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Abstract

The attribution of the Chinese translations of the Madhyama-agama
(Fff&4%, T 26) and the Ekottarika-agama (34—&4%, T 125) is de-
bated, with uncertainty as to whether the translatorship of the Ekottarika-
dagama should also be credited to Gautama Sanghadeva, the transla-
tor of the Madhyama-agama. The present article offers a quantitative
textual analysis of these two collections, to complement the picture that
emerges from traditional philological research.

We took the digitised text of the Madhyama-agama and the Ekottarika-
agama from the CBETA corpus, removed all punctuation marks, and
tokenized the texts into grams with the help of an n-gram extraction
algorithm. We then selected the grams appearing in a significant num-
ber of documents and calculated the frequency of these grams to iden-
tify variations between T 26 and T 125. This involves PCA (Principal
Component Analysis), a statistical procedure that transforms a number
of possibly correlated variables into a smaller number of uncorrelated
variables called ‘principal components’. With a small number of com-
ponents, it is easier to quantify the variations between documents.

The PCA results already convey a fairly strong impression that
the translation style of the Madhyama-agama and the Ekottarika-
agama are quite different from each other. To provide fuller evidence
in support of this conclusion, the results of the PCA were further
examined with a view to identifying the key phrases that cause the
Madhyama-dagama and the Ekottarika-dgama to behave so differ-
ently. A comparison of these key phrases indicates that these do
reflect different translation styles; the variations do not seem to be
merely due to differences of content. Therefore, it seems justified to
draw the conclusion that the translations of the Madhyama-agama
and the Ekottarika-agama do not stem from the same translator, but
are the products of different translators at work.
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Introduction

The present article offers a quantitative textual analysis of the Chi-
nese translations of the Madhyama-agama (Thf&4%, T 26) and the
Ekottarika-agama (34—&4%, T 125). As discussed in more detail
in Radich and Analayo’s contribution (2017), the translatorship at-
tribution in the case of these two collections is debated, with uncer-
tainty as to whether the translation of the Ekottarika-agama should also
be credited to Gautama Sanghadeva, the translator of the Madhyama-
agama.!

I. Quantitative Analysis Procedure

To test the translatorship attribution, the digitized text of the Madhyama-
agama (T 26) and the Ekottarika-agama (T 125) as found in the 2014
version of the CBETA corpus in TEI/XML format were transformed
into plain text, the appendices and footnotes were removed, and the
following procedure was applied to prepare the data for analysis.>

1. For performing the statistical analysis, fascicles were used as the
basic unit. In this way, each fascicle in T 26 and T 125 was treated
as an independent document, as a result of which the T 26 group con-
sists of 60 samples, whereas the T 125 group consists of 51 samples.
2. All punctuation marks were removed, whereby the text became
one long string of (Chinese) characters.

' As discussed by Analayo in Radich and Analayo 2017: 218, in the case
of the Madhyama-agama it seems safe to conclude that the one in the
translation team responsible for the choice of translation terminology
would have been Sanghadeva himself.

A count of the text file transformed from the XML source files in
CBETA 2014 DVD results in 518,058 characters (without punctuation)
in T 26 and 364,092 characters (without punctuation) in T 125.
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3. With the help of an n-gram extraction algorithm the texts were
tokenized into grams.® These grams then were the basis for calculat-
ing style features.

4. In order to generate better feature sets for analysis, at first all pos-
sible grams from the texts were generated (instead of using fixed-
length grams), i.e., all bi-grams, tri-grams, quad-grams and so on up
to the longest possible n-gram. Then all non-significant grams were
removed from the feature set. The significance of a gram is based on
deciding on a specific number of documents,* referred to as ‘D’,
within which a gram must appear as a threshold to merit inclusion in
the feature set.

I1. Principal Component Analysis

Once the feature set had been generated, the frequency of the grams
of the feature set in the altogether 111 fascicles (60 fascicles of T 26
plus 51 fascicles of T 125) could be calculated and further examined
to identify variations between T 26 and T 125. This involves PCA
(Principal Component Analysis), a statistical procedure that trans-
forms a number of possibly correlated variables into a smaller num-
ber of uncorrelated variables called principal components. With a
small number of components, it is easier to quantify the variations
between documents.

It is important to keep in mind that the PCA analysis is based on
what could be called ‘unsupervised learning’, in that we do not in-
struct the program as to which characteristics we are looking for or

Here a ‘gram’ indicates a sequence of consecutive Chinese characters, for
example: 172 is a 2-gram, and —H¥{f{F is a 4-gram. A gram does not
always have a complete meaning; in some cases it could just be part of a
meaningful word.

