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Announcements

My apologies for the tutorial room mixup on Wednesday. The room
SS 1088 is only reserved for Fridays and I forgot that.

My office hours: Tuesdays 2-4 (SF 2303B) or by appointment; note
that I may have to move office hours some weeks but will notify class.
You can also drop in and if I am not busy, I am happy to meet.

First quiz on Friday, October 2. Next week, I will announce the scope
of the quiz. It is timed for 15 minutes and the remaining part of the
tutorial will follow. We will be using SS 1069 and SS 1088 so please
attend the appropriate tutorial.
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Today’s agenda

Last lecture:
I We finished our introduction of basic graph concepts
I Basic graph definitions (see Chapter 2) and some additional concepts:

F forests and trees for undirected graphs
F directed paths
F cycles and trees for directed graphs
F briefly discussed the use of node and edge weighted graphs.
F briefly discussed embeddedness and dispersion with regard to the

romantic relation prediction problem.

I We also just began discussing chapter 3 of the text.

This lecture: Cntinued discussion of “Strong and Weak Ties”
(Chapter 3 of textbook).
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Chapter 3: Strong and Weak Ties

There are two themes that run throughout this chapter.

1 Strong vs. weak ties and “the strength of weak ties” is the specific
defining theme of the chapter. Also start the discussion of how
networks evolve.

2 The larger theme is in some sense “the scientific method”.
I Formalize concepts, construct models of behaviour and relationships,

and test hypotheses.
I Models are not meant to be the same as reality but to abstract the

important aspects of a system so that it can be studied and analyzed.
I See the discussion of the strong triadic closure property on pages 49-50

of textbook.

Notes

strong ties: stronger links, corresponding to friends

weak ties: weaker links, corresponding to acquaintances
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Triadic closure (undirected graphs)48 CHAPTER 3. STRONG AND WEAK TIES
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(b) After B-C edge forms.

Figure 3.1: The formation of the edge between B and C illustrates the effects of triadic
closure, since they have a common neighbor A.

seeking, and offers a way of thinking about the architecture of social networks more generally.

To get at this broader view, we first develop some general principles about social networks

and their evolution, and then return to Granovetter’s question.

3.1 Triadic Closure

In Chapter 2, our discussions of networks treated them largely as static structures — we take

a snapshot of the nodes and edges at a particular moment in time, and then ask about paths,

components, distances, and so forth. While this style of analysis forms the basic foundation

for thinking about networks — and indeed, many datasets are inherently static, offering us

only a single snapshot of a network — it is also useful to think about how a network evolves

over time. In particular, what are the mechanisms by which nodes arrive and depart, and

by which edges form and vanish?

The precise answer will of course vary depending on the type of network we’re considering,

but one of the most basic principles is the following:

If two people in a social network have a friend in common, then there is an

increased likelihood that they will become friends themselves at some point in the

future [347].

We refer to this principle as triadic closure, and it is illustrated in Figure 3.1: if nodes B and

C have a friend A in common, then the formation of an edge between B and C produces

a situation in which all three nodes A, B, and C have edges connecting each other — a

structure we refer to as a triangle in the network. The term “triadic closure” comes from

Figure : The formation of the edge between B and C illustrates the effects of
triadic closure, since they have a common neighbor A.

Triadic closure: mutual “friends” of say A are more likely (than
“normally”) to become friends over time.
How do we measure the extent to which triadic closure is occurring?
How can we know why a new friendship is formed? (Such ties can
range from just knowing someone to friendship .)
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Measuring the extent of triadic closure

The clustering coefficient of a node A is a way to measure (over time)
the extent of triadic closure (perhaps without understanding why it is
occurring).

Let E be the set of an undirected edges of a network graph. For an
node A, the clustering coefficient is the following ratio:∣∣{(B,C ) ∈ E : (B,A) ∈ E and (C ,A) ∈ E

}∣∣∣∣{{B,C} : (B,A) ∈ E and (C ,A) ∈ E
}∣∣

The numerator is the number of all edges (B,C ) in the network such
that B and C are adjacent to A.

