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Introduction: A “History” of Plagiarism

Poems kept in the The Roman poet Imitators only give us a sort
Alexandria’s libra-  accused Fidentinus, A plagiary is of Duplicates of what we had,
ry were presented of stealing his one who steals  possibly much better, before.
to a contest by other  verses, calling him A literary World's first the thoughts or ~ Good authors are original,
people. They were plagiarius thief is a copyright writings of bad authors copy, and copying
judged as thieves  (Latin for kidnapper) plagiary  act (London)  another” is no better than "sordid Theft"
¢ - @ Q
|‘ I : E J e = ’%
Martial Ben Jonson  Statute of Anne Samuel Johnson Edward Young
I | | | |
I T T T T
VB.C. IIAD. . XVIAD. 1601 1710 1755 1759 XVIIAD.,
W. Shakespeare "Copy the Masters instead of inventing" Alexander Pope

; g

Reuse of history books and other plays We have no choice but to steal from the classics
(some of them from Montaigne) because "To copy Nature is to copy them".

[Irribarne and Retondo, 1981, Lynch, 2006]
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Introduction: In the news

g JK Rowling sued for£500m in plagiarism lawsuit by
; family of late Willy The Wizard author

~

&  16th June, 2009

George Harrison controversy vs The Chiffons for “My
Sweet Lord”

1971

5.,9 A Murcian professor is charged for plagiarising his
> student thesis
3
January 29th, 2009
3
S

§ The magistrate opens trial against Planeta for alleged
plagiarism by Camilo José Cela

5
N October 17th, 2010
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Introduction: Cut and Paste

A Murcian professor is charged for plagiarising his studethtesis
A Valencian publisher edited the copied book
January 29th, 2009

* It can be considered cut-and-paste plagiarism
* Itis the easiest to detect
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Introduction: Plagiarism of Ideas

JK Rowling sued for£500m in plagiarism lawsuit by family of late Willy
The Wizard author

“Adrian Jacobs [...] allegedly sent the manuscript to C. kitthe literary agent at Blooms-
bury Publishing who went on to represent Miss Rowling, buidt rejected”

The magistrate opens trial against Planeta for allegedaslam by Camilo

José Cela

..."giventhe coincidences in both books, La Cruz de San Anclvakl be a partial plagiarism
from ‘Carmen, Carmela, Carmifa’, written by Maria del Cannf®@rmoso Lapido, ”

» The narrative and events occurred in the books resemblectiaech
However, if plagiarism exists, it is of ideas (no words degency)

 Plagiarism of ideas is nowadays (practically) impossiblbd detected
automatically
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Introduction: Cryptomnesia

George Harrison vs The Chiffons

Music experts determined that “My Sweet Lord” was very samtb “He’s
So Fine”, by Ronald Mack, played by The Chiffons (1962)

1971

* Plagiarism may occur in music, photography, painting andather
human made artifact (not only in text)

Cryptomnesia can give rise to unintended plagiarism, eslheehen

logical memories are no longer recognised as memories, but
are experienced as newly created ideagTaylor, 1965]
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Introduction: Plagiarism Definitions Introduction: Plagiarism Commitment

_ o translatio
* to steal and pass off the ideas or words of another as one’s own - copy-paste E %é\% ~
« the reuse of someone else’s prior ideas, processes, resultsrds , = :&Q Semantic
: e . . * paraphrasing g %‘ substitution
without explicitly acknowledging the original author arslsce ) o 3
L . . . * idea plagiarism o / word inser-
* giving incorrect information about the source of a quotatio o 5 /
) + code plagiarism s / ~"tion and deletion
+ to take the thought or style of another writer whom one hasmeever lated olagiari 2 Copy
read translated plagiarism 8 and paste
. . - [Maurer et al., 2006] —
(from www.plagiarism.org, Merriam-Webster, IEEE and DisWDictionary) Text Edition Levels
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Introduction: Is plagiarism? Introduction: is plagiarism?

A Copying words or ideas from someone else without giving A Copying wordsor ideas from someone else

credit

A’ Copying the words and ideas from someone else’s text without
giving credit

A’, Changing words but copying the sentence structure of asourc
without giving credit

A’ Copiar las palabras o ideas de alguien mas sin darle crédito

A’ Copyingthewordsandideas from someone elsaext
Al, Changingwordsbut copyingthe sentence structure of a source

A, Copiar las palabrasideas de alguien més

A is plagiarised .4, is not..Aj is cross-language plagiarism
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Introduction: Why is plag. detection interesting? Introduction: Copy-Paste Syndrome

« Plagiarism is considered as one of the biggest problemstitishing, * Today texts can be easily found, manipulated and combined

science, and education - The large amount of information resources, as digital fiesaand the

» Text plagiarism is observed at an unprecedented scale kidtadvent Web, have arisen new phenomena such as the so-called csggy-pa
of the World Wide Web (billions of texts, source codes, imagdunds, syndrome

and videos easily accessible)

* The manual analysis of text with respect to plagiarism bexom
infeasible on a large scale

 Plagiarism detection, the automatic identification of agm and the
retrieval of the original sources, is researched and dpeelas a
possible countermeasure to plagiarism

» Therefore, plagiarism has increased in recent years, wiaiokes
manual plagiarism detection infeasible

[Weber, 2007, Kulathuramaiyer and Maurer, 2007]

* New terms.cyberplagiarism  [Comas and Sureda, 2008]
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Introduction: Plagiarism and Text Reuse Introduction: METER project

Text reuse The activity whereby pre-existing written teats used again
to create a new text or version [Clough and Gaizauskas, 2009]

» Compiled with journalists
Plagiarism The reuse of someone else’s prior ideas, presesssults, or * News provided by the Press verbatirmy =]
words without explicitly acknowledging the original autho Association
and source  [IEEE, 2008] « Versions of the same news rewritten
ublished by 9 newspapers
p y p p new I:'
Text reuse Plagiarism [Clough et al., 2002]
newspapers students reports
Wikis (Wikipedia) web contents
collaborative authoring scientific papers

Automatic plagiarism detectioassistdhe human.
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Introduction: The METER Project

PA version The Telegraph version

Celebrity chef Marco Pierre White today THE chef Marco Pierre White yesterday
won the battle of the Titanic and Atlantic won a dispute over the Titanic and Atlan-
restaurants. Oliver Peyton, owner of thetic restaurants. Oliver Peyton, owner of
Atlantic Bar and Grill, had tried to sink the Atlantic, had tried to close White’s
Marco’s new Titanic restaurant housednew Titanic restaurant, housed in the sa-
inthe same West End hotel in London byme West End hotel in London, by see-
seeking damages against landlords Folking damages against the landlords, For-
te Hotels and an injunction in the High te Hotels, and a High Court injunction.
Court. But today the Atlantic announ- He claimed that the Titanic was a replica
ced in court it had reached a confidentiabf the Atlantic and should not be allowed
agreement with the landlords and wago trade in competition at the Regent Pa-
discontinuing the whole action. lace Hotel.
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Introduction: The METER Project

PA version The Telegraph version

Celebritychef Marco Pierre Whittoday = THE chef Marco Pierre Whitgesterday
wonthe battle ofhe Titanic and Atlantic wona dispute ovethe Titanic and Atlan-
restaurantsOliver Peyton, owner of the tic restaurantsOliver Peyton, owner of
Atlantic Bar and Grill,had tried tosink  the Atlantig had tried toclose White’s
Marco’s new Titanic restaurant housednew Titanic restaurant, housed in the sa-
inthe same West End hotel in London byme West End hotel in London, by see-
seeking damages against landlords Foking damages against the landlords, For-
te Hotels andaninjunction in the High te Hotels, and a High Court injunction
Court But today the Atlantic announ- He claimed that the Titanic was a replica
ced in court it had reached a confidentiabf the Atlantic and should not be allowed
agreement with the landlords and wago trade in competition at the Regent Pa-
discontinuing the whole action. lace Hotel.

Activity 1: Detecting text reuse over the METER corpus
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Introduction: The METER Project Introduction: Plagiarism Detection Task

Feature Value ) o _
Reference corpus size (kb) 1311 Given a (set of) suspicious document(s) and a set of sou@enuents, find
Number of PA notes 771 all plagiarised sections in the suspicious document(s) iadailable, the
Tokens / Types 226k | 25k corresponding source sections.

Suspicious corpus size (kb) 828

Number of newspapers notes 444

Tokens / Types 139k / 19k Afterwards, a person can take the final decision: whethextdhtes been
Entire corpus tokens 366k reused or not and if it is plagiarised.

