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initialise TW engine; /* with tw init() */
initialise comm. topology; /* tw 2dtorus create() */
schedule initialisation events; /* with tw send() */
while tw recv( 
 ) � -1 do /* while events pending */

if termination criterium is not met then
save state variables if needed; /* tw state save() */
process 
 ;
schedule new events if needed; /* tw send() */

else
break; /* exit while loop */

endif
endwhile
terminate; /* tw finalize() */
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Communication system
(comm. library +
 OS kernel +
 comm. hardware)

send()

receive()

buffer
free

buffer
filled
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N
#define MSGSIZE 13� int Done=0; /* message not received yet */

� #pragma FM declare handler� int helloHandler(FM stream *stream, unsigned int sender)
�

� #pragma FM begin decls /* begin local var declarations */� char GetBuffer[MSGSIZE];� #pragma FM end decls /* end of local var declarations */

� /* receive data */� FM receive(GetBuffer, stream, MSGSIZE);N
	
Done=1;NSN
printf(”%s � n”, GetBuffer);N � return FM CONTINUE;N � �

N � int main()
�

N � char *MsgBuff=”Hello World.”;N � int helloHandlerId=0;N � FM stream *Strm;
N � /* init FM and register handler */N � FM initialize();� 	 FM handler table[helloHandlerId]=helloHandler;

� N if(0==FM nodeid)
�

/* I’m process 0 */�
� Strm=FM begin message(1, MSGSIZE, helloHandlerId);��� FM send piece(Strm, MsgBuff, MSGSIZE);� � FM end message(Strm);�
� � else
�

/* I’m process 1 */��� do� � FM extract(˜0); /* extract ˜0=MAXLONG bytes */��� while (!Done);��� �� 	 �
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int main(int argc, char *argv[]) �
TIMER(start t init);

/* Init Time Warp */
nr procs = tw init(NUM LINKS, &argc, &argv);
my pid = tw pid();

phold init(my pid, argc, argv);

/* Create torus topology and start processing events */
if(tw 2dtorus create(topology[nr procs].dimx, topology[nr procs].dimy)) �

/* Distribute initial events over time and space */
scheduleInitialEvents(my pid, nr procs, MessagePopulation);
TIMER(end t init);

/* Main event loop: process/schedule events */
TIMER(start t main);
mainEventLoop(nr procs, my pid, SimulationStopTime);
TIMER(end t main);

TIMER(start t final);
/* Done: cleanup */
tw 2dtorus free();
tw finalize();�
else �
phold finalize(my pid);
tw finalize();
exit(EXIT FAILURE);�

TIMER(end t final);

saveTimings(my pid);

phold finalize(my pid);

exit(EXIT SUCCESS);
return 0;�
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void mainEventLoop(int nprocs, int my pid, vtime maxGVT) �
tw state save(&QEsent, sizeof(QEsent));

while( tw recv(&event, sizeof(event)) � -1 ) � /* while events pending */
if(tw gvt() � maxGVT) �
if(DEFAULTEVENT == event.type) �

/* determine next event */
event.src = my pid;
event.dest = nextEventLocation(my pid, event.src);
event.vt = nextEventOccurenceTime(tw lvt());

/* send next event */
tw send(event.dest, event.vt, &event, sizeof(event));
processEvent();�

/* else consume event (and don’t schedule any new event) */�
else if(!QEsent) �
event.src = my pid;
event.type = QUITEVENT;
tw send(SOUTH, tw lvt(), &event, sizeof(event));
tw send(NORTH, tw lvt(), &event, sizeof(event));
tw send(EAST, tw lvt(), &event, sizeof(event));
tw send(WEST, tw lvt(), &event, sizeof(event));

tw state save(&QEsent, sizeof(QEsent));
QEsent = TRUE;

tw state save(&lastgvt, sizeof(lastgvt));
lastgvt = tw gvt();�

/* else consume event (and don’t schedule any new event) */�
/* end while */�
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void processEvent() �
static double x = M E;

/* Save x and random generator state */
tw state save(&x, sizeof(x));
tw state save(distribution[compGrainDid].state, distribution[compGrainDid].statesize);

work amount = (int) rint(compGrainDistr(compGrainDid));

for(i = 0; i � work amount; i++)
x = 10*sin(x);�
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vtime nextEventOccurenceTime(vtime lvt) �
/* Save random generator state */
tw state save(distribution[timeIncrementDid].state, distribution[timeIncrementDid].statesize);

while( (delta t = timeIncrementDistr(timeIncrementDid)) � 1);

return lvt + (vtime) delta t;�
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int nextEventLocation(int me, int src) �
/* Save unform random generator state and get next uniform distributed nr. */
tw state save(distribution[UniformDid].state, distribution[UniformDid].statesize);
unif val = UniformDistr(UniformDid);

