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Overview

e Network researchers have identified some
“stylized” network structures

e Stylized networks in ORA

- Ring Lattice
Small world
Erdos-Renyi v ey
Core-Periph AR
Scale Free 1. Aing Lattice 2. Small World 3. Erdés Fandom
Cellular

4. Core Pariphary 5. Scale Free 6. Calhslar
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Why Synthetic Networks?

T
e Synthetic networks generated using
random network generators
- Easy to obtain

- Can vary parameters when running
experiments

* Real-life (empirical) networks often
compared to stylized networks

e Have characteristics of real social

networks
- Clustering
- Degree distribution
eASOS
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5 i Structural metrics:
Average path length

# the path length between two nodes
A and B is the smallest number of
edges connecting them:

(4, B)=min (4, 4,..4,8)
# the average path length of a network
over all pairs of ¥ nodes is
L={i4, B))
= UNIN-1)2_, 5 I(4, B)
# the network diameteris the maximal
path length between two nodes:
The path length between A and B is 3 D =max I(4, B)

#property: 1 =L =D <N-1
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Structural Metrics:
Clustering coefficient

> the neighborhood of a node A is the
set of k, nodes at distance 1 from 4
» given the number of pairs of neighbors:
F,= Zs‘a‘ 1
. k.i (k.i =l) /2

» and the number of pairs of neighbors
that are also connected to each other:

E,= Za.—s' 1
» the clustering coefficient of A 1s
The clustering coefficient of A is 0.6 C,=E,/F, <1
» and the network clu nq coefficient:
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File Edit

ORA — Getting Started

3% ORA3.099.107 - o X

Data Analysis System Help

A MBI AR I3 crestelew Meta-Network..
k]

Create New Meta-Network in Visualizer...

HMeta-Network Manager 2 X {

sox
Create Stylized Network Erdos-Renyi... -
A Create Expected Interaction Network Core-Periphery...
Ego Network Generator... Scale-Freen L @R
Influence Metwork Generator.. cellar 28 Lood.
Command and Control Structure Generator... Latten e Charts. ..
Small-World...

¥ Randomnize Links..
@ Beliefs.

: | Source count:
Nodeset count:
Node count:
Network count:
Total dansity:

Link statistics:

Allinks:
Al ik values:

Non self4oops:
Non selfloop values:

Seifdoop values:

Component statistics:
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Fixed Degree-Distribution...
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Erdos-Renyi (Random)
.
e Purely random
e Most common form studied

e Properties
- Simplest network
- Short distances

- No local structure (clustering) (till a
threshold)
- Very different than real-world networks
- Rich theory, explains small diameter and
giant component
¢Asos
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Erdos-Renyi
B
e Purely random
e Most common form
studied
e Properties
- Short distances

— No local structure

- Very different than
real-world networks
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e Input: approx.

network
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density Of resulting @) Create a new meta-network with name: |Erdos-Renyi

Erdos-Renyi

22 Erdos-Renyi bre

Erdos-Renyi ~

Add to the existing meta-network:
Select the nodeset for the new network:

[0 Create bi-modal network (.e. different source and target nodesets)

Select the algorithm parameters:
Approximate density 0.051%4

Alow dagonal rks? []

Create a symmetric network? 7]

Network ID for the output:
Erdos-Renyi network
Create Close
Approximate density of
resulting network
Osterritter 9
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resulting network

Erdos-Renyi

NN
e Input: approximate density of

Fni: ® @ 8

22 ora 3099007 - O x

File Edit Preferences Data Management Generate Networks Analysis Simulations Visualizations System Help

R[S 5EAA(8388]

Heta-Network Manager » x s0Ox 3" Metwork: Endos-Renyinetwork » X Ao

= 233~ Erdos-Renmi Info Editor

©as Agent : size 100 A
T Network ID Erdos Renyinetwork
Source Nodeset 1D [Agent ]
[MCM ‘
2% Visualize this Network | *®, Visualize Onlly this Network +
Properbes [ Symmetric (undrected Inks) [ No seifio00s [ Bary Ik values
General statistcs:
Sorcecomt 10
Target count: 100
Density: 0.04585855
Symmetric: Yes.
Link statistics:
Allinks: “«4
Ak vabes: B | .
st 4 Approximate
Non seif-oop vakues: Binan - .
wowe © density of resulting
Self4o0p values: Bnary
eAsos network
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Erdos-Renyi

