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Abstract

This paper reports on a relatively new but
important area involving: (1) The corpus
cultivation of comparable multilingual pa-
tents for, (2) The building of a large-scale
parallel sentence corpus, and thence, (3)
The harvesting from them of useful lan-
guage resources for NLP and other applica-
tions. Three major efforts are reported: (a)
The sourcing and cultivation of a large cor-
pus of bilingual and comparable patents
suitable for diverse applications in strategic
NLP, (b) The mining of high-quality bilin-
gual aligned sentences from the compara-
ble patents which contain many technical
terms, and (c) The extraction of bilingual
multi-word expressions (MWEs) from the
parallel sentences in (b), where there is of-
ten no simple isomorphic cross-lingual cor-
respondences among the lexical items. An
analysis is provided on how over 1 million
very high quality lexical entries consisting
of bilingual multi-word expressions and
their multiple renditions have been har-
vested in the initial and expanding version
of a derived MWE database. This has fol-
lowed a series of rigorous winnowing of an
initial large database of 10 years of English
and Chinese patents consisting of more
than 5,000 million English words and
12,000 million Chinese characters. Some
issues on efficacy in data curation to max-
imize both quantity and quality are raised,
as well as an outline of how the MWEs with
their multiple renditions are put to good use
by translators and trainers of translators.

1 Introduction

To be useful for NLP, the size of corpora must be
quite large. In recent decades, there have been in-
terests in working with big and related corpora in
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different languages, where the degree of compara-
bility may range widely from parallel texts to even
unrelated texts (Sharoff et al., 2013). Such inter-
ests were boosted by, for example, the official pro-
duction of bilingual corpora (Germann, 2001;
Koehn, 2005). Common examples are voluminous
bilingual parliamentary records and parallel bilin-
gual legal codes, for example, from governments
or international organizations, as well as the avail-
ability of multilingual comparable corpora from
Wikipedia. The availability of other bilingual texts
which are comparable, if not parallel, has boosted
considerably advances in machine translation and
other NLP efforts (Sharoff et al., 2013; Zhao and
Vogel, 2002; Resnik and Smith, 2003; Munteanu
and Marcu, 2005; Wu and Fung, 2005; Smith et al.,
2010). However, comparable corpora as well as
similar and useful monolingual corpora also exist
in other relatively untapped domains and areas
which are of strategic importance. This is espe-
cially the case with patents in the cross-lingual
context which impinge on complex global trade
and economic competition as their content in-
volves advanced scientific and technological de-
velopments which require comprehensive but suc-
cinct description and where ownership of intellec-
tual property rights may be contentious and have
to be protected legally.

2 Corpus Cultivation: From Quantity to

Quality

Stage A: From Big Data to Useful
Data

2.1

There can be several stages in the long work flow
to go from Big Data to useful data and, it is no sim-
ple task which can be accomplished semi-automat-
ically. It is often assumed that the more data the
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better, and that the Age of Big Data would provide
easy and theoretically limitless access to data. In
the case of patents, they are documents which usu-
ally contain much useful information and new tech-
nical terms, and may be available in more than one
language because inventions described in a patent
may only be best protected in the country where it
is filed. As a result, an applicant who wishes to pro-
tect his invention would file the patent in other
countries in the local languages. Usually, the two
or more versions should be parallel but there could
be also textual variations to tactfully protect the le-
gal rights of the technical content and because of
non-uniformity in human efforts. There are also
cross-references to other relevant patents, and quite
often there are bilingually paired patents or bilin-
gually paired textual segments within clusters of
comparable patents.
At the start, we took 10 years of Chinese and Eng-
lish patents officially published around the turn of
the millennium. The combined size of these Eng-
lish and Chinese patents is very large:
English: 5,351.7M words

Chinese: 12,001M characters
This enormous quantity is based on the number of
English and Chinese patents published during this
decade: English patents: 840,027 documents and
Chinese patents: 967,686 documents, and based on
the average size of more than 300,000 English and
Chinese patents which have been analyzed. (Lu et
al.,2016)

2.2 Stage B: Corpus Cultivation of Compa-

rable patents

The identification and winnowing of comparable
patents from stage A begins with the meta-infor-
mation of the patents. Essentially the cross-refer-
ences in the section “Worldwide applications” are
examined.

