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Complex Systems

Synergy is the interaction of multiple elements in a system to produce

an effect different from or greater than the sum of their individual
effects.

Emergence is the way complex systems and patterns arise out of
a multiplicity of relatively simple interactions.

“The whole is greater than the sum of its parts.”
-- Aristotle
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Graph Theory
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Network Visualization

* Nodes (Vertices)
— Size, color
* Links (Edges)
— Direction, width, color
* Layout
— Dynamic (spring-force layout)
— Mapped (geo overlay)
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Network Layout

Betweenness Centrality Community
u2
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Decorate network data

Centrality measures

Betweenness: the number of shortest paths a node is on.

likely path for information flows

Eigenvector centrality: the centrality of a node’s neighbors.

popular among popular actors.
Degree: number of connections.
number of friends, followers, etc.
Community detection

Clustering
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Data Preparation

SAS Visual Analytics supports two types of input data sources
Hierarchical network structure

Ungrouped network structure
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Hierarchical data structure

Common data structure

Creates a multi-level graph by
using a hierarchy or a set of
categories

Honda Civic LX $14,531
4dr

Honda  Civic Si 2dr $17,849
hatch

Toyota Land $47,986
Cruiser
Ford Escape $20,907
XLS
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Used to represent traditional node-

link data sets

Requires one source (from) and one
target (to) column

Ungrouped data structure

EMP1 MGR1 40000 17-Sep-02
EMP2 MGR2 67000 12-Mar-01
EMP3 MGR2 55000 04-Apr-04
MGR1 MGR2 85000 23-Jun-96
MGR2 98000 5-May-95
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Demo

SaSs.com
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EUROVISION SONG CONTEST
POLITICAL OR GEOGRAPHICAL VOTING

Data: Janne Spijkervet, Eurovision Dataset,
https://github.com/Spijkervet/eurovision-dataset
Design: Falko.Schulz@sas.com, 2021

Product: SAS Visual Analytics on SAS Viya

Last updated: Feb 01, 2021

All time favourites

o Moldove
Bulgeria

The nearly 60-year-old song contest is watched
by an estimated 125 million viewers each year.
Started in 1956, it has been held very year (with
the ption of 2020) - making it the longest-
running annual international televised music
competition.

Number of years 12 points given Number of years a country has P e

to a country been in the top 5 ranking

4 3

Greece to Cyprus Sweden

Most points given to a country Best average ranked country

48 5.1

Greece to @yprus Itary

Highest scored country

744

&

SAS Viya

Lowest scored country

o3y

ltaly Finland

Netherlands

Vote Category

Contest Year

2009 to 2019

Edition

Semi-Finals

Semi-Finals 1
Semi-Finals 2

Points given

10to 12

1975

2019

1 12

Frequency

)

Points
926



Character Count by Season

(GAME®r [HRONES

Data: https:/github.com/jeffreylancaster/game-of-thrones
Last updated: March, 2019
Design: Falko.Schulz@sas.com

Character Count by Scene Start (min) grouped by Episode
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House
(missing)
Baratheon
Bolton
Frey
Greyjoy
Lannister
Martell
Mormont
Stark
Targaryen
Tarly
Tully
Tyrell

Relationship

killedBy
marriedEngaged
parentOf

sibling

Frequency Percent

4.63%
0.08%
Duration

1:00:00
0:50:00
0:40:00

00

0:20:00

0:10:00




= SAS® Visual Analytics
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= SAS Visual Analytics
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THE POWER OF SOCIAL NETWORKS
SAS Global Forum 2019 - Twitter Tweets

#SASUSERS , #SASV I YA, #SASGF, #Ana lyt i csX, #SASTIP, #SASCOMMUNITY , @sassof tware
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COVID-19 Scientific Literature Search and Text Analysis 5

00,
o

Explore the interactive co-citation network

their references.

Select an authority group for the top 30 most populated communities,
) identified by the top three topics in that community, 1o see an
associated network of co-citations. Zoom in on the top percentage of
authoritative papers below. Each node in the network represents a
paper or reference. The color of a node represents a paper’s authority
score. A higher value here means higher importance in the network
based on a number of references from direct linked papers as well as

Top 30 most populated communities

Respiratory Exacerbation - 1
health, world, organization, +case, .
Replication and Genes - 10

Gene Strains and Isolstes - 8
health, world, organization, +case, .
health, world, organization, +case,
Gene Strains and lsolates - 22
Gene Strains end lsolates - 3
Antiviral -16

Gene Strains and lsolates - 6
health, world, organization, +case, .
Replication and Genes - 7
Antiviral - 23
Replication and Genes - 14

Gene Strains and lsolates - 15
Antiviral -19

Vaccines -12 -|

Gene Strains and lsolates - 17
T

Antiviral -31

health, world, organization, +case, . -
Gene Strains and lsolates - 43
Recombinstion and Mutation - 46 -|
Vaccines - 18 -|

Vaccines - 66 |

Antiviral - 30

Authority Group

W 30%49%
W 50%79%
I 80%-89%
11 90%99%
1 100%

Sal d ref

9]
Vaccines - 41
Antiviral - 80

r paper and first degree citations

health, world, organization, +case, . -

Authoritativeness
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Double click on a paper topic shows more detailed information sbout the selected community. Double click on a paper searches the data base for related
pers based on the papers title.

Reference Paper / Cited By Centrality: Author... v Title

|Co-citation network for topic "R
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