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Résumé (Abstract in French) Ici, les Evangiles en version anglaise (Jean, Luc,
Matthieu, Marc) sont étudiés en fonction de leur similarité afin de donner un sens
a l'existence d’'une version commune nommée QUELLE qui les aurait influencées.
Nous adaptons les résultats existants des versions francaises aux versions
anglaises. Nous trouvons des résultats équivalents qui confirment notre réponse
positive a l'existence de QUELLE. De plus, nos résultats statistiques se révélent
rapides et efficaces dans le contexte du big data.
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1. Introduction
1.1. The aim of the paper

The study of similarity on canonical Gospels in French was conducted in
Dembélé and Lo (2015), as an application to a broader study of the similar-
ity of big and massive texts transformed in collection of minhashings, where
a modification of the Rajaraman and Ullman (2010)’s algorithm is used. In
Dembélé and Lo (2017), we can find the theoretical background beneath the
method that uses the characterization of the probability law of the exact similarity
between texts and the approximations of the similarity index that results from the
Rajaraman and Ullman (2010)’s method. The results obtained by comparing the
four gospels in French gave stunning results with approximated similarity around
50%.

However, English version Gospels are more read and used by far at a worldwide
stage. So it is logical to have the same study for them, what we will do in this
paper. Since all the methods are already fully detailed in Dembélé and Lo (2015)
and Dembélé and Lo (2017), we only need to have simple recalls and to explain
how works the algorithms. The most important part of this note are stating the
results and the comments on them for comparing gospels in both languages.

We still need to say a few words on the general topic of similarity measures, a
topic which has been studied and is still studied by researchers from a variety
of disciplines: (see e.g. Stein and Essen (2006), Gionis et al. (1999), Chen (2003)
for visual similarity, Cha(2007) for the use of density functions in similarity de-
tection, Gower and Legendre (1986) and Zezula et al. (2006) for the metric space
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approach, Strehl et al. (2000), Formica (2005) in the context of information sci-
ences, Bilenko and Mooney (2003), Theobald et al. (2008) for focus similarity on
large-web collections and (see e.g. de Franca (2014)) on the Iterative Universal
Hash Function Generator for Minhashing, and the resemblance and containment
of documents (see e.g. Broder(1997)). Now, we are going to have a simple introduc-
tion to the topic of similarity measurement.

1.2. Jacard similarity and approximation

For better explain the notion of similarity, let us consider two sets S; and S2, whose
total cardinality is n. The Jaccard similarity between S; and S, is defined by:

C#(S1NnS)
p—m = SZm(Sl7SQ). (1)

We can also compute the similarity between m subsets of S: Sy, ..., S,,,. These sets
can be represented as in Table 1, that we will call the representation matrix of
S1, ...; Sm. The similarity between two columns S;, and S, is given by :

— . 2
sim(Sh, 5t) #{i,1 <i<n,(Sin+Siuu=1)+ (Sin =S =1)} @

Elements | S; | So | ... | Su | ... | Si | ... | S

1 1 0 .. |0 1 1

2 0 0 1 .. |0 .. |0

7 1 0 1 1 1

n 0 0 .. |0 .. |0 1
Table 1. Representation matrix of S, ..., Sp,

For comparing texts, a common method is to eliminate are common words (that
are repeaded in all texts, as conjunctions and, or, articles the, a, ---) and, for
k € {3,---,6} for examples, to transform the texts into all successive subtexts of
k-letters, called k-shinglings. Interesting discussions on how to fix the value of &
are given in Dembélé and Lo (2015).

The idea of the Rajaraman and Ullman (2010)’s algorithm is the following. For
lengthy texts, Glivenko-Cantelli’s theorem of Statistics, says that we may draw
at random n; elements of S; and n, from S; and get good approximations of the
similarity index as described in tables like 1. However, this would be quite easy in
the theoretical frame. However, we study similarity indexes in the context of big
data, especially in online environments. We have the following limitations:
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1. the cardinalities of sets S; and S; are big and this make the computations
lengthy ;

2. the number of permutations of S; U S; can be extremely big and, in the course
of the computations, we have two options: either having all data in the access
memory of a computer may lead to overloading the system and make it stuck
or having the data in hard discs and opening and closing them at each reading
leads to a great consumption of time.