The denominator is the number of all unordered pairs {B,C} such
that B and C are adjacent to A.
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Example of clustering coefficient
3.1. TRIADIC CLOSURE 49
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Figure 3.2: If we watch a network for a longer span of time, we can see multiple edges forming
— some form through triadic closure while others (such as the D-G edge) form even though
the two endpoints have no neighbors in common.

the fact that the B-C edge has the effect of “closing” the third side of this triangle. If

we observe snapshots of a social network at two distinct points in time, then in the later

snapshot, we generally find a significant number of new edges that have formed through this

triangle-closing operation, between two people who had a common neighbor in the earlier

snapshot. Figure 3.2, for example, shows the new edges we might see from watching the

network in Figure 3.1 over a longer time span.

The Clustering Coefficient. The basic role of triadic closure in social networks has

motivated the formulation of simple social network measures to capture its prevalence. One

of these is the clustering coefficient [320, 411]. The clustering coefficient of a node A is

defined as the probability that two randomly selected friends of A are friends with each

other. In other words, it is the fraction of pairs of A’s friends that are connected to each

other by edges. For example, the clustering coefficient of node A in Figure 3.2(a) is 1/6

(because there is only the single C-D edge among the six pairs of friends B-C, B-D, B-E,

C-D, C-E, and D-E), and it has increased to 1/2 in the second snapshot of the network in

Figure 3.2(b) (because there are now the three edges B-C, C-D, and D-E among the same

six pairs). In general, the clustering coefficient of a node ranges from 0 (when none of the

node’s friends are friends with each other) to 1 (when all of the node’s friends are friends

with each other), and the more strongly triadic closure is operating in the neighborhood of

the node, the higher the clustering coefficient will tend to be.

The clustering coefficient of node A in Fig. (a) is 1/6 (since there is
only the single edge (C ,D) among the six pairs of friends {B,C},
{B,D}, {B,E}, {C ,D}, {C ,E}, and {D,E})
The clustering coefficient of node A in Fig. (b) increased to 1/2
(because there are three edges (B,C ), (C ,D), and (D,E )).
Note that another edge (D,G ) has also formed for some other reason.
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Interpreting triadic closure

Does a low clustering coefficient suggest anything?

Bearman and Moody reported finding that a low clustering coefficient
amongst teenage girls implies a higher probability of suicide
(compared to those with high clustering coeficient). How can we
understand this finding?

What are the reasons for triadic closure?

Opportunity to meet, trust, incentive ; it can be awkward to have
good friends (i.e. with strong ties) who are not themselves friends.
The implication is that low clustering coefficient imples few good
friends.
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Granovetter’s thesis: the strength of weak ties

In 1960s interviews: Many people learn about new jobs from personal
contacts (not surprising) and often these contacts were acquaintances
rather than friends (surprising?). Upon a little reflection, this
intuitively makes sense.

The idea is that weak ties link together “tightly knit communities”,
each containing a large number of strong ties.

Can we say anything more quantitative about such phenomena?

To gain some understanding of this phenomena, we need some
additional concepts relating to structural properties of a graph.

Recall

strong ties: stronger links, corresponding to friends

weak ties: weaker links, corresponding to acquaintances
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Bridges and local bridges
One measure of connectivity is the number of edges (or nodes) that
have to be removed to disconnect a graph.

A bridge (if one exists) is an edge whose removal will disconnect a
(connected) graph.

We expect that large social networks will have a “giant component”
and few bridges.

A local bridge is an edge (A,B) whose removal would cause A and B
to have graph distance (called the span of this edge) greater than
two. Note: Span is a dispersion measure as informally defined in
Lecture 3. Would the span of an edge be useful for the detection of
the romantic relation as discussed in Lecture 3?

Local bridges (A,B) play a role similar to bridges providing access for
A and B to parts of the network that would otherwise be (in a useful
sense) inaccessible.
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Local bridge (A,B)3.2. THE STRENGTH OF WEAK TIES 51
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Figure 3.4: The A-B edge is a local bridge of span 4, since the removal of this edge would
increase the distance between A and B to 4.

Bridges and Local Bridges. Let’s start by positing that information about good jobs is

something that is relatively scarce; hearing about a promising job opportunity from someone

suggests that they have access to a source of useful information that you don’t. Now consider

this observation in the context of the simple social network drawn in Figure 3.3. The person

labeled A has four friends in this picture, but one of her friendships is qualitatively different

from the others: A’s links to C, D, and E connect her to a tightly-knit group of friends who

all know each other, while the link to B seems to reach into a different part of the network.

