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Welcome to Topic 5: Network Science: Insights for Pandemics
Part of the Summer 2020 class UGEP 291; The COVID-19 Pandemic: Effects on
Industries, People and Society Summer
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This is part 1 of 5. Each part has a separate video if you want to hear the lecture as
well as look at the slides and explore the links we have embedded.
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IntrOd uction Julia McQuillan

Who are we?

Willa Cather Professor and
Department Chair

Sociology

Sunledu

jmeguill;
$02-472-3631
09 Oldfather Hall

https://soc.unl.edu/julia-mcquillan

https://sbsrc.unl.edu/trish-wonch-hill

McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

I’'m Julia McQuillan, and i’ve been at UNL since 1998 in the Sociology Department.

I’'m Trish Wonch Hill, a UNL alumna and current professor of practice.

We have worked on projects that use Network Science to answer challenging
guestions since 2007. Our first project focused on ways to attract, retain, and
promote women in Science, Technology, Engineering, and Mathematics
(https://advance.unl.edu/advance-nebraska).



https://soc.unl.edu/julia-mcquillan
https://sbsrc.unl.edu/trish-wonch-hill
https://advance.unl.edu/advance-nebraska
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Introduction ——

Why Network Science & Viruses?

~ N [

SEPA

The focus of our current project is on helping members of the public to better
understand the role of network science theories and tools for improving public
health because often public health is connected to complex systems. We’ll focus
today on the relevance of network science for understanding how to contain viruses
that cause diseases.

Our project is called Worlds of Connections.



http://worldsofconnections.com/
http://worldsofconnections.com/
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Why Network Science & Viruses?

N RURAL DRUG ADDICTION RESEARCH CENTER

JOIN OUR MAILING LIST

We are affiliated with a large research center that is funded by the National institutes
of Health, the Rural Drug Addiction Research (RDAR) Center, that uses network
science to understand rural drug addiction.



https://rdar.unl.edu/
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Why Network Science & Viruses?

Here is a crazy connection — our last project was about human biology, and the one
before that was about viruses (Biology of Human and World of Viruses,

respectively). Now our Worlds of Connections project is about the role of networks in
health, and networks are central to the spread of COVID-19. Disrupting network
connections is a vital strategy for stopping the spread. Those two prior projects, led
by Dr. Judy Diamond, Curator and Professor of informal science education at the
University of Nebraska State Museum and a professor of Libraries, provide perfect
background information for understanding COVID-19.

Another interesting connection—we are now working on a new NSF project to
quickly educate the public about COVID-19 virus through comics. You can go to the
webpage linked on the screen to see the comics.


https://worldofviruses.unl.edu/
https://worldofviruses.unl.edu/
https://worldofviruses.unl.edu/
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Underground networks.

orest trees are interconnected through extensive mycorrhizal fungal
etworks that can interlink .

Introduction ==
Where can we find networks?
Fly brain
Tree roots

Transportation maps (& supply chains) et
Global flavor map :

You've already done some reading, watching, and exploring with networks if you are
keeping up with the assignments. Once you start to think about connections, it
becomes easier to notice how using a network science framework can make visible
what is often hidden to us—how what we see in front of us is often connected
beyond what we can see. Networks are everywhere—and network models are

helpful for understanding complex systems such as the spread of a disease-causing
virus.

Here are a few examples:

® A 3D model of the brain of a fly shows vertices (nodes) and edges
(connections): Google's 3D Map of a Fly Brain |Is Beautiful.

® We can think of the roots of trees as forming networks for nutrition and for
connections among plants that are hidden underground:
(https://science.sciencemag.org/content/352/6283/2907rss=1.

® We can think of maps as a simplification of information and of network maps
as even more simplifying—building on Professor Bitterman’s work last week:
24 awesome alternative London tube maps.

