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1-gram distance

FA(w): absolute frequency of 1-gram w in text A

for texts A, B of equal length N:

d1(A,B) =

∑
w∈A◦B |FA(w)− FB(w)|

2N

adjustments needed when texts do not have equal length

(scaling)

bag-of-words model

or bag-of-n-grams model (n = 1, 2, 3, 4) for instance for
BLEU distance

want to match longer n-grams
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Our distance

Let A = (a1, a2, . . . , aNA
) and B = (b1, b2, . . . , bNB

) be texts

Write δi ,j = [ if ai = bj then 0 else 1 ]

(word match indicator)

position match:

dpm(i , j) = δi ,j + λδi+1,j+1 + λ2δi+2,j+2 + λ3δi+3,j+3 + · · ·

λ: discounting factor, 0 ≤ λ < 1

“try to match n-grams for n as high as possible, but don’t be
too sad if very long phrases don’t match”

(for λ = 0, this is 1-gram matching!)

(matches outside the texts’ lengths automatically score
value1)

Fahrenberg et.al. Measuring Global Similarity between Texts



Fake papers Distances Implementation Experiment 1 Experiment 2 Conclusion

Example

text A = “the quick fox jumps over the lazy dog”

text B = “the lazy fox”

λ = .8; values scaled by 1− λ

the quick fox jumps over the lazy dog

the 0.67 1.00 1.00 1.00 1.00 0.64 1.00 1.00
lazy 1.00 0.84 1.00 1.00 1.00 1.00 0.80 1.00
fox 1.00 1.00 0.80 1.00 1.00 1.00 1.00 1.00
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Our distance, contd.

Let A = (a1, a2, . . . , aNA
) and B = (b1, b2, . . . , bNB

) be texts

Write δi ,j = [ if ai = bj then 0 else 1 ]

position match:

dpm(i , j) = δi ,j + λδi+1,j+1 + λ2δi+2,j+2 + λ3δi+3,j+3 + · · ·

λ: discounting factor, 0 ≤ λ < 1

global distance:

d3(A,B) =
1− λ
NA

NA∑
i=1

min
j=1,...,NB

dpm(i , j)

find best possible match for each position in A, average, and
scale

and symmetrize: d4(A,B) = max(d3(A,B), d3(B,A))
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Implementation

Backwards computation:

s c a l i n g = 1/(1− d i s c o u n t ) ;
f o r ( i =0; i<t e x t 1 s i z e +1; i++ ) {

d i s t [ i ] [ t e x t 2 s i z e ] = s c a l i n g ;
}
f o r ( j =0; j<t e x t 2 s i z e ; j++ ) {

d i s t [ t e x t 1 s i z e ] [ j ] = s c a l i n g ;
}
f o r ( i=t e x t 1 s i z e −1; i >−1; i−− ) {

f o r ( j=t e x t 2 s i z e −1; j >−1; j−− ) {
d i s t [ i ] [ j ] = compare ( t e x t 1 [ i ] , t e x t 2 [ j ] )

+ d i s c o u n t ∗ d i s t [ i +1] [ j +1] ;
}

}

Fahrenberg et.al. Measuring Global Similarity between Texts



Fake papers Distances Implementation Experiment 1 Experiment 2 Conclusion

Fahrenberg et.al. Measuring Global Similarity between Texts



Fake papers Distances Implementation Experiment 1 Experiment 2 Conclusion

Experiment 1

42 genuine scientific papers, all about modeling and
verification

8 SciGen papers

nice and clear separation; gets better with higher discounting
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λ = .1
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λ = .2
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λ = .3
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λ = .4
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λ = .5

V
28

V
31

V
30

V
45 V

43
V

46
V

29
V

44
V

21
V

2
V

22
V

38
V

40
V

50 V
37

V
42

V
26

V
32

V
39

V
48

V
16

V
20

V
13

V
5

V
4

V
6

V
36

V
27

V
34

V
47

V
24

V
25

V
18

V
19

V
14

V
49

V
15

V
9

V
11

V
10

V
35

V
41

V
1

V
23

V
3

V
17

V
8

V
33

V
7

V
12

0.
40

0.
45

0.
50

0.
55

0.
60

Cluster Dendrogram

hclust (*, "average")
m5

H
ei

gh
t

Fahrenberg et.al. Measuring Global Similarity between Texts



Fake papers Distances Implementation Experiment 1 Experiment 2 Conclusion

λ = .6
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λ = .7
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λ = .8
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λ = .9
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λ = .95
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paper 8: Nicolas Basset and Eugene Asarin. Thin and thick
timed regular languages. FORMATS, 2011

paper 33: Eugene Asarin and Aldric Degorre. Volume and
entropy of regular timed languages. HAL, 2009
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Experiment 2

97 arxiv papers (search with author = “Smith”)

50 SciGen papers (modified SciGen to generate longer papers)

50 automogensen papers

simple 3-place Markov chain text generator
fed with the genuine corpus from Experiment 1 (length
247,000; 14,000 unique words)

not so clear separation with average clustering

arxiv papers have wildly varying distances; disturb

clear separation with Ward clustering
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red = automogensen

Ward clustering

λ = .95

0
1

2
3

4
5

Cluster Dendrogram

hclust (*, "ward")
m95

H
ei

gh
t

°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°−−**************************************************−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Fahrenberg et.al. Measuring Global Similarity between Texts



Fake papers Distances Implementation Experiment 1 Experiment 2 Conclusion

Conclusion

new intertextual distance which can measure differences in
n-grams for all n simultaneously

experiments show good separation of fake and genuine
scientific papers

more experiments needed, also on other types of papers

need thorough comparison with state of the art

Future work:

WordNet integration

discounted edit distance (swaps and deletions)
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