TULIP Summary for CBG (Visualization Tool)

Motivation

This tool is developed to assist in comparing results of the Apollonius, Multilateration and Trilateration methods for Geolocation of target IP hosts that
respond to pings from known landmarks (see http://www.slac.stanford.edu/comp/net/wan-mon/tulip/). Initially a dual map approach has been used to
pinpoint errors and calculate distances between the estimated results and actual locations. We are also considering a more conventional single map
approach as an alternate too. This visualization will help researchers analyze the strengths and weaknesses of both algorithms and will aid in figuring out
suitable conditions for each case.

Approach

We have used Google Maps Api for plotting the results. The meaurement results are
exported by a script into a csv file. The csv file has specific format (listed below).
When the page is loaded a javascript function is called to parse csv file into js
variables. These variables are then used to show different information all over the
page. HTML file has a combo box. This combobox is populated on the fly with ip
addresses from the csv file. When a user selects an ip address, google map is
refreshed to show Actual Location, Trilateration and Multilateration estimates with
their landmarks used to pinpoint the region.

Three different color markers are used to identify each set of variable.
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http://en.wikipedia.org/wiki/Problem_of_Apollonius
http://en.wikipedia.org/wiki/Multilateration
http://en.wikipedia.org/wiki/Trilateration
https://confluence.slac.stanford.edu/display/IEPM/TULIP
http://hpc.seecs.edu.pk/~faisal/temp/tulip-summary-cbg/

Implementation

TriVsMul.JavaScript

var gmap;

var markersArray = [];
var markersArrayTri = [];
var markersArrayMul = [];

function initialize() {

}

/1 Contains All

mar ker s

function getFile(pURL, pFunc) {

if (w ndow XM_LHt t pRequest) { // code for

xm htt p=new XM_Ht t pRequest () ;

eval (' xm http. onreadyst at echange="' +pFunc+' ;") ;
| eave true for GCecko

xm http. open(" GET",
xm http.send(null);

PURL,

true); //

} else if (wi ndow ActiveXObject) { //1E
xm htt p=new Acti veXObj ect (' M crosoft. XMLHTTP' ) ;

if (xmhttp) {

eval (' xm http. onreadyst at echange=
xm http. open(' GET',

xm http.send();

functi on makeTabl e() {

pURL, false);

if (xmhttp.readyState==4) {
if (xmhttp.status==200) {

var
var
var
var
var

out="";
tp;
val ;
ips;

var ip; ;

var tri_land_latl ;

var act_lat ;
var tri_land_rttl ;

Mozilla, Safari,

var
var

etc

+pFunc+';");

t npArr=xm http.responseText.split('\n");

act _long ; var
tri_land_lat2 ;

tri_est_lat ; var
var tri_land_rtt2 ;

tri_est_long ;

var tri_land_| at3;



var tri_land_rtt3;

var mul _land_rtt2;
mul _| and_| at 4;

var mul _land_rtt4;

var tri_error;
var

var mul _error;

mul _land_lat3 ;

var mul _est_long ;
var mul _land_rtt3 ;

for (var idx=0;idx<tnpArr.|ength;idx++) {
tnp=tmpArr[idx].split(',");

ip =tnp[0];

act _lat =

tnp[1];

var

var mul _land_| at 1;

var
mul _land_l at4 ;

mul _land_rtt1;

var

var
mul _land_rtt4;

mul _land_lat2 ;

var

out +=

act_long = tnp[2];

tri_est_lat = tnp[3]

tri_est_long = tnp[4];

tri_land_latl = tnp[5];
tri_land_longl = tnp[6];
tri_land_rttl = tnp[7];

tri_land_lat2 = tnp[8];
tri_land_long2 = tnp[9];
tri_land_rtt2 = tnp[10];

tri_land_lat3 = tnp[11];
tri_land_long3 = tnp[12];
tri_land_rtt3 = tnp[13];

tri_error = tnp[14];

mul _est_lat =

tnp[15];

mul _est _long = tnp[16];

mul _land_latl = tnp[17];
mul _l and_l ongl = tnp[18];
mul _land_rttl = tnp[19];

mul _land_lat2 = tnp[20];
mul _l and_l ong2 = tnp[21];
mul _land_rtt2 = tnp[22];

mul _land_l at3 = tnp[23];
mul _l and_l ong3 = tnp[24];
mul _land_rtt3 = tnp[25];

mul _land_l at4 = tnp[26];
mul _l and_l ong4 = tnp[27];
mul _land_rtt4 = tnp[28];

mul _land_lat5 = tnp[29];
mul _l and_l ong5 = tnp[30];
mul _land_rtt5 = tnp[31];

mul _error = tnp[32];