Entire corpus types 33k
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Introduction: Plagiarism Analysis Taxonomy

Large part of document
Document model comparison (suffix-tree)

Exact — Chunk identity analysis
Small part of document (with reference)
Local identity analysis Style analysis

Plagiarism type (without reference)
Detection principle

Language translation
Cross-language similarity analysis
Modified Large part of document

. Document model comparison (VSM)
Reformulation

A Fingerprinting
Similarity analysis Small part of document {(With reference)

Local similarity analysis Style analysis

(without reference)

[Meyer zu EiRen and Stein, 2006]

ICON 2010 Tutorial 21/184

Introduction: Location of the Problem

Forensic Natural Language
Linguistics Processing
is this suicide . araphrasing
note real? Auﬂ"lOI‘Shlp parap - o text
Attribution similarity
- - Plagiarism
this text was written b g . isati
that whom claims it?y Detection categorisation
Near Duplicate .
clustering

Detection

this student
has cheated? .
multidocument

. summarisation
these two websites ‘

share the contents?
qucrly )
reformulation

Information
Retrieval
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Introduction: Drawbacks

@ plagiarism implies an infringement and, due to ethical aspeo
standard collection of real plagiarism cases is available;

® the source of a plagiarism may be hosted on large collectbns
documents (sometimes forgotten by researchers);

® plagiarism often implies modifications such as words stuigin,
paraphrasing, and even translation.
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Outline

Basic Concepts
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Basics:n-grams

An n-gram is a sequence of overlapping units of lengibver a given

sample (characters, words, sounds, etc).

* characteB-grams

€Xa yam
example | amp mpl
ple
» word 2-grams
this is
this is just is just
an example |justan
an example
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Basics: Text complexity

Gunning fog index

|lwords| |complex words|
Ig=04 ———+100
¢ (\sentences| + * |lwords|

(complex words are those with three or more syllables)

Ig(comic) = 6
Ig(Newsweek) = 10
I6(Ty) = 152
Io(Ty) = 14.1

(also Flesch—Kincaid readability test, among others)
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Basics: Hash Function

“any well-defined procedure or mathematical function tlmiverts a large,
possibly variable-sized amount of data into a small daturm,that may
serve as an index to an array. The values returned by a hastiofuare
called hash values, hash codes, hash sums, checksums by lsaspes.”
[Wikipedia, 2010a]

For instance:

* md5sum(this is a test = e19¢1283¢925b3206685 f f522ac f e3e6

* Rabin K arp(starwarsisanepicspaceoperafranchiseinitiallycgneei
4742204955

The probability ofcollisionis extremely low.
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Basics: Word Frequency Class

Given the corpu®, the word frequency class is defined as:

c(w) = [loga(f(w?)/ f(w))]

wherew* is the most frequently used word In

w fw)  c(w)
w* the 6,047,424 0
of 2,887,888 1
and 2,615,135 1
house 49,295 6
undertaken 2,699 11
corpus 723 13
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Basics: Word Frequency Class

T
| cll—(conS|dered portugal second
1000 -
- cz— (as, by, is, under, .
| ¢ = Efor a, in, to
co = (of, the, and
100 -
8
(8]
- 10 E
1r —_
0.1

0 1 2 3 45 6 7 8 9 1011
Word frequency class c(w)
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Basics: Similarity Measures

sim(d, dy) € [0,1]

* sim(d,dy) = 0 — d andd, are not similar at all

» sim(d,dy) = 1 — d andd, are highly similar

However, note that such optimal measures are not alwaysdt ha
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Basics: Text similarity

Relevance of Text Similarity Estimation

* Information flow tracking [Metzler et al., 2005]
 Clustering and categorisation  [Bigi, 2003]

» Multi-document summarisation [Goldstein et al., 2000]

* \ersion control [Hoad and Zobel, 2003]
» Text re-use analysis [Clough et al., 2002]
* Plagiarism detection [Maurer et al., 2006]
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Basics: Similarity Measures

Jaccard coefficient
Cosine similarity
Word chunking overlap
Vector Space

@

Fingerprinting Probabilistic
Winnowing Machine Translation
SPEX Kullback-Leibler
Okapi BM25
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Basics: Similarity Measures lllustration Basics: Similarity Measures - VSM

Wikipedia article “Star Wars”

d star wars is an epic space opera franchise initially coeceby george Jaccard Coefficient

lucas during the 1970s and significantly expanded sincetithat. the o = {0,1}

first film in the franchise was simply titled star wars , butlabad the E

subtitle a new hope added to distinguish it from its sequedspequels lvg Ny, |

. Sim(d, dq) = J(d, dq) = m
d" star wars is an epic space opera franchise initially coeceby george 4

lucas . the first film in the franchise was simply titled starsvgbut later [Jaccard, 1901]

had the subtitle episodeiv : a new hope added to distingtisbrm its

sequels and prequels .
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Basics: Similarity Measures - VSM Basics: Similarity Measures - VSM

Jaccard Coefficient

Cosine Similarity

d d’
epic it star s distinguish in sequels Wt € [0, 1]
. expanded its subtitle : epic initially simply
1970s film later that . episodeiv is space
a first lucas the a film it star i I Mmfy‘
added franchise new time added first its subtitle Wt IS eStImated by the We" kno
an from opera titled an franchise later the
and george prequels to and from lucas titled
but had sequels wars but george new to . Ztedﬁdq (wt,d : wt,dq)
by hope significantly was by had opera wars szm(d, dq) =
conceived in simply conceived hope prequels was 2 2
distinguish initially since Zted (wt,d) . Zt ed, (wt7dq>
during is space a="q
[ug Mg, |
; q
sim(d,dy) = J(d,dy) = ———— = 0.7916
’Ud U g q|
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Basics: Similarity Measures - VSM Basics: Similarity Measures - VSM

Cosine Similarity Word Chunking Overlap
wt € [0, 1]
d d’
1 first 1 prequels 1 1 film 1 lucas 1 .
. 3 franchise 2 sequels 1 1 fist 1 new 1 » Based on the so called asymmetric subset measure:
1970s 1 from 1 significantly 1 2 franchise 2 opera 1
a 1 george 1 simply 1 a 1 from 1 prequels 1
added 1 had 1 since 1 added 1 george 1 sequels 1 .
an 1 hope 1 space 1 an 1 had 1 simply 1 b d.d) = Ztiec(d,d/) tftvd tft,d,
and 2 in 1 star 1 and 1 hope 1 space 1 SU Set( ) ) - 2
but 1 inifialy 1 subtitle 1 but 1 n 1 star 2 Yotcatfiy
by 1 is 1 that 1 by 1 initially 1 subtitle 1 K v
conceived 1 it 1 the 4 conceived 1 is 1 the 3
distinguish 1 its 1 time 1 distinguish 1 it 1 titled 1 . L .
during 1 later 1 titled 1 epic 1t 1 1 c(d, d,) is a closeness set containing those tefrasi N d, matching the
epic 1 lucas 1 to 1 episodeiv 1 later 1 wars 2 A B
expanded 1 new 1 wars 2 was 1 COﬂdItIOﬂtft’d ~ tft.dq- t belongs t(r(d, dq) if:
film 1 opera 1 was 1 '
> _tednd (wt a-Wed,) t tfi.a
sim(d, d,) a : = 0.9242 e (Hra [
S (w S ( ) tfear  tfta
ted td ty€dy \Wtdg
[Shivakumar and Garcia-Molina, 1995]
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Basics: Similarity Measures - VSM Basics: Similarity Measures - VSM

Word Chunking Overlap

Word Chunking Overlap B deri 95
* By considerings = 2.

+ ¢ defines how close the frequencytdh both documents must be in d @’
order to be included in the closeness set (for instanee2.5) R T R T
3 from 1 prequels 1 2 from 1 prequels 1
a 1 george 1 sequels 1 a 1 george 1 sequels 1
.y added 1 had 1 simply 1 added 1 had 1 simply 1
sim/(d,dq) = max {subset(d, d,), subset(d,, d)} an 1 hope Lospce 1 an 1 hope Lospce 1
but 1 initially 1 subtitle 1 but 1 initially 1 subtitle 1
by 1 is 1 the 4 by 1 is 1 the 3
. , . ) . ) conceived 1 it 1 titled 1 conceived 1 it 1 titled 1
As sim/(d, d;) may be higher tham, it can be normalised to fit the range disinguish 1 its 1t 1 disnguish 1 its 1 1 1
epic 1 later 1 wars 2 epic 1 later 1 wars 2
[O’ 1] film 1 lucas 1 was 1 film 1 lucas 1 was 1
first 1 new 1 first 1 new 1
_ sim/(d,dy) sim/(d, dy) = max {0.8857,1.0689}
sim(d,dy) = — —
maxqyep sim!'(d', dg)
. . . ) 1.0689
[Shivakumar and Garcia-Molina, 1995] sim(d,dy) =

maxqecpsim/(d’, dg)
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Basics: Similarity Measures - Fingerprinting Basics: Similarity Measures - Fingerprinting

Winnowing

It considers character-levelgrams

Based on the selection of chunks obtained by a sliding wingassing
over the text

« Parameters:

The hashes compose the fingerprint @ ¢ = 50 (noise threshold). It defines the level of thgrams
@® ¢ = 100 (guarantee threshold). It defines the length of the slidimglaw.