Here a document means a single fascicle.
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expecting to be singled out. Instead, the program itself will offer ‘ran-
dom’ results, relations between items with certain features represented
on a bi-dimensional diagram. Such a relational model of analysis
does end up highlighting the relationship between points, but this is
not due to an input on our sides regarding what we expect to find. In
short, the procedure is not deduction-based and is un-directed.

II.1 PCA Results and Discussions

This section presents the PCA analysis results of the 111 fascicles in
the Madhyama-dagama and Ekottarika-agama groups. To obtain best
results, analyses with different values of D were performed. This
serves to avoid using highly content-dependent grams as stylistic
measurements in the analysis.’ As the value of D increases, the algo-
rithm will choose only those grams that appear in a large number of
different documents for stylistic measurements. This will reduce the
probability of including content-dependent grams in the feature set.
However, a problem here is that the increase of D also raises the
possibility of excluding some important stylistic features that appear
only in a relatively small number of documents from the entire fea-
ture set. In order to avoid unduly influencing the results through a
particular setting of D, a progressive analysis series with different
settings of D seems an ideal solution. Thus, to begin with, D was set
at a value of 20, about 18% of the total number of documents. Then
the value of D was increased in steps of 20 until it reached 100, with
a final analysis done with D set at the maximum of 111, correspond-
ing to the total number of fascicles of the two texts compared.

> For an illustration and discussion of the problem that can arise because

of the influence of content-related grams cf. Hung 2014.
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I1.1.1 PCA Analysis with D Set to 20

Figures 1 illustrates the first and second principle components gen-
erated by the PCA analysis with D set to 20. In this chart, black trian-
gular symbols (A) represent the documents from the Madhyama-
agama group (T 26) and hollow circles (©) represent the documents
from the Ekottarika-agama group (T 125).

Figure 1. PCA Result with D = 20
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Figure 1 shows the analysis result with the value of D set to 20,
which means that the set of stylometric measurements only contains
grams that appear in more than 20 documents. The figure clearly
shows that the two groups are in very different places compared to
each other. Most of the Madhyama-agama points, with only one
exception, are located to the left side of the origin, whereas all of the
Ekottarika-agama points lie to the right side of the origin. Moreover,
the two groups do not overlap on the component 1.



184 - RESEARCH ON THE MADHYAMA-AGAMA

Already this first analysis conveys a fairly strong impression that
the translation style of the Madhyama-agama and the Ekottarika-
dagama are quite different from each other.

I1.1.2 PCA Analyses with D Set to 40 and 60

The next step involved raising the value of D to 40 and 60, in order to
observe whether this results in a different behaviour of the researched
texts. Figures 2 and 3 show that the results of PCA analyses with D set
to 40 and 60 exhibit the same trends as shown in figure 1 when the
value of D was set to 20. The points of the Madhyama-dgama and the
Ekottarika-agama continue to be located on different sides of the x-axis
in distinct clusters. In this way, their grouping behaviour continues to
be very clear even when the value of D is raised from 20 to 40 and 60.

This further confirms the impression that the translation styles of
the two collections is different.

Figure 2. PCA Result with D = 40
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Figure 3. PCA Result with D = 60
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I1.1.3 PCA Analyses with D Set to 80, 100 and 111

To check the analysis result when the document threshold is set to a
very high value, the value of D was increased to 80, then to 100 and
finally to 111. The following figures 4, 5 and 6 show the results of
the corresponding PCA analyses. Compared to the results evident in
figures 1 to 3, it is noticeable that the points of the Madhyama-agama
texts move from the right-hand side of the coordinate plane to the
top part; whereas the points of the Ekottarika-adgama texts move
from the left-hand side to the bottom. The reason for this change
would be due to the fact that the values of D in the three analyses are
larger than the number of actual documents in each of the two
groups: the Madhyama-dagama has 60 and the Ekottarika-agama 51
documents (= fascicles). Therefore grams that are only used in one
group but never occur in another group will no longer function as
stylometric measurements, as they do not reach the threshold of D.
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As a result, the difference between the Madhyama-dagama and the
Ekottarika-agama texts will inevitably be reduced and the location
of points can also be subject to change.

As evident in figures 4, 5 and 6, the expectation that due to the in-
crease in D the distance between the two groups decreases is con-
firmed. Nevertheless, even when the threshold is set at such a high
value, still the Madhyama-agama and the Ekottarika-agama texts are
grouped in different locations in the coordinate plane. Even when the
value of D is raised to 100, only few overlaps occur. Moreover, when
D is raised to the absolute possible maximum of 111, which means
that only those grams that occur in every single fascicles of the
Madhyama-agama and the Ekottarika-agama will be used, still these
two groups do not show much overlap with each other.

This clearly confirms that the translation phrases employed in the
Madhyama-dagama and the Ekottarika-agama are very different from
each other.

