Systems and Methods for Detecting Similarity of Documents FIELD OF
THE INVENTION 0001]This invention refers to a system and a method for
detecting similarity of documents, in particular, to a system and a method
for detecting similarity of both English and Chinese documents instead of
mainly focusing in English documents as in prior arts. This invention
involves Chiystansend MetinahifitioD grotagd Sieilaing afmadiinedaarning
based word tagging method, which is also advancement when compared
to the prior arts. BACKGROUND OF THE INVENTION [0002]Nowadays it
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{0003} In view of the above, prevention of plagiarism becomes a hot topic in
the art. There are a lot of papers dealing with this issue, for example,

* P. Clough. “Plagiarism in natural and programming languages: An
overview of current tools and technologies”. Research Memoranda:
CS-00-05, Department of Computer Science, University of Sheffield, 2000;

* N.Shivakumar, H. “Garcia-Molina. SCAM: A copy detection mechanism
for digital documents”. Proceedings of the 2nd International Conference on
Theory and Practice of Digital Libraries, Austin, Texas, 1995; and

* S. Brin, J. Davis, and H. Garcia-Molina. “Copy detection mechanisms
for digital documents”. In Proceedings of the ACM SIGMOD Conference,
pages 398-409, 1995.

{0004} In brief, known methods for detecting similarity of documents

generally comprise steps of:



determining the similarity of two or more documents according to similarity
of fingerprints of the documents. If identical fingerprints in two documents
of the document collection are identified, the two documents will be
regarded as similar. In other words, the similarity of two documents is
dependent on the number of the identical fingerprints. 0005However, the
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£00061 The present invention is directed to provide a system and a method for

detecting similarity of documents.

[0007] According to one aspect of the present invention, a method for

detecting similarity of documents is provided. The method comprises:

extracting a text from a first document and at lease one second documents,
respectively;

segmenting the text of the first document into a first plurality of units and the text
of the at lease one second documents into a second plurality of units; and

comparing the first plurality of segmented units with the second plurality of
segmented units to determine whether the first document is similar to at least one of

the at lease one second documents.



documents similarity in western language, but also optimize the document
similarity detection in Chinese. BRIEF DESCRIPTION OF THE
DRAWINGS 10010]Figure 1 is a block diagram showing a system for
detecting similarity of documents according to an embodiment of the
present invention; Figure 2 is a block diagram of a text processing module
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{00091 According to the present invention, it is able to not only detect

documents similarity in western language, but also optimize the document similarity

detection in Chinese.

BRIEF DESCRIPTION OF THE DRAWINGS

fo010} Figure 1 is a block diagram showing a system for detecting similarity

of documents according to an embodiment of the present invention;

Figure 2 is a block diagram of a text processing module in Figure 1;

Figure 3 is a flow chart for training of steps in the LMR-RC tagging according to
the present invention;

Figure 4 is a flow chart for tagging of steps in the LMR-RC tagging according to
the present invention;

Figure 5 1s an illustrative example of taking sentence representation codes as
database indexes according to the present invention;

Figure 6 is an illustrative example of taking words as database indexes according
to the present invention,

Figure 7 is an example of direct comparison for English sentences according to
the present invention; and

Figure 8 is an example of partial comparison for Chinese sentences according to

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS




detected. The larger the number of similar sentences is, the higher the
similarity is. [0014]Thirdly, the similarity refers to the similarity in
"impression”, rather than in literal expression. Examples which are similar
in impression but different in literal expression include, but not limited to,
singular nouns and plural nouns; verbs and changed verbs in tenses,
uppercase and lowercase in English, traditional words and simplified ones
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be described in detail with reference to Fig.1.

[o016] As shown in Fig. 1, the system 1000 comprises a conversion module
101, a text extraction module 102, a text processing module 103, a text encoding
module 104, a comparison module 105, a report generation module 106 and a
database 107.

[0017] The conversion module 101 is configured to convert a document
provided by a user into a computer-readable format. The conversion module 101 may

be one of known devices like scanners, optical text recognizers, web interfaces, etc.
[o018} The text extraction module 102 receives the document in
computer-readable format from the conversion module 101, extracts text from the

received document and transfers the extracted text to the text processing module 103,

[0019] The text processing module 103 comprises a segmentation



(0022)When the text is segmented into sentences, a sentence is identified
according to a sign of "full stop", a question mark, or the like. [
0023]Segmenting the text into words needs to identify words first. In
English, words are separated automatically by a separator like a spacer or
a punctuation. 100241Unlike English, words in one Chinese sentence are
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cbAS%itdtes onWiwnrthe[00263 Argexaraplotfo parsgignhg dapretefarhashould be

SEHERGLBIAKKIAIND 2 Hald SRS iBeTRilE T WhEIS RN RENIENGS ph
[ CILHes fP r words: -"km, twx, ltk;, and tklitbfiR. As known to the skilled in
tlhen1 ersaé%

STLHESAR BRSPSy P TSR e AR APai Rt RFES UBAMRREBP NG BT 2R
magsraihg, abetthe 4fUrete.of the character. Word ¢ P 1j,

[0022) When the text is segmented into sentences, a sentence is identified

according to a sign of “full stop”, a question mark, or the like.

