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Abstract

The executable Java software, netGen 3.0, for network visualization was developed in present study. A
network can be generated and interactively visualized from a text file by using netGen. Compared to the
previous versions, there are substantial improvements in netGen 3.0. In addition to the visualization of both
unweighted and weighted (and both undirected and directed) networks, node size / color, link width / length /
color, node name color, canvas size, etc., can be specified by the user. Moreover, network layout can be
conducted in artificial or automatic manners. Both netGen 3.0 and demonstration data files were given.
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1 Introduction

Network construction is the fundamental of network analysis. Networks, in particular biological networks,
are usually constructed from random sampling (Zhang, 2011, 2012c; Zhang et al., 2014), artificial experiments
or reported big data (Huang and Zhang, 2012; Li and Zhang, 2013; Jiang and Zhang, 2015; Jiang et al., 2015;
Qi et al., 2018; Zhang and Zhang, 2019; Xin and Zhang, 2020, 2021; Zhang, 2021b, 2016b, 2018; Yang and
Zhang, 2022), or theoretical simulation (Zhang, 2016a; Zhang and Li, 2016). Network visualization is the
visual construction of networks (Narad et al., 2017; Zhang, 2024 a-c). So far, numerious software and tools for
network visualization have been developed and used (Zhang, 2007, 2012 a-b, 2024 a-c; Li and Zhang, 2013;
Zhang and Zhang, 2019; Xin and Zhang, 2020, 2021; Yang and Zhang, 2022). For examples, | have presented
the online web tools for visualizing user-interface interactive networks in the earlier studies (Zhang, 20213;
Zhang, 2024 a-b). In the generated network, the user can mouse-press any of the nodes to drag the network,
examine network topology, evaluate node centrality, etc. They are interactive tools but, the layout of the
generated network cannot be easily controlled by the user and, they are not able to be used for weighted
networks. Also, in my earlier studies | have developed Java tools (netGen series) for interactive network
visualization (Zhang, 2007, 2012a). In the version 1.0 of the netGen (Zhang, 2012a), the data must be loaded
with ODBC database and the tool is just a Java application. In the version 2.0 of the netGen (Zhang, 2024c), |
have re-developed the executable Java software, which used text file only and the layout of generated network
was greatly improved. In present study, | developed netGen 3.0. In netGen 3.0, in addition to the visualization
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of both unweighted and weighted (and both undirected and directed) networks, node size / color, link width /
length / color, node name color, canvas size, etc., can be specified by the user. Moreover, network layout can
be conducted in artificial or automatic manners. Both netGen 3.0 and demonstration data files are given.

2 Software and Data

2.1 Software and runtime environment

The Java software, netGen version 3.0, was developed based on JDK (Java Development Kit) and J2SDK1.4.2.
Five Java classes, NetGraph, NetVertex, NetEdge, NetPanel, and GraphicsFrame (Zhang, 2007, 2012a, 2024b)
are included and loaded by the class, netGenerator. The following are Java codes of the class netGenerator:

import java.awt.*;

import java.io.*;

public class netGenerator extends Frame

{

public netGenerator()

{
byte byte0 = 15;
inti=1;
panel = new Panel();
gbl = new GridBagLayout();
gbc = new GridBagConstraints();
panel.setLayout(gbl);
gbc.fill = 1;
cbg = new CheckboxGroup();
cb1 = new Checkbox(" ", cbg, true);
cb2 = new Checkbox(*" ", chg, false);
label = new Label("Network Types: ");
cbl.setLabel("Directed Network™);
ch2.setLabel("Undirected Network™);
layout(0, O, byte0, i, label);
layout(0, 1, byte0, i, cbl);
layout(byte0, 1, byteO + byte0, i, ch2);
cbgg = new CheckboxGroup();
cb11 = new Checkbox(" ", cbgg, true);
ch22 = new Checkbox(" ", chgg, false);
label9 = new Label("Unweighted or Weighted Network: ");
ch11.setLabel("Unweighted Network™);
ch22.setlLabel("Weighted Network™");
layout(0, 2, byte0, i, label9);
layout(0, 3, byte0, i, cb11);
layout(byte0, 3, byte0 + byte0, i, cb22);
cbggg = new CheckboxGroup();
cb111 = new Checkbox(" ", cbggg, true);
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cbh222 = new Checkbox(" ", cbggg, false);
label10 = new Label("Network Layout: ");
cb111.setLabel("Artificially™);
ch222.setLabel("Automatically™);
layout(0, 4, byte0, i, label10);

