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Information Overload: Multimedia Multilingual Data
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Ukraine: How we got here

The Ukraine cris has become the bloodiest European conflict since the wars over the former Yugoslavia
in the early 1990s -- but what triggered the violence and what is happening on the ground?
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Information Extraction: turn unstructured
data to structured information

Relation Extraction

/Artlfact—\ /Destlnatlon '

[PERSON ‘ TRANSPORT lFACILITYI

The detainees were to the

Event Extraction (Trigger Labeling + Argument Role Labeling)



Applications: Disaster Relief
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Language: Somali Translatlon e

Subagle wuxuu sheegay in kooxda Al-Shabaab ay isku dayday inay dib
u qabsato magaalada Buulo-burte, oo toddobaad ka hor ay
qabsadeen ciidanka xoogga dalka Soomaaliya oo gacan ka helaya
kuwa dalka Jabuuti ee qeybta ka ah AMISOM.

Translation: Subagle said al-Shabaab militants attempted to recapture O

the town of Bulo-burte, which had taken control of the Somali

strongholds in Djibouti with the help of AMISOM troops.
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Applications: Event Recommendation
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Automated Summary:

CronxHosenna 20 hespans CTan OQHHM U3 KIBOHeBsIX (PaKTOpos , BuiHyAMBLWMX MpeanaenTa Ykpans BukTopa AHyxosusa noiTv Ha nognucanue Cornawennn o6 yperynmposasm
NONUTHNECKOrD KPM3UCa Ha YKpanHe , NOTepe A0sepus K CaMoMy FHYKOBUYY ¥ K NepedopMaTypOBaHMIO NaPNamMeHTeKoro BoNLWMHCTEA , BbiHecwero sevepom 20 despani
NOCTAHOBNEHME O 3anpeare nNpumeHesma cunsl anactsio (Translation: The clashes on February 20 became one of the key factors that forced President of Ukraine Viktor Yanukovych to
sign the Agreement on the settiement of the political crisis in Ukraine, the loss of confidence in Yanukovich himself and the reformatting of the parliamentary majority, which Issued a
resolution on the evening of February 20 banning the use of force) , YTO COrNACHO BCBM MMEIOLMMCH YNVKAM T8 MIUIMLMOHEPb! W ABMOHCTPAHTBI , YTO CTANM XEPTBaMK CHaRNepPCKoro
OFHA , 3ACTPeNeHb! OaHIMKY U TeMmK xe cHainepamu (Translation: that according to all available evidence, those policemen and demonstrators who were victims of sniper fire were shot
by the same snipers)
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& https://blender04.cs.rpi.edu, 12/video_recor

criminologists near the inlet on the side opposite the Maidan

The case of Kiev snipers question about the organizers and perpetrators of
sniper shooting at Euromaidan participants and at the same time law
enforcement officers in Kiev on February 20, 2014, which killed 53 people
(49 protesters and 4 law enforcement officers)

[one]

Protesters and new Ukrainian authorities accuse the Yanukovych regime of

as well as Russia.

The Russian authorities and the then Ukrainian leaders, in turn, believe
that the shooting was org: by to create
sacred sacrifices and exacerbate the revolutionary situation.

February 24th and. about. Interior Minister Arsen Avakov reported on his
page In one of the soclal networks about the initiation of a criminal case
into the of civilians, in with which ych and
several other officials were wanted

[four]

The i 2ls0 brought i officials
(fve)

https://blender04.cs.rpi.edu/~lud2/video_recommendation_demo2019/navigation_dark.html



Applications: Ukraine Event and Moral Value Map
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English IE: Expensive but Generally Happy

Expert consumers
define what to

-

Human Annotators
annotate a large amount
of documents

-

supervised learning
models

High Cost: requires
manual clean
annotations for
500 documents

Poor Portability:
e.g., only covers 41
relation types and
33 event types

Limited to a certain
domain, genre,
language, and data
modality



English doesn’t deserve to be the center of language universe

6000+ living languages, 300+ languages have digital news data

Certain information is often reported predominantly in local news in low-resource

languages

* e.g., the vast majority of Physical-Located relations and Meeting events involving Aung San Suu Kyi are
only reported locally in Burmese news

* e.g., language barrier was one of the main difficulties faced by humanitarian workers responding to
the Ebola crisis in 2014

Publicly available gold-standard annotations for IE exist for
only a few languages

