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Introduction



| Text Summarization

* Condense the input document into a concise version.
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| Cross-lingual Summarization

* Cross-lingual summarization aims at summarizing a document in one language
(e.g., Chinese) into another language (e.g., English).
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Source Language summarization Target Language
Document > Summary
(e.g. Chinese) (e.g. English)
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LeBron James took 3 COVID tests,

Test 1 and 3 were positive.




Datasets



| Zh2EnSum && En2ZhSum

* Original English Mono-lingual datasets: MSMO + CNNDM

g By ‘ summarize

Researchers have discovered the fossilized Tiny was one of the first
remains of a small, lizard- like creature that four-legged creatures to
is the missing ancestral link ... move ...

* Original Chinese Mono-lingual datasets:

-

News

CNNDM

LCSTS
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AEEBEEARIABEFEETHELZ LR, KEMETEAARAESLX, AXEL
ERELEF. FEHRREAFRHNEHE L.

ARBRIZERIFRHE, ITASEWERNL

LCSTS

MSMO: Multimodal Summarization with Multimodal Output

LCSTS: A Large Scale Chinese Short Text Summarization Dataset



| Zh2EnSum && En2ZhSum

* Round-trip Translation

English Article (Input for MS or CLS)

Rod gray , 94, had been taken to hospital by ambulance after he
cut his head in a fall at his home ...

English Reference (Output for MS) MS
I Rod gray was taken to ipswich hospital after falling over at home . I
RTT
lCLS Output CLS Output ,,, lCLS Output
(Zh) v Up) (De)

Tl RELR T aECHENIK, oy F Rod-Grau wurde nach dem
18) )5 Ak £ AR AP B2 B T VAWBAT AT 4y Sturz zu Hause ins ipswich+
FER i, FaRCEETNn F L, Krankenhaus gebracht.

Chinese Reference

Japanese Reference

German Reference

English Reference

| Rod gray was taken to ipswich hospital after falling over at home .

1 =T Vv
ROUGE{

T X
Forwgrd| | Rod gray was taken to Ipswich Hospital after falling down at home!
Translation|  'f===""===o0s Round-frip translated Reforence
Back
Translation

l CLS Reference (Chinese)
| B BELR P HEEREEFENBAER. |

Figure 1: Overview of CLS corpora construction. Our method can be extended to many other language pairs and
we focus on En2Zh and Zh2En in this paper. During RTT, we filter the sample in which ROUGE F1 score between
the original reference and the round-trip translated reference is below a preset threshold 7'

NCLS: Neural Cross-Lingual Summarization EMNLP 2019




| Zh2EnSum && En2ZhSum

* Original English : MSMO + CNNDM

* Original Chinese: LCSTS

* Quality Control:

* Round-trip Translation

En2ZhSum train valid test Zh2EnSum train valid test

#Documents 364,687 3,000 3,000 #Documents 1,693,713 3,000 3,000
#AvgWords (S) 755.09 759.55 744.84 #AvgChars (S) 103.59 103.56 140.06
#AvgEnWords (R) 5521 55.28 5476 #AvgZhChars (R) 1794 18.00 18.08
#AvgZhChars (R) 9596 96.05 95.33 #AvgEnWords (R) 13.70 1374 13.84
#AvgSentsWords 19.62 19.63 19.61 #AvgSentsChars 5273 52.41  53.38
#AvgSents 40.62 41.08 40.25 #AvgSents 2.32 233 2.30

NCLS: Neural Cross-Lingual Summarization EMNLP 2019



| Wikipidia

Chinese Lead Section
NBA 41

HEEH, 5HNENEH

FEFEUTEE, #Y J=EZeang b7 .
' @ FAFEFEUTEE, BHREEFERENECTHINARREL Chlnese content

- BT HRENZETEMBA,

ERERINS (X5 National Basketball Association, %5 : NBA) RItEMBSFIRULEREY, HI0XHNAMN (QOXEZEURIRENEA) , HEFEIHEZA (Conference) : FRIBELARMTEIELN;
HETHASE=TER (Dvision) A, STEXHAIHU, NBARMALZRUAEREZ—, HEMHSHAERBNBFRUEREEC], NBANS 210465 FANMUINE RERD S
(8AA) 3], 1040 IERERIHY (NBL) 2HEENNE. BASBATFSRTETE, MEARHTY FiE,

