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Non-Network Sociometric Data

I
e What happens when we get data about entities, but not a
network?

— Often its easy to get attributes, but difficult or impossible to get
relations between entities

e Also, how do we deal with complex data types, like
categorical variables?
— Categorical variables common for describing persons (i.e. ‘is a
smoker’, *hair type’, etc.)
e We still want to analyze that data and have a flexible,
accurate model of the data
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The Workflow

*The overall idea is that given some data, which may be categorical, high-
dimensional, or combination thereof is to model that data as something which
preserves relationships and can be easily analyzed (i.e. a network)

eAS0S,
Shiy

Carnegie Mellon

Putting Data into a Latent Space

o After collecting data, we place the data into a latent
space

e We will cover Socio-Cultural Cognitive Mapping (SCM) to
place data into a latent space
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Overview of SCM

e Take a set of node attributes or network data and use
the information to place nodes in space.
— User defines the geometry of the space
— User provides data

¢ Nodes that are highly similar will be near each other,
while nodes that are quite different will be far apart.

e Overall goodness-of-fit is evaluated with a Chi-Squared
Test
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SCM Process
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SCM Model

F(i,j) = Ry x Cj x 2%

— Where / and ;j are entities, R and C are row and column
multipliers, and the final term is an interaction term

M

M
dij = Z [T — Tk
k

— d is the Minkowski distance between the entities /and j in the
data matrix of X
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“* Creating a Model of the Latent
Spac& Data

¢ Now that the data has been placed into a latent space,
we want to have a model of the data

¢ Graphs (networks) make good models of data
— Have emergent structures
— Interpretable
— Allow for local heterogeneity in the data
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““*0Overview of Unsupervised Graph
Learning

e The fundamental idea of graph learning is to find the
best graph representation of some data
— It could be considered as a way of approximating the manifold
of the data
— A recent survey of the field is available in Qiao et al. Data-driven

graph construction and graph learning: A review and Brugere et
al. Network Structure Inference, A Survey. Motivations,

Methods, and Applications
¢ Used in everything from subspace learning, clustering,
dimensionality reduction, manifold learning, metric
learning, etc.
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k-NN Network Modularity

e Procedure that takes an affinity matrix, constructs a
graph where each entity receives a connection to their &
nearest neighbors, and then finds subgroups via
modularity maximization

e Try for several values of k< and pick that one which has
the best modularity

k
Entity

K-NN Modularity
Graph Maximization

Entity

_—
Values sorted in
ascending order
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Time for an Example!
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Step 1: Find the Data

T
e Read in "Science Fiction Books — Magic Only.xml|"”
e 33 Books
e Set of Attributes for each Book
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Step 2: Start the SCM

# ORA3.099.71

File Edit Preferences Data Management Generate Networks Analysis Simulations Visualizations System Help
ECIERrY R
Meta-Network Manager * x

Generate Reports >
Measures Manager.

= 131- Science Fiction Books - Magic Orly @ Correspondence Analysis...
4 Socio-cultural Cognitive Mapping (SCM)... -
A (Network model to make sense of and to and predict changes in these }
Node ... - |After ... - lauthor...~ |battles - |beasts - |century ~ |interpl... - magic - |

Princess...
The Lio...
Tales of.
The Lor...
The On...

Slwrininnivo wwrww
NwoonwN o oeoen
Bl eeeeeoen
Mo oo wroowolows
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Select the Frequency Data

# Socio-cultural Cognitive Mapping X

Frequency Data |
| Select how to extract the input frequency data.

| | select a metarnetwork:
Science Fiction Books - Magic Only =
+ [Choose what data to extract: Select a nodeset:
Attribute value nodeset ~ [Book

Can select a network or attributes of a node, which

" Ccreates a frequency network

<
L

Attribute values from a nodeset are used to construct a network where link (i,j) is the
frequency of nodes i and j. The resulting frequency network is unimodal and weighted.

Select how to treat continuous-valued attributes:
(®)Bin continuous attribute values into 5% bins
O Use attribute values directly
Select attributes:
I+ [] " After Catastrophe
[ » author gender
)
1 []  beasts
[ ® century
(] 1 interplanetary

magic

Can select different attributes and different levels of

mult-species .
[ novel technology (not Aiish) attributes
1] psychic powers

(=[] quarter centu

5[] " robots, andreoids or AI computers.
=[] romance

[ » time travel

Check for mutually exclusive and redundant
attributes. Generally you always want to do this to
improve performance

Check for mutually exclusive and redundant attributes F

|
<Back | Next> | Close Run
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Select SCM Settings

# Socio-cultural Cognitive Mapping X

Model and Optimization
Select the models to run and how to optimize them.