Annotations for edge (relation and event) extraction are more
expensive than node (entity) extraction because relations/
events are structured and require a rich label space — not
suitable for crowd-sourcing




One Possible Solution: Share and Transfer

Enhance Quality with deep knowledge
acquisition and reasoning

Transfer knowledge across ¢,
domain/genre/language/d
ata modality




Cross-lingual Node (Entity) Transfer

Leverage Language-Universal Non-Conventional Linguistic Resources

Cross-lingual Embedding Representations
* Cluster-consistent embedding: avoid using bi-lingual dictionaries or parallel corpora
* Joint Entity and Word embedding
* Cross-lingual language modeling for contextualized embedding

Cross-lingual Transfer Learning
* Multi-task Multi-lingual transfer learning
» Adversarial learning to select language-universal resources and features

Allow non-speakers to annotate any language
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Share: Multi-lingual Cluster-consistent
Common Space Construction
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Our new hypothesis: Cluster distribution tends to be consistent
across languages (Huang et al., EMNLP2018)
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Share: Cross-lingual Joint Entity and Word Embedding Learning
(Pan et al., DeeplLo2019)

* Code-switch cross-lingual entity/word data generation

Example Chinese Wikipedia Sentence:

[/NRBHER R B E 0 HEM [ER2FIER]D

1ink\l, langlink 1ink ‘l’ langlink
zh//AKFHE * zh/3E B /\ 5] —> en/Apple_Inc.
Our Approach:

zh//NREWE B £ 41[FA en/Apple Inc. o
(Xiaomi) (is) (known as) (Chinese)

» Use English entities as anchor points to learn a mapping (rotation matrix) W
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Cross-lingual Edge (Relation and Event Argument) Transfer

e (Subburathinam et al., EMNLP2019)

* Hypothesis: Relational facts are typically expressed by identifiable patterns
which are consistent across languages (Lin et al., 2017)

* Language-universal symbolic representations

e POS tagging and dependency parsing are available for 84 languages (Nivre et al.,
2018)

* Entity extraction is available for 282 languages (Pan et al., 2017)

* Language-universal distributional representations

* multi-lingual word embedding is available for 44 languages (Bojanowski et al., 2017;
Joulin et al., 2018)
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Toward more Structured Representations

GCN
VERB VERB
nsubj:pass /| ©°P! nsubj:pass / °Pl
NOUN aux:pass NOUN aux.pass NOUN
Tree Representations (PER) (PER) (EAC)
nmod.
d
et AUX nmod ined
case case NOUN
DET NOUN
multilingual word
angd ombedding
ADP part-of-speech
VERB VERB embedding
entity-type
embedding
ADI N[y
The detainees were toa KomaHfbl Bpayei 6binu B YnakKoBaHHbIX
processing center OTAENEHUAX CKOPO NomMoLm

(teams of doctors were seen in packed emergency rooms)
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Graph Convolutional Networks (GCN) Encoder

Extend the monolingual design (Zhang et al., 2018) to cross-lingual
Convert a sentence with N tokens into N*N adjacency matrix A
Node: token, each edge is a directed dependency edge

Initialization of each node’s representation

h = z¥ @ !l @ ¢ @

e

Word embedding POS tag Dependency relation  Entity type

At the k" layer, derive the hidden representation of each node from the representations of
its neighbors at previous layer

N A’L] W(k) h§k7_1)

(k)
h:’ =RelLU
| e ; di’ + b(l\) 15




Application on Relation Extraction

Task: Classify each pair of entity mentions into one of pre-defined relation types or
NONE

Max-pooling over the final node representations to obtain representations for
sentence and two entity mentions, and concatenate them

A softmax output layer for relation type classification

N L;
L7 ="y log(o (U™ - (A hij; )
i=1 j=1
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Application on Event Argument Extraction

Task: Classify each pair of event trigger and entity mentions into one of pre-defined
event argument roles or NONE

Max-pooling over the final node representations to obtain representations for
sentence, trigger and argument candidate, and concatenate them

A softmax output layer for argument role labeling

b‘
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The detainees were toa KomaHabi Bpayeit 6binu B ynakoBaHHbIX
processing center OTAENEHUAX CKOPOU NomMoLm
(teams of doctors were seen in packed emergency rooms)
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Overall Performance

 Relation Extraction

: il English Chinese Arabic
Train
English 68.2 42.5 58.7
Chinese 62.6 69.4 54.0
Arabic 58.6 392 67.4

