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Appendix A:

Creating NS2 “Traffic Trace” Files

A.1. The procedure

In chapter two, we described an accurate heuristic for partitioning the Harvard traces into incoming and outgoing flows. Here we give the implementation details of the method used. For each trace set we had two files, one that contains TCP data packets and the other file contains the SEN/FEN TCP packets [18]. The procedure works as follows. First, we wrote a program to synchronize and merge the two files into one file that consists of a row for each packet. Each row takes the following format:

<Time> <Source IP> <Destination IP> <Packet Size>

Second, we wrote another program to create a bipartite graph where each vertex represents an IP and an edge between two vertices represents a packet traveling between the IP’s represented by these vertices. However, as described in chapter two, this results in more than one bipartite graph. This program, produces two output files, the “graph.txt” that is a representation of all produced bipartite components. The second file was “results.txt” that contains a four fields line for each bipartite component. These filed are the number of packets and the number of bytes transferred in both directions between the two bipartite components.

In the third step, we use the “results.txt” file with the CPLEX solver to solve the integer linear program described in chapter two. The results of the CPLEX solver are the values of the decision variable “x” we introduced in chapter two; saved in another files we called “xValues.txt”.

Next, we feed the results of CPLEX, the “graph.txt” and the merged traffic file to another program “partition.cpp” that did the actual portioning and produces two files, one for incoming traffic and the other for the outgoing traffic. Each line of these files corresponds to a packet being transmitted either to or out Harvard. Hence, these files do not contain any IP addresses but only two fields: time and size.

Finally, as required by NS2, we converted these two text files into binary files where each record consists of two fixed size fields.

A.2. Program sources

merge.cpp

/* Nasser Alzeidi

 * FUNCTION: merge the TCP data and SYN/FIN packets.

 * INPUT: TCP data paket file and SYN/FIN packets file

 * OUTPUT: One file contains the merged traffic.

 */

#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include <iomanip.h>

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


double tcp_time, sf_time;


int tcp_srcIP, tcp_distIP, tcp_srcPort, tcp_distPort, tcp_size;


int sf_srcIP, sf_distIP, sf_srcPort, sf_distPort;


char sf_flags[10];


char ch;


long int sf_sn1, sf_sn2, sf_sn3;


int count = 0;

  // Inform the correct usage and then exit if incorrect

  if(argc != 4) {


 cerr << "Usage:  mearge.exe <tcpFile> <sfFile> <outputFile>";


 return 1;

  }


ifstream tcpFile(argv[1], ios::in);


ifstream sfFile(argv[2], ios::in);


if (!tcpFile || !sfFile) {



cerr << "Could not open the input file(s) \n";



exit(1);


}


ofstream tcp_sfFile(argv[3], ios::out);


if (!tcp_sfFile) {



cerr << "Could not open the putput file \n";



exit(1);


}


// execlude the first tcp entry

tcpFile >> tcp_time >> tcp_srcIP >> tcp_distIP >> tcp_srcPort >> tcp_distPort >> tcp_size;

tcpFile >> tcp_time >> tcp_srcIP >> tcp_distIP >> tcp_srcPort >> tcp_distPort >> tcp_size;

sfFile >> sf_time >> sf_srcIP >> sf_distIP >> sf_srcPort >> sf_distPort >> sf_flags >> sf_sn1 >> ch >> sf_sn2 >> sf_sn3;


cout << " Mearging the TCP and SF traffic ... ";


while (!tcpFile.eof() && !sfFile.eof()) {



count++;



if (tcp_time < sf_time) {

tcp_sfFile <<setprecision(12) << tcp_time << " " << tcp_srcIP << " " << tcp_distIP << " " << tcp_size << "\n";

tcpFile  >> tcp_time >> tcp_srcIP >> tcp_distIP >> tcp_srcPort >> tcp_distPort >> tcp_size;



}



else {

tcp_sfFile <<setprecision(12)<< sf_time << " " << sf_srcIP << " " << sf_distIP << " " << 0 << "\n";

sfFile >> sf_time >> sf_srcIP >> sf_distIP >> sf_srcPort >> sf_distPort >> sf_flags >> sf_sn1 >> ch >> sf_sn2 >> sf_sn3;



}


}


while (!tcpFile.eof()) {



count++;

tcp_sfFile <<setprecision(2)<< tcp_time << " " << tcp_srcIP << " " << tcp_distIP << " " << tcp_size << "\n";

tcpFile >> tcp_time >> tcp_srcIP >> tcp_distIP >> tcp_srcPort >> tcp_distPort >> tcp_size;