We could speculate, then, that the structural peculiarity of the link to B will translate into

differences in the role it plays in A’s everyday life: while the tightly-knit group of nodes A, C,

D, and E will all tend to be exposed to similar opinions and similar sources of information,

A’s link to B offers her access to things she otherwise wouldn’t necessarily hear about.

To make precise the sense in which the A-B link is unusual, we introduce the following

definition. We say that an edge joining two nodes A and B in a graph is a bridge if deleting

the edge would cause A and B to lie in two different components. In other words, this edge

is literally the only route between its endpoints, the nodes A and B.

Now, if our discussion in Chapter 2 about giant components and small-world properties

taught us anything, it’s that bridges are presumably extremely rare in real social networks.

You may have a friend from a very different background, and it may seem that your friendship

is the only thing that bridges your world and his, but one expects in reality that there will

Figure : The edge (A,B) is a local bridge of span 4, since the removal of this
edge would increase the distance between A and B to 4. [E&K Figure 3.4]
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Strong triadic closure property: connecting tie
strength and local bridges

Strong triadic closure property

Whenever (A,B) and (A,C ) are strong ties, then there will be a tie
(possibly only a weak tie) between B and C .

Such a strong property is not likely true in a large social network
(that is, holding for every node A)

However, it is an abstraction that may lend insight.

Theorem

Assuming the strong triadic closure property, for a node involved in at
least two strong ties, any local bridge it is part of must be a weak tie.

Informally, local bridges must be weak ties since otherwise strong triadic
closure would produce shorter paths between the end points.
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Strong triadic closure property continued

Again we emphasize (as the text states) that “Clearly the strong
triadic closure property is too extreme to expect to hold across all
nodes ... But it is a useful step as an abstraction to reality, ...”

Sintos and Tsaparas give evidence that assuming the strong triadic
closure property can help in determining whether a link is a strong or
weak tie. (www.cs.uoi.gr/ tsap/publications/frp0625-sintos.pdf)

More specifically, for a social network where the edges are not labelled
they define the following two computational problems: Label the
graph edges (by strong and weak) so as to satisfy the strong triadic
closure property and either

1 maximize the number of strong edges or
2 minimize the number of weak edges

For computational reasons, it is not usually possible to optimize and
it is best to approximately minimize the number of weak edges.

Their computational results (labeling the edges) are validated with 5
network data sets for which the strength of ties can be determined.
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Large scale experiment supporting strength of weak
ties and triadic closure

Onnela et al. [2007] study of who-talks-to-whom network maintained
by a cell phone provider. Large network of cell users where an edge
exists if there existed calls in both directions in 18 weeks.

First observation: a giant component with 84% of nodes.

Need to quantify the tie strength and the closeness to being a local
bridge.

Tie strength is measured in terms of the total number of minutes
spent on phone calls between the two ends of an edge.

Closeness to being a local bridge is measured by the neighborhood
overlap of an edge (A,B) defined as the ratio

number of nodes adjacent to both A and B

number of nodes C 6= A,B adjacent to at least one of A or B

Local bridges are precisely edges having overlap 0.
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Example: Embeddedness and neighborhood overlap
3.2. THE STRENGTH OF WEAK TIES 51
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Figure 3.4: The A-B edge is a local bridge of span 4, since the removal of this edge would
increase the distance between A and B to 4.

Bridges and Local Bridges. Let’s start by positing that information about good jobs is

something that is relatively scarce; hearing about a promising job opportunity from someone

suggests that they have access to a source of useful information that you don’t. Now consider

this observation in the context of the simple social network drawn in Figure 3.3. The person

labeled A has four friends in this picture, but one of her friendships is qualitatively different

from the others: A’s links to C, D, and E connect her to a tightly-knit group of friends who

all know each other, while the link to B seems to reach into a different part of the network.

We could speculate, then, that the structural peculiarity of the link to B will translate into

differences in the role it plays in A’s everyday life: while the tightly-knit group of nodes A, C,

D, and E will all tend to be exposed to similar opinions and similar sources of information,

A’s link to B offers her access to things she otherwise wouldn’t necessarily hear about.

