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Abstract

An approac h to the task of authorship detection using a supp ort v ec-

tor mac hine (SVM) is presen ted. The dataset used for the exp erimen ts

is The F e der alist Pap ers |a standard in the authorship comm unit y . A

comparison is made to a w ord bigram language mo del (LM) metho d from

whic h the SVM features arise. Results sho w that b oth metho ds can p er-

form w ell, though the SVM is more sensitiv e to un balanced data as w ell

as the n um b er of bigrams utilized as features.

1 In tro duction

Authorship detection|the determination of whether an individual w as the au-

thor of a giv en text|has long b een of in terest in the sc holarly comm unities;

tests ha v e b een p erformed on suc h in
uen tial texts as the w orks of Shak esp eare

and the Bible. With the dominance of the In ternet and email as a v en ues through

whic h one can engage in economic and in tellectual activities, establishing the

authen ticit y of do cumen ts is of increasing imp ortance. The tec hniques used in

authorship detection will b e of great v alue in applications suc h as plagiarism

analysis and cyb ercrime in v estigation in addition to the traditional uses in anal-

ysis of disputed literary and historical do cumen ts.

That these do cumen ts exist in electronic form facilitates the use of v arious

computational metho ds, primarily of a statistical nature, to p erform detection.

These metho ds seek to capture an author's st yle, and as suc h are referred to

as stylometry . They are based on the assumption that eac h author's st yle has

certain features that are inaccessible to conscious manipulation either wholly

or at least without great di�cult y . Some features that ha v e b een utilized in

st ylometric analysis are w ord lengths, sen tence lengths, v o cabulary div ersit y ,

and w ord coun ts[1 ].
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In this pap er I describ e a pro ject in v olving the use of a supp ort v ector ma-

c hine (SVM) to p erform authorship detection. The p erformance of the classi�er

will b e compared to that of a language mo del (LM) system for the same task.

The language mo del is based on w ord bigram frequencies and these are the fea-

tures then used b y the SVM. The do cumen ts used for testing are the articles

of The F e der alist Pap ers , a corpus whic h has receiv ed m uc h atten tion in the

authorship comm unit y .

In the next section I describ e the corpus in greater detail. The follo wing section

discusses the t w o approac hes men tioned ab o v e. Thereafter, p erformance of the

systems is analyzed. Conclusions as w ell as future w ork are describ ed in the

�nal section.

2 The Data

The text data used to p erform the exp erimen ts originates from The F e der alist

Pap ers , a series of articles originally written under the pseudon ym \Publius"

b y Alexander Hamilton, James Madison, and John Ja y from b et w een 1787 and

1788. The articles w ere written to p ersuade the citizens of the state of New

Y ork to ratify the U.S. Constitution and 77 of them, ab out 900 to 3500 w ords

in length, app eared in newspap ers in the area. These essa ys, along with an

additional eigh t on the same sub ject w ere published in b o ok form in 1788.

The iden tities of the authors w ere later assigned to the v arious articles, but

some remain disputed. Of the 85 articles, it is b eliev ed that 51 w ere written

b y Hamilton, 15 w ere written b y Madison, 5 w ere written b y Ja y , and 3 w ere

join tly written b y Hamilton and Madison. The authorship of 11 of the articles

is disputed, though sc holarly consensus generally attributes them all to Madison.

The F e der alist Pap ers are a go o d exp erimen tal dataset for a n um b er of rea-

sons. The principle reason is their frequen t usage in authorship exp erimen ts.

Related to this is the fact that a substan tial n um b er of do cumen ts exist for the

authors (particularly Hamilton and Madison) and they are of mo derate length.

In addition the text topics are limited in scop e and the authors are not only con-

temp oraries, but colleagues. Lastly , though the authorship of some of the texts

is disputed, there exists a general consensus lab el to whic h one can compare.

3 Approac hes

3.1 Language mo del

The language mo del approac h used for the pro ject is similar to that used b y

Do ddington in [2] for the task of sp eak er recognition. In the pap er, Do ddington

p erforms what is essen tially authorship detection where the \do cumen ts" under

in v estigation are the text output of the transcription of sp eak er utterances. T o
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mak e a decision using this system, a con v en tional log lik eliho o d ratio test is used.

A bigram mo del for eac h author is generated using the relativ e frequencies of

the top 2000 w ord bigrams of the training set. The log lik eliho o d ratio score

is then de�ned to b e the log of the ratio of the lik eliho o d of the �rst author's

mo del (where mo del lab els are arbitrarily assigned) giv en the test data to the

second author's mo del giv en the same data for a bigram tok en j , a v eraged o v er

the bigram tok ens of in terest (i.e., those among the selected 2000) in the test

do cumen t. F or e�ciency , the log lik eliho o d ratio is in realit y computed only once

for eac h bigram of t yp e k and then m ultiplied b y the n um b er of o ccurrences of

that bigram in the test text. This giv es:

Score =

P

k

f N

tok ens

( k ) � log[�

auth 1

( k ) = �

auth 2

( k )] g

P

k

f N

tok ens

( k ) g

(1)

where N

tok ens

( k ) is the frequency of bigram t yp e k in the test text. F or smo oth-

ing of the log lik eliho o ds, a v alue of 0.001 is added to eac h lik eliho o d b efore

taking the logarithm. F or the �nal decision, the text is attributed to the �rst

author if the score is ab o v e zero and the second author otherwise.

