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The data sets used: “alliance_v4.1_by_dyad.csv” from Formal Alliances (v4.1) and “NMC-60-abridged.csv”

from National Material Capabilities (v6.0) on https://correlatesofwar.org/data-sets.

1 Formulate theoretical arguments and expectations about inter-

state relations. Think in network terms. Select the appropriate

part of the data for analysis.

Answers:

It is easier for countries to forge alliances with other countries that are of the same level of power with

them. Powerful countries forge alliances with each other so as to avoid large scales of wars between them.

Less powerful countries in general are less attractive to powerful countries so they should be more likely

to stick together to protect each other when powerful countries invade one of them. So we expect to see

homophily in terms of national power. However, once it becomes possible for one less powerful country

to connect with powerful countries, this country along with its less powerful allies, connect with the same

powerful countries. Since powerful countries have the tendency to be allies, less powerful countries connected

with one powerful country then become allies with other powerful countries. We expect powerful countries

to have higher density in the network.

The historical period covered here is 1816-1836. In 1814 and 1815, the Congress of Vienna was held. The

aim was not simply to restore old boundaries, but to resize the main powers so they could balance each other

and remain at peace, being at the same time shepherds for the smaller powers. In this sense, we expect less

powerful countries were granted the chance to become allies of powerful countries.
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When we talk about “power” here, it is worth noting that the concept of “power” of a country could be

measured from different perspectives. Here we focus on military personnel(thousands) and iron and steel

production (thousands of tons). The Industrial Revolution occurred during about 1760 to about 1820-1840

dramatically increased the production of iron and steel in some countries. The problem is that, a country

which was powerful in terms of military personnel was not necessarily a country which was powerful in terms

of production of iron and steel. We expect that, powerful countries with great number of military personnel

would stick together while powerful countries with great capacity of producing iron and steel would stick

together. At the same time, less powerful countries which gained power mainly through conscription instead

of iron and steel production would forge alliances with “military powerful” countries other than “production

powerful” countries. That is, countries that shared the same belief of the concept of “power” were more

likely to become allies. So we also expect to see segregation between the two types of countries.

So, in this study, we focus on alliances forged between 1816-1836, a twenty-year period after the Congress

of Vienna as well as data on military personel and production of iron and steel of each country in the

twenty years. The data sets used are Formal Alliances (v4.1) and National Material Capabilities (v6.0) from

https://correlatesofwar.org/data-sets.

2 On the selected data, make a table that contains descriptive net-

work statistics for the network and for key node-level variables.

Answers:

Table 1 shows the descriptive statistics of alliance network(1816-1836).

A total of 19 countries forged 59 alliances including mutual defense pacts, non-aggression treaties, and

ententes. All ties are mutual as all the terms applied to both contries, so the network is undirected with

reciprocity equals to 1. The average degree indicates that for each country, there were on average 6 alliances

forged. This could possibly be the results of all countries forged similar numbers of alliances regardless of

their power levels or countries of similar power level forged many alliances while countries of different power

level forged few alliances in the twenty years of time. The density of the network is 0.345 which suggests

the network was not well-connected and countries had certain standards which they used to judge another

country before they decide whether to be an ally of another country or not. The transitivity is relatively

high which suggests there exists group of nodes that are densely connected internally.

The average path length is calculated based on the number of steps of the shortest paths bteween two

2

https://correlatesofwar.org/data-sets


Table 1: Descriptive statistics of alliance network(1816-1836)

Object Index
Historical period covered 1816-1836

Major events The Congress of Vienna & The Industrial Revolution
Nature of tie(s) Alliances between countries

Number of nodes 19
Number of ties 59
Direction of ties Undirected
Average degree 6.2105

Standard deviations 5.5934
Density 0.345

Reciprocity 1
Transitivity 0.7105

Average path length 2.1696
Number of isolates 0

Number of components 1
Assortativity(degree) 0.1615

Node with the highest degree AUH
Node with the highest betweenness centrality AUH
a Data source: Formal Alliances (v4.1) & National Material
Capabilities (v6.0)

nodes in the network. In general a country could reach another country through one of its allies which is

also an ally of the other country.

The network is a single conponent with no isolates. The assortativity(degree) is positive which means

countries with many allies had the tendency to become allies.

Austria-Hungary is the country(node) that has the highest degree and betweenness centrality in the

alliance network. Austria-Hungary seems to be the most popular ally at that time and served as a “broker”

in the network which means that, to reach another country or to be an indirect ally of another country, it is

very likely that a country needed to be the ally of Austria-Hungary first.
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3 Visualize the network.

