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Seven Bridges of Königsberg

- Königsberg founded in 1255 by 
Teutonic Order around two islands 
on the Pregel River 

- 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, Königsberg not too far from St Petersburg, where the 

Swiss polygraph Leonard Euler lived… 

- Euler educated in Basel by one of famous Bernoulli family, Johann 

- After 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 
Euler inherited their positions 

- Laplace: “Lisez Euler, lisez Euler, c’est notre maître à tous”



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: 

- “. . . I do not understand why you expect a mathematician to 
produce [a solution], for the solution is 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 sufficient to solve it.” 

- He saw the problem related to what Leibniz called geometria 
situs, or the geometry of position…
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First, Euler pointed out that the choice of route inside each land mass is irrelevant. The only important
feature of a route is the sequence of bridges crossed. This allowed him to reformulate the problem in
abstract terms (laying the foundations of graph theory), eliminating all features except the list of land
masses and the bridges connecting them. In modern terms, one replaces each land mass with an abstract
"vertex" or node, and each bridge with an abstract connection, an "edge", which only serves to record which
pair of vertices (land masses) is connected by that bridge. The resulting mathematical structure is called a
graph.

 →  → 

Since only the connection information is relevant, the shape of pictorial representations of a graph may be
distorted in any way, without changing the graph itself. Only the existence (or absence) of an edge between
each pair of nodes is significant. For example, it does not matter whether the edges drawn are straight or
curved, or whether one node is to the left or right of another.

Next, Euler observed that (except at the endpoints of the walk), whenever one enters a vertex by a bridge,
one leaves the vertex by a bridge. In other words, during any walk in the graph, the number of times one
enters a non-terminal vertex equals the number of times one leaves it. Now, if every bridge has been
traversed exactly once, it follows that, for each land mass (except for the ones chosen for the start and
finish), the number of bridges touching that land mass must be even (half of them, in the particular traversal,
will be traversed "toward" the landmass; the other half, "away" from it). However, all four of the land
masses in the original problem are touched by an odd number of bridges (one is touched by 5 bridges, and
each of the other three is touched by 3). Since, at most, two land masses can serve as the endpoints of a
walk, the proposition of a walk traversing each bridge once leads to a contradiction.

In modern language, Euler shows that the possibility of a walk through a graph, traversing each edge exactly
once, depends on the degrees of the nodes. The degree of a node is the number of edges touching it. Euler's
argument shows that a necessary condition for the walk of the desired form is that the graph be connected
and have exactly zero or two nodes of odd degree. This condition turns out also to be sufficient—a result
stated by Euler and later proven by Carl Hierholzer. Such a walk is now called an Eulerian path or Euler
walk in his honor. Further, if there are nodes of odd degree, then any Eulerian path will start at one of them
and end at the other. Since the graph corresponding to historical Königsberg has four nodes of odd degree, it
cannot have an Eulerian path.

An alternative form of the problem asks for a path that traverses all bridges and also has the same starting
and ending point. Such a walk is called an Eulerian circuit or an Euler tour. Such a circuit exists if, and only
if, the graph is connected, and there are no nodes of odd degree at all. All Eulerian circuits are also Eulerian
paths, but not all Eulerian paths are Eulerian circuits.

Euler's work was presented to the St. Petersburg Academy on 26 August 1735, and published as Solutio
problematis ad geometriam situs pertinentis (The solution of a problem relating to the geometry of position)
in the journal Commentarii academiae scientiarum Petropolitanae in 1741.[2] It is available in English in

Bad for Königsberg,  
Great for graph theory

- In 1735, Euler founded graph theory by proving there was no 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
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- Graph, network 

- G = (V, E) 

- Vertices, nodes, points 

- Node set, mode 

- V = {a,b,c,…} 

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

- E = {{a,b},{b,c},…}

Terminology
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Fig. 1. Bilateral Fisheries Treaty Map: Bilateral fisheries agreements between states i and j (i, j ∈ A) are represented by a line following the shortest line from the midpoints
of  each state’s main territory around the earth’s curvature. States are coloured by the number of fish each state reports having caught.

the skewness is accounted for by the EU on the state side, and by
UNCLOS and other MFAs like it on the MFA  side. Tie-formation for
the very large MFAs is likely to follow processes different from the
endogenous tie-formation processes that apply to the other MFAs.
As mentioned above, the UN treaty UNCLOS, for example, includes
almost all states. For the purposes of analysis we thus treat ties of
these large MFAs as exogenous and fixed. We identify the MFAs to
be treated as exogenous as those that have more than 20% of the
states as signatories.