Let us explain the different ways of computing the exact similarity index.

(1) Exact similarity: the RAM method. We charge the sets S; and S, in the Random
Access Memory (RAM). Then we compute the similarity index.

(2) Exact similarity: the FILE method. The two files A and B are in hard drives. To
avoid to have both files in the RAM, we set a method that requires to open one file
only all along the procedure. We open File A and read the first line L;, j = 1, that
we uploaded in the RAM and close it. Next, we open the second file and compare
all the lines of File B. We add up all the cardinalities of the intersections between
L; and the line of File B and keep that sum in the RAM and close File B. At that
time none the files is open. We iterate the same procedure with L, of File A. At the
end, we get the cardinality of the whole intersection between texts A and B and
then exact similarity index. Obviously, we do not charge the RAM too much. But
as said before repeating the openings and closings lead to consuming time.

Now, we may use approximated methods described as follows.

(3) The Glinenko-Cantelli Method. We open each file separately and draw random
numbers n; and ng of line in the RAM. Next, the similarity between these sets
of lines from both files is taken as the approximated index. From the Glivenko-
Cantelli or simply the Strong Law of Large number, the average of the computed
index after a number of BB samples is close to the true similarity index. In
practice, we found that setting BB = 50 gives good results.

(4) The RUM Algorithm. That method reduces the full signature matrix by another
with a small number £ of lines. The method is based on £ minhashing functions of
the form

i+ ho(i) = Aq Xi+ By, 1< ak.

The set {1,---,n}, where n is the cardinality of the union of all sets S;. The
RU algorithm replaces the signature matrix to a matrix like in Table 3 in
Dembélé and Lo (2017), page 1202. The way of forming this reduce signature
matrix is explained in the same cited paper as well in Dembélé and Lo (2015).

It is amazing that we could set k as low as 5, 10, ..., etc, and compute the similarity
index between two columns ¢(S},) and ¢(S¢) as a good approximation of the similarity
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index between S}, and S;. The RU algorithm has been modified in the RUM for the
following reason. We depart of a signature matrix where we list all elements of the
two compared sets. So the intersection is put twice. This allows to go faster. At
the index we used the formula between the similarity indexes simRU and simRUM
from the two algorithms to find simRU.

The mathematical background and the justification of the RUM has been properly
done in Dembélé and Lo (2017), while those four methods were implemented
and applied to French versions of Gospels in Dembélé and Lo (2015). The main
conclusions were:

(1) RAM method. In the example of the four Gospels in French, the number letters
are from 55 000 to 109 000. For such sizes, it is possible to upload the files in the
RAM and the execution time is between 500s (8.5mn) and 1430s (23.88mn). We
can imagine the big time to wait for far bigger files.

(2) FILE method. In the same context, the execution times run from 24.24mn to
51.33mn. So trying to save the RAM obviously increase time consumption.

(3) Glivenko-Cantelli method. By taking samples of one thousand (10000) 3-
Shinglings and BB = 50 resamplings. We get sound approximations of the index
after 27 to 31s. By using confidence interval based on the Glivenko-Cantelli rate of
convergence, we have discrepancies of the approximation with respect to the true
index ranging from 14 to 16%.

(4) RUM algorithm. We have similar execution times. By using confidence interval
based on the Bernouilli law, we have discrepancies of the approximation with re-
spect to the true index ranging from 13.20 to 14.20% for the use of 15 minhasing
functions and from 8.90 to 10.7% for the use of 20 minhasing functions.

In conclusion, the RUM algorithm is a very good method, better than the Glivenko
method, given good approximations of the similarity index required low time
consumptions around 30s.

Here, we wish to confirm the results on the study on the similarity of French version
of Gospels when we shift to English versions.

2. English versions of Gospels

We are going to use the same theoretical frame that we described above and the
same computer package. All the tables are given in the Appendix from page 1510.

2.1. global results

The results for the similarity study of French version Gospels are very similar
when we shift to English version Gospels. This is a new argument of the existence
of the common core of the Gospel even when translated. However, when the
Matthew Gospel is concerned, we see a bigger discrepancy in the indexes in
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French and English versions. We see this in Tables 3-6.

