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Course guides and sessions

- Professor: James Hollway

- james.hollway(@graduateinstitute.ch
- Lectures: Wednesdays, 2-4pm (S3)

- Mix of conceprtual and practical, complementary to readings

- Olfice hours: Tuesdays, 2-4pm (sometimes Zoom)

- TA: Idil Yildiz

- 1diL.yildiz@graduateinstitute.ch

- Office hours/overflow sessions: the...

- Deepening comprehension, DIY experience
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Seven Bridges of Konigsberg

ARONINGSUENGA

- Konigsberg founded in 1255 by i‘ } ‘: " ‘3 |

Teutonic Order around two 1slands Mdﬂ gl
—~ —a {t‘,h
on the Pregel River 5"&' ﬁ ga .3 '.

- Became a wealthy port, and citizens
spent Sunday afternoons walking the
seven bridges connecting the city

- They came up with a puzzle: how can
we cross all seven bridges only once
in a single walk?



lisez Euler...

Luckily, Konigsberg not too far from St Petersburg, where the
Swiss polygraph Leonard Euler lived...

Kuler educated in Basel by one of famous Bernoulli family, Johann

Alter failing to get a position in Basel, he followed Johann’s sons,
Niklaus and Daniel, to St Petersburg

Niklaus died (1726) and Daniel returned to Basel (1733), and

Kuler inherited their positions

Laplace: “Lisez Euler, lisez Euler, ¢’est notre maitre a tous™




LETTERS OF EULER

ON DIFFERENT SUMECTS IN

NATURAL PHILOSOPHY.

ADDREASED TO

A GERMAN PRINCESS.

WITHE NOTES, AND A LIFE OF EULER,

BY

DAYID BREWSTER, LL.D.
F.RA LOND, AND ED,

COXTAINING A CLOSSARY OF SCIENTIVIC TEENA

WITH ADDITIONAL NOTES,
BY JOHN GRISCOM, LL.D

IN TWO VOLUMES
YOL. 1L

NEW YORK:

HARPER & BEROTHERS,

NO., B2 CLIFP-STREET.

1835.

- Why should he (or you) care?

- When the lord mayor of Danzig, Carl Gottlieb Ehler, wrote him for
a solution to the Seven Bridges problem, he replied:

- ...l donotunderstand why you expect a mathematician to
produce [a solution], for the solution 1s based on reason alone,

and its discovery does not depend on any mathematical
principle.”

- Yet, later that year he admitted to an Italian colleague:

- “This question is so banal, but seemed to me worthy of attention

in that [neither] geometry, nor algebra, nor even the art of
counting was suflicient to solve it.”

- He saw the problem related to what Leibniz called geometria
situs, or the geometry of position...



Bad for Kénigsberg,
Great for graph theory

3

- In 1735, Euler founded graph theory by proving there was 70 solution to the problem

- Proof consisted of two steps:

- First, route inside each land mass irrelevant, only the connections, meaning he could abstract to a
graph of vertices (nodes) connected by edges (ties)

- Second, for a unique path to exist, no more than 2 nodes should have an odd degree (# ties) —if
enter, also need to leave, so all intermediate nodes must be even

- Because all nodes had odd degrees — no way of solving the problem



LORD MAYOR OF KONIGSBERG, I WILL

REWARD YOU HANDSOMELY IF YOU
{j@l 1 CONSTRUCT THIS BRIDGE BEFORE

MY FRIEND LEONHARD ARRIVES.
{:H::‘Z}

il

T TRED TO USE A TIME. MACHINE TO CHEAT ON MY ALGORITHMS
FINAL BY PREVENTING GRAPH THEORY FROM BEING INVENTED.



T'erminology

- Graph, network
- =V £)

- Vertices, nodes, points

- Node set, mode

- V={ab.c...}

- Edges, ties, links, lines,
connections, arcs

- L={lab)ibd...,
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https://aeon.co/essays/the-most-important-connection-in-any-network-is-the-local?utm_source=pocket&utm_medium=email&utm_campaign=pockethits

What is/are social/political networks?