Among the high-degree states we have a number of (pre-
dominantly) developed states with a central role in the fisheries
governance network. Some have a traditionally leading role, such
as France (70 ties), but all dominate and set the agenda for inter-
national fisheries and although there is a large dispersion in the
degrees among these actors, there is a clear distinction between
states with 20 or less ties (India top) and states with more than
20 ties (People’s Republic of China bottom). In lieu of account-
ing for this degree heterogeneity parametrically (Schweinberger
and Handcock, 2012) we exogenise extremely high degree nodes
(Robins and Lusher, 2013, 184), or “big fish”, to focus on “small fish”
(those with more common involvement patterns). We thus develop
our research questions for the AB network with a view to explaining
the behaviour of the “small fish” given the established affiliations
of the “big fish” (cf. Lazega et al., 2008).

As with AA,  we include several salient covariates. First, we  con-
sider gdp as providing the capacity to enable states’ participation
in this network. Second, we investigate whether states having
many threatened species motivates their participation in this
network.

2.3. MFA  content similarity network – BB network

Multilateral treaties do not exist in a vacuum, but their con-
tent is conceived and negotiated in relation to other treaties,
and states select which multilateral agreements to join with rea-
sonable knowledge about how those documents interrelate (see
Jupille et al., 2013). The third network, BB,  consists of ties between
the MFAs. Like any complex document, multilateral treaties are
linked in many interesting and meaningful ways, including shared
authors, location, and date. However, one of the distinct features

of multilateral treaties is that, more than bilateral treaties, they are
responsible for the creation or codification of much international
customary law and its normative evolution (Carr and Scott, 1999;
Chalamish, 2009; Kim, 2013). The normative structures in which
such treaties are embedded are important for it is through their
normative interlinkages that multiple agreements complement or
come into conflict with one another (see e.g. Zelli and van Asselt,
2013). Here we  consider three main ways in which the comple-
mentary or conflictual relationship between multilateral fisheries
treaties can be expressed so as to make an informed choice of a BB
network.

First, since MFAs are seldom global (UNCLOS being an excep-
tion), whether two  treaties may  complement or conflict with one
another will depend first on whether they relate to the same geo-
graphic areas; in other words, whether they have the same or
similar scope. We  coded scope by combining information about
the geographic area MFAs operated in respect of from ECOLEX and
IEA. This constituted a network in which MFAs were related or tied
when they share a primary geographic area (coded to include dif-
ferent scopes such as the Baltic Sea or the High Seas). This resulted
in a dandelion structure that can be seen in the top left plot of
Fig. 4.

Second, MFAs often cite earlier MFAs in their preamble. As
with academic citations, there can be multiple motivations for
such referencing practices, including association with more popu-
lar treaties, validation for normative arguments, as part of a process
of cumulative law-making, or as an amendment or addition to con-
temporary international law. A similar network was used by Kim
(2013). Unlike Kim however, we follow Mitchell (2013) in includ-
ing all treaty types and rely in part on their classification of treaties
into distinct normative lineages with clear sequencing to construct
an agreement-amendment-addition hierarchy to the citation struc-
ture of these treaties. This was  complemented by the addition of
some ties through ECOLEX (2011). The result is a sparse network
of MFAs, often connected linearly with some branching as can be
seen in the centre plot of Fig. 4.