layout(0, 5, byte0, i, ch111);
layout(byte0, 5, byteO + byte0, i, ch222);
labell = new Label("Node Size: ");

label2 = new Label("Link Length: ");
label3 = new Label("Link Width: ");
editl = new TextField("15");

edit2 = new TextField(*250");

edit3 = new TextField("1");

layout(0, 6, byte0, i, labell);
layout(byte0, 6, byteO + byte0, i, editl);
layout(0, 7, byte0, i, label2);
layout(byte0, 7, byteO + byte0, i, edit2);
layout(0, 8, byte0, i, label3);
layout(byte0, 8, byteO + byte0, i, edit3);
label7 = new Label("Canvas Width: ");
label8 = new Label("Canvas Height: ");
edit4 = new TextField("900");

edit5 = new TextField("680");

layout(0, 9, byte0, i, label7);
layout(byte0, 9, byteO + byte0, i, edit4);
layout(0, 10, byte0, i, label8);
layout(byte0, 10, byteO + byte0, i, edit5);
label4 = new Label("Choose node color: ");
label5 = new Label("Choose node name color: ");
label6 = new Label("Choose link color: ");
listl = new List();

listl.addItem("Blue™);
listl.addItem("Black™);
listl.addItem("Gray");
listl.addItem(""Orange");
listl.addItem("Red");
listl.addItem("Magenta");
listl.addItem("Green");
listl.addItem("Cyan");
listl.addItem(""White");

list2 = new List();

list2.addItem("Blue");
list2.addItem("Black™);
list2.addItem("Gray");
list2.addItem(""Orange");
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list2.addItem("Red");
list2.addItem("Magenta™);
list2.addItem("'Green");
list2.addItem("Cyan");
list2.addItem(""White");

list3 = new List();
list3.addItem("Blue");
list3.addItem("Black");
list3.addItem("Gray");
list3.addItem(""Orange");
list3.addItem("Red");
list3.addItem(""Magenta™);
list3.addItem("'Green");
list3.addItem("Cyan");
list3.addItem(""White");
list1.select(0);

list2.select(5);

list3.select(0);

layout(0, 11, byte0 + byte0, i, label4);
layout(0, 12, byte0 + byte0, i, list1);
layout(0, 13, byte0 + byte0, i, label5);
layout(0, 14, byte0 + byte0, i, list2);
layout(0, 15, byte0 + byte0, i, label6);
layout(0, 16, byte0 + byte0, i, list3);
buttonok = new Button("OK");
layout(0, 17, byte0 + byte0, 2 * i, buttonok);
add(panel);

resize(200, 600);

setLocation(200, 80);

pack();

show();

public void layout(int i, int j, int k, int I, Component component)
{

gbc.gridx = i;

gbc.gridy = j;

gbc.gridwidth = k;

gbc.gridheight = I;

gbl.setConstraints(component, ghc);

panel.add(component);

public boolean action(Event event, Object obj)

{
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if(event.target == buttonok)

{

if(cbg.getCurrent() == cbl)
sele =1;

else

if(cbg.getCurrent() == cb2)
sele = 0;

if(cbgg.getCurrent() == cb11)
selew = 0;

else

if(cbgg.getCurrent() == cb22)
selew =1;

if(cbggg.getCurrent() == cb111)

selel = 0;

else

if(cbggg.getCurrent() == cb222)
selel = 1;

nodeDiam = Integer.valueOf(editl.getText().trim()).intValue();
linkLen = Integer.valueOf(edit2.getText().trim()).intValue();
linkWid = Integer.valueOf(edit3.getText().trim()).intValue();
canvaswid = Integer.valueOf(edit4.getText().trim()).intValue();
canvashei = Integer.valueOf(edit5.getText().trim()).intValue();

for(inti=0;i<=8;i++)
{
if(listl.isindexSelected(i))

colorn = i;
if(list2.isIndexSelected(i))
colornn =1i;
if(list3.isIndexSelected(i))
colorl = i;
}
hide();

