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#include "node.h" 
 
using namespace parallel; 
 
#define NODES  6000 
#define ITS 50 
#define RADIUS  .5 
 
void main(int argc, char **argv) { 
 
        MPI_Init(&argc, &argv); 
 
        int rank, size; 
        MPI_Comm_size(MPI_COMM_WORLD,&size); 
        MPI_Comm_rank(MPI_COMM_WORLD, &rank); 
 
 int cells=10, mps = 10, err; 
 Framework f1(cells, mps, size, rank); 
 
 for (int i = 0; i < NODES; i++)  
  f1.AddNode(new Node(i+NODES*rank, 
random()%(cells*mps),random()%(cells*mps), frand())); 
 
        for (int i = 0; i < ITS; i++) { 
  f1.Iterate(); 
  cout.flush(); 
 } 
 
 cout.flush(); 
 MPI_Finalize(); 
}�
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#include <set> 
#include <mpi.h> 
 
namespace parallel { 
 
//#define lfloat double 
#define lfloat unsigned int 
#define byte unsigned char 
#define MAXHOPCOUNT 100 
#define MAXNODES 10000 
#define COMMRADIUS 1 
//#define DEBUG 
#define frand() (float) random()/RAND_MAX 
//#define frand() random() 
 
#define MPINODETYPE 12 
#define MPIPACKETTYPE 13 
#define MPICELLTYPE 14 
#define MPINODECOUNTTYPE 15 
#define MPILBTYPE 16 
 
enum PACKETTYPE 
{PING=1*sizeof(int),ACK=1*sizeof(int),JOIN=1*sizeof(int),DATAS=64*sizeo
f(int),DATAM=512*sizeof(int),DATAL=65536*sizeof(int)}; 
 
enum BORDERTYPE {NONE=0, LEFT, RIGHT}; 
 
struct pos { 
 lfloat x,y; 
}; 
 
struct packwrapstruct { 
 int source, dest, starttime, type, seqno, hopcount, currtime, 
rowid, over, up, dir, alive; 
}; 
 
struct nodewrapstruct { 
 int myid, pacrec, seqno, posx, posy, txprob, rowid; 
 int history[MAXNODES]; 
}; 
 
class Packet; 
 
class PacketWrapper { 
public: 
 PacketWrapper(int source, int dest, int starttime, int type, int 
seqno, int hopcount, int currtime, bool alive, int rowid, int over, int 
up, int dir); 
 PacketWrapper(Packet* p, int rowid, int over, int up, int dir); 
 PacketWrapper(packwrapstruct* pws); 
 packwrapstruct* GetPWS(); 
 void Print(); 
private: 



 void Initialize(int source, int dest, int starttime, int type, 
int seqno, int hopcount, int currtime, bool alive, int rowid, int over, 
int up, int dir); 
 packwrapstruct pws; 
}; 
 
class Packet { 
public: 
 Packet(); 
 Packet(int source, int dest, int starttime, int type, int seqno); 
 Packet(int source, int dest, int starttime, int type, int seqno, 
int hopcount, int currtime, bool alive); 
 Packet(packwrapstruct* pw); 
 ~Packet(); 
 
 Packet* Clone(); 
  
 void SetHopCount(int hopcount); 
 int GetHopCount(); 
  
 void SetAlive(bool alive); 
 bool GetAlive(); 
  
 void SetCurrTime(int time); 
 int GetCurrTime(); 
  
 int GetStartTime(); 
 int GetSource(); 
 int GetDest(); 
 int GetType(); 
 int GetSeqNo(); 
 int* GetMessage(); 
  
 void Print(); 
private: 
 void Initialize(int source, int dest, int starttime, int type, 
int seqno);  
 int source, dest, hopcount, seqno, starttime, currtime, alive; 
 int* message; 
}; 
 
 
class Node; 
 
class NodeWrapper { 
public: 
        NodeWrapper(Node* n, int rowid); 
        NodeWrapper(nodewrapstruct* nws); 
        nodewrapstruct* GetNWS(); 
        void Print(); 
private: 
        void Initialize(int myid, int pacrec, int seqno, int posx, int 
posy, int txprob, int* history, int rowid); 
        nodewrapstruct nws; 
}; 
 
class Node { 



public: 
 Node(int myid); 
 Node(int myid, lfloat x, lfloat y, float txprob); 
 Node(nodewrapstruct* nws); 
 ~Node(); 
  
 void SetPos(lfloat x, lfloat y); 
 pos GetPos(); 
  
 int GetID(); 
 float GetTxProb(); 
 int GetPacketsReceived(); 
 int* GetHistory(); 
 int GetSeqNo(); 
  
 Packet* TxPacket(int dest, PACKETTYPE type); 
 Packet* RxPacket(Packet* p); 
 
 bool MoveRandom(int cellsize); 
 void WrapPos(int cellsize); 
  
 void Print(); 
private: 
 void Initialize(int myid, lfloat x, lfloat y, float ltxprob); 
 pos p; 
 int myid, pacrec, seqno; 
 float txprob; 
 int* history; 
}; 
 
class Cell { 
public: 
 Cell(int size); 
 ~Cell(); 
 void AddNode(Node* ptr); 
 void AddPacket(Packet* ptr); 
 Packet* GetPacket(); 
 void TxPackets(int dest, PACKETTYPE type); 
 void RxPacket(Packet* p); 
 void RxAll(); 
 int GetCount(); 
 int GetSize(); 
  
 void Print(int i, int j); 
 void Print(); 
 void SetBorder(byte value); 
 byte GetBorder(); 
 
 void MoveNodes(int row, set<NodeWrapper*>* 
nleft,set<NodeWrapper*>* nright); 
 void GetData(int row, set<PacketWrapper*>* pw,set<NodeWrapper*>* 
nw); 
  