%8 Erdos-Renyi - ORA Network Visualizer - o x
File View Actions Tools Layouts Meta-Nodes Mode Appearance Link Appearance Display Help
CALLESS nm:r:@ Q_)|°‘@ Fontsize| 103 NodeSze | 1173 UnkWidth 053] @) % |~ . |Hdeinks with value: o |tessThan | |9m.002]
Hide Companents Sized Less Than LIS
* 2D Visualizer # X rOx legend &x rOX
File Select
Ll
N 2 @ Aoent
® |- = Erdos-Renyi natwark
Agert 40 @
c‘s's 100 Nodes, 494 Links No Tmestamp " Hyperbokc: 0 % Zoom: -15 - l +
Ly Osterritter 1
Carnegie Mellon
i institute bor
S3r ARt
RESEARCH
- -
EI‘dOS'ReI‘IYI — bi-modal
%8 Erdos-Renyi X
Erdos-Renyi ~
(8) Create a new meta-network with name: |Erdos-Renyi
(O Add to the existing meta-network: Erdos-Renyi
Select the nodeset for the new network:
[A] Create bi-modal network (i.e. different source and target nodesets)
Source nodeset Target nodeset
Existing: Existing:
(@ Create the nodeset: (@) Create the nodeset:
Class: Agent v ;
ID: |Agent
Select the algorithm parameters:
Approximate density 0.051%4
Network ID for the output:
c ‘ s ' s Erdos-Renyi network
®) Create Close
L'y Osterritter 12
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Erdos-Renyi — bi-modal

2% Erdos-Renyi - ORA Network Visualizer — o X

File View Actions Tools Layouts Node App

1B 0 Q rotme(T) 85 | D) ronesie| 0[] vodesan| 13 uokwidin 0512 @) 4 |~ [rdeiokswitnvabe: | [Lesson | [ s90(%

Hide Components Sized Less Than of2

Link Ap Display Help

dge_94
3
] £
ledge
) Fnguedgnisdge_17
Frowladge_L &y .
c‘s's 200 Nodes, 495 Links No Timestamp  Hyperboic: 0 (% Zoom: 17 5 | +

| 0vmalaer ¢ x 2ox Legend X sOx
= File Select
e
o Agent 25 @  agent 40
N “”‘&stok"wmrié;ogmw - 2 @ Avsnt
® |- . g [=ls} Knowledge
~ o @ Paent_11 = Erdos-Renyi netwoj
T Fhlgeriedoe. o1
2 Mrdcf,,{i 9 8 oledge_ts

SAir . i "
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Erdos-Renyi Notes
TN
e Most common form studied
e Statistical tests to decide if your
network is random
e Easy to generate
e Good mathematical properties
e Very different than real world
networks
$0S
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Ring Lattice

e Nodes laid out in a circle and

connected to their K-closest neighbors

e Properties
- High clustering

- High average path length
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e Number of agents:
network size

e Number of
neighbors: number
of neighbors each

Ring Lattice

38 Lattice

Lattice

(@ Create anew meta-network with name: Lattice

(O Add to the existing meta-network:
Select the nodeset for the new network:

(@) Create the nodeset:
Class: | Agent
ID: |Agent
Size: 100}

Select the algorithm parameters:

node is connected et
to
[THLD i
®,
Sty o —_— .
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23 Lattice - ORA Network Visualizer - a X
i Actions Tools Layouts Meta-Nodes Node Appearance Link Appearance Display Help
‘BEE %lmh@bo‘@&mm 1015 NodeSize| 113 Likwidth 0.5/ @) #4 = Hidelnks with vakues v lessThen  ~ sn.0%
|
Hide Components Szed Less Than | 0|+
& 2:D Visualizer # x aB Legend e x pox
=5 File Select
] |
Ny ] @ Agent
® |- =] Lattice network
‘s's 100 Nodes, 1000 Links. No Timestamp  Hyperboic:0 (% Zoom 13 - | +

