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> Applications
> Writing History Book
> News Understanding and Recommendation
> Disaster Relief
> Intelligence Analysis
> Accelerating Scientific Discovery

B Remaining Challenges and Future Directions

[0 External Knowledge Acquisition, Reasoning and Incorporation
[0 Document-Level Event Extraction
0 Multimedia Information Extraction and Verification

m Grand Vision

m Resources



Application 1: Writing a History Book
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m Organize chapters by major events clusters
and order them on a timeline

m Each chapter looks like a Wikipedia page

[0 The description is organized by multimedia
timeline
with detailed source and evidence information,
links to original news articles

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

0 Infobox shows event-event relations: temporal,
causal and hierarchical
m Never-ending updating over time; put up to
the wild for human editing and curation

Protests against the government |edit]

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. Citf
said to have occurred during the elections. Alexander Belov declared the beginning of the "Putin, go away!" campaign.[aﬂ 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 detainey

5-7 December 2011 [ edit]

On 5 December, around 5,000 opponents of the government began protesting in Moscow, denouncing Vladimir Putin and his governme
Putin step down, whilst some demanded revolution.!15113] Alexey Navalny, a top blogger and anti-corruption activist who branded Putii
postings on his LiveJournal blog and Twitter account. Navalny's agitation was denounced by United Russia as "typical dirty self-promoti

accouni.[40][41]

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[‘m and an 8,000-strong rally of the Young Guard on Revolution Square.[44] 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,“s]

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 mimster,[‘m] 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.[5%]
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 ciiy.”a]

10 December 2011 [edit]
52)

21 Via a Facebook group "Cy66oTa Ha BonoTHot nnowaawu" (Saturday at Bolotnaya Square),[

December.[531(54] prior to the demonstration newspapers commented that tens of thousands df
Moscow,[55][56] and, similarly, over 5,000 in St. Peiersburg.[57] A permit had originally been isg
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 pl4
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[80] Rapper Noize M|
Rally in Bolotnaya Square in = specially from Paris for the occasion.!81] Guerrilla theater by FEMEN and the circulation of a pf

Moscow on 10 December 2011 protesis.[sz][sa]
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Example Chapter: 2019 Hong Kong Protests (. 2L amazon

The first big protests Protesters storm parliament
3 s On 1 July, the anniversary of Hong Kong's handover from the UK to China, the
On9 June’ an estimated one million people marched to the govemmem Legislative Council (LegCo) building was stormed by protesters who sprayed graffiti
headquarters to show they were against the proposed bill. on the walls, displayed the colonial-era flag and defaced Hong Kong's regional
emblem.

% T

Protesters describe their ransacking of Hong Kong's Legislative Council one montl

One week later, on 7 July, tens of thousands marched in Kowloon - an area
popular with mainland tourists - in a bid to explain their concerns. Until this point the
protests had received little if any coverage in state-run mainland media.

On 9 July, Carrie Lam reiterated that the extradition bill was "dead" urging
protesters to stop their actions. She still refrained from fully withdrawing the bill.

On 21 July, protesters defaced China's Liaison Office in Hong Kong.



Example Chapter: ISIS attacks
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ow PTG Sack Acansr o
Attacker: ISIS Target: Kobani Agent: Jordan Target: ISIS

Instrument: tanks and artillery Instrument: bomber
Place: Ragga

\ni"ill

Event

Subevent® * * ° '> Kayla Jean Mueller
Te m p ora | ﬁ American hostage Kayla Muler shared her sirong

faith in Jesus Christ in a letter before she was killed BREAK’NG ET

. after she was captured by the ISIS terrorist group. 7
Causality —l BREATHEcast ; 15IS CLAIMS JORDAN AIRSTRIKE KILLED U, HOSTAGE m

Born: 1988, Prescott, AZ NEWSROOM

Died: February 6, 2015, Syria
Ext. KB Parents: Carl Musllr, Marsha Musller US Hostage d|ed in airstrike e

Siblings: Eric Mueller

'|
.'rf’

Loualos gy il Sl
Birth name Muath Safi Yousef al-Kasasbeh

— :

“I am on top of a hill on the
That is the Kurdish town o

Victim: Goto Plece: Syria

/ Native name

Born

Died

Cause of
death

Kénji Goto
T
1967

Sendai, Miyagi Prefecture,
Japan

. 31 January 2015 (aged 47)
Syria

Decapitation



Example Chapter: COVID19 Pandemic
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Subsequent Quarantine

Generic Crime

/

Compliance

Medical Response

A

Y

Diagnosis

|

Treatment

‘/

AN

y

Quarantine

Society Response

Research Response

\

/

Additional Diagnosis

/

Subsequent Treatment

!

Additional Data Gathering

Alent Population

Restrict Travel

Research

/

New Treatments

Early lllness

Early Infections

/

Gather Data

N

Identify Outbreak

Alert Authorities Authority Response

o]

o AN

Govemment Health Decrees Aid Additional Infections Disease Outbreak

l

Additional Tlinesses



Example Chapter: Entity State Tracking (X inoion’

General IED

Bomb Making

disguised

AN e
1 S o ]
i \\ : ’y . N ! - E - _
oy S N Tactical Operations Unit . 4= _ ! e
l' \ U \ i S2s S |‘ . )~ - '_.- - - .
Y P Sy 1 3y \ , 1 -7 .
[ I A . o & i ;
- \ A \ e See . Affiliation .- y .
commercial \ N | Ij [, N s % -
meat mincer O ; |_|__| o >~ “‘.EI N P P ’ ; ’
Y b / Etihad Airways flight~~. _ L e e ! / / s
\ omb ' ~ Se - .:',"_—’ ’ - .
\ T e [ Ay Dbl BT A
\ i _,”_ -'-'__v_—‘__,\’_ / - e
\\ Lem Tl o2IT- TN _poliee,
| ; Sydney .-"T.--l.-zZ- S
\ | PSPt hEN
v ! PSPl Set iy ~
L R Sotaort
i Pt e :‘
v 1 e zET
I =
L *,41?;"""
-------------------------- PersonalRelation -------------ooomoooo