 Cell* top, *bottom, *left, *right; 
 set<Packet*> outgoing; 
 set<Packet*> incoming; 
private: 



 void PrintList(); 
 int size; 
 set<Node*> nodelist; 
 byte isborder; 
}; 
 
class Framework { 
public: 
 Framework(int dimension, int meterspercell, int size, int rank); 
 ~Framework(); 
        void AddNode(Node* ptr); 
 void TxPackets(int dest, PACKETTYPE type); 
 void RxPackets(); 
 void MoveNodesInternal(); 
 void MoveNodesExternal(); 
 void Iterate(); 
 Cell* GetCell(lfloat x, lfloat y); 
 Cell* GetGeoCell(int x, int y); 
 Cell* GetCell(float x, float y); 
 int GetDimension(); 
 void LoadBalance(); 
 int GetTimeStep(); 
 bool DoesCrossFrames(Cell* c, int row); 
 void Print(); 
private: 
 void RemoveCol(set<PacketWrapper*>* pw, set<NodeWrapper*>* nw, 
Cell* ptr); 
 void InsertCol(set<PacketWrapper*>* pw, set<NodeWrapper*>* nw, 
Cell* ptr); 
 int dimension, scale, nodecount, whichframe, nprocs, err; 
 void PropagateInternal(Cell* c); 
 void PropagateInternal(); 
 void PropagateExternal(); 
 void PropagateInternal(Packet* p, int startrow, int horiz, int 
dir); 
 void MPISendPW(set<PacketWrapper*>* myset, int dest); 
 void MPIGetPW(set<PacketWrapper*>* myset, int source); 
 void MPISendNW(set<NodeWrapper*>* myset, int dest); 
 void MPIGetNW(set<NodeWrapper*>* myset, int source); 
 void GarbageCollect(); 
 Cell** cells; 
 Cell* head; 
 set<PacketWrapper*> pleft; 
 set<PacketWrapper*> pright; 
 set<NodeWrapper*> nleft; 
 set<NodeWrapper*> nright; 
 double timeit, timetotal; 
 MPI_Status status; 
}; 
 
 
} 



Simulator Code: 
 
#include "node.h" 
#include <stdlib.h> 
#include <iostream.h> 
#include <math.h> 
 
//#define DEBUG 1 
 
#define COND (0) 
 
namespace parallel { 
int zork2; 
set<Packet*> dellist; 
 
#define roundf(x) ((x>=.5) ? 1 : 0) 
 
/*********************Packet Class********************/ 
 
Packet::Packet() { 
 Initialize(0, 0, 0, 0, 1); 
} 
 
Packet::Packet(int source, int dest, int starttime, int type, int 
seqno) { 
 Initialize(source, dest, starttime, type, seqno); 
} 
 
Packet::Packet(int source, int dest, int starttime, int type, int 
seqno, int hopcount, int currtime, bool alive) { 
 Initialize(source, dest, starttime, type, seqno); 
 SetHopCount(hopcount); 
 SetCurrTime(currtime); 
 SetAlive(alive); 
} 
 
Packet::Packet(packwrapstruct* pw) { 
 Initialize(pw->source, pw->dest, pw->starttime, pw->type, pw-
>seqno); 
 SetHopCount(pw->hopcount); 
 SetCurrTime(pw->currtime); 
 SetAlive(pw->alive); 
} 
 
Packet::~Packet() { 
 if (message != NULL) delete message; 
} 
 
void Packet::Initialize(int source, int dest, int starttime, int type, 
int seqno) { 
        this->source = source; 
        this->dest = dest; 
        this->hopcount = 0; 
 this->starttime=zork2; 
 this->seqno = seqno; 
 this->alive=true; 
 this->currtime = zork2; 



 if (type == 0)  
  message = NULL; 
 else { 
         message = new int[type]; 
  if (!message) { 
   cout << "nullpointer returned from memory reference" 
<< endl; 
   exit(1); 
  } 
         message[0] = type; 
 } 
} 
 
void Packet::SetHopCount(int hopcount) { 
 this->hopcount = hopcount; 
} 
 
int Packet::GetSource() { 
 return source; 
} 
 
int Packet::GetDest() { 
 return dest; 
} 
 
int Packet::GetHopCount() { 
 return hopcount; 
} 
 
int Packet::GetStartTime() { 
 return starttime; 
} 
 
int Packet::GetType() { 
 return (message==NULL) ? 0 : message[0]; 
} 
 
int Packet::GetSeqNo() { 
 return seqno; 
} 
 
int* Packet::GetMessage() { 
 return message; 
} 
 
void Packet::SetAlive(bool alive) { 
 this->alive = alive; 
} 
 
bool Packet::GetAlive() { 
 return alive;  
} 
 
void Packet::SetCurrTime(int time) { 
 currtime =time; 
} 
 



int Packet::GetCurrTime() { 
 return currtime; 
} 
 
Packet* Packet::Clone() { 
 Packet* p = new Packet(source,dest,starttime,message[0],seqno); 
 p->SetCurrTime(currtime); 
 p->SetAlive(alive); 
 p->SetHopCount(hopcount); 
 return p; 
} 
 
void Packet::Print() { 
 cout  << "Packet: seqno " << seqno << ", hopcount " << hopcount 
<< ", timestep " << zork2 << ", dest " << dest << ", source "  
  << source; 
 if (message != NULL) cout << ", type " << message[0] << endl; 
 else cout << ", type is NULL" << endl; 
} 
 
 
/*********************PacketWrapper Class********************/ 
 
 
PacketWrapper::PacketWrapper(   int source, int dest, int starttime, 
int type, int seqno, 
                                int hopcount, int currtime, bool alive, 
int rowid, int over, int up, int dir) { 
 Initialize(source, dest, starttime, type, seqno, hopcount, 
currtime, alive, rowid, over, up, dir); 
} 
 
PacketWrapper::PacketWrapper(Packet* p, int rowid, int over, int up, 
int dir) { 
 Initialize( p->GetSource(), p->GetDest(), p->GetStartTime(), *(p-
>GetMessage()), p->GetSeqNo(), p->GetHopCount(), 
   p->GetCurrTime(), p->GetAlive(), rowid, over, up, 
dir); 
} 
 
