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1. 'ﬂ‘/é\ %Ei‘ﬁ? Cat

Global text reuse - % &

WiIKIPEDIA Q Search Wikipedia

registries.[©]
The cat is a domestic species of small carnivorous mammal. It is the
only domesticated species in the family Felidae and is often referred The cat is similar in anatomy to the other felid species: it P
to as the domestic cat to distinguish it from the wild members of the has a strong flexible body, quick reflexes, sharp teeth and

family. A cat can either be a house cat, 2
latter ranges freely and avoids human cq
valued by humans for companionship a
About 60 cat breeds are recognized by v
The cat is similar in anatomy to the othe
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This article is about the species that is commonly kept as a pet. For the cat family, see Felidae. For other uses, see Cat
Q EES m (disambiguation) and Cats (disambiguation).

For technical reasons, "Cat #1" redirects here. For the album, see Cat 1 (album).

The cat (Felis catus) is a domestic species of small carnivorous mammal.["[2] |t is the only
domesticated species in the family Felidae and is often referred to as the domestic cat to distinguish
it from the wild members of the family.[4] A cat can either be a house cat, a farm cat or a feral cat; the
< latter ranges freely and avoids human contact.[®] Domestic cats are valued by humans for
companionship and their ability to hunt rodents. About 60 cat breeds are recognized by various cat

QP FANDOM GAMES MOVIES TV VIDEO WIKIS ~

Information

Appearance Scientific Name Felis catus

The cat (Felis catus) is a domestic species of small carnivorous

mammal. It is the only domesticated species in the family Felidae and is often referred to as the domestic cat to
distinguish it from the wild members of the family. A cat can either be a house cat, a farm cat or a feral cat; the
latter ranges freely and avoids human contact. Domestic cats are valued by humans for companionship and their
ability to hunt rodents. About 60 cat breeds are recognized by various cat registries.




~ Evolution
1. A REICHE?

Local reuse

Main article: Cat evolution

The domestic cat is a member of the Felidae, a family that had a common ancestor
about 10-15 million years ago.[*°! The genus Felis diverged from the Felidae around
6-7 million years ago.*"! Results of phylogenetic research confirm that the wild Felis
species evolved through sympatric or parapatric speciation, whereas the domestic cat
evolved through artificial selection.[42] The domesticated cat and its closest wild
ancestor are diploid like all mammals and both possess 38 chromosomes!#3] and

roughly 20,000 genes.[*4! The leopard cat (Prionailurus bengalensis) was tamed

WIKIPEDIA Q Search Wikipedia independently in China around 5500 BC. This line of partially domesticated cats leaves

no trace in the domestic cat populations of today.*%]

Cat genetics

Xp w &

Cat genetics describes the study of inheritance as it occurs in domestic cats. In feline husbandry it can predict
established traits (phenotypes) of the offspring of particular crosses. In medical genetics, cat models are occasionally
used to discover the function of homologous human disease genes.

The domesticated cat and its closest wild ancestor are both diploid organisms that
possess 38 chromosomes!?] and roughly 20,000 genes.[3] About 250 heritable genetic
disorders have been identified in cats, many similar to human inborn errors.[#! The high
level of similarity among the metabolisms of mammals allows many of these feline

diseases to be diagnosed using genetic tests that were originally developed for use in
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Global vs local reuse d,

—
Global -
—
» Usually a question of similarity of documents
« May not require alignment of similar parts d,

Local

» (Possibly) isolated regions of d; and d,

« Often multiple similarities between d4 and d,

« Similar regions may not occur in order*

« Many applications require local alignments
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University * If we know that they do, or if we only need the most similar pair, things get much easier
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o WIXHMULEH: [ For the purposes of this study, ‘parallel passages’ are
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Highly specific to corpus & reuse
» Is reuse (mostly?) sequential?
« What are the aligned units?
« At what scales will it be done?
* Between works
» Between parts of works
 Between lines of text, ...

« Alignments expensive

Document A

ing mothers a in general sec-
tion 7 of the fair labor stan-
dards act—— 29 usc 207 is
amended by adding at the
end the following r 1 an em-
ployer shall provide— reason-
able break time for an em-
ployee to express breast milk
for her nursing child for 1 year
after the childs birth each time
such employee has need to ex-
press the milk the employer
shall make reasonable efforts
to provide a place other than
a bathroom that is shielded
from view and free from in-
trusion from coworkers and
the public which may be used
by an employee to express
breast milk— an employer shall
not be required to compen-
sate an employee—————
for
any work time spent for such
purpose 2 for purposes of this
subsection the term employer
means an employ

« Highly interpretable on an instance level
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ing mothers—— section
7 of the fair labor standards act
of 1938 29 usc 207 is amended
by adding at the end the fol-
lowing r 1 an employer shall
provide a a reasonable break
time for an employee to ex-
press breast milk for her nurs-
ing child for 1 year after the
childs birth each time such
employee has need to express
the milk and ——

other than a bathroom that
is shielded from view and free
from intrusion from coworkers
and the public which may be
used by an employee to ex-
press breast milk 2 an em-
ployer shall not be required
to compensate an employee re-
ceiving reasonable break time
under paragraph 1 for any
work time spent for such pur-
pose 3
———an employer —that em
ploy

Document B
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Two different early editions of

jC‘fi E‘]Eﬁ?ﬂ ,f/t the same work by Shakespeare
N\

Quarto Q1 First Folio

. To be, or not to be, | there’s the point, 1 To be, or not to be, that is the Question:
Sma”-scale al Ig nments To Die, to sleepe, is that all? | all: Whether ‘tis Nobler in the minde to suffer
No, to sleepe, to dreame, | mary there it goes, The Slings and Arrowes of outragious Fortune,
For in that dreame of death, when wee awake, Or to take Armes against a Sea of troubles,
° H i h I i hti n Of text And borne before an euerlasting ludge, And by opposing end them: to dye, to sleepe
g g g From whence no passenger euer retur'nd, No more: and by a sleepe, to say we end
The vndiscouered country, at whose sight The Heart-ake, and the thousand Naturall shockes
The happy smile, and the accursed damn'd. | That Flesh is heyre too? ‘Tis a consummation
Deuoutly to be wish'd. To dye to sleepe,