Third, MFA  texts often overlap in content. Treaties may  address
similar or quite different subject matter independently of whether
it occurs in the same lineage or refers to the same geographic area.
We are thus also interested in a relational network of how the MFAs

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?
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What is/are social/political networks?
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What is/are social/political networks?
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What is/are social/political networks?
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An abbreviated history of SNA
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Lesson #1: 
Abstraction allows application



Describing networks
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Describing networks
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Levels of analysis
20



Types of analysis

See also Agneessens 2021

21



Cross-sectional (settings) 

Longitudinal (panels) 

Continuous (events)

g1 g2

t1 t2

begin end

…

→

| e.g. what makes g1  
similar/different to g2?

e.g. what explains t1  
changing to t2?

e.g. what drives change 
from begin to end?



Questions about position
- Questions about nodes: e.g. who is in a more central position 

and are central positions associated 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? 

23

Padgett and Ansell, 1993

May 18, 2015 Chair of Social Networks at ETH 5

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


Questions about clustering

- Descriptive questions, e.g. how cohesive is 
a network and how embedded are the nodes 
in a network? 

- Deductive questions, e.g. is a structure 
divided into two (or more) distinct factions? 

- Inductive questions, e.g. how many groups 
are there and which are their members?

24

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


Questions about topology
- Descriptive questions, e.g. is there a discernible core-

periphery structure? 

- Analytic questions, e.g. how resilient is this network to 
disruptions?

25

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


A

B

D

C

Friendship in a housing community

February 20, 2017 Chair of Social Networks at ETH 2

Bearman et al., 2004

February 20, 2017 Chair of Social Networks at ETH 3

Questions about selection

- Questions about structural selection: are 
the most popular being selected and are 
connections connections being selected? 

- Questions about multiplex selection: does 
one network explain the other and are 
networks balanced?

26



Questions about influence
27

Christakis and Fowler, 2007

February 20, 2017 Chair of Social Networks at ETH 7

- Questions about diffusion: e.g. how does 
behavior spread and what seeds and 
structures help or hinder the process?  

- Questions about peer influence: e.g. how 
are outcomes influences by what 
connections are doing?

Hollway et al 2017



- Questions about 
coevolution of 
networks: e.g. 
which choices 
initialise 
interdependency?  

- Questions about 
coevolution of 
networks and 
behaviour: e.g. 
how path 
dependent are our 
choices?

Questions about coevolution
28

multiplex form of the SAOM (Snijders, Lomi, and Torló 2013). SAOMs are
primarily used for studying change across longitudinal/panel network data and
for depicting the evolution of networks ties among actors over time as a result of
actors’ choices. They are premised on four main assumptions (Snijders, van de
Bunt, and Steglich 2010), which enable and constrain what can be done with the
model.

First, although tie (and sometimes also behavioral) variables are only observed at
discrete time points (i.e., each panel wave), SAOMs assume that time is continuous
and so (tie) changes build up incrementally—and can even revert—during a process
from one wave to the next. Since it is this process that is modeled, all changes are
conditional on the structure of the first network. In other words, we take the state of
each network at its initial point (i.e., 1989 in our analysis) as given, and model
changes from there. This does not imply that this first network is at equilibrium.
Rather it means that it is not the origins of the first NTIs that are modeled, but how
they have proliferated.
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Figure 4. Four interdependent networks (as of 2009).

Milewicz et al. 755

SAOM allows discrete 
changes on both levels

- Changes are actor-oriented: individuals decide to change their outgoing ties and their 
behaviour 

- Two Poisson processes determine time intervals between subsequent changes in 
each dependent variable



Lesson #2: 
Questions are key



Social Networks

Network Theory

Network Analysis Network Modelling



Course Evaluation
- 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  

- 50% - Blog post(er) 

- Present results of a modelling exercise 

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





Some Journals

- Social Networks 

- Network Science 

- Journal of Social Structure 

- Social Forces 

- Sociological Methodology 

- Political Analysis 

- Policy Studies Journal 

- Journal of Statistical Software 

- Ecology and Society 

- Journal on Complex Networks 

- Computational Social Networks 

- Applied Network Science 

- Journal of Mathematical Sociology 

- Physical Review E 

- 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”) or use point+click

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


So, social networks…
- Assumption: social life is associative, and relations are meaningful 

- Premise: 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 

- Promise: to help understand social, political, relational life.
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Some advice
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Some advice
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