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Corpus as a mathematical object
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Corpus analysis

X f(X)

Corpus

Mathematical
representation Analysis

Analysis = studying patterns
- checking one is really there
- identifying new ones
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Why is this perspective helpful?

Deciding on X forces us to decide:
what in the corpus is important
what we are happy to discard

For a given X we have a “toolbox” of available methods from
which to choose f(X): the abstraction is powerful.

It helps us understand the f(X) we choose to use.

. . . which is essential for developing new methodologies.
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Example: Dickens novels

X as “bag of words” representation.
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PP 3321 766 437 471 651 95 608 508
OT 1232 457 302 280 276 97 477 264
NN 2706 1019 712 608 743 262 1065 1040 . . .
OCS 1420 653 331 436 646 177 796 252
BR 1454 839 401 509 391 136 911 189
MC 2786 1042 629 705 686 150 1153 953
DS 2561 921 578 713 943 199 1105 1333
DC 2950 908 531 741 1096 187 806 673 . . .
BH 1743 971 805 909 1152 230 786 677
HT 727 292 233 268 200 58 285 392
LD 2139 1000 663 661 1454 261 779 928

TTC 661 438 290 262 267 87 289 18
GE 1349 502 174 453 371 77 366 164 . . .

OMF 2180 859 622 757 878 252 753 988
MED 406 229 266 206 203 70 227 77

Such a “data matrix” is the central object in statistical
multivariate analysis.
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Analysis method: matrix factorisation

Break down X into the product “A times B”:

novel×word
X ≈

novel×r
A ×

r×word
B

Rows of B represent “features” found in corpus.

Rows of A represent novels as “scores” for these features.
Different constraints on A and B results in well-known
methods:

Principal component analysis (PCA)
Latent semantic analysis
Non-negative matrix factorisation
(Topic modelling)
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PCA for Dickens and other 19C novels
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Red = Dickens novels (numbering indicates chronology)
Blue = Misc other 19C novels (numbering arbitrary)
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PC interpretation

Interpretation of scores in A?
First and second rows/features of B:

Row 1
said -0.559
mrs -0.184
sir -0.175
old -0.131
upon -0.125
...

...
yet 0.128
will 0.143
now 0.146

Row 2
miss -0.424
mrs -0.274
much -0.129
must -0.127
little -0.112
...

...
man 0.122
upon 0.193
said 0.256
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Other representations?

”Citizen Evremonde,” she said, touching him with her cold hand. ”I am a poor little seamstress, who was with you
in La Force.”

He murmured for answer: ”True. I forget what you were accused of?”

”Plots. Though the just Heaven knows that I am innocent of any. Is it likely? Who would think of plotting with a
poor little weak creature like me?”

The forlorn smile with which she said it, so touched him, that tears started from his eyes.

”I am not afraid to die, Citizen Evremonde, but I have done nothing. I am not unwilling to die, if the Republic
which is to do so much good to us poor, will profit by my death; but I do not know how that can be, Citizen
Evremonde. Such a poor weak little creature!”

As the last thing on earth that his heart was to warm and soften to, it warmed and softened to this pitiable girl.

”I heard you were released, Citizen Evremonde. I hoped it was true?”

”It was. But, I was again taken and condemned.”

”If I may ride with you, Citizen Evremonde, will you let me hold your hand? I am not afraid, but I am little and
weak, and it will give me more courage.”

(A Tale of Two Cities, Dickens)
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Speech from Oliver Twist: co-occurrence matrix
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dear 22 5 8 9 9 4 7 5 0 4 8 3 3 3 10 3 7 6 2 2 1 1 10 7 5 0 1 7 0
boy 5 20 10 1 2 8 3 0 0 2 0 5 9 0 7 7 2 3 1 4 1 0 0 10 0 8 3 0 0

good 8 10 16 1 6 3 2 0 0 1 2 2 0 0 6 1 7 1 2 2 1 11 0 2 0 0 1 1 0
bill 9 1 1 12 1 0 3 0 0 0 0 2 0 0 1 0 0 1 1 1 0 3 1 2 2 0 0 0 0

hear 9 2 6 1 12 1 1 2 0 0 2 4 0 0 2 0 3 0 1 3 2 1 1 2 0 1 0 1 0
sir 4 8 3 0 1 12 0 0 0 0 0 0 4 1 1 0 0 1 1 1 0 2 1 3 0 0 2 0 0

