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Question Answering - Definition

 Question Answering (QA): a QA system takes as input a
question in natural language and produces one or more
ranked answers from a collection of documents.

— By providing a small set of exact answers to questions, QA
takes a step closer to information retrieval rather than to
document retrieval.



Information Retrieval (IT) vs.
Document Retrieval (DR)

* |R: finding information, usually matching some user-
defined fix structure, in a collection of unstructured
nature (usually texts)

* DR: finding a set of relevant documents, satisfying some
user-defined criteria, in a collection of unstructured
nature (usually texts)



Modules

* In a classical approach, QA systems normally
adhere to the pipeline architecture composed
of three main modules:

— question analysis — the results are: keywords,
answer and question type, focus

— paragraph retrieval - the results are a set of
relevant candidate paragraphs/sentences from the
document collection

— answer extraction — the results are a set of
candidate answers ranked using likelihood
measures



Question Type

— Factoid — “Who discovered the oxygen?”, “When did

Hawaii become a state?” or “What football team won
the World Coup in 1992?”

— List — “What countries export oil?” or “What are the
regions preferred by the Americans for holidays?”.

— Definition — “What is a quasar?” or “What is a
question-answering system?”

— Other — how-questions, why-questions, hypothetical
questions, polar (Yes/No) questions, cross-lingual
guestions

Harabagiu, S. & Moldovan, D. (2003). Question Answering. In R. Mitkov (ed.) The

Oxford Handbook of Computational Linguistics.



Answer Type

Person - "What”, "Who”, "Whom", "With who"

Location (City, Country, and Region) - "What
state/city”, "From where”, "Where"

Organization - "Who produced”, "Who made“
Temporal (Date and Year) — “When”

Measure (Length, Surface and Other) — “How much”
Count - "How many”

Yes/No — “Did the girl fear that?”, “Is the car blue?”



The search collection

* Closed-domain

— look for answers in local collections, internal organization
documents, newspapers, etc.

— deals with questions from a specific domain (medical,
baseball, etc.).

— can exploit domain-specific knowledge (ontologies, rules,
disambiguation)
 Open-domain
— look for answers on the internet
— general questions about anything
— can use general knowledge about the world



History of QA systems

* The first systems, created in the 60s

— BASEBALL (Green et al., 1963) - answer questions
about baseball games

e Systems of the 70s

— LUNAR (Woods & Kaplan, 1977) — geological analysis
of rocks returned by the Apollo moon missions

e Systems of the 80s:

— IURES (Cristea et al., 1985) — medical domain,
querying national programs library € semantic
network driven

— QUERNAL (Cristea, 1987) — personnel database,
drilling and extraction, metallurgy, geography €= rules
based (syntagma)



QA systems of today

* Powerset: http://www.powerset.com/ (http://www.bing.com/)

e Assimov — the chatbot: nttp://talkingrobot.org/

* |IBM Watson: https://www.ibm.com/watson

— Djingo — the multi-service virtual assistant from Orange

(controlled by voice or text):

https://www.orange.com/en/Human-lnside/Shaping-tomorrow-s-
world/SH2017/Djingo-your-multi-service-virtual-assistant

 allows the user to navigate Orange TV, manage the
connected home, make a call or access other services

e Amazon Alexa...

* Google play devices...


http://www.powerset.com/
http://www.bing.com/
http://talkingrobot.org/
https://www.ibm.com/watson
https://www.orange.com/en/Human-Inside/Shaping-tomorrow-s-world/SH2017/Djingo-your-multi-service-virtual-assistant

QA Competitions

4+ TREC (Text REtrieval Conference) - started in

1992 http://trec.nist.gov/

<+ National Institute of Standards and Technology (NIST),
Gaithersburg, Maryland, USA

<4 CLEF (Cross Language Evaluation Forum) started
in 2000 - http://www.clef-campaign.org/
European languages in both monolingual and

cross-language contexts

<+ Coordination: Istituto di Scienza e Tecnologie
dell'Informazione, Pisa, Italy



http://trec.nist.gov/
http://www.clef-campaign.org/

- <test-set>
- <topic t_id="1"t_name="AIDS"> i
- <reading-test r_id="1">
- <doc d_id="1">

