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Picture this: you're at an event
‘where you don’t know anyone. You
check your phone and sce your feed
brimming with posts about partics,
social gatherings and holidays that
youweren’tinvited to. You can't
help but wonder, docs everyone have
‘more friends than you? This odd and
Slightly disheartening observation
isn'tallin your head - icsa well-
documented phenomenon called the
iendship Paradox.

Firstdeseribed by sociologist

crage, your
fricnds have more friends than you

do.In 2012, rescarchers studying
social networks n the US found that

friends, but on average, the fricnds of
thatperson had 350 fiends.

his docsn't mean that every
single one of your friends is more.
‘popular than you - but rather, ifyou
lined up five of your riends, and took
an average of how many friends they
had, it would likely be greater than
the number that you have. While you
‘might fecllike this is somehow your
itsjusta mathematical
fact, which shows up in alot of places

from transport networks to the
COVID-19 pandemic.

What s the Friendship Paradox?

Asocial network can be represented
asa collection of points (called

i es called
edges). This mathematical structure.
isaknown as a graph, and it provides
apowerful framework for analyzing
various types of relationships and
patterns within the network.

For example, we could define a
‘graph, denoted G, which consists
ofaset of vertices Vcorresponding
to people in the social network,
andasctof dges Erepresentinga
friendship - i two people are friends,
their vertices arc
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Thewholegraph:  G=(V, 1)

The set of vertices: (Anya, Brandon, Carmen, Dani}
The set of edges: (Anyo, Brandon), (Brandon, Carmen),
(Brandon, Dani), (Carmen, Dani]}
carmen ((os ) Brandon

v

The graph shows us that Anya only has I friend, whichiis Brandon.
Brandon is the popular one, who n this case has 3 friends. Dani and Carmen
have 2 fiiends cach. This tells us that the average person has 2 friends — so,
nothing strange yet...
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你有没有想过，为什么尽管兔子尽了最大的努力，但它们还没有占领世界？你还在为约会而苦苦挣扎吗？还是像贝克汉姆一样弯曲任意球？这些问题虽然令人沮丧，有时甚至是荒谬的，但不仅仅是运气不好的问题——它们是数学可以帮助解决的难题。

是的，数学。但别担心——这不仅仅是为了你的旧教科书或晚餐时分摊账单。数学以我们很少注意到的方式渗透到我们世界的方方面面。由著名数学家本·斯帕克斯（Ben Sparks）和凯蒂·斯特克尔斯（Katie Steckles）博士撰写的《为什么兔子不统治世界？》探讨了数字、概率和数学理论如何回答生活中最令人头疼的问题。从支配你最喜欢的运动的看不见的数学原理，到自然界怪异背后的逻辑，这本书探讨了数字如何对生活中最奇异、最令人惊讶和看似无法解释的部分产生意想不到的见解。

作者简介：

本·斯帕克斯（Ben Sparks）是一位数学家、音乐家和公众演说家，他在世界各地举办数学讲座和研讨会。他在高级数学支持计划（AMSP）和巴斯大学兼职工作。他曾是一名中学数学教师，与人合著了《A-level 进阶数学》（A-level Further Mathematics）教科书和流行的数学书籍，例如为科学博物馆编写的《100个词中的100个想法》（100 Ideas in 100 Words）。作为主持人和内容创作者，本为 Numberphile 和 The Naked Scientists 等流行的教育平台做出了贡献，他的视频被观看了超过1600万次。他还经营着 YouTube 频道的星火数学，并与Maths Inspiration和MathsFest合作表演。本在国际数学会议上发表过演讲，包括挪威科技大学和加州大学伯克利分校。

凯蒂·斯特克尔斯（Katie Steckles）博士是曼彻斯特的数学家和著名的科学传播者。她在英国各地举办数学讲座、研讨会和活动，并定期出现在YouTube、电视（包括 BBC、美国第 4 频道和探索频道）以及 BBC 电台等平台上。凯蒂为《新科学家》（New Scientist）杂志撰稿，为多个博客撰稿，并与人合著了《奶昔的数学》和《捷径数学》（Short Cut Maths）等书籍。2016年，她获得了Joshua Phillips科学参与创新奖，并在 2018 年成为伦敦数学学会的热门数学讲师。她还发表了 TEDx 演讲，并在皇家学会大师班上发表演讲。
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To observe the Friendship Paradox,
we need to consider how many.
friends a person’s friends have. For
Anya, Brandon is her only fiiend — so
the average number of friends that
her friend hasis 3. Out of Brandon's

3 friends, the average number of
friends they have is 1.67. For Garmen
and Dani, thisis 2.5.

Sampling bias

Before your self-esteem conflates
entircly, note that there’s an
important limitation to the
Friendship Paradox we've left up
until now to discuss: bias. You arc
unlikely to be friends with someon
whois very unpopular, since they
have few friends in total, and you
are more likely to be friends with
somcone who s popular.

\TIONSHIPS

For 3 out of the 4 people here,
the average number of friends that
their friends have is higher than their
own number of friends. In this casc,
Brandon i the only person where
thisis not truc, sin
offriends ~ butin general, it the
case for the majority of people ina
given network.

e hasa lot

Person  Friends
Aya 1
Brandon 3
Gamen 2
Dani 2
Average 2

How we expect the world to be
versus how it is experienced isn't
always the same. That's not to say
that the Friendship Paradox isa
fallacy, i’ truc most of the time.
Vet itis important to consider that
the paradox s reflective of a sample,
rather than the whole population.
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Applications and implications

‘We can ke the same mathematical ideas behind the Friendship Paradox
‘and pply them to many other situafions involving connected nefworks.
Determining which vertices n the graph have the largest number of edges
connected o them allows usto tackle real-world problems.

+ Public Health: During an outbreak, individuals with many social
connections are more likely to contract and spread infectious diseases.
Public health siategies can leverage this by fargeting vaceinations or
interventions atthese well-connected individuals,effectively slowing

disease ransmission.

«Transport: The Friendship Paradox isn't specificto human elationships
~ wihin e Eurail iain, each ity is connected fo an average of 2.7

ciies, butheir neighbours are connected 1o an average of 3.8 cies!
Identifying and priorifizing improvements ot well-connected rain stafions,
<an significantly enhance the travel experience forthe greatest number of
passengers.Investing inthese centrolstatons, rtherthan those with fewer
connections, will mprove effciency nd convenience across the network.

 Markefing: Focusing on influencers and individuls with extensive.
networks can help to promote products and ideas. By tapping nfo the
networks ofhese key individuals, marketers can ampliy their reach and
increase the likelihood of @ compaign going vial.
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