{00231 Segmenting the text into words needs to identify words first. In
English, words are separated automatically by a separator like a spacer or a
punctuation.

[0024] Unlike English, words in one Chinese sentence are not automatically

segmented. Thus, in order to segment Chinese text, the present invention proposes a
Chinese segmentation technique based on Machine Learning methods, called
“LMR-RC tagging technique”, including two stages, i.e., Regular-stage (R-stage) and

Correctional-stage (C-stage).

{0025} Specifically, according to the LMR-RC tagging technique, when a
sentence in Chinese is to be segmented, first of all, each character in the sentence is
assigned a label as a representative of the position at which the character is the most
likely to be located in a word. The label may be “L”, “M”, “R” or “S”, wherein “L”,
“M” and “R” indicate that the character locates at the beginning, at the middle and at

the end of one word, respectively, while “S” indicates that the character itself

constitutes one word.

[0026] An example for assigning labels for a sentence “ A EEISIE NI
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)1I'I'Pt P.K LabelLRL R SL MM R Table | [oor]Hereafter, the description
is given on how the segmentation sub-module 1031 uses so-called
"LMR-RC tagging technique” to realize the segmentation of a text with
reference of Figs. 3 and 4 As mentioned above, LMR-RC tagging
technique is carried out based on Machine Learning methods. LMR-RC
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[0027) Hereafter, the description is given on how the segmentation
sub-module 1031 uses so-called “LMR-RC tagging technique” to realize the
segmentation of a text with reference of Figs. 3 and 4. As mentioned above, LMR-RC
tagging technique is carried out based on Machine Learning methods. LMR-RC

includes a training step and a tagging step.

10028} Fig. 3 is a flowchart of step for training according to LMR-RC. As .
shown in Fig. 3, a training corpus 200 is input module 103 and divided into a first
sub-corpus 200a and a second sub-corpus 200b (step S201), wherein the first
sub-corpus 2002 and the second sub-corpus 200b are not overlapping. The first
sub-corpus 200a is used for training in the R-stage, while the second sub-corpus 200b
is used for training in the C-stage. Preferably, the first sub-corpus 200a takes up about
70% of the whole corpus 200 and the corpus 200b takes up the rest 30%.

[0029} At step S202, the feature of each character in the first sub-corpus 200a
and the second sub-corpus 200b are extracted according to a R-stage feature template
203a to form a first feature collection 204a and a second feature collection 204b,
wherein the first feature collection 204a includes all features extracted from the first
sub-corpus 200a, and the second feature collection 204b includes all features

extracted from the second sub-corpus 200b.

£0030] Taking a sentence “32 {E##HEE"” as an example, the feature template
203a used for R-stage is defined as shown in Table 2, in which the word “{d” is set as

the current word.




and the second sub-corpus 200b are extracted according to a R-stage
feature template 203a to form a first feature collection 204a and a second
feature collection 204b, wherein the first feature collection 204a includes
all features extracted from the first sub-corpus 200a, and the second

(‘f\ﬁf\nl‘l

c m " S0 Ale [ | £ s avieantard from.thao
Tedature ColecuorT 2040 mcrugesSarreaturéeS-extracte a1om—tne-Secona

subtcarpus 200bf RO esentence 324" as BhtertathBrajire

feature template 203a used for R-stage is defined as showp.n3-able 2, in
which the word "1Q1" is set as the current word Featurg: .
DescriptionExtractea FEalrE Fie current word| two preceding fvords of
tHe cuttierirevedinsarerdwof tbiowirsgtwords ofdthe current Word G = 3"

C_1 = "2wER Fowknd wofdd 67 thil current word C=“B
Cy ="
C,Cy=%327
2 Each of two sequential words in the sentence Ca Co="2 {E"
Co C, = 38"
Cy Co =B
one preceding word of the current word, and Cyi=%2"
} one following word of the current word C =B
4 Whether the current character is a punctuation ot

or not?

Whether any non-Chinese word exists in the
A, and A, (because “3” and

5 | two preceding words and in the two following )
“2” are not Chinese words)

words

Whether the current word belongs to the same D.; (because “3” and “{f#”

6 | category as that of one preceding word or one belong to different
following character categories )
Table 2
[0031] Then, step 203 performs Machine Learning methods to learn the first

feature collection 204a so as to generate a temporary tagging model, namely an
R-stage model 206a. Any known machine learning algorithm can be used to generate
the R-stage model 206a. In this invention, a learning algorithm called “Maximum

Entropy Model” is preferable.

£0032] The R-stage model 206a is a probability model and used for tagging
the second sub-corpus 200b by taking the second feature collection 204b into account
(step S5204). That is, the R-stage model 206a is used for calculating a
maximum-likelihood label of each character in the second sub-corpus 200b, sc as to

generate a R-stage tagging result 208,



Each of two sequential words in the sentence C-2 C-1--="32"C_, Co =
"2 1161" Co C, ='VC' CI C2 ="kW" one preceding word of the current
word, and one following word of the current word a, -- "2" Cl = Whether
the current character is a punctuation or not? not 5 Whether any
non-Chinese word exists in the two preceding words and in the two
following words 161._2 and PLI (because "3" and "2" are not Chinese

W@iﬁ] At step S205, features of the second sub-corpus 200b are extracted
according fo an R-stage/C-stage feature template 203b, and features of R-stage
tagging result 208 are extracted, too, according to the same templéte 203D, so that a
final feature collection 204c is formed. The R-stage/C-stage template 203b includes a

R-stage template as shown in Table 2 and a C-stage template as shown in Table 3

given below.