Annie Lennox: De ce sunt activist impotriva HIV/SIDA Vi voi spune povestea transformirii mele intr-un activist impotriva HIV/SIDA. Tar acesta este numele campaniei mele, Campania SING [Cintd]. Tn noiembrie 2003 am fost ivitati 53 au parte fa fansarea fundatie i Nelson Mandela numiti Fundatia 46664. Este
fundatia sa impotriva HIV/SIDA. Tar 46664 este numérul pe care il avea Mandela in inchisoarea din Robben Island. Aici sunt cu Youssou N'Dous, pe scend, distrandu-ma de minune. A doua zi, totf artistii au fost invitati s meargd cu Mandela pe Robben Island, unde avea sd find o conferintd pentru presa mondial, stind in
fata fosted sale celule de inchisoare. Putet vedea gratile de fa fereastrd aici. A fost un eveniment plin de semnificati pentru no tofi. Tn acel moment Mandela a spus presei mondiale ¢ are loc aproape un genocid in tara sa, in acea Natiune Curcubeu post-apartheid, o mie de oameni mureau in fiecare 21, far finia fronfului, cele
mai vulnerabile victime, erau femeile si copiil. Asta a avut un impact urias asupra mintil mele, deoarece sunt femeie i sunt mama i nu mi-am dat seama cd pandemia HIV/SIDA afecta direct femeile in acest fel. Si astfel m-am dedicat -- cind am parasit Africa de Sud, cand am plecat din Capetown, mi-am spus "Asta este
ceva despre care trebuie s vorbesc. Trebuie s servesc aceastd cauzd.” Si astfel, in consecintd, am participat la fiecare eveniment al fundatiei 46664 a care am putut fua parte si am organizat conferinte de presa, am dat interviuri, vorbind i folosind pozitia mea ca muzician, cu angajamentul meu fata de Mandela, din
respect pentru extraordinara, incredibila muncd pe care a facut-o. Toatd lumea il respectd pe Nelson Mandela. Toatd tumea il idolatrizeaza pe Nelson Mandela. Dar stiu ei despre ce se intmpld in Africa de Sud, tara i, tara ce 2 avut una dintre cele mai mari rate de transmitere a virusului? Cred cd dacd ag iesi acum pe stradd
st ag spune oamendlor ce se intdmpld acolo, ar fi socati. Am fost foarte, foarte norocoasd, citiva ani mai tirziu, si-l intélnesc pe Zackie Achmat, fondatorul Treatment Action Campaign, un activist incredibil. L-am intalnit [a un eveniment al fundatiei 46664. Purta un tricou la fel cu cel pe care e il port acum. Este o unealtd.
Vi spune cd sunt solidard cu oameni care au HIV, oamenii care tréiesc cu HIV. Siintr-un fel, din cauza stigmatului, prin purtarea acestui tricou, eu spun "Da, putem discuta despre aceastd problema.” "Nu trebuie s fie ascunsd.” Am devenit membru al Treatment Action Campaign, i sunt foarte mandrd sd fiu membrd a
acested organizati incredibile. Este o campanie ce se bazeazi pe comunitate cu 80% dintre membri find femei, majoritatea fiind infectate cu HIV. Lucreazd pe teren. Au un impact extraordinar asupra oamenilor ce tréiesc direct cu efectele virusului. Au programe educative. Pun in discutie problemele stigmatizari. E chiar
extraordinar ceea ce fac. Si da, campania mea SING a sprijinit Treatment Action Campaign in sensul cd am Incercat sa constientizez oameni §i am Incercat sd string fonduri. O multime din banil pe care am reusit sa ii string au mers direct la Treatment Action Campaign sustindnd incredibila muncd pe care & au ficut-o si