* Event Argument Extraction

_ Lest English Chinese Arabic|
Train /bf(
English 63.9 59.0 61.8
Chinese 51.6 .3 60.6
Arabic 43.1 50.1 64.0
English + Chinese - - 63.1
English + Arabic - 60.1 -
Chinese + Arabic 51.9 — —

Much better than
state-of-the-art on

cross-lingual transfer
(47.7%, Hsi et al.,
2016)
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Comparison with Supervised Approach

Chinese Event Argument Extraction

70
59.2
60 Loo Sg2 __ | __a74

0 500 1000 1500 2000 2500 3000
Number of Event Mentions

3500
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Ongoing Work: Cross-media Event Structure Transfer

Copnyt ighted Mates ol

the rise of the image * We produce and consume news content simultaneously
the fall of the word through different media

* By randomly checking 100 multimedia documents from Voice
of America, 34% images contain visual objects that serve as
event arguments which are not mentioned in surrounding texts

ey
A W”&l B
mitchell stephens™
W ny

O -

Vote ? =soldier TransportPerson_Instrument = stretcher



Multimedia Common Space Construction

* Treat Image/Video as a foreign language

Language Vision
Word Sense/Phrase Image Region
Entity Visual Concept
Relation Visual Relation
Entity-Relation Graph Scene Graph
Event Visual Event
AMR and Dependency Graph | Visual Semantic Graph




A New Task: Multimedia Event Extraction

* Input: News Article & Events Input: Image & Visual Objects

In March , Turkish forces escalated attacks
[Conflict.Attack] on the YPG in northern Syria , forcing airplane
U.S. to deploy [Movement.TransportPerson] a small number
of forces in and around the town of Manbij to the northwest
of Raqqga to “deter” Turkish - SDF clashes and ensure the
focus remains on Islamic State. Meanwhile, Raqqa is being
pummeled by ajrstrikes [Conflict. Attack] mounted by U.S.-
led coalition for and Syrian warplanes. Local anti-IS
activists say the air rai

Conflict. Attagk] fail to distinguish
between military and non-mift targ:tx

Output: Image-related Equment Roles

_vehicle

Visual \airs}il@s [Conflict.Attack]

Events raids [Conflict.Attack]

Visual Target airplane /
Arguments Target vehicle ¥




Thai oppositiA
protesters attack
a bus carrying
pro-government
Red Shirt
supporters on
their way to a rally
at a stadium in
Bangkok

Multi-media Structured Common Space Construction

‘ARG

AMR

protest-01

bus

Parsing

‘-name ‘ARGO-of
— oppose-01| -

Thailang erso Bangkok| |[Eias:
‘ARGO- “mo ARG

support-01

pro-government|| Red Shirt

agent

man

destination

bus

item

stone

Role-driven
Graph

:agent

Conta

[item
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Weakly Aligned Structured Embedding (WASE)

-- Training Phase (Common Space Construction)

-—y T T T T T TS T TS T T T s s e s s e
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fowa v, J o " : 1
e e | 2((QO0I000JI000) ... 000) BOCHOOT) -
A | < man car stone ! man car  \ stone
=3 ,' Situation Recognition :
1
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1
Thai opposition protesters | AMR protest-01 us % :
attack a bus carrying pro- | parsing “mod W = -
government Red Shirt ‘nam “ARGO-of rally-01 " 8 E : OOQ]bus
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Bangkok Thailand o !
person Bangkok S 1 rally-01
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Weakly Aligned Structured Embedding (WASE)
-- Training Phase (Common Space Construction)

Thai opposition
protesters attack
a bus carrying
pro-government Event argument candidates

Event trigger candidates

supporters on their (text)

-

waytoarallyata | LW ——" 1 e =-7

stadium in “ L7
Bangkok 7
/
\
7 / P
y . e
/ ‘\ /
1oL /
I ~ !