NBAIEXFZRFTHFI0APHE, PAENE. FEEMARD. SATREAES, SIRABRTAB2HLEE; SUBRIREMNIAER(ARBHEZLESR), STRAVF/N\BBEERENETRET
MERE. FERRA-CRUMES, #5088 ZFERNBE—REMHLAR, BRTRKEANTEFINBANBERE—ITEE. BTNBARFEYG, BARREZEIRIETREN, REFRHRK
PARB—T, ERATERESEDRERMNFEE.

English Lead Section
National Basketball Association

From Wikipedia, the free encyclopedia

"NBA" redirects here. For other uses, see NBA (disambiguation).

L]
The National Basketball A; iation (NBA) is a professional basketball league in North America. The league is composed of 30 teams (29 in the United States and 1 in Canada) and Is one of the four major E n gl ISh CO nte nt
professional sports leagues in the United States and Canada. It is the premier men's professional basketball league in the world [1]

The league was founded in New York City on June 8, 1946, as the Basketball Association of America (8AA).L2] 1t changed its name to the National Basketball Association on August 3, 1949, after merging with the
competing National Basketball League (NBL).1%] The NBA's regular season runs from October to April, with each team playing 82 games. The league’s playoff tournament extends into June. As of 2020, NBA players
are the world's best paid athletes by average annual salary per player.[41516]

The NBA is an active member of USA Basketball (USAB).[71 which is recognized by the FIBA (International Basketball Federation) as the national governing body for basketball in the United States. The league's
several international as well as individual team offices are directed out of its head offices in Midtown Manhattan, while its NBA Entertainment and NBA TV studios are directed out of offices located in Secaucus,
New Jersey.

In North America, the NBA is the third wealthiest professional sport league after the National Football League (NFL) and Major League Baseball (MLB) by revenue, and among the top four in the world 8]

The Milwaukee Bucks are the reigning champions, having beaten the Phoenix Suns 4—2 in the 2021 Finals.
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| XWwikis

* Twelve language pairs and
directions for four European

languages, namely Czech, English,

French and German

* Take 7,000 titles in the
intersection across all language
sets. (XWikis-comparable)

Huile d'Olive
Histolre. La dolives ages dale de la période préhistorique des
chasseurs-cuellleurs du Néolithique. L'oké {culture i . d'ol e, et f d'huile d'olive

avec des moulins & huile) remonte a la période de I'invention de Fagriculture et de la culture de la vigne et du
vin, il y a environ 8 000 ans, dans la région du croissant fertile du Levant au Proche-Orient et en
Mésopotamie. L'huile dolive est alors utilisée pour lalimentation, la conservation des aliments, la
cosmétique, la médecine, les lampes a hulle... [..]. Durant la Renaissance du XVe siécle I'ltalie devient le
plus important producteur réputé d'huile d'olive du monde, avant d’étre cultivée a ce pu par 'ensemble des
pays du bassin méditerranéen en tant qu'un des fondements de ia cuisine médi

Olivendl. auch Baumdl (von mittelhochdeutsch boumdl) und
fachsprachlich Oleum olivarum genannt, Ist ein Pflanzend! aus dem
Fruchtfleisch und aus dem Kern von Oliven, den Frichten des
Ol:aums das seit mindestens 8000 Jahren, ausgehend vom

raum, g wir De |

/" U'huile d'olive est une variété dhuile alimentaire, & base de matiére

grasse végewe extraite des olives (fruits d'oliviers cultivés en
d'oléicult lors de la dans un moulin & huile.