Frame frame = new Frame();

FileDialog filedialog = new FileDialog(frame, "Open network data file", 0);

frame.setLocation(250, 150);

filedialog.show();

String s = filedialog.getDirectory() + filedialog.getFile();

try
{

DatalnputStream datainputstream = new DatalnputStream(new FilelnputStream(s));

intj;

for(j = 0; datainputstream.readLine() != null; j++);

datainputstream.close();
argsl = new String[j + 1];
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args2 = new String[j + 1J;
ai = new int[j + 1];
w = new double[j + 1];
DatalnputStream datainputstreaml = new DatalnputStream(new FilelnputStream(s));
String s1;
for(int k = 0; (s1 = datainputstreaml.readLine()) != null; k++)
{
String as[] = s1.split(",");
argsl[k + 1] = as[0];
args2[k + 1] = as[1];
ai[k + 1] = Integer.parselnt(as[2]);
if(selew == 1)
{
w[k + 1] = Double.parseDouble(as[3]);
continue;
}
if(selew == 0)
w[k + 1] = 0.0D;

datainputstream.close();

}

catch(Exception exception) { }

(new GraphicsFrame(new NetGraph(argsl, args2, ai, w, sele, selew, selel, nodeDiam, linkWid, linkLen, colorn,
colornn, colorl, canvaswid, canvashei), "Zhang WJ. 2024. netGen 3.0: The executable Java software for network visualization.
Selforganizology, 11(1-2): 1")).resize(canvaswid, canvashei);

return true;

}else

{

return false;

public static void main(String args[])
throws I0Exception

new netGenerator();

public String argsi[];
public String args2[];
public int ai[];

public double w[];
public int sele;

public int selew;
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public int selel;

public int nodeDiam;
public int linkWid;

public int linkLen;

public int colorn;

public int colornn;

public int colorl;

public int canvaswid;
public int canvashei;
public CheckboxGroup cbg;
public CheckboxGroup cbgg;
public CheckboxGroup cbggg;
public Checkbox ch1;
public Checkbox ch11;
public Checkbox ch111;
public Checkbox ch2;
public Checkbox ch22;
public Checkbox ch222;
public Button buttonok;
public TextField editl;
public TextField edit2;
public TextField edit3;
public TextField edit4;
public TextField edit5;
public Label label;

public Label labelZ;

public Label label2;

public Label label3;

public Label label4;

public Label label5;

public Label label6;

public Label label7;
public Label label8;
public Label label9;
public Label label10;
public List listd;

public List list2;

public List list3;

public Panel panel;

public GridBagLayout gbl;
public GridBagConstraints ghc;
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The following are Java codes of the class NetPanel:

import java.applet. Applet;
import java.awt.*;
import java.awt.event.*;

import java.awt.geom.GeneralPath;

class NetPanel extends Applet

implements Runnable, MouseL istener, MouseMotionL.istener

public NetPanel(double ad[], int i, int j, int k, int I, int i1, int j1,
int k1, int 11, inti2, int j2, int k2)

sele =1i;
selew = j;
selel = k;
nodeDiam = [;
linkwid = i1;
linkLen = j1;
colorn = k1;
colornn =11;
colorl = i2;
canvaswid = j2;
canvashei = k2;
sign = 0;
bs1 = new BasicStroke(linkWid);
switch(k1)
{
case 0: //\O'
ncolor = Color.blue;

break;

case 1: //\001'
ncolor = Color.black;

break;

case 2: // \002'
ncolor = Color.gray;
break;

case 3://"\003'

ncolor = Color.orange;
break;

