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Much of this lecture is inspired by (and slides copied from):
EMNLP 2021 tutorial on Multi-domain Multilingual Question Answering.



https://tinyurl.com/multi-qa-tutorial
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What 1s QA? Reading Comprehension vs Open-
Retrieval QA

Document
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Open-Retrieval QA (ORQA)

Q: How many of
Warsaw’s inhabitants
spoke Polish in 19337

Warsaw

From Wikipedia, the free encyciopedia

“Warszawa", "Warschau’, and "Clty of Warsaw" recirect here. For other uses, see Warsaw (isamb
disambiguation).

Warszawa (cis

Warsaw, ™ officially the Capital City of Warsaw, I] is the capital and largest city of Poland. The metropolis stands on the Riv in east-
central Poland and its population is officially estimated at 1.8 million residents within a greater metropolitan area of 3.1 million residents, ™! which
makes Warsaw the 7th most-p o ipital city In the European Union. The city area measures 517 km? (200 sq mi) and comprises 18
boroughs, while the metropolitan area covers 6,100 km? (2,355 sq mi).! Warsaw is an aipha-global city.l"] a major cultural, political and economic
hub, and the country's seat of govemment. lts historical Oid Town was designated a UNESCO World Heritage Site

Warsaw traces s origins o a small fishing town in Masovia. The city rose 1o prominence in the late 16th century, when Sigismund Il decided to
mave the Polish capital and his royal courl from Krakow. Warsaw served as the de facto capital of the F huanian Commonwealth until
1785, and subsequently as the seat of Napolson's Duchy of Warsaw. The 19th csntury and s Industrial Rievolution brought a demographic boom
which made It one of the largest and s in Europe. Known then for its elegant architecture and boulevards, Warsaw
was bombed and besieged at the start of World War Il in 1830511 Much of the historic city was destroyed and its diverse population
decimated by the Ghetio Uprising in 1943, the general Warsaw Uprising in 1944 and systemalic razing.

Warsaw is served by two international airports, the busiest being Warsaw Chopin and the smallar Warsaw Modin infended for low-cost carriars.
Major public iransport services operating in the clty include the Wars an-ight railway and an extensive iram network. In 2012,
the Economist Intelligence Unit ranked Warsaw as the 32nd mast liveable city in the worid.""/ In 2017, the city came 4th in the "Business-friendly”,
Bth in "Human capital and life styke" and topped the quality of ke rankings in tha region. 2] The city is a significant centre of resoarch and
development, business process outsourcing, and information technology outsourcing. The Warsaw Stock Exchange is the largest and most
important in Central and Es " Europa.!' 3114 tex, the European Union agency for external border security as well as ODIHR, one of the
principal institutions of the Organization for Security and Cooperation in Europe have their headquarters in Warsaw. Jointly with Frankfurt and
Paris, Warsaw features one of the highest number of skyscrapers in the European Union.[5

The city hosts the Polish Academy of Sciences, National Philharmonic Orchestra, University of Warsaw, the Warsaw University of Technalogy, the
0l Town, which
ropresents examples of nearly every European architectural style and historical period,!!”] was listed as a World Heritage Sito by UNESCO in
1980, Other main arch the Wilanéw Palace, the Palace o
the Isle, St. John's Cathedral, Main Market Squere, as well as numerous churches and mansions along the Royal Warsaw possesses

s, with around a quarter of the city's area occupied by parks ["81'%

National Museum, Zacheta Art Gallery and the Warsaw Grand Theatre, the largest of its kind in the world ¥l The reconstruct

wral attractions include the Foyal Gastie and the iconic King Sigismund's Colu

thriving arts and club scenes, gourmet restaurants and large urban gree
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spoke Polish in 19337

Warsaw

From Wikipadia, the free ancyciopedia

“Warszawa", "Warschau”, and “Cily of Warsaw" redirect here. For olher uses, see Warsaw (disambiguation), Warszawa (disambiguati
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Machine Reading Comprehension (MRC)

® Popular choice: Add a fine-tuning layer on top of BERT [Devlin et al., 2019]
833,500

A A

Answerability Prediction Start / End Position Predictions

Question Candidate Paragraph @ _oomde
)4
How many of In 1933, out of 1,178,914 inhabitants : ‘VP 9
Warsaw'’s inhabitants 833,500 were of Polish mother : Q V\ f
o 5 N
@ spoke Polish in I;_INQEE’ISH tongue. World War Il changed the Rk 2 q /
demographics of the city, ... ENGLISH |~~~