-]

L'huite d'olive est connue depuis la plus haute antiquité : les Grecs anciens, les Phenvcnsns Ies Arabes, les
et les futd déja pour leur cuisine (a l'origine de la cuisine méditerranéenne) et pour

leurs produits cosméliques, ainsi que les Hébreux pour allumer leur chandelie. L'huile d'olive peut étre
utilisée aussi bien crue (dans des sauces pour salade ou a Ia place du beurre dans les pates par exemple)
que cuite (pour la cuisson de viandes ou de légumes ou pour la friture). [..] L'huile d'olive peut également
étre utilisée pour le traitement du visage, comme le démaquillage des yeux, I'hydratant, I'spaisement des
lévres et la réparation des talons fissurés. Naturellement, Fhulle d'olive regorge d'antioxydants anti-age et de
squaléne hydratant, ce qui la rend superbe pour les cheveux, la peau et les ongles. Tout comme l'hulle de
noix de coco, c'est un élément essentiel de tout kit de beauté bricolage. L'huile d'olive est utilisée comme
depuis I' q égyp' []P L'obtention d'un litre d'huile nécessite 4 a

10 kg d'olives suivant la variété d'olive utiisée et son niveau de maturité, La méthode d'extraction utilisée a
peu d'incidence. Cependant les moulins ulilisant des presses ne peuvent pas utiliser des olives a trés forte
teneur en eau (& faible rendement en huile) a cause de la fluidté excessive de la pate. Cecl peut laisser
penser, a fort, que leurs rendements sont meilleurs. [...] Santé. Par rapport aux autres huiles contenant des
acides gras insaturés, Ihuile d'olive est assez stable & la cuisson et garde en ce cas ses effels bénéfiques
relatifs sur le cholestérol. L'huile d'olive permet de lutter contre le cancer du sein. |....

\/

Elle est un des fondements de la cuisine méditerranéenne (et du
paradoxe frangais) et peut étre, sous ceraines conditions,
bénéfique pour la santé.

Fr |
[ Olivovy olej je rostinny olej ziskany z oliv (Olea europaea) \
im &i jinymi postupy. Je pi
pfl vyrob&é pokrmd, v i a far { prumyslu
Olivovy oim & typickou a @
oleje je za zdravi pe

protoze ohsahu,e mcnonmsycené mastné kyseliny a vllamln E/ C

7 Olive oil is a liquid fat obtained from olives (the fruit of Olea

; family O ), a w tree crop of the
Mediterranean Basin, produced by pressing whole olives and
extracting the oil. It is commonly used in cooking, for frying foods or
as a salad dressing. It is also used in cosmetics, pharmaceuticals,
and soaps, and as a fuel for traditional oil lamps, and has
additonal uses in some religions. The olive is one of three core
food plants in Mediterranean cuisine; the other two are wheat and
grapes. Olive trees have been grown around the Mediterranean

. since the 8th milennium BC. |

[ En

Figure 1: Example source document in French and target summaries in German, French, Czech and English.

Y en de

fr cs

en 425,279 468,670 148,519

de 376,803

fr 312,408 213,425

252,026 109,467

91,175

cs 64,310 53,275 51,578

Table 1:

Total number of document-summary pairs

in the XWikis corpus considering all language pairs
and directions. Each table cell corresponds to a cross-

lingual dataset Dy _,y.

Models and Datasets for Cross-Lingual Summarisation EMINLP 2021
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MassiveSumm

* A large-scale multilingual
summarization dataset
containing articles in 92
languages, spread across
28.8 million articles

* Manual select news
platform = automatic
collection (archive.org)—>
quality control

e Use the summaries
provided in the HTML
metadata.

language | genus (family) | emptysre  empty tat prefix ellipsis ellipsisiprefix  all-prefix all-ellipsis | all count | %invalid  valid count