1 1 1 But for this, the ioyfull hope of th
 Connecting similar text Wi en et et B, | S S

Scomed by the right rich, the rich curssed of the poore? For in that sleepe of death, what dreames may come,
. . The widow being oppressd, the orphan wrong'd: When we haue shuffel'd off this mortall coile,
[ I n CI u d I n g reo rd e rl n g The taste of hunger, or a tirants raigne, Must giue vs pawse. There's the respect
And thousand more calamities besides, That makes Calamity of so long life
To grunt and sweate vnder this weary life, For who would beare the Whips and Scomes of time,
When that he may his full _Quietus_ make, The Oppressors wrong, the poore mans Contumely,

) H a rd to d i re Ctl y S Ca I e With a bare bodkin, who would this indure, The pangs of dispriz'd Loue, the Lawes delay,
The insolence of Office, and the Spurnes

But for a hope of something after death?

Which pusles the braine, and doth confound the sence, That patient merit of the vnworthy takes,
] Which makes vs rather beare those euilles we haue, When he himselfe might his Quietus make
° Brea kS down When text IS Than flie to others that we know not of. With a bare Bodkin? Who would these Fardies beare
| that, O this conscience makes cowardes of vs all, To grunt and sweat vnder a weary life,

H d H I f H I d Lady in thy orizons, be all my sinnes remembred. But that the dread of something after death,
OUtS| e V|Sua Ie ) The vndiscouered Countrey, from whose Borme
No Traueller returnes, Puzels the will,

And makes vs rather beare those illes we haue,
. Then flye to others that we know not of.

* Makes use of natural units of Thus Conscience does make Cowards of vs a,
. . And thus the Natiue hew of Resolution
comparison (/Ines of poetrY) Is sicklied o're, with the pale cast of Thought,
And enterprizes of great pith and moment,

> Wl” WOI‘k beSt for teXtS Wlth With this regard their Currants turne away,

And loose the name of Action. Soft you now,

“ 2y . onq
mOStly near by Slmllarltles The faire Ophelia? Nimph, in thy Orizons

ﬂ. ' Be all my sinnes remembred
W Durham
Jiversiy A Survey of Text Alignment Visualization



https://imada.sdu.dk/~stjaenicke/data/papers/A_Survey_of_Text_Alignment_Visualization.pdf
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Even smaller scales can be useful...

ctext.org

Colorization of differences within closely aligned segments of text

BKRRFHB  BZEE - BHE/HRRF - DERE -
BHRRFGRRE  BZEE  BFERRF - UEHHKE -

Multiple (closely aligned and highly similar) alignments as a term graph

ASV
BasicEnglish
Darby

... and so can /arger ones
In the beginning God created the heavens and the earth.
At the first God made the heaven and the earth.

In the beginning God created the heavens and the earth.

In the beginning God created the heavens and the earth.
In the beginning of God " s preparing the heavens and the earth --
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https://www.scitepress.org/Papers/2014/46925/46925.pdf
https://ctext.org/text.pl?node=41935&if=en&show=parallel

Nodes represent
individual literary
works; edges
summarize reuse
instances between
pairs of work (e.g.
10~1000 instances
per edge). Corpus
size: ~5 million words
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Visualization of text reuse — interaction

Interactive interfaces
allow navigating complex
information at multiple
user-selectable scales
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182 Text Re-uses

“Big picture” alignment
summary (2 texts)
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ASV:Ezra

The children of Pashhur, a thousand two hundred forty and
seven.

The children of Harim, a thousand and seventeen.

The Levites: the children of Jeshua and Kadmiel, of the
children of Hodaviah, seventy and four.

The singers: the children of Asaph, a hundred twenty and
eight.

The children of the porters: the children of Shallum, the
children of Ater, the children of Talmon, the children of
Akkub, the children of Hatita, the children of Shobai, in all &
hundred thirty and nine.

The Nethinim: the children of Ziha, the children of
Hasupha, the children of Tabbaoth,

the children of Keros, the children of Siaha, the children of
Padon,

the children of Lebanah, the children of Hagabah, the
children of Akkub,

the children of Hagab, the children of Shamlai, the children
of Hanan,

the children of Giddel, the children of Gahar, the children of
Reaiah,

the children of Rezin, the children of Nekoda, the children
of Gazzam,

the children of Uzza, the children of Paseah, the children of
Besai,

the children of Asnah, the children of Meunim, the children
of Nephisim,

the children of Bakbulk, the children of Hakupha, the
children of Harhur,

the children of Bazluth, the children of Mehida, the children

2:38
2:39
2:40

241

2:42

2:43

2:44

2:45

2:46

2:47

2:48

2:49

2:52

741
7:42

7:43

7:44

,_._5—-—-— 7:45

Textual details with fine-grained alignments

ASV:Nehemiah

The children of Pashhur, a thousand two hundred forty and
seven.

The children of Harim, a thousand and seventeen.

The Levites: the children of Jeshua, of Kadmiel, of the
children of Hodevah, seventy and four.

The singers: the children of Asaph, a hundred forty and
eight.

The porters: the children of Shallum, the children of Ater,
the children of Talmon, the children of Akkub, the children
of Hatita, the children of Shobai, a hundred thirty and eight.

The Nethinim: the children of Ziha, the children of
Hasupha, the children of Tabbaoth,

the children of Keros, the children of Sia, the children of
Padon,

the children of Lebana, the children of Hagaba, the children
of Salmai,

the children of Hanan, the children of Giddel, the children of
Gahar,

the children of Reaiah, the children of Rezin, the children of
Nekoda,

the children of Gazzam, the children of Uzza, the children of
Paseah.