From the official 2009 website of the State Intel-
lectual Property Office (SIPO) in China, about
200K Chinese patents were found to have links
with previously filed PCT applications in English
and we crawled their bibliographical data, titles,
abstracts and the major claim from the Web. Other
claims and descriptions were also added in the pro-
cessing. All PCT patent applications are filed
through WIPO. Drawing on the Chinese patents
mentioned above, the corresponding English pa-
tents were searched from the WIPO website to ob-
tain relevant sections of the English PCT applica-
tions, including bibliographical data, title, abstract,
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claims and description. About 80% (160K) of the
Chinese patents have corresponding English ones
and a total of about 340K comparable bilingual pa-
tents form the initial base corpus of comparable pa-
tents. (Lu et al., 2015, 2016)

These cultivation efforts involved considerable
manual efforts and have yielded the following
combined size of textual content .

English: 1,020.4M words
Chinese: 1,986.4M characters

2.3

Following stage B our preliminary efforts pro-
duced a drastically reduced set of bilingual Eng-
lish-Chinese parallel sentences by means of itera-
tive bilingual sentence alignment.

First we use a bilingual seed dictionary to prelimi-
narily align the sentences in each section (abstract,
claims, descriptions) of the comparable patents,
and perform filtering using length-based (Gale and
Church, 1991) and dictionary-based scores. The

Stage C1: Sentence Alignment 1

dictionary-based similarity score P4 of a sentence
pair is computed based on a bilingual dictionary as
follows (Utiyama and Isahara, 2003):

7w, w,)
S, wees, deg(w, ) deg(w,)

5 5y e
Pi(Se.5.) (4 +0)/2

where "¢ and "¢ are respectively the word types

. . . /
in Chinese sentence % and English sentence 5 ;

and % respectively denote the lengths of 5 and *

in terms of the number of words; and Y(Wes We) —
1if "¢ and "¢ is a translation pair in the bilingual
dictionary or are the same string, otherwise 0; and
deg(w) = D y(w.,w,)
w,eS,

deg(w,) = D r(w.,w,)
w, €S,

For the bilingual dictionary, we drew from three
publications: viz, LDC CE DIC2.0 (http://pro-
jects.ldc.upenn.edu/Chinese/LDC_ch.htm), bilin-
gual terms in HowNet (http://dict.cnki.net/) and the
bilingual lexicon in Champollion (Ma, 2006). We
then removed sentence pairs using length filtering
and ratio filtering by two means: 1) For length fil-
tering: if a sentence pair had more than n words in
the English sentence or more than m characters in
the Chinese one, it was removed; 2) For length ra-
tio filtering: we discarded sentence pairs with
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Chinese-English length ratio outside the range of
0.8 to 1.8. The parameters here were set empirically.
We further filtered the parallel sentence candidates
by learning an IBM Model-1 algorithm (Brown et
al., 1993; Och and Ney, 2004) on the remaining
aligned sentences and computing the translation
similarity score ¥ of sentence pairs by combining
the translation probability value of both directions
(i.e. Chinese->English and English->Chinese)
based on the trained IBM-1 model (Moore, 2002;
Chen, 2003; Lu et al, 2009). It is computed as fol-
lows:

log(P(S, | S.)) +1og(P(S.|S.))

S.,S)=
p.(S..8,) )

where £(S:15:) denotes the probability that a
translator will produce S in English when pre-
sented with - in Chinese, and vice versa for
PS.15.) | Sentence pairs with similarity score *
lower than a predefined threshold are filtered out as
incorrect aligned sentences.

After the end of stage C1, we have an initial bilin-
gual sentences corpus with the following combined
size.

English: 355.3M words
Chinese: 628.2M characters

2.4 Stage C2: Sentence Alignment 2 (with

enriched bilingual glossary)

Cyclical sentence alignment is applied with the
help of an enriched bilingual glossary. This has en-
hanced the size of bilingual sentence corpus as fol-
lows.
English: 989.2M words
Chinese: 1,914.6M characters

It is noteworthy that the results show near maximal
recall as can be seen from the ceiling effect when
compared with the results of stage B. At the same
time, it reflects on the efficacy of the sentence
alignment efforts in stage B.