What is/are social/political networks?

e Not a social network
faCEbOOk® o ‘ o not a type of actor, but structures




What is/are social/political networks?

e Not a social network
o not a type of structure, but any structure

e Not a social network
o not a type of actor, but structures
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Hierarchy
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What is/are social/political networks?

facebook gb

e Not a social network
o not a type of structure, but any structure

HELLO. MY NAME IS INIGO MONTOYA.
YOU KILLED MY FATHER. PREPARE TO DIE.

INIGO’S GUIDE TO NETWORKING SUCCESS

1. POLITE GREETING

2. NAME

3. RELEVANT PERSONAL LINK
4. MANAGE EXPECTATIONS

e Not a social network
o not a type of actor, but structures

Hierarchy

e Not a social network
o not any structure of a specific type of relation, but structures
of any relations



An abbreviated history of SNA
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Lesson #1:
Abstraction allows application



Describing networks

what could this network be of?

describe the structure...

describe the position of nodes...

describe the situation of ties...



Describing networks

what could this network be of?
o type/format of network
o dimensions/density/diameter

describe the structure...
o centralisation/core
o components/communities

describe the position of nodes...
o 1solates/centrality
o brokerage and other roles

describe the situation of ties...
o reciprocal or asymmetric
o transitive/cyclical embedded



Levels of analysis

o—©0 e Network level (0 =1)
» ] *.
V4 : : : 0
® .‘\5. o e.g.1s this network centralized”

e Dyad level (0 =n(n-1)/2)
o e.g.are similar nodes connected?

e Node level (0 = n)

o e.g.are some nodes more popular than others?




T'ypes of analysis

IV.DV Node Ties Network

Node e.g. does centrality drive e.g. are friendships formed through e.g. are networks clustered
success’? attraction/homophily? around diversity?

Ties e.g. do unequal exchanges e.g. are friendships formed through e.g. are networks clustered
drive success? propinquity? around balance?

Network €& do brokerage positions  e.g. are friendships formed through e.g. are networks coevolving
drive success? transitivity? into clustering?

See also Agneessens 2021



Cross-sectional (settings)

Longitudinal (panels)

Contunuous (events)

c.g. what makes g/
similar/different to g27?

c.g. what explains 2/
changing to 227

c¢.g. what drives change
from begin 1o end?



(Questions about position
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Figure 3 - All Nodes within 2 steps / degrees of original suspects

(Questions about nodes: e.g. who is in a more central position
and are central positions assoctated with certain outcomes?

(Questions about networks: e.g. what kinds of roles are there in
the network and how have (membership in) these roles changed?

Mugabe's Inner Circle in 2008 and then 2016. Nodes are colored by clan affiliation.


https://frontera.net/news/africa/zimbabwes-power-struggle-the-family-vs-the-old-lions/

24

Questions about clustering ™77

US Senator Voting Relationships

Descriptive questions, €.g. Zow cohesive ts

v e,
~
o : ‘ :
-~ 4
)

a network and ow embedded are the nodes
in a network?

| }\
1

Open Spoat

Ty
Human Rights®Watch

Deductive questions, e.g. és a structure &

divided into two (or more) distinct factions? 4 \
" e : [/,
| I/

- Inductive questions, e.g. fow many groups
are there and which are thewr members?

1. American Cluster 2. European Cluster 3. British Cluster 4. Russian Cluster 5. Latin American Cluster

Source: thinktanks.institutoelcano.org


http://www.eurasiareview.com/08092017-political-influence-network-in-twitter-2017-analysis/

(Questons about topology

Year 2012 Fintand Brazil Total: US$81.6 tn
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- Descriptive questions, e.g. &s there a discernible core-

periphery structure?
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- Analytic questions, e.g. ow resilient is this network: to .74 7 A PGl

disruptions?

