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Definition and Research Question

Definition: Language Agnostic Question Answering system

Answering a question in any language using information from many languages

How can we design a Language Agnostic Question
Answering System?

e Language Agnostic Retriever / Ranker

e Language Agnostic Generative Question Answering (GenQA): our focus



* GenQA delivers better answers in English than competing
systems [Hsu et. Al 2021]

* Answering more questions e.g. 88% of Wikipedia items have
content in less than 5 languages [Valentim et. Al 2021]

* Answering questions more accurately

e Scaling the number of supported languages without scaling cost



1. The GenQA Pipeline
2. The Gen-TyDiQA Dataset

3. Cross-Lingual GenQA in the End-To-End Setting
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The GenQA Task

Question how long do you need to go to school for to get a degree

in music? Thd average time toget a bachelor's

in music is[four ears}

1R RENLITEIER s it possible to get a[degree in music ducation within
(incorrect) four years?]

Top 2 candidate [y many schools, the:degree in music }alone

(correct)

aII requirements for usic degrees }hould
W|th|n Seven years of the date the ent i

averages

Top 3 candidate
(incorrect) the school 6 m

dmitted to

1L XL EIC-I the average n er of years it takes to complete a
(correct) bachelor’s degree in music at’schools in the u.s. is 4.

[ ENENCILEICES if you don’t make money in inusic after 4 years }hen go
(incorrect) back to school and get your [nasters degree. J

[Hsu et. al 2021]
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Cross-Lingual Pipeline

Wikipedia in
Multiple Languages

Where did
Sima Qian
live in
China?

Monolingual Sima Qian was

Retriever (BM-25) born at Xiayang

Translate to L _ in Zuopingyi
Languages Aggregate Cross-Lingual (near modern

Candidates GenQA HanCheng,
(e.g. English, Shaanxi

Bengali, Russian) Province) around
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Cross-Lingual GenQA: Task

Question

Candidate
French

Candidate
French

Candidate
Italian

Candidate
Spanish

Candidate
German

how are meiosis and mitosis similar?

La division cellulaire et la reproduction peuvent se produire de deux fagons - la mitose
et la méiose. La mitose est un processus de duplication cellulaire, ou de reproduction,
au cours duquel une cellule donne naissance a deux cellules filles génétiquement
identiques.;

La méiose et la mitose sont des fogrmes de reproduction cellulaire. ]Is ont
[touslesdeux ne prophase-et-uneahaphaseLesaeux-sontaestormesa
division nucléaire. La méiose se produit dans les cellules génératives et la th ages of prophase,

mitose dans les cellules somatiques.; meta phase, anaphase, and
telophase.

Sia la mitosi che la meiosi son

Respuesta rapida. Tanto la mitosis como la meiosis son ti
comparten muchas similitude mb omparten las mismas etapas basicas de

metafase, anafase y telofase, segun la Universidad de lllinois en Chicago.

omienzanconcambiosentaorganizaciondel ADN en el ndcleode una célula.

Sowohl die Mitose als auch die Meiose sind Arten der Zellteilung;/die viele

Gemeinsamkeiten aufweisen,|und beide teilen die gleichen grundlegenden Phasen der
p ase und Telophase, so die Universi}y of...;
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Architecture and Model for GenQA

Multilingual T5 [Xue et al. 2020]
Encoder-Decoder Transformer model

Pretrained on the mC4 dataset (101 languages, 26TB, 6.3T
tokens) using a span-corruption objective

Fine-Tuning

INPUT: Question \n candidate 1 \n ...\n candidate 10
OUTPUT: Answer
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Experimental Setting

e Training on MSMARCO with Translated Data
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Experimental Setting

e Training on MSMARCO with Translated Data

e Evaluation on GenTyDiQA Dataset with Gold Passages from TyDIQA
and Retrieved Candidates from Multiple Languages
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Experimental Setting

e Training on MSMARCO with Translated Data

e Evaluation on GenTyDiQA Dataset with Gold Passages from TyDIQA
and Retrieved Candidates from Multiple Languages

* Metrics
Automatic Evaluation with n-grams based metrics: BLEU and ROUGE
Human Judgement Ask several turkers if a sentence is correct given a
reference answer (Accuracy)

16



1. The GenQA Pipeline
2. The Gen-TyDiQA Dataset

3. Cross-Lingual GenQA in the End-To-End Setting
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Extending the TyDiQA Dataset

1.
2.

