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Abstract Authorship attribution (AA) is a very well studied research subject and
the most prominent subtask of authorship analysis. The goal of AA is to identify
the most likely author of an anonymous document among a set of known candi-
date authors, for which sample documents exist. Even after more than a century
of intensive research, AA is still far from being solved. One open question, for
example is, if the goal of AA can be successfully achieved, if the anonymous
document and the known sample documents come from different domains such
as genre or topic. We present a lightweight authorship attribution approach named
COBAA ("Compression-Based Authorship Attribution") which is an attempt to
answer this question. COBAA is based solely on a compression algorithm as
well as a simple similarity measure and does not involve a training procedure.
Therefore, the method can be used out-of-the-box even in real-world scenarios,
where no training data is available. COBAA has been evaluated at the PAN 2018
Author Identification shared task and was ranked third among 11 participating
approaches. The method achieved 0.629 in terms of Mean Macro-F1 on a cor-
pus with attribution problems, distributed across five languages (English, French,
Italian, Polish and Spanish).

1 Introduction

Attributing an anonymous text to its most likely author is a very well-studied problem,
which dates back to the 19th century [19]. Even after more than ten decades, the prob-
lem is still far from being solved and has become an important research subject, across
many fields and domains. The discipline that concerns itself with this problem is known
as authorship attribution1 (AA), which is a subdiscipline of authorship analysis.

There are two types of AA problems: closed-set and open-set, where the former as-
sumes that the candidate set is closed and thus contains sample writings of the true
author of the unknown document. Here, the task is to compare the unknown document

? Corresponding author.
1 Over the past, a number of synonyms for AA appeared in the literature including: authorship

recognition [1], authorship determination [6], authorship classification [7], person identifica-
tion [8], authorship de-identification [12] or author identification [21].



to each of the writings in the candidate set and to output the author behind the doc-
ument, which is stylistically most similar to the unknown document. The majority of
existing research focuses on this case [28]. In contrast, the open-set case considers a
more realistic setting, where the true author is not longer believed to be present in the
candidate set. In case of uncertainty, an open-set AA method can then output a "don’t
know" response, instead of a wrong author of a text that is stylistically most similar to
the unknown document. Koppel et al., for example, follow this approach [16].

So far, many different types of machine learning models have been applied to solve
AA, including SVMs [8], neural networks [3,12,14,15], LDA [30]. The common de-
nominator of these is that they rely on explicitly defined features (or more precisely,
feature vectors) that serve as an input for the chosen machine learning model (see Fig-
ure 1). The most commonly used features in AA are character n-grams, frequent tokens
(such as function words) and POS tags.
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Figure 1. A simplified (closed-set) authorship attribution scheme.

An alternative approach to these are AA methods that are based on compression
models. The biggest advantage of these approaches is that instead to define features
explicitly, the entire feature extraction process is delegated to an underlying compres-
sion algorithm. In the context of AA, compression algorithms have been explored in
a number of previous research works including [2,17,18,22,23,26]. According to the
reviewed literature, the most frequently employed algorithm in compression-based AA
approaches is PPM2, which we also use in our approach. PPM is an adaptive statistical
data compression technique proposed by Cleary and Witten [4] and has shown promis-
ing results, not only in existing authorship attribution but also in authorship verification
approaches ([10,11,29]) as well as other text classification tasks.

2 PPM stands for "Prediction by Partial Matching".



PPM makes use of a statistical model, by computing symbol probabilities and re-
spectively encoding symbols one by one. This model records number of occurrences
and probabilities for each symbol σ ∈ S, following a specific context C i. e., a preced-
ing sequence of symbols. The context length is variable, although many PPM imple-
mentations are limited by an upper bound, which is referred to as "order" O. As a con-
sequence, only context lengths ranging from 0 (meaning the zero length context ”) toO
are considered. Essentially, the PPM model is a set of tables Tυ = {Tυ,C1

, Tυ,C2
, . . . },

where υ denotes the context length and Tυ,Ci = {(σ,#(σ,C), P (σ|C)) | C = (cυ, cυ−1, . . . c1)}
a subtable, which comprises symbol probabilities for a specific contextCi. Here, #(σ,C)
indicates the occurrences of σ follow after C and P the probability.

In the literature, many variants of the core PPM algorithm exist, where the most com-
mon are PPMa and PPMb [4], PPMc [20], PPMd and PPM∗ [5]. Apart from PPM∗, all
introduce an order, but can be distinguished in the way how the probabilities P (σ|C)
are calculated. In PPMd3, which is the variant we use in our approach, the probability
computation is performed by P (σ|C) = (2 ·#(σ,C)− 1)/(2α), where α is the num-
ber of distinct symbols that are present in the subtable that corresponds to the contextC.