"<tabl e><tr>"+

lpr v
"act _lat: "+
"act _long: "

"tri_est_lat:
"tri_est_long:
"tri_land_lat1:
"tri_land_l ongl:
"tri_land_rtt1:
"tri_land_l at2:
"tri_land_| ong2:
"tri_land_rtt2:

ip+t "<br>" +
act _lat + "<br>" +
+ act_long + "<br>" +
"+ tri_est_lat + "<br>" +
"+ tri_est_long + "<br>" +
"+ tri_land_latl + "<br>" +
"+ tri_land_longl + "<br>" +
"+ tri_land_rttl + "<br>" +
"+ tri_land_lat2 + "<br>" +
"+ tri_land_long2 + "<br>" +
"+ tri_land_rtt2 + "<br>"

+

"tri_land_lat3: "+
"tri_land_long3: "+
"tri_land_rtt3:

tri_error: "+

tri_land_lat3 + "<br>" +
tri_land_long3 + "<br>" +
"+ tri_land_rtt3 + "<br>" +

tri_error + "<br>" +



"mul _est _lat: "+ nul _est_lat + "<br>" +
"mul _est_long: "+ mul_est_long + "<br>" +

"mul _land_latl: "+ nmul_land_latl + "<br>" +
"mul _land_l ongl: "+ nmul_land_|longl + "<br>" +
"mul _land_rttl: "+ nmul _land_rttl + "<br>" +

"mul _land_lat2: "+ mul_land_ lat2 + "<br>" +
"mul _land_l ong2: "+ mul_land_long2 + "<br>" +
"mul _land_rtt2: "+ nul _land_rtt2 + "<br>" +

+

"mul _I and_I| at 3: mul _land_lat3 + "<br>" +
"mul _land_l ong3: "+ nmul_land_long3 + "<br>" +
"mul _land_rtt3: mul _land_rtt3 + "<br>" +

+

"mul _land_lat4: "+ mul _land_lat4 + "<br>" +
"mul _Iand_l ong4: "+ mul_land_long4 + "<br>" +
"mul _land_rtt4: "+ nul_land_rtt4 + "<br>" +

"mul _land_lat5: "+ nmul_land_lat5 + "<br>" +
"mul _land_l ong5: "+ mul_land_long5 + "<br>" +
"mul _land_rtt5: "+ mul _land_rtt5 + "<br>" +

"mul _error: "+ mul_error

+' <br><br></tr>";

ips +="<OPTION value= " + act_lat + "," + act_long + "," + tri_est_lat +
"," + tri_est_long + "," + tri_land_latl + "," +tri_land_longl + "," + tri_land_lat2 + "," + tri_land_long2 +
"," 4+ tri_land_lat3 + "," + tri_land_long3 + "," + mul _est_lat + "," + nul_est_long + "," + mul _land_latl + ", "

+ mul _land_longl + "," + mul _land_lat2 + "," + mul_land_long2 + "," + mul _land_lat3 + "," + nul _I and_| ong3 +

+ mul _land_long4 + "," + mul _land_lat5 + ",

+ mul _land_lat4 + ", + nmul _land_long5 + ">"+ ip + "</option>";

}
out += '</table>";
docunent . get El enment Byl d(' Exanpl e' ). i nner HTM_.=out ;

docunent . get El enent Byl d(' Node' ). i nner HTM.=i ps;

function createMarker (point,htmn)