WA OO0 000 000

Red Shirt WASE [QQO] OO0 0OT) O

Event argument candidates Event trigger candidate

00 000
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Weakly Aligned Structured Embedding (WASE)
-- Testing & Training Phase

Multimedia
News

Ken Pollack, that
resistance that we
just saw the
British troops
dealing with, you
and I were
talking earlier
today. ...

uonejuasaiday uowwon

paJinjoni}s elpaw-ssol)

Multimedia
Joint Inference
Gate =
.—>®W—') Q
image 7o)
D
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region 5
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entity é %
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Testing Phase
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Image-
Caption

imSitu
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Experimental Results

 Compare with text-only extraction (ACE) and image-only extraction (Situation
Recognition)

Text Event Trigger Labeling Visual Argument Role Labeling
Method P(%) R(%) Fi%) | P(%) R(%) F1(%)
JMEE (Text-only) [1] 49.12 72.64 58.61 - - -
FC_Graph(Vision-only) [2] - - - 19.15 19.15 19.15
Multimedia Flat Embedding 56.08 62.03 58.91 32.48 34.24 33.34
WASE 59.55 66.43 62.80 32.51 34.29 33.36

[1] Xiao Liu, Zhunchen Luo, and Heyan Huang. 2018a. Jointly multiple events extraction via attention-

based graph information aggregation. EMNLP 2018
[2] Ruiyu L1, Makarand Tapaswi, Renjie Liao, Jiaya Jia, Raquel Urtasun, and Sanja Fidler. 2017. Situation

recognition with graph neural networks. ICCV 2017 28



Compare to State-of-the-art Cross-media Flat Representation

Baseline:
Event: Justice:Arrest-Jail
Roles:
None

Our Approach:
Event: Conflict.Attack
Roles:
Instrument = weapon

Baseline:
Event: Justice:Arrest-Jail
Roles:
Entity = man
Our Approach:
Event: Conflict:Demonstrate
Roles:
Entity = man

Baseline:
Event: Justice:Arrest-Jail
Roles:
Agent = man
Our Approach:
Event: Justice:Arrest-Jail
Roles:

Person = man



Promising Progress

Portability # Languages for EDL and Event 1-3 300

Extraction

# Entity types 5 16,000

# Relation types (English) 41 2,000

# Event types (English) 33 1,000
Quality (Low- Name Tagging 0% Up to 76% F-score
resource Cross-lingual Entity Linking Up to 16% absolute improvement in accuracy
Languages
without gold
standard

annotations)

Development Time Half ayear

Cost Supervised models based
on 500 fully annotated
documents

1-10 hours

No manual annotation
required for new
language/domain
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Remaining Challenges: Acquire background knowledge

* The final Perahera of the Ruhunu Kataragama Maha
Devalaya will be held today.

* Inthe communiqué the education ministry has cited as a
cases in point several instances like the application by a
doctor transferred to Bemmulla in Gampaha for admission of
his child to the Colombo D . S . Senanayake Vidyalaya.

* The navy media unit stated that they suspect that the Kerala
Ganja Cannabis was brought from India via the mainland

* When we come back media speculation run amuck over
possible indictments at sixteen hundred Pennsylvania and
the President 's scripted session with troops in Iraq .

31



Remaining Challenges: Cross-scenario Transfer through
Complex Event Schema Induct|on

2014 Thai coup d'état: OgHako NPoTeCTsl U 6noma ANATCA yXxe

nouTH 3 MECALA, 3 BOEHHbLIE Tak U He NepeLIny K JeNCTBUAM

2013 Egyptian coup d’état: ... General Abdel Fattah el-Sisi announced
that he there would be calling newpresidentialand Shura
Councilefections.

Ukrainian crisis: At 09:25,protesterspushed the Berkut back to the
October Palace after security forces tried to set fire to Kiev Conservatory,
which was being used as a field hospital for woundedprotfesters.

Ukrainian crisis

Chechen-Russian Conflict

ConflictEvent place
PoliticalConflict. A—» 1 country
CivilUnrest 1w-years

ControlEvent. MakeUndoEvent.
PreventAction. BreakUndo.
, D . Internationalintervention Ceasefire
" y : : 20 3mon 1y
. instance i ¥ A 1d
Conservatory «secure-02 ‘b“\’ . 70%
place of residence 3
birthplace directive protester coumry topic = 4 country country § 3 protester 4 country
SocialEvent. ConflictEvent. ConflictEvent.  ControlEvent. SocialEvent. SocialEvent. SocialEvent. SocialEvent.
CommunicationEvent. PoliticalConflict. PhysicalConfiict. PreventAction.  Start/End_SocialRelations. TransactionEvent. Legislation/Contracts. TransactionEvent.

