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The Troubles Begin
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A Suggestion



Courtesy of Steve Fisk:

Douglas A. Galbi, Long-Term Trends in Personal Given Name Frequencies in England and Wales, Federal Communications Commission, July 20, 2002.

Ten Most Popular Male Names in London
 
	Rank
	Name
	Year 
c. 1120
	Name
	Year 
c. 1260
	Name
	Year 
c. 1510

	1
	Willelm
	6.6%
	John
	17.6%
	John
	24.4%

	2
	Robert
	5.0%
	William
	14.4%
	Thomas
	13.3%

	3
	Ricard
	4.2%
	Robert
	7.7%
	William
	11.7%

	4
	Radulf
	3.6%
	Richard
	7.0%
	Richard
	7.3%

	5
	Roger
	3.2%
	Thomas
	5.3%
	Robert
	5.6%

	6
	Herbert
	2.2%
	Walter
	4.4%
	Ralph
	3.3%

	7
	Hugo
	1.8%
	Henry
	4.1%
	Edward
	3.0%

	8
	Johannes
	1.3%
	Adam
	3.1%
	George
	2.1%

	9
	Anschetill
	1.1%
	Roger
	2.9%
	James
	1.9%

	10
	Drogo
	1.1%
	Stephen
	2.3%
	Edmund
	1.6%


 
A Closer Look at the Numbers
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	Rank
	Name
	Year 
c. 1260
	Name
	Year 
c. 1510

	1
	John
	17.6%
	John
	24.4%

	2
	William
	14.4%
	Thomas
	13.3%

	3
	Robert
	7.7%
	William
	11.7%

	4
	Richard
	7.0%
	Richard
	7.3%

	5
	Thomas
	5.3%
	Robert
	5.6%

	6
	Walter
	4.4%
	Ralph
	3.3%

	7
	Henry
	4.1%
	Edward
	3.0%

	8
	Adam
	3.1%
	George
	2.1%

	9
	Roger
	2.9%
	James
	1.9%

	10
	Stephen
	2.3%
	Edmund
	1.6%


An Even Closer Look at the Numbers
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	Log(Rank)
	Name
	Year c.1260 Log(Freq)
	Name
	Year c.1510 Log(Freq)

	0.00
	John
	2.87
	John
	3.19

	0.69
	William
	2.67
	Thomas
	2.59

	1.10
	Robert
	2.04
	William
	2.46

	1.39
	Richard
	1.95
	Richard
	1.99

	1.61
	Thomas
	1.67
	Robert
	1.72

	1.79
	Walter
	1.48
	Ralph
	1.19

	1.95
	Henry
	1.41
	Edward
	1.10

	2.08
	Adam
	1.13
	George
	0.74

	2.20
	Roger
	1.06
	James
	0.64

	2.30
	Stephen
	0.83
	Edmund
	0.47


Social Security and U.S. Census Data



· Social Security Administration Data-  Top 1000 first names for births in each decade since 1900, separated by gender
· Census Data- Top 200 first names in each decade 1800-1920, separated by gender
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Social Security and U.S. Census Data



· Social Security Administration Data-  Top 1000 first names for births in each decade since 1900, separated by gender

· Census Data- Top 200 first names in each decade 1800-1920, separated by gender
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A Functional Equation
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    Let 

· y be name frequency, 

· x be the rank of a name, 

· a is the slope of the line, and 

· b is its intercept.  

We know that ln y and ln x have are linearly related.  In fact, we can write down this relationship:
ln(y) = a ln(x) + b 

    where

· a is the slope of the line, and 

· b is its intercept.  

Back to Algebra II
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Why I Got Excited…

· A linear relationship in the Log-Log plot makes it possible to conclude that  
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where 

· y is name frequency, 

· x is the rank of a name, 

· r is the slope of the line, and 

· C is some constant.  