IAEES
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case 4: // \004'
ncolor = Color.red;

break;

case 5: // \005'
ncolor = Color.magenta;

break;

case 6: // \006'
ncolor = Color.green;

break;

case 7: //"\007'
ncolor = Color.cyan;

break;

case 8: //'\b'
ncolor = Color.white;
break;

}

switch(l1)

{

case 0: //"\0'
nncolor = Color.blue;

break;

case 1: // \001'
nncolor = Color.black;

break;

case 2: //"\002'
nncolor = Color.gray;
break;

case 3: //"\003'
nncolor = Color.orange;
break;

case 4: // \004'
nncolor = Color.red;

break;

case 5: // \005'
nncolor = Color.magenta;
break;

WWw.iaees.org



10

Selforganizology, 2024, 11(1-2): 1-27

IAEES

case 6: // \006'
nncolor = Color.green;

break;

case 7: //"\007'
nncolor = Color.cyan;

break;

case 8: //'\b'
nncolor = Color.white;
break;

}

switch(i2)

{

case 0: //"\0'
Icolor = Color.blue;

break;

case 1: //"\001'
Icolor = Color.black;

break;

case 2: //"\002'
Icolor = Color.gray;
break;

case 3: //"\003'
Icolor = Color.orange;
break;

case 4: // \004'
Icolor = Color.red;

break;

case 5: // \005'

Icolor = Color.magenta;

break;

case 6: // \006'
Icolor = Color.green;
break;

case 7: //\007"

Icolor = Color.cyan;
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break;

case 8: //"\b'
Icolor = Color.white;
break;

}

int 12 = ad.length - 1;

ww = new double[l2 + 1];

for(inti3 =1; i3 <=12; i3++)
ww[i3] = ad[i3];

vertice = new NetVertex[10000];
edges = new NetEdge[0x186a0];
addMouseL istener(this);
addMouseMotionListener(this);

public int findVertex(String s)

{

for(int i = 0; i < nvertice; i++)
if(vertice[i].lab.equals(s))

return i;

return addVertex(s);

public int addVertex(String s)

{

NetVertex netvertex = new NetVertex();

netvertex.x = (double)(nodeDiam + 10) + (double)(canvaswid - nodeDiam - 50) * Math.random();
netvertex.y = (double)(nodeDiam + 10) + (double)(canvashei - nodeDiam - 120) * Math.random();

netvertex.lab = s;
netvertex.fixed = false;
vertice[nvertice] = netvertex;

return nvertice++;

public void addEdge(String s, String s1, int i)

{

NetEdge netedge = new NetEdge();
netedge.from = findVertex(s);
netedge.to = findVertex(s1);
netedge.type = i;

edges[nedges++] = netedge;
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public void paintVertex(Graphics g, NetVertex netvertex, FontMetrics fontmetrics)

{

int i = (int)netvertex.x;

int j = (int)netvertex.y;

int k = fontmetrics.stringWidth(netvertex.lab) + 10;
int | = fontmetrics.getHeight() + 4;

int i1 = fontmetrics.getAscent();

netvertex.w = k;

netvertex.h = I;

g.setColor(ncolor);

g.fillOval(i, j, nodeDiam, nodeDiam);
g.drawOval(i, j, nodeDiam, nodeDiam);
g.setColor(nncolor);

g.drawString(netvertex.lab, i - (k- 10)/2, (j - (1 - 4) / 2) + i1 + nodeDiam + 10);

public synchronized void update(Graphics g)

{

IAEES

Dimension dimension = getSize();
if(offscreen == null || dimension.width = offscreensize.width || dimension.height != offscreensize.height)
{
offscreen = createlmage(dimension.width, dimension.height);
offscreensize = dimension;
offgraphics = offscreen.getGraphics();
offgraphics.setFont(getFont());
}
offgraphics.setColor(getBackground());
offgraphics.fillRect(0, 0, dimension.width, dimension.height);
for(inti = 0; i < nedges; i++)
{
NetEdge netedge = edges[i];
int k = (int)vertice[netedge.from].x;
int | = (int)vertice[netedge.from].y;
int il = (int)vertice[netedge.to].x;
int j1 = (int)vertice[netedge.to].y;
if(sele == 0)
{
Graphics2D graphics2d = (Graphics2D)offgraphics;
graphics2d.setStroke(bsl);
graphics2d.setColor(lcolor);
graphics2d.drawLine(k + nodeDiam / 2, | + nodeDiam / 2, i1 + nodeDiam / 2, j1 + nodeDiam / 2);
if(selew == 1)
{

graphics2d.setColor(nncolor);