2.5 Semi-automatic Curation Efforts

Whereas stage A identified patents whose contents
are parallel, if not comparable, stage B identified
linguistic segments within them which are compa-
rable on objective and statistical basis.

From stage B, automatic multi-word expression
extraction produced high-frequency bilingual
terms. But within the parallel corpus there were re-
sidual and low frequency but valid useful terms for
stylistic or other reasons. They could be further ex-
ploited. Because of their rarity and sparsity, there
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was no effective automatic means to extract these
low-frequency bilingual terms. We thus developed
a computer-assisted bilingual term extraction sys-
tem to allow annotators to perform this task in a
simple but effective manner. The system has been
a web-based online system for annotators to mine
unextracted term pairs in the following steps:
First, pairs of aligned sentences are randomly se-
lected from the pool of about 40M candidate sen-
tence pairs. For these pairs, all recognized bilingual
terms from the current bilingual glossary are high-
lighted. To enhance visual presentation, words that
are covered by multiple bilingual terms are high-
lighted in a darker shade. This allows annotators to
focus on unextracted terms at a glance, and high-
light them in both languages, thereby adding the se-
lected term pair to the database. Once annotation of
all unextracted bilingual terms are completed, the
annotator can choose to view another random pair
of sentences from the system, and repeat the same
examination and annotation process.

‘Annotated ParallelTerms

Annotation c

One notes from the fluid allocation or NEfRRERAREETMEL
fluid partiioning values that the
amount of fluid in the top layer or
intake / retention / transfer composite
as measured using the flat systems
test is approximately 64 to 65% ).
The stain lengths in the top layer are
also similar ranging from 92 to 98
mm

fuid parioning vaues / AR
RATRAHRNENEREIERR

fuid allocation / RHEE
Wit i U o e,
~65% » FIE » EREANISRKEN2

~98mm *

fluid partitioning values AEREE

From the sample user interface shown above, it can
be seen that two pairs of terms, “fluid allocation” /
“WAARLE” and “fluid partitioning values” / “¥
AR [ 2548, are newly marked and added to the da-
tabase. The system underlying this curation process
is outlined in the next section, which focuses on the
systematic extraction of linguistically well-formed
multi-word expressions.

2.6 Stage Dn: Multi-word Expressions

We implemented an automatic procedure to ac-
quire the bilingual phrases from the above parallel
sentence pair corpus on the basis of Tian et al.
(2011, 2014) and discussed in Tsou et al. (2017b).
We first derived the phrases from monolingual
data, i.e. the source sentences of parallel data, by
considering the possible n-gram of words. For the
high frequency words or phrases, we evaluated
how likely a phrase could be constructed by two
(words or) phrases p; and p;, by considering the
following significant score:
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f(Py @ Py) — uo(Py — Py)

V(P ®P,)

where () and py(-) were the frequency and the
mean under null hypothesis of independence of
two phrases (El-Kishky et al., 2014). @ was the
concatenation operator. The equation computes
the number of standard deviations away from the
expected number of occurrences, and this score
could be considered a generalization of the t-sta-
tistic for identifying dependent bigrams. To ex-
tend the identified phrases to its bilingual, we first
derived the word alignment information for the bi-
lingual data using the model proposed by Dyer et
al. (2013). The word alignments acted as vital in-
formation and were used to project the phrase
boundaries from the source sentences to the target
side of the bilingual data (Zeng et al., 2014). For
those unaligned words or phrases, we simply ig-
nored them from the induction process. This bilin-
gual phrases extraction model was based on an un-
supervised approach, where all the statistics were
automatically derived from a given parallel cor-
pus aligned at sentence level.

The bilingual multi-word expressions obtained
were fed into an online translation engine for fur-
ther automatic evaluation. Each monolingual part
of a pair of bilingual terms was input to a transla-
tion engine whose output was compared with the
other part of the bilingual pair in terms of Le-
venshtein distance (LD) (Haldar et al. 2011). The
results were as follow: LD=0:11.9%,

Score(P;, P,) =

LD=1:25.5%; LD=2:29.3%; LD=3:11.9%; LD=4:

11.0%; LD> 5:10.3%.