[0034} Step S206 performs Machine Learning methods for C-stage in view of
both the final feature collection 204c and the first feature coliection 204a to generate a
tagging model 206b. The C-stage may use the same learning algorithm as that used in
the R-stage or different one. Since both the first feature collections 204a and the final
feature collection 204c are used in step S206, the tagging model 206b can be used for
tagging in both R-stage and C-stage.

{0035} Taking the sentence “32 {E#H5" as an example again, in which the
R-stage tagging result 208 is “SSLMR”, the R-stage/C-stage feature template 203b is

shown in Table 3, in which the word “{” is the current word.

Feature Description Extracted Feature
T,=“S”
tagging results of the current word, T.,=48”
7 two preceding words and two To=“L"
following words T, ="“M”
Ty =*“R”
T, T, =88
tagging results of each two sequential T To=*SL”
8 words To Ty =“LM”
T) T, = “MR”
9 tagging results of one preceding word T T, = “SM”
and one following word

Table 3

[0036] Fig. 4 is a flow chart of step for tagging according to LMR-RC. At
step S301, features of the received text 300 are extracted by using the R-stage feature



Whether the current word belongs to the same category as that of one
preceding word or one following character D., (because "3" and "i iN
belong to different categories ) Table 2 (0031]Then, step S203 performs
Machine Learning methods to learn the first feature collection 204a so as
to generate a temporary tagging model, namely an R-stage model 206a.
EmplkiteilPrnsachitregiaringrdigonghisatare bellestdntdenBhateaisep S302,

Restagiganadel 206a.dndhindneantion, @i%%'i@'&%%!@%%ﬁ&h %leeegxodel 206b,
"Ma%¥ ‘i‘ggEntropy Model" is preferable. E 0032 [The R-stagc model 206a
0

TR FA SRR BRI S8 (P B EIA AR Frslascisgiag 5@88?68%326@5@
Byaakfeatbe s dontie 00eand|leation 204k mgsaxgeoulgg(xsgapsm&@)za are

Iﬂﬁ{c@d tﬁ@oﬁi’ ﬁ?&eﬂ'ﬂé%j@ Q@s@g@%@gd%r t‘é% H:l%tlf&g 0 as o fonn a final
o'sdb-co

maximum-likelihood label of each character in the secon

56B¢ 8!8 i BrAt ster J8heha demeresthe Jus! {ee@%fA&l%@ 301b

srza@g‘aawra@ﬁ the B%@g’mktbgeqwtdﬁest@% ﬁf@ edratedmegerdngdge
feature tem 03b, an S sta

aggl g%r%jz{t%o% ag%rgt %%Léué%{gs lt?)jtgz%\ésc% Pie%adr%e %’ée fi éamrs

msﬁpﬁ%awéuﬁhﬁﬁbmmwwm SbRE, @HMM&@RTH@ “g” are identified

Rostagie/Gesiagedempiat® %lemgw@@ﬁeﬁu%@@ﬁtﬁmlﬁﬁ%@é WL tar
Table 2 and ta}l(g B%m fa\s ShO\éan’%elgl Tableé% |vensbelow .
(065318t (gﬁ%% 5 S ERAS PRt P8I SR en'<ithe

per orms ac n
&%@fw@ﬁ@ﬁfﬁﬂf@amﬁe collection 204c¢ and the first feature collection
204a to generate a tagging model 206b. The C-stage may use the same

lgorithm s that ed [ -stage or different one. Since both
tﬁ%@Z?fiaq[ﬁ? Iecf st (ﬁgﬁ:% Ff‘é SR It dhe restiebigined
fromuithe &epmeasméqa@gmglm@d@ Potigean betosetkéchtalging tadgoth
Resliegrand r@@ﬁ%ﬂ@%@ RIAKRGDR SRl B9 RA-EXETR!Brst

again, in ch
-corpusV%Iab émce the accuracy of the learning and the information contained in

the first sub-corpus 200a is limited, errors may occur. Taking “32 {HEEE” as an
example, the correct tagging result should be “LRSLR”, but it is likely to generate a
wrong tagging result “SSLMR?” if only proceeding the R-stage tagging by using the
R-stage model 206a. If a further tagging on this sentence by using the final tagging
mode] 206b generated from the leaming in the C-stage may result in a correct tagging
result “LRSLR”.

[0038] Return to Fig. 2. The above illustrates how the segmenting
sub-module 1031 segments a text. After the text is segmented into units, the
normalization sub-module 1032 receives the petitioned units from the segmentation
sub-module 1031 and normalizes the segmented units so as to improve the efficiency
of the detection of similarity. For example, as for an English text, the normalization
may include a conversion from uppercase to lowercase, reversion from a compound
word to its root or the like. For a Chinese text, the normalization may include a
conversion between a traditional word and a simplified word and unifying the
encoding of words. However, those skilled in the art can be understandable that the

normalization is not limited to the above.