The children of Besai, the children of Meunim, the children
of Nephushesim,

the children of Bakbuk, the children of Hakupha, the
children of Harhur,

the children of Bazlith, the children of Mehida, the children
of Harsha,

the children of Barkos, the children of Sisera, the children of
Temah,

| Designing Close and Distant Reading Visualizations for Text Re-use |
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nd he would not feel the

Local heatmap showing differences
among all the locally aligned versions
of part of the larger passages

G

cold; the hurrying thunderbolts might split the mountains, and the wind shake the ocean, without being able to make him afraid. Bein?98

such, he mounts on the clouds
makes any change in him, and

. . . . . . nor li
Unsupervised ldentification of Text Reuse in Early Chinese Literature



https://dsturgeon.net/text-reuse-chinese-literature/

Other types of reuse: literary allusion

GRIE) « M T UGS, BTRGGE, BEMA, R,

(7))« TRTFREREMKE: [2YRERE, 4
HOJRE, IABmE, AFRLOR. SRl AMEE.
ZIXEE P

o [ SR TA] L E S R
© PR RICAR BARH I IRAS — e e iR A
AR AT BEAT 2 HURT RE R SCASRIA

Ji2
|

5
El=

R
1
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Other types of reuse: literary allusion

SECOND WITCH.

By the pricking of my thumbs,
Something wicked this way comes.
Open, locks,

Whoever knocks!

(Macbeth, Shakespeare, c. 1623)

.. By the stinking of my nose, something
evil this way goes, she added, to stop
herself gibbering as she scanned the
distant hedge for movement. ...

(I Shall Wear Midnight, Terry Pratchett, 2010)

Much harder to identify without false positives
Some constraints

» Directional: later => earlier (?earliest)

» Strongly biased (allusion to famous works)
Partly supervised approach, multiple features
« Alignment + more sophisticated scoring

* Relationships between substituted tokens

* Syntactic similarities (same POS)

« Semantic similarities (e.g. “comes”, “goes”)

« Sentence structure similarity
* Locally parallel structures

« Similarity of parse trees

[ ]
¥ Durham

University “Shakespeare in the Vectorian Age”: detection of Shakespeare quotes
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https://www.aclweb.org/anthology/2020.latechclfl-1.7.pdf

3. FiAR: 4ridTokenization

NN .y s « Both syntactically
= fREF TR SEEttE HH i) valid tokenizations

» Different meanings

NN . — * No common rules
TZ = {%\‘?%:‘ :/H;:}LL‘%J'E'\' fjﬁlﬂf Ti%&%: Yﬁz‘j‘] across all

languages

* Tokenization for

Language specific task! e.g. Chinese is a
. non-trivial NLP task
* Not trivial for all languages

* Not necessarily as trivial as it seems even for alphabetic languages
ouwham® E.g. do we really want “New York” as two tokens “New” and “York™? 34

University



3. BIR: R AR FBAEE RS IR R ?

YA ) Document vectors
o TETHL. PRIE
Lb e iE & 53 frglobal B34
W& B PRV 2408 H BT . Brig i) [ Bag of words | ] 4845 Y
N-grams
&M Tglobalfilocal B34
o WEHEOMTEESMEN I (s 5. 2B
He s E € K177
o A LLER T AR AL T ) B MR 2 B CRIbRE
« 1] Hprecision. recallZKIGiE . ELEA [R5 V%A R0



3. fiAR: [HE Vectors

o Tl ?

o ZEAEARMET BT, BONSH—A TIME] Roxm—". CRSE
AAE R — RV !

o HEFE NI —FE F RIA P
o AT AT BFRVTDLEBIEN; WRBATE I E R ARIE SR

G ECCA) M B E R Z, BATTA] BLE L A & T e EEBOk 1 s
ERSE SAlIPS

o RBEIAE, AT LER R ()
o= AKE M= BT SER = SEAE
. . [4bk) A [10,30,0,5]  (JU4EfIED R



3. HiAR: XA MmE Document vectors

=
Gl
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f
Gl
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Helm
(@)

ey
0O ON O 00 WO NI
w)

XAD

FH+oEeEEARRE
KEHNUREWSH B

EARREEFRE. H
&Rt B BT F K
YEE IF TAER G BT8
AER BRI EERHE
Prre: ERNAEF=S(EY
K6.5%-7%, X—HIr%
@T%éﬁﬁﬁ¢$ﬁ

0]
3
8
P
1
P
4
9

3
6
1
7
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2
0

0
3
7
0
1
2
6
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3. HiAR: XA MmE Document vectors

SR A B R ALY

1. Sl € —A> [3AC ] vocabulary
i BHTA SR LR BT A 1]
HiEZ: HER SR

2. HERF—OCRHE k!

FIXHAC AT H (token, ¥ ZIAE) -

- H N2 tokenfEIX AN SCAH H B AL
KRRV g = Y4 [ Term frequency vectors |

C] A9 i) )



3. BIR: XA HELY

i E, | o R/ R [T
R R R4 P/ ) L/ IR 14

‘izmx%—/l\ﬁmo |/ R A IR

‘ﬁﬁé/ﬁﬁﬂ?ﬂlﬁo | /A BT

University



~ o
3. FiR: NARESLH ” 1 n .
Gl| 1 0 0
F 1 0 0
X /AR A BT R 2 0 0
R R R A R ]| R , , X
A 1 1 1
F@ me | x| o ||
- ——— , 1 0 0
X/ — A A . . 0 0
B 1 0 0
] & 1 0 0
- 2 1 0 0
‘ﬁ/lﬁ/’ﬁ/ﬁﬂ?/ﬂlﬂ/o . 1 1 1
i) 0 0 0
%l 4] 0 1 0
§=Durham ﬁg 0 0 0
University HF_I; 0 0 1




3. &7&: jCZ: ﬁéﬂg*ﬁ1ﬁf§i‘l‘ﬁ similarity = cos(f) A-B ':Zl 7

A B - n n
AT~ e 5
i=1 i=1

B R EAALEE TR 7%, cosine similarity

%)= /Ry R
X 1 1 0

&/ — /A BT
Gl 1 0 0
] 1 0 0
Jal 1 0 0
=2 1 1 0 X/ A BT
— 2 1 1
A 1 1 1
B+ 1 1 0 @
% 0 0 - B A/ N IRE o8 =/
e . . . Al — /A A