Mahmoud Khayat Khaled Khayat

Tracking attackers Mahmoud Khayat and Khaled Khayat:

Timestep 1 2 3 4 5

Event disguise put abandon investigate arrest

charge convict sentence

Location Sydney




Application 2: News Understanding and Recommendation
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Query: Target: Sfinykosuya (Yanukovych) Number of Events: 2

Event Search

Knowledge Elements based Ranking Incorporating User Feedback

Show Visual Knowledge Elements | Hide Visual Knowledge Elements Similar Events [ Dissimilar Events
CronkHoseHus 20 heBpans cTanyu OgHUM U3 KNYeBbIX d)aKTopoa ablHynwawux I'Ipeam:ema YkpauHbl BukTopa SiHykoBuya noinTu Ha
nopanucanve CornalueHns o6 yperynmpoeaHuv G WE @@iepe [0Bepus K camomy SIHYKOBUYY U K

nepecthopMaTUPOBaHMIO NapNaMeHTCKoro 60o; 5 NOCTAHOB/IEHUE O 3anpeTe NPUMEHEHUs CUNbI
snactbio (Translation: The clashes on February Event Su mmary ed President of Ukraine Viktor Yanukovych to

Automated Summary:

sign the Agreement on the settlement of the politita cnice in Yanukovich himself and the reformatting of Y

the parliamentary majority, which issued a resolution on the evening of February 20 banning the use of force) , uro cornacHo sBcem ; ' SR,
MMEIOLLMMCA YNIMKaM Te MUNULMOHEPBI 1 IEMOHCTPaHTBI , YTO CTaNK XepTBAMW CHANNEPCKOro OrHs , 3acCTh Type of Attack _ ftack
cHaiinepamu (Translation: that according to all available evidence, those policemen and demonstratore-+-= Source DOC &

shot by the same snipers) : ity Linking M Text Extraction Result @' il Source Doc Translation
Sect Not Sec#ne 58

HCO000T6CP, 2011-01-19

i BonoHTépbl  KpacHoro  Kpecta  YKpauHbl  OKa3biBaloT

—

Visual Entity Extraction

 — " TP Regon) The case of Kiev snipers
nepeyio NOMOWb PaHEHOMY Ha MHCTUTYTCKOW ynuue B Havane Red Cross Volunteers of Ukraine provide first aid to a wounded man on Institutska
the beginning of the eleventh hour on February 20, 2014
VAL \- Self-defenders carry out comrade on Institutskaya Street to the rear at the end of
oAMHHaAuaToro vaca 20 d)espann 2014 ropa eleventh hour on February 20

Mark 13 on a pierced bullet on Institutskaya Street, pasted by criminologists near
the side opposite the Maidan

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

(OCPosition Region)
CamM0060POHOBLbI BEIHOCAT TOBapuLLa NO UHCTUTYTCKON ynuue 8

L ' J Date 201402
. Location Unknown

w -
| - o b group
A " N !

Instrument Unknov

i ! Type of Attack Conflict.Attack

Event Arguments

Event Type
201402 Unknown Unknown Axykoaunua (Yanukovyc Unknown Confiict Attack

(Li et al., ACL2020 Best Demo Paper Award)

GitHub: https://github.com/GAIA-IE/gaia

DockerHub: https://hub.docker.com/orgs/blendernlp/repositories

Demo: http://159.89.180.81/demo/video_recommendation/index_attack_dark.html



https://hub.docker.com/orgs/blendernlp/repositories

Event-centric Question Answering
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mldentifying event orders and predicting future events

Heavy snowiscausing to fransport across
the UK, with heavy bringing floodingto the

south-west of England. Rescuers searching fora
woman trappedin a landslide atherhome in Looe,
Comwall, said they had found a bodly.

Q1: What events have already finished?

A: searching trapped landslide said found
Q2: What events have begun but has not finished?

A: snow causing bringing flooding
Q3: What will happen in the future?

A: No answers.

Q4: What happened before a woman was trapped?

A landslide
Q5: What had started before a woman was trapped?
Al snow landslide

Qé: What happened while a woman was trapped?
A: searching
Q7: What happened after a woman was trapped?

A: searching said found

e 3.2k news snippets with 21k human-generated
questions querying temporal relationships

Q: Who will drop Japan as a trading partner in August 2019?

p— Lo \
{ earlier than
| timestamp |

(1/1/19) Apart from the fact of being one another’s closest
neighbors, the people of South Korea and Japan have a
remarkable amount in common. Economically, they are
among one another’s biggest trading partners. And yet, time
and again, relations between Seoul and Tokyo are marked,
not by mutual support and co-operation but by anger,
reproach and exasperation.

-
A) South Korea [0.41]  B) Syria [0.28]

C) South Africa [0.15] D) Portugal [0.16]

Q: Will primary schools in Europe admit non-vaccinated children
around September 20197

......... | I, . . .
("earlier than } | (3/8/18) Public officials and health experts had given
| timestamp > several warnings: Do not allow a student in school if they

had not been vaccinated against measles.

(6/27/19) Fines for parents refusing measles jab. Parents
will be fined up to € 2,500 if they don’t vaccinate their
children against measles under draft legislation in Germany
which also threatens exclusion from créches, nurseries and
schools.