The lowest hash values of each window compose the fingerprint

A family of models designed to efficiently compare texts
» Documents are sub-sampled
« Samples are codified as hashés: H

[Schleimer et al., 2003]
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Basics: Similarity Measures - Fingerprinting Basics: Similarity Measures - Fingerprinting
Winnowing
d d SPEX
starwarsisanepicspaceoperafra starwarsisanepicspaceope
nchiseinitiallyconceivedbygeorg rafranchiseinitiallyconceive * word-level chunks
elucasduringthe1970 dbygeorgelucas « “if any sub-chunk of any chunk can be shown to be unique, then t
[4742204955 4690954177 51549901 [4742204955 4690954177 chunk in its entirety must be unique”
624610790 -24707932731315199375 51549901 624610790 . ; ;
3953400264 -78415516564863318 -2470793273 -1315199375 H_aSheS occurrmg.m OI’.]|y On_e document are not rele.van.t.
337428848]14230663014 -3213422081 3953400264 * GivenD, the task is to |dent|f_y those chunks appearing in more than
-2056259009 7513105677 -6553730B26 one documend € D. The main steps are:
5257922027 4828416784  -8476824p70 @ To generate a lish; of 1-grams oveD and to count in how many
9011767372 12408672p2 documents each of them occur.
. 0 @® In the next stepé,, is built by selecting only those-gramsg fulfilling
o sim(d,dy) = - =0 o :
By considering: = 20 2 the condition that,, ; containsgyy 1) andgy; ,,j and both are counted
two times (nax(n) = 8).
L 1 ~
By considering = 10 sim(d, dq) _ § [Bernstein and Zobel, 2004]
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Basics: Similarity Measures - Fingerprinting

SPEX

1 E
m(d,d,) = —dd :
szm( > q) mean(‘ H q|) cdAced,
c cCaq

wheremean(|d|, |d,|) is the mean length of the documentandd,,.

[Bernstein and Zobel, 2004]
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Basics: Similarity Measures - Fingerprinting

SPEX
n=2 d d
star wars in the star wars in the
wars is the franchise wars is the franchise
isan franchise was is an franchise was
an epic was simply an epic was simply
epic space simply titled epic space simply titled
space opera titled star space opera titled star
opera franchise star wars opera franchise star wars

franchise initially ~ wars but
initially conceived  but later

franchise initially ~ wars but
initially conceived  but later

conceived by later had conceived by later had

by george had the by george had the

george lucas the subtitle george lucas the subtitle

the first subtitle a lucas the subtitle a

first film a new the first a new

film in new hope first film new hope
filmin
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Basics: Similarity Measures - Fingerprinting

SPEX

n=1 d d
star significantly  later star first subtitle
wars expanded had wars film episodeiv
is since the is in a
an that subtitle an the new
epic time a epic franchise  hope
space the new space was
opera first hope opera simply
franchise  film franchise titled
initially in initially star
conceived the conceived wars
by franchise by but
george was george later
lucas simply lucas had
during titled the the
the star
1970s wars
and but
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Basics: Similarity Measures - Fingerprinting

SPEX
n=3 d d
star wars is in the franchise star wars is in the franchise
wars is an the franchise was wars is an the franchise was
is an epic franchise was s... is an epic franchise was s...

an epic space
epic space opera

space opera fran...
opera franchise in...
franchise initially ...
initially conceived ...

conceived by g...
by george lucas

was simply titled
simply titled star
titled star wars
star wars but
wars but later
but later had
later had the
had the subtitle

an epic space
epic space opera
space opera fra...

opera franchise in...

franchise initially ...

initially conceived ...

conceived by g...
by george lucas

was simply titled
simply titled star
titled star wars
star wars but
wars but later
but later had
later had the
had the subtitle

the first film the subtitle a the first film the subtitle a

first film in subtitle a new first filmin subtitle a new

film in the a new hope film in the a new hope
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Basics: Similarity Measures - Fingerprinting

SPEX

» By considering = 3 (higher could be better)

1
sim(d, dy) mean(|d], |dy|)

cedNc€Edy

1
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Basics: Similarity Measures - Probabilistic

Machine Translation

» Given atexte written in a languagé.,, to find the most likely translation

f,inalanguagd.’

» Adaptation of the IBM Model 1 [Brown et al., 1993]. by consiihg
L = L' [Berger and Lafferty, 1999, Metzler et al., 2005]
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Basics: Similarity Measures - Probabilistic

* dis characterised by the probability associated to its teken

+ sim(d, dy) can be approached by calculating the probability of their
relation.

* The output of these models is not rangedoint])
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Basics: Similarity Measures - Probabilistic

Machine Translation. IBM Model Adaptation
sim(d, dy) = o(d) w(dy | d)

* o(d) is a length model probability (ak = L’, o(d) = 1)
* w(dg | d) is a tailored version of the translation model probability:

w(dg | d) = ] D p(z.v)

r€dg yed

* p(x,y) is a dictionary containing the probability that words a
translation of word;: p(x,y) = 1 if 2 = y and0 otherwise.
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Basics: Similarity Measures - Probabilistic Basics: Similarity Measures - Probabilistic

Machine Translation

Machine Translation. IBM Model Adaptation n=1 d d
star during franchise star george star
) wars the was wars lucas wars
* In order to handle entire documents. is 1970s simply is the but
an and titled an first later
w(dq | d) = Z Zp(x,y) epic significantly ~ star epic film had
ved, yed space expanded wars space in the
opera since but opera the subtitle
For each word: € d, \ d, a penalisation = —0.1 may be applied franchise _that later franchise  franchise _episodeiv
initially time had initially was a
.y conceived the the conceived  simply new
sim(d, dg) = — s @’ dg) by first subtitle by titled hope
maxqgep sim’(d', dg) george film a
lucas in new
the hope
im(d, dy) = 32.2
w(dy | d) =33 — 0.8 = 32.2 simld,dy) = S i (' da)
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Basics: Similarity Measures - Probabilistic Basics: Similarity Measures - Probabilistic

Kullback-Leibler distance

« K Lg is a symmetric version of the Kullback-Leibler Divergence Kullback-Leibler distance
[Kullback and Leibler, 1951]
« It measures how close two probability distributioRsand@ are « KL measures the distance instead of the similarity
P(z) * KLs(Py, || Qa) = 0 — Py, = Q4 and the documents are quite similar.

KLs(Py, || Qo) = > (P(x) — Q(SU))ZOQQ(x) sim(d,d,) = — < KLs(Pa, || Qa) 1)

reX
o mazqy K L(Py, || Qa)
* Py, and@y are distributions of tokens

* Py, is composed of the top 20 % of the termsijpranked by tf-idf
* Qq is composed of the same termsi)f, after a smoothing process
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Basics: Similarity Measures - Probabilistic Basics: Similarity Measures - Probabilistic

Kullback-Leibler

Py,

keywords ind ranked byt f-idf |197OS ggiggg Kullback-Leibler distance
1970s expanded new ug(?rse 0.01886
lucas titled but georg )
george  conceived was star 882;;2 P(x)
star initially ~ had wars : KLs(Pa, || Qa) = Z(P(x) - Q(x))logQ( Y= 0.08817
wars film is epic 0.01886 xeX r
epic simply that franchise  0.03773
franchise  during an Qa sim(d,d,) = — 0.08817 -1
subtitle since and 1970s 0.0002 1 maacd/KL(qu H Qd)
hope later by lucas 0.0216
opera time a george 0.0216
subtitle space in star 0.0433
hope first the wars 0.0433

epic 0.0213

franchise  0.0433
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Basics: Similarity Measures - Probabilistic Basics: Similarity Measures - Probabilistic
Okapi BM25
* It extends the approach éff by additionally considerings and Okapi BM25
document length  [Sparck Jones et al., 2000]
BM?25(d, dy) = Z idfy - o - Brd, * B4, normalises thef of the terms ind,:
ted,
where B,y = (ks +1)tfa,
t7 q k
3+ 1ftd
(k1 + 1) tfia !
A d

’ ky <(1 B +b- %) Y tfig * k3 = 2. ky of a« andks of § are calibrators of thef.

vg

* k1 = 0 corresponds to a binary model (not consideririy sim(d, dy) = sim!(d, dy)
* b = 0 corresponds to no length normalisatién= 1 corresponds to a e maxqgep sim’(d', dg)
full scaling of the term weight to the document length.
For instancek; = 1.2 andb = 0.75
* Layg is the average document length in the collection
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Outline

Intrinsic Plagiarism Detection
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Intrinsic Plagiarism Detection

En este trabajo, hemos hecho una investigacién acerca miéukaricia que
tiene la cantidad de sales minerales en el humor de las pexs@ara la
investigacion he trabajado con 5 personas que han tomadocaguistinta
cantidad de sales minerales. Nuestra teoria es que entrgafeasninerales
haya en el agua, las personas son mas volubles. [...]