PublicSpeaking SocialGathering Attack ArrestJailDetain PersonnelChange EmergencyResponse AcceptAgreement TransferControl

15min-3h 1d1mon . = & 1d ~ T

S ! F/ \® &
%/\ /7%\? / § ;/\2: ‘%
8 14 1 1 3

topccd-ecoveewnty 3 weapon 3 countrydirective ¥ country directive title country title country wounded country lawinfo country protester city
proesner protester 3

cnme

. SocialEvent. MovementEvent. SocialEvent. ControlEvent.
topic eoumry speaker wdlenee SocnalEvent SocialEvent. CommunicateEvent. Movement. CommunicateEvent. PreventAction.
StarEnd_SocialRelations. Start/End_SocialRelations. MeetingAndDiscussion Send Denouncement Sanction

EndPosmon StartPosition

1d
S— -@“
—p Temporal ‘°6
Causality

5 1 S 5 13 1
country country militaryOrg  country country country country politicalOrg country ;2

Subevent
directive titte country directive ftitle country



Ongoing Research Project: Let’s Write a History Book!

History is written by the victors

Entity-centric knowledge base is much easier to construct than event-centric one
=  Who is Barack Obama’s wife?

Requires exhaustive search and information aggregation

=  How many people died in 911? Who are they?

13 4‘ Lt "
= !l e.[!# 4
- ]F‘“' '.' "

Multi-view verification
=  What happened in 1989 Tiananmen Square?

b T
=  What happened in Hong Kong Protest 2019? eI

VS.

Pollce use petrol bombs and
water cannons against Hong
Kong protesters

Attacker = police

It’s international human right to know

what happened in the history

We aim to create a history book automatically
so it can be more complete and authentic
than human created ones

fEi189 “ta0”
HEEN

Attacker = protesters Attacker = police

33



What will such a History Book look like?

Each chapter looks like a Wikipedia page

The description is organized by multimedia timeline with

detailed source and evidence information, links to
original news articles

Detailed participants (arguments) and their roles, and
their connections and relations

Infobox shows event-event relations: temporal,
causal and hierarchical

Building blocks

Open-domain Multilingual Multimedia Event Extraction
Cross-document Event Coreference Resolution and
Ranking

Event Schema Induction and Event-Event Relation
Extraction

Cross-source Information Verification and Truth Finding
Abstract Summarization for Event Description

Never-ending updated over time; put up to the
wild for human editing and curation

Protests against the government |eqit

4 December 2011 | edit]

On 4 November 2011, during the annual Russian March event, representatives of "The Russians" movement declared a protest action
unapproved and took place on 4 December at 21:00 in Moscow. The statement of non-recognition of electoral results spread widely. Cif
said to have occurred during the elections. Alexander Belov declared the beginning of the "Putin, go away!" campaign.[sn The protest 4
Alexander Belov, Dmitry Dyomushkin, George Borovikov were arrested along with dozens of other nationalists. The head of the banned
observer. Mass detentions of other public organizations occurred in Moscow. According to police some 258 persons have been detaine:

5-7 December 2011 |[edit]

On 5 December, around 5,000 opponents of the government began protesting in Moscow, denouncing Vladimir Putin and his governmg
Putin step down, whilst some demanded revolution.[15]139] Alexey Navalny, a top blogger and anti-corruption activist who branded Puti
postings on his LiveJournal blog and Twitter account. Navalny's agitation was denounced by United Russia as "typical dirty self-promoti
accountA[“O][M]

Many pro-government supporters, including the pro-Putin youth group Nashi, were mobilized on 6 December at the site of the planned

Nashi on Manezhnaya Square[43) and an 8,000-strong rally of the Young Guard on Revolution Square.[‘“} About 500 pro-United Russi
expected anti-government protests. It emerged that 300 protesters had been arrested in Moscow the night before, along with 120 in St.
slogans against Putin.“sl whilst anti-government protesters at Revolution Square clashed with riot police and interior ministry troops. T
Square and dozens of arrests were reported, including Boris Nemtsov, an opposition leader and former deputy prime minister,[48] and A
charged. At least one Russian journalist claimed he was beaten by police officers who stamped on him and hit his legs with batons.!50]
place. After three and a half hours, the Moscow protest came to an end.[51]

Attempts to stage a large protest in Moscow on 7 December fizzled out due to a large police presence in the city.“al

10 December 2011 |[edit)

Via a Facebook group "Cy66oTa Ha BonoTHow nnowaau” (Saturday at Bolotnaya Square),[52]
December.[531(54] prior to the demonstration newspapers commented that tens of thousands d
Moscow,iss][se] and, similarly, over 5,000 in St. Pelersburg.[57] A permit had originally been is:
Square. By 8 December, more than 30,000[52] had accepted the Facebook invitation to attend
demonstration was authorized by the Moscow government for the demonstration which took pl
made by Putin that police and security forces would be deployed to deal with anyone participat
was peaceful and without attempts by the state to prevent or disrupt it.[591(60] Rapper Noize M

specially from Paris for the occasion.[61] Guerrilla theater by FEMEN and the circulation of a p
Drotesls.[62][63]