{
var marker = new GVarker (point);
GEvent . addLi st ener (narker, "click", function() {
mar ker . openl nf oW ndowHt m (html );});
return narker;
}

function showvarkers() {

del et eOverl ays(mar ker sArray);
del et eOverl ays(markersArrayTri);
del et eOver | ays(mar kersArrayMil ) ;

var nyLatlng = new googl e. maps. Lat Lng( - 25. 363882, 131. 044922) ;
var nyOptions = {

zoom 5,

center: nylLatlng,

mapTypel d: googl e. naps. MapTypel d. ROADVAP
}



var map = new googl e. maps. Map(docunent . get El enent Byl d("map"), nyOptions);

var act_| at = parseFl oat (docunent. get El ement Byl d(" Node").val ue.split(",")[0]);
var act_l ong = parseFl oat (docunent . get El ement Byl d(" Node").value.split(",")[1]);
var tri_est_lat = parseFl oat (docurment. get El ement Byl d(" Node").value.split(",")]
var tri_est_long = parseFl oat (docunent. get El ement Byl d( " Node").val ue.split(",")

);
1)
var tri_land_latl = parseFl oat (docunent. get El enent Byl d(" Node").val ue.split(",")[4]);
var tri_land_longl = parseFl oat (docunent. get El enent Byl d(" Node") . val ue.split(",")[5]);
var tri_land_l at2 = parseFl oat (docunent. get El enent Byl d(" Node").val ue.split(",")[6]);
var tri_land_long2 = parseFl oat (docunent. get El enent Byl d(" Node").val ue.split(",")[7]);
var tri_land_|l at3 = parseFl oat (docunent. get El enent Byl d(" Node").val ue.split(",")[8]);
var tri_land_l ong3 = parseFl oat (docunent. get El enent Byl d(" Node").val ue.split(",")[9]);

var mul _est_|at = parseFl oat (docunent. get El enent Byl d(" Node") . val ue.split(",")[10]);
var mul _est_long = parseFl oat (docunent. get El enent Byl d( " Node") . val ue.split(",")[11]);

var mul _l and_l at1 = parseFl oat (docunent . get El ement Byl d(" Node").value.split(",")[12]);
var mul _l and_l ongl = parseFl oat (docunent. get El enent Byl d( " Node").val ue.split(",")[13]);
var mul _l and_I| at2 = parseFl oat (docunent . get El ement Byl d(" Node"). val ue.split(",")[14]);
var mul _l and_l ong2 = par seFl oat (docunent . get El enent Byl d( " Node").val ue.split(",")[15]);
var mul _| and_| at 3 = parseFl oat (docunent . get El enent Byl d( " Node") . val ue.split(",")[16]);
var mul _l and_l ong3 = par seFl oat (docunent . get El enent Byl d( " Node").value.split(",")[17]);
var mul _l and_| at4 = parseFl oat (docunent . get El ement Byl d(" Node"). value.split(",")[18]);
var mul _| and_l ong4 = parseFl oat (docunent . get El enent Byl d(" Node") . val ue.split(",")[19]);
var mul _l and_| at5 = parseFl oat (docunent . get El ement Byl d(" Node"). val ue.split(",")[20]);
var mul _| and_l ong5 = par seFl oat (docunent . get El enent Byl d(" Node").val ue.split(",")[21]);

/1 var zoomaus = parsel nt (docunent. get El enent Byl d( " Node").val ue.split(",")[8]);

var nylLatlngA = new googl e. maps. Lat Lng(act _| at, act _| ong);
var nylLatlngT = new googl e. maps. LatLng(tri _est_lat,tri_est_long);
var nylLatl ngM = new googl e. naps. Lat Lng(nul _est _| at, nul _est _| ong);

var nylLatlngTL1 = new googl e. maps. LatLng(tri_land_lat1,tri_land_l ongl);
var nylLatlngTL2 = new googl e. maps. LatLng(tri _land_lat2,tri_land_|l ong2);
var nylLatl ngTL3 = new googl e. maps. LatLng(tri _land_lat3,tri_l and_I ong3);

var nylLatlngM.1 = new googl e. maps. Lat Lng(nul _I and_| at 1, mul _I and_l ong1l);
var nylLatl ngM.2 = new googl e. maps. Lat Lng(nul _l and_I at 2, mul _I and_Il ong2) ;
var nylLatl ngM.3 = new googl e. maps. Lat Lng(nul _l and_I at 3, mul _| and_I| ong3) ;
var nylLatlngM.4 = new googl e. maps. Lat Lng(nul _I and_| at 4, mul _| and_| ong4) ;
var nylLatl ngM.5 = new googl e. maps. Lat Lng(nul _l and_I at 5, mul _I and_Il ong5) ;