R-stage tagging result 208 is "SSLMR", the R-stage/C-stage feature
template 203b is shown in Table 3, in which the word "Es" is the current
word. Feature Description Extracted Feature 17 tagging results of the
current word, two preceding words and two following words 17.2 ="S" T.1
="S"To=Ti=T2="R" tagging results of each two sequential words T-2
T-1="SS"tiTo="SL"To T, ="LM" Ti T2 = "MR" 9 tagging results of one

precsdling wordapchone: falewi Worthd sk dd oM anTBRIE 3 between an
uppercase and its corresponding lowercase is fixed. Thus, as long as an uppercase
letter is identified, its corresponding lowercase is available by subtracting the length

of the fixed interval from the position of the uppercase.

{0040} It is preferable to convert all English words to their respective roots in
order to improve the accuracy of the detection, including, but not limited to, reverting
plural nouns into singular nouns, reverting various tenses of verbs into the present
tense, etc. When processing a regular word, a known “Porter Stemming” algorithm is
useful. Since most variations of a regular word occur at the ending of the regular word,
the “Porter Stemming” algorithm modifies the ending of words based on a certain rule
so as to realize the normalization. As to those irregular words, there are big
differences between an irregular word and its variations and the variations do not
follow any rule. Thus, when processing an irregular word, the present invention
prefers to use a dictionary contrast list. That is, a contrast list is generated in advance
to collect roots and their variations of all the irregular words. When one irregular
word needs to be reverted, the irregular word is used as an index to retrieve its root

from the list.

[0041} Conversion between traditional texts and simplified texts is necessary
when processing Chinese text normally. After completing the above conversion, the

Chinese texts should be encoded by using a certain encoding rule, like Unicode.

[0042] The high-frequency word removing sub-module 1033 is configured to
remove words which often occur but do not have any substantial meaning, such as “a”,
“an” and “to” in English and “#Y”, “&” and “F1” in Chinese. These words are called
“high-frequency words” or “stop words”. To remove the words, a high-frequency
-word list is generated. When a current word is processed, the high-frequency word
removing sub-module 1033 scans the high-frequency-word list to determine whether
the current word belongs fo the list. If yes, the current word is regarded as a

high-frequency word and removed.

[0043] Return to Fig. 1. The output of the module 103 is received by the

module 104, wherein the outputs may be paragraphs, sentences, words. The module

10



[0036]Fig. 4 is a flow chart of step for tagging according to LIMR-RC. At
step S301, features of the received text 300 are extracted by using the
R-stage feature template 203a, so as to generate an R-stage feature
collection 301a. Then, at step S302, the features in the R-stage feature
collection 301a are tagged by using the model 206b, namely, the R-stage
tHfgimgoses dbctogerrephte @antRrstagmdagyidg tesishicdf2aoltsteptb308xed
Tleaguras QbR denbAR%ARskfeak e oAl 5@&@&9&&%@1{8@@5%%9&%3%&3336

extracted according to the R-stage/C-stage feature template 203b, so

ar .
ad to' PR TR R S BRSO BB B T R SpIcsmaY the HenRTAEdRBEH
finabfiehtufellovtiectippn: 8Bk kiie Tatigetitby, $5ing] thidrtaiA0Se & -St@gerithm,
feqd r - aggingresylt 302b,. Th .
D A e P v
BTG fEpra R deefifbrcEeisticimaiothe lenalmakAie: eodes Snareted through
Mmiﬁ@drffm iﬁlmkagglrmes;slros@ﬁ’fziyguskﬁgég%p@dﬁg&m”rs@@ﬁmwhng 256
nigue re L expression and the text is finally segmente
?ﬁt% &r%r% B}rﬁ%"é‘ cor m)go%gg rleglllalti:'ntified label sequences. [0037]It can be
seen that, when the R-stage is completed, the result obtained from the
RL9044d is usSinfsriheasndsg athe Castddensth amdoamakisthe €pstege those

REGREAHLAIRRIS RERE axaRRIe: 18 R-alage Made)- 208 s geRe @it
b}}/ll:earglr%%thi.flr toiuc%-gc?)r us 200a. Since the accuracy of the learning
)

and the information naq T E TirBE S S- (5 se SEaEeindsemEvshy
esdHuEY bT akdAgs' BRFRA tas tnrettavplortiveadingcttaggingdiesuly from
%@H&ia@@qgl—ﬁ)@-ﬁ"sm&? iS Welktog %Eﬂt%@wa?@&éag%&% &3Mised as
'iS§LM " if only proceeding the R-stage tagging by using the R-stage
HREESIoBETF FEREERRY on this sentence by using the final tagging
model 206b_generated from the learning in the C-_stage may resultina
Fpﬁ@gfaggmg r&’o'v:éﬁlxtne'nR§iﬁu(Qp%§4 &Eﬂttgils:ﬂgn ZIOmev?iﬂogg extracted
illustrates how the segmenting sub-module 1031 segments a text. Atter
t}ﬁ‘éo f i KeylfErmEgaTies SR i St SS EmgBIAe Bmgs stated
mm@@h@@emi otoedt umissdirainthd egrhentatiodostindnosiilient Adinpaed
RamalizeileReamsoiegunits 52 AR INPIeYe e SliSE DAVl VS ity

detection of similarity. For example, as for an English text, the
ﬁS?W?SF?thﬁBﬁWaVRHEmawméﬁﬁ%ﬁ%se to lowercase,

revtasion from a compound word to its root or the like. For a Chinese text,

t alizat incl ' ween a traditional word .
e O e R PR s i

SRR iR Phdhart 88K Be erdaiuaple that the nesremlizailbnuadsseke  the
latmitecntortiienab exteac 00 30 Fpr@xas I endceriding iadhe-ASC teades, the