3. B CAFRMATDETE ., An S

LISy s
i=1 i=1

B R EAALEE TR 7%, cosine similarity

X/ — /AR
X 1 1

el — BT

K/ — 0T

- | #roo s O

Bl

O O R B N R R R R
X X X X X X X X X X
O O B = = = O O O
1 | | O [ N T | N [ Y | N |

‘%/—/4/%%

T

|O\|OOHHNHOOOH
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3. &7&: jCj: ﬁéﬂg*ﬁ1ﬁf§i‘l‘ﬁ similarity = cos(fl) = A-B l:El o

IATIBI ~ -—
B R EAALEE TR 7%, cosine similarity

X/ A1)
X 12 12

el — BT

= 1 A

£] 12 = 1 02 = 0

i 12 = 1 02 = 0

Jal 12 = 1 02 = 0

" S SR K/ A

- 22 | = 4 12 | = 1

A 12 = 1 12 = 1

en 12 = 1 12 = 1 @

5 02 = 0 02 = 0 N

iEH 02 | = o 0 |- o0 G5/ — 1A 1R
%,Durham 11 _ 5

University



3. &7&: jCZ: ﬁﬁmm1ﬁf§i‘l‘ﬁ similarity = cos(f) A-B :Zl 7

AllllB = n n
RIS 5t [
i=1 =1

B R EAALEE TR 7%, cosine similarity

Y Y.

Bl EEN D EES
% 1 1 0

siM(AB)=rz | &/ —//HIT
& ! 0 0 | =0.809
1 1 0 0
R 1 0 0 sim(A,C) = >
& , ; 0 WOSEE [ R — A AT
— 2 1 1 =0.452
A 1 1 1
o B A g e pre
B 0 0 1 PEZN: XANC NS
. 0 0 | | E ks || /A
2B
W Durham




3. BiR: Cosine similarityfl 5 & %]

Document 1: cat cat cat cat

Document 2: cat dog Eo

©
Document 3: dog dog cat dog —

&
Document 4: dog dog cat cat 4

o R

Document 5: cat cat cat dog

Document 6: dog dog dog dog

2 /D1 [ cat]
e Document 5 is the closest document to document 1

youham ® Document 2 and document 4 are “the same”



3. ’IAR: XAHERMELUETHE

F—MEHEAR: IDF (Inverse Document Frequency)
o TFEMH, &AMy i B ia] i) B B — AR

o Hlwn [—) « [T89) #EEM [HF] o Tdek] o TR R] —fHFEE
o IEHY BRI A WL TR 4 B B

o Biltn. PIASCAFZ ML T—1 A TH ] AR E A B
M CARAHZ TAER] M TR, WA A

o TF-IDF<H AR TR R e ol /D B A A fy ] VA ek 52



3. Cosine similarity

How similar are two documents, e.g. S; and S,?
: D
« Compare their vectors: A >
Cosine similarity for vectors A and B: n
A_ - B Z :l.,'Bi
similarity = cos(#) = = =

o [ANBI ~ /& 2 [ g

= Cosine similarity is a number from 0 to 1, and: ; i ; i

0 when A and B are orthogonal
* Intuitively (for TF vectors) S; and S, have no terms in common at all
1 when A and B are scalar multiples of one another
* Intuitively (for TF), all terms in S; and S, occur in identical proportions
s
N

[ ]
¥ Durham

University
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3. Inverse Document Frequency (IDF)

So far, all shared tokens between S; and S, count equally towards similarity

” 13 7

* Includes common terms like “the”, “a”, and punctuation

Intuitively, S4 and S, sharing “persuasion” is more significant than sharing “,”
« [%,” in fact contributes much more to sim(S,,S3), because it appears twice]
Easy approaches:

 Remove punctuation

 Remove common or “meaningless” words (“the”, “a”, etc.) — “stop words”

- Both are language-specific: rely on some knowledge of the language
e oo o~ () T T 9y« vs ., h1{T .

[ ]
¥ Durham

University
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3. Inverse Document Frequency (IDF)

Heuristic technique (mainly for larger corpora than our example)
« Terms occurring in many (or all) documents provide less information

« Co-occurrence of tin Sy, S, more significant for rare t than common t

L4 xenomorph

« DF; =# of documents containing t
* IDF; =log(N/DF;), N=# of documents

» Replace TF in vectors with TF*IDF;
 “TF-IDF” vectors

=
[N)

anthropological

[y

persuasion
0.8

0.6

a, the, of

0.4 example

[punctuation
marks]

0.2

Inverse Document Frequency (IDF)

Example of IDF in a

corpus: illustration only, 0
=Durham not calculated from our 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

N
University earlier example

Number of documents aterm occursin
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N

3. Document vectors

Usually very sparse
* Most components of most vectors are 0
* Most documents do not contain most vocabulary
Useful where “bag of words” assumption is reasonable
« E.g. topic modelling: interested in “content” in the sense of subject matter
« Order and context less important than frequent mentions of terms
* Vs e.g. text reuse => vectors can only be used to detect reused vocabulary

[ ]
¥ Durham

University
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3. Cosine similarity — example a)

ALICE IN WONDERLAND
Two versions of “the same” novel —
Substantial differences ‘ bt

Different chapters

&3 LI
) s> Advtms £y

Different lengths e

Some parts very similar
Some parts unique to each

LEWIS CARROLL

A
N

]
'R}ﬂlﬁym 12 chapters, 1865 4 chapters, 1864




A
N

3. Cosine similarity — example

Similarity matrix:

Each cell colored by simcgsine(Di, D;)
Solid white: 0 solid red: 1

Blue & green two document groups
a) Alice in Wonderland

b) Alice’s Adventures Underground

Green line indicates actual
reorganization of texts a) and b)

