] [i-1] + h[currentrank][i+1][j] + h[currentrank][i][j-1] +

h[currentrank][i][j+[lJ]]):

PILEEEETLTLL bbb rrrd
/ While we're | ooking at the node, has it changed
/ mu

}
/
/
/ ch fromit's previous value?




[EEEEEEEr bbb bbb rrrnrng
if(abs(g[currentrank][i][j]-oldvalues[i][j])< 0.0001) {

/1 NOTE: CO\NERGEHCF[ H*EQKENG HERE.

converge
ol dvalues[i][j] = g[currentrank][i][j];

}
}
PIELEETE i rrrrrrrirrrrrrnd
/1 save of f conputed val ues
PIELEETE i rrrrrrrirrrrrrnd
for(i = 0;i < ROOWN DTH; i ++)

for(j = 0;] < rowsize;j++)
h[currentrank][i][j]l=g[currentrank][i][j];

if(iteration%l00==0)
MPI _Send( &g[ currentrank], ROOWA DTH*r owsi ze, MPI _DOUBLE, O,
WORKTAG, MPI _COVM WORLD) ;

if(currentrank%®==0) { /* even nunbered node */
PEEELEEE T
/1 Send "ghost points" off.
PEELLEEE bbb
i f(currentrank<nunprocs-1) {
for(i=0;i <ROOWNI DTH; i ++)
gbelowi]=g[currentrank][i][rowsize-1];
MPI _Send( &gbel ow, ROOMN' DTH, MPI _DOUBLE, currentrank + 1,
WORKTAG, MPI _COVM WORLD) ;
MPl _Recv( &habove, ROOMN DTH, MPI _DOUBLE, currentrank + 1,
WORKTAG, MPI _COVM WORLD, &st at us) ;

FEELQYEr bbb rriiing
/1 Send ghost points off
FEEELEEEEEr bbb
if(currentrank>1) {
for(i=0;i <ROOWN DTH; i ++)
gabove[i]=g[currentrank][i][0];
MPI _Send( &gabove, ROOMW DTH, MPI _DOUBLE, currentrank-1,
WORKTAG, MPI _COVM WORLD) ;
MPl _Recv( &bel ow, ROOWN DTH, MPI _DOUBLE, currentrank-1,
WORKTAG, MPI _COVMM WORLD, &status);

}

else { /* odd nunbered node */
if(currentrank>1) {

MPlI _Recv( &bel ow, ROOMN DTH, MPI _DOUBLE, currentrank-1,
WORKTAG, MPI _COVMM WORLD, &status);
for(i=0;i <ROOWA DTH; i ++)
gbelowi]=g[currentrank][i][0];

MPl _Send( &gbel ow, ROOMWN DTH, MPI _DQOUBLE, currentrank-1,
WORKTAG, MPI _COVM WORLD) ;

i f(currentrank<nunprocs-1) {
for(i=0;i <ROOMAI DTH; i ++) {
gabove[i]=g[currentrank][i][rowsize-1];

}

MPI _Recv( &above, ROOMA DTH, MPI _DOUBLE, currentrank+1,
WORKTAG, MPI _COMM WORLD, &st at us) ;

MPI _Send( &gabove, ROOWN DTH, MPI _DOUBLE,
currentrank+1, WORKTAG, MPI _COVM WORLD) ;

}
}




/'l check if each pixel has converged
for(i = 0;i < ROOMW DTH; i ++) {
; oL(jrpge0;] < rowsize;j++) {
terminat b ROt conver ged[ | ][] ] ==FALSE) {
term nate = FALSE;

}

} }

FEELEEEEEEr bbb rriirrgy

/1 |f each pixel has converged, then we send a nessage

/1 to the host and ask if its time to die.