-
Yes [0.38] / No [0.62]



https://arxiv.org/abs/2005.00792

Event-centric Dialogue Systems
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mChatbots

| went for a roadirip. ? -
/
T— ﬁ Did you enjoy it?

o)
MNope. | got pulled over F .

in Texas. |

o Oh, too bad. Was that *]
s due to speeding? -.q\

Right. But | was going .
done the hill. (Y

Can event processes improve the consistency of
utterance generation/retrieval?

aClinical event processes

{0;}
{CO,, Glucose, Hemoglobin,
H, O
{Glucose, P 2}
Hemoglobin, O} {Hematocrit, Hemoglobin,
MCHC, Platelets, Prothrombin
{Glucose, Time (PT), Erythrocytes}
Hemoglobin, CO,}
{Chloride}
{PH: DE]’
Time

Diagnostic prediction, phenotype prediction, ...

» Transfer learning can important (naturally lack
of data)

» Structured prediction can be important
(dependency of phenotypes, disease labels)



Event-centric Dialogue Systems: Gardening Alexa

m Step Prediction
©® Given a task title and the previous
step gist, automatically generate the
next step gist

©® Explanation Generation
[0 Given a task title and the previous step
gist, automatically generate the next step
gist (detailed instructions in natural
language and illustrative images)

m Our approach is highly generalizable
and capable of predicting procedures
for unseen tasks or concepts

How to StartPepper Seeds USC Viterbi
: /] amazon
N

Bell peppers can be a delicious addition to any meal
Whether you like the red, yellow or green variety, you
can grow your own bell pepper plants at home from
seeds. By germinating your seeds indoors,

transitioning your plants outside, and caring for your

pepper plants, you'll be enjoying homegrown
peppers in no time.

Subtitle

Germinating Seeds Indoors l

ould be planted 8-10
weehsbeforetheslastfrostdate=Fhe-€ld Farmer’s Aimanac can help you calculate -
the last frost date for where you live to determine what week you should plant your seeds.
You will transfer your seeds outside just after the last frost date ] ¢

Step
Explanation

9 Plant three seeds per container 4in (1/2 cm) deep. Use any pot or vessel the size 4—
w01 a yogurt cup of 1arger with a nole in the bottom to plant seeds. 2l yse a fine- 11
textured seed-starting mix, such as Black Gold Seeing Mix or a natural potting mix like

compost, coco fiber, and perlite, that allows a lot of drainage 13 Water your seeds to the

point of dampness but not saturation
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ELISA | Heat Map

L 4 N ® <
Spot (Language)

(B e :
: /
<,’Context Sentence O

@ >
e O Icon (Topic)

sentence_18442 ) G.’
Language: Somali Translatlon e

gabsadeen ciidanka xoogga dalka Soomaaliya oo gacan ka helaya

Subagle wuxuu sheegay in kooxda Al-Shabaab ay isku dayday inay dib
u gabsato magaalada Buulo-burte, oo toddobaad ka hor ay
kuwa dalka Jabuuti ee geybta 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.

@ Food Supply @ Water Supply @ Medical Assistance @) Terrorism or other Extreme Violence @) Utilities, Energy, or Sanitation @) Evacuation

@ Shelter @ Search and Resrza (il Linrest anfrastructu.re - i
Style Selector™  Tgpjc Filter Language Filter

Ambharic oChineseﬁKurdish 76 e Oromo Somali Spanish Tigrinya Ukyainian e Uyghur e Viethamese

Re-trainable Systems: http://159.89.180.81:3300/elisa_ie/api
Demos: http://159.89.180.81:3300/elisa ie

Heat map: http://159.89.180.81:8080/



http://159.89.180.81:3300/elisa_ie/api
http://159.89.180.81:3300/elisa_ie
http://159.89.180.81:8080/

Applications 4: Intelligence Analysis @(! g@tgabi

July 17, 2014 September 9, 2014 User Interaction

\\00 /\

Russia

Conﬂlct Attack

Conﬂlct Attack '_ute-me }.lfe -Die

<
Protesters occupied Kiev city hall !5 é

O
and Independence Square. \»

ian

1/20/2014
-

D Kai ownership 0 o SU-27
A least 88 people were A s:lanme — gévernmant —— A
killed in 48 hours in Kiev. y gov 'V ~— . -Pant Ukrainian c 2
3 i i Y pro-Russia rainian government ¥ Pro-Russia goyasning nt @) >
Pro-Russia separatists | =
= shot down a military Rebels Rebels Af& Ship & "\“a'YSt

plane, killing 49 people.

witnesses, %

77201476/2014 212014122013 ",

. \ witneg@es
>~ The Ukrainian army captured Slovuansk A

’

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

W Intelligence Record .

Major: MpaxnaHckun. (tsacivibian) || SldlCiliciit .
Grek: Hy, 4to y sac tam (How are things going there?)
e N

Statement " 9E. .
Twitter

Major: Kopoue, cTonyaoso rpaxaaHckuin 6opT.
(Well, we are 100% percent sure that it was a civilian pl.

Flight Database

Conflict-Attac |

Ly Confllct~Attac :

[Flight Database |

fight Database |

7N

AN

z
Crash Report

7117/2014

7M17/2014

engine

.1'\; g
“ <
- 717/2014

M im 0.9 . Causal

e @t
15 crew Wg ; :
VIC Life-Die

15crew Aieim 02 | pie A Entity

\ v 283 passenge Crash ' 283 passengers Crash O Event
? people Hy thesis 1: Pro-Russia Rebels thesis 2: Ukraini o Attribute

Query: Who shot down MH172  /FoMesis 1: Hypothesis 2: Ukrelnian S
Malaysia Airlines 2 in Ukraine Government [0 Situation

13
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Applications 4: Intelligence Analysis @@ USCVirerbi