var infow ndowA = set| nf oW ndow set PopupText ("Actual Location",act_|at,act_|ong), myLatlngA);
var infow ndowl = set|nfoW ndow set PopupText (" Trilateration Estimate",tri_est_lat,tri_est_|long), nyLatlngT);
var i nfow ndowM = set | nf oW ndow set PopupText ("Multilateration Esti mate", mul _est_l at, mul _est_| ong), nyLatl ngM;

var infow ndowlL1 = set|nfoW ndow set PopupText ("Trilateration Landmark 1",tri_land_latl,tri_land_|l ongl),
nyLat | ngTL1);
var infow ndowTL2 = set|nf oW ndow set PopupText ("Trilateration Landmark 2",tri_land_lat2,tri_|and_| ong2),
nyLat | ngTL2) ;
var infow ndowlL3 = set|nf oW ndow set PopupText (" Trilateration Landmark 3", tri_land_lat3,tri_land_|l ong3),
nylLat | ngTL3);

var infow ndowM.1 = set|nfoW ndow set PopupText ("Miltilateration Landmark 1", nul _| and_| at1, nul _l and_| ongl),
nyLat | ngM_1) ;
var infow ndowM.2 = set|nf oW ndow set PopupText("Miltilateration Landmark 2", nul _l and_| at 2, nul _I and_| ong2),
nylLat | ngM.2) ;
var infow ndowM.3 = set | nf oW ndow set PopupText ("Muiltilateration Landmark 3", mul _l and_| at 3, nul _I and_| ong3),
nmyLat | ngM.3) ;
var infow ndowM4 = set|nfoW ndow set PopupText ("Miltilateration Landmark 4", nul _| and_| at 4, nul _| and_| ong4),
nyLat | ngM.4) ;
var infow ndowM.5 = set|nf oW ndow set PopupText("Muiltilateration Landmark 5", nul _l and_| at5, nul _I and_| ong5),
nyLat | ngM.5) ;

var table = "<table align='center'><th>Actual Latitude</th><th>Actual Longitude</th><th>Tri Latitude</th>



<th>Tri Longi tude</th><th>Mul Latitude</th><th>Mul Longitude</th><tr><td>"+ act_lat + "</td><td>"+
act _long + "</td><td>"+ tri_est_lat + "</td> <td>"+ tri_est_long + "</td><td>"+ nul _est_lat + "</td>
<td>"+ mul _est_long + "</td></tr></tabl e>";

docunent . get El enent Byl d(' test').inner HTM.=t abl e;

var Trilnmage = new googl e. maps. Marker |l mage('tri.png',
new googl e. maps. Si ze(50, 50),
new googl e. maps. Poi nt (0, 0),
new googl e. maps. Poi nt (50, 50)

var Mul I mage = new googl e. maps. Mar ker | nage(' mul . png',
new googl e. maps. Si ze( 50, 50),
new googl e. maps. Poi nt (0, 0),
new googl e. maps. Poi nt (50, 50)

var Actlmage = new googl e. naps. Mar ker | nage(' actual . png',
new googl e. maps. Si ze( 50, 50),
new googl e. maps. Poi nt (0, 0),
new googl e. maps. Poi nt (50, 50)

var TrilLandl mage = new googl e. maps. Marker | mage('trilL.png',
new googl e. maps. Si ze(50, 50),
new googl e. maps. Poi nt (0, 0),
new googl e. maps. Poi nt (50, 50)

var Mil Landl mage = new googl e. maps. Mar ker | mage(' nul L. png',
new googl e. maps. Si ze( 50, 50),
new googl e. maps. Poi nt (0, 0),
new googl e. maps. Poi nt (50, 50)

var par ki ngShadow = new googl e. maps. Mar ker | mage(' par ki ng_shadow. png' ,
new googl e. maps. Si ze( 70, 50),
new googl e. maps. Poi nt (0, 0),
new googl e. maps. Poi nt (60, 50)