[ ]
¥ Durham

University

b)

a)

D.
D, J ANM SO~ D S o

1

2

3

4

5

6 "
7 ()
: _
9

10

11 M

12 -




3. Cosine similarity — example

O —
NN <IN OO0 O o

Interpretability -
n
| > AB; |
NP A-B linde el 5
similarity = cos(fl) = = = _ )
RIS~ 5 [ |05
i ! (]
i=1 i=1 4
5
i t A B AB 6
< | |Turtle 0381 047 0.179 7
2| [Mock 0368 0435 0.16 8
= | |Gryphon 0.342 0.292 0.0999 9
41_’, Soup 0.175 0.042 00074, | 49|
O | |sea 0.0548 0.0311 0.0017 11
>| |course 0.0328 0.0435 0.0014 12
@ | |school 0.0159 0.084 0.0013
3| |Tis 0.0394 0.0261 0.001
@ | |replied 0.0312 0.0236 0.0007
Q| |Thank 0.0317 0.021 0.0007
Q¥ Durham | |old 0.0131 0.0435 0.0006
niversity § | different 0.0372 0.0123 0.0005




3. Cosine similarity — example
Interpretability

similarity = cos(fl) =

F-----,

In this case, the
most significant
contribution is from
noise!
Normalization and
data cleaning are
important!

2B
@ Durham

University

O oo NO UL WN B

=
= O

n
a.p 1 SAB
I [ Np———
A n n
IATIBI [ \/2 B2
i=1 i=1
t; A Bi AB
— 0.132 0.123 0.0162
Turtle  0.378 0.0425 0.0161
Mock 0.365 0.0425 0.0155
Gryphon  0.339 0.0356 0.0121
sobs 0.0315 0.0513 0.0016
course 0.0326 0.0318 0.001
around 0.0157 0.0513 0.0008
Rabbit 0.0078 0.101 0.0008
White 0.0078 0.101 0.0008
told 0.0219 0.0356 0.0008
trial 0.0219 0.0356 0.0008
him 0.0141 0.0516 0.0007




3. HiR: n-grams (L)

ISR O BB 5 A MG |

In a bag of words
representation (e.g. TF-
IDF vectors), these two
documents have identical
representations!

{

D,

D>

positive

| usually hate scifi but | love this one.

| usually love scifi but | hate this one.

negative

GBE /, JBE )T/, T A

GBE/, [E M/, BT AS 5

2B
@ Durham

University

O
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T S Y

I
usually
hate
scifi
but
love
this
one



3. BiR: n-grams

27— I'n-gram] ?
° fnJ 7\'5,1:—‘4\/—\'_5'%&? (Wﬂﬁﬂ, n=1; n=2; n=3; )
« — In-gram] &#En/~tokentZ i+ H BLLE —

e 1-gram = —Mii]/5 (token)
e 2-gram = PMiA]/ T
e 3-gram = — M/ 7

2B
@ Durham

University



3. 5iR: n-grams, n=1, DLFHNEAL (token)

Ko i Fpey i - EE Y

1-gram: WRLEGE] () HBERMIECAR? SILHEZ Dk

x 1 o1

1 2

Z 3 & 1

9 3 % 1

o2 o1
¥ Durham ’ 2

University



3. 5iR: n-grams, n=2, DIFEANHELL (token)

KegZaitE » BUZEHE » BEIZHEN
2-gram: WRECKIES T 200 () HILERAIA? BIEHILE bR

Ry 1 w1 HZ 1

4

il 1 Mz 1 aR A 1
Z5H 3 peaE 1 P 1
sRME 1 Ho o1
o1 &2 1

B burham P S | {9‘"I 1

University



3. 5iR: n-grams, n=3, DIFEANHELL (token)

A Za i - REZEHE  BEIZHA

3-gram: WREECEESET3Mi] () AR IEERATI SO ? SR Ei 2 ke

a1 RWr 1 {EEZ 1
@ 1 MZE 1 EYE 1
i 1 i 1 HH 1
B 1 B 1 EEe 1
R 1 1

e M 1 (51

University



3. BiR: n-grams

NN
5t 5

5

r

H

LAy

VS

T

1218
964
865
346
343
824
615
608

University

SEEC)

A 382
N 372
Az 300
B 299
L 240

5= 220
ZFR 217
= 197

(&+)

EF
ZF
F /0N
fZ
XE
AF
Ad]
2BE

(F74%)

186
62
46
42
41
38
37
33



3. FAR: IE

n%@%
usr o
L 2% 846 BF 299
ik A2 843 R 240

(SEETH (ET)
>5077 F 7.5)1 %

&8 TR HIZ?

AR
P Durham
University



3. BiR: Hn-gramiRH 5 1E
* Example: n=4

- 71
g > 2

° JJYL’\)FE[ /Z;\\‘\

APE

% Durham %HE‘ j(
......... ~

SIS

i
= =

Xil
FEE R0

\ JIND

A

,i-

AN

;)C/jﬁiz*

\y:r:

~ N7

TG

O mElERR

SSOE AR RE o

L‘-l‘rlHLLJ



3. FAR: HAn-gram# B 5

* Example: n=4

A NS 1 5 10,
= R LH, Fﬁl%ﬁ A
=R K-;—z, B RSB A R E,

7248 2 3 3 A R 10
MBE, FISETRRFRR, PR STHE
[ESin NSeZ MLl

o

43
2w
)
g
=
QO
3
Liml
[TEL]Y

University



https://text.tools/ctext

2B
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https://text.tools/ctext

| g
i ‘ N-gram | ’ Regex ‘ ‘ Replace ‘ ‘ Similarity ‘ ’ Diff ‘ ’ Network ‘ ’ Word cloud ‘ ‘ Chart ‘ ‘ HeIp }l

Text tools for ctext.org - powered

o an e BSn SN SN SN BN BN NN BN BN B BN BEE BEE BEN BEE BEE BEE BEE B

URN Title|Remove |Characters|Chapters/sections | Edit

ctp:analects |F@za| X 15962 20 [Edit]
Fetch text by URN: Fetch  Title:

Save/add another text

2. JRRE A

el on 2 8 2 R N R 32 N N 3§ 2 N R N8 38 38 N N N8 8 N N

fNalGeot e 2

Minimum count: 2
Normalize by length:
Exclude punctuation: -
Stop at breaks: © All © Paragraph
Tokenize by character:
Run

None

:[-Export CSV] [Word cloud] [Chart]

|N:gramg’ﬁﬁ I
2B [452 4. MG R :
&% [108 i
N w70 | .