We noted that from the results, only 11.9% were
identical with online translation results. The re-
maining nearly 90% were not identical but were
still potentially valid entries. They were more val-
uable because they reflected the actual alternate
language use in this particular domain which
would be usually ignored by automatic means and
also was not readily available through any public
resources. Further empirical studies showed that
lower edit-distance entries require less manual
modifications. When the edit distance was 1 or 2,
about 65% were valid entries without modifica-
tions and 5% more could be useful after manual
modifications. For distance 3 or 4, about 55%
were valid entries, while about 10% could become
useful after modifications.

Our efforts so far have produced over 6 million
MWE candidate entries. Furthermore, mostly
straightforward manual checks have already
yielded 1 million good bilingual MWEs and more
items are expected after iterative processing. The
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human efforts have mostly involved the pruning
of redundant constituents and in some cases the
recovery of missing constituents.

We note there is a noticeable drastic reduction in
going from the parallel aligned sentences and sen-
tence fragments to bilingual terms, including
MWE’s. Following further filtering and human
supervision are found in the following sub-corpus
only linguistically well-formed expressions.

English: 2.95M words
Chinese: 5.89M characters

2.7

Based on the bilingual MWE database, we have
constructed a cross-lingual search system — Chilin
PatentLex. The following are some examples of
search results. Based on the meta information of
each patent, we are able to provide insightful sta-
tistics through the search query, as can be seen in
Tablel.

Pairing Bilingual Terms

2.7.1 “Channel” — Alternate Renditions in Chi-
nese Patents

PatentLex (%) PatentLex PatentLex (%)
(%)

JH (48.58) Y58 (0.58) /K& (0.01)

=i (30.89) I8 (0.37) | FE4X (0.01)

JBIE (10.92) B (0.12) VHZE (0)

AIE (3.06) IRIH (0.06) gLk (0)

# (2.55) W (0.02) | ¥k (0)

VA1 (1.98) #1% (0.02) EHE (0)

JE (0.71) #2k (0.01) R (0)
i (0)

Table 1 Alternate Chinese Renditions for “Channel”

In Table 1, we note that the English term “channel”
has 22 renditions in Chinese and that the percent-
age distribution of actual usage of each alternate
rendition shows considerable variations. Among

the 22 actual alternate renditions, 3 are used in 10%

or more of the total, while the majority has fre-
quency less than 1% (0% indicates very low usage
of less than 0.01). While this is exhaustive for the
10 years of Chinese-English patent we collected,
it may be noted that the different IPC domains
have not been equally represented in patents.
Given further cultivation of the comparable data-
base and also breakdown according to IPC do-
mains, we expect the distribution of the alternate
renditions to change and be more balanced.

From the current database, we can see that the
highest percentage of usage comes from the sin-
gle-character word 1.“J&”, followed by 2. “{Fi&”
and 3.“JHIE”. It is worth noting that since the

Proceedings of the 12th Workshop on Building and Using Comparable Corpora at RANLP 2019, Varna, Bulgaria.

Serge Sharoft, Pierre Zweigenbaum, Reinhard Rapp (eds.)



33

percentage comes from figures gathered from
string matching of the rendition with the parallel
sentence pairs, the rendition “/51&” will also con-
tribute to the counting of “i&”. This may lower the
precision but can increase recall and lead to more
relevant authentic example sentences for users to
examine.

We can further retrieve all the example sentence
pairs containing MWE’s of “channel” with vari-
ous renditions from different IPC domains (see
examples in Table 4), and even with low frequen-
cies of usage, so that the needs of the translator
may be met.

Furthermore, beyond the renditions of the search
keyword “channel”, the search engine will also re-
turn other fuzzy results with MWEs containing
“channel”, again with their respective renditions
and distribution, as can be seen in Table 1 and Ta-
ble 2.

English Matched Term

Chinese Rendi-
tions (%)

X} SAZ TE(100)
Z AN IHIE(100)
o]
(100)

7% % ¥ Al S
(100)

1L #% AN &
(78.16)

2. Ui 19 &
(17.84)
3AERUEIE(3.38)
4.3 NIHIE(0.56)
5.0 NJEIE(0.04)
Table2 Fuzzy Search Results (source: PatentLex)

a corresponding channel
a plurality of channels
a second counting channel

absolute grant channel

i
=
access channel 1
-

2.7.2 Cytidine

The fuzzy search results of the multi-word term
“cytidine” from two sources are provided for
comparison below: PatentLex and HOWNET, a
well-known Chinese language resource.