AFRICA

EURASIA

20 Russiin G 6 27482 4RS2 91252 491426 145096 486438 1288433 | 4245%  TI9163
g ‘&m e Slm HPl(l‘;ll) g’g ?7‘,;‘;; ;s’“mig 7’ w! “’ s gg';:: 5“‘“ 2 mﬂ’ m{ I i ¢ :g‘;g; :'2.23“2‘53 m!-z 53% iﬁ'ﬂg LANGUAGE FAMILY
23 Persian Iranian (F11) 16,277 147,711 428787 44,699 470,156 195272 579432 | 620729 1150653 | 53956  520.924 LEQEND,
25  Chinese nese (F9) )
27 Urdu Indie (F11) 19,236 22091 469,175 4213 472,516 25514 0,602 493817 1,115,555 621,738
28 Hindi Indie (F11) 6 1 469618 3754 SO2814 L9771 471057 | SI0037  LO73SIA | 4751% 563477
29  French Romance (F11) 3Lm 112,622 249,625 323,869 564,598 388,211 699,425 1,007,129 69.45% 307,704
30 c (FL : 5

 Bulwian | Shvie(FI) 2212 6606 2 : 281857 558 351 | 31020 7769 | 3L73% 661, T
33 Tamil Southemn Dravidian (F14) 1,074 11,654 703,881 126,331 829,332 138,242 715,826 841,243 886,482 94.90% 45,239 Sino-Tibetan (F9)
34 Hungarian Ugric (F5) 17332 28,724 220,577 1,229 221,511 43,082 262,478 263,364 885,749 29.73% 622,385

INTERNATIONAL

Dravidian (F14)

86 Esperanto | Constructed (F11) o 0 27 103 130 103 7 1 565 | 23.01% 435

NORTH AMERICA

87  Haitian | Creoles and Pidgins (F6) | 589 12 8,346 3.240 11,582 9118 14246 | 17460 26009 | 67.13% 8,549

PAPUNESIA

91 Bislama Creoles and Pidgins (F6) 3 0 0 0 [ 3 3 3 4 75.00% 1

SOUTH AMERICA

92 Aymara | Aymaran (F0) | 32 o 110 104 213 129 142 | 238 827 | 28.78% 589

totals | 2981925 1,775,581 10,315,099 5,145,760 15,238,148 9,404,789 14,891,856 | 19,497,177 31,940,180 | 58.04% 12,443,003

MassiveSumm: a very large-scale, very multilingual, newswire summarisation dataset EMINLP 2021 12



Methods



| Pipeline Systems

/

o

(1 Summarize-then-Translate

Document ’{ Summarizer} Summary A { Translator }— Summary B

\

/

-

o

®) Translated-then-Summarize

~

Document A { Translator } Document B {Summarizer}— Summary B

/

14



Mixed-Lingual Pre-training

Objective Supervised Multi-lingual Inputs Targets
Masked Language Model France <X> Morocco in <Y > exhibition match. <X> beats <Y> an
Denoising Auto-Encoder France beats <M> in <M> exhibition . France beats Morocco in an exhibition match.

World champion France overcame a stuttering
Monolingual Summarization v start to beat Morocco 1-0 in a scrappy exhibition  France beats Morocco in an exhibition match.
match on Wednesday night.

France <X> Morocco in <Y > exhibition match.

Cross-lingual MLM v v £ B A E— ) U 2 PP o U BE % BT A o <X> beats <Y> an
France beats Morocco in an exhibition match. S
ss-1i 1 MLM ! ] Y
CrOSS mgua \/ \/ <X>I&E—'iﬁi‘{§%qﬂ<Y>§i§%BA y <X>(£.< >_I:-E‘M
Machine Translation v v France beats Morocco in an exhibition match. EENE—3 R T P WIS EFRA -

Table 1: Examples of inputs and targets used by different objectives for the sentence “France beats Morocco in
an exhibition match” with its Chinese translation. We use <X> and <Y > to denote sentinel tokens and <M> to
denote shared mask tokens.

Mixed-Lingual Pre-training for Cross-lingual Summarization AACL 2021 15



Multi-task Learning: MS+MT

_____________________________________________________________

. CLS+MT
MT-Input

| Rod gray , 94 , had ... |

/ CLS-Decoder

| s, 18 B exemple CLS-Decoder
b v - /
E Encoder

‘. . - ' Ty MT-Decoder

-----------------------

SN NE N N§
A G A

MS-Decoder

.......................