Code: https://github.com/huggingface/transformers/tree/master/examples/pytorch/question-answering



Multilingual Machine Reading Comprehension (MRC)

® Popular choice: Add a fine-tuning layer on top of M-BERT [Bornea et al., 2021]
833,500

A A

Answerability Prediction Start / End Position Predictions

Question Candidate Paragraph
7 L7711 %Q
1933 H§ gRIT & b In 1933, out of 1,178,914 inhabitants : A
ila”ildl 3[ Ei”%l?l HINT 833,500 were of Polish mother : Q Y‘, i
@ e tongue. World War Il changed the \ % 4
e HINDI -
demographics of the city, ... ENGLISH |~

Code: https://github.com/huggingface/transformers/tree/master/examples/pytorch/question-answering



Why 1s QA 1n this part of the course?

& After IR
& NLU/SLU was just a scheduling detour ©



Q: How many of
Warsaw’s inhabitants
spoke Polish in 19337

Retrieve
top-k
passages

Retriever score:

h, = WoBERT, (¢)[CLS]
hy = WbBERTB(b) [CLS]
S'ret'r(ba Q) = h;rhb

Open Retrieval QA (ORQA)

Perform Information Retrieval (IR).

Methods:

® Classic: BM25 [Robertson 2009]

e Neural: Dense Passage Retrieval
(DPR) [Karpukhin et al., 2020]

Q: How many of

Each evidence

Warsaw’s inhabitants block 5
spoke Polish in 1933? J'
lig iy BERT,
[O0000000|W, [00O000000|W,
h h,

Srer(b,q) =

hlh,

Select top-k blocks from collection (e.g. Wikipedi

Demographics
Demographically, Warsaw was the most diverse city in Poland,

« Evidence block 1:s (b ,q)

pl
34%).[115] Prior to the Second World War, Warsa

approximately 30 percent of the cw’ty's total population in the late
19 3 ;

Ge Evidence block 2: s (bz,q) y

years.|53] Most of the modern-day populatlon growth Is based on
internal migration and urbanisation.

Other countries
|n 1939 annrnyimatelv 1 20N NNN neonle recided in Wareaw-[1211

= Evidence block 3: s (b.,q)

ho___ .
enlargement of Warsaws total area (1 951) however the city
authorities were still forced to introduce limitations; only the

persons of public importance (renowned specialists, artists,
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continues to this day.[122][123]

Immigrant population
Much like most caplta\ cmes in Europe Warsaw boasts a
f( L -

i Evidence block 5:5 (b,q)

Vietnamese, Belarusians, Russlans and Indians were the most
prominent groups.[124]




Open Retrieval QA (ORQA)

Q: How many of Perform Information Retrieval (IR) Select top-k blocks from collection (e.g. Wikipedia)
Warsaw’s inhabitants Methods: Dem;mpmcs
Spoke POIISh In 1933? ® CIaSS|C BM25 [ROberTSOn 2009] aemographically, Warsaw was the most diverse city in Poland,

e Neural: ColBERT |Khattab et al., 2021] + Evidence block 1: s (b,q)
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Question Answering (QA) vs.
Information Retrieval (IR)

QA and IR are related, but satisfy different info needs

In QA, questions are in natural language sentences; in IR,
queries tend to be short keyword phrases

In QA, the answers are often short and to-the-point; in IR,
the system returns lists of documents.

In QA, the answer might be synthesized from multiple
sources; In IR, a document is the atomic unit.

Slide stolen (with permission) from Kevin Duh
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Types of QA

Factoid Questions
& Where 1s JHU located?
List Questions
¢ What centers are in Hopkins?
Definitional Questions
¢ Who is Ron Daniels?
Relationship Questions
¢ How 1s APL related to JHU?
Opinion Questions
¢ Why do people like Multilingual NLP?