Graph 1: Alliances forged between 1816-1836
            (Vertex size based on average military personal)
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Answers:

In Graph 1, RUS(Russia) & GMY(Germany) & AUH(Austria-Hungary) were all powerful contries in

terms of military personnel and were strong allies of each other. The top right part shows that six less

powerful countries were very well connected with each other and at the same time forged alliances with AUH

and GMY, but not with RUS. Besides AUH and GMY, RUS only forged alliances with TUR(Turkey), a

country powerful in military personel but not iron and steel production, UKG(The United Kingdom) and

FRN(France), two countries powerful in both military personnel and iron and steel production. Other less

powerful countries had the tendency to become allies of only one powerful country in general but alliances

between these less powerful countries is scarce.
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4 Implement and compare the results (community compositions,

their size) of two different community detection algorithms to find

communities (e.g., Girvan-Newman, Louvain, walktrap, cohesive

blocks, Leiden).Create a plot where nodes are either colored based

on their membership, or you mark the groups with some color in

the background.

Girvan-Newman
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Walktrap
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Answers:

The theory of Girvan-Newman community detection is that edges with high betweenness are those that

separate communities. So only well connected nodes can be viewed as members of one community. We could

find that the edge between SWD(Sweden) and UKG(The United Kingdom) is the only path which SWd could

use to further communicate with other countries(nodes) in the network. So this edge made SWD a single

community. None of the edges between POR(Portugal), FRN(France) and UKG(The United Kingdom) is

“the only path”,so they all have low betweenness. But the edges between SWD & UKG, SPN(Spain) &
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UKG, GMY(Germany) & UKG, AUH(Austria-Hungary) & UKG, RUS(Russia) & UKG and RUS & FRN

all have high betweenness and made POR & UKG & FRN one community. Combined with Graph 1, we can

see that powerful countries are divided into two communities while a less powerful country, if not an ally

of other less powerful countries, is viewed as a community itself even if it is an ally of a powerful country.

RUS & GMY & AUH forged great amount of alliances during 20 years and thus are the members of the

same community. Although UKG was also an ally of the three countries, their relationship is relatively

weak(not tightly connected) compared with that between the three countries so UKG is not a member in

this community.

The idea of Walktrap community detection is that if random walks are to be performed in a network, short

random walks tend to stay in the same community because the nodes in a community should be densely

connected and the number of ties for exiting the community is limited. We specify the length of random

walk to be 5 steps here. Compared with the graph on the left(Girvan-Newman), we find the POR & UKG

& FRN community has a new member SWD which is an ally of only UKG and the RUS & GMY & AUH

community has two new members TUR(Turkey), an ally of only RUS, and TUS(Tuscany), an ally of only

AUH. Other communities stays the same. So all the countries which is viewed as a community itself in the

graph on the left are now included in the larger communities which they are connected to.

Although the number of members of the two communities is different in Girvan-Newman graph and

Walktrap graph. RUS & GMY & AUH and POR & UKG & FRN remained stable. That is, as we expected,

“military powerful” countries had the tendency to stick together and this is the same case for “production

powerful” countries. POR is not powerful in military personnel or iron and steel production, but is connected

with both UKG and FRN and is considered a member of this community.
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5 Try doing a tentative blockmodel analysis using structural equiva-

lence. You may choose the number of roles as you see fit. Interpret

your results.
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## [,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10] [,11] [,12] [,13]

## [1,] 0 10 12 20 20 20 20 20 20 20 26 14 12

## [2,] 10 0 2 18 18 18 18 18 18 18 24 8 6

## [3,] 12 2 0 16 16 16 16 16 16 16 22 6 4

## [4,] 20 18 16 0 4 0 0 0 0 0 10 14 12

## [5,] 20 18 16 4 0 4 4 4 4 4 6 18 16

## [6,] 20 18 16 0 4 0 0 0 0 0 10 14 12

## [7,] 20 18 16 0 4 0 0 0 0 0 10 14 12

## [8,] 20 18 16 0 4 0 0 0 0 0 10 14 12

## [9,] 20 18 16 0 4 0 0 0 0 0 10 14 12

## [10,] 20 18 16 0 4 0 0 0 0 0 10 14 12

## [11,] 26 24 22 10 6 10 10 10 10 10 0 20 22
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## [12,] 14 8 6 14 18 14 14 14 14 14 20 0 2