E xiaoshuo.zip

E mozi-zhuangzi-xunzi.zip

venice_valentinian.zip
lunyu.zip
very_simple.zip

v venice_valentinian

N valentinian.txt
merchant_of_venice.txt
> ; very_simple
> xiaoshuo

AT LIMFinder /
ExplorerE&HI3 KT A

(2. txt#.zip)




4. SCiER: HEFEBRZR

FEAHA BT R

Regex ke Regex => {E [ Full-text search | i AregexN%, % [Run]

N-gram EF+iEF+ET Similarity => n=7 => Run => fi i ZL 55575
& [ Similarity matrix] => [ Toggle values] ;
& [Chapter summary] => [Create graph] => [Draw] ;

XA 2% B i
Cosine o Vectors => Run => Toggle values => /& H.AvF 204 1 77 B

e, L ) S e I SR ) EI'J/\XE
,'QIEPEI’JV\]@U@Q;&XTF“W@,
R [Vectors | [0 3] ARFIA7 &

2B
@ Durham
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4. SCER: HEFEEKZ
FEAHA BT R

PCA HHAC /NI Regex => 7E [ Full-text search ] #ii Aregex: —1T—">regex
(Un™) , #&# [Chapter] Fl1 [ Normalize by length | ,
& [Run]

& [Summary] => [Create vectors] => [Run PCA]

Full-text search or regular expressions (one per line):

B

it

% Minimum distinct items in row: |1 : :
an Group rows by: O None (counts only) O Paragraph ® Chapter|
= Group columns by: ® Matched string O Regex

Al Match tokens: [

AR
W Durham ;
University Normalize by length:




4. SLBR: TEFERL
EAEHA B L R

PCA + I AR /N Vectors => Run => Run PCA
TF-IDF

CHr ARl A AFERIEER T G R BRI A /1R Henl A o) 2

20
P Durham
University



4- i%ﬁ: 7 :ﬁ%&
HEAHA TR 7 A

73 1] WA/ Transform => 7E [Register] => EFFEHEA => Run /
WARIE /  Apply to all L4743 1]
L3 1] AR

Value of n: 7 |
Ly ENEIO T (LR (M VERE. PP SOOI T/ L AR S A

Dorma ze by endh g <t i, ZEIE [ Tokenize by character ] HUVH;
T, Rgim—PNFER— AR

Tokenize by character:

2B
@ Durham

University



ARy BT Stylometry

o W HAEAEE P (authorship attribution)

o XAAREEAAHEN: malReelfEXa@EEY: mH, FMTFHeExX
AW E A EEXFEEY S,

o RFEEEEHERS T (0 2pii, EkesmEmRng)

67



XA&43#7: Principal Component Analysis (PCA)

* Modeling texts, we often use vectors to represent documents
« We used these to represent text digitally
« We used these to identify textual similarity
« LDA topic modeling is based on the same idea

* Vectors are convenient for computers...

...But: too many dimensions for us to visualize
« Hard to see patterns, even when clear patterns exist

2B
@ Durham

University



Documents as Vectors (again!)

Document 1 All words Doc. 1 Doc. 2
PAT/ A/ T HL [ IER fé A 1 0
’ T\Eé VL /LY H =
W 1 e T s | 0 :
f SEAR 0 1
- A 1 1
Document 2 ANF 1 0
Lw / SEvk /25 ) 1/ fh £ 1 0
AR | R ) 55T ERN 1 0
/. 28 35% 2 1
1 0

ik




Documents as Vectors (again!)

All words
FA]
[
FE =
SEAAR
A
AN
] EL
JIEDN
2
K

[ ]
¥ Durham

University

A
N

Doc. 1
1

R NNR R R R OON

Doc. 2
0

OFROOOR R PR P

doc1=[1,2,0,0,1,1,...]
doc2=[0,1,1,1,1,0,...]

If only first 3 words:
doc1=[1,2,0]
doc2=[0,1,1]

If only first 2 words:
doc1=[1,2]
doc2=[0,1]



dERE. R, FEHML

1 Dimension: x-coordinate
Example: [1]
[3]

2 Dimensions: x and y
Example: [1, 2]
[2, 6]

M
01 2 3 45 6 7 8 910 11

1 2 3 4 5 6 7



dERE. R, FEHML

3 Dimensions: x, y, and z
Example:
[2, 6, 2]

FLI e > i Te] L R

. N A . o
P Durham YRS (2D projection)




dERE. R, FEHML

4 Dimensions: X, Y, z, a ?
Example: [1,2,5, 1] ° D
[5, 6, 3, 8]
PCAM ATt —Fh 2 B 770, MAT AR 24 5 2 ] 1) — ¢ 25 1]
EIPIRE A5

o RIEEHE SRR B B ARTT
« Js&—"Minear projection
o RN ReIR B EE s [ variance (7 %)



PCAREM A7

L FRATTAT DA i 4 R 5 1) U AT AR
MRBATEBIPCAKIAFIZREIE &2 (linearly) separable, 7E4EE i) A&
PCARI AR 73 # «
o AIUUFR B HATRE M ENL, ESCAR R &, A5 HPCAR 4L
o XFER]LUE HAS [ SOA BB A 1) RRAE
AR SO ] Bz AT AR BRI 250 B
o FESCR M AL AR RS IR I AE S, FRATTAE 20 N 25 T E AR X
o I, &% H I A ER SR
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Principal Component Analysis (PCA)