1

Norvegia, primind un cec consistent, cintind fa Hong Kong, incercind sii conving pe oamen 53 doneze bani. Tn Johannesburg am avut ocazia si cint in fata unei audiente majoritar albe din clasa miflocie care  plins pentru ci folosesc clipuri video care inmoaie inmi cu aceastd tragedie groaznici ce are loc, pe care
oameni au tendinta sd o evite, pentru cd sunt plictisiti, si nu stiu de fapt care sunt solufiile. Aaron Motsoaledi, ministrul sanatati aflat in functie, a participat la acel concert, si am avut ocazia si-| intalnesc, far el a promis hotdrat sa incerce s schimbe ceva, ceea ce ¢ absolut necesar. Acesta este parlamentul scotian. Am
devenit ulterior o reprezentanta a Scotief si a HIV. S le-am prezentat experientele mele in incercarea de a-i face constienti de ce se intampla. Si din nou, in Edinburgh, impreund cu minunatul cor al copillor africani, pe care il ador pur si simplu. Si e vorba de astfel de copti, multi deveniti orfani din cauza cd familia lor a fost
afectatd de virusul SIDA.Aici sunt in New York cu Michel Sidibe. El ¢ directorul UNAIDS. Sunt foarte onoratd de faptul cd Michel m-a invitat doar cu cateva luni in urma sa devin ambasador UNAIDS. Si intr-un fel acest hucru mi-a intérit pozitia si mi-a lirgit zona de impact. Mesajul pe care UNAIDS il trimite acum in
lume este ca am vrea sa vedem eliminarea propriu-zisd a transmiterif virusului de la mama la copil pana in anul 2013. Este un obiectiv foarte ambitios, dar credem cd poate fi atins cu vointd politica. Este posibil. i aici sunt impreund cu o femeie insdrcinatd care este HIV poziiv, si zimbim, amandoud zambim, pentrucd
suntem foarte increztoare, pentru cd stim cd aceastd tindrd este tratatd astfel incdt sd1 se prefungeascd viata pentru a avea grijd de bebelusul pe care il va naste. Tar bebelusul sdu va fi tratat cu PMTCT, ceea ce inseamnd cd bebelusul se poate naste fird virus. Asta este prevenirea chiar [a inceputul vietii. Este una dintre
modalititile dz interventie pentru stoparea pandemiei SIDA.As dori si inchei spundndu-va povestea despre Avelile. Ea este Avelile. Merge cu mine orfunde md duc. Spun povestea ei futuror, pentru cd ea reprezintd una dintre milioanele d orfani HIV/SIDA. Mama ui Avelle avea virusul HIV. Ea a murit din cauza unei boli
complementare SIDA. Avefle avea virusul. S-a nascut cu virusul. §i aici are 7 ani, cAntirind nu mai mult decdt un bebelus de 1 an. In acest moment al vieti sale, ea sufer de STDA in plind dezvoltare si are pneumonde. Am intélnit-o intr-un spitaldin Eastern Cape si am petrecut toat dupa-amiaza cu ea -- un copil adorabil.
Doctor i asistentele erau fenomenall. Au trecut-o pe un regim nutritiv foarte special si au avut mare grijd de ea. Si atunci cind am plecat de 1a spital nu stiam -- pentru cd am filmat atunci povestea ei -- nu stiam dacd va supraviefui. Prin urmare era, evident... o intalnire foarte Incdrcatd emotional §i ne-a lasat simtindu-ne
foarte marcati de aceastd experientd directd, de acest cop, stifi, acea poveste. Cinci luni mai tirziu ne-am intors in Aftica de Sud pentru a o relntalni pe Avelle. $i devin -- firele de par de pe -- nu stiu dacd puteti vedea firele de par de pe braful meu. Sunt ridicate, pentru cd stiv ce v voi aréta. Aceasta este transformarea
care a avut loc. Nu este extraordinar?(Aplauze)Aceste aplauze sunt de fapt pentru doctoril §f asistentele din spitalul in care au avut griid de Avelile. Si inteleg cd apreciatl acest tip de transformare. Asadar, as dori 3 va spun, fiecaruia din audientd, dacd credsti cd fiecare mama si fiecare copil din lume are drepful si aibd acces
la hrand bund i asistentd medicald e calitate §i dacd credzti cd Obiectivele de Dezvoltare ale Mileniutui, in mod special al cincelea §i al saselea, ar trebui urmarite absolut de toate guvernele din toatd lumea -- mai ales din Africa sub-sahariand -- v rog sa va ridicati in picioare. Cred cd putem spune cd ¢ aproape toatd lumea
din sald. Vi multumesc mult (Aplauze)
<doc>
- id="">
- <q str>
Ce eveniment a determinat-o pe Annie Lennox sa se angajeze in lupta contra SIDA?
<g_str>
<answer a_id="1">dztentia lui Nelson Mandela la Robben Island</answer>
- <answer a_id="2">
ceremonia de inchidere a fundatief fui Nelson Mandela
</answer>
<answer a_id="3">intalnirea cu Youssou N'Dour</answer>
<answer a_id="4">segregarea rasiala din Africa de Sud</answer>
- <answer a_id="5">
conferinta fui Nelson Mandela pentru presa mondiald
</answer>
<lg>
-<qqid="">
<q_str>Cine este fondatorul campaniei SING?</q_str>
<answer a_id="1">Nelson Mandela</answer>
<answer a_id="2">Youssou N'Dour</answer>
<answer a_id="3">Miche! Sidibe</answer>