## [13,] 12 6 4 12 16 12 12 12 12 12 22 2 0

## [14,] 8 6 8 16 16 16 16 16 16 16 22 10 8

## [15,] 12 6 4 16 20 16 16 16 16 16 26 6 4

## [16,] 14 4 2 18 18 18 18 18 18 18 24 8 6

## [17,] 8 2 4 20 16 20 20 20 20 20 22 10 8

## [18,] 14 8 6 14 18 14 14 14 14 14 20 0 2

## [19,] 12 6 4 16 16 16 16 16 16 16 22 6 4

## [,14] [,15] [,16] [,17] [,18] [,19]

## [1,] 8 12 14 8 14 12

## [2,] 6 6 4 2 8 6

## [3,] 8 4 2 4 6 4

## [4,] 16 16 18 20 14 16

## [5,] 16 20 18 16 18 16

## [6,] 16 16 18 20 14 16

## [7,] 16 16 18 20 14 16

## [8,] 16 16 18 20 14 16

## [9,] 16 16 18 20 14 16

## [10,] 16 16 18 20 14 16

## [11,] 22 26 24 22 20 22

## [12,] 10 6 8 10 0 6

## [13,] 8 4 6 8 2 4

## [14,] 0 12 10 8 10 8

## [15,] 12 0 2 8 6 4

## [16,] 10 2 0 6 8 6

## [17,] 8 8 6 0 10 4

## [18,] 10 6 8 10 0 6

## [19,] 8 4 6 4 6 0
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Answers:

The matrix shows the hamming distances of alliances forged in the alliance network. The hamming

distance here shows the number of allies two countries did not share. The higher this number in the matrix

is, the less allies two countries share and the less structurally equivalent two countries are.

Based on the Cluster Dendrogram, we can see that 6(BAD,Baden), 4(BAV,Bavaria), 7(SAX,Saxony),

8(WRT,Wuerttemburg), 9(HSE,Hesse Electora), 10(HSG,Hesse Grand Ducal) are perfectly structurally

equivalent. That is, these six countries in the graph above had exactly the same allies(each other and

AUH & GMY). This is the same case for 12(SIC,Two Sicilies) and 18(ITA,Italy). 11(AUH) is unique. There

are additional sets of countries that are very equivalent. They share part of their allies.
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P1 consists of only AUH, P2-P2 and P3-P3 are completely filled with ties(complete blocks). P2-P4 and

P4-P2 are empty(null blocks). The remaining are regular blocks.

AUH is the ally of 12 countries which suggests it is the most connected country among all 19 countries

in the network. This makes sense as Vienna, where the Congress of Vienna was held is in Austria-Hungary

which made this country a leader in alliances forging. We find strong connections between the 7 countries in

the GMY~BAD block as they are fully connected with each other but their connection with other countries

are weak with only a few of them being allies of UKG and RUS but absolutely no alliance with the 9 countries

in the TUS~SWD block, which makes these 7 countries a group. UKG and RUS were allies but the allies they

shared is scarce so they formed a group as shown in the graph above. The rest of the countries, 9 countries

in the TUS~SWD block are hardly connected with each other. They were more interested in becoming allies

with powerful countries rather than other less powerful countries like them.

6 Make meaningful comparisons between the results of community

detection algorithms and of blockmodeling. Summarize the differ-

ences and similarities and try to explain these.

Similarity:

The results of both community detection algorithms and of blockmodeling regard Baden(BAD),

Bavaria(BAV), Saxony(SAX), Wuerttemburg(WRT), Hesse Electora(HSE) and Hesse Grand Ducal(HSG)

as one group(community). In the Girvan-Newman graph, this is because all these countries were allies

of each other and the edges then have low betweeness. In the block model, this is because the strong

connection between these countries are recognized. Besides forging alliances with powerful countries like

Austria-Hungary and Germany, these less powerful countries became allies so that they are tightly connected

with each other.

Difference:

|1. When using Girvan-Newman community detection, less powerful countries which were only ally of only

one powerful country(Sweden for example) is regard as a community itself. If two less powerful countries

forged alliance and at the same time not strongly connected with other powerful countries(Italy and Two

Sicilies for example), they are viewed as one community. But when using Walktrap community detection,

the countries which was then a community itself becomes a member of a larger community owing to their
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connection with one of the members of that community.

This is not the case in the block model. In the block model, 7 countries which becomes a community itself

or with another country in the Girvan-Newman graph, along with POR and FRN become members of the

same group in the block model. There are only two complete blocks(GMY~BAD and UKG~RUS) which is

regard as two communities in the block model. Taken away AUH, the remaining 9 countries had either no

ties with the two communities or very weak ties with them. These 9 countries share the same property that

they generally preferred becoming allies with powerful countries than other less powerful countries which

different from the 7 countries in GMY~BAD block.

|2. RUS and UKG are always members of two different communities when we use different community

detection algorithms. In the Girvan-Newman graph for example, this is because of high betweenness of the

edge between RUS and UKG. The two communities consists of powerful countries in the Girvan-Newman

graph and the Walktrap grph can be seen as a “military powerful” community(AUH & GMY & RUS) and

a “production powerful” community(UKG & FRN). But in the block model, RUS and UKG are equivalent

and are viewed as members of the same group(having the same role in the network).

|3. In both of the Girvan-Newman graph and Walktrap graph, AUH is not the only member in its community.

But in the block model, AUH itself becomes a group. Its identity can be seen as the leader in the alliance

forging which is different from all other countries in the network.
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