Cytidine
JEHO1) NEmEERZT(16)
(source: HOWNET)

English Matched Term | Chinese Renditions
(%)
cytidine I (100)

5-azacytidine BAN(61.79)
5-AAML(25.84)

S-F M (12.35)

5

cytidine deaminase R i 2 B (100)
cytidine monophosphate | il —##2(100)
cytidine nucleotides fEZ H R (100)
cytidine triphosphate R = BEIR(100)
deoxy cytidine S B (100)
deoxycytidine Jit S B (100)

Table 3 Fuzzy Search Results Compared
(source: PatentLex)
In Table 4 below, authentic examples of usage
from different domains of patents according to
PCT classifications are provided from PatentLex,
but not from HOWNET, because they are not
available.

IPC | English Chinese

C07 | GDMEM contains | GDMEM ¥ 7% # &
DMEM  (Gibco) | DMEM (Gibco) , 4.5g/L
and 4.5g/l glucose, | = 25 4 | 15mg/L
15 mg/l phenolred, | . * "y vt pmmRSH
iuf;\: f?fs‘“gljll DY | 1.75gIL R . 500
dium bicarbonate, | HM RITAHE 30 um
500 uM asparagine, JlE . 30um ZE, 30
30 uM adenosine, | pm BEE , 30 um JK
30 uM guanosine, | ¥, 10 p m HANREETE %
30 uM cytidine, 30 | 5 1 4F & 7 & K B
}LM uridine, 10 ],LM ( GIBCO ) N
thymidine, and
non-essential
amino acids
(GIBCO).

A61 | The cells were pre- | Ki4HffirE 5-R e MEF
incubated for 27.5 WiEE 27.5 /M, 4R
hours in 5-azacyti- | =
dine before addi- TN SAHA -
tion of SAHA.

CO07 | The short plasma | 45 H)IM3ETEHZHT
half-life is due to | Jjii MOl m i it
rafp(;d ) iggcti;/atiion A b S AT Y
of decitabine by de- | 1+ 170 7
amination by PRI 351 «
liver Cytidine de-
aminase.

Table 4 Some authentic example sentences for the al-
ternate Chinese renditions (source: PatentLex)

It can be seen from the case of cytidine that there
are considerable quantitative and qualitative dif-
ferences between HOWNET and PatentLex. They
show how the cultivation of a specialist corpus
could expedite the user’s search and so enhance
his productivity by optimizing his search.

2.8 Lexical Scan

Apart from being able to enjoy the useful feature
of cross-lingual search engine which is helpful not
just for translation, it is usual for a translator to
face two challenges when tackling a new piece of
text: (a) new technical terms not in his vocabulary,
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and (b) making a proper selection where there are
multiple renditions. It would be very helpful if he
or she is given some relative weighting (i.e., rela-

tive frequency of usage) of the alternate renditions,

and if he or she could review actual examples
from the technical texts where necessary. For this
reason, a text scanning feature has been added by
drawing on all bilingual multi-word expressions
extracted in the previous effort. It includes (a) ren-
ditions lookup, (b) distribution profiling, (c) au-
thentic text lookup, (d) thesaurus navigation in an
integrated interface. An example of semantic net
navigation of LexiScan involving (a) and (b) is
given below:

O ClER
One type of fuel cell includes a . e , an O08 adjacent: 195 1960, 5E... v
plate . a membrane disposed between the
88 e anc e Dlté , and two gas s 0k ERERAR.. v
disposed between the plate and the plate
S
. A fuel cell can also include one or more Coolant I plates disposed anode fow: FEGEE v
adjacent the exterior of the plate and / or the exterior of
tre (a8 . . - . . anode flow field: FRRSH v
anode flow field plate: FRRFIAHR v
assembly: 4 8 K. v
assembly disposed: EHRE v