AR PIINES] BRLHRREIRESE AT IR COUESRONAIO ONELEasE S o i,
fixed. Thus, as long as an uppercas 8tter IS |dent|¥|elc]1, its C rrespond)lng
iBREr R4 Al APsHasREsHyCstipied cheetAgaBHSth of the fixed interval from
the position of the uppercase. [0040]it is preferable to convert all English
their ctive roots in order.to improve the accuracy qf the .

T e e e s S A b R
AERIRRCS &V et g B (a5 temBBeToRveFbs ivmnitsprasehid éASaabidates the
\Wihearprasessing adegyl@mwerdo @ kiawp R artemaiaming” algorithm is
useful. Since most variations of a regular word occur at the ending of the
regular word, the "Porter Stemming" algorithm modifies the ending of

843dased dn hecdiresisonirasisoas ifoseatiize thendermedizalione Astiocal o
ﬂmﬁ@iﬂﬁw@m@%ﬂoﬁw&i @ﬁybwt%éffswﬁ%éﬁ%@ﬁq@aﬂ,Ti{]a;@gyéagcﬁ&gdA

nd s variations and,the variations do not follow apy rule. Thus, when

R e S P e kst s T o
dictionary contrast list. That is, a conirast list is generated in advance to
collect roots and their variations of all the irregular words. When one
irregular word needs to be reverted, the irregular word is used as an index
to retrieve its root from the list. 00411Conversion between traditional texts
and simplified texts is necessary when processing Chinese text normally.
After completing the above conversion, the Chinese texts should be

encoded by using a certain encoding rule, like linicode. 0042The
hinh-freaiienecyy word removina <citib-modiile 1022 ie cronficiired to remov/e



module 104, wherein the outputs may be paragraphs, sentences, words.
The module 104 encodes the paragraphs, sentences and words to
generate codes with a fixed length as a representative of each of the
outputs and stores the codes into a database 107. In an embodiment of
the present invention, the codes may be generated through one of the
foltovergnatgorithin sl Dzdigatithme SthisrkalgortEimsSht o @l @b Rerds
vaRans pHeReaRim s RNA heE SRl RO 2 RS PRI L
codes will be varied from the algorithm. For example, t e%eng of the
EBeRstingemaried Mrdtiy Pfimtb@g@%htﬂﬁ% vhgnpits tempitsor thedengths
throeigh Gildethtalgarithringnbe2badits lereit) okthsauahnatif-aralaodtimy

Eg)e%él&?gég% lghees Xoa%ﬁ%h»@%ﬂa a Héegrileril(agth and are able to represent those
sentences with various Iengl[)hs, the &0des can be as an index for

searching. As shown in Fig. 5, three kinds of codes are used as indexes
fdroturep sentancesamyleraaiiNe i WeTdsMAKHE f3a% ASBRIECS R 0;s
refrieve c rre§pggoé n(gvselnnteﬁlce dléect from the database 107, as
Shown ih Fy. 6, 1 Which Slghedifte?ert araPL R tisd Py sthidexermsessing
thesaldifEhdrtis eenisncess AQe4B harioguimerlinpod ifRetthelpyesestball” are
SRR O vils ripgiebimodle:dOrls IR REoGRRRliMadle 1

and encoded {mod%e 104) as stated ahove, and then be stored in a
JABRER™M FFF PRE FEGHERIARARYR ROnBRYEH with those

documents pre-stored in the database 107, so as to detect the similarity

between the newly input document and those pre-stored ones. 10046]For
ekAPRB, wheh helpatiivlerirepniieion|itlisansg Manpdbefidamupintessed
the systert dEGssaachwriihe twa RIRSKSWIloHRARFKe thecommon and the

ove-mentioned extracting, text-processing and encoding and then are
?t% ed ll%?tﬁee%wdcaepaﬁgscé) PEPL NG oa%%fﬁﬁéorgé@ﬁ’ rtgﬁdrbg’beefgné"é‘(‘fﬁ Biffets 2
S eermiek beshodd tienssersAvindal doe rprmidsore tstdredsimite’. The
daﬁalaage@ﬂtf&@éeleémgiﬁqalmemteaegglesé%&ﬁ@ﬂ%@%&@%ﬁompaﬂson

by taking a sentence as a basic unit (assumption 2). The comparison
modkyle;hpE caliReE o titeRiRNAds i RInecAteRiRscLpmparison” or a
"partial comparisototq00agH b airechesmparison, if sentence A and
sentence B are identical to each other after being processed by the text