PacketWrapper::PacketWrapper(packwrapstruct* pws) { 
 memcpy(&(this->pws), pws, sizeof(packwrapstruct)); 
} 
 
void PacketWrapper::Initialize(int source, int dest, int starttime, int 
type, int seqno, 
                                int hopcount, int currtime, bool alive, 
int rowid, int over, int up, int dir) { 
        pws.source = source; 
        pws.dest=dest; 
        pws.starttime=starttime; 
        pws.type = type; 
        pws.seqno = seqno; 
        pws.hopcount = hopcount; 
        pws.currtime = currtime; 
        pws.alive = alive; 
        pws.rowid = rowid; 



        pws.over = over; 
        pws.up = up; 
        pws.dir = dir; 
} 
 
 
 
packwrapstruct* PacketWrapper::GetPWS() { 
 return &pws; 
} 
 
void PacketWrapper::Print() { 
        cout << pws.source << " " << pws.dest << " " << pws.starttime 
<< " " << pws.type << " " << pws.seqno << " " << pws.hopcount << " " << 
pws.currtime << " " << pws.alive << " " << pws.rowid << " " << pws.over 
<< " " << pws.up << " " << pws.dir << endl; 
} 
 
 
/*********************NodeWrapper Class********************/ 
 
NodeWrapper::NodeWrapper(Node* n, int rowid) { 
 Initialize( n->GetID(), n->GetPacketsReceived(), n->GetSeqNo(), 
(int) n->GetPos().x, (int) n->GetPos().y,  
   (int) (n->GetTxProb()*RAND_MAX), n->GetHistory(), 
rowid); 
} 
 
NodeWrapper::NodeWrapper(nodewrapstruct* nws) { 
 Initialize(nws->myid, nws->pacrec, nws->seqno, nws->posx, nws-
>posy, nws->txprob, nws->history, nws->rowid); 
} 
 
nodewrapstruct* NodeWrapper::GetNWS() { 
 return &nws; 
} 
 
void NodeWrapper::Print() { 
 cout  << nws.myid << " " <<nws.pacrec << " " << nws.seqno << " " 
<< nws.posx << " " << nws.posy << " "  
  << (float) nws.txprob/RAND_MAX << " " << nws.rowid << endl; 
} 
 
void NodeWrapper::Initialize(int myid, int pacrec, int seqno, int posx, 
int posy, int txprob, int* history, int rowid) { 
 nws.myid = myid; 
 nws.pacrec=pacrec; 
 nws.seqno = seqno; 
 nws.posx = posx; 
 nws.posy = posy; 
 nws.txprob = txprob; 
 memcpy(nws.history, history, MAXNODES*sizeof(int)); 
 nws.rowid = rowid; 
} 
 
 
/*********************Node Class********************/ 



 
Node::Node(int myid) { 
 Initialize(myid, 0, 0, frand()); 
} 
 
Node::Node(int myid, lfloat x, lfloat y, float txprob) { 
 Initialize(myid, x, y, txprob); 
} 
 
Node::Node(nodewrapstruct* nws) { 
 Initialize(nws->myid, (lfloat) nws->posx, (lfloat) nws->posy, 
(float) nws->txprob/RAND_MAX); 
 memcpy(history, nws->history, MAXNODES*sizeof(int)); 
 pacrec=nws->pacrec; 
 seqno=nws->seqno; 
} 
 
Node::~Node() { 
 delete history; 
} 
 
int Node::GetID() { 
 return myid; 
} 
 
pos Node::GetPos() { 
 pos pnew; 
 pnew.x = p.x; 
 pnew.y = p.y; 
 return pnew; 
} 
 
float Node::GetTxProb() { 
 return txprob; 
} 
 
void Node::Initialize(int myid, lfloat x, lfloat y, float txprob) { 
 this->myid = myid; 
 this->txprob = txprob; 
 SetPos(x,y); 
 seqno = 1; 
 this->pacrec = 0; 
 history = new int[MAXNODES]; 
               if (!history) { 
                        cout << "nullpointer returned from memory 
reference" << endl; 
                        exit(1); 
                } 
 
} 
 
int Node::GetPacketsReceived() { 
 return pacrec; 
} 
 
void Node::SetPos(lfloat x, lfloat y) { 
 p.x = x; 



 p.y = y; 
} 
 
Packet* Node::TxPacket(int dest, PACKETTYPE type) { 
 if (frand() > txprob) { 
  Packet* pack = new Packet(myid, (dest==myid) ? 0 : dest, 0, 
type, seqno); 
                if (!pack) { 
                        cout << "nullpointer returned from memory 
reference" << endl; 
                        exit(1); 
                } 
 
#ifdef DEBUG 
  cout << "node " << myid << " sent packet " << seqno << " to 
" << (dest==myid) ? 0 : dest << endl; 
#endif 
  seqno++; 
  return pack; 
 } 
 return NULL; 
} 
 
Packet* Node::RxPacket(Packet* pack) { 
 if (history[pack->GetSource()]>=pack->GetSeqNo()) { 
 if (pack->GetCurrTime() != zork2) { 
  pack->SetCurrTime(zork2); 
  pack->SetAlive(false); 
  dellist.insert(pack); 
 } 
  return NULL; 
 } 
 else history[pack->GetSource()]=(history[pack->GetSource()] > 
pack->GetSeqNo()) ?  
  history[pack->GetSource()] : pack->GetSeqNo(); 
/* if (pack->GetSource()==myid) { 
 if (pack->GetCurrTime() != zork2) { 
  pack->SetCurrTime(zork2); 
  pack->SetAlive(false); 
  dellist.insert(pack); 
 } 
                return NULL; 
        } 
*/ if (pack->GetDest()!=myid&&(zork2-pack-
>GetStartTime())<MAXHOPCOUNT) { 
  pack->SetHopCount(pack->GetHopCount()+1); 
#ifdef DEBUG 
  cout  << "node " << myid << " received packet (" << pack-
>GetSeqNo() << ") from "  
   <<  pack->GetSource() << " to " << pack->GetDest() << 
endl; 
#endif 
  pack->SetCurrTime(zork2); 
  pack->SetAlive(true); 
  return pack; 
 } 
  { 



  pacrec++; 
#ifdef DEBUG 
  cout <<"node "<<myid<<" RECEIVED packet ("<<pack-
>GetSeqNo()<<") from " 
   <<pack->GetSource()<<" to "<<pack->GetDest() << endl; 
#endif 
 
 if (pack->GetCurrTime() != zork2) { 
  pack->SetCurrTime(zork2); 
  pack->SetAlive(false); 
  dellist.insert(pack); 
 } 
 
  return NULL; 
 } 
} 
 
int* Node::GetHistory() { 
 return history; 
} 
 
int Node::GetSeqNo() { 
 return seqno; 
} 
 
void Node::Print() { 
 cout  << "Node: myid " << myid << ", txprob " << txprob << ", pos 
(" << p.x << "," << p.y  
  << "), seqno " << seqno << ", pacrec " << pacrec << endl; 
} 
 
bool Node::MoveRandom(int cellsize)  { 
 SetPos(p.x+1,p.y+1); 
 if (p.x>=cellsize||p.y>=cellsize||p.x<0||p.y<0) return true; 
 return false; 
} 
 
void Node::WrapPos(int cellsize) { 
 if (p.x>=cellsize) p.x = p.x%cellsize; 
 else if (p.x<0) p.x+= cellsize; 
 
 if (p.y>=cellsize) p.y = p.y%cellsize; 
 else if (p.y<0) p.y+= cellsize; 
} 
 
/*********************Cell Class********************/ 
Cell::Cell(int size) { 
 this->size = size; 
} 
 
