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Abstract

Recent methods have been proposed to produce automatic rhyme annotators for large
rhymed corpora. These methods, such as Baley (2022b) greatly reduce the cost of anno-
tating rhymed material, allowing historical linguists to focus on the analysis of the
rhyme patterns. However, evidence for the quality of those annotations has been anec-
dotal, consisting of a handful of individual poem case studies. This paper proposes to
address the issue: first, we discuss previously proposed metrics that evaluate the qual-
ity of an annotator’s output against a ground-truth annotation (List, Hill, and Foster;
2019) and we propose an alternative metric that is better suited to the task. Then, sam-
pling from Baley’s published annotated corpus and re-annotating it by hand, we use
the sample to demonstrate the lacunae in the original approach and show how to fix
them. Finally, the hand-annotated sample and source code are published as additional
data, so that other researchers can compare the performance of their own annotators.
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Résumé

Des méthodes ont récemment été proposées afin de déveloper des annotateurs auto-

matiques de rime pour de larges corpus rimés. Ces méthodes, telles que celle présentée

Published with license by Koninklijke Brill NV | DO1:10.1163/19606028-bja10032

© JULIEN BALEY, 2023 | ISSN: 0153-3320 (print) 1960-602%(6rliadyd from Brill.com 12/04/2023 05:34:46PN
This i icl vcf,_a QBen éccecfs. }'lrhls is ?vhopen accesls‘_ article distributed under the terms
is is an open access article distributed under the terms of the CC BY 4.0 license. of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/



https://doi.org/10.1163/19606028-bja10032
https://creativecommons.org/licenses/by/4.0/
http://brill.com/clao
https://orcid.org/0000-0003-1056-6211
mailto:julien.baley@gmail.com
https://creativecommons.org/licenses/by/4.0/

138 BALEY

dans Baley (2022b), permettent de grandement réduire le cotit d'annotation des textes
rimés, permettant aux linguistes historiques de se concentrer sur I'analyse des motifs
rimés résultants. Cependant, les preuves de la qualité de ces annotations sont anecdo-
tiques, consistant en une poignée d’études de cas de poémes. Cet article propose d’abor-
der ce probléeme: tout d’abord, nous discutons des métriques proposées précédemment
qui évaluent la qualité des annotations produites par un annotateur par rapport a une
annotation considérée comme exacte (List, Hill, and Foster (2019)) et nous proposons
une métrique alternative qui, a notre avis, est mieux adaptée a la tiche. Ensuite, nous
échantillonnons a partir du corpus annoté publié par Baley et le réannotons a la main.
Nous utilisons I'échantillon pour démontrer les lacunes de I'approche d’origine et mon-
trer comment les corriger. Enfin, I'échantillon annoté a la main est publié en tant que
données supplémentaires, afin que d’autres chercheurs puissent comparer les perfor-
mances de leurs propres annotateurs.

Mots-clés

annotation de données — métrique d’évaluation — rimes du chinois — phonologie du

chinois moyen

1 Introduction

The study of Chinese rhymed material haslong been of interest to historical lin-
guistics trying to reconstruct the phonological system of the Chinese language:
since the script does not explicitly indicate pronunciation, rhyming texts such
as poems allow historical linguists to infer phonetic similarities between char-
acters based on their frequent rhyming in texts.

To facilitate the analysis of such texts, List, Hill, and Foster (2019) have estab-
lished an annotation standard that would allow the research community to
develop a shared corpus of annotated poetry; List (2019) has also developed
tools to help speed up hand-annotation efforts.

The extant Chinese rhyme corpus contains hundreds of thousands of texts,
both poetry and rhymed prose, ranging from Shang P dynasty (16th cen-
tury BC-1046 BC) bronze vessels, all the way to the present. From the Han
dynasty (202BC—220AD) onwards, the extant corpus of each period contains
thousands of pieces. Until recently, the size of such a corpus made it too expen-
sive to annotate and analyze. Re-using List’s (2016) idea of using graph commu-
nity detection algorithms to analyze rhyme patterns, Baley (2022b) introduced
an approach to automatically discover rhyming character sets and automati-
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EVALUATING RHYME ANNOTATIONS FOR LARGE CORPORA 139

cally annotate large rhymed corpora. This approach allows us to produce stan-
dard annotations of the various corpora mentioned above and focus on their
analysis.

One issue with Baley (2022b) is that it is not known how correct the anno-
tations are: although the approach is shown to work in a few case studies
(and—in one instance—to fail, [Baley, 2022b: 67]), it offers no evidence for
its accuracy across a large corpus. The present article has two goals: first, we
want to evaluate whether the automatic annotation approach presented above
can be relied on, and second, we want to offer the possibility for competing
approaches to be compared with each other, so that we can arrive at higher-
quality, standardized annotations of the entire extant Chinese rhymed corpus.
To this aim, the article is structured around two main sections: the first sec-
tion discusses how annotation quality should be measured, evaluate existing
metrics proposals, and propose an alternative metric. In the second section, a
sample from the annotated corpus published in Baley (2022a) is re-annotated
by hand. The sample can serve as a standardized test set to compare compet-
ing automatic annotation approaches, and it is used to demonstrate lacunae in
the earlier approach; I then propose a way to address those issues and demon-
strate their efficacy. The final section offers suggestions on how to sample from
other major corpora, so as to build a set of statistically useful corpora for future
annotator evaluations.

2 Annotation accuracy metric

Using the annotation standard developed by List, Hill, and Foster (2019), we
need a metric that compares two different annotations of a poem. If one of
these annotations is considered a reliable “ground truth”, then it can be used to
assess the quality of the other annotation. The principle can be extended to a
corpus of poems that we annotate by hand and use as a reference to evaluate
various automatic annotation strategies. The metric is introduced in two parts:
the first part considers how the problem of scoring rhyme judgement is similar
to that of scoring a graph clustering and reviews the proposal made by List, Hill,
and Foster (2019:40) to use B-cubed metrics. Then, the second part proposes an
alternative scoring strategy and demonstrates how it addresses the limitations
of the B-cubed metrics for our scenario.

