Hothodes =
Hofliks =
#olin Hodes =

10
2

3 |

AdAL | AstANode | DiawPow Graph |

Harabasi-Albert Model) by Barg EKD]

Eugfy ERIDN
METU - Ardsca
Jrem ZNIT

Fesat |

D

| Save Outpu Fies |

Cormection (1.2
Cormechon (1,3}
Conmection [2.1]
Cormechon (23]
Connection (31]
Cormection (3.2}
Moda : 1hat 2 ks

Hods : 2 has 2 brks._.
Mads + Thae ¥ beks

|

%

Simudation Stasied (G 06.06. 2007 - 1516:04

Baris Ekdi

6/20/2007




Barig EKDi STPS 514 — Assignment V

SCALE FREE NETWORKS
BARABASI & ALBERT MODEL
by
BARIS EKDI
Phd Candidate @ METU - STPS

Assignment No.V

» Basics of the Model & the Simulation
* Main Features of the Program & the Pseudo-Algorithm

e Output of the Simulation and Comments on the Simulion Results

Ankara, June 2007



Barig EKDi STPS 514 — Assignment V

1. THE MODEL: Scale-free Networks and Barabasi -Albert Model

Scale-free networks areomplex network because their structure and dynamics

independent of the system's size N, the numbmodesthe system hadn other words, a
network that is scal&ee will have the same properties no matter whatnumber of its
nodes is. Their most distinguishing characterigithat theirdegree distributic follows a
power-law relationshig£”(%) ~ & where the coefficient may vary approximately frot

2 to 3 for most real network

Scale free networks show certain properties whiehvary distinct i real networks. We ofte
see a significant number of nodes in a networkrtaeai large number of links and a whole
of nodes with very small number of links connedi@them. A very good example Google
which is connected to literally all sites ire world and most of these sites have significa

smaller number of nodes. Another example couldithiee@networks

In their model, Barabasi and Alb' suggest that the underlying physical mechani
responsible for generating a s«-free behavior argrowth and preferential attachment.

The former is connected to the addition of new sadlering the system's evolution, while

latter states that the nodes exhibit an intri

The 80/20 Rude 71

preference to link with a node which already .

Bell Curve Power Law Distribution

relatively more edges, ogared to other:

These mechanisms accomplish to lead to

ik

Number of nodes with k links

A K%
Number of links (k)

formation of large clusters, the typical struct

of scalefree networks, and yield a pov-law

degree distribution, but only when they

)

introduced  simultaneously. Hence, th s
Figure 6.1 Random and Scale-Free Networks. The degree distribution of a
principles dehe the dynamics of suc e

Thus a van, ork 15 similar 1o a national k

networks. Their combination may nodes are 1

most cities are served by roughly the same number

odes have the same

don't exist (rop left).

network, i which the
s, and the links are the major hig necting them. Indecd,
ys (bottom Icfe). Tn
contrast, the power law degree disribution of a s ¢ network predicts that

summarized by the motto thethe rich become wost wodes haee omly a feso tinks, held rogecher by a few iy connected hubs (1op

sight). Visually this is very similar 1o the air traffic sysem, in which a large number

of small airports are connected to each other via a few major hubs (bottom right)

richer”, indicating the uneven growth of edc

! Albert R. and Barabasi AL, Statistical mechanics of complex networks, Rdad. Phys. 74, 497 (2002).
Barabasilinked: The New Science of Networks, Perseus, Cambridge, MA, 2002.
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from node to node.
The basic algorithm of the model is as follc

STEP 1: The network begins with iinitial network of my nodes. It should be noted tt
mo = 2and the degree of each node in the initial netvebiduld be at least otherwise it will
always remain disconnected from the rest of thevot Now nodes are added to t

network one at a time. Each new node is conneatem preexisting nodes and tt

probability of II(k;) = kl connecting to thé" node is given br
i "

STEP 2:Growth —For each given period of time we add a new nodbdmetwork

STEP 3: Preferential Attachme— we assume that each new node connects to thengp

network with two links. The probability that it Withoose a given node is proportional to

numberof links the chosen node h:

Therefore each time we add rSep 2 andStep 3 we add a node to the network, and

network grows:

| |
I N
L (R
!—" "’.‘i )
|

‘ VA ‘ sA |
I | i

Figure 7.1 The Birth of a Scale-Free Network. The scale-free topology is a
natural consequence of the ever-expanding nature of real netwworks. Starting from
two connected nodes (top left), in each panel a new node (shown as an empty circle)
is added to the network, When deciding where to link, new nodes prefer to artach to
the more connected nodes. Thanks to growth and preferential attachment, a few

highly connected Aubs emerge.
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2. THE PROGRAM

2.1. Main Features of the Program

The Program is written using Microsoft Visual Bag§i®. The startup screenshot of the

program is as follows:

& Scale Free Networks (Barabasi-Albert Model) by Baris EKDi

FParametars Simulation Started (& 06.06.2007 - 15:16:04

# of Modes
# of Links
# of In. Modes

nmonu
[N

Add all

Add & Mode | Draw Pow. Graph |

Resart

it | Save Output Files |

Connection [1.2] A
Connection [1,3]

Connection [2,1]

Connection [2.3)

Connection [3.1]

Connection [3.2]

Mode : 1 has 2 links. ..

MNaode: 2 haz 2 links...
Meada - T hae 7 linko

Parameters Frame: A graphical user interface (GUI) is used for gwjtithe required
parameters from the user, in order to run the strarl. However, the user can also use the
default parameters (Number of Nodes —to be add€ Rtimber of Nodes to be added per
node=2; Number of Initial Nodes =3) loaded whilarshg the program. As the program
started, a graph is drawn according to those values re-drawn whenever the user changes

the number of nodes.

Network Diagram Window: Whenever a new node is added to the network, tde aod its

connections are shown in this window.

Power Graph Window: After the nodes are added, the relationship betvwtbe number of

nodes and the number of links (ie. nodes with kslins shown irpower graph window.
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Detailed Process and Output Window: This window is used in order to inform the userwbo
almost each step of the process the program isugrgc Therefore the user can check the

calculations and save it for further use.
* There are six buttons provided to control the paogr

Add All: Gets the parameters and starts the simulationofAthe nodes stated in the number

of nodes box (minus the ones initially placed) adtded one by one.

Add A Node: Just ONE node is added to the network at eack. clic
Draw Pow. Graph: Draws the power graph onto tRewer Graph Window.
Quit: Ends the program end quits.

Save Output Files: Simulation output is saved to hard drive “C:\"timee files, with date and

time stamp:
Power Graph is saved as a bitmap (.BMP) image file.
Network Graph is saved as a bitmap (.BMP) image file.
Detailed Processis saved as a text (.TXT) file.
2.2.  How It Works? Pseudo-Algorithm of the Program
A simple pseudo-algorithm is given below in ordeekplain how the program runs:

1. Load default parameters and draw default graph thitbe nodes when the program is

started — using the sulbnjtalize}
2. Wait for user input. If the user;

2.1. Hits <Add All> button go to subAdd_Nodes} in order to add “n” nodes stated in the

relevant box.
2.2. Hits <Add A Node> button go to subAdd _Nodes} but add only one node.

2.3.Hits < Draw Pow. Graph > button go to subs Qalculate Edge3},
{Draw_PowGraph2},{ Place_PowPoints} in order to draw the power law graph.

2.4. Hits <Restart> button, clear the windows and graph; go to suhtdlize} for

getting the default values and redraw and fillihedows.
2.5. Hits <Quit> button END the program.

2.6. Hits <Save Output Files> button go to sub ave Output }and save the files.
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2.3.  Main subprogram:

{Add_Nodes}

1.1.Get / check user defined parameters along withbthien pressed. If it isAdd All>
repeat the following processitil the number of nodedN¢fNodes) is reached, else if

<Add A Node> button is clicked; do it only once.
1.2.For i=1 toNofNodes (For each Node);
1.2.1. For the first link;
Select two different random nodes;

Compare their probability of attachment (numbertledir edges/total
edges);

Link the new node to the one which has higher pooibg
Draw the diagram accordingly.
1.2.2. Repeat process (1.2.1) above for the second link.

1.3. Add another node —if required — by repeating pro¢ess)
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3. THE OUTPUT
The results regarding eight simulations with dégf@r number of nodes { 20, 30, 100, 300, 1000, 2000,

10000 —respective}yis stated below. On the grhs at right hand side, Y axis represents the nurab
nodes with (k) links, and X axis represents thks (k). It is seen thags the number of nodes gro
power law gains weigh{Detailed process is recorded to the relevant SFXRXddcess. TXT fileor each
of the simulation).
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