Model parameters: Select how many dimensions you

= WUIDCHTHET S i want to find ideal points in
Dimensions: >

2-Dimensional
Minkowski power values: .7 123

Attenuation values:  .7123 +——— Select attenuation and power settings

Frequency data options:

[invert frequency values ‘  Ignore Zero Frequencies to improve

Optimization parameters: performance

Number of repetitions: 5%
Allow negative multipliers

(® Seed the random number generator with Zero
(O Seed the random number generator with: 287

Maximum optimization iterations: 1005

Next > Close Run
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8 Socio-cultural Cognitive M

Results |
Optimize the models and view the results.

Click on a list result below to add it to ORA.

Minkowski  Attenuation Repetitions X2-Min X2 - Stddev Dispersion  Z-Score

% Progress X

& calculating model:
Optimizing...

| stop_|

Degrees of freedom:

s Add Input to ORA | Add Output to ORA = Save Table Values

< Back Next > Close Run
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Select from SCM Results

&2 Socio-cultural Cognitive Mapping

Results
Optimize the modss and view the results.

[ ik on a st result below o acd it to ORA. I

X Depers. Zscore Generally speaking, you will want to

Mikowski Attenu...  Repett... x2

E| s o o ———use the output which places points
2 : o that generates the smallest Chi
R o 2w 2 Squared Value
f : 5 o oim
f 5 o 0s e
3 5 o o aes
3 5 o o w7z
3 5 o o ase
o7 : 5 o o
o 5 o s v
i 5 o o7 e
o] | 5 | om e
o 5 o oss mses
S : 5 omm e

Finally, add your selected result to
ORA (note: you can also add the
frequency network input and the

actual table of results, too).

Degrees of freedom: 435

c“s ” Add Ingut to ORA AddOuput v || Save Table Values
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SCM Results Meta-Network
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SCM Results Meta-Network

28 0RA309972

File Edit Preferences Data Management Generate Networks Anslysis Simulstions Viuslizations System Help

ECIEIrY 1EE1R

Hetartetwork Manager # X 2bx  *I° Networlc Frequencies fitted # X
5 £22- Saence Ficton Booke - Magic Oy Info Edior
aso Book 52233

%7 Atenuated Dstance ConvertLinks Trim
T

Nodes Row Node: Column Nodes Dizplay Options.
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Visualizing SCMs

£ SCM-Output M=07 A=3.0 - ORA Network Visualzer
File View Actions Tools Layouts Meta-Nodes Node Appearance Link Appearance Display Help

1B 2. Rotate (D &) @ O Font Size 187 Node Size 205 Link Width 0.2 @ / - Hide links with val
4 2D Visuslizer 1
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Go to "Multi-Dimensional Layout”

- o x
File View Actions Tools Layouts Meta-Nodes Node Appearance Link Appearance Display Help

5 SCM-Output M=07 A=3.0 - ORA Network Visualzer

Hde ks with e+ LesT.. < 59,5 Hide Camponents Szed Less Than 0
2o Legend 1%
Spring Embedded Layout

N Spring Embedded (with enhancements or lrge data) File Select

.- To
4 Run Circle Layout Pendants o Outside) .

10 & Run irce Loyout Center s Highest Betweenness) @ ool

Run Single Circle Layout (Ordered by Atribute/Measure)

© Wi Workd
Run Circular Layout for Groups (Requires Meta-Node Grouping)
Run MDS Layout Prp———
% Run Tree Layout The Beigarisd
& Run Hierarchical Layout 9 The Prcess Bide ®
% Run Box Layout

Run Hive Plot

Run Component Layout foOtesg  Leht - Die Triogle: Orel Romaie

Run Mt Levl Layout o o T
4 Muti-DimensionalLayout
% Atrtute/Messure Lyout u N, JR—
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Configure the Layout
T
# Multi-Dimensional Layout X
Th.e Ml{lti—DimelZ\sionaill Layout allows you to chart nodes across one to three dimensions We will visualize in 2-d, since we
using either their attribute or measure values P d tial ints in 2-d
ound spatial points In 2-
2-Dimensions "/:’ P P
X-Axis

~
by Attributes by Measures B — Select ‘'SCM-X’
<Select an Attribute> v

[JUse Log Scale

Y-Axis
by Attributes by Measures

— Select ‘'SCM-Y’
<Select an Attribute> < of

[JUse Log Scale

voa

Tickmarks: Center around axes' mean (w/ gridlines) v Normalize Axes

Select ‘Run Layout’
Distribution: Don't show v Run Lm/
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See Layout!

£ SCM-Output M=07 A=3.0 - ORA Network Visualzer

File View Actions Tools Layouts Meta-Nodes Node Appearance Link Appearance Display Help
1B 1 2 Rotate (D %) @ O Font Size 162 Node Size 202 Link Widkh 0.5 @ / =

Hide ks withva.. < Loss ... ¥ 49,65
G 2D Visuslizer 1

Hide Components Szed Less Than 0%
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Explore the Layout with Node
Colorina: Gender

File View Actions Tools Layouts Meta-Nodes Node Appearance Link Appearance Display Help
1B 1 2 Rotate (D %) @ O Font Size 162 Node Size 202 Link Widkh 0.5 @ / =

£ SCM-Output M=07 A=3.0 - ORA Network Visualzer
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Step 3: Learn a Graph

%3 Generate Reports - Locate Groups X . L
Go to ‘Generate Reports’, ‘Locate
Agerltms Ear Groups’, and navigate to the specific
Membership table "
enera 4 algorithm.
[ Group x Group network wi
e ——— Go over to the ‘General Options’ tab
Newman Modularity
[ Dunn Index

[] Davies Bouldin Index

Grouping algorithm process
[ Hierarchical dustering diagram
[ Dendrogram

Return group nodesets and networks
Add located groups attribute to the input meta-network.