2.1 Rhyme judgement as a clustering problem and metric
List, Hill, and Foster (2019:40) argue that “the assessment for a given stanza,
whether two words rhyme or not, can also be thought of as a clustering task”.
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FIGURE 1 FIGURE 2
Graph of rhymes in Zhang Daoqia’s poem, Graph of rhymes in Zhang Daoqia’s poem,
according to this article’s author according to the Community annotator

TABLE 1 Méihua érshi shou: qf yiba ¥ (£ — +Eﬁ J\ (Twenty Poems on Plum Blos-
soms, part 18) by Zhang Daoqia FE 74 (1205-1268) (QSS 3293.39249)

Poem Rhyme Lrmc  Ground Baley’s
truth Community
annotation annotator

BOESBIEES  POREEER . 8 xfwa
TERAGUMERE » AP . B xhiag
SEWESOLE  THERREE . Kag
WEASEEY  FEFEELE- %k phay

®» o o
» o o

The intuition behind this idea is best demonstrated using graphs. In Table 1,
an example poem is taken from Baley (2022b: 75) for which the Community
annotator fails, along with a “ground truth” annotation for that poem.

These two annotations correspond to two different partitionings of the {/%,
#, 1%, HE} rhyme character set, as illustrated in Figure 1 and Figure 2.

Since rhyme judgement is similar to a clustering task, scoring the quality
of a rhyme judgement against a ground truth is similar to scoring agreement
between two partitions of a given node set. This is an extensively studied prob-
lem with many proposed metrics. List, Hill, and Foster (2019) propose to use
B-cubed metrics, following Amigo et al. (2009) who demonstrate that it is the
only metric that fulfills a set of constraints that they deem useful. The idea
behind B-cubed metrics, from Bagga and Baldwin (1998), is to compare for each
node of the graph how it has been clustered in the evaluated partitioning vs.
in the ground truth partitioning, and treat it as an information retrieval task:
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EVALUATING RHYME ANNOTATIONS FOR LARGE CORPORA 141

does the evaluated cluster contain all the elements of the ground truth cluster
(recall) and vice versa (precision).

In mathematical terms, the definitions of B-cubed precision and recall are
articulated around the concept of correctness between two elements e and e:
the relation between e and €’ is considered correct if their sharing a category is
correlated with their sharing a cluster:

Correctness(e. e’) = {1 Lﬁfcateg(.ny(e) = category(e') < cluster(e) = cluster(e’)
o otherwise

The B-cubed precision of a single element e is then defined as the average cor-
rectness between e and all the elements of its cluster, while recall considers the
average correctness between e and all the elements of its category:

Precision(e) = AVGes cluster(e)=cluster(en[COTTECtNESS(€, €')]
Recall(e) = Avge/,category(e):ca[egary(e/)[CorreCtness(e’ el)]

And the overall precision and recall of the clustering are defined as the average
precision and recall over all the elements:

Precision = Avg,|Precision(e)]
Recall = Avg,[Recall(e)]

In the case of the Awej 15 node, the Community annotator clusters it with Aej
# and bej $JF but not with ke £, while the ground truth annotation clusters
them all together. This gives iwej [ a recall of 0.75 (of the 4 nodes found in
the ground truth cluster containing Awej %, 3 are found in the Community
cluster containing swej 5%) and a precision of 1.0 (of the 3 nodes found in the
Community cluster containing Awej %, all are found in the ground truth clus-
ter containing hwej ). hej #% and bej HE obtain identical scores by symmetry
and ke & gets a B-cubed recall of 0.25 and a precision of 1.0. A global score is
produced by averaging over the four characters, which gives a B-cubed recall of

3%0.75+0.25 . ; o .
———"—= = 0.625, a B-cubed precision of 1.0, and a single metric is obtained

. . . si U
by computing the harmonic mean of recall and precision F, = 2x ZemoXr«as

0.625x1.0 _
0.625+1.0

precision+recall

0.769.
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TABLE 2 Second stanza of Judn'ér 5 H. (Rough Cocklebur) as annotated by Baxter
(1992:584) and Wéng Li (2014:138-139) (reconstructions are quoted from the origi-
nal works)

Baxter annotation Reconstruction Wang Li annotation Reconstruction

PRz [a] e a] 5 *Sduj, *nguj PRz [a] 5 *nguai
FREEaE  *xuj, Iy i T [a] B *duoi
At a[a]®  *Coryj Bt [a]®  *luei
IRkl *gruj 4L Ak [a) e *hooi

2.2 The limits of the clustering analogy

On the surface, rhyme judgements do behave like a clustering problem, as illus-
trated in the previous examples. In many poems, this is a fine analogy, but it
relies on the assumption that the two rhyme judgements (the one under eval-
uation and the ground truth) consider the same set of characters; in our pre-
vious example, both the ground truth annotation and the Community anno-
tator produce a partitioning graph involving the four characters {{%, #, {£,
#E}. This assumption considers that annotators agree a priori on what can
rhyme, an assumption which does not hold in the general case. For instance,
the community-annotated corpus published in Baley (2022a) only contains
annotations for even-numbered lines, ignoring odd-numbered lines that fre-
quently contribute to the rhyme scheme! and that a human annotator would
take into account; for such poems, the two annotators produce a partition of
non-identical sets of characters.

Closer to the original proposal by List, Hill, and Foster (2019) to use B-cubed
metrics, the rhyme judgements of William Baxter and Wang Li on the rhymes of
the Shijing do sometimes differ regarding which characters are rhyming, such
as in the second stanza of the third poem of the Airs of the States (Gud feng
J&), Judn'ér £H. (Rough Cocklebur), shown in Table 2. While Baxter and Wéng
agree in annotating the last character of all four lines as rhyming, Baxter addi-
tionally annotates the penultimate characters of the first two lines as rhyming
with the four others. Following the graph clustering analogy, this corresponds
to Figure 3 and Figure 4.