Cell::~Cell() { 
        if (GetCount() <=0) return; 
        set<Node*>::iterator nit; 
        for(nit = nodelist.begin();nit != nodelist.end();nit++) 
         delete *nit; 
 
        set<Packet*>::iterator pit; 



        for(pit = outgoing.begin();pit != outgoing.end();pit++) 
                delete *pit; 
 
        for(pit = incoming.begin();pit != incoming.end();pit++) 
                delete *pit; 
  
 nodelist.clear(); 
 outgoing.clear(); 
} 
 
void Cell::AddNode(Node* ptr) { 
 ptr->WrapPos(size); 
 nodelist.insert(ptr); 
} 
 
void Cell::AddPacket(Packet* ptr) { 
 if (GetCount() <=0) return; 
        set<Node*>::iterator pit; 
        for(pit = nodelist.begin();pit != nodelist.end();pit++) 
                (*pit)->RxPacket(ptr); 
} 
 
Packet* Cell::GetPacket() { 
 if (outgoing.size()==0) return NULL; 
        Packet* p; 
 set<Packet*>::iterator pit; 
 pit=outgoing.begin(); 
 p = *pit; 
 outgoing.erase(pit); 
 return p; 
} 
 
int Cell::GetCount() { 
 return (!nodelist.empty()) ? nodelist.size() : 0; 
} 
void Cell::MoveNodes(int row, set<NodeWrapper*>* 
nleft,set<NodeWrapper*>* nright) { 
        if (nodelist.empty()) return; 
        set<Node*>::iterator nit; 
        for(nit = nodelist.begin();nit != nodelist.end();nit++) { 
                if ((*nit)->MoveRandom(size)) { 
   if (this->GetBorder()) { 
    int temp = 0; 
    if ((*nit)->GetPos().y>=size) temp++; 
                                else if ((*nit)->GetPos().y<0) temp--; 
 
    (*nit)->WrapPos(size); 
    if (this->GetBorder()==RIGHT) nright-
>insert(new NodeWrapper(*nit, row+temp)); 
    else if (this->GetBorder()==LEFT) nleft-
>insert(new NodeWrapper(*nit, row+temp)); 
    nodelist.erase(nit); 
   } 
   else { 
    Cell* c = this; 
    if ((*nit)->GetPos().x>=size) c=c->right; 
    else if ((*nit)->GetPos().x<0) c=c->left; 



                                if ((*nit)->GetPos().y>=size) c=c-
>bottom; 
                                else if ((*nit)->GetPos().y<0) c=c-
>top; 
    (*nit)->WrapPos(size); 
    c->AddNode(*nit); 
    nodelist.erase(nit); 
   } 
  } 
 } 
 
} 
 
void Cell::Print(int i, int j) { 
 cout << "Cell (" << i << "," << j << "): count " << GetCount() << 
" " << (int) GetBorder() << endl; 
 PrintList(); 
} 
 
void Cell::Print() { 
        cout << "Cell: count " << GetCount() << " " << (int) 
GetBorder() << endl; 
 PrintList(); 
} 
 
void Cell::PrintList() { 
        if (nodelist.empty()) return; 
        set<Node*>::iterator pit; 
        for(pit = nodelist.begin();pit != nodelist.end();pit++) { 
                (*pit)->Print(); 
 } 
} 
 
void Cell::TxPackets(int dest, PACKETTYPE type) { 
 if (GetCount() <=0) return; 
 Packet* p; 
        set<Node*>::iterator pit; 
        for(pit = nodelist.begin();pit != nodelist.end();pit++) { 
  p=(*pit)->TxPacket(dest,type); 
  if (p) outgoing.insert(p); 
 } 
  
} 
void Cell::RxPacket(Packet* p) { 
 incoming.insert(p); 
} 
 
void Cell::RxAll() { 
        if (GetCount() <=0||incoming.empty()) return; 
        Packet* pnew; 
        set<Node*>::iterator nit; 
 set<Packet*>::iterator pit; 
        for(nit = nodelist.begin();nit != nodelist.end();nit++) { 
  for (pit = incoming.begin();pit!=incoming.end();pit++) { 
   pnew=(*nit)->RxPacket(*pit); 
                 if (pnew) outgoing.insert(pnew); 
  } 



        } 
 incoming.clear(); 
} 
 
void Cell::SetBorder(byte value) { 
 isborder=value; 
} 
 
byte Cell::GetBorder() { 
 return isborder; 
} 
 
int Cell::GetSize() { 
 return size; 
} 
 
void Cell::GetData(int row, set<PacketWrapper*>* pw,set<NodeWrapper*>* 
nw) { 
 set<Node*>::iterator nit; 
        for(nit = nodelist.begin();nit != nodelist.end();nit++) { 
         nw->insert(new NodeWrapper(*nit, row)); 
  delete *nit; 
 } 
 
 nodelist.clear(); 
         
        set<Packet*>::iterator pit; 
        for(pit = outgoing.begin();pit != outgoing.end();pit++) { 
         pw->insert(new PacketWrapper(*pit, row,0,0,0)); 
  //delete *pit; 
 } 
 outgoing.clear(); 
} 
 
 
 
/*********************Framework Class********************/ 
 
Framework::Framework(int xcellsperproc, int meterspercell, int size, 
int rank) { 
  
 cells = new Cell*[dimension=(xcellsperproc)*(xcellsperproc)]; 
         if (!cells) { 
                        cout << "nullpointer returned from memory 
reference" << endl; 
                        exit(1); 
                } 
 
 zork2=nodecount=0; 
 timeit=timetotal=0; 
 whichframe=rank; 
 nprocs=size; 
 for(int i = 0; i < dimension; i++) {  
  cells[i] = new Cell(meterspercell); 
  cells[i]->SetBorder(NONE); 
                if (!cells[i]) { 