-
. ™k
(Y
- —

{ N R e Yo - W —
;3 3 B e T
AIDA_EN 2853 B W — =~ - T

Event: Conflict.Attack : ' &’ - CESSNNN a E »
Language: English 2 8 AT R e e pe \‘
CIT says It collated publicly avallable photographs and personal : r~ P &
photographs posted by Usov and deduced that he was treated at a : : o -
Moscow military hospital for a shrapnel wound to his leg sustained at >
the of Debaltseve )
s G Conflict E
onfli vents
~~
Map Style: Heatmap scale: | I — ]
Sl P o0 1.0 20 30 40
Stroets Light Dark Sateiite
Events: @ Lfe + Manufacture B Transaction - Justice Confiict « Contact
Event: Language: Estimate: Estimate Filter:
= Governmen t A Movement A Personnel ® EBExstence
Al s Al : Achievement § A
Languages: English Russian Ukrainian

http://162.243.120.148:8080/

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

14



Application 5: Accelerating Scientific Discover (0P Wi
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CSEMANTICS) CKNOWLEDGE BASE)
NeurlPS’19, WWW’20, NAACL'19, EMNLP’19, AAAI'19, ACL'20
KDD’20, ACL'20 ACL'19, ACL'20
Graph neural networks
Joint entity/relation/event extraction
and ontology construction
Image Text
Ei Eg*axmm&w* o
) Fhmmprinr i
2R || e Hierarchical Spherical Embedding data )\
Scientific Literature KB concept of Ni Multimedia
Name: Nikel Element category:

).
(i

Chemical Ontology &
Existing Databases

Chemical Symbol: Ni Xansition meltal
. § ppearance: lustrous,
Atomic Number: 28 metallic, and silver

Type: chemical element | with a gold tinge

Ontology Enriched Text Embedding

allow-01
:ARGO :ARG1

:mod -~ react-02 compound
‘ARGO ‘ARGO-of
couple-02) (catalyzed-01 work-02

Cross-media Structured Semantic
Representation

—( discrimator

generator

Generative Adversarial Networks
for Data Augmentation and
Distant Supervision

Knowledge Base

Multimedia Search and
Summarization

m Extending to other scientific domains including Molecular Synthesis and Agriculture under two new NSF

in<titiitec



Fine-grained COVID-19 Event Extraction Qu X “vezon’

Information network Candidate Graph 1 Candidate Graph 2
catalyst catalyst
catalyst Y Y Y
Reaction.Combination Element Reaction.Combination Element Reaction.Combination Element
el : : Suzuki coupling reaction nickel Suzuki coupling reaction nickel
Beam Search Suzuki coupling reaction nickel
Decoder | » reactant catalyst ®
°® expand @ @
Reaction.General Element Reaction.General Element Reaction.General Element
syst.em palladium system palladium system palladium
4 Reaction.General-reactant-Element | | 1 Reaction.General--catalyst-Element

Score Vectors B ROM\H h Q\H H Ent\E H H
| S S

Entity Mention M M m M rJT
Extraction LJ J J J J [j_ —D LJ LJ
&
Event Trigger
Extraction
L catalyzed Suzuki coupling reaction also palladium catalyzed system system
[ Graph Neural Network Encoder ]
KB concept of Ni CatE Representations Multimedia Semantic Parsing Graph Representation
Name: Nikel Element category: :ARGO_~ allow-01 { :ARG1
transition metal . e \
Chemical Symbol: Ni imod_ react-02 compound
Appearance: lustrous, \’:ARGO l -ARGO-of
Atomic Number: 28 metallic, and silver with couple-02
a gold tinge Ni catalyzed Suzuki catalyied—01 catalyied—m

Type: chemical element

m Joint neural Information Extraction model is proven successful for news domain (Lin et al., ACL2020)



Fine-grained COVID-19 Event Extraction
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:NICI,:dppr) (10 mol%)
BuLl. K;PO,
dioxane, 80°C

Ni(0): 94%

Pd(0) <1%

Japoou3 ydein

Text

The Ni [Element]
catalyzed Suzuki
coupling reaction
[Reaction.Combination]
also allowed a number
of compounds that
worked worse for the
palladium [Element]
catalyzed system than
the nickel [Element]
catalyzed system.

lasied onuewss

1 ocw,

Chemical Knowledge Graph

:combination reaction

oo, (ot} [
Bull KyPO, o
' owar

Ni(0) 84%
Pd(0). <1%

palladium

B(OH)J :catalyzed

NIC(dppf) (10 mol%)
BuLl, K,PO,
dloxane, 80°C

Text Semantic Parsing Graph

[catalyze-01] [system] '

:ARG1-of {
v [catalyze 01

| I ARGO
palladlum

[Catalyze -01 ]

:ARG1
nickel

NOO

NLST-19

NOD©

g
Multimedia Common Space

:combination reaction

:coupli :catalyze :nickle
o ) (ID D
OCH, B(OH) NICI(dppf) (10 mol%) ;
BuLl KsPO, Ni(0): 94% |:
+ dioxane, 80°C
I 4 1
7 ! 1 :
’ ! 1
’ ! \
’ ! allow-01 '
’ 7
] 1
\ \ !
Y ARGO \ ‘ARG 1 !
\ \ i I
\ il A I
react-G2 N compound
:mod |
ARGO
calalyze-01
couple-02

nickle

m Multimedia Common Semantic Space Construction is proven successful for news domain (Li et al.,

ACL2020)



Multimedia Knowledge Graph Construction for Drug Repurposing @(! U g%;ffgabi

Lo QS‘

) " o ~ _ ] Clomiphene = Amodiaquine  Chloroquine Verapamil
% modiadine ehlaroquine \ Entity Grounding for , <
) N
wapemi | Drug Molecular ofgm mgir LIPS
S i Clomiphene i Amodiaquine N Verapamil
Oj(g/ A I:)D/I-\ approvedd‘;ugs active StrUCtu re Image R - Chloroquine
o Against Ebola in vitro and / or in vivo in mice » .
G aands Toremifene Amiodarone Dronedarone i

Clomiphene
'/\/ > I 0\/\/[:/\/
: O™~ H
\/O/D\/WV ; k 9
\/\N/\ \ Toremifene Amiodarone Dronedarone

Dronedarone ‘
Toremifene Amiodarone
Figure 1.
FDA approved drugs of most interest for Chloroquine