This is where the analogy breaks: to evaluate the similarity between two clus-
terings of a set of nodes, the two clusterings must partition the same set of

1 Typically, in regulated verse, in addition to the last characters of lines 2 and 4, quatrains often
have the last character of line 1 rhyming.
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FIGURE 3 FIGURE 4
Judn'ér F5:H as annotated by Baxter Judn'ér #5H. as annotated by Wang Li

nodes; when two annotations differ in their choice of which characters rhyme,
the metric cannot be computed. The simplest way to address this issue is to sup-
plement annotations by taking the superset of characters annotated in either
annotation, and if an annotation of a poem is missing an annotation for a given
character, we add a new mark to that character. For Wang Li’s annotation of the
Judn’ér, this means we need to annotate £ and J#, respectively as [b] and [c]
to indicate that they do not rhyme (in Wang’s annotation) with the other four
characters. This gives Table 3 and Figure 5.

With this simple strategy, it is now possible to compute the B-cubed metrics
of Wang against Baxter for this stanza: B-cubed recall = 0.5, B-cubed precision
= 1.0, B-cubed F; = 0.667 (if measuring Baxter against Wang, we simply swap
recall and precision; F, is not affected).?

2.3 The issue with B-cubed metrics
Whereas the issue above is unrelated to the choice of metrics per se and is eas-
ily solved, the issue presented below is inherent to B-cubed metrics and can
only be addressed by using a different metric.

For the sake of the argument, we imagine a third human annotator who
would take Baxter’s annotation as a basis and notice that the first character

2 The code published by List et al. (in their original paper, and as of 2023/05/01) to produce B-
cubed scores returns a score of 1.0 for this stanza, suggesting an error in the code (or that it
only considers the last character of a line). We suggest an alternative implementation should
be used until this is addressed.
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FIGURE 5

o™ Aligned annotation of Juin’ér % H. by Wang
4 Li

TABLE 3 Aligned annotations of Juan'ér
% H. by Baxter and Wang Li

Baxter Wang Li (aligned)

Dol [a] B[] s PEfE[b]EE[a]
WEa]HallE B [c]E[a]kE
AL a8 FRAEEVHE[a] 8
DIk [all®  4EDIRk[a]E

of the last line, 4, might also rhyme.? Since neither Baxter nor Wang annotate
this character, in order to score this third annotator against any of them the
alignment technique described above needs to be applied, producing Table 4,
and the B-cubed metrics can then be computed, as in Table 5.

The performance of this third annotator can be reported as 0.56 or 0.86
depending on whether one regards respectively Wang or Baxter to be correct.
The surprise, here, is that the Wang / Baxter score which was reported as 0.667
in the previous section is now 0.73. The score increased because when com-
paring Wéang and Baxter on the 7-character set (instead of the 6-character set
previously), Baxter and Wang agree on 4 being in a cluster of its own (i.e. not
rhyming with anything else) and this agreement is reflected in the B-cubed
recall increasing (precision is already 1.0) and F; too.

3 On the basis of Jacques (2000) who demonstrates that ywij 4 originally had an *-uj rhyme,
Baxter and Sagart (2014: 366) reconstruct *6"uj as a stage earlier than Old Chinese *G¥ij. This
means *¢*uj 4 could have rhymed with the other *-uj characters of the poem.
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TABLE 4  Aligned annotations of Juin®r % H. by Baxter, Wang Li
and a third annotator

Baxter (aligned) Wang Li (aligned) Third annotator

PiilaleEla] R PHE[b]EE[a] 5 IPFTEZ[ | [a] "
HE[a][a]i  FE([c][a]fH Hla]JE[a]lH
Pt (a) 8 BAERIR e (a2 aﬂzﬁ%ﬁ@@fﬂzﬁ[a]ﬁ
[blsELIAk [alf®  [d]4ELIAK([alf®  [a]4ELiAf 7k [a]f

TABLE 5 B-cubed F; score between Baxter, Wang
Li and the third annotator

Annotator pair B-cubed F, score
Third annotator / Baxter 0.86
Third annotator / Wang 0.56
Waéng / Baxter 0.73

This is a serious problem, because it means that any report of a B-cubed
score is meaningless unless one fully specifies which set of characters were
annotated, for the entire corpus. Additionally, this means that scores reported
in different publications cannot be compared; instead, any new rhyme anno-
tation of a corpus must gain access to all previously published annotations of
the same corpus, align them jointly (and not by pairs) and produce a new set
of results that supersedes the previous publications.

The only way around this issue is to require all reports of B-cubed metrics
to be based on fully annotated poems, as demonstrated for Baxter’s annotation
in Table 6. As shown above, since adding padding annotations mechanically
increases the B-cubed metrics, such maximally annotated poems would tend to
produce a very high score, and although these would now be comparable (and
would not evolve across time), one would not gain much intuition from their
values as the difference between very poor annotators and perfect one would
be small and mainly dependent on the size of the poem (heptasyllabic poems
scoring higher than pentasyllabic ones), and the difference between several
more realistic annotators would be minute.*

4 Under such a scheme, the B-cubed F, between Wang and Baxter for this stanza jumps to 0.91;
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TABLE 6  Maximally annotated
extension of Baxter’s anno-
tation of Juan’ér £ H.

Baxter (maximally aligned)

[bIPF[c]f[a] E[a] 5
[d]F[e] 5 a] B a]lE
[£]3%

[

2.4 Proposal for a rhyme annotation metric

The set of constraints required to be able to report B-cubed metrics in the con-
text of rhyme annotations as well as the difficult interpretation of those results
make B-cubed metrics impractical and undesirable for measuring annotation
quality. The following section proposes a metric that addresses these issues and
is used in the rest of the article.

First, note that the problem with B-cubed metrics is shared by all metrics
which focus on individual nodes of the graph (and produce a score per node,
which is then averaged across the corpus): any such metric will suffer from the
alignment problems presented above,’ and we must therefore look elsewhere.
If a node-based metric cannot be used, then the obvious alternative is to use
an edge-based metric, i.e. the links between two nodes that indicate that two
characters are rhyming. Within those parameters, the specific metric can be a
matter of choice; here, I propose a very simple one and prove that it has the
desired properties. I invite future research to propose better alternatives.