Computes a linear transformation from RN — RN calculated from set of data
» Linear transformation such that in the transformed space:
« Dimension 1 accounts for greatest proportion of variance of datapoints
« Dimension 2 accounts for next greatest proportion
* (while being orthogonal to previous dimensions)

« Keeping the first M<N components gives a projection into RM
« Here we use this for visualization of RN in R2
« Effectively choosing a projection s.t. maximum variance preserved
« Gives a good sense of e.g. how linearly separable data is

[ ]
¥ Durham

University
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Example — Wizard of Oz

MAEES T —RIVNETRRIPTE I (B KD SO

° ﬁfﬂjé&*:

Baum; {EF# —: Thompson

«  “Wizard of Oz” + JL+A%L4E
o DIHECAE AR ML Z)48fantasy A, 55
o AFCAFHEAFRANYD, (HENEREARER

° Ef%:ﬁi

RINPHT— A E AL EE S [

[Similar in principle to another well-known example, “The Federalist

Papers” ]

[ ]
¥ Durham
University

Who Wrote the 15th Book of Oz? An Application of Multivariate Analysis to Authorship Attribution
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https://dh.obdurodon.org/Binongo-Chance.pdf

Example — Wizard of Oz

Although deemed aesthetically uninteresting by many literary scholars, writers
cannot avoid using function words to construct even the most basic sentences.
Function words constitute the skeleton around which the body of any text is built.
They belong to a closed class of words: this class does not admit new vocabulary
as language evolves. Neither do the words in this class easily become archaic;
instead, they remain part of the language for several generations.

With little semantic meaning, they are least dependent on context.

With the exception of auxiliary verbs and pronouns, a number of them are not
inflected and thus appear in one form.

In short, they are typically irreplaceable, are much more frequent, more reliable,
and more stable than content words.

They are of interest to researchers particularly because they are not easily
affected by a writer's conscious use of the language. Their usage may therefore
reveal idiosyncratic patterns in a writer’s style.

Figure 1. Why function words?

[ Step 1:

Prepare machine-readable
versions of the books.

Baum's Canon
14 books
623K words

14 books
568K words

(sups: Sdedthesomﬁequﬂ
function words.

( step2:  Assembe the Oz corpus. )

Word, I
29 books
1,235K words :

Wordsg I

2B
@ Durham
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Example — Wizard of Oz

the train O ' frisco was @Ry late. if should have arrived @i hugson ' s siding
at midnight , but if was already five o ' clock @and the gray dawn was breaking
in the east WhER the little train slowly rumbled up to the open shed that served
for the station-house. as [if came to 8 stop the conductor called out in 8 loud
voice :

al once @ little girl rose ff@ her seat and walked to the door of the car ,
carrying @ wicker suit-case in one hand and @ round bird-cage covered up with
newspapers in the other , while @ parasol was tucked under her arm. the
conductor helped her off the car and then the engineer started his train again ,
so that if puffed and groaned and moved slowly away up the track. the reason
he was so late was because all through the night there were times WheR the
solid earth shook and trembled under him , and the engineer was afraid that &i
any moment the rails might spread apart and an accident happen to his
passengers. 80 he moved the cars slowly and with caution .

the little girl stood still to watch until the train had disappeared around l curve

=m : then she turned to see where she was .
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Overrepresented in Figure 6. Component loadings. Overrepresented in
Thompson Baum
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Work by Baum

Work by Thompson

A
N
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When Dorothy recovered her senses they were still falling , but not 8@ fast . The top of the buggy caught the air like a
parachute or an umbrella filled with wind , and held them back §6 they floated downward with a gentle motion
that was not 86 Very disagreeable {8 bear . The worst thing was their terror of reaching the bottom of this great crack
in the earth , and the natural fear sudden death was about . overtake them at any moment . Crash after crash
echoed far above their heads , as the earth came together where it had split , and stones and chunks of clay rattled
around them on every side . These they could not see , but they could feel them pelting the buggy top , and Jim
screamed almost like a human being when a stone overtook him and struck his boney body . They did not really hurt
the poor horse , because everything was falling together ; only the stones and rubbish fell faster than the horse and
buggy , Which were held back by the pressure of the air , §6 the terrified animal was actually more frightened
than he was injured .

How long this state of things continued Dorothy could not even guess , she was 80 greatly bewildered . But bye and
bye , as she stared ahead into the black chasm with a beating heart , she began @ dimly see the form of the horse
Jim--his head up in the air , his ears erect and his long legs sprawling in every direction as he tumbled through space
. Also , turning her head , she found that she could see the boy beside her , who had until now remained as still and
silent as she herself .

At seven Pigasus with a loud squall of astonishment fell from the top of the cabinet , and Dorothy rushed joyfully
forward . For now , every chair around the Wizard ' s table was occupied . At the head sat Ozma , calm and gracious
as ever , at the foot the spry little Wizard , and between , all the others who had 88 recently lain at the bottom of
Lightning Lake . Highboy stood over by the window looking dreamily out across the garden and none of them
seemed in the least surprised or excited {6 find themselves in the Wizard ' s laboratory .

" Let--me--see-- " mused Ozma , raising her hand gravely-- " Ah , yes--we are here {8 discuss a threatened danger
{6 ourselves and the Kingdom of Oz . "

"Butit's all over now , " cried Dorothy , running over {8 Ozma and flinging both arms round her waist . " It ' s all over
and we ' re safe and you ' re safe , and my , how glad we are g have you back here again ! "

" Here ! " exclaimed the Wizard , popping up like a startled Jack-in-the-Box , " where else would we be ? "

" Only at the bottom of Lightning Lake in Thunder Mountain , " murmured Bitty Bit , coming modestly forward {6 meet
the Fairy Ruler of Oz and winking merrily at Jinnicky , whom he already knew .
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Figure 7. Baum’s non-canonical works.
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Additional texts [other
genres] by A) Baum
B) Thompson
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Baum'’s Magical Monarch of Mo
Baum'’s American Fairy Tales
Baum'’s Animal Fairy Tales
Thompson’s Wizard of Way-up
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Figure 9. Baum’s and Thompson’s short stories.
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The contested book