ORSEELalY MR ats B Yeriiheasuaish dhs irmbe il geraacs werds in
"simpitars MeneiB atthestidentisel! sheansvthad the lenglauohriwaSeNRRTER,
WwRrds.inghkided.in, the o se. well as.the arder of the word
identical. Due to the i&ent%ﬂﬁg ggg@é?gsgﬁ%%é%% &%%agééagﬁ%rcaa?%%ﬁe
155 TR B UG b BN 4 512 T dntiekrmasns. the il fiseveen two
comparison modiilesiOaxsepiehes sheidatabpsesby usingihe zodas 8s Two
index the pination ofthe ident] %%% p-sentences A a %ﬁ?ﬁ%ﬁfﬁ
done rcag%id%ﬁ%?w %ﬁ%ﬁ%ﬁeﬁ [ ec%@%ﬁﬁaﬁé&sﬁ GFR6 E i
SEHIEHBAENS BhowrHnaigirbikg hdwincinimilyr meshinaseihficproemestintinf
thattextpracassiogaMathigh 10y ueath sentensesodetsy iskaying fonthall’s
‘Peter, f all" are canverted. into "peter. play foqtball”,

ﬁgﬁ?‘n st%!%%égea%é?ﬁ nof flél%é direc qévc?rfr\{p%glbeﬁ, s%}(r’f Eneds Al B o™
A¥e e EiHdPe FiiBi lsE s fpaipsgen sentence A and sentence B is 3/4=0.75 {75%;. If
the predetermined threshold is 70%, sentence A is considered to be similar to sentence
B.

Fo051] In addition, the similarity is accounted based on the total number of

“similar” sentences. A total rate and an individual rate algorithm are recommended.

12



10050 /In the partial comparison, if sentences A and B after being
processed by the text processing module 103 comprise some words in
common and the proportion between the common words and the total
words in one sentence exceeds a predetermined threshold, sentences A
and B are considered to be "similar”. The similarity of the sentences A to
the sentence B is calculated by a rule of Snnilanty - number of common

Waek2 I two saBtesise satd QPSRRI Wards.aumbsLin &n&é% %ngy of one

%g)ecmc Il thet con?iparlson module 105 calculates the num
common vv%al(rnlé if sERTEAERS AR B alfird. )ﬁ(gcg‘?atéla’%lb‘iﬁ}bcv\?@rﬁ%‘&ﬁs
Hecumwdtagranideddxy Thaseidramatcorparisdnimay ldetsagiedrodbdaents

eRMmNAGWAESIN The detAlRse and galgulajs cyumon words number in

sentence A so as to determine the similarity between two sentences A
and B. An example of partial comparison is shown in Fig. 8. Two sentence

Aot Lt dcislddid wiapntimykasa eyl @ndsentence B "N2c,kru:
A AR tm'(')%aépne%”"aga After st

mentin
collectio

5 Fé‘f@‘ami'espectlvely
wherein 3 words are in common. As a result, the similarity between

seaienge A anflSeRieiGs Bale é’%&ﬁw éé i % termined of one

threshold is 70%, sentence A is COI’ISI ere e S|m ar to sen encg

(SETAR ABRIRSORP IS IRTHGRIY dosuBsnimrdipasbE SHcietedeslfalionber of

"sitdaidReRienceS. Mt atriangd Ahdbgividyal rate algorithm are
recpmmansci-iRPRAILNG IRl AP AIIRIIM I3 & Ngagurement of the

Simiiarty ol one "'i § SRS BTk documen "
collection includes documents provi ed py users, documents pre-stored in
the database, or documents compared previously. The total rate is

H'Qﬁ%dsﬁﬁlﬂ%ﬂ?% TRialHateoha @l@ca{m%ﬂ&ﬁ? %%%%%”%H%%U?&%‘ the

qg e number f5|m| ar sentences shared gt e docuemnt an

B LR e R S BEHE S A ATIRELS FP0 R Bl i the
[00% 33 Ehes itvativickral sadgaatgorithmuiseat roaldatieirienthel ihe imi ity ofsm

BRI BE AAAShINURELRAGH LA BRATERLANAIIAY Re caleylpled

as follow: Individual rate of a document A similar to a documen

RERSE P OFBTIRE %ﬂ?&ﬁﬁ@%%@b?ﬂ%‘@%é’éﬁ@rﬁ?ﬁ%ﬁ% the document
B

[0054} While the modules 101-107 of Fig. 1 are described as seven separate

*100%

elements, respectively, the invention is not limited thereto. It should be understood
that those components may be implemented as lesser or more components as required.
Similarly, while the module is described as a member comprising of three parts
1031-1033, the invention is not limited thereto. In addition, each of the modules in the
invention may comprise one or more means for the respective function operation, as
required. For example, the part 1031 may comprise one means for exacting the first
feature collection 204a and the second feature collection 204b, or comprise two

separate means for exacting the first feature collection 204a and the second feature

collection 204b, respectively.