}


while (!sfFile.eof()) {



count++;

tcp_sfFile <<setprecision(12)<< sf_time << " " << sf_srcIP << " " << sf_distIP << " " << 0 << "\n";

sfFile >> sf_time >> sf_srcIP >> sf_distIP >> sf_srcPort >> sf_distPort >> sf_flags >> sf_sn1 >> ch >> sf_sn2 >> sf_sn3;


}


cout << "--- DONE ---\n";


cout << count << " Files written to the output file (tcp_sf.txt) \n";


tcpFile.close();


sfFile.close();


tcp_sfFile.close();

}
getBipartite.cpp

/*  Nasser Alzeidi


program to read the traffic file and produces bipartite graphs


INPUT: trafic file containing of the following format




 Time srcIP distIP size


OUTPUT: file "Graph" contains information about the Bipartite graphs




  to be used by the PARTITION program


LAST MODIFIED: 11/14/2000 10:40 PM

*/

#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

const int MAX_SIZE = 5000;

int packets[MAX_SIZE][MAX_SIZE]; // packets sent from each IP to another

int parent[2][MAX_SIZE]; // two sets of IPs

int pair[MAX_SIZE];      // location of the other pair       == Roots only

int set[MAX_SIZE];       // 0 or 1                           == Roots only

int name[MAX_SIZE];      // name of the set - first element in the set

int totalPackets[MAX_SIZE] ;     // packets sent by each set to its pair

int totalIPs[MAX_SIZE];

int bytes[MAX_SIZE][MAX_SIZE]; // Bytes sent from each IP to another

int totalBytes[MAX_SIZE] ; // Bytes sent by each set to its pair

int getSet(int key) {


// returns the name of the set containing i


// otherwise returns -1


int j = key;


while (parent[0][key]>0){



key = parent[0][key];


}


if (parent[0][key] == -1) { //IP not in set 0



while (parent[1][j]>0) {




j = parent[1][j];



}



if (parent[1][j] == -1) return -1;



return j;


}


return key;

}

void changeName(int oldName, int newName, int n) {


for (int i=0; i<n; i++)



if (name[i] == oldName) {




name[i] = newName;



}

}

void moveElements(int oldName, int newName, int n) {


for (int i=0; i<n; i++)



if (name[i] == oldName) {




name[i] = newName;




parent[set[newName]][i] = parent[set[oldName]][i];




parent[set[oldName]][i] = -1;



}

}

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


double time;


int srcIP, distIP, size;


int count = 0;


int x,y;


int err = 0;


int i,j;

  // Inform the correct usage and then exit if incorrect

  if(argc != 4) {


 cerr << "Usage:  get_Bipartite3.exe <tcp_sfFile> <graphFile> <resultsFile>";
 return 1;

  }


ifstream inFile(argv[1], ios::in);


if (!inFile) {



cerr << "Could not open the input file \n" << flush;



exit(1);


}


ofstream graphFile(argv[2], ios::out);


if (!graphFile) {



cerr << "Could not open the output file \n" << flush;



exit(1);


}


ofstream resultsFile(argv[3], ios::out);


if (!resultsFile) {



cerr << "Could not open the testResults file \n" << flush;



exit(1);


}


cout << "Counting the number of IPs on the trace .. " << flush;


int max = 1;


int maxIP = 1;


while (inFile >> time >> srcIP >> distIP >> size) {



max = (srcIP > distIP ? srcIP : distIP);



if (max > maxIP) maxIP = max;


}


int IPs = maxIP +1;


cout << " --- DONE ---\n" << flush;


cout << " Number of IPs on the trace are = " << maxIP << "\n" << flush;


cout << "Initilizing the sets ... " << flush;


for (i=0; i<IPs; i++) {



parent[0][i] = -1;



parent[1][i] = -1;



pair[i] = -1;



set[i] = -1;



name[i] = -1;



totalIPs[i] = 0;



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




packets[i][j] = 0;




bytes[i][j] = 0;



}



totalBytes[i] = 0;



totalPackets[i] = 0;