                        cout << "nullpointer returned from memory 
reference" << endl; 
                        exit(1); 
                } 
 } 
 for(int i = 0; i < dimension; i++) { 
  if (i % (xcellsperproc)==0) { 
   cells[i]->left = cells[i+(xcellsperproc-1)]; 
   if (nprocs>1) cells[i]->SetBorder(LEFT); 
  } 
  else cells[i]->left = cells[i-1]; 
  if (i % (xcellsperproc)==xcellsperproc-1) { 
   cells[i]->right = cells[i-(xcellsperproc-1)]; 
   if (nprocs>1) cells[i]->SetBorder(RIGHT); 
  } 
  else cells[i]->right = cells[i+1]; 
  if (i < xcellsperproc) { 
   cells[i]->top = cells[dimension-(xcellsperproc)+i]; 
  } 
  else cells[i]->top = cells[i-xcellsperproc]; 
  if (i >= dimension-(xcellsperproc)) { 
   cells[i]->bottom = cells[i-(dimension-
(xcellsperproc))]; 
  } 
  else cells[i]->bottom = cells[i+xcellsperproc]; 
 } 
 head = GetCell((lfloat) 0, (lfloat) 0); 
 dimension=xcellsperproc; 
 scale=meterspercell; 
} 
 
Framework::~Framework() { 
 //if (cells!=NULL) delete cells;  
} 
 
void Framework::AddNode(Node* ptr) { 
        Cell* c = GetGeoCell((ptr->GetPos()).x, (ptr->GetPos()).y); 
 if (c) c->AddNode(ptr); 
 nodecount++; 
} 
 
Cell* Framework::GetCell(lfloat x, lfloat y) { 
// cout << x << " " << y << endl; 
 if (x < (lfloat) dimension && y < (lfloat) dimension) return 
cells[x+y*dimension]; 
#ifdef DEBUG 
 cout << "Getcell found invalid index" << endl; 
#endif 
 return NULL; 
} 
 
Cell* Framework::GetGeoCell(int x, int y) { 
 if (x < dimension*scale && y < dimension*scale) return 
GetCell((float)x/(dimension*scale),(float)y/(dimension*scale)); 
 return NULL; 
} 
 



Cell* Framework::GetCell(float x, float y) { 
 return GetCell((unsigned int)floor((float) x*(dimension-1)+.5), 
(int unsigned)floor((float) y*(dimension-1)+.5)); 
} 
 
void Framework::TxPackets(int dest, PACKETTYPE type) { 
        lfloat i=0; 
        bool row = true, col=true; 
        for(Cell* crow=head;crow!=head||row;crow=crow-
>bottom,i++,row=false,col=true)  
                for (Cell* ccol = crow; ccol!=crow||col; ccol=ccol-
>right,col=false)  
                        if (ccol) ccol->TxPackets(dest,type); 
} 
 
void Framework::RxPackets() { 
        lfloat i=0; 
        bool row = true, col=true; 
        for(Cell* crow=head;crow!=head||row;crow=crow-
>bottom,i++,row=false,col=true) { 
                for (Cell* ccol = crow; ccol!=crow||col; ccol=ccol-
>right,col=false) { 
                        if (ccol) ccol->RxAll(); 
                } 
        } 
} 
 
void Framework::MoveNodesInternal() { 
        int i=0; 
        bool row = true, col=true; 
        for(Cell* crow=head;crow!=head||row;crow=crow-
>bottom,i++,row=false,col=true)  
                for (Cell* ccol = crow; ccol!=crow||col; ccol=ccol-
>right,col=false)  
                        if (ccol) ccol->MoveNodes(i,&nleft,&nright); 
} 
 
//yeah...i know... 
void Framework::MoveNodesExternal() { 
        set<NodeWrapper*> nlefttemp; 
       set<NodeWrapper*> nrighttemp; 
        set<NodeWrapper*>::iterator sit; 
         
 if (whichframe%2==0) { 
                MPISendNW(&nleft, (!whichframe) ? nprocs-1 : 
whichframe-1); 
                MPISendNW(&nright, (whichframe+1)%nprocs); 
 
                for(sit=nleft.begin();sit != nleft.end(); sit++) delete 
*sit; 
                for(sit=nright.begin();sit != nright.end(); sit++) 
delete *sit; 
 
                MPIGetNW(&nrighttemp, (whichframe+1)%nprocs); 
                MPIGetNW(&nlefttemp, (!whichframe) ? nprocs-1 : 
whichframe-1); 
 



                for(sit=nlefttemp.begin();sit != nlefttemp.end(); 
sit++) { 
                        Cell* c = head; 
                        for (int i = 0; i < (*sit)->GetNWS()->rowid; 
i++) c=c->bottom; 
                        c->AddNode(new Node((*sit)->GetNWS())); 
                        delete *sit; 
                } 
 
                for(sit=nrighttemp.begin();sit != nrighttemp.end(); 
sit++) { 
                        Cell* c = head->left; 
                        for (int i = 0; i < (*sit)->GetNWS()->rowid; 
i++) c=c->bottom; 
                        c->AddNode(new Node((*sit)->GetNWS())); 
                        delete *sit; 
                } 
        } 
        else { 
                MPIGetNW(&nrighttemp, (whichframe+1)%nprocs); 
                MPIGetNW(&nlefttemp, (!whichframe) ? nprocs-1 : 
whichframe-1); 
 
                for(sit=nlefttemp.begin();sit != nlefttemp.end(); 
sit++) { 
                        Cell* c = head; 
                        for (int i = 0; i < (*sit)->GetNWS()->rowid; 
i++) c=c->bottom; 
                        c->AddNode(new Node((*sit)->GetNWS())); 
                        delete *sit; 
                } 
 
                for(sit=nrighttemp.begin();sit != nrighttemp.end(); 
sit++) { 
                        Cell* c = head->left; 
                        for (int i = 0; i < (*sit)->GetNWS()->rowid; 
i++) c=c->bottom; 
                        c->AddNode(new Node((*sit)->GetNWS())); 
                        delete *sit; 
  } 
  MPISendNW(&nleft, (!whichframe) ? nprocs-1 : whichframe-1); 
                MPISendNW(&nright, (whichframe+1)%nprocs); 
 