BNSE

DENKE
\

SMAOHIIS

PENSE!

i, |
& i 1 % T
. L k X | |
[, =
[
| Ig-————___,. ' ] . : . :
- ! : —_— e 1k —
L i | . . | |
|

$24.000 % 0 $77.147
' RS

Who Is Bram

Whe 18 Stoker?
ha Stoker?

alr WELLOME Guy
1% Lounre oviRLoRDS)

PNLES $ 17,973
& =




Watson

¢ https://www.youtube.com/watch?v=P18EJAKuC1U



https://www.youtube.com/watch?v=P18EdAKuC1U

IBM Watson Wins Jeopardy!
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SQuAD: 100,000+ Questions for Machine Comprehension of Text

Pranav Rajpurkar and Jian Zhang and Konstantin Lopyrev and Percy Liang
{pranavsr, zjian, klopyrev,pliang}@cs.stanford.edu
Computer Science Department
Stanford University In meteorology, precipitation is any product

of the condensation of atmospheric water vapor
that falls under gravity. The main forms of pre-
cipitation include drizzle, rain, sleet, snow,

& CrOWd-Sourced and hail... Precipitation forms as smaller

droplets coalesce via collision with other rain

drops or ice crystals within a cloud. Short, in-

® Spansa not answer hSt tense periods of rain in scattered locations are
called “"showers”.
& 107,785 question-answer pairs on 536 articles What causes precipitation to fall?

gravity

¢ V2.0 contains 50k unanswerable

What is another main form of precipitation be-
sides drizzle, rain, snow, sleet and hail?

Where do water droplets collide with ice crystals
to form precipitation?
within a cloud

Figure 1: Question-answer pairs for a sample passage in the

SQuAD dataset. Each of the answers is a segment of text from

the passage.



XQuAD

& 240 paragraphs and 1190 question-answer pairs from SQuAD v1.1
& Translated into ten languages by professional translators.

& “XQuAD translators see English questions and passages at the same time, priming them to
use similar words”

On the Cross-lingual Transferability of Monolingual Representations

Mikel Artetxe'”, Sebastian Ruder’, Dani Yogatama*
THiTZ Center, University of the Basque Country (UPV/EHU)
‘DeepMind
mikel.artetxe@ehu.eus
{ruder, dyogatama}@google.com




MLQA: Evaluating Cross-lingual Extractive Question Answering

Patrick Lewis'" Barlas Oguz® Ruty Rinott® Sebastian Riedel’” Holger Schwenk”
“Facebook Al Research  TUniversity College London
{plewis, barlaso, ruty, sriedel, schwenk}@fb.com

& 7 Languages (English, Arabic, German, Spanish, Hindi, Vietnamese, Simpl. Chinese)
& Extractive QA

¢ SQuAD-like

& Average parallel of 4 languages

& Automatically align sentences across languages = Get Paragraph - Crowd-Source
Questions on English - Question translated by professional translators



En Wikipedia Article

Eclipses only occur
g o e e, s [..] . Solar eclipses
- . the Pt 13 ruck Larpur {bm occur at new moon,
when the Moon

is between the Sun
and Earth. In
contrast [..] Earth.

CE'FI

’,-"‘Bei einer

Sonnenfinsternis,

die nur bei Neumond

auftreten kann,

steht der

Mond zwischen Sonne
und Erde. Eine

Bl SAEd BISGRTIASTAINES. Gie Pal Dei Seasd

s plorirmgy Sonnenfinsternis
o~ D -

_[..] Erdoberfldche.

cde

The MLQA alignment and annotation process (Lewis et al., 2020)




TyD1QA

& Typologically Diverse Question Answering
& 11 Language Pairs
& 200k QA pairs

TyYDI QA: A Benchmark for Information-Seeking Question Answering
in Typologically Diverse Languages

Jonathan H. Clark** Eunsol Choi* Michael Collins* Dan Garrette*
Tom Kwiatkowski* Vitaly Nikolaev*'Y  Jennimaria Palomaki®”

Google Research

tydigalgoogle.com



LANGUAGE LATIN WHITE SENTENCE WORD GENDER’ PRODROP
SCRIPT" SPACE BOUNDARIES FORMATION’
TOKENS
ENGLISH + + + + + —
ARABIC — + + ++ + +
BENGALI — + + + + +
FINNISH + + + + + + — —
INDONESIAN | + -+ + + — -+
JAPANESE — — + + — +
KISWAHILI + + + + 4+ + —° +
KOREAN — + + ++ + — +
RUSSIAN + + + ++ + +
TELUGU — + + ++ + + +
THAI — — — + + +
“‘ indicates Latin script is not the conventional writing system. Intermixing of Latin script should still be expected.