[0055] The invention has been described in an illustrative manner. Obviously,

many modifications, variations and equivalents of the present invention are possible

13



*100% the numbers of sentences in the document A When the similarity is
determined by the document comparison module 105, the plagiarism
probability may be determined accordingly. For example, the higher of the
total rate of document A against a document collection is, the higher the
plagiarism probability of document A is, because the higher total rate
RS tdbehehevarieachinge Huihtidd dfeserderstes!ithaothentornfiosimilar be
imphaneniadihe colactinmdR0RdIWAlS dhenmptides EQLs LV Rf&igvw e e
descri as seven se arate elements, respectively, the invention is not
fimied t éar%%?lffl %%8&%1% understood that those components may be
implemented as lesser or more components as required. Similarly, while
the module is described as a member comprising of three parts
1031-1033, the invention is not limited thereto. In addition, each of the
modules in the invention may comprise one or more means for the
respective function operation, as required. For example, the part 1031
may comprise one means for exacting the first feature collection 204a and
the second feature collection 204b, or comprise two separate means for
exacting the first feature collection 204a and the second feature collection
204b, respectively. [0055]The invention has been described in an
illustrative manner. Obviously, many modifications, variations and
equivalents of the present invention are possible in light of the above
teachings. It should be understood that the invention may be implemented
by other systems and methods than those disclosed herein within the
scope of the appended claims. MCSLLP Claims 1. A method for
detecting a similarity of a first document with at least one second
documents, comprising: 5extracting plain texts from the first document
and the at least one second documents, respectively; tagging the
extracted texts based on a tagging model; segmenting the extracted
texts based on the tagged results from the first document into a first
-plurality of units, and the extracted texts based on the tagged results from
the 10at least one second documents into a second plurality of units,
respectively; and
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comparing the first plurality of segmented units with the second plurality of
segmented units to determine whether the first document is similar to at
least one of the at least one second documents. 152. The method of claim

1, further comprising a step of normalizing the segmented units. 3. The picsLLP

method of claim 2, further comprising a step of removing words that are
frequently presented but do not have substantial meanings from the
extlak@dstext. 20 4. The method of claim 1, further comprising:
encoding each of the first and second plurality of units into one or more
codes, each of which has fixed length; and storing each of the codes in a

datdbasBrgdechipidlsteriinge veapagiveldolinréetupsnsrithatigisupecond

d@tﬁ{ﬁ@e;ﬁé/,vb&ggjﬂsqlﬁ%zsegmenting further comprises: extracting a first
feature collection from the text based on a first feature template; tagging

the FréPREY R IetEdirt bedusdosmsntaggify dashbaresesmithe

dtﬁgg;@gtgppéigg&g@}gt’racting a second feature collection from the texts and
the first tagging result based on a second feature template; MCSLLP

tag{fegiteetieestiactedisrés el tiriirganeraedslsecond tagging result

basgshr g acgine BRAaL:MBasc S8HMRIBGNRIaNSRAT AN 8o cument

_second tagl:;ging results to generate the first and second plurality of units. 5
into a first plurality of units, and the extracted texts based on the taggéd results from the

at least one second documents into a second plurality of units, respectively; and
comparing the first plurality of segmented units with the second plurality of
segmented units to determine whether the first document is similar to at least one of the

at least one second documents.

2. The method of claim 1, further comprising a step of normalizing the segmented

units.

3. The method of claim 2, further comprising a step of removing words that are

frequently presented but do not have substantial meanings from the extracted text.

4. The method of claim 1, further comprising:
encoding each of the first and second plurality of units into one or more codes,
each of which has fixed length; and

storing each of the codes in a database as an index for the respective document.

5. The method of claim 1, wherein the segmenting further comprises:

extracting a first feature collection from the text based on a first feature template;

tagging the first feature collection to generate a first tagging result based on the
tagging model;

extracting a second feature collection from the texts and the first tagging result

based on a second feature template;

15
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6. The method of cla rn 5, thrthcr comprising a step of generating the
tagging model comprising: providing a training corpus; dividing the

corpus into a first portion of the corpus and a second portion of the MCSLLP

10corpus randomly; generating a temporary tagging model from the first
portion of the corpus; tagging the second portion of the corpus based

on the temporary tagging model to generate the tagging model. 157. The
metheg Bl IHEBIF GeHErHARG HIENERIP GrafyoRt Hiag eggeslt based on

fﬂlglg%gqgmgggﬁ:andextracting features of the first portion of the corpus
based on the first feature template; and learning the extracted

feattfiE8 tBtHebriex thbarsmhpb s Sesgathty 2ORsoter g cngrdreipe first and

S@ggm&%igeg@ggﬂgprtion of the corpus based on the temporary tagging
model to generate the tagging model further comprises: tagging the

second portion of the corpus based on the temporary tagging model to

gengraie.atagged resilt 25exirecting featHressal e fegasd Iestit hesed

on the second feature template; and learning the extracted features to
R4 B PSR ging model. 8. The method of claim 7, wherein the

secepsl fepiyreemRplatepamprises 30information of the first feature
template. 9. The method of claim 1, wherein the comparing further
Conﬂj’ﬁg]égg theegrpys into a first portion of the corpus and a second portion of the

corpus randomly;

generating a temporary tagging model from the first portion of the corpus;

tagging the second portion of the corpus based on the temporary tagging model to
generate the tagging model.

7. The method of claim 6, wherein
generating the temporary tagging model further comprises:
extracting features of the first portion of the corpus based on the
first feature template; and
learning the extracted features to generate the temporary tagging
model; and
wherein tagging the second portion of the corpus based on the temporary tagging
model to generate the tagging model further comprises:
tagging the second portion of the corpus based on the temporary
tagging model to generate a tagged result;
extracting features of the tagged result based on the second feature
template; and

learning the extracted features to generate the tagging model.