Amodiaquine a

repurposing as potential Ebola virus treatments. Verapamil

KG from caption text @Q@S\p/ \ ?fji

' ; Amodiaquine Chloroquine
Clomiphene / / \_R
FDA v J
Ebola V1rus
Dronedarone

approve Multimedia Knowledge - / —
Amiodarone

3 repurpose Graph Expansion cToremifene W
D rugs E b0|a 5:(2\?/\/' I o Dronedarone
N §i OO0

1

Toremifene

18

Amiodarone



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4358410/figure/f1/

Drug Repurposing Report Generation
(In vitro Data available?)
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Ca** release - CRP

C o .
~OMS0 sTyrodes ~30M <35 - 3000M B pro- o b repm—
0. "
° » a osartan o cramenn . summary
Z o % 4 » % [e—— 120 120 S
fe " w18 B £, - S e 2. i -2
£ 1 BT . H _/\k g’ ﬁ.— : \ 8 G ® N
i = IS D Sy L g Y 40 0
v = = mem r == = o) suM2mesace o) sum2mesaop
N s 0 o 4 7 6 5 4 8 7 6 5 4
20- log Idrug] (M) log [drug) (M)
rank compound % i - collagen
1 Cinansenn e f ] i c’_, elosse :d_age i .
2 ormetoprim 85 120 o % oo yrodes, = 50l TR "
3 | chloroadeonsine | 59 x
e anar crancnn — —Frtepd—
4 | deoxydenonine [ of - s d s L u P - N =
s zaleplon 100 '
6 altanserin 58 “© 40 0, H o 40 40
H i 5 W/mi thromb W/mi thy
; ;::::; c; - 4 e o - o] 05 Umithrombin o) 05 Wmi thrombin
9 didexoyinosine 0 0 8 6 4 2 0 - 6 < 0 8 6 4 2 = ® Ll, ;d,:(,\ mw n:; -u-:qw?
10 losartan 100 fog ickansertel 04 log Hosartan] (M tog Lzalepion) (W -
11| methoxytryptamine | 47 i .
12 dideoxycytidine 0 J
13 piroxican 80 120 bt 3 ] o Aggregation - CRP
18 nicorandit 0 £ 7 s0| —= ol g - 1
15 piceid L .
16 risperidone 47 £ 40 0 q losartan h cnansenn i summary
17| deosysdenosine | 0 ¥ ] . . » - .
8 ralrirexed - ) ——— B N RS-
19 | tetrohydroacridine | 100 T I T S oAl TR T R fw - _"ﬂ : "\
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Sre: PMC4074120 Fig. 1. In silico i GPVI image capture of in silico docking into GPVI using z " “ — . b Lo " Ry
Glide, with space filling model is shown in a, and H-bonding to relevant side chains is detailed in b. The 20 highest ranking - St o I EEEREEE!
compounds were screened for effects on Ca2+ release by the GPVI-specific agonist CRP-XL (10 mg/ml) (c and d, % refers to » = EETLY Sre: PMC4074120 Fig. 3. Losartan and cinanserin demonstrate selectivity for GPVL Ca2+ release and aggregations were carried out

percent inhibition of Ca2+ release). Maximum Ca2+ release is shown in white, compounds that inhibited Ca2+ release by , 50% or
in black. C

more are in grey, and the

Sre: PMC4074120 Fig, 2. Losartan and cinanserin inhibit GPVI-mediated cell activation. Washed human platelets were loaded with With 3 M of a 2 12 oooplar aguotel JMsSALY (4, Q2% releas and §, Seppation), or 0.3, Uvm] of ha PAR. s PARA moepan

.50% were further

y avallable that inhibited CRP-XL-induced Ca2+ release fura2-AM and screcned for drug-mediated inhibition of Ca2+ release by | mg/m! CRP-XL (n = 3, 6 SEM, representative traces and summary, agouist thiombin (6, a2+ release and d, aggregution). Lovartan (X); ciaxnemtia (i), u=3, 6 SEM. For global tyrosine phosphorylation,
sk

by light

Examples are shown of weak antagonism (g and h) and false positives (i and j). Cinanserin (1) and losartan (k) were taken on for

further study.

agg! Y to identify inhibition (e-}).

washed human platelets were incubated with drug or vehicle alone before addition of 1 mg/m! CRP-XL of collagen. Samples were collected at
10, 30, 60 or 90 seconds (as indicated by the graduated bars with time increasing to the right) in ice cold 26 lysis buffer and separated on 4-12%
NuPage gels under reducing conditions. Tyrosine phosphorylation was visualized with 4G10 anti-phosphotyrosine antibody. Losartan and
cinanserin reduce CRP-XL- (¢) and collagen-(1) induced global tyrosine phosphorylation, but have no effect on thrombin or 2-MeSADP induced
global tyrosine phosphorylation (g). Both drugs reduce FeRe ), Tower band; upper band).

a-c)and | mg/mi collagen (n = 3, SEM, . d-1); losartan (&) in (m). To measure ageregation,
‘washed human platelets were incubated with drug for one minute prior to the addition of 1 mg/ml CRP-XL (representative traces and summary
‘shown in g-1) of 1 mg/mi collagen (representative traces and summary shown in j-1).

Disease
PMID, PMCID

22800722
PMCT102827

Cardiovascular disease

Evidence Sentences

The in vitro half-maximal inhibitory concentration {IC50) values of food-derived ACE inhibitory peptides are about

1 000-fold higher than that of synthetic captopril but they have higher in vivo activities than would be expected from thei
In vitro activities.....