® |tis funto be surprised by what flavors might go together in a recipe that
people like—and how flavor pairings might differ by cluster—as the report



https://www.popularmechanics.com/technology/a30642613/google-3d-map-fly-brain/
https://science.sciencemag.org/content/352/6283/290?rss=1
https://www.timeout.com/london/things-to-do/23-alternative-tube-maps

says, “which foods are chemical cousins, and which are flavor outliers”: What
A Global Flavor Map Can Tell Us About How We Pair Foods : The Salt : NPR.



https://www.npr.org/sections/thesalt/2011/12/20/144021294/what-a-global-flavor-map-can-tell-us-about-how-we-pair-foods
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Social network analysis has been important to understanding disease spread in
epidemiology and sociology for decades, from discovering the importance

of an infected water well to tracing the complexities of the spread (and lack of
spread) of HIV ([PDF] AIDS AND SOCIAL NETWORKS: HIV PREVENTION THROUGH
NETWORK MOBILIZATION).

In 2004 Sociologists, led by James Moody, showed the spread of an STD through an
adolescent friendship network and discovered that one reason the virus spread as far
as it did was because of a social norm: it was NOT okay to have sex with a friend’s ex-
partner. Therefore, no one had to have many partners to spread the virus: they just
had to have two, and their friends had to have two (or more than 1, the reproduction
number) (Chains of Affection: The Structure of Adolescent Romantic and Sexual
Networks).

Barabasi and colleagues used network science methods to examine clusters of
disease and genes (The human disease network | PNAS).

Our colleagues in the RDAR Center have used a combination of “real-world” data and
computer simulations to understand how network and viral properties combined to


https://www.semanticscholar.org/paper/AIDS-AND-SOCIAL-NETWORKS%3A-HIV-PREVENTION-THROUGH-Heckathorn-Broadhead/5b4cac522fc3f83e8a7549705facc6c72b5a6d0f
http://www.soc.duke.edu/~jmoody77/chains.pdf
https://www.pnas.org/doi/10.1073/pnas.0701361104
https://rdar.unl.edu/

facilitate the spread of HIV to some people and not others (A stochastic agent-based
model of pathogen propagation in dynamic multi-relational social networks - Bilal
Khan, Kirk Dombrowski, Mohamed Saad, 2014).

| hope you are thinking, | wonder if there is a network map of which genes are
associated with which diseases, and if there are any clusters of diseases? Your
curiosity is correct, and an emerging field of network medicine helps us to see these
connections: Network Medicine: A Network-based Approach to Human Disease -
PMC.

Social network analysis has been important to understanding disease spread in
epidemiology and sociology for decades, from discovering the importance of an
infected water well to tracing the complexities of the spread (and lack of spread) of
HIV ([PDF] AIDS AND SOCIAL NETWORKS: HIV PREVENTION THROUGH NETWORK
MOBILIZATION* | Semantic Scholar).

You already know about networks a little bit because maps can be considered a
model of a network and geographers do spatial analysis (Patrick Bitterman’s module).


https://journals.sagepub.com/doi/10.1177/0037549714526947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140052/
https://www.semanticscholar.org/paper/AIDS-AND-SOCIAL-NETWORKS%3A-HIV-PREVENTION-THROUGH-Heckathorn-Broadhead/5b4cac522fc3f83e8a7549705facc6c72b5a6d0f
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Disconnecting the world
How the Virus Got Out (NYT)
How the Virus Won (NYT)

How the Virus Got Out

International travel has helped to make the world very small. As you learned when
you did the homework, “small worlds” are kinds of networks with high internal
clustering and bridges between clusters or components. Airports can literally be hubs
—and can be represented in network terms as hubs that help spread human disease.

This video shows air travel in the USA before COVID. This next video shows Europe
before and after COVID lockdowns to slow the spread. Network models and analyses
of the virus spread have been in the news (“How the Virus Got Out” - The New York
Times, “How the Virus Won” - The New York Times), and we want you to know some
of the fundamental concepts behind the brief mentions in the news.



https://www.youtube.com/watch?v=ttH7sQ48n5k&feature=youtu.be
https://www.theguardian.com/world/video/2020/apr/19/air-traffic-before-after-europe-coronavirus-lockdowns-video
https://www.nytimes.com/interactive/2020/03/22/world/coronavirus-spread.html
https://www.nytimes.com/interactive/2020/03/22/world/coronavirus-spread.html
https://www.nytimes.com/interactive/2020/us/coronavirus-spread.html
https://www.nytimes.com/interactive/2020/us/coronavirus-spread.html

r /]
Introduction

What are the course objectives?