                for(sit=nleft.begin();sit != nleft.end(); sit++) delete 
*sit; 
                for(sit=nright.begin();sit != nright.end(); sit++) 
delete *sit; 
 } 
 
 nodecount-=nleft.size()+nright.size(); 
 nodecount+=nlefttemp.size() + nrighttemp.size(); 
 
        nleft.clear(); 
        nright.clear(); 
} 
 
bool Framework::DoesCrossFrames(Cell* c, int row) { 



 Cell* templeft = c, *tempright=c; 
  
 set<Packet*>::iterator pit; 
 for (int i = 0; i < COMMRADIUS; i++,tempright=tempright-
>right,templeft=templeft->left) { 
  if (tempright->GetBorder()|| templeft->GetBorder()) { 
   if (tempright->GetBorder()==RIGHT) { 
   for (pit=c->outgoing.begin();pit != c-
>outgoing.end(); pit++)  
    pright.insert(new PacketWrapper(*pit, row, 
COMMRADIUS-i-1,COMMRADIUS,tempright->GetBorder())); 
   break; 
   } 
   else if (templeft->GetBorder()== LEFT) { 
   for (pit=c->outgoing.begin();pit != c-
>outgoing.end(); pit++)  
    pleft.insert(new PacketWrapper(*pit, row, 
COMMRADIUS-i-1,COMMRADIUS,templeft->GetBorder())); 
   break; 
   } 
  } 
  else return false; 
 } 
 
/* set<PacketWrapper*>::iterator nit; 
 cout << "pleft nodes" << endl; 
 for (nit=pleft.begin();nit != pleft.end(); nit++) 
  (*nit)->Print(); 
 
 cout << "pright nodes" << endl; 
 for (nit=pright.begin();nit != pright.end(); nit++) 
  (*nit)->Print(); 
*/ 
 return true; 
} 
 
void Framework::PropagateInternal(Cell* c) { 
 Cell* temp = c, *temp2 = c; 
 int i = 0, j = 0;  
 
 for (i=0; i < COMMRADIUS; i++)  
  temp = temp->top; 
 
 
 for (i=0; i < COMMRADIUS&&temp->GetBorder()!=LEFT; i++) { 
  temp=temp->left; 
 } 
 
 int horiz = i+1; 
 
 for (i=0; i < COMMRADIUS&&temp2->GetBorder()!=RIGHT; i++) { 
  temp2=temp2->right; 
 } 
 
 horiz += i; 
 
        set<Packet*>::iterator pit; 



 i=0; 
 for (Cell* trow = temp; i < 2*COMMRADIUS+1; i++,trow=trow-
>bottom) { 
  j=0; 
  for (Cell* tcol = trow; j < horiz; j++,tcol=tcol->right) { 
   if (tcol->GetCount() > 0) 
          for (pit=c->outgoing.begin();pit != c-
>outgoing.end(); pit++) { 
    tcol->RxPacket(*pit); 
   } 
  } 
 } 
} 
 
void Framework::PropagateInternal(Packet* p, int startrow, int horiz, 
int dir) { 
 Cell* temp = head; 
 int i = 0, j=0; 
 for (i = 0; i < startrow; i++) 
  temp = temp->bottom; 
 
 for (i=0; i < COMMRADIUS; i++) 
                temp = temp->top; 
 
 if (dir==LEFT) temp=temp->left; 
 
 i=0; 
        for (Cell* trow = temp; i < 2*COMMRADIUS+1; i++,trow=trow-
>bottom) { 
                j=0; 
                for (Cell* tcol = trow; j < horiz+1; j++,(dir==RIGHT) ? 
tcol=tcol->right : tcol=tcol->left) 
                        if (tcol->GetCount() > 0) tcol->RxPacket(p); 
        } 
} 
 
void Framework::PropagateExternal() { 
/*      set<PacketWrapper*>::iterator nit; 
        cout << "pleft nodes" << endl; 
        for (nit=pleft.begin();nit != pleft.end(); nit++) 
                (*nit)->Print(); 
 
        cout << "right nodes" << endl; 
        for (nit=pright.begin();nit != pright.end(); nit++) 
                (*nit)->Print(); 
*/ 
  
 set<PacketWrapper*> temp; 
 if (whichframe%2==0) { 
  MPISendPW(&pleft, (!whichframe) ? nprocs-1 : whichframe-1); 
  MPISendPW(&pright, (whichframe+1)%nprocs); 
         MPIGetPW(&temp, (whichframe+1)%nprocs); 
  MPIGetPW(&temp, (!whichframe) ? nprocs-1 : whichframe-1); 
 } 
 else { 
         MPIGetPW(&temp, (whichframe+1)%nprocs); 
  MPIGetPW(&temp, (!whichframe) ? nprocs-1 : whichframe-1); 



  MPISendPW(&pleft, (!whichframe) ? nprocs-1 : whichframe-1); 
  MPISendPW(&pright, (whichframe+1)%nprocs); 
 } 
  
// cout << whichframe << ": packets: " << pleft.size() << " " << 
pright.size() << endl; 
 
 pleft.clear(); 
 pright.clear(); 
 
 set<PacketWrapper*>::iterator sit; 
        for(sit=temp.begin();sit != temp.end(); sit++) { 
  PropagateInternal( new Packet((*sit)->GetPWS()), 
(*sit)->GetPWS()->rowid,  
     (*sit)->GetPWS()->over, (*sit)->GetPWS()-
>dir); 
  delete *sit; 
 } 
 