}


cout << " --- DONE ---\n" << flush;


cout << "Processing the input file ... " << flush;


inFile.clear();


inFile.seekg(0);


while (inFile >> time >> srcIP >> distIP >> size) {



x = getSet(srcIP);



y = getSet(distIP);



packets[srcIP][distIP]++;



bytes[srcIP][distIP] += size;



if (x==-1 && y==-1) { //Add new pair of sets




parent[0][srcIP] = 0;




parent[1][distIP] = 0;




pair[srcIP] = distIP;




pair[distIP] = srcIP;




set[srcIP] = 0;




set[distIP]= 1;




name[srcIP] = srcIP;




name[distIP]= distIP;



}



else if (x>-1 && y==-1) { //Add distIP to the sets




parent[set[pair[x]]][distIP] = pair[x];




name[distIP] = pair[x];



}



else if (y>-1 && x==-1) { //add srcIP to the sets




parent[set[pair[y]]][srcIP] = pair[y];




name[srcIP] = pair[y];



}



else {




if (x==y) { // Error: Not Bibartite graph





err++;





cout << "--- ERROR NOT BIPARTITE ---\n" << flush;





exit(1);




}




else if (pair[x]==y && pair[y]==x) // do nothing





;




else {





if (set[x] != set[y]) { // Mearge same sets






parent[set[x]][x] = pair[y];






parent[set[y]][y] = pair[x];






changeName(x, pair[y], IPs);






changeName(y, pair[x], IPs);






pair[pair[y]] = pair[x];






pair[pair[x]] = pair[y];






pair[x] = -1;






set[x] = -1;






pair[y] = -1;






set[y] = -1;





}





else { // Mearge different sets






parent[set[pair[y]]][pair[y]] = x;






parent[set[y]][y] = pair[x];






moveElements(pair[y], x, IPs);






moveElements(y,pair[x], IPs);






pair[pair[y]] = -1;






set[pair[y]] = -1;






pair[y] = -1;






set[y] = -1;





}




}



}



count++;


}


cout << " --- DONE ---\n" << flush;


cout << "Number of records processed = " << count << "\n" << flush;


for (i=0; i<IPs; i++) totalIPs[name[i]] ++;


cout << "Computing the total packets sent by each set of IPs .. " << flush;


for (i=0; i<IPs; i++)



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




totalPackets[name[i]] += packets[i][j];




totalBytes[name[i]] += bytes[i][j];



}


cout << " --- DONE ---\n" << flush;


// write the summary file


for (i=0; i<IPs; i++)



if (totalIPs[i] > 0) {

resultsFile << totalIPs[i] << " " << totalPackets[i] << " " <<totalBytes[i] << " " << totalIPs[pair[i]] << " " << totalPackets[pair[i]] << " " << totalBytes[pair[i]] << "\n";




totalIPs[pair[i]] = 0; // to avoid recounting it twice.



}


resultsFile.close();


cout << "Writting the Graph file ... " << flush;


graphFile << IPs << "\n";


for (i=1; i<IPs; i++)



graphFile << name[i] << " " << pair[i] << "\n";


cout << " --- DONE ---\n" << flush;


graphFile.close();


inFile.close();

}
Partition.cpp
/* Nasser Alzeidi

program to read the TCP traffic and divides it into incoming


and outgoing traffic

* LAST MODIFIED: 11/14/2000 10:40 PM

*/

#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include <iomanip.h>

const int MAX_SIZE = 5000;

int pair[MAX_SIZE]; // location of the other pair          == Roots only

int name[MAX_SIZE]; // name of the set - first element in the set

int file[MAX_SIZE]; // 0 for incoming, 1 for outgoing

int IPs = 0;

int inIPs  = 0;

int outIPs = 0;

void setFile(int key, int fh) {


for (int i=1; i<IPs; i++ )



if (name[i] == key) {




file[i] = fh;




if (fh==0) inIPs++;




else outIPs++;



}

}

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


int i, j;

  // Inform the correct usage and then exit if incorrect

  if(argc != 3) {


 cerr << "Usage:  Partition3.exe <graphFile> <resultsFile>" << endl;


 return 1;

  }


//---------------------------------------------------------------------------


cout << "Reading data from (graph.txt) ..." << flush;


ifstream graph(argv[1], ios::in);


if (!graph) {



cerr << "Could not open the (graph.txt) file \n" << flush;



exit(1);


}


graph >> IPs;


int sets=0;


int in_bytes = 0;


int out_bytes = 0;


for (i=1; i<IPs; i++) {



graph >> name[i] >> pair[i];



if (pair[i] > -1) sets++;



file[i] = -1;


}


int pairs = sets/2;


graph.close();


cout << " --- DONE ---" << endl;


cout << "Number of Bipartite graphs in the trace are = " << pairs << endl;;