Figure 4. PCA Result with D =80
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Figure 5. PCA Result with D =100
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Figure 6. PCA Result with D =111
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I.2 Summary of PCA Analysis

From the above analyses it can confidently be concluded that the
translation styles of the Madhyama-agama and the Ekottarika-agama
are substantially different from each other, although both clearly
belong to the same genre of scripture and their Indic originals can
safely be assumed to have had considerable terminological overlap.
It seems highly improbable that the Madhyama-dgama and the
Ekottarika-agama could be from the same translator.

In order to provide the full evidence to support this conclusion, in
what follows the result of the PCA analysis are further examined
with a view to identifying the key phrases that cause the Madhyama-
agama and the Ekottarika-dgama to behave so differently.

I.3 Gram Analysis of the PCA Results

By way of further defining the difference between the Ekottarika-
agama group and the Madhyama-agama group, we examined the
grams that are only used in one of the two collections. As the above
analysis results show, right from the outset with D set to 20 the
points corresponding to the Madhyama-dgama and the Ekottarika-
agama respectively are located differently. This is already signifi-
cant, since with D set to a lower value more grams will be selected,
which means that more information will be processed compared to
when D is set to a higher value. Therefore, in what follows we take
the PCA result with D set to 20 as the basis for examining the signif-
icant and distinctive features of the Ekottarika-agama group and of
the Madhyama-agama groups.

Table 1 lists the grams only found in the Ekottarika-agama group.
The first two columns give the gram, followed by the number of
matches of the gram in the Ekottarika-agama groups. The next col-
umn, ‘Average Matches per Fascicles in EA’, presents the results of
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dividing the number of matches given in the previous column by the
number of fascicles in the whole Ekottarika-agama, which is 51.
The last column, ‘Average Matches per Characters in EA’, then presents
the results of dividing the same number of matches by the number of
characters in the whole Ekottarika-dgama, which is 364,092.

Table 2 proceeds in the same way, this time instead taking up the
grams only found in the Madhyama-agama group. In this case, then,
‘Average Matches per Fascicle in MA” are the results of dividing the
number of matches by the number of fascicles in the whole Madhyama-
agama, which in this case is 60, and ‘Average Matches per Charac-
ter in EA’ gives the results of dividing the same number of matches
by the number of characters in the whole Madhyama-dagama, which
is 518,058.

Table 1. Grams that Appear in More than 20 Fascicles of the
Ekottarika-agama but Are Never Used in the Madhyama-agama

Average Average
Phrase Matches in EA | Matches per Matches per
Fascicle in EA | Character in EA
IR K 483 9.47 0.0013
B Ahod - pridh i 441 8.65 0.0012
£ 41 411 8.06 0.0011
AL T ) 377 7.39 0.0010
6 2 241 4.73 0.0007
v E g 191 3.75 0.0005
[ESs 174 3.41 0.0005
g ot 1B 168 3.29 0.0005
B¥ia7) 150 2.94 0.0004
g7 130 2.55 0.0004
Z 5 125 2.45 0.0003
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Average Average
Phrase Matches in EA | Matches per Matches per
Fascicle in EA | Character in EA
A A 112 2.20 0.0003
BRES 108 2.12 0.0003
Eagr ey 105 2.06 0.0003
jr 8 98 1.92 0.0003
IR 96 1.88 0.0003
N S| 94 1.84 0.0003
(: SN At 91 1.78 0.0002
LB e 91 1.78 0.0002
2_ g _p* 89 1.75 0.0002
e 85 1.67 0.0002
4o A2 83 1.63 0.0002
¥a 4 83 1.63 0.0002
e 82 1.61 0.0002
PEELESRN 80 1.57 0.0002
o A 79 1.55 0.0002
d A 78 1.53 0.0002
i¥m 3 76 0.92 0.0001
k2 EEL R 74 1.45 0.0002
e 78 % 73 1.43 0.0002
AP 70 1.37 0.0002
ARz 65 1.27 0.0002
5oy # 63 1.24 0.0002
2 4Y 63 1.24 0.0002
ELTHEZ P |63 1.24 0.0002
[CRER LS 62 1.22 0.0002
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Average Average
Phrase Matches in EA | Matches per Matches per

Fascicle in EA | Character in EA
Fiwe 62 1.22 0.0002
Lt F s 58 1.14 0.0002
doib g 54 1.06 0.0001
8 54 1.06 0.0001
[0 54 1.06 0.0001
e i 54 1.06 0.0001
IS5 53 1.04 0.0001
€2 51 1.00 0.0001
% JE g 50 0.98 0.0001
= EAE 48 0.94 0.0001
fipFa 47 0.92 0.0001
Z {7 46 0.90 0.0001
B 46 0.90 0.0001
il 44 0.86 0.0001
B A 44 0.86 0.0001
ik 42 0.82 0.0001
=[P R g 41 0.80 0.0001
ER.2or 40 0.78 0.0001
fo4 2 58 40 0.78 0.0001
g 39 0.76 0.0001
ZEF 36 0.71 < 0.0001
A g 36 0.71 <0.0001
B 2 s 35 0.69 <0.0001
rRE I 5 ) 35 0.69 < 0.0001
#3 A B 34 0.67 <0.0001
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Average Average
Phrase Matches in EA | Matches per Matches per