¢
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Small World
o
e Three Steps
- Begin with a lattice, e.g. 2D grid with k-nearest
neighbors connected
- Randomly remove connections
- Randomly add long-distance connections
e Properties
— High local structure (clustering)
- Short maximum distances
Examples: Telephone call graphs, electric power grids
¢Asos
o)
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Small World

e Number of neighbors: 8 Small World x
Dimensionality of embedding sl o ~
space/lattice. Alternatively, ) Creaie e et o ek s et [Sncl Word
average degree. QAo the exstrgmetsnetwork: | Erdon ey

Select the nodeset for the new network:
o . Existing:

* Probability of removing a e
neighbor: Remove any local Cles: [agent 3
structure? e i

Size: 100 -5
Select the algorithm parameters:

e Probability of adding a neighbor: Murber ofpeighbers iz

Add long-range connections? Erobabity lidn s 005t
Probability of adding far neighbor 0.01/5
Power law exponent 0.01/%

e Power law exponent: How much
should long-range connections
ignore local structure? How far
should they be? et B N e

Small World network
Create Close.
),
Osterritter 19
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&8 Small World - ORA Network Visualizer - [=] x
File View Actions Tools Layouts Node Link Display Help
ﬁbﬂi%”“*@ﬁ)@|@ FontSze| 103 NedeSze| 113 LnkWidth 055 | () A v | ride ks with vake: v |ftessThan <[990z
Hide Components Sized Less Than 0=
2-D Visualzer # x aox legend & 3x 0%
ﬁ File Select
. E .»\genl
} - E Small World natwor
N
@ -
100 Nodes, 957 Links Ho Tmestamp. " Hyperboic: 0 (+ Zoom: -12 - | + < >
Osterritter 20 |
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Core-Periphery
I
e Two kinds of nodes - cc—
— Core of interconnected B & v © @) O omsn s s 7 v @A~
nodes mh-;hm.m B s B wo: Hide Components SedLes Than 02 -
¥ -0 Visuahter | Legend /|
- Periphery of pendants E o
with single connection tnie
to Core T
e Properties
- Short distances
- Some local structure R
(core vs non-core)
Examples: Observed trade flows, diplomatic ties among countries
[THL
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Core-Periphery
I
e Proportion of core g .
n O d e S (@ Create a new meta-network with name: | Core Periphery
(O Add to the existing meta-network: ErdosRenyi
e Density of core e
nodes: How dense o —
should the within- P Y
Density of core nodes 034
core network be?
Network ID for the output:
Core Periphery network
eAsos, ==
(D
A STOT Osterritter 22
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Core-Periphery

8% Core Periphery - ORA Network Visualizer
File View Actions Teols Layouts Meta-Nodes Nede Appearance Link Appearance Display Help
C1B I Q reae (™) &5 °|@ Fontsize| 1072 Nodesze| 11/% Lrkwidth 0515 | (@) A |+ [Hdeiswthvabe: o |llesThan | 9900

Hide Components Sized Less Than o]

20 Visualizer 2 x sox Legend 23 -

File Select

agene AFGTPSC @ g ngent 15
@ Aoent.L 2 @ Aoent

“W’”ﬁm @ Agert_70 = Cora Periphery nety
Agert_83 oS Y
Qoniog \ Y

Ageet 16
M,,j,suem_s#i"—“.‘ AQRELL3
Agent_25 AgHt 69,
e Agek 65 L
sgent 2 g haert 10 g
Agent 2 g »
gent 54 ghaent SEE 85, =
Agent_35 .
oy g ort o P .
agert 15 g PPl

Qe AT

4

% \ Agel 4t
\ gt
k\/l/f % Aoen\,% @ Agent_79
" \ @ Art ey ageMAGETA9 @ Agent 81
gent_37 gent 6L gl e ""h g Agent_33 ‘. .Aq;;n_er
AT @ gt g g et 72 @ Aot
)
Mﬂ.;;s:’;g’é’!m [ ] [ I\ Agent_9
\ 31
Agent 26 g | g ais
ot S ® Agent_66

St g At
Aqerkigengss 8 g [ ] - w‘: 78
CLET WPOY laiing

100 Nodes, 138 Links No Timestamp " Hyperbobe: 0 (% Zoom: -14
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Cellular
I
e Small number of . R