The LexiScan produces lexicon list which in-
cludes a full range of related terms in the side-
bar:

adjacent: FHZR, FHARI, 413

anode: FAH%, 1EMH%

anode flow: PHAR i

anode flow filed: PHH% 3%

anode flow filed plate: FHARIFIAIR

assembly: 2H, 4H1F, 25

assembly disposed: ZH /%5 &

Given a piece of technical text, LexiScan will
highlight all recognized technical terms from the
PatentlLex database, together with their renditions
on the sidebar as shown (renditions lookup). Since
a single word may be part of multiple multi-word
expressions, a darker shade indicates that the sin-
gle word contributes to other multi-word expres-
sions. In the above LexiScan example, if we click
on the word “flow” in the phrase “cathode flow
field plate” on the first line, we can view the fol-
lowing list of words containing the word “flow”
in English but not necessarily with the same ren-
ditions in Chinese.

a. cathode flow: PR /it

b. cathode flow field: A /i 17)

c. cathode flow field plate: FH #7171

6

d. flow field: 7717, “ (7, sl [X

e. flow field plate: 711174

From the above, we can thus see a number of Chi-
nese terms providing different renditions of
“flow”: namely “cathode flow”, “cathode flow
field”, “cathode flow field plate”, “flow field”, and
“flow field plate”. They are all possible multi-
word expressions covering “flow” from the lexi-
con. We could further expand some of the expres-
sions on the list to examine the distribution of the
possible renditions (distribution profiling).

Lexicon list (filtered) for flow field
iﬁizj (94.94%)
S (2.04%)
c. miz:JJI: (1.69%)
d. itzhda (0.95%)
e. Yitfkd7 (0.35%)
f. Jishik (0.03%)
Furthermore, useful authentic bilingual example
sentences drawn from patents may be obtained by
clicking on “flow field” and “Jii{43%” (authentic

text lookup).
Examples: flow field / A5

AL Ao B0 Clooow) Do) E(000%) Fooo%)  G@2m)  HEssw)

Inthis continuous flow field, the i undergoescycicsetching, oding and

ER-SANENES - EHRA-MIRHR-MFRRNE - R0E

82

HFRARFABENNE - RFSENEA -

maerals from one screw o he oherone>

isdisposed on  sutace 86 of the elecicaly conducive membe 76 atis

o wperys POAUTIEIUM 0 R . KAFHAET ISR

Hot 74.{0030] The elecrialy conducive members 76 and 78 are prefrably gas

uson 1
ifuson meda tht e comprised f con pepr,caron o, o caton ’!!%’llw!{l'iﬁ!km Py pieiety

AARE 0TS - ANBEARRHAGLN

eectically conductve fuid dsiton slements 80 nd 82.The lcticaly

ay beanybigoar e kown i he at>

As in cross-lingual search, the percentage distribu-
tion across patent domains can be seen from the
headings. Bilingual examples belonging to a spe-
cific patent class can similarly be narrowed down
by clicking on the heading. It is worth noting that
the LexiScan feature has wider application in
cross-lingual translation, especially for textual an-
alytics.

These are recognized as useful provisions for pro-
fessional translator as well as for students and
teachers of translation.

2.9

Additionally, there are wider applications, espe-
cially for cross-language patent search and analysis
via the production of knowledge graphs which
could help the user to navigate through relevant re-
search networks (Tsou et al., 2019). Moreover, an
intermediate stage during the 10 years long cura-
tion process has included the harvesting of a very

Other Features Analysis
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sizable corpus of bilingually aligned sentence pairs
useful for training and evaluating Chinese-English
machine translation engines (Lu et al., 2011b; Goto
etal., 2012, 2013; Tsou et al., 2017a, 2018).

2.10 Concluding Remarks

In the Age of Big Data, there is easy availability
of data, but this ease in availability should not be
mistaken for ease in securing quality. Considera-
ble care and efforts must go into the cultivation
and evaluation of the data for its full value to be
realized. This paper has discussed how a database
of 1 million entries of highly valued bilingual
multi-word expressions in the technical fields has
been profitably mined from a combined database
involving 10 years of English and Chinese patents,
comprising 5,353 million English words and
12,000 million Chinese characters. The processes
involved and the utilization of the resultant data-
base and platform, PATENTLEX, have been out-
lined. It is hoped that the case reported here has
demonstrated the considerable value of well cu-
rated corpus not just for mining lexical gems, but
for other data mining as well.
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