Major urban
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http://duckofminerva.com/2016/08/the-anglosphere-dominance-in-global-finance-and-the-consequences-of-brexit.html

/
The e% ® Tl -~ Friendship in a housing community

. ..D.D D.'DD Bearman et al., 2004 OITTIIIIIIE RO RO A Qresssssnnes A Qressssnnnns A Qressssnnnns A
- Questions about structural selection: are - (Questions about multiplex selection: does
the most popular being selected and are one network explain the other and are

connections connections being selected? networks balanced?



(Juestions about influence

- Questions about diffusion: e.g. Zow does - Questions about peer influence: e.g. 0w
behavior spread and what seeds and are outcomes influences by what
structures help or hinder the process? connections are doing?

Patient transfers between hospitals
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(Juestions about coevolution

- (uestions about
coevolution of
networks: e.g.
which choices
nitialise
interdependency?
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- (uestions about
coevolution of
networks and
behaviour: e.g.
how path

dependent are our
choices?



Lesson #2:
(Questions are key



Social Networks




Course Evaluaton

- 20% - Weekly exercises and participation
- Complete the weekly tutorial exercises through the packages

- Ask and answer questions on Moodle

- 30% - Mid-term report
- Uploaded to Moodle

- Data and further details released

- 90% - Blog post(er)
- Present results of a modelling exercise

- Use MRQAP, SEIS, ERGM, or SAOM on own/others data



Social Network
Analysis EEmmmmmm"m—
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- Social Nerworks

- Network Science

- Journal of Social Structure

- Social Forces

- Sociological Methodology
- Political Analysis

- Policy Studies Journal

Some Journals

- Journal of Statistical Software

- Leology and Society

- Journal on Complex Networks

- Computational Social Networks
- Applied Network Science

- Journal of Mathematical Sociology

- Physical Review £

- American Journal of Sociology

- American Sociological Review

- Annual Review of Sociology

- Physica A

- PLOS ONE

- Social Network Analysis and Mining

- Science / Nature



Why R?

Open Source. Interdisciplinary. Extensible. Free. Valuable.
Integrated statistics and network analysis for data science

New specialised packages constantly added

- We will use primarily manynet + migraph

Documentation
- Offline: often great, but depends on the package

- Online: usually excellent, forum posts for everything in e.g. StackOverflow or CrossValidated



http://stackoverflow.com/
http://stats.stackexchange.com/

Getting started

- Download and install R (click download R and then select closest
mirror): https://www.r-project.org/

- Download, install and open RStudio (you don’t need to open R):
https://www.rstudio.com/products/rstudio/#Desktop

- Install migraph (you don’t need to install any other packages) by
typing install.packages (“migraph”) oruse point+click



https://www.r-project.org/
https://www.rstudio.com/products/rstudio/#Desktop

So, social networks...

- Assumpuon: social life is associative, and relations are meaningtul
- Premiase: how social entities are connected matters

- Argument: more interdependent and contextual than traditional quantitative or qualitative work

- By taking context and dependencies into account, even making them central to the
explanation, networks goes beyond traditional statistics

- By using graph theoretic concepts and formal measures, even making them central to the
explanation, networks goes beyond traditional case studies

- Promuse: to help understand social, political, relational life.



Some advice

Don't “do networks” to

join hot research area (though it is)

present fancy pictures (seldom enough)

present fancy analysis (depends on data quality)
explain more variance (not simply an add-on)
explain everything (empirical settings are messy)
use big data (RQ and theory relationship required)
use networks expertise (clear motivation required)



Some advice

Don't “do networks” to

join hot research area (though it is)

present fancy pictures (seldom enough)

present fancy analysis (depends on data quality)
explain more variance (not simply an add-on)
explain everything (empirical settings are messy)
use big data (RQ and theory relationship required)
use networks expertise (clear motivation required)

Do “do networks” to

describe social structures, both local and global
identify individuals in specal positions

correlate positions with individual outcomes
correlate structures with global outcomes

explain how individuals affect social structure
explain how social structure atfects individuals
understand how micro and macro outcomes relate
understand how different networks relate
understand how different mechanisms change or
sustain social systems