3.2 Supp ort v ector mac hine

In the SVM approac h, one uses lab eled training data|designated as either a

p ositiv e (+1) or negativ e (-1) training example dep ending on the class (here,

author) to whic h it b elongs|and attempts to �nd a separating h yp erplane that

maximizes the in terclass distance. In the common case where the data is not

linearly separable, the ob jectiv e is to �nd a h yp erplane that maximizes the mar-

gin while minimizing the p enalt y due to data p oin ts lying on the wrong side.

T ransformations to the input features ma y additionally tak e place b efore the

optimization b y w a y of applying a nonlinear k ernel function, but simple linear

k ernels ha v e sho wn go o d results on text data [3 ] and as suc h a linear k ernel w as

used for these exp erimen ts.

Figure 1: SVM classi�cation of do cumen ts.
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The features used for the SVM as previously men tioned w ere the relativ e fre-

quencies of the top 2000 w ord bigrams found in the training data. Eac h do cu-

men t, then, represen ts a single data p oin t for the SVM classi�er as indicated in

�gure 1. As logarithms of probabilities w ere not tak en to deriv e these features,

the smo othing parameter men tioned in section 3.2 w as not applied. The SVM

soft w are used for the exp erimen ts w as SVM

ligh t

, a publicly a v ailable program

for building SVM classi�ers.

4 P erformance

In the tests b elo w the authorship detection task w as p erformed on the disputed

F ederalist pap ers using Hamilton and Madison as the p ossible authors. The

follo wing exp erimen ts and their outcomes serv e to rev eal the p erformance of

the SVM system relativ e to the LM system for a v ariet y of con�gurations.

Exp erimen t 1

In this exp erimen t, all of the data a v ailable (15 Madison texts and 51 Hamil-

ton texts) w as used for training. The language mo del system classi�es all test

do cumen ts as ha ving b een written b y Madison while the SVM misclassi�es all

do cumen ts as b eing of Hamilton.

Exp erimen t 2

The results of the �rst exp erimen t prompted a mo di�cation of the SVM training

parameters. Sp eci�cally , for this exp erimen t the cost of the misclassi�cations

w as di�eren t for the t w o classes and w as w eigh ted b y the class priors as de-

termined b y the n um b er of training samples. Again the LM system naturally

classi�es all do cumen ts as b eing of Madison (since this system w as altered in no

w a y) and the SVM also do es the same. Closer insp ection of the SVM, ho w ev er,

rev eals that all 51 of the Hamilton training examples are misclassi�ed; all data

p oin ts lie to one side of the h yp erplane. This, of course, suggests v ery p o or

generalization and an o v ercorrection of the system.

Exp erimen t 3

F or this exp erimen t the data w as balanced to 15 texts of eac h author. The

exp erimen t w as rep eated 10 times with random sampling of the 15 Hamilton

texts from the 51 total eac h time. In this case b oth the LM and SVM systems

correctly classify all do cumen ts as ha ving b een written b y Madison.

Exp erimen t 4

In this exp erimen t, the pro cedure for Exp erimen t 3 is rep eated for v arying

n um b ers of w ord bigrams, from 2000 to 50 decremen ting b y amoun ts of 50. The

a v erage n um b er of misclassi�cations for eac h bigram list coun t w as compared

for the LM and SVM systems and can b e seen in �gure 2. As seen in the �gure,

the language mo del system app ears to outp erform the supp ort v ector mac hine
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Figure 2: Comparison of classi�cation error for v arying n um b er of w ord bigrams.

system for all but the smallest n um b er of bigrams.

F rom these results it app ears that supp ort v ector mac hines can w ork e�ectiv ely

in this domain giv en su�cien t tuning. As suc h the language mo del system can

b e seen to b e more robust, sp eci�cally to phenomena suc h as un balanced data

and a reduction in the n um b er of bigrams.

5 Conclusions and F uture W ork

In this pap er, an approac h to authorship detection using a supp ort v ector ma-

c hine w as presen ted. F rom an analysis of the results of some select exp erimen ts,

it seems the SVM lac ks robustness to un balanced data and a reduction in the

n um b er of w ord bigram features, particularly when compared to a language

mo del system. As the SVM requires tuning of parameters, it ma y b e the case

that b etter tuning ma y mitigate suc h e�ects. F or example, the regularization

parameter, C , w as set to 1.0 for all exp erimen ts|a common practice, but p o-

ten tially inappropriate. A more principled approac h relying on tuning via cross-

v alidation of held out data w ould b e of in terest, though this w ould reduce the

a v ailable training data, whic h is presen tly small, particularly for the Madison

texts. W orking on a larger dataset|b oth in terms of authors and texts|is,

then, a natural extension to this w ork. Lastly , though SVM systems of this

t yp e can use a large n um b er of features, it ma y b e of in terest to explore feature

selection to determine whic h bigrams are the most discriminativ e. Results from

suc h an in v estigation ma y pro vide useful information for the area of st ylometric

analysis of texts.
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