Germinal ACE depends on chloride to a lesser extent compared with the C domain of sACE. Cushman and Cheung
reported an optimal in vitro ACE activity of rabbit ming acetone extract in the presence of 300 mM NaCl at pH 8.1-8.3...
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Has the drug shown evidence of systemic toxicity?
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Cardiovascular
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y USC Viterbi
Where are We and What's Next (u & mazon

m Applications
O Writing History Book
O News Understanding and Recommendation
O Disaster Relief
QO Intelligence Analysis
O Accelerating Scientific Discovery

> Remaining Challenges and Future Directions

> External Knowledge Acquisition, Reasoning and Incorporation
> Document-Level Event Extraction
» Multimedia Information Extraction and Verification

m Grand Vision

m Resources
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Event Extraction Challenges: Scene Understanding @@ P

Three Young Boys,ages 2, 5 and 10 survived and are in critical [injure] condition after spending in 18
hours in the cold.

This was the Italian ship that was taken -- that was captured [transfer-ownership] by Palestinian terrorists
back in 1985 [die_time] and some may remember the story of Leon clinghover, he was in a cheal chair
and the terrorists shot him and pushed him over the side of the ship into the Mediterranean [die_place]
where he [die_victim] obviously, died.

Then police say the baby's mother pulled out a kitchen knife [die_instrument] opinion on the 911 tape you
can hear Williams tape say "go ahead kill me."

* Scenario = ISIS attack = Event = bombing instead of concert

22



Long-Tail Triggers and Arguments @@ USC Vet

m Rare Triggers
0 his men back to their compound
0 A suicide bomber detonated explosives at the entrance to a crowded
0 medical teams carting away dozens of wounded victims
O Today | was let go from my job after working there for 4 1/2 years.

[0 This morning in Michigan, a second straight night and into this morning, hundreds of people have been
rioting in Benton harbor.

m Rare Arguments

[0 We've seen in the past in Bosnia for example, you held elections and all of the old ethnic thugs
[election_person] get into power because they have organization and they have money and they stop the
process of genuine building of democracy.

0 He called the case and I'm quoting now, a judge's worst nightmare, but he noted that Maryland Parole
Boards and the facility where Michael Serious was held, the institution made what the judge called the final
decision on whether to release serious [release-parole_person].

O Last week Williamson, a mother of four, was found stabbed to death at a condominium [die_place] in
Greenbelt, Maryland.

0 A source tell US Enron is considering suing its own investment bankers for giving it bad financial advice
[Sue_crimel].

23



Highly Ambiguous Triggers @@ e

Ellison to spend $10.3 billion to get [org-acquisition] his company.

| want to take [transport] this opportunity to stand behind the Mimi and proclaim my
solidarity.

He's left [transport] a lot on the table.

Stewart has found the road to fortune wherever she has traveled [transport].
And it's hard to win back that sort of brand equity that she's lost [end-position].
Still hurts [attack] me to read this.

We happen to be at a very nice spot by the beach where this is a chance for people to
get [transport] away from CNN coverage, everything, and kind of relax.

He bought the machinery, moved [transport] to a new factory, rehired some of the old

workers and started heritage programs.
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- Super-event and subevent are often mistakenly identified as coreferential
d These same imposters were later filmed shooting handguns and automatic weapons in the
direction of the building just minutes after they had switched sides .
d Right sector goons started the fire by throwing Molotov cocktails through the windows

- A sequence of subevents are often mistakenly considered as coreferential
a Nor does the author speculate on why the police stood by while people hurled themselves from
windows to escape the fire or were savagely beaten by right wing extremists on the pavement in
front of the building .
Q Its true that Washington supports Neo-Nazi extremists who burned down the Odessa Trade Unions
House .

25
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Remaining Challenges for Multimedia Extraction: wrong localization @M ama;ﬂ‘i‘,’,l

Predicted event: CONFLICT||DEMONSTRATE, ground truth: CONFLICT||DEMONSTRATE
Predicted verb: parading

NTITY: people PLACE: open air ENTITY: demonstrator

*
-
boet !
o
'
-

Predicted event: CONFLICT||DEMONSTRATE, ground truth: CONTACT| |MEET
Predicted verb: parading

ENTITY: people PLACE: street ENTITY: troops
g kl‘ )




Remaining Challenges for Multimedia Extraction: too many instances@(!m g@tgabi

Predicted event: CONFLICT| |DEMONSTRATE, ground truth: CONFLICT| |DEMONSTRATE
Predicted verb: parading

PLACE: street ENTITY: dissent
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Future Direction 1: Knowledge Acquisition and Reasoning @” e irerbi

@Discover from Google N-grams using lexical patterns

I:IVerb + for + Time /Spent + Time + Verb-ing

3,500

3,000
. jailed
2,500 lived )

~_

1,500 burned

1 000 slept \

500

o]

= c o O T O
oMo~ ™M o~ o

11d
13d

e FEEEESS

2min
10min
20min
11h
13h
20h

jailed slept burned lived

@Discover from Wikipedia event infoboxes and categories

Date 1 September 1939 — 2 September 1945
(6 years and 1 day)[@!

Categories: World Wars || World War I1|| Conflicts in 1939

| Conflicts in 1940 | Conflicts in 1941 | Conflicts in 1942

| Conflicts in 1943 | Conflicts in 1944 | Conflicts in 1945

| Global conflicts|| Modern Europe | Modern history | Nuclear warfare

Event Spatial Evolution Pattern

201 9-nCoy Confirmed Cases

2020-01-22 03:28:10 CS

2017

2020 2014 2015



Future Direction 1: Knowledge Acquisition and Reasoning

USCViterbi
amazon

&U

®* Exploit Wikipedia/Wikidata
® layout, category (event type), part of relation, has cause, has
iImmediate cause, has contributing factor, has effect, immediate
cause of, start/end time

®* Mining external links in Wikipedia articles and edit history;
measuring the similarity of two temporal histograms

Hierarchical/Causal Composition

30 June 2013 Egyptian protests
Part of the 2012-13 Egyptian protests during the
Egyptiar

2011 Egyptian Revolution
Part of the Egyptian Crisis and the Arab Spring

Cross-event Time Gap Pattern Discovery

120
battle - civil war
100 battle - invasion
a0 battle = military campaign
typhoon = Pacific typhoon season
60
40
20
0