To make precise the sense in which the A-B link is unusual, we introduce the following

definition. We say that an edge joining two nodes A and B in a graph is a bridge if deleting

the edge would cause A and B to lie in two different components. In other words, this edge

is literally the only route between its endpoints, the nodes A and B.

Now, if our discussion in Chapter 2 about giant components and small-world properties

taught us anything, it’s that bridges are presumably extremely rare in real social networks.

You may have a friend from a very different background, and it may seem that your friendship

is the only thing that bridges your world and his, but one expects in reality that there will

The edge (A,B) has embeddedness 0 and hence is a local bridge of
span 4, since the removal of this edge would increase the distance
between A and B to 4.
The edge (B,H) has embeddedness 1 and neighborhood overlap 1

6 .
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Onnela et al. study continued58 CHAPTER 3. STRONG AND WEAK TIES

Figure 3.7: A plot of the neighborhood overlap of edges as a function of their percentile in
the sorted order of all edges by tie strength. The fact that overlap increases with increasing
tie strength is consistent with the theoretical predictions from Section 3.2. (Image from
[334].)

where in the denominator we don’t count A or B themselves (even though A is a neighbor of

B and B is a neighbor of A). As an example of how this definition works, consider the edge

A-F in Figure 3.4. The denominator of the neighborhood overlap for A-F is determined by

the nodes B, C, D, E, G, and J , since these are the ones that are a neighbor of at least one

of A or F . Of these, only C is a neighbor of both A and F , so the neighborhood overlap is

1/6.

The key feature of this definition is that this ratio in question is 0 precisely when the

numerator is 0, and hence when the edge is a local bridge. So the notion of a local bridge

is contained within this definition — local bridges are the edges of neighborhood overlap 0

— and hence we can think of edges with very small neighborhood overlap as being “almost”

local bridges. (Since intuitively, edges with very small neighborhood overlap consist of nodes

that travel in “social circles” having almost no one in common.) For example, this definition

views the A-F edge as much closer to being a local bridge than the A-E edge is, which

accords with intuition.

Figure : A plot of the neighborhood overlap of edges as a function of their
percentile in the sorted order of all edges by tie strength. [E&K Fig 3.7]

The figure shows the relation between tie strength and overlap.
Quantitative evidence supporting the theorem: as tie strength
decreases, the overlap decreases ⇒ weak ties becoming “almost local
bridges”.
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Onnela et al. study continued

To support the hypothesis that weak ties tend to link together more
tightly knit communities, Onnela et al. perform two simulations:

1 Removing edges in decreasing order of tie strength, the giant
component shrank gradually.

2 Removing edges in increasing order of tie strength, the giant
component shrank more rapidly and at some point then started
fragmenting into several components.
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Word of caution in text regarding such studies

Easley and Kleinberg (end of Section 3.3):

Given the size and complexity of the (who calls whom) network,
we cannot simply look at the structure. . . Indirect measures must
generally be used and, because one knows relatively little about
the meaning or significance of any particular node or edge, it
remains an ongoing research challenge to draw richer and more
detailed conclusions. . .

Yogi Berra(1925-2015):

In theory there is no difference between theory and practice. In
practice there is.
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Strong vs. weak ties in large online social networks
(Facebook and Twitter)

The meaning of “friend” as in Facebook is not the same as one might
have traditionally interpreted the word “friend”.

Online social networks give us the ability to qualify the strength of
ties in a useful way.

For an observation period of one month, Marlow et al. (2009)
consider 4 Facebook networks defined by (in increasing order of
strength): all friends, maintained (passive) relations of following a
user, one-way communication, and reciprocal communication.

1 These networks thin out when links represent stronger ties.
2 As the number of total friends increases, the number of reciprocal

communication links levels out at slightly more than 10.
3 How many Facebook friends did you have for which you had a

reciprocal communication in the last month?
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Different Types of Facebook Friendships3.4. TIE STRENGTH, SOCIAL MEDIA, AND PASSIVE ENGAGEMENT 61

All Friends

One-way Communication Mutual Communication

Maintained Relationships

Figure 3.8: Four different views of a Facebook user’s network neighborhood, showing the
structure of links coresponding respectively to all declared friendships, maintained relation-
ships, one-way communication, and reciprocal (i.e. mutual) communication. (Image from
[286].)