8. The method of claim 7, wherein the second feature template comprises

information of the first feature template.

9. The method of claim 1, wherein the comparing further comprises:

16
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determining that one sentence of the first document is similar to the one of
the at least one second documents in the case that the text units in the

two sentences are identical. 510. The method of claim 1, wherein the step  MCSLLP

of comparing comprises: determining that one sentence of the first
document is similar to the at least one of the at least one second
documents in the case that a rate of the number of common text units in

two dsteBHEES thaRas sortentes ths il den@sBhie saik dadhe gpe of the at
1ergdpicsRincidbeashald id the chde thaetmathed At CIAIMAW0E 10xMheLeiR:

_the first document is determined to be similar to the at least one of the at

ifegtiedne second documents, when a rate of the number of the similar
sentences contained in the first document to the total sentences number
of the contained in the first document exceeds a predetermined threshold.

15 10 Tha mgthedofor didtebtimbessinilistten obtompamtas Comprsily:  a
text RxaaHan Maduie sontiduced tReentiagb RlaledertSifiomt aMst at least one of

document and at least one second documents, respectively; a

the ghienstanssenontidoeomegtiduths eigameexiniertithenyphgealsrymon text
URaoingwdrepdaband dadesrpenitha.priantes dadsbrsad e dhe tagged

results from the first document into a first plurality of units and the
ResqrierRdnRsk a5 on the tagged results from the at least one second

documents into a second plurality of units, respectively; a comparison

module configured to compare the first plurality of segmented units 25with

the L&cEREBRIPARY It ey heREY WARED Bsdrridreinethér deterpdped to be

siiaaumeThissigalantie af Inast pethheall8aRiARR SRCAMARGHIBNR.
13. The Séste,m of claim 12, further comprising: an encoding module

REHGHEG o EHB dEaRIP PR RET dhthe St P prmanty oSO HRignoes
G EF SRS &afgmcaas el yhida hasdixeddeagth predederilifcySiRRh O

claim 12, further comprising:

12. A system for detecting similarity of documents, comprising:

a text extraction module configured to extract plain texts from a first document and
at least one second documents, respectively;

a segmentation module configured to tag the extracted texts based on a tagging
model, and to segment the extracted texts based on the tagged results from the first
document into a first plurality of units and the extracted texts based on the tagged
results from the at least one second documents into a second plurality of units,
respectively;

a comparison module configured to compare the first plurality of segmented units
with the second plurality of segmented units to determine whether the first document is

similar to at least one of the at least one second documents.

13. The system of claim 12, further comprising:
an encoding module configured to encode each of the first and second plurality of

units into one or more codes, each of which has fixed length.

14. The system of claim 12, further comprising:

17
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MCSLLP  a normalization module configured to normalize the
segmented units to reduce differences of the text in expression.  15.

The system of claim 12, further comprising: 5a high-frequency word MCSLLP

removing module configured to remove words that are frequently
presented but do not have substantial meanings from the segmented
units.  16. The system of claim 12, wherein the segmentation module

furtA&CEBAIBALRE RodH s rnigurat i g u MAltre ARG ammatsb S 9 fisduce

dieskhsed A diksideaasiOtemplate;  means for tagging the first
feature collection to generate a first tagging result based on the tagging

model; means for extracting a second feature collection from the text

anditherfiestyiaeaing crswtiRaseden @ sperntfeature template; 15means
for taggin%the second feature collection to generate a second tagging

res@ BERSHIVRTAS VGG FPmgag madde cRELHE td e semmstrg e tasdre
filkageatgpibasrdand Ragingdassiisisgenakaie e fissh andseaneed units.

plurality of units.  17. The system of claim 16, further comprising:
means for generating the tagging model, which is configured to divide a

corpygs ThosastiEst pPElm aftheeeepithanebmsaaaim RRstioR afthercompSses:
randomly; to generate aéemporary ta?%ing model from the first portign of
T,

the BSAFIORRTRS RS thE SEESHY perliSRIBR O Wol e Hasa bppAdirst teature

tégfplerary tagging model so as to generating 25the tagging model.  18.
The system of claim il?;, further comprjsing:  means for storing encoded
codBS B0 BRUBAISACLS! FHERE0 SIS SRS dra0RgRIRAT Sy based
othéhatdgaisieanedzecond documents. 30  19. The system of claim 18,

wherein the means for storingd's a databﬁse system and/or othgr data .
stor@ﬁ%% &igxtractmg a second feature collection from the text and the first tagging

result based on a second feature template;
means for tagging the second feature collection to generate a second tagging result
based on the tagging model; and
means for segmenting the text based on the second tagging results to generate the

first and second plurality of units.

17. The system of claim 16, further comprising:

means for generating the tagging model, which is configured to divide a corpus
into a first portion of the corpus and a second portion of the corpus randomly; to
generate a temporary tagging model from the first portion of the corpus; and to tag the
second portion of the corpus based on the temporary tagging model so as to generating

the tagging model.

18. The system of claim 13, further comprising:
means for storing encoded codes based on sentences, phrases, and words in the

first document and the at least one second documents.

19. The system of claim 18, wherein the means for storing is a database system

and/or other data storage media.
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