} 
 
void Framework::PropagateInternal() { 
        lfloat i=0; 
        bool row = true, col=true; 
        for(Cell* crow=head;crow!=head||row;crow=crow-
>bottom,i++,row=false,col=true) { 
                for (Cell* ccol = crow; ccol!=crow||col; ccol=ccol-
>right,col=false) { 
                        if (ccol) { 
                                if (!ccol->outgoing.empty()) { 
                                        if (nprocs>1) 
DoesCrossFrames(ccol,i); 
     PropagateInternal(ccol); 
                                        ccol->outgoing.clear(); 
                                } 
                        } 
                } 
        } 
} 
    
void Framework::GarbageCollect() { 
 set<Packet*>::iterator pit; 
// cout << "size is " << dellist.size() << " " << endl; 
 for (pit = dellist.begin(); pit != dellist.end(); pit++) { 
  if (!(*pit)->GetAlive()) { 
   delete *pit; 
   dellist.erase(pit); 
  } 
 } 
}   
  
 
void Framework::Iterate() { 
 timeit = -MPI_Wtime(); 
 if (nodecount>0) TxPackets(random() % nodecount,PING); 
 PropagateInternal(); 
 if (nprocs>1) PropagateExternal(); 



 RxPackets(); 
 if (nodecount>0) MoveNodesInternal(); 
 if (nprocs>1)MoveNodesExternal(); 
 if (nprocs>1) LoadBalance(); 
 GarbageCollect(); 
 timeit +=MPI_Wtime(); 
 timetotal += timeit; 
 cout << whichframe << "," << zork2 << "," << nodecount<< "," << 
timeit << "," << timetotal << "," << dimension << endl; 
  
 zork2++; 
} 
 
void Framework::MPISendPW(set<PacketWrapper*>* myset, int dest) { 
 set<PacketWrapper*>::iterator sit; 
 packwrapstruct* array = new packwrapstruct[myset->size()]; 
 int sindex=0; 
        for(sit=myset->begin();sit != myset->end(); sit++,sindex++) 
                memcpy(&(array[sindex]), (*sit)->GetPWS(), 
sizeof(packwrapstruct)); 
 sindex*=sizeof(packwrapstruct)/sizeof(int); 
// cout << "proc " << whichframe << " sending packet (" << sindex << 
") to " << dest << endl; 
// cout.flush(); 
 MPI_Send(&sindex, 1, MPI_INT, dest, MPIPACKETTYPE, 
MPI_COMM_WORLD); 
// cout << "proc " << whichframe << " done sending packet (" << 
sindex << ") to " << dest << endl; 
// cout.flush(); 
 MPI_Send(array, sindex, MPI_INT, dest, MPIPACKETTYPE, 
MPI_COMM_WORLD);  
 delete array; 
} 
 
void Framework::MPIGetPW(set<PacketWrapper*>* myset, int source) { 
 int rindex = 0; 
 MPI_Status status; 
// cout << "proc " << whichframe << " rxing packet (" << rindex << 
") from " << source << endl; 
// cout.flush(); 
 MPI_Recv(&rindex, 1, MPI_INT, source, MPIPACKETTYPE, 
MPI_COMM_WORLD, &status); 
// cout << "proc " << whichframe << " done rxing packet (" << rindex 
<< ") from " << source << endl; 
// cout.flush(); 
 packwrapstruct* array = new 
packwrapstruct[rindex/(sizeof(packwrapstruct)/sizeof(int))]; 
 MPI_Recv(array, rindex, MPI_INT, source, MPIPACKETTYPE, 
MPI_COMM_WORLD, &status); 
 for (int i = 0; i < rindex/(sizeof(packwrapstruct)/sizeof(int)); 
i++) 
  myset->insert(new PacketWrapper(&array[i])); 
 delete array; 
} 
 
void Framework::MPISendNW(set<NodeWrapper*>* myset, int dest) { 
        set<NodeWrapper*>::iterator sit; 



        nodewrapstruct* array = new nodewrapstruct[myset->size()]; 
 //cout << "myset size is " << myset->size() << endl; 
 //cout.flush(); 
        int sindex=0; 
        for(sit=myset->begin();sit != myset->end(); sit++,sindex++) { 
                memcpy(&(array[sindex]), (*sit)->GetNWS(), 
sizeof(nodewrapstruct)); 
 } 
 
        sindex*=sizeof(nodewrapstruct)/sizeof(int); 
// cout << "proc " << whichframe << " sending npacket (" << sindex 
<< ") to " << dest << endl; 
// cout.flush(); 
        MPI_Send(&sindex, 1, MPI_INT, dest, MPINODETYPE, 
MPI_COMM_WORLD); 
 if(COND) cout << "proc " << whichframe << " middle sending 
npacket (" << sindex << ") to " << dest << endl; 
 if(COND) cout.flush(); 
        MPI_Send(array, sindex, MPI_INT, dest, MPINODETYPE, 
MPI_COMM_WORLD); 
 if(COND) cout << "proc " << whichframe << " done sending npacket 
(" << sindex << ") to " << dest << endl; 
       if(COND) cout.flush(); 
 delete array; 
} 
 
void Framework::MPIGetNW(set<NodeWrapper*>* myset, int source) { 
        int rindex = 0; 
// cout << "proc " << whichframe << " rxing npacket (" << rindex << 
") from " << source << endl; 
// cout.flush(); 
        MPI_Status status; 
        MPI_Recv(&rindex, 1, MPI_INT, source, MPINODETYPE, 
MPI_COMM_WORLD, &status); 
 if (COND) cout << "proc " << whichframe << " middle1 rxing 
npacket (" << rindex << ") from " << source << endl; 
 if (COND) cout.flush(); 
        nodewrapstruct* array = new 
nodewrapstruct[rindex/(sizeof(nodewrapstruct)/sizeof(int))]; 
 if (COND) cout << "proc " << whichframe << " middle2 rxing 
npacket (" << rindex << ") from " << source << endl; 
 if (COND) cout.flush(); 
        MPI_Recv(array, rindex, MPI_INT, source, MPINODETYPE, 
MPI_COMM_WORLD, &status); 
 if (COND) cout << "proc " << whichframe << " done rxing npacket 
(" << rindex << ") from " << source << endl; 
 if (COND) cout.flush(); 
        for (int i = 0; i < 
rindex/(sizeof(nodewrapstruct)/sizeof(int)); i++) 
                myset->insert(new NodeWrapper(&array[i])); 
        delete array; 
} 
 
int Framework::GetDimension() { 
 return dimension; 
} 
 



void Framework::Print() { 
 lfloat i=0,j=0; 
 bool row = true, col=true; 
 cout << "Framework: dimension " << dimension << endl; 
 for(Cell* crow=head;crow!=head||row;crow=crow-
>bottom,i++,row=false,col=true,j=0) { 
  for (Cell* ccol = crow; ccol!=crow||col; ccol=ccol-
>right,j++,col=false) { 
   if (ccol) ccol->Print(i,j); 
   else cout << "ccol (" << i << "," << j << ") is nil" 
<< endl; 
  } 
 } 
} 
 