WWw.iaees.org



Selforganizology, 2024, 11(1-2): 1-27

13

IAEES

graphics2d.drawString(String.valueOf(wwl[i + 1]), k + (i1 - k) / 2, 1 + (j1 - 1) / 2);

paintArrow(offgraphics, k + nodeDiam / 2, | + nodeDiam / 2, i1, j1 + nodeDiam / 2, i);

paintArrow(offgraphics, k + nodeDiam / 2, | + nodeDiam / 2, i1 + nodeDiam, j1 + nodeDiam / 2, i);

}
continue;
}
if(sele 1= 1)
continue;
if(netedge.type == 1)
{
if(il >=k)
if(il <k)
}

if(netedge.type == -1)

paintArrow(offgraphics, i1, j1 + nodeDiam / 2, k + nodeDiam / 2, | + nodeDiam / 2, i);

FontMetrics fontmetrics = offgraphics.getFontMetrics();
for(int j = 0; j < nvertice; j++)

paintVertex(offgraphics, vertice[j], fontmetrics);

g.drawlmage(offscreen, 0, 0, null);
if((selel == 1) & (sign == 0))

{
sign = 1;
selforganizor = new Thread(this, "*);
selforganizor.start();

}

public void paintArrow(Graphics g, int i, int j, intk, int |, int i1)

{

double d = nodeDiam;

double d1 = linkWid + nodeDiam / 5;
intj1=0;

intkl=0;

int11=0;

inti2 =0;

double d2 = Math.atan(d1 / d);

double d3 = Math.sqrt(d1 * d1 + d * d);

double ad[] = rotateVec(k - i, | - j, d2, true, d3);
double ad1[] = rotateVec(k - i, | - j, -d2, true, d3);
double d4 = (double)k - ad[0];

double d5 = (double)l - ad[1];

double d6 = (double)k - ad1[0];
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public double[] rotateVec(int i, int j, double d, boolean flag, double d1)

{

double d7 = (double)l - ad1[1];
Double doublel = new Double(d4);
j1 = doublel.intValue();

Double double2 = new Double(d5);
k1 = double2.intValue();

Double double3 = new Double(d6);
11 = double3.intValue();

Double double4 = new Double(d7);
i2 = double4.intValue();
Graphics2D graphics2d = (Graphics2D)g;
graphics2d.setStroke(bs1);

graphics2d.setColor(Icolor);

graphics2d.drawLine(i, j, k, I);

if(selew == 1)

{

}

graphics2d.setColor(nncolor);

graphics2d.drawString(String.valueOf(wwl[il + 1]), (i - nodeDiam / 2) + (k - i) / 2, (j - nodeDiam / 2) + (1 - j) /

graphics2d.setColor(Icolor);

GeneralPath generalpath = new GeneralPath();

generalpath.moveTo(k, I);

generalpath.lineTo(j1, k1);

generalpath.lineTo(l1, i2);

generalpath.closePath();

graphics2d.fill(generalpath);

double ad[] = new double[2];

double d2 = (double)i * Math.cos(d) - (double)j * Math.sin(d);
double d3 = (double)i * Math.sin(d) + (double)j * Math.cos(d);

if(flag)

{

}

double d4 = Math.sqrt(d2 * d2 + d3 * d3);
d2 = (d2/d4) * d;

d3 = (d3/d4) * d1;

ad[0] = d2;

ad[1] = d3;

return ad;

public void run()