Fie View Adions Tools Layois Mea-Nodes NodeAppearance Linkopearance Dispay Help

tight Clusters With BBl Q) O @ Q romsm 122 vodesiae 72 tikwan 2. @ |4 ~
. Hidelnks withaloe: [ | Less.. [ %907 Mde Componunts SiedLess Than 0

few links between o

clusters

+

v | [

T P |

e Properties
- Large distances
- High local structure
(clustering) e —

Examples: Terrorist networks
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Cellular

e Number of cells: How 83 ot x
many cells? =13 Z

(@) Create a new meta-network with name: Cellular
(O Add to the existing meta-network: Erdos-Renyi

e Inner Density: how dense R

Existing:

should the network within o et
each cell be? T

. Select the algorithm parameters:
e Outer Density: how dense g
should connections me— o
between cells be?
Network ID for the output:

Cellular network
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Cellular

Z2 Cellular - ORA Network Visuslizer

File View Actions Tools Layouts Meta-Nodes Node Appearance Link Appearance Display Help
(=2l LSS mu@{) & (D Fontsee| 1015 Nodesee 1113 Lkwidtn 0513 (@Y S v Hdelnkswith vae: v llessThan v ||%9.0%
Hide Components Sized Less Than of

.{.. 2-D Visualizer # X sOx legend #x aOx%

File Select

2 @ Avent

Agent_7.
=] Cellular network

‘RAes
S
5

.
g

e
Ag 1
Aﬁg b

Agent_22

2 B
Fe -
Agent_91 ggent 67 ;‘ <
Ag &% 3 i Agent 76
Mﬁéﬁ iy g s
et 35
93

100 Nodes, 443 Links Ho Timestamp © Hyperbolc:0 % Zoom: -21 - 1 +
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Scale-Free Networks —
Degree Distribution

»in a scale-free network the degree
distribution follows a POWER-LAW:

PR~k

» there exists a small number of highly
connected nodes, called hubs (tail of
the distribution)

» the great majority of nodes have few
connections (head of the distribution)

A schematic scale-free network

number of nodes

node degree

clSl
o
Ll Osterritter 27
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e Process e S e
ey DI Q) &) @ O fousae 12 votesin 72 timian2 = @ 4 =
- Some Inltlal network e ks with e Bkun. T Hide Components Sed s Than 0 - /
- New nodes more likely & == ofeoee I
to connect to existing & o P
. . i) B . Scle e reuc
nodes with high degree ..
NG
¢
e Properties '
- Short distances . '
- No local structure
100%odes, S Lnks %o Hypebalic0 Q) Zoom -2 M ¢ I
Examples: Social networks, Computer networks (WWW)
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$08
GASY3,

irg ‘

Osterritter

e How likely is it for new 38 ScaeFree X
nodes to connect to the e =
? (@) Create & new meta-network with name:  Scale Free
core: (O Add to the existing meta-network: Erdos-Renyi
Select the nodeset for the new network:
« Initial node count: How big o
should the initial network i o B
be7 Size: 1005
Select the algorithm parameters:
Probability of a node connecting to core 0.05%
 Initial density: How dense i R
should the initial network
be?
Network ID for the output:
Scale Free network
ust slfies
i
Uik ‘ Osterritter 29
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T
B3 Scale Free - ORA Network Visualizer - o X
1B Bl Q rotate (1) 85| D) romesize| 1072 vodesze| 13731 Lekewidh 051 | (@) % |~ |Hde ks it vao: o |[LessThan | [90.012]
Fide Components Sized Less Than e
;‘l_':l 2-D Visualizer # 3 e aDx :::dx:x rOx
% [ ] Agert_§ [ Agent
® - ”“'n;a!m_:a. @ Aaent_13 =] Stale Frae network
Sr — ot
Agert 23 g
‘AQEHLZD
100 Nodes, 450 Links: Mo Timestamp © Hyperboic:0  (+ Zoom: 23 - ] + < >
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Summary

o

e Erdos-Reny networks

- Random network, IID links
e Ring Lattice

- Circle layout, k-closest neighbors
e Scale free

- The degree distribution obeys a power law
e Small-world

- Ring with a few extra hubs
e Cellular

- Hi Ith connected cells connected by a link to few other
cells

e Core periphery
- Single strong component with high level of peripherals
¢Asos
©
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