* The Typologically Diverse Question Answering (TyDiQA) dataset
Is a multilingual machine reading dataset in 11 languages [Clark et. Al
2020]

(Question, 1 Wikipedia Page, Paragraph/Null, Span/Null, Yes/No/Null)

* We extend the TyDIQA dataset in two ways
Reformat TyDiQA to an Answer Sentence Selection Dataset

Collect Natural Answers: Gen-TyDiQA Dataset
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The Gen-TyDiQA Dataset

For English, Arabic, Bengali, Japanese and Russian

1. Generation Step: Given the question and a paragraph we ask Turkers to
answer the question with well-formed and self-contained answer

2. Validation Step: Turkers validate that the answer is correct (based on the
information provided in the paragraph), well-formed, and self-contained

We accept answers only if:
Correct Ensured using the reference TyDiQA paragraph

Well-Formed Answers Answers should be grammatically correct, full
sentences and natural sounding

Self-Contained The answer can be understood without any extra-context
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Gen-TyDiQA Dataset

(EN) Question: What do pallid sturgeons eat?

TyDiQA Span: -

GEN-TYDIQA Answer: Pallid sturgeons eat various species
of insects and fish depending on the seasons.

(RU) Question: Koraa 3akonunnack AHrmiicKasi peBo-
monus? When did the English Revolution end?

TyDiQA Span: 1645

GEN-TYDIQA Answer: AHrmiicKasi peBOJIIOIHS, W3-
BECTHAsl TaKyKe KaK AHIUIMIICKasi rpa)kJ1aHCKasl BOil 3a-
KOoHuYMJIach B 1645, korpa Kpomsens cozaan « Apuamio
HOBOr'o obpasnay», 0J1eprKaBIIVIO peHanyio nobeay B
cpaxkennn nnpu Haitcbu The English Revolution, also known
as the English Civil War; ended in 1645, when Cromwell
created the "Army of the new model”, which won a decisive
victory at the Battle of Naysby.

(JA) Question: Ak — > XN =W Z kX 2 E
|X o] A\, How many were the deaths from the Battle of Stones
River?

TyDiQA Span: 23,515, 23,515 people

GEN-TYDIQA Answer: A b — > X ') ¥ — D HK\
T2BS515An N THEINEL . 23515 people were
killed in the river in the Battle of Stones River:

Table 1: GEN-TYDIQA question and answer samples.
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Gen-TyDiQA Dataset

Lang. (1s0) #Answers  Avg. Length (utf-8)  %TyDi1QA

Arabic (AR) 859 1525 15:1
Bengali (BN) 89 1772 63.6
English (EN) 593 64.0 795
Japanese (JA) 550 112.0 62.1
Russian (RU) 395 271.9 52.6

Table: Statistics on our new Gen-TyDiQA dataset
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1. The GenQA Pipeline
2. The Gen-TyDiQA Dataset

3. Cross-Lingual GenQA in the End-To-End Setting
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Monolingual Pipeline

Question in
Language

Monolingual
Retriever BM-25

Monolingual
Answer Selection
(XLM-R)

Top
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Mono/Multi
Lingual GenQA

Answer in
Language U
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Results

MonoGenQA and MultiGenQA vs. AS2

B As2 [ MONO GENQA MULTIGENQA

80

s -~ 70.4

64.3
7 60.861.3
60
50 43.6
40
39

30

AR BN EN JA RU

e Monolingual GenQA and Multilingual GenQA outperforms the AS2 approach in all cases except JA
e Multilingual GenQA outperforms Monolingual GenQA for all languages except English (multilingual
modelling) 24



Cross-Lingual Pipeline
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Cross-Lingual Pipeline

Wikipedia in
Multiple Languages

Question in
Language
U
Monolingual

Translate to L Retriever (BM-25)

Languages Aggregate Cross-Lingual Answer in
Candidates GenQA Language U

Arabic, English,
Bengali,Japanese,
Russian

Monolingual

Answer Selection A Single Model for Multiple
(XLM-R) Target Languages and
Candidates in Multiple Languages




Cross-Lingual Pipeline

Where did
Sima Qian
live in
China?