< < < > Y By 4\’) ) By < < >, <2 \\J‘ <
Yo % 2 2, 2, 28 % <2 % % 5 2,
S, >, o, S <, <, oA oA o,
o o o o > 2o o < o <, i’ o
o 2 7 = - - - o ) v vs v
> R, A %, %, S, 2 % % % 2 o,

Wikipedia Pageview Co-burst

Egyptian Crisis (2011—2014)

From Wikipedia, the free encyclopedia

0.08 1

Domonstrators in Cairo's Tahrir Square on 8 February
2011

"Egyptian crisis" redirects here. For the crisis of J840, Se€ pae 25 January 2011 — 11 February 2011 SIS O
(2 weeks and 3 days)

The Egyptian Crisis began with the Egyptian revolution of 2C teistion X Eaypt

of EQYy Location _Egynt 0.06
an ideologically and socially diverse mass protest movement that ultimately forced longtime president Hosni Mubayak from

office.l12] A protracted political crisis ensued, with the Supreme Council of the Armed Forces taking control of thé country until a

pageviews / total pageviews

—— severe_acute_respiratory_syndrome
0.10 1 —— Novel_coronavirus_(2019-nCoV)

—— Timeline_of_the_SARS_outbreak
~——— 2019-20_Wuhan_coronavirus_outbreak

0.04
i i [3]
Sinai insurgency (2011—present) at to have been r‘ampered \mth, brougl.ﬁl the Mu.shm Bmt.herhood power.! H.nwever. d
Paref ihenaurgency IAEGYBE0 ] FeRarNGS Mohamed Morsi and sec'ularlsts cor'ltlnued unti the é:\nll—government [;?rotests in June 0.02 4
Egyptian Crisis aftermath, the Arab Winter, and 13, in what has been variably described as a coup d'état or as an ending to the 4
Terrorism in Egypt I-Sisi, who announced the overthrow of Morsi, then became the leader of Egypt the
following year,_wfnning election to the presidency in a landslide victory described by EU observers as free but not necessarily 0.00 R -
fair.1%] No| eless, Sisi's election was widely recognized, and the political situation has largely stabilized since he officially took T T T T T ' ! ! ' ’ ’ ’
i i isi ; © P o CR > ~2 > A2 AS A e > > > ~2 > 2
powerAowever, some protests have continued despite a government crackdown. The crisis has also spawned an ongoing .\:ﬂ’ v Qc?' Qc;" Qc;\v o Qc?’ Q(;\- o;()— o;»"l« q-\,"l— QQ‘\- QQ‘\- b(;\- QQ‘\ QQ‘\- t’g\
)
insurgency 'ed by Ansar Bait al-Maqdis in the Sinai Peninsula, which became increasingly intertwined with the regional conflict ,‘9‘\0) ,_»6\'0) 16\9 ‘1& ,19"' ,19"' ,.‘9'!' ,bq"" ,.I'CS" 19"’ ,"6‘ ,.L'G” '1.61' ,."6" .."G" ,b(:?' ..‘_9"" ,1’0""

against the Islamic State of Iraq and the Levant later in 2014.[6
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1. Use symbolic semantics to represent input structure (e.g., edges in AMR graphs) and
distributional semantics to represent nodes (e.g., concept nodes in AMR)

Q Use in composition based classifiers such as CNN and GCN
Q Use in composition based methods like Tree/Graph NN.

Q Match sub-structures using soft-similarity on nodes and hard similarity on
edges/structure

2. Combine graph embedding (e.g., knowledge graph embedding, social graph
embedding) with text embedding to:

Q Extend the coverage (Graph embedding provides additional ‘neighbors’.)
Q Validate
Q Allow flexible matching



4 USC Viterbi
(97, amazon

3.

5.

Use symbolic structure to enforce output structure

Q inter-dependency between labels and constraints (e.g., we use Bi-LSTM + CRFs for name tagging, where CRFs
layer is used to capture the inter-dependency among labels, I-ORG cannot appear after B-PER, Lin et al.,
ACL2020)

Convert distributional semantic representation to symbolic semantic
representation (to show to a user / to edit / to perform symbolic
inference later)

Q ground/map the distributions of concepts to taxonomy/ontology/knowledge bases

Q perform hierarchical clustering on event trigger words based on their distributional semantic representations,
and then select the centroid entity or predicate lexical dictionary in Propbank/Ontonotes/VerbNet to assign a
name to the event type (Huang et al., 2016)

“reason with symbolic, compute with distributional”

A Use local prediction/scoring based on distributional representation + global inference based on symbolic
representation (Li et al., EMNLP2020)
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= So we can answer questions like “Why did Rachel break up with Ross?”

Seven people last week in Vietnam’s biggest-ever criminal trial, including two
former senior government officials, have requested an of the verdicts, a court
official said Tuesday.

The trial by a Ho Chi Minh City court was seen as a litmus test of the communist
government's resolve to fight widespread corruption.

The godfather” of organized crime, Truong Van Cam, better known as Nam Cam, was
convicted of seven crimes, including murder. He was to face a firing squad,
and his lawyer has said he also plans to appeal.

Hanh, also a former member of the powerful Communist Party Central Committee, was
of receiving US$8,500 in bribes from Nam Cam‘s family to secure the crime
boss’ early release from labor camp in 1990s. Hanh was sentenced to 10 years in jail.

Chien was of receiving a stereo set worth 27 million dong (US$1,750) from
Nam Cam's family and sentenced to six years in jail.