The idea behind the proposed metric is to take the set of edges from the
rhyme annotation graph, and compute the traditional precision, recall and F,
scores. Referring to our previous example, the Baxter graph in Figure 3 contains
15 edges, one between each pair of characters, while Wang’s graph in Figure 5
contains 6 edges. Recall is then calculated as representing the ratio of shared
edges by the size of the reference edge set, and precision is the ratio of shared
edges by the size of the evaluated edge set. As with B-cubed metrics, swap-

this can be compared to a dummy annotator that considers that no character rhymes with
any other: its score against Baxter would be 0.85.

5 Identifying that B-cubed metrics tend to produce artificially high scores, Van Heusden et al.
(2022) propose to only include clusters of more-than-1 elements in the computation. This
does indeed produce lower scores, but the problem of comparability of the results remains.
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ping which annotation is the reference and which is evaluated swaps precision

and recall, and F;—Dbeing the harmonic mean of precision and recall—remains

unchanged. For Wang evaluated against Baxter, since Wang’s edge set is a strict
subset of Baxter’s edge set, this gives a precision of 1.0 (all rhymes identified

by Wang are found in Baxter’s annotation) and a recall of 0.4 (only 6 out of 15

rhyme pairs identified by Baxter were also identified by Wéang), with F; being

0.57.

This metric does not depend on a particular alignment: whether one chooses
Figure 4 or Figure 5 as Wang’s annotation, although their node set is different,
their edge set is identical and therefore so is their score. This means that this
metric can be reported on its own, without any further qualification, and can
be quoted in later publications as is.

This metric belongs to the family of pair counting metrics. In their compari-
son of clustering metrics, Amig6 et al. (2009:11) prove that pair counting metrics
only satisfy two of their four desirable constraints, namely:

— it satisfies the “cluster homogeneity” constraint: it is preferable for a cluster
of the annotation under evaluation to only contain elements that do rhyme
according to the ground truth. (this is related to precision)

— it satisfies the “cluster completeness” constraint: it is better to group ele-
ments that do rhyme according to the ground truth in a single cluster. (this
is related to recall)

The other two constraints are not satisfied:

— it does not satisfy the “rag bag” constraint that states that if a character
rhymes with nothing else in the poem, it is preferable to misclassify it as
rhyming with other characters that don’t rhyme with anything than to mis-
classify it as rhyming with a large group of inter-rhyming characters. Like all
pair counting metrics, our metric simply has no such preference: misclassi-
fying in one direction (towards a very clean cluster) or the other (towards an
already noisy cluster) makes no difference to the score. In my opinion, this
constraint—which was designed for information retrieval scenarios (search
engine results)—does not add value in the context of scoring rhyme annota-
tions. Therefore, whether a metric satisfies this constraint or not s irrelevant.

— it does not satisfy the “cluster size vs. quantity” constraints, which states that
itis preferable to make a single mistake in a large cluster than many mistakes
in small clusters. The metric does not satisfy this constraint due to the num-
ber of edges in a cluster being a quadratic function of the number of nodes
in that same cluster.® B-cubed metrics, being node-based, do not suffer from

Nuodes(Niodes =1
6 Nedges = O(%)
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this quadratic bias for larger clusters and therefore satisfy this constraint. As

opposed to the “rag bag” constraint, I do think this constraint is relevant to

rhyme annotation scoring and it would be desirable to satisfy it; however,

this constraint is at odds with the constraint of a metric being independent

of the alignment, and I consider the latter more important to satisfy.
It is also worth noting that the “cluster size vs. quantity” constraint is partic-
ularly a problem when faced with sets of very unbalanced sizes, where some
clusters are much larger than others. In the dataset from Baley (2022a), the
overwhelming majority of poems have a single rhyme and therefore no imbal-
ance; for the minority of poems that show several rhymes, the average ratio of
“biggest cluster size” to “smallest cluster size” is 2.2, which is not a very large
imbalance. This means that, in practice, not satisfying this constraint is not
overly problematic for the dataset under consideration, but this could vary
by dataset. When aggregated over a corpus, however, this metric gives more
weight to longer poems; this seems acceptable and perhaps even desirable, as
intuitively annotating very short poems is trivial” and annotating long poems
correctly is harder. This also means that mistakes in large poems are very heav-
ily penalized, which also seems desirable: since annotators are already good, a
challenging metric is preferable.

Overall, the advantages of this metric are far more desirable than its flaws
are detrimental and it is used in the rest of this article. This is however a topic
that would benefit from further research.

3 Hand-annotated sample corpus

In Baley (2022b), I claimed that this automated approach could significantly
speed up annotation efforts, but only offered anecdotal evidence regarding the
quality of the output. To evaluate the output of an automatic rhyme annota-
tor, a hand-annotated, reliable annotation of the same material is needed. In
the present case, since the corpus published in Baley (2022b) contains around
250,000 poems,? it is only practical to manually annotate a sample. The sample
needs to be large enough to allow comparisons of competing annotators (e.g.
difference in F; scores) to carry statistical significance. Based on my experience,
a sample size of 400 poems is more than enough and allows for a diverse sam-
ple. The source code for the sampling and evaluation of the annotator is made

7 If a poem only has 2 lines, they must practically always rhyme.
8 These represent the shi poetry of the Tang ¥ (618-907) and the Song 7R (960-1279) as col-
lected in the Quén Téng Shi £:FF13F (1979) and Quén Song Shi K5 (1998).
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available in Baley (2022d) for reproduction of the results as well as application
to other datasets.