1) Recognize that diseases can spread through populations because of
human connections and that even people we do not directly know can
influence our health

2) Understand how network science helps reveal how risk of getting a
disease can depend upon the pattern of connections in the network

3) Identify ways to help reduce the spread of infectious diseases based
upon information on the size and structure of networks because the
number of connections a person has increases both the social support
available and the risk of exposure to infectious disease

McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

Big Ideas:
® People we do not know can have an impact on our health through people we
do know.

® |t can be hard to see the larger structure of network components (i.e. all the
people we are connected to beyond our immediate connections).

® Using a variety of data sources (e.g. contact tracing, cellphones) to visualize
the degree of connections among people and how viruses have and can
spread improves efforts to stop the spread.

® Reducing physical connections among people (e.g. physical distance,
sheltering in place, handwashing, face masks) helps prevent the spread of
viruses, and it is important to still stay connected socially

® Humans need social connections for their well-being. Therefore, think of
physical distancing and social connections—from a distance—check in on
people, talk to them, listen, support.

10
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Overview

Part 1: Introduction
a) Who are we? c) Where can we find networks?
b) Why Network Science & Viruses? d) What are the course objectives?

Part 2: Key concepts in network science relevant to contagious disease

a)  Nicky Case — The Wisdom and/or Madness of Crowds highlights: connections, structures, visualization, mathematics, majority
illusion & friendship paradox, thresholds, cascades, bonding and bridging, hubs, small worlds

b)  Can'tlplease just visit just one friend?: nodes, links, cluster/components (<1,1,>1), degrees of separation (friends of friends of
friends....), density, each visit 1 - rapid increase in how “reachable” everyone is (exponential so externality)

c) The Small-World Network of College CI Implications for Epidemic Spread on a University Campus: high clustering, short
average path lengths, hubs and bridges
Part 3: Overview of Network Science & Pandemics
a) Up & Atom video — “How to Predict the Spread of Epidemics | Computational Social Networks”: # nodes, # connections,
density, clustering (components), centrality, small worlds, data & imperfect models, simulations, change as learn, policies to fit networks
structures balance health & economy
Part 4: Knowing network science helps efforts to contain contagious disease

a) The Human Network Ch. 3 Diffusion & Contagion: basic reproduction number & average degree, phase transitions, giant
components, externalities, well connected but sparse, small worlds, popularity — exposure, mathematics of small worlds, density, distances,
hubs (super spreaders) & speed of spread, networks as dynamic entities

b) VAX! How vaccines help stop the spread by “taking out™ connections and making smaller components
Part 5: Conclusion
a) Humans need social connection — stay socially connected and physically distant

McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

This module has five parts. You've just completed Part 1, the introduction. You'll
learn more about key concepts in Part 2, watch a video on how to predict the spread
of epidemics using network science in Part 3, explore how network science helps to
contain contagious disease in Part 4, and we’ll wrap up with an emphasis on staying
physically distant and socially connected in Part 5.

11
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Science Concepts

Julia McQuillan
Department of Sociology

UGEP 291: The COVID-19 Pandemic: Effects on Industries, People and Society Summer 2020 — 2nd 5-week session — 0 or 1 credit — Pass/No Pass
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In this part we will highlight some key concepts from the “Wisdom and/or Madness
of Crowds” webpage and “Can’t | please just visit one friend?”

12


https://ncase.me/crowds/
https://statnet.org/COVID-JustOneFriend/
https://statnet.org/COVID-JustOneFriend/
https://statnet.org/COVID-JustOneFriend/

Which node (circle) is best?

Imagine that the black circles contain...
A valuable secret
Useful new technology
48 * A mask wearing habit
punel B: Inverse CoreMoiel @ A CcONtagious disease
...and these can spread to the “white”

Where would you want to be in each of

Panel C: Bridge Between Disjoint Populations Panel D: Spanning Tree

Panel A: Core Infection Model

these networks?

FI1G. 1.—The network structure of four models of infection

Bearman, Moody, Stovel 2004. Chains of Affection: The Structure of Adolescent
Romantic and Sexual Networks. American Sociological Review. 101:44-91

McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

These are actual disease networks. We can imagine that they “spread” more than
disease.

13



What are Networks?