Rally in Bolotnaya Square in
Moscow on 10 December 2011
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Cross-lingual Entity Discovery and Linking for
287 Languages

Demo APls Development

Incident Language IE Demo

Choose a language

Human In Loop

Language List

Annotation Tool

Heat Map

Name Transliteration

- (Pan et al., ACL2017)

Abkhazian v Browse ~
A
Three examples are provided. You could also enter you Abkhazian Achinese Adyghe Afrikaans Akan Albanian
Alen Y Al A .
- ple 1 examaple 2 i B enter léMannisch Amharic rabic Aragonese Aramaic Armenian
Aromanian Arpitan Assamese Asturian Avaric Aymara
DIRECT A
# REDIRECT Amixoeinscana Azerbaijani Bambara Bangla Banjar Basa Banyumasan Bashkir
' ' Paumbyx ' ' (' '' ' ) Homma axanaxs .
* ' Tioc-Auyenec '' ' ( ''Los Angeles '' ) - Basque Bavarian Belarusian Belarusian (Tara Bihari Bikol Central
Temoyra apauos . Bishnupriya Bislama Bosnian Breton Buginese Bulgarian
* Mouresuneo ( OpOexXTHPYeTCH )
* Thexs Burmese Catalan Cebuano Central Kurdish Chamorro Chavacano de Za
' ' Bramasp '' ' - Vpucrouwna axanaxs . Chechen Cherokee Cheyenne Chinese Chinese (Min Nan)  Church Slavic

# Cuamumpa apaxoH

Extracted Name

] Kakakin babban magatakardan MDD [rer Stephane Dujarg€] ya ce wani jirgin sama, dauke
] dake |
n manema labaru da ak\yi a wannan rana, [rex Stephane Dujarric] ya ce jirgin saman mai saukar

System Missing Spu Mention ID: Boliang_NE_tagger ype

Mutane 3 sun rasu sakaiGiel Str: Stephane Dujarric 60
Reference KB: St%(
Entity Type: PER
Mention Type: NAM
Confidence Value: 1.0

A9nh

da mambobin tawagar fadi a birnin | ] a arewacin kasar_#marin da ya yi sanadin mutuwar

ma'aikatan jirgin 3 yayi

ungulu wanda aka yi ha da ya ke jigilar kayayyaki,

pedia’Entry™"”

uma dukkanin wadanda suka rasu su 3 'yan kasar [ ] ne. [rer
Images

Stephane Dujarric] ya k ku, domin binciken dalilan aukuwar hadarin. (Amina)

GeoNames

* ) Bentiuca 395m
Bentiu,beHTry, BenTHy, i, 55511002, 376@0m MR 5

P PPLA seatof a first-order administrative division

Retrieved Image

South Sudan SS » Northern Liect
population : 7653
9.25722,29.79833 N 9°16'26" E 29°47'54"

geotree kml rdf




Cross-document Event Tracking

Timeline Home

Entity Name Event Type Event SubType Argument Role Start Date End Date

Al v Al s All Al 5] 5553

<>
<>

[ELELGGEL Argument | Triger | Time Timeline Scale: ) Year @® Month

March 2011

Life.Die

Independent groups say 113 men and 24 women have set themselves on fire since March 2011 and most
have died of their burns.
( ¢ Victim= {their , themselves , most } )

Source Doc: HCO007FAT

Personnel.En...  Contact.Cont... Contact.Cont... Life.Die Justice.Tri Justice.Relea... Contact.Meet Movement.Tr... Conflict.Attack Personnel.En... Transactio
e Transaction.Tr... Transaction.Tr. Justice.Charq... Life.Die Life.Die Life.Die Transactio Contact.Me
flict. Attack Movement.Tr... Conflict.Attack Justice.Relea... Conflict.Attack Conflict.At Contact.Me
ement.Tr... Contact.Broa... Conflict.Attack Transaction.Tr... Contact.Broa... Conflict.At Contact.Me
Transaction.Tr... Conflict.Att:
Personnel.En... Contact.Me
3 [ ] T [ ] L] L ] o L] L [ ] [ ] L [ ] . 0 a 0 L ] L
April May June July Aug. Sept. Oct. Nov. Dec. o | Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Feb
011 2012

https://blender04.cs.rpi.edu/~lim22/gaia/GAIA arg.html



https://blender04.cs.rpi.edu/~lim22/gaia/GAIA_arg.html

Cross-document Entity Relation Tracking

Entity-Relation Graph  Home

© Name Search "~ Cypher Query(Example Cypher Queries)

Graph Visualization: Double Click a node to see its relations, Click a node and then the CROSS icon to remove it from visualization. Zoom in and out by mouse wheel.

