
Authorship Dete
tion Using Support Ve
torMa
hines:CS281B Proje
tKo� BoakyeMay 17, 2004Abstra
tAn approa
h to the task of authorship dete
tion using a support ve
-tor ma
hine (SVM) is presented. The dataset used for the experimentsis The Federalist Papers|a standard in the authorship 
ommunity. A
omparison is made to a word bigram language model (LM) method fromwhi
h the SVM features arise. Results show that both methods 
an per-form well, though the SVM is more sensitive to unbalan
ed data as wellas the number of bigrams utilized as features.1 Introdu
tionAuthorship dete
tion|the determination of whether an individual was the au-thor of a given text|has long been of interest in the s
holarly 
ommunities;tests have been performed on su
h in
uential texts as the works of Shakespeareand the Bible. With the dominan
e of the Internet and email as avenues throughwhi
h one 
an engage in e
onomi
 and intelle
tual a
tivities, establishing theauthenti
ity of do
uments is of in
reasing importan
e. The te
hniques used inauthorship dete
tion will be of great value in appli
ations su
h as plagiarismanalysis and 
yber
rime investigation in addition to the traditional uses in anal-ysis of disputed literary and histori
al do
uments.That these do
uments exist in ele
troni
 form fa
ilitates the use of various
omputational methods, primarily of a statisti
al nature, to perform dete
tion.These methods seek to 
apture an author's style, and as su
h are referred toas stylometry. They are based on the assumption that ea
h author's style has
ertain features that are ina

essible to 
ons
ious manipulation either whollyor at least without great diÆ
ulty. Some features that have been utilized instylometri
 analysis are word lengths, senten
e lengths, vo
abulary diversity,and word 
ounts[1℄. 1



In this paper I des
ribe a proje
t involving the use of a support ve
tor ma-
hine (SVM) to perform authorship dete
tion. The performan
e of the 
lassi�erwill be 
ompared to that of a language model (LM) system for the same task.The language model is based on word bigram frequen
ies and these are the fea-tures then used by the SVM. The do
uments used for testing are the arti
lesof The Federalist Papers, a 
orpus whi
h has re
eived mu
h attention in theauthorship 
ommunity.In the next se
tion I des
ribe the 
orpus in greater detail. The following se
tiondis
usses the two approa
hes mentioned above. Thereafter, performan
e of thesystems is analyzed. Con
lusions as well as future work are des
ribed in the�nal se
tion.2 The DataThe text data used to perform the experiments originates from The FederalistPapers, a series of arti
les originally written under the pseudonym \Publius"by Alexander Hamilton, James Madison, and John Jay from between 1787 and1788. The arti
les were written to persuade the 
itizens of the state of NewYork to ratify the U.S. Constitution and 77 of them, about 900 to 3500 wordsin length, appeared in newspapers in the area. These essays, along with anadditional eight on the same subje
t were published in book form in 1788.The identities of the authors were later assigned to the various arti
les, butsome remain disputed. Of the 85 arti
les, it is believed that 51 were writtenby Hamilton, 15 were written by Madison, 5 were written by Jay, and 3 werejointly written by Hamilton and Madison. The authorship of 11 of the arti
lesis disputed, though s
holarly 
onsensus generally attributes them all to Madison.The Federalist Papers are a good experimental dataset for a number of rea-sons. The prin
iple reason is their frequent usage in authorship experiments.Related to this is the fa
t that a substantial number of do
uments exist for theauthors (parti
ularly Hamilton and Madison) and they are of moderate length.In addition the text topi
s are limited in s
ope and the authors are not only 
on-temporaries, but 
olleagues. Lastly, though the authorship of some of the textsis disputed, there exists a general 
onsensus label to whi
h one 
an 
ompare.3 Approa
hes3.1 Language modelThe language model approa
h used for the proje
t is similar to that used byDoddington in [2℄ for the task of speaker re
ognition. In the paper, Doddingtonperforms what is essentially authorship dete
tion where the \do
uments" underinvestigation are the text output of the trans
ription of speaker utteran
es. To2



make a de
ision using this system, a 
onventional log likelihood ratio test is used.A bigram model for ea
h author is generated using the relative frequen
ies ofthe top 2000 word bigrams of the training set. The log likelihood ratio s
oreis then de�ned to be the log of the ratio of the likelihood of the �rst author'smodel (where model labels are arbitrarily assigned) given the test data to these
ond author's model given the same data for a bigram token j, averaged overthe bigram tokens of interest (i.e., those among the sele
ted 2000) in the testdo
ument. For eÆ
ien
y, the log likelihood ratio is in reality 
omputed only on
efor ea
h bigram of type k and then multiplied by the number of o