Translate to L
Languages

Arabic, English,
Bengali,Japanese,
Russian

Wikipedia in
Multiple Languages

Monolingual
Retriever (BM-25)

Monolingual
Answer Selection
(XLM-R)

Aggregate
Candidates

Two Aggregation Strategies

- Top 2 Candidates per Language

- Top 10 languages over all the
languages

Sima Qian was

born at Xiayang
in Zuopingyi
Cross-Lingual (near modern
GenQA Hancheng,
Shaanxi
Province) around
145BC




Results

CrossGenQA vs. MultiGenQA and AS2

BAs2 B MULTIGENQA CROSSGENQA TOP 10 [ CROSSGENQA TOP. 2 /LANG

80 72:7—73:2 T 74.6

655 66.7
60.8
60
40
20 II I
0
JA RU

e Cross-GenQA outperforms the baselines for Arabic, Japanese and Russian
e Why is it failing for English and Bengali? 28




Predictions Samples

Question: e &S fFanagd &7 @ 37 ?

When was Justin Drew Bieber born?
AS2 Prediction:
NS T (ERIGR, 94N | SRE 3b WA, da) FEeITSE fEuwiay asraTy

SRS S APy fiFanra fiowa sme s fag «fifts afpges
Maithew Lawrence Hayvden, AM (born October 29, 1971) is
a former Australian cricketer born in Kingroy, Queensland.
MULTIGENQA Prediction:

I8N g a1 sva8 SMETd & Wb SHafe FEA|

Justin Drew Bieber was born on March I, 1994.
CROSSGENQA Prediction

@ﬁﬂgﬁambaasmwamﬁmmqmm

Justin Drew Bieber was born on March 1, 1994,

Question: e cnnvanea cepuan Crpena s CHIA?
Where was Arrow filmed in the USA”?

AS2 Prediction:  Cepuan cuumancs ¢ 1996 no 2001
roji B ropojge boymanmiuin B 7H KHIOMETpax Bocrod-
nee Toponro., The series was filmed from 1996 1o 2001 in
Bowmanville, 75 kilometers east of Toronio,

MULTIGENQA Prediction: Cepuan Crpena cunmancs
B Jlankacrepe, mrar Maccauycere, CHIA, The series
Arrow was filmed in Lancaster, Massachusetts, USA,
CROSSGENQA Prediction Cepnan «Crpenas Guut cust
s Bankysepe, Bpuranckas KonymOus, Kanaja, a raxkxke
s CLHA, The series "Arvow" was fillmed in Vancouver, British
Columbia, Canada, as well as in the United States. 29




Impact of Cultural Gap on CrossGenQA

Why is CrossGenQA underperforming on English?

Hypothesis English Questions could be more English-specific than
other languages

Experiment We run the same experiment on questions specific to
the Japanese culture in English

Example

What was the first head of the Communist Party of Japan?
When was Prince Mochihito born?
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Results

English Cross-Lingual Comparison on Japanese
Specific Questions

80

Acuracy

MonoGenQA EN CrossGenQA JA CrossGenQA AR-BN-
Candidate Language Set EN-JA-RU (TOP 2)

=> Cross-Lingual GenQA approaches outperform Monolingual GenQA in English for
Japanese culture-specific Questions 31



Conclusion and Takeaways

 We release a new dataset for evaluating GenQA Models on
Arabic, Bengali, Russian, Japanese and English

* Open-Retrieval Generative QA can be made Multilingual without
collecting training data for all the languages

e [t can provide answers to questions that have information in
languages different from the user language

 Our approach can be used to open-up culturally centric open
QA models

32



Thank you!
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