’We include inflectional and derivation phenomena in our notion of word formation.
“We limit the gender feature to sex-based gender systems associated with coreferential gendered personal pronouns.

dEnglish has grammatical gender only in third person personal and possessive pronouns.
“Kiswahili has morphological noun classes (Corbett, 1991), but here we note sex-based gender systems.

/In Korean, tokens are often separated by whitespace, but prescriptive spacing conventions are commonly flouted.

Table 1: Typological features of the 11 languages in TYDI QA. We use -+ to indicate that this phenomena occurs,
++ to indicate that it occurs frequently, and + + -+ to indicate very frequently.




QUESTION TYDI QA SQUAD
WORD

WHAT 30% 51%
How 19% 12%
WHEN 14% 8 %
WHERE 14% 5%
(YES/NO) 10% <1%
WHO 9% 11%
WHICH 3% 5%
WHY 1% 2%

Table 2: Distribution of question words in the English
portion of the development data.




Spelling variation in Arabic transliteration

Q: ¢ Gyl & (ke
? mwzArt hw mn
Who is Mozart ?

A: Laills Comi (A 1756 i 27 B A5 (1791 w5 - 1756 b 27) Cjlwige sl pladl 54
bAlInmsA sAlzbwrg fy 1756 ynAyr 27 fy wld (1791 dysmbr 5 - 1756 ynAyr 27) mwitsArt A#mAdyws fwlfgAng
Wolfgang Amadeus Mozart (January 27, 1756 - December 5, 1791) was born on January 27, 1756 in Salzburg, Austria

This Arabic example demonstrates variation in the spelling of non-native names. Both spellings of Mozart are correct and refer to the
same entity across the QA pair.




Script switching in Russian

Q: Kro m3o0pen Ttemedon ?
Kto izobrel telefon ?
who invented telephone ?
Who invented the
telephone ?

A: Cam Penc Ha3zBall CKOHCTPYHpPOBaHHO€ MM ycTpoucTBO Telephone
Sam Reis nazyval skonstruirovannoe Iim ustroistvo Telephone
self Reis called constructed him device Telephone
Reis himself called the device he created the Telephone.




Vowel diacritization in Arabic

Q: ¢ Sl alall OV gl >
? AlEumAny AIEIm AlwAn hy mA
What are the colors of the Omani
flag?

A: ¢ 1970 ey 17 &l 2 1391 Jisd 18 2 s JdsY ayy Shale gm0 e Akl bl L)
. 1970 dysmbr 17 AlmwAfg h_ 1391 SwAl 18 fy mrp IA#wl wrfE sITAny bqrAr AnSy# EmAn IsITnp AlwTny AIEIm
The national flag of the Sultanate of Oman was established by a royal decree and was raised for the first time on
Shawwal 18, 1391 AH corresponding to December 17, 1970.




Vowel diacritization in Russian

Q: Yro Takoe arom ?
Chto takoe atom 7
What such atom 7?2
What is an atom ?

A: A TOM — duacTHma BellecTBA  MHKPOCKOIHYECKHX Pa3MepoB
A tom — chastitsa veschestva mikroskopicheskih razmerov ...
Atom Prep particle matter microscopic sizes
An atom is a microscopic particle of matter...




Word boundary variation in Arabic

Q: ¢ xwae o Sdlae PR
? mHmd bn EbdAlslAm wld mtY
When was AbdulSalam bin

Muhammad born?

A: . (2 1904 - 1830 / = 1322 - =& 1246 ) 2eal R aas
. (m 1904 - 1830 / h_ 1322 - h_ 1246 ) AIEaIamy A#Hmd bn mHmMd bn AlslAm Ebd
Abdul Salam bin Muhammad bin Ahmed Al-Alami (1246 AH - 1322 AH / 1830 - 1904 AD).




Why not translate?

® Translationese

& “For example, in TYDI QA, one Bengali question asks What does sapodilla taste like?”



TYDIQA- SQuAD Human
GOLDP Zero Shot

(English) (76.8) (73.4) (84.2)

Arabic 81.7 60.3 85.8
Bengali 75.4 57.3 94.8
Finnish 79.4 56.2 87.0
Indonesian 84.8 60.8 92.0
Kiswabhili 81.9 52.9 92.0
Korean 69.2 50.0 82.0

Russian 76.2 64.4 06.3
Telugu 83.3 49.3 97.1

OVERALL 79.0 56.4 90.9

Table 7: F1 scores for the simplified TYDIQA-GOLDP
task v1.1. Left: Fine tuned and evaluated on the
TYDIQA-GOLDP set. Middle: Fine tuned on SQuAD
vl.1 and evaluated on the TYDIQA-GOLDP dev set,
following the XQuAD zero-shot setting. Right: Es-
timate of human performance on TYDIQA-GOLDP.
Models are averaged over 5 fine tunings.