WWw.iaees.org
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Thread thread = Thread.currentThread();

do
{
if(selforganizor != thread)
break;
selfOrganize();
try
{
Thread.sleep(500L);
continue;
}

catch(InterruptedException interruptedexception) { }
break;
} while(true);

synchronized void selfOrganize()

{

IAEES

for(inti = 0; i < nedges; i++)
{
NetEdge netedge = edgesli];
double d = vertice[netedge.to].x - vertice[netedge.from].x;
double d2 = vertice[netedge.to].y - vertice[netedge.from].y;
double d4 = Math.sqrt(d * d + d2 * d2);
double d6 = (double)linkLen - d4;
double d8 =d6 * d;
double d10 = d6 * d2;
vertice[netedge.to].w += d8;
vertice[netedge.to].h += d10;
vertice[netedge.from].w += -d8;
vertice[netedge.from].h += -d10;

for(int j = 0; j < nvertice; j++)
{
NetVertex netvertex = vertice[j];
double d1 = 0.0D;
double d3 = 0.0D;
for(int | = 0; | < nvertice; I++)
{
if(G==1)
continue;
NetVertex netvertex2 = vertice[l];
double d7 = netvertex.x - netvertex2.x;

WWw.iaees.org
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double d9 = netvertex.y - netvertex2.y;
double d11 =d7 *d7 + d9 * d9;
if(d11 == 0.0D)
{
d1 += Math.random();
d3 += Math.random();
} else
{
dl +=d7/d11;
d3 +=d9/d11;
}
}
double d5=d1 *d1 +d3 * d3;
if(d5 > 0.0D)
{
d5 = Math.sqrt(d5) / 2D;
netvertex.w +=d1/ d5;
netvertex.h += d3/ d5;
}
}
Dimension dimension = getSize();
for(int k = 0; k < nvertice; k++)
{
NetVertex netvertex1 = vertice[k];
if('netvertex1.fixed)
{
netvertex1.x += Math.max(-5D, Math.min(5D, netvertex1.w));
netvertex1l.y += Math.max(-5D, Math.min(5D, netvertex1.h));
if(netvertex1.x < 0.0D)
netvertex1.x = nodeDiam;
else
if(netvertex1.x > (double)dimension.width)
netvertex1.x = dimension.width - nodeDiam;
if(netvertexl.y < 0.0D)
netvertex1.y = nodeDiam;
else
if(netvertexl.y > (double)dimension.height)
netvertex1.y = dimension.height - 2 * nodeDiam;
}
netvertexl.w /= 2D;
netvertex1.h /= 2D;
}
IAEES WWw.iaees.org
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repaint();

public void start()

{
}

public void stop()
{
if(selel == 1)

selforganizor = null;

public void destroy()

{
System.gc();

public void paint(Graphics g)
{
repaint();

public void mousePressed(MouseEvent mouseevent)
{
double d = 1.7976931348623157E+308D;
int i = mouseevent.getX();
int j = mouseevent.getY();
for(int k = 0; k < nvertice; k++)
{
NetVertex netvertex = vertice[k];
double d1 = (netvertex.x - (double)i) * (netvertex.x - (double)i) + (netvertex.y - (double)j) * (netvertex.y -
(double)j);
if(dl < d)
{
pick = netvertex;
d=d1;

pickfixed = pick.fixed,;
pick.fixed = true;
pick.x = i;

pick.y =j;

repaint();
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mouseevent.consume();

public void mouseReleased(MouseEvent mouseevent)
{

pick.x = mouseevent.getX();

pick.y = mouseevent.getY();

pick.fixed = pickfixed,;

pick = null;

repaint();

mouseevent.consume();

public void mouseDragged(MouseEvent mouseevent)
{

pick.x = mouseevent.getX();

pick.y = mouseevent.getY();

repaint();

mouseevent.consume();

public void mouseClicked(MouseEvent mouseevent)

{
}

public void mouseEntered(MouseEvent mouseevent)

{
}

public void mouseExited(MouseEvent mouseevent)

{
}

public void mouseMoved(MouseEvent mouseevent)