/* Choose message direction with probabilities given in global variable dirPr[] */
for(dir = 0, sum Pr = 0; dir � NRDIRS; dir++)

if((sum Pr � unif val) && (unif val � sum Pr+dirPr[dir]) )
break;

else
sum Pr += dirPr[dir];

/* Convert dir to pid */
if(Self == dir)

return me;

if(src == me) � /* and dir != Self */
src = LastNeighbour; /* recall previously saved message src != me, see also initEvents() */�
else � /* src != me; save source of last message from neighbour */
tw state save(&LastNeighbour, sizeof(LastNeighbour));
LastNeighbour = src;�

if(Forward == dir)
dest = (NORTH == src)?SOUTH:(SOUTH == src)?NORTH:(EAST == src)?WEST:EAST;

else if(Back == dir)
dest = src;

else if(Right == dir)
dest = (NORTH == src)?WEST:(SOUTH == src)?EAST:(EAST == src)?NORTH:SOUTH;

else /* Left */
dest = (NORTH == src)?EAST:(SOUTH == src)?WEST:(EAST == src)?SOUTH:NORTH;

return dest;�
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void scheduleInitialEvents(int my pid, int nprocs, int total events) �
/* uses low level tw comm primitives: */
/* blocking, asynchronous send and blocking receive */
extern void async send(int, void *, int, int);
extern int async recv(int, void *, int, int);

/* Determine the initial events */
if(my pid == 0) �

int *events; /* storage for nr of events per process */

/* Determine distribution of events over LPs */
maxPid = nprocs-1;
events = calloc(sizeof(int), nprocs);
for(i = 0; i � total events; i++)
++events[nextInitEventLocation(maxPid)];

/* Send each proc its amount of events */
my events = events[0]; /* LP 0 */

for(i = 1; i � nprocs; i++)
async send(i, &(events[i]), sizeof(int), TW USER1);

/* Determine occurence time of init events */
tmpT = calloc(sizeof(vtime), total events);
for(i = 0; i � total events; i++)
tmpT[i] = nextInitEventOccurenceTime();

/* Send each proc the initial simulation time of its events */
if(0 != my events) �
initT = calloc(sizeof(vtime), my events); /* LP 0 */
memcpy(initT, tmpT, my events*sizeof(vtime)); /* LP 0 */�

for(i = 1, startIndex = events[0]; i � nprocs; i++) �
if(0 != events[i]) �
async send(i, &tmpT[startIndex], events[i]*sizeof(vtime), TW USER2);�

startIndex += events[i];�
free(events);
free(tmpT);�
else �
async recv(0, &my events, sizeof(int), TW USER1);
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if(0 != my events) �
initT = calloc(sizeof(vtime), my events);
async recv(0, initT, sizeof(vtime)*my events, TW USER2);��

/* Send initial events to myself */
/* Select each src with equal probability from neighbours, */
/* required for correctness of nextEventLocation() */
event.type = DEFAULTEVENT;
event.dest = my pid;

event.creator = my pid; /* accounting info used to track messages */

delta = 1.0/(1.0 * NUM LINKS); /* nr. of chann.: North, East, West, South */
for(i = 0; i � my events; event.id = i, i++) �

/* Select next destination with equal probability */
unif val = UniformDistr(UniformDid);
if(unif val � delta)
event.src = SOUTH;

else if(unif val � 2*delta)
event.src = EAST;

else if(unif val � 3*delta)
event.src = NORTH;

else /* [3*delta, 4*delta] */
event.src = WEST;

tw send(my pid, initT[i], &event, sizeof(event));�
if(0 != my events) �

free(initT);�
else � /* init LastNeighbour with random src */
unif val = UniformDistr(UniformDid);
if(unif val � delta)
event.src = SOUTH;

else if(unif val � 2*delta)
event.src = EAST;

else if(unif val � 3*delta)
event.src = NORTH;

else /* 4*delta */
event.src = WEST;�

LastNeighbour = event.src; /* global variable used in nextEventLocation() */�
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vtime nextInitEventOccurenceTime(void) �
/* Save random generator state */
tw state save(distribution[initialTimeDid].state, distribution[initialTimeDid].statesize);

while( (t = initialTimeDistr(initialTimeDid)) � 0); /* minimum init vt = 0 */

return (vtime) t;�
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int nextInitEventLocation(int maxPid) �
/* Save random generator state */
tw state save(distribution[initialSpaceDid].state, distribution[initialSpaceDid].statesize);

/* LP should be in [0 .. maxPid] */
do �

LP = (int)rint(initialSpaceDistr(initialSpaceDid));�
while( (LP � 0) ��� (LP � maxPid) );

return LP;�
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