Las sales minerales son moléculas inorganicas de facild@oitin en
presencia de agua y que en los seres vivos aparecen tanfutpoks como
disueltas. Las sales minerales disueltas en agua sientarei@sizadas.
Estas sales tienen funcién estructural y funciones deaeiul delp H, de la
presién osmdtica y de reacciones bioguimicas, en las gewvighen iones
especificos. [...]

Me parece que los resultados son buenos. [...]
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Intrinsic Plagiarism Detection

Anexpertis often able to detect plagiarism by reading
a document

Insertion of text from a different author intly causes
style and complexity irregularities

Quantification can be made by measuring...

Text readability Gunning Fog, Flesch—Kincaid
Vocabulary richness types/tokens ratio

Basic statistics avg. sentence length, avg. word length
n-grams profiles character level statistics

[Meyer zu Eif3en and Stein, 2006, Stamatatos, 2009]
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Intrinsic Plagiarism Detection

En este trabajdjemoshecho una investigacién acerca de la influencia que
tiene la cantidad de sales minerales en el humor de las pexs@ara la

investigaciérhetrabajado con 5 personas que han tomado agua con distinta
cantidad de sales mineralésuestrateoria es que entre mas sales minerales

haya en el agua, las personas son mas volubles. [...]

Las sales minerales son moléculas inorganicas de facild@oidin en
presencia de agua y que en los seres vivos aparecen tanfitpoks como
disueltas. Las sales minerales disueltas en agua sientarei@sizadas.
Estas sales tienen funcién estructural y funciones deaeigul delp H, de la
presién osmdtica y de reacciones bioguimicas, en las gewvighen iones
especificos. [...]

Me parece que los resultados son buenos. [...]
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Intrinsic Plagiarism Detection

En este trabajo, hemos hecho una investigacion acerca mfiulericia que
tiene la cantidad de sales minerales en el humor de las pexseara la
investigacion he trabajado con 5 personas que han tomadocaguistinta
cantidad de sales minerales. Nuestra teoria es que entreaiedsninerales
haya en el agua, las personas son mas volubles. [...]

Las sales minerales son moléculas inorganicas de fac#doidin en
presencia de agua y que en los seres vivos aparecen tanfmtposs como
disueltas. Las sales minerales disueltas en agua sientarei@sizadas.
Estas sales tienen funcién estructural y funciones deaeul delp H, de la
presion osmdtica y de reacciones bioguimicas, en las gewighen iones
especificog]...]

Me parece que los resultados son buenos. [...]
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Intrinsic Plagiarism Detection

En este trabajo, hemos hecho una investigacién acerca miéukaricia que
tiene la cantidad de sales minerales en el humor de las pexs@ara la
investigacion he trabajado con 5 personas que han tomadocaguistinta
cantidad de sales minerales. Nuestra teoria es que entrgafeasninerales
haya en el agua, las personas son mas volubls. [...]

Las sales minerales son moléculas inorganicas de facildoidin en
presencia de agua y que en los seres vivos aparecen tanfmtposs como
disueltas. Las sales minerales disueltas en agua sientarei@sizadas.
Estas sales tienen funcidn estructural y funciones deaeul delp H, de la
presidn osmdtica y de reacciones bioguimicas, en las gewvighen iones
especificog]...]

Me parece que los resultados son buenos. [...]
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Intrinsic Plagiarism Detection

» Word average frequency class
» Average sentence length

» Average word length
Stop-words average
Complexity measures

[Meyer zu EiRen and Stein, 2006]

ICON 2010 Tutorial

Intrinsic Plagiarism Detection

66/184

Measure Global [ |
tokens 135 72
types 78 46

W. avg. freq. class

avg. sentence length 19.28 21.00
avg. word length 4.93 5.38
Complex. measures 16.72 17.07

18.00
4.54
13.82

ICON 2010 Tutorial
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Outline

External Plagiarism Detection
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External Plagiarism Detection

Issues that render this task difficult

* Number of potential source documen(ts,

* Plagiarising a text often includes paraphrasing, sumingrisind even
translation.

Models

Vector Space Models [Broder, 1997], [Maurer et al., 2006]
Fingerprinting techniqgues SPEX [Bernstein and Zobel, 2004]
Winnowing  [Schleimer et al., 2003]

[Potthast et al., 2009]
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External Plagiarism Detection

| [E EES = * Better evidence than style and
= = D | complexity irregularities is if the source
B 1 of plagiarism case can be provided

=y H‘ j E, | ltis closer to Information Retrieval

d, and a collection of potential source documehtsire given. The task is to
identify the plagiarised sections ify (if there are any), and their respective
source sections iy

[Potthast et al., 2009]
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External: Prototypical Process

]

Plagiarism Detection

Heuristic Candidate Detailed Knowledge-based

retrieval documents analysis post-processing
Reference Suspicious J
collection D sections

Adapted from [Stein et al., 2007]
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External: Countermeasures External: Fingerprinting (+ Winnowing)

source Copying words or ideas from someone else withouhgjivi
credit.

cut-and-pasteCopying words oideas from someone else COPS: COpy Protection System

..........

. + A creates a new wor#t and she registers it to a server

(= retes 2w vorkan
5 : —> jt * d is broken into small units; sentences
( ’ query

N o ( towercasing )4 - each sentence is hashed and a pointer to it is stored in aHasfetable
[Nl ==
: —,
S=——

[Brin et al., 1995, Schleimer et al., 2003]

[Brin et al., 1995]

Preprocessing
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External: Fingerprinting External: Fingerprinting

COPS: COpy Protection System
COPS: COpy Protection System

* “The electronic medium makes it much easier to illegallyycapd
distribute information”

+ “one would like to have an infrastructure that gives usercess to a

givend':
breakd’ into chunks
for each chunki} in d':

Calculate(d)) wide variety of [...] information sources, but that at the saime gives
Search forH(ch/-) into the data base information providers good economic incentives for offigrtheir
' information”

* “users can be allowed to browse through low-resolution e®pif
The amount of common words/sentences betwkandd’ is considered in documents, or through documents that have key componesssngi
order to decide whether they are related.
1995: a “classic model”
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External: Countermeasures External:n-grams

source Copying words or ideas from someone else withouhgjivi

credit. n-gram Based Detection

modified copy Copyingthewordsandideas from someone elsdext

N(d) is the set ofv-grams ind € D
* s € Sis splitinto sentences; ;. .1}
N(s;) is the set ofr-grams ins;

semantic

.

tokenisation

‘[ \ 4

.
I
'
'
L}
'

lowercasing
\

E

: n-gram: —)

A

=

(2

expansion

_'_

comparison

(}

W,

X

The containment measure (cosine or Jaccard coefficienfean
calculated [Broder, 1997]

[N(s:) N N(d)|

ol =N
ragments 7

[Barron-Cedefio and Rosso, 2009]

%

[Broder, 1997, Kang et al., 2006]
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External:n-grams External: Definition of» (METER Corpus)

o
®

Why n-grams work?

=
T

Precision
o o
IS

* 4 documents (3,728 words in average) e2r e
» One authad
* One topic

Documents 1-grams 2-grams 3-grams 4-grams

2 0.1692 0.1125 00574 0.0312 ool fos___proe

3 0.0720 0.0302 0.0093 0.0027 §°'6

4 0.0739 0.0166 0.0031  0.0004 all
Activity 2: Increasen until getting a hapax legomena on the Web oo e e e o o o

t (containment)

[Barron Cedefio, 2008]
[Barron-Cedefio and Rosso, 2009]
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External: Contextuak-grams

stopword
removal

one-character
tokens removal

elements
ordering

[Rodriguez Torrejon and Martin Ramos, 2010a,
Rodriguez Torrejon and Martin Ramos, 2010b]
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External: Vocabulary Expansion

» Based on word comparison at sentence level
* Vocabulary expansion with Wordnet (Wikipedia is useful aslw

(Mark Haddon, 2003)

The curious incident of the dog in the night time

The peculiar incident of the cat in the late day time

[Kang et al., 2006]
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External: Dotplot techniques

L4000 F T T T T
120000;
100000;
80000;
60000;
40000?—

20000 - .