3.1 Sampling

In Baley (2022b), three annotators are compared: one that learns rhyming pat-
terns through community detection, one based on the Gudngyun & #5 and
a ‘naive’ one that assumes the last characters of every even-numbered line
always rhyme together. Based on these three annotations, 5 combinations are
analyzed: when the three annotators produce the same output; when they all
produce a different output; and 3 cases where one of the three annotators differ
from the other two. As this segmentation was at the heart of the case studies
presented and the argumentation, when sampling from each of these cate-
gories, a minimum number of poems is guaranteed: first, the number of poems
to be sampled from each category is based on their prevalence in the corpus
(e.g. “the three annotators agree” covers 63.2 % of poems, therefore we sample
0.632Xx400 = 253 poems from this category); then, to guarantee a minimum of
poems is sampled in each category, at least 30 poems are sampled even if the
prevalence-based number is lower.%

This approach creates an imbalance in the sample, since categories such as
“Community disagrees” are oversampled. There are two ways to resolve this
imbalance: the first one, adjusting the sampling size of the other categories so
that the size of each category in the sample is in proportion to its size in the full
corpus, would be intractable and would defeat the purpose of sampling.!° The
alternative approach is to keep these sampling sizes, but to adjust the compu-
tation of the scores to take oversampling into account: the scores are computed
‘by category’ and then weighted according to their prevalence in the full corpus,
so that contributions of “Community disagrees”, for instance, would correctly
represent 0.14% of the total score. This preserves the small size of the sample
and is the approach taken here, giving the number of poems found in Table 7,
yielding 444 poems in total. For each category, the desired number of poems is
sampled at random.

9 An arbitrary, conventional value for minimal sampling size, that is practical for us in this
case.

10  Since, on a prevalence basis, “Community disagrees” would only need 0.6 poems to be
sampled, using a minimum of 30 gives a B =50 oversampling ratio. Using this ratio,
12,650 “All agree” poems (= 253x50) would need to be sampled, and a total of 20,080 poems
across all categories.
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TABLE 7 Sample size by annotator agreement category

Category Total  Ratioin Sample size To annotate
poems corpus (%) (w/ prevalence) (with minimum 30)

All agree 152893 63.2 253 253
Naive disagrees 12437 5.1 21 30
Guangyun disagrees 60734 25.1 101 101
Community disagrees 334 0.14 0.6 30
All disagree 15830 6.5 26 30
3.2 Hand annotation

The sampled poems have then been manually annotated following the anno-
tation standard introduced in List, Hill, and Foster (2019). Instead of starting
from bare poems and annotating from scratch, the output of the Community
annotator has been assumed to be generally correct enough and has been used
as a starting point.l!

The process of annotation by hand then consists of reviewing and amend-
ing the annotations provided by the automatic annotator, in effect resulting in
a semi-automatic process. The more correct the original automatic annotation
is, the faster the review process. This is interesting to researchers as it means
that, even assuming that automatic annotators can never be perfect and that
corpora need to be annotated by hand, the hand annotation process can be
made significantly cheaper. In the present case, it took a total of 2h24’ to anno-
tate the 4004 lines contained in the 444 poems, i.e. an average of 27.8 lines per
minute or 3.1 poems per minute.? Unsurprisingly, most of this time was spent

11 Since the previously published corpus did not include annotation of odd-numbered lines,
which are often rhyming in sh poetry (usually the lines 1, 2 and 4 of a quatrain can rhyme;
here, all lines are considered), an annotation of these lines has been automatically inferred
based on the rest of the corpus: if two characters are annotated as rhyming in another
poem, they are automatically annotated as rhyming in the current poem. This is a rea-
sonable guess (it is generally correct, but might not always be) that allows to quickly fill
this lacuna of the original publication and save time in the subsequent hand annotation
process: it is faster to fix incorrect annotations than add missing ones.

12 An anonymous reviewer of this paper suggested that such an approach might be biased
towards the original output of the Community annotator and not be correct, and further
wondered what an inter-(human)-annotator agreement would look like. To test this, a
sub-sample of 44 poems was hand-picked (out of the 444 annotated through the semi-
automatic process), all annotations were removed and a colleague annotated the poems.
The poems were hand-picked with the aim of being challenging for annotators, choos-
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annotating long poems with more complex rhyme structures that had been
poorly annotated by the Community annotator, and easier poems were signif-
icantly faster to annotate,'® which is how it should be: the automation affords
the researcher to spend time resolving the more difficult problems.

The hand-annotated corpus is made available to the community in Baley
(2022c¢) so that competing automatic annotators can be produced. It would be
useful for researchers to produce similarly hand-annotated corpora for other
periods and genres of rhyming material.

4 Evaluation results

Using the hand-annotated corpus and the metric presented above, the annota-
tors published in Baley (2022b)—the so-called “Naive”, “Guéngyun’, and “Com-
munity” annotators—are evaluated. All the poems of the automatically anno-
tated corpus are collected and the ones that appear in the hand-annotated
corpus are retained. Then, for a given automatic annotator and a given poem,
the annotations produced by the automatic annotator with those found in the
manual annotation are aligned. The algorithm then produces the list of all pos-
sible edges between the annotated nodes and produce binary lists of rhyme
judgements for all poems—1 indicating the presence of an edge between two
characters and o its absence—so as to form one long list on which the recall,
precision and F; score are computed.

Since the automatic annotations previously published only cover the even-
numbered lines but the present hand-annotation also identifies rhymes in odd-
numbered lines and possibly inside of lines, we examine three sets of results:
— The scores produced by strictly evaluating what was published, against the

hand annotation; the results will reflect the lack of annotation of odd-

numbered lines.
— The scores produced by only considering even-numbered lines (and discard
the odd-numbered lines’ annotations from the hand-annotated corpus); this

ing mainly poems that had very unusual patterns. The sub-sample as annotated by the
present author and the colleague can be found in the released dataset. Using the metric,
the inter-annotator F; score is 0.989. This can be contrasted with the much lower scores
obtained by the automatic annotators against our own annotation for this sample: Naive
= 0.408, Guangyun = 0.577, Community = 0.734. This demonstrates that the subsample
was indeed very challenging, and yet two human annotators produced very similar anno-
tations. I would like to thank Paolo Pacetto for his time and help on this task.
13 Half the time was spent annotating the 20 % most challenging poems.
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seems to be closer to the spirit of the original article, and shows the potential
of the approach.

— The scores produced by enhancing the annotations of the original publica-
tion: re-using the concept of “set annotators”, for each annotator, we collect
the list of pairs of characters that have been annotated as rhyming across
the entire corpus; then, we annotate odd-numbered lines based on previ-
ous rhyme judgement (“is there another character in the poem which is in
rhyme position and has previously been found to rhyme with the charac-
ter under consideration?”). This approximates what the original annotators
would have produced, had odd-numbered lines been considered.