5 et B oS Tetwork B the InpUE mE%fEtwurk\

[[] Add a new meta-network with the located groups T

Make sure to select ‘Add located
groups network to the input network’
(that’s how we get back the best fit
graph!)

< Back Next > Cancel
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Select the Latent Space Attributes

e——

%% Generate Reports - Locate Groups X Go to ‘Generate Reports‘ ‘Locate
s
Select the grouping algorithms and spedfy the parameters. Groups', and navigate to the specific
ures Alpha-F i
General Options EL;E e . algorithm
Owa
[[I¥otifs and Patterns
[CIk-Cores
[(Jpense Subgraphs
[Network Co-Clustering
Nearest Neighbor
Mearest Neighbor algorithm parameters:
g 0 ~ Only select our new latent space
O century Text Category |[] 1.0
O (Chisquare Error |Number O 10 / positions, ‘SCM-X’ and ‘SCM-Y’
] interplanetary [Text Category |[] 1.0
[m] magic Text Category | [] 1.0
O multi-species  Text Category [[]
O novel technol... Text Category [[] 1.0
] psychic powers Text Category 1.0
] \quarter century Text Cate; O 1.0
O robots, andre... TgwCatzgory [[] 1.0
O romance Text Category |[] 1.0
O 5 Ultipler  Number O 1.0
SCM-X Number O 1.0
=
O jpme travel _ [Text Category |[] Lo Finally, run the analysis
Select All Select None
v
< Back Next > Cancel
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Step 4: Analyze the Results

Heta-Network Manager # X CE

5 £33 Science Ficton Books - MagicOrly
" ssa Book  size 33
i ooo Nearest-Neighbor Clustering groups : size 3
13 Atteruated Distance
- #3% Book x Book
1-3* chsquare Error
1 *3* Frequendes-Fitied

Lo ad bor (k = 9)

i B ieighbor (k
*3° Book x Nearest-Neighbor cmﬁm\

°3° Network: k-Nearest Neighbor (k=9) # X

fo Editor

Network D llearest Neighbor {k = 9)

Source Nodeset D Book.

Target Nodeset D [Book

“23 Visualize tis Network | | ** Visualze Only this Network +

Properties Symmetric (undrected Inks) ] Noseffdoops [ Binary link values.

E——

Tt 3

Symmetric: Yes (per network property) NOW, we haVe |earned the
ik stastcs best fit k-NN graph for our
e o data, using modularity as the

Nonselfloops: 116 means of determining the
Non selfioop values: Binary gOOd neSS Of ﬁt

Self doops: 0
Selfoop values:  Binary,

c

Isolates: 0

Dyads: 0

Triads: 0

Larger: 1

Larger sizes: Min: 33, Max: 33, Mean: 33, Stddev: 0

Treatas symmetic: | True.
Ignore selfloops: | Auto-detect

Treatas binary: Autodetect

[
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Step 4: Analyze the Results

A Song of Ice ar
Discworld 75

\/. The Lord of the Rings
7 Node coloring by sub group.
Node size by degree centrality

A Wrinkle in Time

Princess of Mars
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Some Other Examples
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8th Convocation with Votes

Some Other Examples

%@ Turchynov Alexander Valentinovich
» N

ks e,
Dans ]
P,
% v “utsenko Yuriy Vitaliyovych
eoe 2o ®%
/" ‘v 4 | _“Yeremeev Igor Mironovich
4
Crey W Ty
it T o New F0T A
Lo [ & N d ‘\»(f. 'Boyko Yuriy Anatoliyovych th . :
TymosHanko Jui ,(/ s 8t Ukrainian Parliament,
N {’Q’x SEY P based on votes
P

4 :
’; . /é z Y‘a%io 0: Valerievich
Ve . 9. .

S0S

Parubi Andrey Vladimirovich . ¥,
mz,u;aeg Romanoyichi’ ¥d Oksana Ifanivna
S, ¥
Groysman Volodymyr Borisovich “eyeged
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"“*And, it can even be used for non-

sociometric data
T

Network of Sakula virus
samples, based on binary
attributes of the code
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e In research we often get data that may be complex and
have uncertain relationships

e We can deal with the data by creating an analyzable,
flexible and interpretable model of that data through the
presented procedure

— Place the data in a latent space
— Learn a graph on the data
— Analyze the graph

e Graph-based models of data can be used for many,
many different types of data
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