It should be highlighted that all probabilities in each subtable have to sum up to 1. To
ensure this, an additional escape symbol Esc is introduced that exists in each subtable
Tυ,C by default, where its probability is P (Esc|C) = 1−

∑
σ∈S P (σ|C). Within each

subtable Tυ,C the escape symbol represents all other symbols that have not occurred af-
ter the context C = (cυ, cυ−1, . . . , c1). By this, Esc acts as a fallback entry that points
to the subtable Tυ−1,C′ where C ′ is the shortened context (cυ−1, cυ−2, . . . , c1). In this
way, the resulting linkage can be thought of a tree-like data structure, where each node
represents a subtable. The probability for a σ can therefore be tracked down in the sub-
tables corresponding to the shortened contexts. In the case that not even T0,(”) contains
σ, we assume for each σ ∈ S an equal probability of 1

|S| .
At the compression process, each input symbol is compressed successively, where

for each one two steps are made, encoding and table updating. In the first step, the
symbol is encoded via arithmetic coding AC, more precisely via adaptive AC, since the
probability distribution is constantly changing as it is dependent on the current PPM
model and subtable. More precisely, the distribution is composed of the probabilities
of all symbols in the subtable corresponding to the given context. If the symbol σ ex-
ists the encoding is completed by simply encoding this symbol for the aforementioned
probability distribution. Otherwise, the escape symbol is encoded and the process is
repeated for the subtable corresponding to the shortened context, until σ is found and
encoded. The second step is updating the PPM model tables. The occurrences of σ are
incremented in all subtables corresponding to the original context and all its shortened
versions. This also changes the recorded probabilities as a consequence.

The following example illustrates the compression of the word senses given the PPMd
implementation with O = 2, after the substring sense has already been encoded. The

3 To our best knowledge, PPMd is the most widely used variant of PPM, not only in various
research domains but also in commercial and open-source compression implementations.



current statistical probability model and its tables are shown in Table 1. As a first step,
the symbol ’s’ with the given context ’se’ needs to be encoded. Since there is no entry
yet for ’s’ in T2,(se) and T1,(e) but there is one in T0,(”) the escape symbol is encoded
two times and afterwards symbol ’s’, each regarding the probability distributions given
by the subtables, respectively. As an overview Figure 2 shows the aggregated result of
the encoding of the three symbols Esc, Esc and ’s’. The highlighted area represents
the final AC encoded interval of the given symbol ’s’. For the next step, the occurrences
and probabilities in the subtables are updated, as highlighted in Table 1.

T2 T1 T0

C σ Count Prob. C σ Count Prob. C σ Count Prob.
en s 1 1/2 e n 1 1/2→ 1/4 e 2 3/10→ 3/12

Esc 1/2 s → 1 → 1/4 n 1 1/10→ 1/12
ns e 1 1/2 Esc 1/2→ 1/2 s 2→ 3 3/10→ 5/12

Esc 1/2 n s 1 1/2 Esc 3/10→ 3/12
se n 1 1/2→ 1/4 Esc 1/2

s → 1 → 1/4 s e 2 3/4
Esc 1/2→ 1/2 Esc 1/4

Table 1. PPM tables for the word senses at the step of adding the last symbol s
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Figure 2. Aggregated probability distribution for the arithmetic coding to encode symbol s

2 Proposed Approach

In the following, we present our lightweight AA scheme COBAA ("Compression-Based
Authorship Attribution"), which is almost entirely based on our already published au-
thorship verification approach COAV [11]. First, we introduce a compact notation used
along this section. Next, we mention which prerequisites are required to reproduce our
approach, which is then explained in detail.

2.1 Notation

In the context of the PAN-2018 AA task [13], an attribution problem is defined as
p = (U,Dcandidates). Here, U = {U1,U2, . . . ,U`} denotes a set of ` documents of un-
known authors and Dcandidates = {DA1

,DA2
, . . . ,DAn

} a set of document collections



of n known candidate authors A = {A1,A2, . . . ,An}. Each document collection of
an author Ai is defined as DAi

= {D1Ai
,D2Ai

, . . . ,DmAi
}. The PAN-2018 AA task

focuses on a closed set attribution problem. Therefore, the task is to determine the true
author Ax ∈ A of each unknown document Uj ∈ U.

2.2 Prerequisites

As a first prerequisite, we use the PPMd compression algorithm. To avoid reinventing
the wheel by reimplementing PPMd from scratch, we used the existing compression li-
brary SharpCompress4. As stated earlier in this paper, our approach does not require any
type of training. However, this is only true, because we used the default parametriza-
tion regarding the PPM compressor, which is hard coded in the involved C# library.
In fact, there are two tweakable parameters (ModelOrder and AllocatorSize).
Based on the observations we explained in a previous PAN shared task [9], we decided
to omit both hyperparameters by using the default parametrization (ModelOrder = 6
and AllocatorSize = 224).