1) A set of relationships

2) Show how things are connected

3) Reveal hidden information

4) Provide tools for visualizing &
studying complex systems
illustrated by nodes/vertices
(circles) & edges (lines)

McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

It is surprisingly hard to define networks. Fundamentally, they are about connections.

It is useful to think about networks existing “out there” and how network scientists
model/graph/draw and quantify networks to gain information and insights.

14
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What are network visualizations?

They are graphs used to
show connections, often
in complex systems that
can also be represented
by mathematical models.

L They can often reveal
hidden information that
is hard to see from the

® perspective of any one
oo node.
_b‘.

McQuillan & Wonch Hill: Topic 5: Network Science insights
- = for Pandemics
A periodic table grouped according to chemical bonds. (Guillermo Restrepo, MPI for Mathematics in the Sciences)

The image on this slide comes from an article about using network science to create
a new way to visualize the periodic table of elements.

15


https://www.sciencealert.com/the-periodic-table-could-be-organised-more-like-a-network-than-a-matrix

What is network science?

An emerging field and approach
to answering difficult questions
about complex systems in many
fields that uses data,
mathematics, computer
science, to answer questions in
many fields (e.g. in Sociology,
Economics, Biology, Supply
Chain Management, Chemistry,
Medicine, Public Health).

Partial map of the Internet based on the January 15, 2005 data found on opte org. Each line is drawn between two n epresenting two IP addresses. The)
length of the lines are indicative of the delay between those two nodes. This graph represents less than 30% of the Class C networks reachable by the data

The image above is a representation of connections among web pages on the
internet in 2005 (Erd6s—Rényi model - Wikipedia).

16


https://en.wikipedia.org/wiki/Erd%C5%91s%E2%80%93R%C3%A9nyi_model

Degree: Hub:

A node/vertex that has a lot more
connections than the rest. In other
words, it has a much higher degree
compared to the other vertices.
The center (orange) vertex pictured

below is a hub:

The number of edges a vertex has
connected to it. The leftmost (orange)
vertex pictured below has a degree of

three:
o/\.. @
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Part 2: Overview of Network Science & Pandemics

Nicky Case — The Wisdom and/or Madness of Crowds highlights:

Connections

— e —

Structures

o &) WISDOMeiHADNESS i

Visualization CROWDS
Mathematics ® o\ .
Majority illusion & friendship paradox s & -
Thresholds ARy — s
Cascades Unify sathout uniformity”. Diversity without division”. 'E Plonibus Unum. cut of many, one”.
i . . No mather b if's phrased. prople acress fimes and cultures offen arrive b Hhe same piece of wisdem: o heakthy
Bondlng and brldglng ociety needs o sueet zpot of bonds siffin groupz and bridges befuren groups. That iz
(Secn v a0 specd) hecave yock et gropthkd but THIS:
HUbS :L_; -A'\ -
«* P s v 2
Small worlds T TS0y Q;'._, !
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https://ncase.me/crowds/ Netwzek zcentsts naw bave @ mathematicel defnhion for thiz ancient

wisdorr: the semall world mebuork * . This spbiemal. mix of bondingsbridging

McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

The Wisdom and/or Madness of Crowds



https://ncase.me/crowds/

Part 2: Overview of Network Science & Pandemics
“Can’t | please just visit one friend?”

6 Visiting just one friend

S0 00 5 KT G 0050 Key concepts:

Nodes & Links (relationships)

Clusters/Components (“reachability”)

Average Degrees of separation (<1,1,>1)
friends of friends of friends....)

Density (# of ties)
exponential growth
externality
Goodreau SM, Pollock ED, Birnbaum JK, Hamilton DT, Morris
M, on behalf of the Statnet Development Team. 2020. Can't /
please j:usl visit one friend?: Visualizing social distancing
networks in the era of COVID-19. JuﬂQnaEnmdL McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

Can’t | please just visit one friend?



http://statnet.org/COVID-JustOneFriend/

Why is understanding networks helpful for
understanding the spread of COVID-19?

The disease spreads person to person. It
depend upon relationships (connections).