Personal LR Lads g A K
ﬁ?m Eg%npioyrm-n o SrganizayAl ]ahOLm'Eegdle dw?.?em%ghaals«w Business

wamé’
S

Properties: Hover over nodes and edges to see their properties here.

Type ID Name Link Mention
Person :Entity EDL_ENG_0153461 Vladimir LDC2015E42:m.08193 liberals, #Putin,Putin,own,President,gunmen,Mr,he Viadimir Putin,Viadim
Putin Putms compames murderers victims that, He putln s,them h|mself,group

© 2018 Copyright: Content by RPI Blender Lab.

* https://blender04.cs.Fiedti’®lim22/entity demo/aida index.html



https://blender04.cs.rpi.edu/~lim22/entity_demo/aida_index.html

Ukraine Event and Moral Value Map

- —
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—
-
e
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—
- -
- o - - em g
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. Conflict Events

Map Style: Heatmap scale: | — ]
1.0 20 3 40
P Light
Events: @ Lfe & Manuf
Event: Language: Estimate: Estimate Filter:

Languages: Enghsh

« Achievement, Benevolence, Conformity, Hedonism, Power, Security, Self-direction,
Simulation, Tradition and Universalism (Schwartz, 2012)

http://162.243.120.148:8080/ 40



Event Recommendation

Violence subsided in northern cities on Tuesday as troops patrolled streets and a curfew
remained in place after riots broke out a day earlier over the killing of a Sikh cleric in

Simitar Events ] Dissimiar Events

Bauchi,Nigeria

Protesters Unknown
Type of Protest Riot

Demands of Protest Religious

Afghanistan

Protesters Unknown
Type of Protest

Demands of Protest

Xinjiang,China
Target of Protest
fighting on street Exiled Uighurs

Type of Protest

India Unknown
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https://blender04.cs.rpi.edu/~lud2/video_recommendation_demo2019/navigation_dark.html

Node (Entity) Extraction: Token Labeling
with Sequence as Context

CRF

)
d

Context-only

Foatures Feature Extraction Level Feature Composition

Balance original hidden states and additional context-
only features.
4 gg «

LSTM Encoder

Gate =
Character-level _ Word Representation Level Feature Composition
Representation -
Word _-- N Balance word- and character-level representations.
Embedding ~ MedChem | spokesman . said ../ -
Reliabilit Rare word. Its embeddingis  Common word. lts
SI' : Ily unreliable. Rely more on word embedding
I9Nals  syrface and context clues. should be reliable.

A MedChem spokesman said the products contribute about
a third of MedChem's sales and 10% to 20% of its earnings



Edge (Relation and Event) Extraction: Node
Pair Classification with Graph Context

PHYS-LOCATED Origin-Arg

Softmax Aincrng (relation)
t I
( “] ( oo}
TRANSPORT

Concatenation @ (event) @ @
Max-pooling hm1 ; hy tbhsem Pm2

_____
e,
g

Common Space ] -_-O. U"\" ‘D\G.[j
Structural Representations
f 111t 111

Graph Convolutional Network I

VERB

nsubj:pass | P!

NOUN aux:pass NOUN

Tree Representations (PER) {EAG)
7z
det amod
' case '

VFRR

The detainees were to the processing center




Previous Work

« Multilingual common space construction makes use of linear mappings (Mikolov et al., 2013; Rothe et al., 2016;

Zhang et al., 2016; Baroni et al., 2015; Xing et al., 2015; Smith et al., 2017) or canonical correlation analysis (CCA)

(Ammar et al., 2016; Faruqui and Dyer, 2014; Lu et al., 2015) to transfer surface features across languages

* Cross-lingual IE work mainly focuses on sequence labeling (name tagging) (Mayhew et al., 2017; Lin et al., 2018;