NCLS: Neural Cross-Lingual Summarization EMNLP 2019

e CLS+MS

* the reference in each of CLS datasets
has a bilingual version.

* CLS+MT

* optimizes each task for a fixed
number of mini-batches before
switching to the next task

16



| Multi-task Learning: +Monolingual Summarization

* Employing one unified decoder to generate the -_— T ————
. . . aTnax related to language A
sequential concatenation of monolingual and Monoingual Target Cross-ingual Target | [~ jrszr— |(7) Atenton components
i — } —/ related to language
. . . LSEP q A
cross-lingual summaries - - ‘(%ﬂ ‘—"’QQ R e
« Making the monolingual task a prerequisite for S )| [ FeedFomard
[ i | :
the cross-lingual task through modeling RaT N Ss R |
. . E, Food F:) —ward ‘ Multi-Head Attention ‘
interactions. 5 2 £ 5
& Add & Norm Add & Norm < :
Document - Multi-Head Attention Masked Multi-Head :
BN A AR 2%, Eo8 M EEs, REEHEERATEEEBAER, BXE0ND = A A & Attention L1l N
R, BB+ ARRERFRBEESENK2.16%7T, ESH110.53%7T. ) A_A X
(Translation: Crude oil futures climbed 2% on Friday to a 28-month high, as the United States and
Russia are in a de{;dlock ow"cr .the Syrian issue, rleated concerns intensifled. In October, the New s I J I 3 a I A I I L [ 1
lYlo(l)'k5 l}\d&fsc::;:)t;:;rl::zl:zr;g:esl %l)ght sweet crude oil futures settlement price rose 2.16 US dollars to gog) |z | .. oA ‘ [EOS]: wosi [yA | .. [yA] hser] @ @ \:yﬂ @
Source Document Monolingual Outputs ~ Cross-lingual Outputs
Summaries in Chinese and English
BN Bl28 ™ BETE B fAITL EKEH AR,
< . . . .
E Tmy T el s Figure 2: An overview of our proposed MCLAS. A uni
Oil prices hit a 28-month high as tensions in Syria escalated. ﬁed decoder produces both monolingual (green) and

cross-lingual (red) summaries. The green and red
lines represent the monolingual and cross-lingual sum-
maries’ attention, respectively.

Figure 1: An example of the alignments across sum-
maries in different languages. Each color represents
phrases with one specific meaning.

Cross-Lingual Abstractive Summarization with Limited Parallel Resources ACL 2020 17



| Multi-task Learning: +Machine Translation

e Task: Cross-Lingual Summarization with Compression Rate (CSC), regard MT task as a special CLS

task with the compression rate of 100%.

* To bridge these two tasks smoothly, we propose a simple yet effective data augmentation method

to produce document-summary pairs with different compression rates.

l Source [ | [ Target |

Cross-Lingual 1 I

Summarization : CR =25%
s L 1
@ ! CR =50%
a
3 | }
g = CR = 75%
©

Machine l ’
Translation CR =100%

Figure 1: An illustration of the relationship between
CLS and MT. The area of the text square represents its
text length. CR means compression rate.

it v<4

e T

Document

Sentence §
Sentence sg
Sentence s3
Sentence 5y
Sentence 55

Sentence ¢

\
Summary

Sentence Scores Updated Document
A8 = 0.23 —_— Sentence §;
A= s“g _012 — > Sentence 83
4> &3 = 0.56 —> Sentence 83

A 6 =005 X

4 -
Galculate Rouge Restore the last deleted sentence * sothat 7 <7
Randomly delete words in 54 until ¥ = ¥

> & = 045 ——> Sentence 35
> & = 0.36 ———> Sentence g
* it Y>%

Noised Sentence ~ Sentence
Sentence
§ 5 83 34 3 ¢

Final Document

Figure 2: An example of our proposed compression
rate based data augmentation method.