The last book by Baum, Glinda of
Oz, was published a year after his
death. Gardner (Gardner and Nye, p.
40) reports that during the last year
and a half of his life, Baum wrote a
rough draft of this work. One of his
sons edited the published version.
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Figure 10. The Royal Book of Oz (1921).
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PCA & Authorship
Can we use “everything”“

« Compare “Valentinian” (by
Fletcher) with “Merchant of Venice”
(by Shakespeare)

« 1 document per chapter of text

« TF vectors (normalized by dividing
by document length)

* |V|] dimensions
* Here |V| = 6000

N.B. As You can see from the tokens shown by the vectors
on this slide, this is a simple “back-of-the-envelope”
example in which | have not been careful about many
details (e.g. text preprocessing) that we have already
identified as potentially problematic. In your reports, you
need to be more careful than this!
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Term ACTI.SCENEL ACTII.SCENEL |ACTIII.SCENEL
0.00168 0.00578 0.00249
— 0 0 0
0.630 0.620 0.650
0.161 0.147 0.166
: 0.0151 0.0162 0.0124
! 0.0201 0.0798 0.0461
abide 0 0 0.00124
abject 0 0 0
able 0.00168 0 0
aboard 0 0.00116 0
abode 0 0.00116 0
about 0.00168 0.00578 0
About 0.00168 0 0.00124
yours- 0 0 0.00249
yourself 0.00168 0 0.00249
Yourself 0 0.00116 0
youth 0.00503 0 0.00249
Youth 0 0 0
youthful 0 0 0
zeal 0 0 0
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Authorship attribution — example (TF vectors, by act)
I merchant_of venice [ valentinian

0.30 e
ActusSecundus,ScenaPrima. ,,'
0.25 Q: Why might this linear o Lo’
separability not be o
0.20 surprising in this case? Pl
/,,
0.15 P
ActusQuintus.ScenaPrima. o <
0.10 ° Prad
,/
0.05 ActusQuartus.ScenaPrima. A_,/
. . y
ACTIV.SCE
o ACTII.SCENE!. .
00— 2 } ! o !
7 ACTV.SCENEI.
g L
-0.05 2
ActusTertius.ScenaPrima. ACTIIL.SCENEI.
-0.10 ActusPrimBs.ScenaPrima. . o ACT”S.CENEL
o /,
-0.15 PR .
-0.25 -0.20 -0.15 -0.10 -0.05 0 0.05 0.10 0.15 020
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Authorship attribution — example

awn

% tokens that are “,

B e

0.025

0.020

Linear transformation z = Px, zeRN, xeRN

N
Z; = Z Pl]x]
j=1

0.015

% of text

0.010

0.006

Pl

0

o
_g Merchant of Venice Valentinian
° A A
_ o
In e.ach.aX|s in the . 2 Ve Y2 N\
projection, a weight is 8
assigned to a vector B o [ Average

0.012

-

component —in our

example, this corresponds o
to a specific term 08 F 1 -
z, (horizontal coordinate -
in last slide) is the sum of .
all these values multiplied ‘
g’Durham by the TF of each " % tokens that are “the”
University corresponding term o
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Authorship attribution — example

I merchant_of_venice [l valentinian

0.30 5
ActusSecundus.ScenaPrima. ,/
0.25 L] ,’,r
. . 020 ,//
Linear transformation z = Px, zeRN, xeRN | .
010 ActusOum(us.Scennana ’,’,,z
N & 0.05 AC!\JSC‘LS’TUS.SCGHEJPHH\Q ,,/',
P V P . //’ AC]II.S.C&NH. Acw‘i(
7Z: = . x . j 1j // ACTV.SCENEI
l z l e o
] ] o ActusTertius.ScenaPrima // ACTII.SCENEI.
j= 1 ! -0453 -0.10 AClu>Putﬂﬂs.Suu-umna_ ,,z’ ACIPS.CENEI
= . 0.378 ot
o 0‘r’oza 0.20 0.15 0.10 0.05 0 0.05 0.10 0.15 0.2
= the 0.319 -
_— ye -0.246
I h axis in the s 0.232
n eac ou 5 q q
- N = y l.e. if we write t. for term frequency of token c, then:
projection, a weight is 8 . -0.191
assigned to a vector . 0.167 Z, = -0453t, + 0378t + 0'319tthe - 0246tye + ...
component —in our | ’ —
example, this corresponds [
to a specific term -
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z, (horizontal coordinate
in last slide) is the sum of

all these values multiplied

by the TF of each
corresponding term




Authorship and “style”

If we’re sure the texts have
been prepared in the same
way, punctuation may be a
good discriminant (perhaps
the best, on this data)

Names of characters
appearing in plays:
excellent discrimination
across authors, BUT
unlikely to generalize well

Grammatical particles (“the”,
“a”, “you”, etc.) seem good
candidates for discrimination
since they are not obviously

determined by content

Composition date: “ye” is a
now obsolete English word
meaning “you” —would not be
present in a modern play
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v

Normalization may be
important — we could just
end up learning typographical
distinctions (e.g. speaker
names in ALL CAPS)

V Py
5 -0.453
5 0.378
the 0.319
ye -0.246
you 0.232
-0.191
. 0.167
PORTIA 0.165
! 0.149
And -0.130
in 0.110
is 0.106
Hcius -0.106
of 0.101
SHYLOCK 0.0929
Max -0.0916
| 0.0911
BASSANIO 0.0882
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Authorship and “style”

Pitfalls:

« Classifying correctly does not imply classification by style!
- Could be by content or anything else correlated with features (inc noise)
« Could be genre (e.g. poetry vs prose)
* Models explainable with reference to e.g. textual features desirable

« Common difficulty: not enough independent samples from each author

« E.g. can segment long works, but must ensure testing uses only entirely
unseen texts (i.e. not unseen samples from a seen text)
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