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Ìîòèâàöèÿ

Ïðîáëåìà

Ñóùåñòâóåò çàçîð â áûñòðîäåéñòâèè è êà÷åñòâå ìåæäó ÷åòêèì
ïîèñêîì è ñåìàíòè÷åñêèìè(êîíòåêñòíûìè) ìîäåëÿìè.

Öåëü ðàáîòû

Ïðîìåæóòî÷íûé àëãîðèòì ìåæäó àëãîðèòìàìè ðåøåíèÿ
çàäà÷è ïàðàôðàçà è ÷åòêèì ïîèñêîì öèòàò.

Àëãîðèòì, òðåáóþùèé ìàëóþ âû÷èñëèòåëüíóþ ìîùíîñòü.

Àëãîðèòì, äåìîíñòðèðóþùèé àäåêâàòíîå çíà÷åíèå
êà÷åñòâà ïîèñêà çàèìñòâîâàíèé.

Ä.À. Àíèêååâ 2 / 19



Èñïîëüçóåìàÿ ìîäåëü
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Ïîñòàíîâêà çàäà÷è ÷åòêîãî ïîèñêà

Òåðìèíîëîãèÿ

Íàçîâåì Ω = [ω1, · · · , ωn] - èñõîäíûì äîêóìåíòîì, à
S = [s1, · · · , sm] - èñòî÷íèêîì. si , ωi ∈ Σ.
Íàçîâåì Dup : N3 → {0, 1} òàêóþ, ÷òî

Dup(l1, l2, length) = 1⇔ ∀j ∈ [0, length − 1] ωl1+j = sl2+j

maxDup : N3 → {0, 1}

maxDup(l1, l2, length) = 1⇔


Dup(l1, l2, length + 1) = 0

Dup(l1, l2, length) = 1

Dup(l1 − 1, l2 − 1, length + 1) = 0

Çàäà÷à

Íàéòè (max)Dup−1(1) ∩ {length ≥ lengthmin}
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Íå÷åòêèé ïîèñê öèòàò

Ôîðìàëüíàÿ ïîñòàíîâêà çàäà÷è

Äàíà ôóíêöèÿ ðàññòîÿíèÿ ρ(q, r) : Σ∗ 7→ R .
fuzzyDup(l1, l2, length1, length2) = 1⇔
ρ(ω[l1,l1+length1], s[l2,l2+length2]) ≤ ε.︸ ︷︷ ︸

Âíåøíèé êðèòåðèé

maxfuzzyDup(l1, l2, length1, length2) = 1⇔
{
Dup(l1, l2, length) = 1

Íåëüçÿ ðàñøèðèòü ñòðîêó äî äðóãîé íå÷åòêîé ïîäöèòàòû

Çàäà÷à

Íàéòè (max)FuzzyDup)−1(1) ∩ {length1 > minlength}
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Áàçîâûé àëãîðèòì

Dong Kyue Kim, Minhwan Kim, Heejin Park. Linearized Su�x

Tree. Algorithmica, 2007.
Mohamed Ibrahim Abouelhoda, Stefan Kurtz,Enno Ohlebusch.
Replacing su�x trees with enhanced su�x arrays Journal of

Discrete Algorithms, 2004.
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Ïðåäëîæåííûé àëãîðèòì

Àëãîðèòì

Ôàçà 1 Îïðåäåëåíèå êîðîòêèõ ÷åòêèõ öèòàò.

Ôàçà 2 Ïðîöåäóðà ðàñïðîñòðàíåíèÿ ÷åòêèõ öèòàò.

Ïîñòîáðàáîòêà Ñêëåéêà öèòàò.

Âû÷èñëåíèå ðàññòîÿíèé Ëåâåíøòåéíà

ρ(m, n) = min


ρ(m − 1, n) + 1

ρ(m, n − 1) + 1

ρ(m − 1, n − 1) + (int)(doc[m]! = doc[n])
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Ôàçà 1
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Ðàñïðîñòðàíåíèå öèòàòû

Ðàññòîÿíèå Ëåâåíøòåéíà

Ðàññòîÿíèå Ëåâåíøòåéíà � ìèíèìàëüíîå íåîáõîäèìîå
êîëè÷åñòâî çàìåí/óäàëåíèé/âñòàâîê äëÿ ïðèâåäåíèÿ îäíîé
ñòðîêè ê äðóãîé.

D(i, j) =



i, j = 0

j, i = 0

min{
D(i, j − 1) + 1

D(i − 1, j) + 1 èíà÷å

D(i, j) + (int)(doc[i ]! = src[j])

},

Ðèñ.: Äåìîíñòðàöèÿ âû÷èñëåíèÿ ðàññòîÿíèÿ Ëåâåíøòåéíà íà

îòñå÷åíèè Óêêîíåíà.
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Çàäà÷à ïîèñêà îïòèìàëüíûõ ïàðàìåòðîâ ìîäåëè

PlagEvalRus

Åñòü âûáîðêà D =
{
{doci , srci} → {List <Dups>TrueDupsi}

}
Çàäàíî îòîáðàæåíèå Quality(DupList,TrueList) :
List<Dups>2 7→ [0, 1], âû÷èñëÿþùåå áëèçîñòü ðàçìåòîê
äîêóìåíòîâ ñ ïîìîùüþ ìèêðî-óñðåäíåííîé òî÷íîñòè, ïîëíîòû,
è äð.

Potthast M., Stein B., Barron-Cedeno A., Paolo R. An Evaluation

Framework for Plagiarism Detection 23rd International

Conference on Computational Linguistics, COLING 2010.