Panel A: Core Infection Model Panel B: Inverse Core Model

More connections = more popular (individual)
& social cohesion (communities)
& more possible support

. .
Punel C: Bridgs Bewoen Disji Poguiaions Punct D: Spanning Tre & more possible risk

FIG. 1. —The network structure of four models of infection

Bearman, Moody, Stovel 2004. Chains of Affection: The
Structure of Adolescent Romantic and Sexual Networks.
American Sociological Review. 101:44-91 McQuillan & Wonch Hill: Topic 5: Network Science insights for Pandemics

After doing the activities in the “Wisdom/Madness of Crowds” and reading “Can’t |
please just visit one friend?”, answering the questions about the networks above
should be easier. In the video for Part 3, the Youtube channel Up & Atom provides a
quick and useful overview of the value of network science (and computation) for
predicting why COVID-19 reaches more people in some communities compared to
others, even when they have the same population size.

20



Topic 5: Network Science: Insights
for Pandemics

Part 3: Up & Atom
Video

Up & Atom

UGEP 291: The COVID-19 Pandemic: Effects on Industries, People and Society Summer 2020 — 2nd 5-week session — 0 or 1 credit — Pass/No Pass
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How to Predict the Spread of Viruses
Using Social Networks

WATCH ->  nttps://www.youtube.com/watch?v=uKVQERi83IM
C {d & youtube.com/watch?v=uKVQERI83IM

@ Brainanc Head Inj.. [E] UNL |information.. @ calendart @ Thes5 [ Edgeory Sp New digtalmaps N«

D3 YouTube

WHAT IS A SOCIAL NETWORK?

HOW CAN THEY HELP US
PREDICT THE SPREAD OF VIRUSES?

HOW CAN THEY INFORM OUR
POLICIES TO HELP REDUCE SPREADING?

How to Predict the Spread of Epidemics | Computational Social Networks
47,002 views + Mar 20, 2020

ify 33K &I 34 & SHARE =, SAVE

How to Predict the Spread of Epidemics | Computational Social Networks



https://www.youtube.com/watch?v=uKVQERi83lM

Topic 5: Network Science: Insights for
Pandemics

Part 4. Knowing network
science helps efforts to
contain contagious disease

Trish Wonch Hill

Department of Sociology

UGEP 291: The COVID-19 Pandemic: Effects on Industries, People and Society Summer 2020 — 2nd 5-week session — 0 or 1 credit — Pass/No Pass
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Phase Transition

* Phase Transitions and Reproduction Rate — (Jackson, 2019, pg. 48-49)
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Reproduction Rate and Externalities
Links from video: https://ncase.me/covid-19/

hat Happens Next?

COVID-19 Futures, Explained With Playable Simulations
© 30 min play/read - by (epidemiologist) & (art/code)

What Happens Next? COVID-19 Futures, Explained With Playable Simulations



https://ncase.me/covid-19/

Externalities and VAX!
Link to game: https://vax.herokuapp.com/

VAX!

A gamg about 8pidemic prevention.

Iull Game >

Herd Immunity
Salathe Group | 201

https://vax.herokuapp.com/



https://vax.herokuapp.com/

(Optional) Video on Contact Tracing and Privacy
https://www.youtube.com/watch?v=D___UaR5MQao

The DP-3T algorithm for contact tracing (via Nicky Case)



https://www.youtube.com/watch?v=D__UaR5MQao

Topic 5: Network Science: Insights for
Pandemics

Part 5: Conclusion

Julia McQuillan & Trish Wonch Hill
Department of Sociology

UGEP 291: The COVID-19 Pandemic: Effects on Industries, People and Society Summer 2020 — 2nd 5-week session — 0 or 1 credit — Pass/No Pass

\ 1 UNIVERSITY of NEBRASKA-LINCOLN

We hope you a have better understanding of how network science provides vital
tools for containing contagious disease spread.

Takeaways:

® People we do not know can have an impact on our health through people
we do know.

® |t can be hard to see the larger structure of network components (i.e. all the
people we are connected to beyond our immediate connections).

® Using a variety of data sources (e.g. contact tracing, cellphones) to visualize
the degree of connections among people improves efforts to stop the
spread of infectious disease.