Table 8, Table 9, and Table 10 respectively provide the results for these three sit-

uations, indicating the precision, recall and F, score for the three annotators.

41 General analysis

Table 8 shows that, with the exception of the Naive annotator which will be dis-
cussed further below, the originally published corpus produces poorer results
than in Table g and Table 10: by ignoring odd-numbered lines, the annotations
naturally cannot identify rhymes in those lines, leading to poorer recall values
and consequently poorer F, scores.

In turn, that the scores in Table g are better than in Table 10 can be explained
by the former being an easier exercise than the latter: indeed, in shi poetry,
the last characters of even-numbered lines are normally always involved in a
rhyme, while those of odd-numbered lines might or might not. Considering
only even-numbered lines is therefore easier. This explains the very poor perfor-
mance of the Naive annotator in Table 10 compared to Table g: according to the
numbers, looking at two random characters on even-numbered lines in a ran-
dom poem, the probability that they rhyme is 96 % (for shi poetry!); once both
odd- and even-numbered lines are considered, that probability falls to 36 %,
making the Naive annotator wrong in 64 % of its positive rhyme judgements
(the 1's in our binary lists above). This means that while the Naive annotator
is not in itself a good annotation strategy in the general case, it is however a
very good tool to annotate even-numbered lines (perfect recall,!* fairly high
precision) and train a Community annotator on those annotations, at least on
corpora where even-numbered lines generally rhyme and poems tend to have
a single rhyme throughout. If one looks at other genres of poetry, more elabo-
rate knowledge (common rhyme patterns, for instance) could be required as a
basis.

14  Because it considers everything to rhyme, it will always have a recall of 1.0, i.e. all actual
rhymes are identified.
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TABLE 8  Scores for the originally published cor-
pus (missing odd-numbered lines)
against the hand-annotated corpus

Annotator  Precision Recall F,score

Naive 0.96 0.78 0.86
Guangyun 1.0 0.64 0.78
Community 1.0 0.75 0.86
TABLE 9 Scores for the original corpus against

the hand-annotated corpus, ignoring
odd-numbered lines

Annotator  Precision Recall F,score

Naive 0.96 1.0 0.98
Guangyun 1.0 0.83 0.91
Community 1.0 0.97 0.98

TABLE 10  Scores for the enhanced original cor-
pus (annotations for odd-numbered
lines have been inferred) against the
hand-annotated corpus

Annotator  Precision Recall F,score

Naive 0.36 1.0 0.53
Guangyun 0.98 0.79 0.88
Community 0.98 0.94 0.96

4.2 Comparison of the Community and Guangyun annotators

Leaving the Naive annotator aside, the three tables demonstrate that, using the
F, score as a metric, the Community annotator is always far better than the
Gudngyun annotator. This is a point that was already raised in the original arti-
cle presenting the approach: throughout the Tang and the Song, the Gudangyun
gradually lost its relevance, as a result of the pronunciation of the characters
changing and poets feeling less bound to refer to the rhyme book for poetic
composition.
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Interestingly, both the Gudngyun and the Community annotators have very
high precision—perfect, even, in the first two situations—which means that
when they consider two characters to rhyme, they practically always do rhyme.
This result suggests that while there may have been merges of rhyme categories
(characters that the Gudngyun considers not to rhyme did actually rhyme in
poems), splits seem to have been comparatively rare:!5 if splits were common
and the annotators missed it (i.e. considered as rhyming the characters that are
no longer rhyming), precision would drop.

If they both have similar precision, what distinguishes the two annotators is
their recall: because the Gudngytin was overly prescriptive, using the Gudngyun
to annotate poems produces poor results: it very often considers two characters
not to rhyme even when they actually do. It is possible that, given a wider cor-
pus of hand-annotated poems, one would find that the Gudngyun produced
better results at the beginning of the Tang than at the end of the Song, while
a Community annotator could be trained for the desired period, keeping its
performance high.

4.3 Performance as a function of annotator agreement

As noted in the Sampling section, because of the oversampling of certain cat-
egories of poems, the scores presented above were obtained by computing
scores for each annotator agreement category and then by weighting those
scores to obtain a global score. A breakdown of the scores by category is pre-
sented in Table 11 for F; scores only. The results show that the Community
annotator is expected to have near perfect performance over the entire cor-
pus, with a F; score of 0.96.16 This suggests that the approach of building an
automatic annotator using community detection is a good one, at least for the
QTs and @ss, and that the published annotated corpus is a reliable data source.
In fact, it is worth noting that the Community annotator is as good as, or bet-
ter than the Gudngyun and Naive annotators for all categories aside from when
“Community disagrees”, which only accounts for 0.14 % of poems.

Aside from the negligibly small “Community disagrees” category, the cate-
gory where the Community annotator performs the worst (F,=0.77) is the one
where all annotators disagree,'” followed by the one where the Gudngyun and
Community annotators agree against the Naive one. This suggests that the best

15  None seems present in the evaluation sample, but one is reported in Baley (2022b: 75).

16 A perfect score would be 1.0.

17  Should one want to improve on the published data, a focus on these poems, which repre-
sent 6.5 % of the corpus, would seem to prove most useful. However, this represents nearly
16,000 poems and might take around 86 hours.
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TABLE 11 F, scores for each annotator, according to the type of inter-annotator agreement

Category Ratio in Naive Guangyun Community
corpus (%) (F,score) (F,score) (F,score)

All agree 63.2 0.56 0.97 0.98
Naive disagrees 5.1 0.39 0.82 0.82
Guangyun disagrees 25.1 0.52 0.67 0.99
Community disagrees 0.14 0.54 0.98 0.73
All disagree 6.5 0.37 0.54 0.77
Overall (correct sampling) 100 0.53 0.88 0.96

way to improve the annotator is to analyze the type of failures that occur in
these categories and to try to identify solutions to those failures. Examining the
“Community disagrees” category, of the 30 poems that were annotated by hand
in this category, nearly all of them were composed between the 11th and 13th
centuries, and half of them fall into one of two rhyme patterns: in 7 poems, the
Community annotator fails to identify as rhyming those characters whose Late
Middle Chinese reconstruction rhymes in -an; in 5 others, it fails to consider
ru-tone characters as rhyming. In the section below, one poem of each failure
class is presented.