Çàäà÷à îïòèìèçàöèè

Äàí ïàðàìåòðèçîâàííûé àëãîðèòì A(w) : (Σ∗)2 7→ List<Dups>
Íåîáõîäèìî ðåøèòü çàäà÷ó
ŵ = arg max

w

∑
i∈[1,|D|]

1
|D|Quality(A(w , doci , srci ),D(doci , srci ))
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Ïàðàìåòðû àëãîðèòìà

×èñëà

MinCiteLength

LIMIT

EXPAND

GLUE

Ïðîöåäóðû

Ñêëåéêà

Ëåììàòèçàöèÿ

Ñòîï-ñëîâà

Èñïðàâëåíèå îïå÷àòîê
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PlagEvalRus

Ãðóïïà Çàèìñòâîâàíèÿ

gen copy(4250 ïàð) Äîñëîâíûå

gen par(4250 ïàð) Ñëàáî è ñðåäíå ìîäèôèöèðîâàííûå

man par (713 ïàð) Âñå âèäû çàèìñòâîâàíèé

man par2 (198 ïàð) Ñðåäíå è ñèëüíî ìîäèôèöèðîâàííûå

Ìåòðèêè êà÷åñòâà: Precision, Recall, Granularity, PlagDet.

PlagDet =
F1

ln2(1 + Granularity)

Ä.À. Àíèêååâ 12 / 19



Ôóíêöèîíàë êà÷åñòâà

Qprec =

|
⋃

i ,j ,i ′,j ′
(Dupsi ,j u TDi ′,j ′)|

|
⋃
i ′,j ′

TDi ′,j ′ |

Qrecall =

|
⋃

i ,j ,i ′,j ′
(Dupsi ,j u TDi ′,j ′)|

|
⋃
i ,j
Dupsi ,j |

Ãðàíóëÿðíîñòü ðàçìåòêè äîêóìåíòîâ

gran(Dups,TD) =
1

|DupsTD |
∑

dup∈DupsTD

|TDdup|,

ãäå DupsTD = {Dupsj ∈ Dups : ∃j ′ : TD ′j ∩ Dupsj 6= ∅}, à
TDdup = {td ∈ TD : td ∩ dup 6= ∅}.
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Òàá. 1. Îïòèìàëüíûå ïàðàìåòðû ìîäåëè

Ïàðàìåòð Manually_Paraphrased Manually_Paraphrased 2

MinCiteLength 5 4
LIMIT 5 6
EXPAND 2 1
GLUE 16 23

Òàá. 2. Êà÷åñòâî ìîäåëè íå÷åòêîãî ïîèñêà íà ðàçëè÷íûõ
êîëëåêöèÿõ

Ìåòðèêà Gen_Copy Gen_Para Man_Para Man_Para 2

Precision 0.932 0.983 0.936 0.854
Recall 0.997 0.967 0.905 0.586
Granularity 1.001 1.001 1.008 1.013
PlagDet 0.961 0.780 0.922 0.551
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Âëèÿíèå ïàðàìåòðîâ ìîäåëè íà ðàñïîçíàâàíèå
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Ðèñ.: Çàâèñèìîñòü êà÷åñòâà îáíàðóæåíèÿ çàèìñòâîâàíèé îò

ïàðàìåòðîâ ìîäåëè
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Âëèÿíèå ïàðàìåòðîâ ìîäåëè íà ðàñïîçíàâàíèå
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Êà÷åñòâî è áûñòðîäåéñòâèå àëãîðèòìîâ
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Ðèñ.: Ñðàâíåíèå êà÷åñòâà è áûñòðîäåéñòâèÿ ìîäåëåé
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Âèäû çàèìñòâîâàíèé manually Paraphrased

Par Type SfxArray FuzzySearch ParplagDet

Type Recall Granularity Recall Recall

CPY 98,6 13,1 99,5 95,6

ADD 61,1 9,57 96,4 93,9

DEL 63,6 10,9 95,9 93,7

CCT 88,2 17,0 98,8 96,6

SSP 87,2 19,4 98,5 96,8

LPR 35,6 7,67 94,1 94,2

HPR 11,5 6,24 62,3 78,6

Çàâèñèìîñòü ïîëíîòû îò òèïà çàèìñòâîâàíèÿ.

Hamza Osman A., Salim N., Salem M., Alteeb R., Abuobieda A.

An Improved Plagiarism Detection Scheme Based On

Semantic Role Labeling // Applied Soft Computing, 2012.
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Âûâîäû

Íå÷åòêèé ïîèñê ïîêàçûâàåò îæèäàåìîå êà÷åñòâî
ðàñïîçíàâàíèÿ çàèìñòâîâàíèé ñ íåáîëüøèìè è ñðåäíåìè
ìîäèôèêàöèÿìè, çíà÷èòåëüíî âûøå ñóôôèêñíîãî ìàññèâà,
îäíàêî óñòóïàåò ðåøåíèÿì çàäà÷è ïîèñêà ïàðàôðàçà íà
êîëëåêöèè ñ ñèëüíûìè ìîäèôèêàöèÿìè.

Àëãîðèòì íå÷åòêîãî ïîèñêà ñðàâíèì ïî áûñòðîäåéñòâèþ ñ
ñóôôèêñíûì ìàññèâîì. Àññèìïòîòè÷åñêàÿ ñëîæíîñòü
O(|doc|+ |src |+

∑
j |dupj |).

Îïòèìàëüíûå ïàðàìåòðû àëãîðèòìà ïîçâîëÿþò ïîäíÿòü
PlagDet Score ïðèìåðíî íà 15% ïî ñðàâíåíèþ ñ
ìàëîàäåêâàòíûìè.
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