In reading these tables, the following the abbreviations used.

(1) Time : is the time required to complete the computation of the similarity.

(2) Kc: is the number of k-shinglings of the concerned Gospel in Tables 3 and 4.

(3) deviation : is the difference in execution time between an estimation method
and the direct method (direct RAM method).

3. Comparison by pairs

The conclusion we already drew in the above subsection is more illustrated in Ta-
bles 7-12. The most significant thing that is striking is that the worse comparison
concerns Mathew and Mark Gospels and at the same time Mathew Gospel shows
the biggest drift in the comparison when passing from French to English.

4. Conclusion

The English version Gospels (John, Luke, Mathew, Mark) have been studied with
respect to their similarity in order to make sense to the existence of a common
version named QUELLE that supposedly influenced them. We adapted the existing
results in the French versions to the English versions. We find equivalent re-
sults that confirmed our positive response the existence of QUELLE. Moreover, our
statistical results are also shown to be quick and efficient in the context of big data.
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ciated editor and the members of the editorial board of the journal who helped to
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Appendix.

(A) Numbers of letters by Gospel.

| John | Luke [ Mark | Matthew
NR-E 1916 2535 1518 2457
NR-F 2534 3442 628 1319
NLBE-E | 98 179 | 133360 | 77 939 123112
NLBE-F | 96 269 | 129 458 | 76 543 149 747
NLAE-E | 74692 | 101 464 | 77 939 123112
NLAE-F | 69 316 94 766 55 555 | 108 555

Table 2. Total numbers of rows and letters of the synoptic Gospels English and
French. Abbreviations.NR: number of rows, NLBE: number of letters before editing;
NLAE: number of letters after editing; -E: English, -F:French
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(B) Exact similarity index.

Luke Mark Matthew
John | Sim= 55.9 % | Sim= 56.81% | Sim= 57.53 %
Kc= 63162 Kc= 48717 Kc=61772
Time= 642 s | Time= 508 s Time= 753 s
Luke Sim=53.95 % | Sim=72.74 %
Kc= 56504 Kc= 82498
Time= 579 s Time= 792 s
Mark Sim=57.28 %
ke= 56173
Time= 386 s

Table 3. Computation durations of the exact Jaccard similarity beetwen two

Gospels by the RAM method

Luke [ Mark Matthew

John | Sim=55.9 % | Sim= 56.81% | Sim= 57.53 %
Kc= 63162 Kc= 48717 Kc=61772

Time= 2853 s | Time= 1674 s | Time= 2398 s

Luke Sim=53.95 % | Sim=72.74 %
Kc= 56504 Kc= 82498

Time= 1938 s | Time= 2673 s

Mark Sim=57,28 %
ke= 56173

Time= 1453 s

Table 4. Computation durations of the exact Jaccard similarity beetwen two

Gospels by FILE method

\ Luke \ Mark | Matthew
John | Sim= 48.08 % | Sim=47.51 % | Sim=48.17 %
Time= 29 s Time= 28 s Time= 29 s
Luke Sim=53.18 % | Sim=54.85 %
Time= 28 s Time= 27 s
Mark Sim=52.95 %
Time= 29 s

Table 5. Glivenko-Cantelli’'s method
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Luke Mark Matthew
John Sim= 59.9 % Sim= 61.3 % Sim= 58.9 %
deviation= 11.06 | deviation= 10.13 | deviation= 10.30 s
Time= 26 s Time= 26 s Time= 26 s
Luke Sim= 62.3 % Sim= 57.6 %
deviation= 10.91 deviation= 10.64
Time= 27 s Time= 25 s
Mark Sim= 63.4 %
deviation= 10.97
Time= 27 s

Table 6. Outputs by RUM’s algorithm for pp = 20 minhashing functions

(C) Comparison of similarity indexes in French and English versions.

| John-Luke in English | John-Luke in French

Exact similarity by direct method Sim= 55.9 % Sim= 57.62 %
Time= 642 s Time= 755 s
Exact similarity by file method Sim= 55.9 % Sim= 57.62 %
Time= 2853 s Time= 2312 s
Approximated similarity by GC Sim= 48.08 % Sim= 47.50 %
Time =29 s Time= 20 s
Approximated similarity by RUM Sim= 66 % Sim=60 %
deviation= 17.08 % deviation= 20.76 %
Time= 17 s Time= 26 s