As a second prerequisite, we require a measure that is able to determine the similar-
ity between the resulting compressed documents. For this, we decided to use the CBC5

measure, which has been proposed by Sculley and Brodley [27]. We refer the interested
reader to our previous work [11] to gain a better understanding regarding this decision.
The CBC measure is defined as:

CBC(x, y) = 1− C(x) + C(y)− C(xy)√
C(x)C(y)

, (1)

where x and y represent two documents and C(·) the length of a compressed document.
It should be highlighted that the CBC function maps into the interval [0; 1]. However,
it is not a metric as it violates the triangle inequality. Based on PPMd and CBC, our
approach is explained in the following subsections.

2.3 Data representation

Inspired by the "profile-based AV method", proposed by Potha and Stamatatos [24], we
decided also to follow the profile-based paradigm. Therefore, we first concatenate all
sample documents in DAi

into a single document DAi = D1Ai
◦ D2Ai

◦ . . . ◦ DmAi
.

As a result, the candidate author Ai is represented by only one known document DAi .
This procedure is applied for all authors in A such that we end up with n known doc-
uments DA1

,DA2
, . . . ,DAn

. Given PPMd, we compress each known document DAi

and each unknown document Uj into their compressed representation X1, X2, . . . , Xn

and Y1, Y2, . . . , Y`, respectively.

4 Offered by Adam Hathcock: https://github.com/adamhathcock/sharpcompress
5 CBC stands for "Compression-Based Cosine".

https://github.com/adamhathcock/sharpcompress


2.4 Computing Similarities

Once all documents have been compressed, we compute similarities via CBC(·, ·) for
all n · ` document pairs {(Xi, Yj)|(i ∈ {1, 2, . . . , n}) ∧ (j ∈ {1, 2, . . . , `})}. Each
unknown document Uj (more precisely, its compressed representation Yj) receives a list
Sj ∈ (A × {s1, s2, . . . , sn|si = CBC(Xi, Yj)}), which consists of candidate authors
and similarity scores regarding their corresponding known documents.

2.5 Decision

To determine the most likely author for each Uj ∈ U, we sort each corresponding list Sj
regarding the similarities in descending order and pick out the first tuple (sq,Ar) ∈ Sj .
Here, Ar represents the author, whose document DAr

is most similar to the unknown
document Uj , in terms of "writing style".

3 Evaluation

In the following subsections, we describe our evaluation, where we first explain which
corpora and baselines were considered.

3.1 Corpora

Since COBAA does not involve trainable (hyper-)parameters, we were in the fortunate
position to benefit from "two evaluation" corpora:

1. The provided training corpus CTrain:
"pan18-cross-domain-authorship-attribution-training-dataset-2017-12-02" [13].

2. The official (hidden) evaluation corpus CEval:
"pan18-cross-domain-authorship-attribution-test-dataset2-2018-04-20" [13].

CTrain contains 10 problems p1, p2, . . . , p10, where each problem pair (p2i−1, p2i)
belongs to the same language L ∈ {English, French, Italian, Polish, Spanish}. Let
A2i−1 and A2i denote the set of candidate authors of p2i−1 and p2i, respectively. Each
A2i is a quarter the size of A2i−1, which has as implication regarding the attribution
results, presented in the next subsection.

3.2 Results on the Training Corpus

The first results we present are regarding the provided training corpus CTrain, which we
used as an additional evaluation corpus. Besides COBAA, we also applied the provided
SVM-baseline6 on CTrain. The results for both are given in Table 2, where it can be
seen that the baseline performs much better than a random guess (one hit out of n
possible candidate authors). However, COBAA seems to be more effective, as (with
the exception of p7) it was able to outperform the SVM-baseline regarding any other



Table 2. Results regarding the training corpus CTrain.

Problem Language Macro-F1 Macro-Precision Macro-Recall Micro-Accuracy

B
as

el
in

e

p1 English 0.426 0.428 0.537 0.552
p2 English 0.588 0.624 0.683 0.619
p3 French 0.607 0.646 0.684 0.633
p4 French 0.820 0.820 0.870 0.762
p5 Italian 0.508 0.511 0.623 0.662
p6 Italian 0.517 0.558 0.630 0.717
p7 Polish 0.437 0.455 0.515 0.485
p8 Polish 0.822 0.800 0.878 0.867
p9 Spanish 0.612 0.623 0.697 0.684
p10 Spanish 0.636 0.652 0.641 0.719