{
}

public int sele;
public int selew;
public int selel;
public int nodeDiam;
public int linkWid;
public int linkLen;
public int colorn;
public int colornn;

WWw.iaees.org
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public int colorl;
public int sign;
public int canvaswid;
public int canvashei;
public double ww(];
int nvertice;

int nedges;
NetVertex vertice[];
NetEdge edges[];
NetVertex pick;
boolean pickfixed;
Image offscreen;
Dimension offscreensize;
Graphics offgraphics;
Color ncolor;

Color nncolor;

Color Icolor;
BasicStroke bs1;

Thread selforganizor;

The following are Java codes of the class NetGraph:

import java.applet. Applet;

import java.awt.*;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.image.Bufferedimage;
import java.io.File;

import javax.imageio.ImagelO;

public class NetGraph extends Applet

implements ActionListener

public NetGraph(String as[], String as1[], int ai[], double ad[], int i, int j, int k,
intl,intil, intj1, int k1, int 11, inti2, int j2,
int k2)

seles = 1i;
selews = j;
selels = k;
nodeDiams = [;
linkWids = i1;
linkLens = j1;

IAEES WWw.iaees.org
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colorns = k1;

colornns = I1;

colorls = i2;

canvaswids = j2;

canvasheis = k2;

e =as.length - 1;

s = new String[5][e + 1];

¢ = new String[0x186a0];

t = new int[e + 1];

ww = new double[e + 1];

for(int12 =1; 12 <=e; 12++)

{
s[1][12] = as[12];
s[2][12] = as1[12];
t[12] = ai[l2];
wwl[l2] = ad[l2];

v=1;
c[1] = s[1][1];
for(inti3=1; i3 <=2; i3++)
{
for(intj3 = 1;j3 <= ¢; j3++)
{
m=0;
fOf(iI’lt k3 = 1; k3 <= \'A k3++)
if(!s[i3][j3].equals(c[k3]))
m++;
if(m==v)
{

v+

c[v] = s[i3][i3l;

begin();

public void begin()

save = new Button("'Save");
close = new Button("Close");

WWw.iaees.org
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setLayout(new BorderLayout());

panel = new NetPanel(ww, seles, selews, selels, nodeDiams, linkWids, linkLens, colorns, colornns, colorls,
canvaswids, canvasheis);

add("Center"”, panel);

controlPanel = new Panel();

add("South", controlPanel);

controlPanel.add(save);

controlPanel.add(close);

save.addActionListener(this);

close.addActionListener(this);

Dimension dimension = getSize();

resize(dimension.width - 15, dimension.height - 15);

for(inti =1;i<=e;i++)

panel.addEdge(s[1][i], s[2][i], t[i]);

setLocation(20, 20);
validate();

show();

public void init()
{
}

public void paint(Graphics g)

{
repaint();

public void destroy()
{

remove(panel);

public void actionPerformed(ActionEvent actionevent)
{
Object obj = actionevent.getSource();
if(obj == save)
{
try
{
Frame frame = new Frame();
FileDialog filedialog = new FileDialog(frame, "Save network as (*.png, *.jpg, etc)", 1);
validate();
filedialog.show();
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String s1 = filedialog.getDirectory() + filedialog.getFile();
Bufferedimage bufferedimage = toBufferedImage(panel.offscreen);
ImagelO.write(bufferedimage, "png", new File(s1));

}
catch(Exception exception) { }
hide();
getParent().hide();
System.exit(0);
}
if(obj == close)
{
hide();
getParent().hide();
System.exit(0);
}
}
public Bufferedimage toBufferedimage(Image image)
{
if(image instanceof Bufferedlmage)
{
return (Bufferedlmage)image;
}else
{
BufferedImage bufferedimage = new Bufferedimage(image.getWidth(null), image.getHeight(null), 1);
Graphics2D graphics2d = bufferedimage.createGraphics();
graphics2d.drawlmage(image, 0, 0, null);
graphics2d.dispose();
return bufferedimage;
}
}
public String getAppletinfo()
{
return "Developer: WenJun Zhang";
}
public int seles;
public int selews;
public int selels;
public int nodeDiams;
public int linkWids;
public int linkLens;
public int colorns;
public int colornns;
IAEES WWw.iaees.org
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public int colorls;
public int canvaswids;
public int canvasheis;
Button close;

Button save;
NetPanel panel;
Panel controlPanel;
String s[][1;

String c[];

inte;

intv;

int m;

public int t[];

public double ww(];

Pack all classes into a JAR package and compile the package into the executable Java software, netGen

3.0.exe.