XOR-TyD1 QA

L

A

f/
f

f

1. Question 2. Question Translation
Selection Q- Q.
TyDiQA

Cross-lingual B2YR— N D
p— A FRIRF R DI
Qs No L/ | a2
answer) :
- _Human translation

In-language _ 4

' What did
Q. A) Ron Paul major

in during
undergraduate?

3. Answer Retrieval in English
(Qvn’ P‘-n)

Article retrieval

= T ;')

Answer
Annotation

/I{

Search

Top English N
Engine

"
] Wik A \\\

[ Paragraph retriever ’ f,,f’  Human
UTEINDY /. Annotation
ranking Ron Paul is an American ,f'/ s R e D

Wikipedia articles
V4

7

politician @Mechanical turk

The XOR-TyDi QA annotation process (Asai et al., 2021)

4. Answer Translation

(Qvn’ Pt-n’ At-n_' AI.)

XOR-
TyDiQA

What did Ron Paul
major in during
undergraduate?

Paul went to Gettysburg
College ... He graduated
with a B.S. degree in

Biology in 1957- (Q;A)

. Answer verification

. Human translation -

Yl




1.00

0.75 Linguistic tasks Counterfactual
- 0.
=
1;:".‘ 0.50 _ : Natural Language
= Machine translation Inf
erence

= to English
S
o 0.25 ; ; Text-to-speech I
o0 Machine translation p
o= from English
=
g 0.10
%o Question
s answering

0.01

0.00 0.75 1.00

0.25 . 0.50
Demographic global utility M,

Linguistic and demographic utility of different NLP applications (Blasi et al., 2021)




B mBERT [ XLM-R Large mT5-XXL B mBERT [ XLM-R Large

Avg en de el [ th zh hi Avg de hi i zh

Zero-shot cross-lingual transfer performance (F1) of representative models on XQuAD (left) and MLQA (right) (Ruder et
al., 2021)
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Starship (band)

From Wikipedia, the free encyclopedia

WIKIDATA
AY=2vT (I\VR)

e 7V —FRIEH T FRF0 7 (Wikipedia) 4

(g

“who sings
nothing's
gonna stop us ‘II
now?”

p gold)

"Nothing's Gonna Stop Us Now" is a song co-written by Diane Warren and
Albert Hammond,® recorded by American rock band Starship for their second
studio album, No Protection (1987). It is a power ballad®! duet featuring
Starship vocalists Grace Slick and Mickey Thomas. It is the theme to the

N

romantic comedy film Mannequin.[516]
|I| || I Nothing's Gonna Stop Us Now

WIKIDATA
From Wikipedia, the free encyclopedia

BlEEXRS5EN

e 7Y —BilEpl o v\‘—f‘%‘:{? (Wikipedia) J

=k TMAIEMBLE, WM, FLCAZ AUy D6 THEVLSEEEEE=hD
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= ETROMAShr) B, e FEL VS ILFy—hT

MEEOMACEY ETTONS, BELTRIEDGATLE

B PTEfy OFORESy CRERTVEM, 19BTRTAL
&, REDMH 0029 TCHANCE~BiE RS~y EL

Cross-lingual data expansion via Wikidata language links; based on an example by Asai et al. (2021)

B ESLL (BM : Nothing's Gonna Stop Us Now) ¢ TR P 2 i CAEY FEROLESEB TS = DI04 FFiE. BHORE - oBEETLEER. THE bE - TRE
s ’ Do ADTr—n"0A b TAEEEEVWLEVERBLESPEVINEMGuE, ; /AT pysr " ERkEZaTU AAOEELOMBETERL, ELTH

fod AAFRETHE 725, @ NENTVELAGRALN SEARDY., ANEROCUHSEERLEAN, L5MYMBT SO LS E
5A. UKL LFr=FT4AMMI0 R, D@ FYLOF LBl "The X Fact ARALNEENEEERET NS0 FTRAGARAELTENANTVWS FY
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