28



Part 5: Conclusion — physically distant, socially connected

“Heat waves in the United States kill more people during a typical year than all other natural disasters combined.
Until now, no one could explain either the overwhelming number or the heartbreaking manner of the deaths
resulting from the 1995 Chicago heat wave. Meteorologists and medical scientists have been unable to account for
the scale of the trauma, and political officials have puzzled over the sources of the city’s vulnerability. In Heat
Wave, Eric Klinenberg takes us inside the anatomy of the metropolis to conduct what he calls a "social autopsy,"
examining the social, political, and institutional organs of the city that made this urban disaster so much worse
than it ought to have been.”

“Starting with the question of why so many people died at home alone, Klinenberg
investigates why some neighborhoods experienced greater mortality than others, how
the city government responded to the crisis, and how journalists, scientists, and public

| officials reported on and explained these events. Through a combination of years of

b fieldwork, extensive interviews, and archival research, Klinenberg uncovers how a
number of surprising and unsettling forms of social breakdown—including the literal
and social isolation of seniors, the institutional abandonment of poor neighborhoods,
and the retrenchment of public assistance programs—contributed to the high fatality
rates. The human catastrophe, he argues, cannot simply be blamed on the failures of any
particular individuals or organizations. For when hundreds of people die behind locked
doors and sealed windows, out of contact with friends, family, community groups, and
public agencies, everyone is implicated in their demise.”

Much of the focus of network science is on modeling and analysis. The goal is to
figure out how to break apart components. We are trying to slow the reachability
from our contacts, our contacts’ contacts, and so on (our friends’ friends’ friends).
However, sociologists have also discovered how very important social connections
are to health and and life. This slide provides brief quotes from Eric Klinenberg’s
exploration of why many more people died during a Chicago heat wave in some
neighborhoods compared to others. We’ve bolded some key phrases — the idea is
that people who others are connected to and have checking in on them were more
likely to survive.

Humans need social connections for their well-being. Therefore, think of physical
distancing and social connections—from a distance—check in on people, talk to
them, listen, and support.

29


https://as.nyu.edu/content/nyu-as/as/faculty/eric-klinenberg.html
https://press.uchicago.edu/ucp/books/book/chicago/H/bo20809880.html

Part 4: Conclusion — physically distant, socially connected

“Public health officials tell us to minimize physical contact in .

order to combat the Covid-19 pandemic. While the public, Dor: Ct«ﬁ?" ,',t; s?aal d's,tanc'ng
thankfully, is hearing the message, there is a hidden danger: As
we retreat into our homes, we can lose sight of our essential
connections to one another and forget about the plight of those
most vulnerable to the fraying of social bonds.”

Read the opinion piece by sociologists at UCLA.
They argue we need to be creative and keep:

+ Stay socially connected

» Maintain social inclusion

» Focus on the collective good

Somal connectlons are |mportant for health

As we argued in the prior slide, staying socially connected is important for human
health. You can learn more by reading the essay in the link from this slide about
maintaining social connections.

Reducing physical connections among people (e.g. physical distance, sheltering in
place, handwashing, face masks) helps prevent the spread of viruses and it is

important to still stay connected socially

30


https://www.cnn.com/2020/03/21/opinions/physical-distancing-menjivar-foster-brand/index.html

Part 5: Reflection — do you think...

e Visiting just one friend during a pandemic can spread the virus to many people?

e My behavior can protect the health of the people in my community even those |
cannot see?

e The structure of a network (how dense it is, or if it has a hub) can influence how
quickly or slowly a disease spreads?

e Health behaviors, like wearing a mask, spread through social networks similar
to diseases?

Kl
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http://worldsofconnections.com/

Based upon the knowledge that you gained about the virus from other sections and
what you have learned about network science, we expect that you have information
to help you reflect upon the questions on the slide.

http://worldsofconnections.com/
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http://worldsofconnections.com/

If you want to explore more!

» Take graph theory courses in the math department
« Explore supply chain management methods courses

» Take SOCI 198 Introduction to Network Science,
SOCI 4/898 Agent Based Modeling, SOCI 4/898
Machine Learning

» Read Connected by Nicholas Christakis and James
H. Fowler (and watch their TED Talks)

 And so much more!

http://www.connectedthebook.com/



http://www.connectedthebook.com/

Thanks for participating in:
Network Science: insights for Pandemics
We hope you enjoy the rest of the class.

The End
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