—> Where was Hanh / Chien sentenced?
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Future Direction 3: Multl-view Event Summarization @ 4 IUSCViterbi

) Arrested protesters should be released. . The protests are not necessary.
Claims: : : Claims: :
Carrie Lam should resign. Violent protesters should be arrested.
. Birth Place: Hong Kong Age: below 30 . Birth Place: not Hong Kong Age: Above 50
Profile: Profile:
Education: above college Participate in protest? No Education: Below secondary school Participate in protest? No
Premises Evidence Premises Evidence
Extradition L ” P Police violently attacked protesters. The target of Extradition Law is only
xtradition Law will weaken " o
o Protests on Extradition Law on felon criminals.
autonomy and judicial ) ;
. Government ignored requests from amendment are not necessary. The Law is not proposed by the
independence.

protesters about revoking the amendment.

Beijing government.

Beijing government will
undermine certain freedom.

N/A

Protesters blocked traffic.

Most of the protests are violent.




Future Direction 3: Knowledge-element Level Information

Consistency Checking

&U

USCViterbi
amazon
~—

+ Background
» Censorship

Context Knowledge Element
* Time » Confidence
* Location » Provenance
* Quality - Salience
* Perplexity * Novelty

» Temporal/Causal/Subevent/

Conflict relations between
knowledge elements

Source (Narrator/User)

* Emotion * Perceived Control
- Sentiment * Moral value
* Power
* As
pe,m » Expertise
* Confidence - Deception

* Political Stance . Data Modality
» Social Norm * Human Feedback

« Language
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16 Dissertation Topics about Information Extractio%@lgﬁﬁgﬂ’i

= http://blender.cs.illinois.edu/naacl/IEPhDDissertationTopics.pdf

16 PhD Dlsser’ra’rlon Topics on
Information Exiraction

Mohit Bansal (UNC & Amazon Scholar)
Dan Bikel (Google)
Luna Dong (Amazon)
Eduard Hovy (CMU & DoD)
Heng Ji (UIUC & Amazon Scholar)

Dan Roth (UPenn & Amazon Scholar)
35
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Where are We and What’s Next

= Applications
JWriting History Book
ANews Understanding and Recommendation
(dDisaster Relief
dintelligence Analysis
JAccelerating Scientific Discovery

= Remaining Challenges and Future Directions
e External Knowledge Acquisition, Reasoning and Incorporation
* Document-Level Event Extraction
* Multimedia Information Extraction and Verification

» Grand Vision
= Resources



Detailed Event-Centric Challenges



Repr&@fg SRt & LR e

reasoning about it is still an opermproblem

There are other challenges that we still don’t have
good enough formulations for:
Semantic clarity

* What does it mean for a relation to be temporally
qualified by some temporal argument T?

* All time points? At least one? None outside?

* Hwm 1n1944 Usand Germany were at war;
m  John got married in 1944;
m  Jimwasbornin 1944,

* Expressiveness

* Vg The great depression started before FDR took office. ty
m  WWI started before FDR took office.

The lion had a large meal and slept for 24 hours.
O When did it eat? Exactly 24 hours?

The lion didn’t sleep after having a large meal.
O [Negated]

The lion may have had a large meal before sleeping.
O [Uncertain]

If the lion has a large meal, it will sleep for 24 hours.
O [Hypothetical]

The lion typically sleeps for 24 hours after having large meals.
O [Repetitive]

After having a large meal, lions may sleep longer.
O [Generic]

Mary graduated from college in 1969 (or 1971)
John believed in 1995 that Mary attended college in the 1960s

Mary did not attend college in the 1970s (but at some other
time)



. KRR RERSRIN NELAR A EFNED ESnsider and plan

around implicit events and reason about quantities and ti

Will we make it to dinner before the movie?

Did Aristotle have a laptop?

See [Geva et al. TACL'21]

Mayor Rahm Emanuel now has raised more than $10 million toward his bid
for a third term — more than five times the total raised by his 10 challengers
combined, campaign finance records show.




Grounding
* There is a need to ground in order to reason about events.
* Temporally, Spatially |

* Multimodal: Where is this event? (and When did it happen)?

* MarelresterBomber Believed Muslims Were Mistreated, Sought Revenge

 What is the event?
* When/where did it happen?

* The visit to Berlin took place just after the collapse of the wall.

* Whatis the event?
* When/where did it happen?



High Level Event-Centric Challenges



CliffsNotes

* How can we support readers in better ways?

200TH ANNIVERSARY EDITION
Vs 7Y
et Clas

* The novel features the character David Copperfield, his i TR
journey of change and growth from infancy to maturity, CHARLES'PICKENS?
as many people enter and leave his life and he passes
through the stages of his development. (Fiction, and @ =

you know it) %
Ve

* London and England in the 19-th century; socio-
economic state, child exploitation; schools, prisons,
emigration to Australia (True historical facts)

!
P

v S
. %

avid C’flp/)e ool

* Currently, we can’t even tell the difference i N ar RS B 15+ JEN
* What are the computational tasks we should think
a bo ut? T P;F, \l‘()\‘ljl » E,(;‘.’I:IOF’L_'LV'I'HYF .",I'("-(.l NS NOVELS .S


https://en.wikipedia.org/wiki/David_Copperfield_(character)

Event Reconstruction

Thank You!

* The NYT put together a reconstruction video of the
killing of Breonna Taylor.

* Reconstruction is done by
* Analyzing written evidence

* Transcripts from interviews with witnesses, policemen,
neighbors

* Analysis of physical evidence collected in the scene
* |t took weeks to produce

e Can this be automated to form a reconstruction of a
(chain of) events?

* |deally, this should be automated as a support tool for analysts
* Requires multimodal capabilities
* Understanding and reasoning about quantities & geometry
* Reasoning about uncertainty

* Reasoning about (possible) conflicting events/reports
* Notion of multiple perspective & trustworthiness

€he New ork Eimes

Multimodal + 3D reconstruction:
https://www.nytimes.com/video/us/100000007348445/breonna-taylor-death-cops.html



https://www.nytimes.com/video/us/100000007348445/breonna-taylor-death-cops.html
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THANK YOU
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