Table 7. Comparison between the John and Luke Gospels both in French and

English versions

| John-Mark in English | John-Mark in French

Exact similarity by direct method Sim= 56.81 % Sim= 57.53 %
Time= 508 s Time= 816 s
Exact similarity by file method Sim= 56.81 % Sim= 57.53 %
Time= 1674 s Time= 1376 s
Approximated similarity by GC Sim= 47.51 % Sim= 46.46 %
Time = 28 s Time= 34 s
Approximated similarity by RUM Sim= 65.6 % Sim=58 %
deviation= 23.17 % deviation=22.1 %
Time= 18 s Time= 25 s

Table 8. Comparison between the John and Mark Gospels both in French and

English versions
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| John-Matthew in English | John-Matthew in French

Exact similarity by direct method Sim= 57.53 % Sim= 51 %
Time= 753 s Time= 510 s
Exact similarity by file method Sim= 57.53 % Sim= 51 %
Time= 2398 s Time= 3021 s
Approximated similarity by GC Sim= 48.17 % Sim= 46.04 %
Time =29 s Time= 29 s
Approximated similarity by RUM Sim= 64.4 % Sim=59.2 %
deviation= 20.50 % deviation= 20.38 %
Time= 18 s Time= 22 s

Table 9. Comparison between the John and Matthew Gospels both in French and

English versions

| Luke-Mark in English | Luke-Mark in French |

Exact similarity by direct method Sim= 53.95 % Sim= 54.12 %
Time= 579 s Time= 640 s

Exact similarity by file method Sim= 53.95 % Sim= 54.12 %

Time= 1938 s Time= 3080 s

Approximated similarity by GC Sim= 53.18 % Sim= 50.79 %
Time =28 s Time= 19 s

Approximated similarity by RUM Sim= 61.2 % Sim= 56.4 %

deviation= 22.05 % deviation= 19.87 %

Time= 18 s Time= 22 s

Table 10. Comparison between the Luke and Mark Gospels both in French and

English versions
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| Luke-Matthew in English | Luke-Matthew in French

Exact similarity by direct method

Sim= 72.74 %

Sim= 69.55 %

Time= 792 s Time= 1430 s
Exact similarity by file method Sim= 72.74 % Sim= 69.55 %
Time= 2673 s Time= 1457 s
Approximated similarity by GC Sim= 54.85 % Sim= 50.26 %
Time =27 s Time= 22 s
Approximated similarity by RUM Sim= 68.4 % Sim=63.2 %
deviation= 21.57 % deviation= 22.03 %
Time= 21 s Time= 22 s

Table 11. Comparison between the Luke and Matthew Gospels both in French and

English versions

| Mark-Matthew in English | Mark-Matthew in French

Exact similarity by direct method

Sim= 57.28 %

Sim= 48.74 %

Time= 386 s Time= 508 s
Exact similarity by file method Sim= 57.28 % Sim= 48.74 %
Time= 1453 s Time= 1552 s
Approximated similarity by GC Sim= 52.95 % Sim= 52.28 %
Time =29 s Time= 27 s
Approximated similarity by RUM Sim= 62.4 % Sim= 59.2 %
deviation=21.29 % deviation= 22.38 %
Time= 18 s Time= 27 s

Table 12. Comparison between the Mark and Matthew Gospels both in French and

English versions
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Important updates.

1. We used the algorithm in Rajaraman and Ullman (2010), authored by Anand
Rajaraman, Jeffrey D. Ullman, (Subsubsection 3.3.4, page 65). This explains why
we refer to it as Rajaraman-Ullman algorithm (RU). Meanwhile, an other version
of the book including Jure Leskovec as a third author (Leskovec et al. (2011))
has been released. The same algorithm is given in page 83. So, we still keep the
acronym (RU) for the algorithm.

2. In Dembélé and Lo (2015), the authors have forgetten to defined kc, found in
the tables, as the number of shinglings for each gospel. As well the used Ecart
rather than deviation to mean the discrepancy between the exact similarity and
the approximated similarity.
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