PEELEEEEP bbb rriirnn

if(term nate==TRUE) {
PEELEEEEP bbb rriirn
/1 This node is ready to go to Node heaven.
PEELLEEEEEr bbb iin
MPI _Send(& erm nate, 1, MPI_INT, 0, QU TTAG MPI_COW WORLD);
PEELEEEEE bbb rriirr
/1 Tell nme, are the rest of ny siblings ready to die?
PEELEEEEE bbb rriirr
MPI _Recv(& erm nate, 1, MPl _I NT, 0, QUI TTAG MPI _COW WORLD, &st at us) ;

teration++;
f(iteration > limt)

term nate = TRUE;

} /* end of while (!term nate) */

term nate = FALSE;

gterm nate = FALSE;

/* SEND TO MASTER */

MPI _Send( &g[ currentrank], ROOWA DTH*rowsi ze, MPlI _DOUBLE, 0, QUI TTAG,
MPI _COVM _WORLD) ;

}
|
i

whi | e(term nat e==FALSE) {
MPI _Recv(&gtermnate, 1, MPI_INT, 0, WORKTAG MPI_COW WORLD, &status);
if(gterm nate==TRUE) ({
term nate = TRUE;

}
}

}
PEELTEEEPEE bbb bbb bbb bbb irrirr
/1 function: PartitionSize
11 paranmeters: nunprocs, nunber of total processors
/1 Pur pose; To tell everyone what they are supposedly
11 wor ki ng on.
/1 Partition by rows.
PEELTEEEPEE bbb bbb bbb bbb irrirr
void PartitionData(int nunprocs) {

nt i,j;

nt term nate=0;

nt count = nunprocs-1;

nt quitsig = 1;
nt gl obal convergence
nt constint = O;

i
4

MPI _St at us st atus;

unsi gned | ong rowsi ze = ROOVHEI GHT/ (nunprocs-1);
int converged[ 60] ={0};

doubl e h[ ROOMWA DTH] [ r owsi ze] ;

unsi gned long |l astproc = 0;

whil e (term nate==FALSE) {

MPI _Recv(&h, rowsize*ROOMN DTH, MPI _DOUBLE, MPl _ANY_SOURCE, MPI _ANY TAG
MPI _COVMM WORLD, &status);




//we have convergence, |adies and gentl eneny
conver ged[ st at us. MPl _SOURCE] = 1;

jf(stat uSONBl - TAG==QUI TTAG) {

el se {
for(i = 0;i < ROOWN DTH; i ++) {
for(j = 0;] < rowsize;j++) {

if(h[i][]j]<=10.0)
XSet For egr ound(dpy, gc, BLACK);

else if(h[i][j]1<=20.0 && h[i][j]>10.0)
XSet For egr ound(dpy, gc, BLUE);

else if(h[i][j]1<=30.0 && h[i][j] > 20.0)
XSet For eground(dpy, gc, PURPLE);

else if(h[i][j]1<=40.0 && h[i][]j]>30.0)
XSet For eground(dpy, gc, GREEN);

else if(h[i][j]1<=50.0 && h[i][]j]>40.0)
XSet For eground(dpy, gc, LIGHTGREEN);

else if(h[i][j]1<=60.0 && h[i][]j]>50.0)
XSet For eground(dpy, gc, YELLOW;

else if(h[i][j]1<=80.0 && h[i][]j]>60.0)
XSet For eground(dpy, gc, PINK);

el se
XSet For eground(dpy, gc, RED);

XDr awPoi nt (dpy, w, gc, i,j + ((status. Ml _SOJRCE-

1) *rowsi ze));
}
}
}

i f(count==0) {
gl obal conver gence=1;
for(i=1;i<nunmprocs-1;i++) {
if(converged[i]==0) {
gl obal convergence = O;

converged[i]=0;

i f (gl obal convergence==1)
/1 We are totally done, let's exit.
/'l now we neeed to do sonething.
for(i=1;i<numprocs-1;i++) {
MPI _Send( &gl obal convergence, 1, Ml _INT, i, QU TTAG
MPI _COVM_WORLD) ;

el se {
/1 Not done, go back and finish please.
for(i=1;i<nunmprocs-1;i++) {
MPl _Send( &gl obal conver gence, 1, MPl _I NT, i , QU TTAG
MPI _COMM WORLD) ;

/'l reset the counter
count =nunpr ocs-1;

FEELELEEE bbb rrrrirrnd
NOTE: GLOBAL CONVERGENCE CHECK HERE!!'!
FEELELEEE bbb rrrrirrnd
(gl obal convergence==1) {
for(i=1;i<nunprocs;i++) {
MPl _Send(&quitsig, 1, Ml _INT, i, WRKTAG MPI_COW WRLD);
qui tsig=1;

}
11
11
/1
if

}

gl obal _t er i=TRUE;
term nate = TRUE;
return;
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