Fascicle in EA | Character in EA
SR N S 33 0.65 <0.0001
LA 33 0.65 <0.0001

Table 2. Grams that Appear in More than 20 Fascicles of the
Madhyama-agama but Are Never Used in the Ekottarika-agama

Average Average
Phrase Matches in MA | Matches per | Matches per
Fascicle in MA | Character in MA

= peF 481 8.02 0.0009
v g 248 4.13 0.0005
AN hed - R | 216 3.60 0.0004
PSS 206 3.43 0.0004
h 2o g 201 3.35 0.0004
I 182 3.03 0.0004
B RE T 180 3.00 0.0003
wERE 165 2.75 0.0003
- H 163 2.72 0.0003
Ly 162 2.70 0.0003
e 155 2.58 0.0003
EE 155 2.58 0.0003
- 147 2.45 0.0003
AR 145 242 0.0003
FE R 142 2.37 0.0003
- 138 2.30 0.0003

138 2.30 0.0003
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Average Average
Phrase Matches in MA | Matches per | Matches per
Fascicle in MA | Character in MA

& 136 2.27 0.0003
L EEw 136 2.27 0.0003
4o § s 134 2.23 0.0003
Wis 132 2.20 0.0003
A 132 2.20 0.0003
EWE L3 S N 128 2.13 0.0002
#£E L 124 2.07 0.0002
REEL 124 2.07 0.0002
A 123 2.05 0.0002
7 % B 115 1.92 0.0002
FEp 115 1.92 0.0002
B 113 1.88 0.0002
EALY- 112 1.87 0.0002
PLRF 112 1.87 0.0002
HERSHEERE 111 1.85 0.0002
b} <Rt 107 1.78 0.0002
pArp 102 1.70 0.0002
bt 5 B | 101 1.68 0.0002
Fl e 99 1.65 0.0002
I Bl B ke 93 1.55 0.0002
£ ¥ 89 1.48 0.0002
EE A 89 1.48 0.0002
S 85 1.42 0.0002
2 L 84 1.40 0.0002

82 1.37 0.0002

BT S R
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Average Average
Phrase Matches in MA | Matches per | Matches per

Fascicle in MA | Character in MA
428 81 1.35 0.0002
Nk 81 1.35 0.0002
- 79 1.32 0.0002
T 79 1.32 0.0002
i TR 75 1.25 0.0001
BEA L2 75 1.25 0.0001
% & 73 1.22 0.0001
K] 56 0.93 0.0001
ZEEFY 54 0.90 0.0001
AR E 2 54 0.52 0.0001
LERFe 53 0.88 0.0001
Fxrg g 53 0.88 0.0001
AR 51 0.85 <0.0001
X 49 0.82 <0.0001
R& 2 HEE 48 0.80 < 0.0001
WwrTe 46 0.77 <0.0001
TR 45 0.75 <0.0001
CREIR TN 43 0.72 < 0.0001
BT5t 43 0.72 <0.0001
W ¥5 7 41 0.68 <0.0001
PR 40 0.67 <0.0001
piE? 3 &g 40 0.67 <0.0001
ek FF R 40 0.67 <0.0001
2 RR 39 0.65 < 0.0001
5P ek ¥ 38 0.63 <0.0001
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Average Average
Phrase Matches in MA | Matches per | Matches per
Fascicle in MA | Character in MA
XNLRAE 37 0.62 < 0.0001
Iy e i 37 0.62 <0.0001
= Fa B 36 0.60 <0.0001
Z4r 33 0.55 <0.0001
LRI 31 0.52 <0.0001

A comparison of the expressions in the above two tables gives the
impression that these reflect different translation styles, the varia-
tions found do not seem to be merely due to differences of content.

Conclusion

The above results make it safe to conclude that the indications al-
ready evident from the figures representing the PCA analysis find
confirmation on closer inspection of the grams on which they are
based. It seems therefore justified to draw the conclusion that the Chi-
nese translations of the Madhyama-agama (T 26) and the Ekottarika-
agama (T 125) do not stem from the same translator, but are the
products of different translators at work.

Abbreviations
CBETA Chinese Buddhist Electronic Text Association
D Document threshold
EA Ekottarika-agama (T 125)
MA Madhyama-agama (T 26)
PCA Principal Component Analysis

T Taisho edition (CBETA, 2014)
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