Notice that these three categories are not mutually exclusive — indeed, the links classified

as reciprocal communication always belong to the set of links classified as one-way commu-

nication.

This stratification of links by their use lets us understand how a large set of declared

friendships on a site like Facebook translates into an actual pattern of more active social

interaction, corresponding approximately to the use of stronger ties. To get a sense of the

relative volumes of these different kinds of interaction through an example, Figure 3.8 shows

the network neighborhood of a sample Facebook user — consisting of all his friends, and all

links among his friends. The picture in the upper-left shows the set of all declared friendships

in this user’s profile; the other three pictures show how the set of links becomes sparser once

we consider only maintained relationships, one-way communication, or reciprocal communi-
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A limit to the number of strong ties62 CHAPTER 3. STRONG AND WEAK TIES

Figure 3.9: The number of links corresponding to maintained relationships, one-way com-
munication, and reciprocal communication as a function of the total neighborhood size for
users on Facebook. (Image from [286].)

cation. Moreover, as we restrict to stronger ties, certain parts of the network neighborhood

thin out much faster than others. For example, in the neighborhood of the sample user in

Figure 3.8, we see two distinct regions where there has been a particularly large amount of

triadic closure: one in the upper part of the drawing, and one on the right-hand side of the

drawing. However, when we restrict to links representing communication or a maintained

relationship, we see that a lot of the links in the upper region survive, while many fewer of

the links in the right-hand region do. One could conjecture that the right-hand region rep-

resents a set of friends from some earlier phase of the user’s life (perhaps from high school)

who declare each other as friends, but do not actively remain in contact; the upper region,

on the other hand, consists of more recent friends (perhaps co-workers) for whom there is

more frequent contact.

We can make the relative abundance of these different types of links quantitative through

the plot in Figure 3.9. On the x-axis is the total number of friends a user declares, and the

curves then show the (smaller) numbers of other link types as a function of this total. There

are several interesting conclusions to be drawn from this. First, it confirms that even for

users who report very large numbers of friends on their profile pages (on the order of 500),

Figure : The number of links corresponding to maintained relationships, one-way
communication, and reciprocal communication as a function of the total
neighborhood size for users on Facebook. [Figure 3.9, textbook]
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Twitter:Limited Strong Ties vs Followers
3.4. TIE STRENGTH, SOCIAL MEDIA, AND PASSIVE ENGAGEMENT 63

Figure 3.10: The total number of a user’s strong ties (defined by multiple directed messages)
as a function of the number of followees he or she has on Twitter. (Image from [222].)

the number with whom they actually communicate is generally between 10 and 20, and the

number they follow even passively (e.g. by reading about them) is under 50. But beyond this

observation, Marlow and his colleagues draw a further conclusion about the power of media

like Facebook to enable this kind of passive engagement, in which one keeps up with friends

by reading news about them even in the absence of communication. They argue that this

passive network occupies an interesting middle ground between the strongest ties maintained

by regular communication and the weakest ties from one’s distant past, preserved only in

lists on social-networking profile pages. They write, “The stark contrast between reciprocal

and passive networks shows the effect of technologies such as News Feed. If these people

were required to talk on the phone to each other, we might see something like the reciprocal

network, where everyone is connected to a small number of individuals. Moving to an

environment where everyone is passively engaged with each other, some event, such as a new

baby or engagement can propagate very quickly through this highly connected network.”

Tie Strength on Twitter. Similar lines of investigation have been carried out recently on

the social media site Twitter, where individual users engage in a form of micro-blogging by

posting very short, 140-character public messages known as “tweets.” Twitter also includes

social-network features, and these enable one to distinguish between stronger and weaker

ties: each user can specify a set of other users whose messages he or she will follow, and each

user can also direct messages specifically to another user. (In the latter case, the message

Figure : The total number of a user’s strong ties (defined by multiple directed
messages) as a function of the number of followees he or she has on Twitter.
[Figure 3.10, textbook]
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