O E L L L L 1 L L L L 1 L L L L 1 L L L L 1 1 1 1 1 1 1 1 1
50000 100000 150000 200000 250000

[Basile et al., 2009, Grozea et al., 2009]
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External: Vocabulary Expansion

» Based on word comparison at sentence level
» Vocabulary expansion with Wordnet (Wikipedia is useful alv

(Mark Haddon, 2003)
The curious incident of the dog in the night time
synonym antonym | ~hypernym

The peculiar incident of the cat in the day time

[Kang et al., 2006]
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External: Fuzzy Fingerprinting

» Fingerprint as an indicator for a high similarity betweea th
fingerprinted objects

* The similarity betweer; andds is measured by a functiop(d;, d2)
* ¢(d1,d2) maps ontd0, 1] (no and maximum similarity)

[Stein, 2005]
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External: Fuzzy Fingerprinting

The fuzzy fingerprint., (d) is constructed within the following steps:
@ Extraction of the set of index terms frogh

® Computation of pf, the vector of relative frequencies of pinefix
classes inl

® Computation ofA, s (vector of deviations to the expected distribution)

© Fuzzyfication ofA,
Hash collision

ho(d) Mhy(d) #0= o (d,d) >1-¢
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External: Fuzzy Fingerprinting

prefix frequency classes,, ¢, ¢, ..., ¢,

The fuzzy hash function to compute the fingerpfin{d) is based on

A standard distribution of index term frequencies can bedtéBNC)

» From a pre-defined set of prefixes, the a priori probabilitg térm
being member in a prefix class can be stated

probabilities forms its fingerprint

ICON 2010 Tutorial

External: IR Approach

Source
Documents

For each source
document

Segment into

Translate Words

External

Suspicious
Document

The deviation of a document’s term distribution from the iaipr

86/184

Intrinsic

[

Token based sequence

Segment into small

Segment document

overlapping blocks

index

Add blocks to index

[Muhr et al., 2010]

Block Index

matching overlapping blocks into coherent segments
¥ ¥ ¥
Use block terms as Merge neighbouring Filtering on

queries & apply heuristics
for fast retrieval

Search block

Blocks
found?

sequences

stylometric features

¥

Similarity & heuristics
filtering

no external passages

are detected

Detected |
passages
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Outline

Cross-Language Plagiarism Detection

ICON 2010 Tutorial

CL: Multilingualism

WIKIPEDIA

English HASE

£
The Free Encyciopedia ZU—E#Es
3 321 000+ articles 652 aAe+ DI
Deutsch

Die freie Enzykilopadie
1 08B0 000+ Artikel

Francgais
I encyclopedie libre
958 000+ articles

Italiano
L'enciclopedia iibera
B27 000+ voci

Portugués Mederlands
A enciclopédia ivre De vrije encyclopedie
585 000+ artigos BOE 000+ artikelen
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Espafol
La enciclopedia libre
608 000+ articulos

Polski
Wolna encykiopedia
706 D00+ haset

Pyccrumii
CaododHan aHUURAonedus
547 000+ cTaTen

CL Plagiarism Detection

» Researchers are still forging the state of art in CL plagmrdetection

» The most of the methods are based on previously proposedisrfode
CLIR
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CL: Multilingualism

P AR A E
FEARLAE

sra 3 efgor ofdar



CL: Translation + Monolingual Analysis

monolingual
BoW
comparison

translation sentence
intoL splitting

similar
sentences

The translation can be carried out on the basis of:
« Commercial MT systems (such as Google and Babelfish)

* Giza++, Moses, SRILM
[Och and Ney, 2003, Koehn et al., 2007, Stolcke, 2002]

» Considering multiple translations per word [Muhr et al., 2010]
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CL: Thesaurus based

e d € L andd’ € L' are mapped into a vector of thesaurus descriptor
terms

sim(d,d') = cos(ba,a)

[Pouliquen et al., 2003]
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CL: Thesaurus based

EUROVOC Thesaurus-based

» Thesaurus catalogued manually
+ Available in the 18 EU languages

Example “transport of dangerous goods” lemmas

Lemma Weight Lemma Weight
dangerous goods 33 radioactive material 19
by road 19 carriage 19
dangerous 18 plutonium 17
radioactive waste 15 nuclear fuel 15
shipment 15 adr 14
bind for 13  tank 13
receptacle 13 transport 13
pollute 12 nuclear waste 12

[Pouliquen et al., 2003]
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CL: Explicit Semantic Analysis

A significant comparable corpus is required
« de L(d € L) isrepresented as a vector of relations to the index

collectionC; (C7)

» The similarities are computed using a monolingual rettiavadel such

as the VSM

» Wikipedia is one of the biggest comparable corpora nowadays

[Potthast et al., 2008]
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CL: Explicit Semantic Analysis

d == d
d [Ios+am O
[Potthast et al., 2008]
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CL: Alignment-based Similarity Analysis

Baye’s rule for statistical Machine Translation:

p(d) pldy | d)

p(d, ’ dq) = p(dq)

* p(d,) does not depend off and is therefore neglected

* p(d, | d') is a translation model probability (statistical bilingual

dictionary)
* p(d') is the language model probability

[Brown et al., 1993]
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CL: Alignment-based Similarity Analysis

How likely is thatd is a valid translation ofl’?

» A two-step probabilistic translation and similarity arsiy

An adaptation of basic principles statistical MT

[Pinto et al., 2009]
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CL: Alignment-based Similarity Analysis

p(d’ | dg) = p(d) p(dg | )
Two adaptations can be made:
* The adapted translation model is a non-probabilistic nreas(t, | d’)

 The language model is replaced by a length medél) that depends
on document length

‘P(dqad/) =s(d' | dg) = o(d) w(dy | d').

[Barron-Cedefio et al., 2008, Pinto et al., 2009, Potthaat €2011]
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CL: Alignment-based Similarity Analysis CL: Alignment-based Similarity Analysis

The translation model depends on a bilingual dictionartirteged by the Translation model

IBM M1)

es en p(es,en) pld]|d) = p(z,y)

certifica certifies ~ 0.420329 };[dy%;

certifica certify 0.164481

certifica certified  0.109649 Adapted translation model (document level)

certifica certifying 0.091375 )

certifica hereby 0.054824 wd]d)=>Y "> plx,y)

certifica that 0.050577 zed yed'

certifica has 0.035947

certifica declare 0.018275 « w(d | d') increases if valid translatior(s;, y) appear in the implied

certifica licence 0.018271 vocabularies.

* For a wordz, with p(z,y) = 0forally € d', w(d | d') is decreased
by ¢, in our case = 0.1.
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CL: Alignment-based Similarity Analysis CL: Characten-grams

Length Model

« Itis expected that the length of the translation documértsdd’ is

closely related  [Pouliquen et al., 2003] Charactemn-grams use to be common languages with syntactical sitidguri
" 2 ¥ ={a,...,20,...,9},
_0A5(|_|T_M> e n=3
o(d)=e

* t fidf-weighting
] » Cosine similarity

s I

06

Probability

04 de . [Mcnamee and Mayfield, 2004]

02 |

|d| = 30000,
I

0 20000 40000 60000 80000 100000
Probable lengths of translations of d

[Potthast et al., 2011] ) )
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CL: Cross-Language Ranking (Wikipedia) CL: Cross-language ranking (JRC-Acquis)

en-de en-es en—fr en-de en-es en—fr
1 T T T T 1 LI I U SOV e o 1 LI L B o B S S 1 1 - 1 T T T = T
08 | o o8 4 osf - 08| P TN e 0 T -
= o6} 4 06} ° 4 o6l - = 06| ——— R Y- S 4 oefF T
3 3 - ’
€ 04l // 4 04} // 4 o0al // 4 € 04 e : 4 04} 4 o0al
02 4 02 4 o2} - 02 4 02 4 o2}
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50
rank rank rank rank rank rank
en-nl en-pl en-nl en-pl
1 T T T T _I..» T T I 1 T T T T T T __,' - I 1 —F T T T 1 T T T T T T T T
08 . ________ e ] g b . - 08 - e 4 o8| / -
g 06 - 4 o6 f 7 g St‘éﬁﬁ g‘, L H o6 g St‘ééﬁ
2 04f // 4 04f R Sl caa g 04 T 1041 b CL-C3G
02| 4 02} /—/ - 02| 4 02 e -
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50 1 2 3 4 5 10 20 50
rank rank rank rank
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The Party of European Socialists (PES) is a European adljp@rty
comprising thirty-two socialist, social democratic ankddar parties from each
European Union member state and Norway.
P Y Framework