4.3.1 The Community annotator fails to identify an -an rime

Table 12 presents the poem Fd ji pian {X¥#% (A Piece on Cutting Brambles)
by Lu Zhen &R (c. 957-1014) as annotated by the Community annotator,
along with the pronunciation of each character in rhyme position at vari-
ous stages, as reconstructed by Pulleyblank (1991). In his reconstruction, Late
Middle Chinese represents the Chang’an % dialect of the High Tang (8th
century) while Early Mandarin represents the dialect of Dada K&} around
1300.

In the poem, the character in rhyming position of each line is reconstructed
as rhyming in -a(:)n in LM, while the rhymes for the reconstructed EMc and
EM are variously -¢(:)n and -an. This suggests the poem rhymes in the LMC sys-
tem, but neither earlier nor later. For these characters, the Community anno-
tator produces 4 letters ([a], [b], [c], and [d]), indicating 4 rhyme groups, but
the distribution of these annotations throughout the poem does not exhibit
any particular pattern; along with the similarity of those rhymes, this suggests
that the poem should instead be annotated with a single rhyme annotation [a]
throughout and that the Community annotator failed to identify the intention
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TABLE 12

BALEY

Fa j{ pian {X ¥ % (A Piece on Cutting Brambles) by Li Zhén %

i (c. 957-1014) and the reconstructed pronunciation of its rhyme
characters at various stages

Poem (community-  Early Middle Late Middle Early
annotated) Chinese Chinese Mandarin
IR AL [d]EE > ten tian tjen
X EEERETE T-[a]f} - tan tan tan
PriREHEER H [b]7E »  pwain /gwem pwamn wan’
Eﬁi‘itixﬂt/ﬁ[b]fgﬁ ° pain/pem pjam jan’
B T-gE[b]%E >  ywain /ywemn  xhAwamn xwan’
f?Z#;k$;k£$~|,E[C],% o buan fharn fan’
HAHEHETRE[A]K > then thian thjen
JRFERIESFAR[A]AR ©  men mjian mjen’
FANE FE%4[d]$E > dzian tshian tshjen’
HERE RS c]fH »  wuan yan yen’
BT 5TE[d]EE > ten tian tien
?%%ﬁjﬁﬁ?ﬁ[d]?ﬁ °  sen sian sjen
HUGEZUR A [d]fE » swian syan syen
EJFEETEM%UIL [b]E% - ?9in/?emn ?jan jan
tiEE R EBR[d]#E > N/A N/A N/A
R G {E[b]2E - phain /phe:n  phamn phan
ZHUEMSER T[] 0 N/A N/A N/A
FH G TEET#EA[d]4E ©  nen nian njen’
AW FELEVVIE[d]E » den thian thjen’
FHRALEamE[d]ME - Pen ?jian jen
EHEERZEN[c]#F > xian xian xjen
SR —Z A [d]ZE - tehwian tshyuan tshwen
B EEZER[a)Z7 > ?an ?an an
B/ NAKPE[d]ER - ten tian tjen
HESDHLEEAENE [c]E > xuan Xyan Xyen
B USRI [b]ER o kein [ kem kjam kjan
BB [d]RE - phjian phjian phjen
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of the poet. A closer look at the rhyme groups [a] through [d] and their recon-

structed pronunciations shows some pattern:

— [a] rhyme characters are reconstructed with an -an in all periods.

— [b] rhyme characters are reconstructed as -e:n in EMC, -a:n in LMC and -an
in EM.

— [c] and [d] are less clear, but [d] had either -ian or -en in EMC, -ian or -yan
in LMc and usually -jen in EM, while [c] had a back vowel or glide + -an in
EMC, usually a front glide + -an in LMcC and a front glide + -en in Em.

These patterns show that these characters exhibit a rhyme merge from EMcC to

LMC and then a conditioned rhyme split from LMcC to EM. The fact that one

can identify such patterns suggests that the Community annotator captured

the rhyming behavior of those characters throughout the Tang and the Song

(approximately the time span between Early Middle Chinese and Early Man-

darin), producing an annotator that is slightly over-prescriptive because it lacks

temporal resolution and offers a global representation of the rhyming situa-
tion across six centuries. Baley (2022b: 67) also presented a case study on the

-an thyme, where a contrast between a Tang annotator and a Song annotator

showed the value of training annotators for specific time periods.!8

4.3.2 The Community annotator fails to identify the loss of -¢
and -k codas

The second most common category of poems in which the annotations of the
Tang and Song corpus are wrong concerns the poems that contain characters
having an entering tone in Middle Chinese, particularly the ones with -t and
-k codas. Table 13 presents Yang Shi’s 1513 (1053 —1135) poem Song Cai Anli %
227714 (Sending Off Cai Anli). Leaving aside for a moment the ni & rhyme
— annotated as [c] — the other lines are annotated as [a] and [b] with no
discernible pattern, suggesting that the poet did not distinguish these two cat-
egories. Looking at the Middle Chinese reconstructions, one sees that the two
groups correspond to characters rhyming in -k for [a] and those rhyming in -¢
for [b], both groups having front vowels, usually i.