Huang et al., 2019) which is not significantly influenced by word order

Cross-lingual word
embeddings

Label o o GPE GPE
CREF layer CRF Layer
i ; } f
Word representation
Backward LSTM
Forward LSTM
Word embeddings
English words 44-th president Connected States
Russian words 44-n npesupnenT CoexmmuHeHHx llraToB
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Applications: Event Tracking

Timeline Home

Entity Name Event Type Event SubType Argument Role Start Date End Date

Al v Al s All Al 5] 5553

<>
<>

[ELELGGEL Argument | Triger | Time Timeline Scale: ) Year @® Month

March 2011

Life.Die

Independent groups say 113 men and 24 women have set themselves on fire since March 2011 and most
have died of their burns.
( ¢ Victim= {their , themselves , most } )

Source Doc: HCO007FAT

Personnel.En...  Contact.Cont... Contact.Cont... Life.Die Justice.Tri Justice.Relea... Contact.Meet Movement.Tr... Conflict.Attack Personnel.En... Transactio
e Transaction.Tr... Transaction.Tr. Justice.Charq... Life.Die Life.Die Life.Die Transactio Contact.Me
flict. Attack Movement.Tr... Conflict.Attack Justice.Relea... Conflict.Attack Conflict.At Contact.Me
ement.Tr... Contact.Broa... Conflict.Attack Transaction.Tr... Contact.Broa... Conflict.At Contact.Me
Transaction.Tr... Conflict.Att:
Personnel.En... Contact.Me
3 [ ] T [ ] L] L ] o L] L [ ] [ ] L [ ] . 0 a 0 L ] L
April May June July Aug. Sept. Oct. Nov. Dec. o | Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Feb
011 2012

https://blender04.cs.rpi.edu/~lim22/gaia/GAIA arg.html



https://blender04.cs.rpi.edu/~lim22/gaia/GAIA_arg.html

Transfer: Unsupervised Adversarial Training

Solution: apply unsupervised adversarial training to extract language-agnostic features

Target Language
e e EEEE——— e B it BEER
1 1
i e i 1770 e “1-PER
E o
) S B
[ Word Discriminator ] Sequence Feature > S Sequence Context CRF Name | _©
Encoder % %‘ Discriminator Encoder Tagger
< 2
E E E a E E m O
B-GPE

Linear Projection ]

o o Lo WL

Source Language

Word-level Sequence-level
adversarial transfer adversarial transfer

(Huang et al., NAACL2019)

Bi-LSTM-CRF Name Tagger



Name Tagging Performance

e Russian name tagging F-score; English to help Russian

65

Cross-lingual Embedding, .~

Monolingual Embedding

0
o 10 20 30 40 30 6o 70 80 9o 100

Percentage of Training Data (%)
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Applications: Entity Relation Tracking

Entity-Relation Graph  Home

© Name Search " Cypher Query(Example Cypher Queries)

Graph Visualization: Double Click a node to see its relations, Click a node and then the CROSS icon to remove it from visualization. Zoom in and out by mouse wheel.

cymev fembershigiig
hmneerErv'poyrre £

EH)IBYIOYJ

Properties: Hover over nodes and edges to see their properties here.

Type ID Name Link Mention
Person :Entity EDL_ENG_0153461 Vladimir LDC2015E42:m.08193 liberals, #Putin,Putin,own,President,gunmen,Mr,he Viadimir Putin,Viadim
Putin Putins,companies,murderers,victims,that, He putin's, them, himself group
Allabacbaabiom cmalon o - A TN N | da laadaciidaa amal

© 2018 Copyright: Content by RPI Blender Lab.

* https://blender04.cs.Fiedti’®lim22/entity demo/aida index.html



https://blender04.cs.rpi.edu/~lim22/entity_demo/aida_index.html

Weakly Aligned Structured Embedding (WASE)
-- Training Phase (Common Space Construction)

Thai opposition
protesters attack
a bus carrying
pro-government Event argument candidates Event frigger candidates
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Applications: County-Level Moral Concerns

(Mooijman et al., Nature Human Behavior 2018, June Cover)

a g,
-+ Z-scored moral
6 tweet counts
* — Z-scored number
L 44 of arrests
3
o
N 5
0 4
13 April 20 April 27 April 4 May
‘ authority v ’ Search for zip code or county name B
(O}
Q
O

<=2.555

2.555 - 2.720
2.720 - 2.886
I 2.886-3.051
B 3.051-3217

W >=3.217 1

o |