Bridging the Gap: Cross-Lingual Summarization with Compression Rate

Output Probabilities

| Linear

25¢
m="T . : t
Add & Norm
v ' ' ' V i 1
A 0 S O I W I | Foed Forward
s=1 [ iR
S0 025 05 075 1 e o Add & Norm
g Multi-Head Attention
@ Feed Forward 7\ A

[0Toitioi0i0i0io] Add & Norm Add & Norm
L
Multi-Head Attention Masked Multi-Head
A Attention
Encoder CR Embedding
L | Positional |
Encoding I

Decoder CR Embeddi
3 Input Embedding \ | Output Embedding
L Inputs Outputs (shifted right)

Figure 3: Model architecture of the modified Trans-
former incorporating compression rate.

18



Evaluation



| Traditional ROUGE: ROUGE-1 For Example

Mm hello a cat dog [ m\* —. "liE hello a cat dog
e’ : -::_.-" match n i LY 7

l" count,,,(gram,)

count(gram,) count(gram)
reference text 3 100% I reference text = 43% precision
i S b ; . ——— o reca " . n ' Vo Vo [ 5 °
"the fox jumps" — ['the', 'fox', 'jumps'] 3 the fox jumps" —> ['the’, fox', ‘jumps’] 7

\ precision * recall [
2 *

precision + recall

b
"l hello a cat dog [e% YRR

1.0 recall
0.43 precision

['fhe', 'fd%', 'jum'bs']

0.43*1.0

o'k =0.6 60% f1 score
043+ 1.0

ROUGE: A Package for Automatic Evaluation of Summoaries  https://towardsdatascience.com/the-ultimate-performance-metric-in-nlp-111df6c64460 20



https://towardsdatascience.com/the-ultimate-performance-metric-in-nlp-111df6c64460

@ Multilingual ROUGE

Multilingual ROUGE Scoring

Overview

ROUGE is the de facto evaluation metric used for text summarization. However, it was designed specifically for evaluating English texts. Due
to the nature of the metric, scores are heavily dependent or[ text tokenization / stemming / unnecessary character removal, etc. ]I'his repo
tries to address these issues by adding the following main features using an adaptation of rouge-score: Google's rouge implementation.

¢ Enables multilingual ROUGE scoring by making use of[popular word segmentation / stemming algorithms for various languages. ]

» Removes only punctuation characters according to unicode data tables as part of text normalization. This enables basic rouge scoring
even with the absence of a segmenter / stemmer for any language.

» Provides an easy to use interface for using custom tokenization / stemming implementations.

(Supported language names for stemming R

bengali, hindi, turkish ,6 arabic, danish , dutch, english, finnish, french,b german, hungarian ,6 italian,6 norwegian ,

portuguese , romanian, russian, spanish , swedish

Supported language names for word segmentation

\chlnese, thai, japanese, burmese )

https://github.com/csebuetnlp/xl-sum/tree/master/multilingual_rouge_scoring

https://qgithub.com/csebuetnlp/xI-sum/tree/master/multilingual rouge scoring

21


https://github.com/csebuetnlp/xl-sum/tree/master/multilingual_rouge_scoring

| ® Multilingual ROUGE

ROUGE for Multilingual Summarization

Since the original summarization metric ROUGE is made only for English, we follow the method of Hu et al. and
map words in other languages to numbers.)

Languages without spaces (eg. Chinese, Japanese) will be segmented by characters and others will be split by
spaces. For example, the Chinese text is split by characters, and the English words and numbers will be split by

space.

[Input] Surface Phonels#&iwWindows 10 (The Surface Phone will be loaded with Windows 10)
[Segmentation] surface/phone/¥%/3&/#/windows/10

https://qgithub.com/dgwang122/MLROUGE

22


https://github.com/dqwang122/MLROUGE

Conclusion



| Conclusion

* Cross-lingual summarization gains lots of research attentions recent
days.

* Machine translation is an important related task, which needs to be
explored more.

e Rather than single document cross-lingual summarization, multi-
document cross-lingual summarization is also valuable.
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