USRS X B VTN, S S D S A———

An excerpt from a ‘gold standard’ file




UAIC System — CLEF 2011

 Our group participated at CLEF exercises since 2006:

— 2006 — Ro—En (English collection) —9.47% right answers

— 2007 — Ro—Ro (Romanian Wikipedia) — 12 %

— 2008 — Ro—Ro (Romanian Wikipedia) — 31 %

— 2009 — Ro—Ro, En—En (JRC-Acquis) —47.2 % (48.6%)

— 2010 — Ro-Ro, En-En, Fr-Fr (JRC-Acquis, Europarl) —47.5% (42.5%, 27 %)
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UAIC System components

Background
knowledge

Lucene
index 1

Test data (documents,
questions, possible
answers)

Questions processing:

- Lemmatization

- Stop words elimination
- NEs identification

- Lucene query

documents

Identify relevant
documents

Answers processing:

- Lemmatization

- Stop words elimination
- NEs identification

- Lucene query

Lucene
indexes 2

Partial and
global scores
per answers




Background knowledge indexing

+The Romanian background knowledge has 161,279
documents in text format

425,033 correspond to the AIDS topic
451,130 to Climate Change topic
485,116 to Music and Society topic

4+ The indexing component processes the name of the
file and the text of the article => Lucene index 1

GE_RO_9910.xt |

2 Romédnia a intrat in criza alimentara

3 La jumdtatea lui 2008, scumpirea alimentelor o depdsea pentru prima datd dupd patru ani pe cea a mdrfurilor
nealimentare sau a serviciilor, pe fondul deprecierii leului si importurilor masive de produse agricole. De atunci
pé&nd la inceputul acestui an, servicile si produsele nealimentare au l&sat in urmd alimentele din punctul de vedere

al cresterii preturilor, insd trendul s-a inversat si acum suntem din nou in fata unui védrf al scumpirilor la alimente.

5 Mai citeste si:

' Pdinea este produs de lux pentru orddeni, iar producdtorii amenintd cu noi scumpiri

Normal text file

Dos\Windows ANSI as UTF-8 INS



Test data processing — Processing
questions

e Stop words elimination

* Lemmatization

* Named Entity identification
* Lucene query building

<topic t 1d="1" t name="AIDS" r 1d="2" g 1id="3">
kstring>Which.African country did Bono Vox wvisit?</string>
<focus>country</focus>

<verb>visit </verb>

<noun></noun>

<adj></adj>

<nameEntities>African Bono Vox</nameEntities>
<gquery>African”3 country Bono”3 Vox”3 wvisit</query>
<questionType>FACTOID</questionType>
<answerType>OTHER</answerType>



Test data processing — Processing

possible answers

* Ontologies used (Iftene and Balahur, 2008), for
instance, to locate cities (relation [is_located in])

— In which European cities has Annie Lennox
performed?

— Answers containing non-European cities are
eliminated (here: replaced with the value XXXXX)

<answer
<answer
<answer
<answer
<answer

a 1d='1l'>London”3 Paris”®3</answer>

a 1d="'2">XXXXX"*3</answer>

a 1d="'3">XXXXX*3</answer>

a 1d='4'>Edinburgh”3 Oslo”*3</answer>
a 1d="5"'">XXXXX*3</answer>



Searching using relevant documents for
questions

Then in every index, queries associated to possible answers are asked
for using Lucene

For every answer, a list of documents displaying Lucene relevance scores
is obtained

— Score2(d, a) is the relevance score for document d when searched with the
Lucene query associated to answer a

<question g 1id="1" r id="1" t id="1" a id="1">
<paragraph doc id="doc.txt" score2="0.11814499"/>

</question>

<question g id="1" r id="1" t id="1" a id="2">
<paragraph doc id="doc.txt" score2="0.068914026"/>

</question>

<question g id="1" r id="1" t id="1" a id="3">
<paragraph doc id="doc.txt" score2="0.018048882"/>

</question>

<question g id="1" r id="1" t id="1" a id="4">
<paragraph doc id="doc.txt" score2="0.04478345"/>

</question>

<question g id="1" r id="1" t id="1" a id="5">
<paragraph doc id="doc.txt" score2="0.1216592"/>
<paragraph doc id="AIDS RO 13800.txt" score2="0.0015860073"/>

</question>
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How to evaluate an NLP system?