give 7 3 2 3 1 0 10 3 1 1 0 2 2 1 2 3 2 0 2 3 0 3 1 1 1 2 0 0 0
lady 5 0 0 0 2 0 3 2 0 1 3 1 1 1 10 2 2 0 0 0 0 1 0 0 4 0 0 0 0

haste 0 0 0 0 0 0 1 0 2 0 0 2 0 0 0 0 9 0 0 1 0 0 0 0 0 0 0 0 0
girl 4 2 1 0 0 0 1 1 0 2 0 4 2 0 2 3 2 2 3 0 0 0 2 9 1 2 0 1 0

bless 8 0 2 0 2 0 0 3 0 0 2 1 0 0 0 1 0 0 1 1 0 0 6 2 8 0 0 0 0
mind 3 5 2 2 4 0 2 1 2 4 1 8 0 0 2 1 7 1 1 0 0 1 2 0 3 2 0 0 0
oliver 3 9 0 0 0 4 2 1 0 2 0 0 8 0 8 3 4 2 0 1 0 3 0 2 0 2 8 0 1
stop 3 0 0 0 0 1 1 1 0 0 0 0 0 8 0 0 0 0 1 1 0 0 0 0 1 0 0 0 7

young 10 7 6 1 2 1 2 10 0 2 0 2 8 0 8 0 2 2 1 5 7 5 4 6 0 4 4 0 0
back 3 7 1 0 0 0 3 2 0 3 1 1 3 0 0 6 3 0 4 6 0 5 1 2 3 1 0 0 2

make 7 2 7 0 3 0 2 2 9 2 0 7 4 0 2 3 4 3 2 3 2 3 1 0 0 2 0 1 1
child 6 3 1 1 0 1 0 0 0 2 0 1 2 0 2 0 3 4 1 4 0 0 2 7 1 1 1 1 0
long 2 1 2 1 1 1 2 0 0 3 1 1 0 1 1 4 2 1 4 1 0 7 2 1 1 0 0 0 1
man 2 4 2 1 3 1 3 0 1 0 1 0 1 1 5 6 3 4 1 2 7 3 3 4 0 1 0 0 1

woman 1 1 1 0 2 0 0 0 0 0 0 0 0 0 7 0 2 0 0 7 0 0 2 0 0 0 0 0 0
time 1 0 11 3 1 2 3 1 0 0 0 1 3 0 5 5 3 0 7 3 0 6 2 2 0 5 0 0 1

heart 10 0 0 1 1 1 1 0 0 2 6 2 0 0 4 1 1 2 2 3 2 2 2 1 0 2 0 4 0
poor 7 10 2 2 2 3 1 0 0 9 2 0 2 0 6 2 0 7 1 4 0 2 1 2 0 2 1 0 0
god 5 0 0 2 0 0 1 4 0 1 8 3 0 1 0 3 0 1 1 0 0 0 0 0 0 0 0 0 0
put 0 8 0 0 1 0 2 0 0 2 0 2 2 0 4 1 2 1 0 1 0 5 2 2 0 4 0 0 0

twist 1 3 1 0 0 2 0 0 0 0 0 0 8 0 4 0 0 1 0 0 0 0 0 1 0 0 0 0 0
rose 7 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 4 0 0 0 0 4 0
thief 0 0 0 0 0 0 0 0 0 0 0 0 1 7 0 2 1 0 1 1 0 1 0 0 0 0 0 0 6

word×word
X =
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Speech from Oliver Twist: network visualisation

Such matrix
word×word

X
can be identified with
a “graph” (network).

Lots of methods
available for graphs.

→ Yves’ talk later
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Corpus

Bag of words matrix

Co-occurrence matrix

Mathematical
representation, X Analysis, f(X)
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Challenges and directions

How to analyse time structured corpora? (E.g. newspaper
archive)

Bag of words approach: each row of X is associated with a
time ti , then consider time-weighted X (t) → Anthony’s talk.

How to harness tools of network analysis to analyse
co-occurrence networks, e.g. clustering? → Yves’ talk.

How to study time dependent networks? → ongoing work.
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Summary

All methods of corpus analysis are a function f(X) of a
mathematical representation, X, of the corpus.

Identifying X explicitly is helpful
to understand what information is used and what is discarded,
because abstraction provides a toolbox of methodologies, f(X),

. . . and essential
to perform calculations for f(X) efficiently,
to develop new methodology, extending existing f(X).

Many promising directions ahead!
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