El Partido Socialista Europeo (PSE) es un partido politee-europeo cuyos
miembros son de partidos socialdemdcratas, socialistsyyistas de estados * Two parallel corpora:

miembros de la Union Europea, asi como de Noruega. software a translation memory (en-eu)

o ) consumer extracts from a multilingual magazine (es-eu
Europako Alderdi Sozialista Europar Batasuneko herrgthko eta 9 9 ( )

Norvegiako hogeita hamahiru alderdi sozialista, sozralukrata eta laborista » The entire corpus is a “big” document
biltzen dituen alderdia da. « We perform sentence level similarity estimation

The corresponding articles contain aro)@00, 1, 300, and only100

(corpora provided by Elhuyar Fundazioa and Consumer)
words!  [Wikipedia, 2010b]
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Recall

CL: Less Resourced Languages Outline

1 T T T T T 1 T T T T T
08 | B 08 | i
06 |- d _ os| o]
B e
T o} P
04 | Py 4 % o4l i
Eeec CL-ASA
02 F cLone . 02 b 4
Y7 —
0 I [ I I [0 P e S | I I L. ) .
1 2 345 10 20 50 1 2 3 45 10 20 50 Plagiarism Detection Competition
rank rank
(a) es-eu (b) en-eu

And these are not with Greek, Hindi, Chinese...!
[Barrén-Cederio et al., 2010]
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PAN PAN-PC-09: Corpus of Synthetic Plagiarism

Al,hﬁsl'lirB’.and Social Software Misuse -. AHOO.’ = — LO ‘ Plaglarlsm Implles an ethlcal Issue

RESEARCH

» Nobody would like to be included in a corpus containing paigim!
http ://pan webis.de « Properly anonymising actual cases of plagiarism is a haid ta

* Manual analysis should be necessary to define plagiarisgihal text
borders
Potthast, et al. An Evaluation Framework for Plagiarisme@gbn. Coling 2010 (posters),
pp. 997-1005.

[Potthast et al., 2009, Potthast et al., 2010a]
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http://pan.webis.de

PAN-PC-09: Corpus of Synthetic Plagiarism PAN-PC-09: Corpus of Synthetic Plagiarism

“A newly developed large-scale corpus of artificial plagiar”
Base texts Texts from Project Gutenberg (http://www.géeg.org).

» 41223 documents
* 94202 artificial plagiarism cases
« Itincludes cases for intrinsic and external detection mesh

Restrictions As the base text is free of copyright, the texycorpus does
not have distribution restrictions.

Cases generation All the cases of text reuse are createthatitally.

Proper citation No cases of proper citation are included.

http://www.webis.de/research/corpora
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PAN-PC-09: Corpus Parameters PAN-PC-09: Corpus Parameters

Document length Suspicious-to-source ratio Plagiarism percentage

large

(100-

1000
pp.) 15%

* Document length

+ Suspicious-to-source ratio

Plagiarism percentage
» Cases length
Plagiarism language
Cases obfuscation

Cases length
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http://www.gutenberg.org

PAN-PC-09: Simulating Obfuscation

Cases Obfuscation

Paraphrasing, summarisation, etc. is simulated by...

+ shuffling, removing, inserting short phrases
* replacing semantically related words
* POS preserving shuffling
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PAN: How Researchers Evaluate Plag. Detection

* No standard evaluation measures have been previously define
+ Evaluations use to be incomparable and often not even repitud

* How can we determine what model performs best?
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PAN: How Researchers Evaluate Plag. Detection

Experiment Task Performance Measure Comparison

Corpus acquisition Corpus size

[Potthast et al., 2010b]
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PAN: Evaluation Measures

We are interested in evaluating three main aspects:

@ plagiarised and —if available— source fragments are retde
® original text fragments are not reported as plagiarised; an

® plagiarised fragments are not detected over and over again.
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PAN: Evaluation Measures

Precision and Recall

[{relevant documents} N {retrieved documents}|

recision =
b |{retrieved documents}|

|{relevant documents} N {retrieved documents}|

=
reca |{relevant documents}|

F-measure

oo, precision - recall

precision + recall
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PAN: Evaluation Measures - Granularity

S
Sq s" ST “s3
H\\IIIIIIII\HH\HIIIIHHHIIII\
H\M@@HM\HHH\H
. fz r3 4 s

document as character sequence | | original characters
[ plagiarized characters

m detected characters

granppa(S.R) = == 3 || € [LIR]

seESR

Cs={r|reR AN snr#0}
Sp={s|s€S ANIreR: snr#0d}
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PAN: Evaluation Measuresk and R

HHIIIIIIIIH\HH\IIIIHHHIIII\
H\M@H\m\\\\\\\\\

. r2 r3 4 s

document as character sequence | | original characters
[1 plagiarized characters
EXEA detected characters

-
recppa(S, R) = &l Z |5 UTeR Z IrU,cq sl
IR|

(S,R)
= |s] precppal 2 B

(1 computes the positionally overlapping characters)
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PAN: Evaluation Measures - plagdet

S
s1 T, T 83
HHIIIIIIII\HHH\IIIIHHHIIII\
H\M@@HM\HHH\H
. fz 3 r4 s
document as character sequence | | original characters

[ plagiarized characters
m detected characters

F
logy(1 + granppy)

plagdet ppa(S, R) =
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PAN: 1st International Competition - Game Rules

Eligibility The contest was open to any party planning teatt the PAN
competition. No feedback at the time of submission was

provided.

Integrity The exploitation of potential flaws in the compietn corpus
to gain advantages was prohibited.

Text resources No other text than the one provided in theusocpuld be
used.

Winner Selection One winner of the “External Plagiarismdagbn” task,
one winner of the “Intrinsic Plagiarism Detection” taskdan
one overall winner were proclaimed.

Award The overall winner was awarded a prise, sponsored hgpdfa
Research.
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PAN: 1st International Competition, Overview

Intrinsic Approaches (4 teams)
Participant Analysed features

Stamatatos charactem-grams

Zechner, Muhr, Kern, Granitzer word freg. class + text fexuties
Seaward, Matwin Kolmogorov complexity measures

External Approaches (10 teams)

Participant Comparison units
Grozea, Gehl, Popescu charaategrams
Kasprzak, Brandejs, Kripac word-grams
Basile, Benedetto, Caglioti, Degli Esposti lengtgrams

http://www.webis.de/research/workshopseries/parcdfpetition.html
http://ceur-ws.org/Vol-502
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PAN: 1st International Competition - Chronology

March 2009 Participants were provided with the developiegien of the
corpus (with annotated cases).

May 2009 Test corpus provided (without any annotation).

June 2009 Participants submitted their detections to beatesl.

13 research teams

- Africa
_—— 0.5
___|America

3

Europe 81—
o J
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PAN-PC-10 Corpus

» 27,073 documents (obtained from 22 874 books from the Project
Gutenberg2)

* 68,558 plagiarism cases (about 0-10 cases per document)

www.webis.de/research/corpora/pan-pc-10
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PAN-PC-10 Corpus Parameters

Document length

Plagiarism L

Cases length

1000
pp.) 15%

medium
——(10-100
bp.) 35%)

50-150 wardis |
3% -~

[300-500 wordss|
4 33%

Detection task

Topic ali

intrinsic Analysis|
30% y
" [Extemal Anaiysis
0%
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PAN: 2nd International Competition Results

Kasprzak
Zou

Muhr
Grozea
Oberreuter
Torrejon
Pereira
Palkovskii
Sobha
Gottron
Micol
Costa-jussa
Nawab
Gupta
Vania
Suarez
Alzahrani
Iftene

Plagdet

COO0O0O0O00O0O0000O0O0O00OO0000
N
a

o QMUUUUUUHHHHHH
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PAN: 2nd International Competition

March 2010 Participants were provided with the developegien of the

May 2010 Test corpus provided (brand new)

corpus (PAN-PC-09)

June 2010 Participants submitted their detections to bleiatel.
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PAN: 2nd International Competition Results

Kasprzak
Zou

Muhr
Grozea
Oberreuter
Torrejon
Pereira
Palkovskii
Sobha
Gottron
Micol
Costa-jussa
Nawab
Gupta
Vania
Suarez
Alzahrani
Iftene

Recall Precision Granularity

0. 69 0.94 1.00

0. 63 0.91 al 1.07
. 0.71) = 0.84 | 1.15
0. 48 0.91 I 1.02

0. 48 0.85 1.01

0. 45 0.85 1.00

0.41 0.73 1.00

0.39 0!78 I 1.02

I 0.29] = 0.96 1.01
0.32 0.51 1.87

I 0.24 0.93 2.23
0.30] [ 0.18 il 1.07

I 0.17 0. 40 o 1.21
] 0.14 0.50 ] 1.15
0. 26 0.91 6.78

o 0.07| 0.13 2.24
i 0. 05 0.35 17.31
. 0.00) T 0.60 8. 68

0 10 1 1 2
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Outline Not Only...: Software Plagiarism

A program that has been produced from another with a small
number of routine transformations.