urren
es ofthat bigram in the test text. This gives:S
ore = PkfNtokens(k)� log[�auth1(k)=�auth2(k)℄gPkfNtokens(k)g (1)where Ntokens(k) is the frequen
y of bigram type k in the test text. For smooth-ing of the log likelihoods, a value of 0.001 is added to ea
h likelihood beforetaking the logarithm. For the �nal de
ision, the text is attributed to the �rstauthor if the s
ore is above zero and the se
ond author otherwise.3.2 Support ve
tor ma
hineIn the SVM approa
h, one uses labeled training data|designated as either apositive (+1) or negative (-1) training example depending on the 
lass (here,author) to whi
h it belongs|and attempts to �nd a separating hyperplane thatmaximizes the inter
lass distan
e. In the 
ommon 
ase where the data is notlinearly separable, the obje
tive is to �nd a hyperplane that maximizes the mar-gin while minimizing the penalty due to data points lying on the wrong side.Transformations to the input features may additionally take pla
e before theoptimization by way of applying a nonlinear kernel fun
tion, but simple linearkernels have shown good results on text data [3℄ and as su
h a linear kernel wasused for these experiments.

Figure 1: SVM 
lassi�
ation of do
uments.3



The features used for the SVM as previously mentioned were the relative fre-quen
ies of the top 2000 word bigrams found in the training data. Ea
h do
u-ment, then, represents a single data point for the SVM 
lassi�er as indi
ated in�gure 1. As logarithms of probabilities were not taken to derive these features,the smoothing parameter mentioned in se
tion 3.2 was not applied. The SVMsoftware used for the experiments was SVMlight, a publi
ly available programfor building SVM 
lassi�ers.4 Performan
eIn the tests below the authorship dete
tion task was performed on the disputedFederalist papers using Hamilton and Madison as the possible authors. Thefollowing experiments and their out
omes serve to reveal the performan
e ofthe SVM system relative to the LM system for a variety of 
on�gurations.Experiment 1In this experiment, all of the data available (15 Madison texts and 51 Hamil-ton texts) was used for training. The language model system 
lassi�es all testdo
uments as having been written by Madison while the SVM mis
lassi�es alldo
uments as being of Hamilton.Experiment 2The results of the �rst experiment prompted a modi�
ation of the SVM trainingparameters. Spe
i�
ally, for this experiment the 
ost of the mis
lassi�
ationswas di�erent for the two 
lasses and was weighted by the 
lass priors as de-termined by the number of training samples. Again the LM system naturally
lassi�es all do
uments as being of Madison (sin
e this system was altered in noway) and the SVM also does the same. Closer inspe
tion of the SVM, however,reveals that all 51 of the Hamilton training examples are mis
lassi�ed; all datapoints lie to one side of the hyperplane. This, of 
ourse, suggests very poorgeneralization and an over
orre
tion of the system.Experiment 3For this experiment the data was balan
ed to 15 texts of ea
h author. Theexperiment was repeated 10 times with random sampling of the 15 Hamiltontexts from the 51 total ea
h time. In this 
ase both the LM and SVM systems
orre
tly 
lassify all do
uments as having been written by Madison.Experiment 4In this experiment, the pro
edure for Experiment 3 is repeated for varyingnumbers of word bigrams, from 2000 to 50 de
rementing by amounts of 50. Theaverage number of mis
lassi�
ations for ea
h bigram list 
ount was 
omparedfor the LM and SVM systems and 
an be seen in �gure 2. As seen in the �gure,the language model system appears to outperform the support ve
tor ma
hine4



Figure 2: Comparison of 
lassi�
ation error for varying number of word bigrams.system for all but the smallest number of bigrams.From these results it appears that support ve
tor ma
hines 
an work e�e
tivelyin this domain given suÆ
ient tuning. As su
h the language model system 
anbe seen to be more robust, spe
i�
ally to phenomena su
h as unbalan
ed dataand a redu
tion in the number of bigrams.5 Con
lusions and Future WorkIn this paper, an approa
h to authorship dete
tion using a support ve
tor ma-
hine was presented. From an analysis of the results of some sele
t experiments,it seems the SVM la
ks robustness to unbalan
ed data and a redu
tion in thenumber of word bigram features, parti
ularly when 
ompared to a languagemodel system. As the SVM requires tuning of parameters, it may be the 
asethat better tuning may mitigate su
h e�e
ts. For example, the regularizationparameter, C, was set to 1.0 for all experiments|a 
ommon pra
ti
e, but po-tentially inappropriate. A more prin
ipled approa
h relying on tuning via 
ross-validation of held out data would be of interest, though this would redu
e theavailable training data, whi
h is presently small, parti
ularly for the Madisontexts. Working on a larger dataset|both in terms of authors and texts|is,then, a natural extension to this work. Lastly, though SVM systems of thistype 
an use a large number of features, it may be of interest to explore featuresele
tion to determine whi
h bigrams are the most dis
riminative. Results fromsu
h an investigation may provide useful information for the area of stylometri
analysis of texts. 5
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