int Framework::GetTimeStep() { 
 return zork2; 
} 
 
void Framework::RemoveCol(set<PacketWrapper*>* pw, set<NodeWrapper*>* 
nw, Cell* ptr) { 
 if (ptr->left==ptr) return; 
 dimension--; 
 lfloat i=0; 
        bool row = true; 
        for(Cell* crow=ptr;crow!=ptr||row;i++,row=false) { 
  if (head==crow) head=crow->right; 
  if (crow->GetBorder()==LEFT) crow->right->SetBorder(LEFT); 
  else if (crow->GetBorder()==RIGHT) crow->left-
>SetBorder(RIGHT); 
  crow->GetData(i, pw, nw); 
  crow->left->right = crow->right; 
  crow->right->left = crow->left; 
  Cell* temp = crow->bottom; 
  delete crow; 
  crow=temp; 
        } 
 nodecount-=nw->size(); 
} 
 
void Framework::InsertCol(set<PacketWrapper*>* pw, set<NodeWrapper*>* 
nw, Cell* ptr) { 
        dimension++; 
        lfloat i=0,j=0; 
        bool row = true; 
        for(Cell* crow=ptr;crow!=ptr||row;crow=crow->bottom,row=false) 
{ 
                Cell* newcell = new Cell(crow->GetSize()); 
                if (crow->GetBorder()==LEFT) { 
   if (head==crow) head=newcell; 
                        newcell->left=crow->left; 
                        newcell->right=crow; 
                        crow->left = newcell; 
                        newcell->left->right=newcell; 
                } 
                else { 
                        newcell->left=crow; 



                        newcell->right=crow->right; 
                        crow->right = newcell; 
                        newcell->right->left=newcell; 
  } 
                newcell->SetBorder(crow->GetBorder()); 
                crow->SetBorder(NONE); 
  newcell->bottom = NULL; 
  newcell->top = NULL; 
        } 
        row = true; 
 i=0; 
 Cell* temp = (ptr->left->bottom==NULL) ? ptr->left : ptr->right; 
        for(Cell* crow=temp;crow!=temp||row;i++,row=false,crow=crow-
>bottom) { 
  crow->bottom = crow->right->bottom->left; 
  crow->top = crow->right->top->left; 
 } 
 
 nodecount+=nw->size(); 
 
        set<NodeWrapper*>::iterator nit; 
        for(nit = nw->begin();nit != nw->end();nit++) { 
  Cell* temp2 = temp; 
  for (int i = 0; i < (*nit)->GetNWS()->rowid; i++)  
   temp2=temp2->bottom; 
  temp2->AddNode(new Node((*nit)->GetNWS())); 
  delete *nit; 
 } 
    
 set<PacketWrapper*>::iterator pit; 
        for(pit = pw->begin();pit != pw->end();pit++) { 
                Cell* temp2 = temp; 
                for (int i = 0; i < (*pit)->GetPWS()->rowid; i++) 
                        temp2=temp2->bottom; 
                temp2->outgoing.insert(new Packet((*pit)->GetPWS())); 
                delete *pit; 
        } 
 
 pw->clear(); 
 nw->clear(); 
} 
 
void Framework::LoadBalance() { 
 int nodesleft, nodesright, leftproc=(!whichframe) ? nprocs-1 : 
whichframe-1, rightproc=(whichframe+1)%nprocs; 
 int lbleftin=0,lbrightin=0,lbleftout=0,lbrightout=0; 
 MPI_Status status; 
 MPI_Send(&nodecount, 1, MPI_INT, leftproc, MPINODECOUNTTYPE, 
MPI_COMM_WORLD); 
        MPI_Recv(&nodesright, 1, MPI_INT, rightproc, MPINODECOUNTTYPE, 
MPI_COMM_WORLD, &status); 
 
        MPI_Send(&nodecount, 1, MPI_INT, rightproc, MPINODECOUNTTYPE, 
MPI_COMM_WORLD); 
        MPI_Recv(&nodesleft, 1, MPI_INT, leftproc, MPINODECOUNTTYPE, 
MPI_COMM_WORLD, &status); 
  



 if (nodesleft*1.20<nodecount&&dimension>=2) lbleftout=1; 
 else if (nodesright*1.20<nodecount&&dimension>=2) lbrightout=1; 
 
        MPI_Send(&lbleftout, 1, MPI_INT, leftproc, MPILBTYPE, 
MPI_COMM_WORLD); 
        MPI_Recv(&lbrightin, 1, MPI_INT, rightproc, MPILBTYPE, 
MPI_COMM_WORLD, &status); 
 
        MPI_Send(&lbrightout, 1, MPI_INT, rightproc, MPILBTYPE, 
MPI_COMM_WORLD); 
        MPI_Recv(&lbleftin, 1, MPI_INT, leftproc, MPILBTYPE, 
MPI_COMM_WORLD, &status); 
 
 if (lbleftout) { 
  set<PacketWrapper*> pw; 
  set<NodeWrapper*> nw; 
  RemoveCol(&pw, &nw, head); 
  MPISendNW(&nw, leftproc); 
  MPISendPW(&pw, leftproc);   
 } 
 else if (lbleftin) { 
  set<PacketWrapper*> pw; 
  set<NodeWrapper*> nw; 
  MPIGetNW(&nw, leftproc); 
  MPIGetPW(&pw, leftproc); 
  InsertCol(&pw, &nw, head); 
 } 
   
        if (lbrightout) { 
                set<PacketWrapper*> pw; 
                set<NodeWrapper*> nw; 
                RemoveCol(&pw, &nw, head->left); 
                MPISendNW(&nw, rightproc); 
                MPISendPW(&pw, rightproc); 
        } 
        else if (lbrightin) { 
                set<PacketWrapper*> pw; 
                set<NodeWrapper*> nw; 
                MPIGetNW(&nw, rightproc); 
                MPIGetPW(&pw, rightproc); 
                InsertCol(&pw, &nw, head->left); 
        } 
  
 
} 
 
/*********************Packet Class********************/ 
 
} 
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