average(·) = 0.597

O
ur

ap
pr

oa
ch

p1 English 0.523 0.545 0.659 0.638
p2 English 0.734 0.715 0.767 0.857
p3 French 0.635 0.708 0.685 0.673
p4 French 0.896 0.883 0.940 0.857
p5 Italian 0.582 0.580 0.744 0.588
p6 Italian 0.595 0.606 0.825 0.717
p7 Polish 0.420 0.507 0.478 0.427
p8 Polish 0.789 0.780 0.800 0.933
p9 Spanish 0.709 0.736 0.773 0.744
p10 Spanish 0.779 0.773 0.788 0.844

average(·) = 0.666



problem, in terms of Macro-F1. A closer look on the third column in Table 2 reveals that
the resulting Macro-F1 score for each problem p2i is higher than those of p2i−1. This
applies for both the SVM-baseline and COBAA. The most likely explanation for this is
that the number of candidates in p2i−1 is smaller than those of p2i. More precisely, each
p2i−1 contains 20, while for p2i there are 5 candidate authors. Another observation than
can be made from Table 2 relates to the columns Problem, Language and Macro-F1. In
particular, one can see several significant differences regarding p2i−1 and p2i and their
corresponding languages. For example, regarding Polish, the differences are quite large
(0.385 for the baseline and 0.369 for COBAA). Similarly, for French the differences
are 0.213 (baseline) and 0.261 (COBAA). In contrast to both languages, for Italian the
differences are minimal 0.009 (baseline) and 0,013 (COBAA). However, at the present
time we do not have a reasonable explanation for this observation, which we therefore
leave as a subject for future work.

3.3 Competition Results

The second results are based on the official PAN 2018 competition, where COBAA was
evaluated among 11 submitted approaches. The results are given in Table 3. As can be

Rank Participant Mean Macro-F1 Runtime

1 custodio18 0.685 00:04:27
2 murauer18 0.643 00:19:15

3 halvani18 0.629 00:42:50

4 mosavat18 0.613 00:03:34
5 yigal18 0.598 00:24:09
6 delcamporodriguez18 0.588 00:11:01

pan18-baseline 0.584 00:01:18

7 miller18 0.582 00:30:58
8 schaetti18 0.387 01:17:57
9 gagala18 0.267 01:37:56
10 tabealhoje18 0.028 02:19:14

Table 3. Results regarding the evaluation corpus CEval. Results are adapted from the TIRA eval-
uation platform [25] (http://www.tira.io).

seen from Table 3, COBAA has been ranked third with results similar to the top per-
forming participants. Furthermore, when comparing Table 2 to Table 3 we can see that
the results in terms of Mean Macro-F1 are quite similar to each other. From this we can
infer that COBAA or more precisely, the underlying compression model in combination
with the CBC measure, is able to generalize across both corpora. Unfortunately, at the

6 Available under https://pan.webis.de/clef18/pan18-web/author-identification.html

http://www.tira.io
https://pan.webis.de/clef18/pan18-web/author-identification.html


time this paper was written, the test corpus was not publicly released such that we could
not analyze the results on a fine grained level of detail.

4 Conclusion and Future Work

We presented our lightweight approach COBAA, which can be used to solve cross do-
main authorship attribution problems such as genre or topic. COBAA delegates the
feature engineering procedure to a compression algorithm (PPMd) and, therefore, does
not involve explicitly defined features. Furthermore, the method does not make use of
thresholds or any other trainable (hyper-)parameters. As a consequence, COBAA can be
used in realistic scenarios, where training data is not available. Our method has shown
its potential at the PAN 2018 Author Identification shared task, where it has been ranked
third among 11 participating AA approaches. Aside from the official test corpus used
in this competition, COBAA was also applied on the given training dataset, which we
considered as an additional evaluation corpus. Here, we were able to outperform the
baseline (a character n-gram-based SVM) that was also used at the PAN 2018 competi-
tion. We provided all necessary details to reimplement our approach, which essentially
consists only of two components (compression algorithm and a similarity measure).

The characterization of COBAA being independent of a training procedure is also a
clear disadvantage of the method, as further optimizations are not possible, at least in
its current form. To counteract this, several directions for future work can be consid-
ered. One question we wish to answer is, if the attribution results can be improved by
applying an ensemble of several compression algorithms, instead to rely on only one.
Another question is, in which way COBAA can be modified to take sophisticated lin-
guistic features such as part-of-speech, chunk or relation tags into account. Also, we
would like to investigate the question if instead modifying the method’s internals, it
would make more sense to transform the method’s input texts, in order to achieve better
attribution results. Possible text transformations are for instance: lowercasing, elimina-
tion of punctuation marks or the more advanced technique "text distortion" ([28]) such
that the question is, if COBAA can take advantage from the modified texts. Another
direction for future work is to gain a deeper understanding regarding the representation
of the compressed texts. Up until now, we do not understand if the compression based
model is in fact able to model something we refer to as "writing style".
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