Before using the software, the Java Runtime Environment (JRE) should be installed. First, download the
Java Runtime Environment software from the following website:
downloading, click Install Java Runtime Environment to install it. Alternatively, search for "Java Runtime
Environment” on the Internet to find the appropriate platform version for downloading. Then, double-click
netGen 3.0.exe to run the software (Fig. 1 and 2).

IAEES
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Fig. 1 The windows interface of netGen 3.0.

https://www.java.com/en/. After
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2.2 Data
The data for network visualization is stored in a comma delimited text file (in txt or csv formats). Known
totally m links in the network, thus there should be m rows in the data file. There are three items (for
unweighted network) or four items (for weighted network) in each row: the first item (node) and the second
item (node) represent a link between two nodes and the third item is an integer value x. For an undirected
network, x=1 for each row. For a directed network, x=1 if it is a forward link (from the first item (source node)
to the second item (target node)); x=-1 is for backward link (from the second item (source node) to the first
item (target node)). Additionally, there is the fourth item, a weight of the link, for weighted network. If users
want to generate an undirected network, x=1 and x=-1 are equivalent. The three (for unweighted network) or
four (for weighted network) items are separated by the comma “,” (so by default, it means that any comma is
not allowed in each item) (Fig. 3).

The software and demo data files are included in the package:
http://www.iaees.org/publications/journals/selforganizology/articles/2024-11(1-2)/e-suppl/Zhang-Supplementa
ry-Material.rar

EEE I I , Data for Weighted Hetworks j - ﬁ( '
=~ |-l ispeEEn || sem | e
. | 7| ¥eighted Cellular_Apeptesis_s... Z023/4/21 ... C3V I 2K
E‘"@T%‘ﬂﬁ“ﬁ | |¥eighted Cellular Apeptosis_s... Z023/4/21 ... B T 2K
@'ﬁ'eighted_THF_sig;naling_pathwa}' 20237421 ... CSV 3{F 2K
E | |Weighted THF sigmaling pathway  Z023/4/21 ... R 2K
HEH
Administrator
L
HHEA,
4| | 2
Tz o [teighted THF_signaling pathway =l $TF ) I
SE{EHERIT ERESIEE (+. %) HN |
o

Fig. 2 The file open dialog of netGen 3.0.

3 Example Demonstration
The network data for TNF and cellular apoptosis signaling pathways were from Huang and Zhang (2012), Li
and Zhang (2013), and Zhang and Huang (2023).

Run the software netGen 3.0 and open the data file, an interactive network can be generated and visualized.
We may drag the nodes in the network to exhibit a better layout of the network (Fig. 4 and 5). If we choose
network layout automatically, the software will automatically adjust layout but we can still drag any node to
assist the automatic process.
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Fig. 3 The data files for unweighted network (left) and weighted network (right) respectively, cellular apoptosis signaling

pathway.
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Fig. 4 The weighted network of TNF signaling pathway, generated by netGen 3.0. Weights of links are labeled on links.
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Fig. 5 The unweighted network of cellular apoptosis signaling pathway, generated by netGen 3.0.

iSave.

4 Discussion

Compared to the previous versions (Zhang, 2012a: netGen version 1.0; Zhang, 2024c: netGen version 2.0),
There are substantial improvements in netGen 3.0. In addition to the visualization of both unweighted and
weighted (and both undirected and directed) networks, node size / color, link width / length / color, node name
color, canvas size, etc., can be specified by the user. Moreover, network layout can be conducted in artificial or
automatic manners.
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