In other words, first name popularity follows a power law.
· This suggests that there is a model for how people choose baby names.  What is it?
· In very recent years, a number of other phenomena have been observed that follow a power law.  Is there a link?
Power Law Strikes Again

· Web page popularity, as measured by number of links pointing to it. (Albert, Jeong, and Barabasi, 1999)  
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· High Energy Physicists, ranked by number of co-authors (Newman, 2001).
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· Neuroscientists, ranked by number of co-authors (Newman, 2001).
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· Actors, ranked by number of co-stars, (Watts and Strogatz, 1998).
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Power Law Strikes Some More 

· Bowdoin interdepartmental communications (Lo, 2003)

[image: image18.emf]0

0.5

1

1.5

2

2.5

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

log k

log (number of nodes with k linkes)


· Internet router structure, (Govindan, 2000)

· Phone calls, (Aiello, 2000)

· Food web and predator-prey relationships (Camacho, 2000)

· U.S. power grid (Watts and Strogatz, 1998)

· Neural network in C. elegans (Amaral, 2000)

· States in protein folding (Amaral, 2000)

· Scientific collaboration in 

· Biomedicine

· Computer science

· Mathematics

· High energy physics

· Neuroscience (Newman, 1999-2001)

· Scientific citations (Barabasi, 2001)
· Sexual contacts (Liljeros, et al., 2001)
A Model for Popularity

Preferential attachment, (Barabasi and Albert, 1999).
1.
Start with a group of friends (red dots), and indicate friendship using lines:
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2.  Add a new member to the group.  His friends will be selected randomly, with those with more friends selected with higher probability.
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A Model for Popularity, continued.

3. Select a fixed number of new friendship lines:
                  
[image: image21]

4. Continue in this manner, adding members to the group:
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A Computer Simulation 

A picturesque solution is to run a computer simulation.  Indeed, what develops is a power-law distribution:  
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      (Barabasi and Albert, 1999)

A Differential Equation 

Let's work this out mathematically.

GOAL:  Find p(k), the number of people who have exactly k friends.  Presumably, the formula will something like p(k) = C kr.
ASSUMPTIONS:

· suppose model starts when time is 0
· m friendships are made at each step
· person i is added when time is ti  
· denote current time by t  

SUBGOAL: Find ki, the number of friends that person i has when time is t.
OBSERVATION:
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This is a separable differential equation!
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We can integrate both sides:
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When time is ti, person i has m friends:
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Solving for D, we obtain ki:
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Once we know ki, the number of friends of person i, we can find p(k), the number of people with exactly k friends.  

In fact, with a little more work, we get  that p(k) = (2m2 ) k-3
CONCLUSION:  Our model for popularity produces a power-law relationship, as desired.

A Model for First Name Selection

The Barabasi-Albert model suggests a similar mechanism should drive first name selection. 
	A Proposed (naive) Model:
	First names are selected according to perceived popularity of existing names.  The more popular a first name is, the more likely it is to be selected.


An Application

Disease Propagation

· Standard models assume uniform interactions between acquaintances.  A power law model is more appropriate.
· Information encoded in the slope of the power law graph:





- If slope is less than -3.4, disease spread should be limited





- If slope is greater than -3.4, disease should turn into an 





epidemic.

· Sexual contacts (Liljeros, 2001) :               Slope = -3.4.

· Internet at router level (Govindan, 2000):  Slope = -2.1.

This suggests:  Hidden information in the slopes of the Name Frequency graphs? 
Slope: Male English Names, 1120-1990

Slope of Name

Frequency Graph
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Some Unresolved Questions

1.
Is there a model for Name Frequency that accounts for variability in popularity of specific names - a result of random Brownian process?
2.
What (if anything) does the slope of a Name Frequency graph tell us about

· underlying society

· information flow

3.
What about other data that is influenced by "popularity"...  For instance, U.S. Equities?
Popularity + Power Law + ?????? = Profit

Some References

Hahn and Bentley,  Drift as a mechanism for cultural change: an example from baby names, Biology Letters, 2004.
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