Student plagiarism reasons:

1990's -« large undergraduate classes,
* introduction of personal computers,
« computer networks,
» easy-to-use screen editors

Today -+ Internet
Not Only Plain Text, Not only Plagiarism

[Parker and Hamblen, 1989]
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Not Only...: Software Plagiarism Not Only...: Software Plagiarism
Program plagiarism spectrum [Faidhi and Robinson, 1987]
Techniques to disguise plagiarism control logic
program statements
Operation Example procedure combination
changing comments 7] = P variable position
chang?ng form:?\t.ting Ind.entation . identifiers
changing identifiers int x; — inty; t
changing operands order <y — y>X Comrlllgen S
changing data types floatx; — double x;
replacing expressions printf... — echo... changes
adding redundant statements LO
changing the order of statements x=5; y=2*x; —  y=10; x=y/2 L1
changing the structure of iterations for if — if for 1.2
changing the structure of selections if...elif...else— switch
replacing function calls for functions L3
combining original/copied sections L4
[Whale, 1986] L5
ale,
L6
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Not Only...

. Plagiarism

Some (statistical) features

Feature dependent independent

characters per line [ |
comment lines [ |
indented lines [ |

blank lines
avg. function length

reserved words [ |

avg. identifier length
avg. space per line (%)
total operands

total operators

conditional statement (%) [ |
repetitive statement (%) [ |

multiple statement lines

[Parker and Hamblen, 1989]

Not Only...

MOSS v

JPLAG v

Cogger -
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: Source Code Analysis Tools

Based on fingerprinting
http://theory.stanford.edu/~aiken/moss/

Based on Greedy String Tiling
www.ipd.uni-karlsruhe.de/jplag

Case based reasoning (the problem of finding similarity
in programs is made analogous to the problem of case
retrieval)
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Not Only...: Software Plagiarism

YAP

+ Comments and string-constants are removed.

» Upper-case letters are translated to lower-case

If possible, the functions/procedures are expanded imgadirder.
» Tokens not in the lexicon for the language are removed.

* Greedy string comparison

http://luggage.bcs.uwa.edu.au/~michaelw/YAP.html
[Parker and Hamblen, 1989]

ICON 2010 Tutorial 138/184

Not Only...: CL Source Code Analysis

Cross-language plagiarism makes sense in programmingdgeg?
» A person could “copy” a program from a language into anotmer o

» Can we detect if a program is the implementation of some gigor
pseudo-code? (consider that often “pseudo-code” is infgttton or
some simplified programming language)

* Maybe a programmer is fired and we want to check if he alreadgao
the algorithm we asked...

However, most methods simply apply tokenisation and simia¢ching
comparison
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Not Only...: CL Source Code Analysis

if (score < 60) { if (score < 60) { if score < 60
( comment = "This is terrible"; comment = "This is terrible"; comment = "This is terrible"
:-:_—/) i C++} % elsif score == 60
Jaﬁ else { else { comment = "This is bad"
comment = "Not so bad"; comment = "Not so bad"; else
} } comment = "Not so bad"
if score < 60: if ($score < 60) { end
comment = "This is terrible" $comment = "This is terrible"; if [$score < 60]; then
pythonelif score == 60: } \| $comment = "This is terrible"
comment = "This is bad" elsif ($score == 60) { "\ else
else: perl $comment = "This is bad"; $‘0 $comment = "Not so bad"
comment = "Not so bad" } fi
if ($score < 60) { else{

_n "
$comment = "This is terrible"; $comment = "Not so bad";

1
s
elsif ($score == 60) { If score < 60 Then

$comment = "This is bad"; comment = "This is terrible"
} Elseif score == 60 Then
else{ ASp comment = "This is bad"
$comment = "Not so bad"; else
} comment = "Not so bad"
End If
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Not Only...: X-plag

Detection Process

* Intermediate code generation
« Filtering process (just a set of keywords is consideredrasit

» Comparisorbased om-grams!
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Not Only...: CL Source Code Analysis

X-plag

The only method for CL programming plagiarism detection éneaware
of)
* Instead of comparing the source codes, it compares “indiateecode”

.NET Visual{C#, Basic.NET, J#, C++.NET}
GCC C, C++, Java, Fortran, Objective C

RTL: Register Transfer Language, a common intermediate (G€CC)

[Arwin and TahaGhoghi, 2006]
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Not Only...: Actual CL Analysis in Source Code?

< (( comment = "This is tertibu.

if score < 60
comment = *Thiz iz terrible"

& elsif score = 60

Javaclle{ slse { comment = *Thiz iz had"
comment = "Not so bad™; else
comment = *Not so bad"
end
comment = "This is terrible" $comment = "This is terrible”; if [$zcore < 60]; then
PGlif score =— 68 } “‘1 Sconmment = *This i terrible®
e comment = "This is bad" elsif ($score = 60) { else
slse: peri®  foomment = "This is had™; é“ $comment = "Not 50 bad"
comment = "Not so bad" } i
if (Sscore < 60} { elee{
$comment = "This ia terible"; Scomment = "Not so bad";
}
) elsif ($score = 60) { If score < &0 Then
$comment = "This is bad"; comment = "Thia is terrible"
} Elseif score = 60 Then @
else{ ‘ASp comment ="This i bad"
$comment = "Not so bad"; clse
} comment = "Not a0 bad"
Erd ¥
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Not Only...: Actual CL Analysis in Source Code? Not Only...: Wikipedia Revisions

Different Wikipedias have different behaviour

@ Is there a length factor between programming languages? o _ _
* Not plagiarism, but collaborative authorship

» C and Java lengths are closed...
» Pythonis shorter...

@® Is it possible to learn a bilingual dictionary of programignianguages?
* print printf 0.9; print echo 0.05...

® Could we use a method such as CL-ESA?
® BTW: What about plagiarised methods/functions? (not emiograms)

Corpus

Wikipedia articles in: English, German, Spanish, atiddi
The 500 most “popular” articles were considered
+ 10 revisions considered per article
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Not Only...: Wikipedia Revisions Corpus Not Only...: Wikipedia Revisions Evolution
Lan | [Dy| D |dagle ldaws| |Dls 1o By 1
Before stopwords elimination o 09} i++++ 1
de | 500 5,000 1,812 5,229 261,370 g o8| E*g\ T
en | 500 5,000 2,243 8,552 183,414 S 571 n +
hi | 500 5,000 302 672 78,673 < - B
es | 500 5,000 1,216 4,116 133,595 2 06¢ u a—
After stopwords elimination 8 05¢ Rm 1
on | 500 5000 214 6008 153288 5 oal® .
; ) ) ; 0.3}de -
hi | 500 5,000 270 495 78,577 olz_ﬁls"'ﬁ'" 1
es | 500 5,000 1,142 2415 133,339 L
1 2 3 45 6 7 8 9 10
Revision
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Not Only...: Wikipedia Revisions - Experiments

@ Document level
* For each document, € D, the documents i are ranked with respect
to sim(d, dg), generating,
* We expect thail, is co-derived from the documents on toprgf
@® Section level
* The sections in the top-50 of compose the sdd’ of co-derivative
candidate sections.
* Dy is composed of the sectionsdy € D,.

* For each section;, € D; the sections irD’ are ranked with respect to

their similarity sim(d', ;).
* Itis expected that those sections in the top;pére actual co-derivatives
of d.,.
q
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Not Only...: Wikipedia Revisions - Metrics

Highest False Match and Separation

100 - sim(d~, dy)

S*

HFM =

* s* is the maximum similarity value
* d~ is the highest ranked document which is not relevant comugf),

100 - (sim(d*,dy) — sim(d™,dy))

S*

sep =

« d" is the lowest ranked document which is relevant concerdjng
« LTM =100 - sim(d*,d,)/s* is the Lowest True Match

* sep > 0 = the highest rated documentssipare all relevant
* sep < 0 = other documents were ranked before those relevant

[Hoad and Zobel, 2003]
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Not Only...: Wikipedia Revisions - Metrics

P@10 and R@m by consideringn = {10, 20, 50}
P@10 = RQ10

Highest False Match and Separation

Estimate the distance of the correctly and incorrectlyieetd
documents i,

The calculation is possible only R@50 = 1.0

[Hoad and Zobel, 2003]
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Not Only...: Wikipedia Revisions - Results

J- Jaccard

C-Cos sq sep. for documents
K - Kuliback Leibler R@30- s. sep. for sections

M - M. Translation RO IO~ H, HFEM for documents
O - Okapi BM25 H HFM for sections

P - W. chunk. overlep

W - Winnowing

S - Spex

Document Section

HFM, sep
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Not Only...