18  One can use time-bound annotators by referring to the birth and death years of the
poet, but there are corner cases: for instance, of the 7 -an poems that the Community
annotator incorrectly annotates, one is St Shl &k § (1037 —1101) Hé Tdo “gui yudntidn
Ju live shou: qf yi F1Fe 5 [E H & 7S B H — (Six Poems Following [the rhymes of]
Tao [Yuanming's] “Returning to my Dwelling Amongst the Gardens and the Fields”: 1st
Poem). As the name suggests, this poem uses the rhyme of the Six Dynasties poet Tao
Yuanming [&fi{BH (365-427) and must reflect the phonology of that time, not that of Si
Shi’s.
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TABLE 13 Song Ci Anlf PRI (Sending Off Cai Anli) by Yang Shi 15 and the recon-
structed pronunciation of its rhyme characters at various stages

Poem (community-annotated) Early Middle Late Middle Early

Chinese Chinese Mandarin
ESHEE  EESE)E - siak siajk si”
GEERE HEAME 0 rEERBE[b]Z o tshit tshit tshi”
TedERc2ng - HUZEFR[bIH - mejk mjiajk mi'
ZEAIHE L > BIRRE[b]E - dzit tshit tsi’
HH—HZ o fHPIFEb]H o pit rit ri'
smiE 4ELE - T X [a]iE o eiajk siajk si¥
TRAATH - fPLLA[b]sk » it sit si”
NAMERT » AT IREE[c]JE - nit nit [ni]
SRS ERE » B [b]— - it 2jit ji'
MR SR > ENORE[DJUE o phjit phjit phi”
feEPEES - FERE R - Yk ?iak ji*

The inter-rhyming of these characters is evidence for aloss of the distinction
between -t and -k stops in Yang Shi’s dialect: Yang Shi lived in the 11th and 12th
centuries and was from the Northwestern city of Huayin %[ in modern day
Shanxi [P, and beyond his poem, we know that in Northwestern dialects the
-t coda was lost, while for -k codas the loss of the coda was accompanied by a
diphthongization of the vowel, namely front-vowel + -k acquiring a - off-glide
and back-vowel + -k acquiring a -w off-glide, see Shen (2020:175). In the poem, all
the -t-coda characters ([b]) had an  vowel, resulting in an - rhyme after the loss
of the coda, while all the -k-coda characters ([a]) had a front vowel, resulting
in a front-vowel + -j rhyme after the loss of the coda, the front vowel eventually
assimilating with the off-glide, also producing an -i rhyme. The complete inter-
rhyming of the [a] and [b] annotations in the poem proves that these changes
had already occurred in Yang Shi’s dialect at the time of composition.!®

19 Onni [E&:beyondits open syllable pronunciation, Sagart (2004: 73) reports the fanqié " 2
Z.: ; (pointing to nit in EMC) for a quote of the Mencius to which the line of our poem s a
reference (TE{EZ » [FBE X’ vs. the poem’s 1T [FE{#E’). However, this pronun-
ciation seems to have been too rare in the QTs and @ss for the community annotator to
learn it, and it always groups n{ J& with open syllable -i rhymes, explaining the [c] anno-
tation. In any case, by the time of the poem, the coda would have been lost, n/ JE then
rhyming with the other -i open syllables.
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Similarly to the previous poem, that the Community annotator failed to cap-
ture this phonological phenomenon can be explained by the annotator learn-
ing a general picture of the rhyming behaviors of poetry across the Tang and the
Song, and this loss of codas being a relatively late phenomenon in this corpus,
it was not captured. Beyond the need for a time-aware annotation scheme, this
poem also points to the need for space-aware annotators: most of the poets
of the Song corpus came from the South, which means that rhyming behav-
iors such as seen in Yang Shi’s poetry, showing signs of a Northwestern dialect,
would have been marginal if considering the corpus as a whole.

5 Conclusion

In this paper, I have examined the proposal made in Baley (2022b) to use rhyme
networks and graph community detection as a strategy to build automatic
rhyme annotators for Chinese poetry. To this aim, after evaluating previously
proposed metrics, I have proposed an alternative approach to evaluating the
quality of the annotations produced: an F; score of character-pair rhyme judge-
ments. Then, T have presented an approach to produce a sample of a corpus that
is both sufficiently small for annotation by hand to be tractable and sufficiently
large to provide statistically usable results. Such a sample was extracted from
Baley’s (2022b) published corpus before being manually re-annotated and pub-
lished for others to re-use.

Then, the quality of the automatic annotations previously published was
evaluated using the metric and the hand-annotated corpus: the results confirm
that the Community annotator outperforms the Gudngyun-based annotator,
and demonstrate that the community detection-based approach is expected to
perform nearly perfectly over the corpus of 250,000 poems of the collections
of shi poetry of the Tang and the Song, so that the corpus previously published
is a reliable source of data for rhyming practices in those periods, thereby sav-
ing over 1300 hours of manual annotation work. Looking forward, the research
community should aim to develop gold standard annotations for the entire Chi-
nese poetic corpus: where data is sufficient, automatic annotators using rhyme
community detection can be used to speed up the work, and hand-annotated
samples should be produced to estimate the quality of the automatically anno-
tated corpora. The production of such gold standard annotations will establish
a strong point of reference for diachronic and synchronic analyses of Chinese
phonology.

Finally,  have analyzed a class of poems for which the annotations produced
the lowest scores, namely those where all of Baley (2022b) annotators produce
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a different annotation. I found that over half of these poems fell into one of
two classes: very late Southern Song poems with an -an rhyme and mid to late
Southern Song poems showing evidence of loss of -t and -k codas in historically
ru-tone characters. A careful analysis of the context of composition showed
these poems to be in line with phonetic reconstructions of those characters
based on rhyme books and rhyme tables. The failure to identify these phono-
logical phenomena was explained by the fact that the Community annotator
trained in the original paper had no awareness of context—neither spatial nor
temporal—and produces a generic “Tang and Song” rhyme system. I previously
showed that it was possible to exploit a finer time-granularity by training Tang-
and Song-specific annotators, Baley (2022b: 70) producing annotators that were
more accurate for poems from the period on which they were trained. I would
like to conclude that this is the way forward: in the two case studies, an anno-
tator trained on a late Song shi corpus would likely have produced the correct
annotations. Further research should therefore be conducted on the develop-
ment of time-aware—and possibly even space-aware—annotators. Such tools
would be an important step towards the automatic—or at least assisted—
study of diachronic and synchronic phonological variations in Chinese.

Supplementary materials

The hand-annotated corpus is made available in Baley (2022c) and can be used
to compare the quality of different annotators on a range of Tang and Song
shi poems of various rhyming complexities. The source code used for the sam-
pling done in this article, as well as for the evaluation of the annotator, is made
available at Baley (2022d); it can be used to reproduce the results found in this
article or can be freely adapted to apply to other datasets.
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