//---------------------------------------------------------------------------


ofstream incoming("incoming.txt", ios::out);


ofstream outgoing("outgoing.txt", ios::out);


if (!incoming || !outgoing) {



cerr << "Could not open the output files \n" << flush;



exit(1);


}


ifstream resultsFile(argv[2], ios::in);


if (!resultsFile) {



cerr << "Could not open the input trace file \n" << flush;



exit(1);


}


ifstream inFile("tcp_sf.txt", ios::in);


if (!inFile) {



cerr << "Could not open the input trace file \n" << flush;



exit(1);


}


//---------------------------------------------------------------------------


// partition the sets into in-Set and out_Set


cout << "Partitioning the pairs into 2 groups ..." << flush;


float d;


for (i=1; i<IPs; i++) {



if (pair[i] != -1) {




resultsFile >> d;




if (d == 1) {





setFile(name[i], 1);





setFile(pair[i],0);




}




else {





setFile(name[i], 0);





setFile(pair[i], 1);




}



pair[pair[i]] = -1;



}


}


resultsFile.close();


cout << " --- DONE ---\n" << flush;


//---------------------------------------------------------------------------


// read the tcp_sf trafic file and partition it into incoming and outgoing


cout << "Writting the output files ..." << flush;


int srcIP, distIP, size;


double time;


int inPackets = 0;


int outPackets= 0;


while (inFile >> time >> srcIP >> distIP >> size) {



if (file[srcIP] == 0) { // add the record to outgoing file

outgoing << setprecision(12) << time << " " << srcIP << " " << distIP << " " << size << "\n";




out_bytes += size;




outPackets++;



}



else {

incoming << setprecision(12) << time << " " << srcIP << " " << distIP<< " " << size << "\n";




in_bytes += size;




inPackets++;



}


}


cout << " --- DONE ---\n" << flush;


//---------------------------------------------------------------------------


// Display the results on the stdout


cout << "------------ RESULTS -------------------------\n";

cout << "Total number of packets processed = " << (inPackets+outPackets) << "\n";


cout << "Total number of incoming packets  = " << inPackets << "\n";


cout << "Total number of outgoing packets  = " << outPackets << "\n";


cout << "Total number of traffic bytes     = " << (in_bytes+out_bytes) << "\n";


cout << "Total number of incoming bytes    = " << in_bytes << "\n";


cout << "Total number of outgoing bytes    = " << out_bytes << "\n";


cout << "Total number of IPs               = " << (inIPs+outIPs) << "\n";


cout << "Total number of incoming IPs      = " << inIPs << "\n";


cout << "Total number of outgoing IPs      = " << outIPs << "\n";


//---------------------------------------------------------------------------


inFile.close();


incoming.close();


outgoing.close();

}
toBinary.cpp
/* Nasser Alzeidi

 * program to convert from ascii format to Binary format of NS

 * input: file of multible lines, each line consists of time, size pair

 * output: ns trace file in binary format.

 * LAST MODIFIED: 03/15/2001 8:00 PM

 */

#include <iostream.h>

#include <iomanip.h>

#include <fstream.h>

#include <fcntl.h>

#include <sys/types.h>

#include <netinet/in.h>

#include <inttypes.h>

#include <stdlib.h>

typedef struct _trec {

  unsigned int trec_time;

  unsigned int trec_len;

} trec;

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


trec t;


double t1;


unsigned int time;


unsigned int size;


int count = 0;


if (argc != 3){



cerr << "Error: wrong number of parameters \n";



cerr << "Usage: toBinary.exe <input_file> <output_file> \n";



exit(1);


}


ifstream inFile(argv[1], ios::in);


if (!inFile) {



cerr << "Could not open the text input file \n";



exit(1);


}


ofstream outFile(argv[2], ios::out);


if (!outFile) {



cerr << "Could not create the binary output file \n";



exit(1);


}


cout << "Converting file: " << argv[1] << " into ns binary format ...";


// skip the first line


inFile >> t1 >> size;


// converts the rest of the file


while (!inFile.eof()) {



inFile >> t1 >> size;



time = (unsigned int)t1 * 1000000;



t.trec_time = (htonl(time));



t.trec_len = (htonl(size));



count++;



outFile.write(&t, sizeof(trec));


}


cout << " --- DONE ---\n";


cout << count << " Records writen to the output file\n";


inFile.close();


outFile.close();


return 0;

}
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