1
0.9
08
0.7

"o6
05

¢

Yeletetete e %%
1
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YoY%

. 1

: Wikipedia Revisions - English

X

JCKMOPWS

Not Only...:

1 0.95}
0.9}
0.851

1 08¢

1 0.75}
0.7

J

%

52,6 39.9 25.1 423 5.7 21.3 37.6 615

64.7 44.7 235 59.1 49.3 27.8 52.8 71.4

234 546 683 379 71.2 643 1.7 3.7

15.7 47.0 65.2 26.1 40.4 60.7 1.9 12.8|

JCKMOPWS
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Wikipedia Revisions - Spanish

1 T T 1 | S N E— —— T
09} 1 0.95} N .
08l | 0.9} -

0.85} .
0.7 - ' 0 8
€5 Or 7
0.6 1 0.75¢ 1
0.5 0.7
JCKMOPWS JCKMOPWS
q @
Sd 39.7 39.6 19.8 33.3 10.0 17.2 32.4 48.1 g
SS 66.7 50.9 26.4 63.7 53.9 32.1 65.6 75.4
Hd 15.2 40.1 62.3 36.1 56.9 54.3 0.73 1.8 -
3]
Hs 13.0 38.8 67.1 20.7 34.6 56.5 0.77 1.7 %
U m

JCKMOPWS
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Not Only...: Wikipedia Revisions - German

1

o
O

T
A

KRRK

XX

o
(e0]
T
A"

o

\I
T

0a%

XK

(&N

Not Only...:

CKMO PWS

~1H

| o095t
| oot
0.85}
1 ost
1 075}
0.7
J

|

It
O RN

42.1 40.4 20.0 40.5 14.9 10.9 25.8 44.9

63.6 50.8 25.7 66.6 55.7 36.1 56.7 68.3

146 42.1 65.1 13.7 58.2 64.6 0.60 1.40|

12.1 36.5 66.1 66.7 30.8 51.3 1.08 1.90|

JCKMOPWS
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Wikipedia Revisions - Hindi

1 T T 1
09t 1 0.95¢
08l 0.9
. 0.7}
hi 0.6+ L
0.5
JCKMOPWS
Sy 187 190 74 172 98 89 119 297
S | 525 411 235 49.9 443 346 57.2 66.9

18.8 41.0 65.2 29.9 49.7 62.5 8.3 14.7|

20.9 432 66.4 29.5 38.4 50.3 4.2 8.0

JCKMOPWS
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Not Only...: Wikipedia Revisions - Observations Not Only...: Wikipedia Revisions - Observations

Is Hindi a more difficult language to work with?

Document Level Section Level
1 B ijj;;’w T T T T T T T T ]
o 09} T n i » Best: Fingerprinting » Best: Jaccard, Cosine,
= By T del IBM1
© 0.8} m O ] models ~
5 EES ~+
E 0.7+ | | V\B'"‘E g
2 06} “ - \B‘“D_ If all the relevant documents are in the top-50
& 05} u .
é 04} - m i
3 o len—+— . : i
" g3lde - . Best: Cosine and KL Best: Okapi, Jaccard and
es - Cosine
0.2 _hl 1 .I 1 1 1 1 1 1 1 1 ]
1 2 3 456 7 8 910
Revision
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Outline Start Point: Try with “Small” Corpora

® METER http://www.dcs.shef.ac.uk/nlp/meter/
Advantages -+ Small amount of documents
+ verbatim/modified copy and new fragments identified
» Real cases of journalistic text reuse manually analysed
Disadvantage -« No low level annotation (fragments)

® Co-derivatives http://www.dsic.upv.es/grupos/nle/
Advantages -« Small amount of documents
» Documents relations identified
* Includes different languages (even Hindi)
Disadvantages < No low level annotation (fragments)
» Wikipedia revisions are far from realistic text reuse

© CLIPA http://www.dsic.upv.es/grupos/nle/

Start Point Advantages -« Contains cross-language text reuse cases
» Created with humans and MT systems
Disadvantage -« Extremely small (toy corpus)
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http://www.dsic.upv.es/grupos/nle/

Start Point: PAN trends

+ Study the proceedings of the first two competitions:

http://pan.webis.de

* Prove your own models over the PAN-PC-09 and PAN-PC-10
* Focus on developing good models instead of winning a comigueti
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Outline

Cutting the Edge
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Start Point: Video

" APlagiarism Carol B

Et Plagieringseventyr. Universitetet i Bergen, httpkésgskriv.no/english/
http://www.youtube.com/watch?v=Mwbw9KF-ACY
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Edge: Plagiarism Detection Process

—%]

Plagiarism Detection
Heuristic Candidate Detailed Knowledge-based
retrieval documents analysis post-processing
Reference Suspicious /
collection D sections

[Stein et al., 2007]
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Edge: Plagiarism Detection Process (revisited)

noun phrases
ortographic mistakes
word frequency classes

- . -

keyword
extraction

Heuristic Search
in the WWW

?

A

4

~ —
keyword composition
keyword reformulation

(adapted from Stein’s keynote speech at SEPLN 2010)
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Edge: Who's the Thief?

PN

» Perform intrinsic analysis over the two documents. Thatdoent with
variations between the alleged reused fragment is the thief

» Use an adaptation of Encoplot

[Grozea and Popescu, 2010]
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Edge: Improving Models

* Improve document access
 Improve processing time

(adapted from Stein’s keynote speech at SEPLN 2010)

* Improve Cross-Language models
[Barron-Cederio et al., 2008, Barron-Cedefio et al., 2016k&et al., 2008,
Lee et al., 2008]
 Create better intrinsic analysis models
[Meyer zu Eif3en and Stein, 2006, Stamatatos, 2009]
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Edge: Identifying Proper Citation

» People reuse text from others (this is a fact!)
* However, sometimes they include proper citation

“All of the books in the world
contain no more information than is
broadcast as video in a single large
American city in a single year. Not
all bits have equal value.” Carl
Sagan

As Groucho Marx said in his
book Groucho and Me
(1959), “no one is
completely unhappy at the
failure of his best friend”.

Post processing Divide cases of reuse with proper citatimm fictual
plagiarism
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Edge: Wikipedia Multilingual Reuse Edge: Wikipedia Multilingual Reuse

Comparable Corpora

* it contains the same proportions of texts of the same gesaese

* In Wikipedia articles in different topics are available iarfureds of domains and in a range of different languages; and
languages. « such texts are sampled on the same period.

» English Wikipedia is the most developed3.4M articles (only Parallel— Comparable— Non Parallel
comparable to the sum of German, French, Polish, and Italian
Wikipedias altogether) « parallel corpus: sentence aligned corpus containinggikih

translations of the same document;
* noisy parallel corpus: includes aligned and non-alignedesees;

» comparable corpus: collection which does not contain afign
sentences, but which is about the same topic;

» non parallel corpus: collection containing disparatenbilial
documents, which may or may not be on the same topic.

* It has been referred as one of the hugest comparable corpasct
[Mohammadi and GhasemAghaee, 2010, Potthast et al., 2008]

[McEnery and Xiao, 2007, Fung and Cheung, 2004]
ICON 2010 Tutorial 169/184 ICON 2010 Tutorial 170/184

Edge: Wikipedia Multilingual Reuse Edge: Creating More Resources

» Create more and better corpora

* Reuse of text across related articles
* Increase the amount of cross-language cases

* Reuse of text outside of Wikipedia (related to

[Bendersky and Croft, 2009] * Create (simulated) human made cases

+ Cross-language text reuse
Activity 3: Creating Cases of Cross-Language Plagiarism Detection
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Images Source Thank you!

Alberto Barréon Cedefo and Paolo Rosso

Daily . Wail

[Ibarron,prossoj@dsic.upv.es

Levante
9 10 11

http://www.baltimoreegypt.org

http://www.dsic.upv.es/grupos/nle

http://clatterymachinery.wordpress.com
http://www.berkshirehistory.com/bios/apope.htm|
http://www.hoasm.org/IVM/Jonson.html
http://fcom.us.es/blogs/vazquezmedel/tag/samueigon/
http://toosweet4rocknroll.wordpress.com

[Basile et al., 2009]

http://www.dailymail.co.uk

© 0 N o b~ W NP

http://www.levante-emv.com/ Natural Language Engineering Lab

[N
o

http://www.lavanguardia.es/
11-16 http://www.wikimedia.org
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