)

var markerTL1 = createMarker(nmyLatl ngTL1, Tri Landl nmage, par ki ngShadow, i nf owi ndowTL1, map) ;
var marker TL2 = createMarker (nmyLatl ngTL2, Tri Landl nage, par ki ngShadow, i nf owi ndowTL2, map) ;
var marker TL3 = creat eMarker (nmyLat| ngTL3, Tri Landl nage, par ki ngShadow, i nf owi ndowTL3, nmap) ;

var marker ML1 = creat eMarker (nyLat| ngM.1, Mul Landl nage, par ki ngShadow, i
var marker M.2 = createMarker(myLat| ngM.2, Mul Landl nage, par ki ngShadow, i
var marker M.3 = createMarker (nmyLat| ngM.3, Mul Landl nage, par ki ngShadow, i
var marker M.4 = creat eMar ker (nyLat| ngM_4, Mul Landl nage, par ki ngShadow, i
var marker M5 = createMarker (nmyLat| ngM.5, Mul Landl nage, par ki ngShadow, i

nf owi ndowM_1, map) ;
nf owi ndowM.2, map) ;
nf owi ndowML3, map) ;
nf owi ndowM_4, map) ;
nf owi ndowM.5, map) ;

var markerT = createMarker(nyLatlngT, Tri | mage, par ki ngShadow, i nf owi ndowT, map) ;
var marker M = creat eMar ker (myLat | ngM Mul | mage, par ki ngShadow, i nf owi ndowM nap) ;
var marker A = creat eMarker (nyLat| ngA, Act | mage, par ki ngShadow, i nf owi ndowA, map) ;

/1 Pushing into Marker Array

mar ker sArray. push(mar ker TL1) ;
mar ker sArray. push( mar ker TL2) ;
mar ker sArray. push(mar ker TL3) ;
mar ker sArray. push( mar ker M_1) ;
mar ker sArray. push( mar ker M_2) ;
mar ker sArray. push( mar ker ML3) ;
mar ker sArray. push( mar ker M_4) ;
mar ker sArray. push( mar ker ML5) ;



mar ker sArray. push(nmarkerT);
mar ker sArray. push(narkerM ;
mar ker sArray. push(mar ker A) ;

/1 Pushing into Tri Marker Array

mar ker sArrayTri . push(mar ker TL1) ;
mar ker sArrayTri . push(mar ker TL2) ;
mar ker sArrayTri . push(mar ker TL3) ;
mar ker sArrayTri . push(markerT);

/1 Pushing into Mul Marker Array

mar ker sArrayMil . push( mar ker M_1) ;
mar ker sArrayMil . push( mar ker M_2) ;
mar ker sArrayMil . push( mar ker M_.3) ;
mar ker sArrayMil . push( mar ker M_4) ;
mar ker sArrayMil . push( mar ker ML5) ;
mar ker sArrayMil . push(mar kerM ;

map. set Cent er (nyLat | ngA) ;

gnmep=nap;

I
function createMarker (nyLatl ng, i mage, shadow, i nfow ndow, map) {

var marker = new googl e. maps. Mar ker ({
position: nyLatlng,
nep: nmep,
i con: inmage,
shadow. shadow

1)

googl e. naps. event . addLi st ener (marker, 'click', function() {
i nf owi ndow. open( map, mar ker) ;

1)

return narker;

}
function setlnfoWndowcontentString, nyLatlng) {

var infow ndow = new googl e. maps. | nf oW ndow( {
content: contentString,
posi tion: myLatl ng
IOF

return i nfow ndow;

}
function set PopupText(title,lat,lng) {

var contentString = '<h3> + title + '</h3><ul ><li>Latitude : ' + lat + "'</li>+
'<li>Longitude : ' + |ng+
"</ i></ul >

return contentString;

/1 Renmpves the overlays fromthe nmap, but keeps themin the array
function clearQOverlays(narkersArray) {
if (markersArray) {
for (i in markersArray) {
markersArray[i].setMap(null);
}
}

}



/1 Shows any overlays currently in the array
function showOverl ays(markersArray) {
if (markersArray) {
for (i in markersArray) {
mar kersArray[i]. set Map(gnap) ;
}
}
}

/] Deletes all markers in the array by renmoving references to them
function del et eOverl ays(markersArray) {
if (markersArray) {
for (i in markersArray) {
markersArray[i].setMap(null);
}
markersArray.length = 0;
}
}
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