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Abstract
Topological Data Analysis (TDA) is a recent and fast growing field that applies
topological and geometric tools to infer relevant features of potentially complex data
[2]. TDA aims at providing mathematical and statistical methods to analyze the
complex topological structures underlying data that are often represented as point
clouds in Euclidean or general metric spaces. Our project’s end goal is to explore the
theory that William Shakespeare was a pseudonym employed by several different
playwrights by determining unique topological structures for various Shakespearean
plays. This poster details the current stages of our project, which follows the
methodology presented in the paper Topological Signature of 19th Century Novelists:
Persistent Homology in Text Mining [4]. We have successfully gathered our own data
set, preprocessed .txt files using the Stanford CoreNLP tool, and fixed errors within
the paper’s code. Persistent diagrams and Wasserstein Distances are depicted for
various Shakespearean plays.

The Shakespeare Authorship Question [1]

Figure: From the Chicago Tribune on the 1916 Shakespeare’s authorship trial

The theory that William Shakespeare did not write all of the works attributed to his
name is not a new one. It is rather a question that has been constantly raised by
anti-Stratfordians, people who are reluctant to accept the authorship of William
Shakespeare. This continues to intrigue people in the present day, for some
publications list Shakespeare’s works as ”co-authored”. The controversy was even
brought to the U.S. Supreme court in 1984 by writer Charlton Ogburn, who claimed
the true author of Shakespearean plays is Edward de Vere, the Earl of Oxford.
Although there’s little doubt in academia about the authorship of William
Shakespeare, it is still entirely possible that Shakespeare collaborated with other
playwrights.

Motivation
Our research is primarily motivated by the century-long Shakespeare Authorship
Question and recent developments in Natural Language Processing using TDA,
especially for the purpose of text classification. In Topological Signature of 19th Century
Novelists: Persistent Homology in Text Mining, the authors discuss a new way to
represent text using TDA. Instead of using the conventional vector space
representation, the authors considered texts as time series data in order to reduce the
amount of text preprocessing, which allows the data to carry additive contextual
information.

About the Data
We used the following 12 plays:

▶ All’s Well That Ends Well
▶ Hamlet
▶ King Lear
▶ The Merchant of Venice
▶ Othello
▶ Taming of the Shrew

▶ Antony and Cleopatra
▶ Julius Caesar
▶ Macbeth
▶ A Midsummer Night’s Dream
▶ Romeo and Juliet
▶ The Two Gentlemen of Verona

These were obtained as .txt files from the Folger Shakespeare Library, the world’s
largest Shakespeare collection [6].

Persistent Homology
When analyzing noisy, complex data sets, it is important that we distinguish noises from features. This is a
challenging task as the distinction between noise and feature tends to be subjective [3]. Persistent homology
helps us minimize the subjectivity in noisy data analysis by quantifying “how persistent” a topological feature
in the data is. Intuitively, the more persistent a feature is, the more likely it is that the feature is integral to the
overall shape of the data set and is therefore relevant.

Given the data in the form of a finite metric space S, we treat each point as a ball of radius ϵ to see how they
evolve as ϵ varies. As the value of ϵ increases, we observe that homology classes are born, then die (i.e. become
trivial or merge with another class) [3].

In the figure on the right, the picture on the top
illustrates two loops appearing and disappearing at
different values of ϵ. In the bottom left is the persistent
diagram; (ϵ1, ϵ2,) corresponds to the smaller loop and
(ϵ2, ϵ3,) corresponds to the bigger loop. On the right is
the persistent landscape, where the births and deaths of
the loops are encoded in piecewise linear function [5].

Figure: left: persistent diagram, right: persistent landscape

While there are several approaches to statistically analyze persistence, in our project we are defining a distance
function on the space of persistence diagrams and then performing statistical calculations on it.

Project Outline

1. Text preprocessing using the Stanford CoreNLP tool
2. Calculating Wasserstein Distances between 10 characters in each play
3. Constructing persistence diagrams
4. Analysis

Text Preprocessing
To calculate the distance between characters, we needed to first correctly identify the characters and store
where they appeared in the text. We used the Stanford CoreNLP tool to do this by pipelining it into JAVA code.
This was the most memory- and time-expensive step. To perform the following computations, it took
approximately 2 hours and used up to 4GB of memory.

1. Use the Person tag operation in CoreNLP to identify the characters
2. Index each word in the plays with numbers
3. Store the indices where the characters appear
4. Write the indices out in a .txt file

Below are some examples of our data after preprocessing.

Wasserstein Distances Between Characters
Using the data.table library in R, we loaded the preprocessed data into tables. For each play, we chose 10
characters that appear most frequently and calculated Wasserstein Distances between them.

I = (i1, i2, ..., in)
J = (j1, j2, ..., jm)

J* = (j*1, j*2, ..., j*n)

j*x = argmin|jy − ix|∀x ∈ {1, ..., n}, y ∈ {1, ..., m}

j*x , j*t ∀t ∈ {1, ..., ( x − 1) }

Given two characters A and B and their indices I and J, each of size n and m (m ⩾ n), we let J* to be the chosen
indices of J. J* contains n unique indices in J such that the distance from indices in J* to indices in I are
minimized.

Distancet(A, B) = WD0.5( Ĩ( 1+t) , J̃( 1+t) )

Let Ĩ and J̃ be the normalized indices of I and J* where each index is divided by the total length of the play. To
calculate the distance between the two characters, A and B, we calculate the Wasserstein Distance of order 0.5
between Ĩ and J̃ raised to 1 + t. Depending on the values of t, the distance equation focuses on the different
parts of the play. When t > 0, the equation focuses on the characters that appear closer to the beginning of the
novel. When t < 0, it focuses on the later parts of the novel. Finally, when t = 0, the equation calculates the
original distances.

Persistence Diagrams
We imported TDA library in R and Dionysus library in C++ to draw persistent diagrams of
dimension 2 (components, loops, voids). Since we used 3 different parameters when calculating
Wasserstein Distances, we constructed 3 persistence diagrams per play.

Distance Between Persistence Diagrams
To understand the difference between plays,
we calculated the Wasserstein Distance of
order 1 for each pair of plays. For each t
value, the distance was calculated separately
at dimensions 0, 1, and 2 (components,
loops, and voids).

After calculating Distancet, we calculated
the total distance by using the equation to
the right.

Distancet(X, Y) = WD{PDt
0(X), PDt

0(Y)}
+ WD{PDt

1(X), PDt
1(Y)}

+ WD{PDt
2(X), PDt

2(Y)}

Distance(X, Y) = {
∑

(Distancet(X, Y))2}1/2

Analysis

Figure: Distance matrix for plays

Overall, we observed that the distance between plays were close to 0, with the exception of King
Lear and Macbeth.
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