NLP Systems need evaluation

» “An important recent development in NLP has been
the use of much more rigorous standards for the
evaluation of NLP systems”

Manning and Schutze

» To be published, all research must:

o establish a baseline, and

o quantitatively show that it improves on the baseline and the state-
of-the-art



NLP Systems — ways of doing evaluation

* Answer the question: “How well does the system work?”
* Possible domains for evaluation

— Processing time of the system
— Space usage of the system

— Human satisfaction

— Correctness of results

* Measures: (Accuracy, Error), (Precision, Recall, F-measure)



Accuracy and Error

* To evaluate means to compare the system
output against a gold standard

* The results of a system are marked as:

— Correct: matches the gold standard
— Incorrect: otherwise

number correct

accuracy =
number of results

number wrong

error =
number of results



Accuracy and Error - Example

<+ A system that detects the language...

“ Al clu” = Arabic

' 4

“Bon soir!” = French
“Good evening!” = Spanish &3

<+ Accuracy = 66.66 %
+Error =33.33 %



Precision and Recall

<+ Precision and Recall are set-based measures

4+ They evaluate the quality of some set membership,
based on a reference set membership

<+ Precision: what proportion of the retrieved documents

is relevant?
| {relevant documents} N {retrieved documents}|

recision = : : '
p [{retrieved documents}|

<+ Recall: what proportion of the relevant documents is
retrieved?

|{relevant documents} N {retrieved documents}|

recall = - .
sed [{relevant documents}|



Precision and Recall — Example (1)

retrieved documents

% X
X X

relevant documents

Precision=4/10=40%
Recall=4 /14 =28.57%



Precision and Recall — Example (2)

retrieved documents

% X

Precision=14/20=70%
Recall =14 /14 =100 %



Precision and Recall — Example (3)

relevant documents

v

etrieved documents «

x X |Vy

Precision=6/6 =100 %
Recall=6/20=30%



Precision and Recall — Example (4)

vV v
oV

Precision=0/6=0%
Recall=0/14=0%



F-measure (F-score or F1-score)

4+ F-measure is a measure of a test's accuracy,
and it considers both the precision p and the
recall r

(14 5?) - (precision - recall)

. F — - - . '
<+ General formula: F; (32 - precision + recall)

2 - precision - recall
4 F1-measure: p=2"P

(precision + recall)



Recomended environment of a module
participating In a processing chain

@
A

parameters

v output
Module X output




If they observe the same standards,
modules can be chained

o

arameters_X

Module X

o

arameters_Y

Module Y

standard XY ]
A
resourc

standard_YZ ‘e
A
resourc




How to calibrate a module?

* Suppose we want to build a module to achieve a
particular goal. Then, in fact, we will have to build
3 modules:
— The Training Module (TM)

— The module itself (X)
— The Evaluation Module (EM)




Training module (TM)

* TM learns from a training corpus a model, which
will subsequently be used by module X

[ VAl ]B Training Module —>
Corpus




Module X

« X applies an algorithm to an /nput to transform it

conforming to the #ained moaule.

==

input.xml 1

The module X

> | output.xml \




Evaluation module (EM)

« EM evaluates (compares) a /est file against a Gold
file.

output.xml @
gold.xml 1 @

Evaluation Module evallLog 1




Evaluation measures

* Precision =
#common items in Test & Gold/#items in Test

 Recall =
#common items in Test & Gold/#items in Gold

* F-measure=2*P *R /(P +R)



Assembling an evaluation system




Calibrate = iterate parameters until
an optimum is reached

4 N

configuration.cfg

preferencesTraining.pref

N
gold.xml

Training ]B |:>

Corpus

preferencesX.pref

preferencesEvaluation.pref

Optimal values

___________________________________________




10-fold evaluation

___ train on 9 parts™ |

corpus N

- 1terate 10 times

. > E
} evaluate on the i i
S 10t part => E, By, By By B E= 0




