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Time Resolution from Tweets
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DRIVE News: Confused about the new road laws
that came into effect on This simplifies
things #ygk
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Time Resolution from Tweets
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f TweeTime
- I = {x 2 Follow
1 Jdan 2016

DRIVE News: Confused about the new road laws
that came into effect onlJan1)? This simplifies
things #ygk

No Temporal
Expressions

3:35 AM - 5 Jan 2016
— ) TempEX

HeidelTime
SUTime
UWTime

State-of-
the-art time
resolvers



Challenge: Diversity
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HeidelTime [Strotgen & Gertz, 2013]
Rule-Basedqy SUTime [Chang & Manning, 2012]
TempEX [Mani & Wilson, 2000]

Previous rule based systems do not
handle noisy text.



Previous supervised systems perform
poorly due to domain mismatch.

Supervised == UWTime [Lee et al., 2014]

Requires

Human Labels ParsingTime [Angeli et al., 2012/2013]



Social Media is Hard

~

- - :

#49ers #sanfrancisco 49ers fans should be oh
pranks dld.bz/d9PeN

so wary offApril Fools

7:07 PM - 31 Mar 2015

2+ Follow

~

—

sportslineanalytics.com/?p=26712

4:56 PM - 9 May 2015

- U
r J- HE Tl £ 2 Follow
MLB Twins at Indians Moneyline{May-09-2015 No TemPO"a|
#MLB #Moneyline #Indians #Twins Expressions

No Temporal
Expressions

Missing Rule




Social Media is Hard

I o

#hottubtimemachine #tv{#saturday fnight
instagram.com/p/1WSRWIqjyq/

1:33 PM - 11 Apr 2015

_

2+ Follow

Day11.....chilling out in #friends house #shoes

~

_J

r-- B X

3:54 PM - 5 Mar 2015

\_

2+ Follow

~

| can't believe Charlie will be 2- Expressions

J

No Temporal
Expressions

No Temporal

Spelling Variation



Date Resolution in Social Media

Event Extraction

Disease Cyber
Outbreaks Security
Victim Date
‘ spamhaus 2013/03/18
& \\ soca 2011/06/20
[Kanhabua et al., 2012] fatrade 2012/01/05
interpol 2012/02/29
ustream 2012/05/09

[Ritter et al., 2015]
[Chang et al., 2016]



Date Resolution in Social Media

——

Disease Cyber Temporal
Outbreaks Security Orientation

Victim Date M
\ spamhaus 2013/03/18
&\ soca 2011/06/20
[Kanhabua et al., 2012] fatrade 2012/01/05
interpol 2012/02/29
ustream 2012/05/09

[Ritter et al., 2015] [Schwartz et al., 2015]

[Chang et al., 2016]



No existing temporal
resolver for social media



TweeTime

can handle noisy Twitter Text

Distant Supervision
(no human labels needed!)



Distant Supervision Assumption




Distant Supervision Assumption

38 May
< 9

10 May

- Em m £¥ 2 Follow

Mercury will make a rare transit across the sun

tmrw morning (Mon). If you're able to catch it,
don't miss out -- and use a solar filter!

A28 DA . A Masv 2018
mE m
- Q

Mercury Transit 2morrow starting at 6:00 AM
Mercury will pass in front of Sun @14News
@14FirstAlert #mercurytransit

7:30 PM - 8 May 2016

2+ Follow

- EE e £x 2 Follow

Paul from Creators Hand Photography captured
a shot of today's Mercury transit, along with a
larger sunspot that... fb.me/7jaxf4rfC

- B e Lx 2 Follow

i didn't get to see mercury transit today because
of this horrible weather %

3:54 PM - 9 May 2016

- HE Tm ¥ 2 Follow

| watched this event yesterday by a small

telescope with all the precautions, but this transit
of Mercury is great!

- - G 2 Folow

Mercury passes between Earth and the sun only
about 13 times a century.

It was yesterday! May 9th #lagalaxiaensmira

3:17 PM - 9 May 2018



Distant Supervision Assumption

38 May
< 9

10 May

- Em m £¥ 2 Follow

Mercury will make a rare transit across the sun
tmrw morning If you're able to catch it,
don't miss out -- and use a solar filter!

A28 DA . A Masv 2018

- - .

Mercury Transit starting at 6:00 AM
Mercury will pass in front of Sun @14News
@14FirstAlert #mercurytransit

7:30 PM - 8 May 2016

2+ Follow

- EE e £x 2 Follow

Paul from Creators Hand Photography captured
a shot oMercury transit, along with a
larger sunspot that... fb.me/7jaxf4rfC

- B e Lx 2 Follow

i didn't get to see mercury transit because
of this horrible weather 7%

3:54 PM - 9 May 2016

- HE Tm ¥ 2 Follow

| watched this event by a small
telescope with all the precaatons, but this transit

of Mercury is great!

- - G 2 Folow

Mercury passes between Earth and the sun only

about 13 times a century.
It wasEesterdayIMay oth I#Iagalaxiaensmira

3:17 PM - 9 May 2018




Distant Supervision Assumption

w- - & 2 Follow - mm om £ 2 Follow - mm m

Mercury will make §re transit across the sun Paul from Cr#ors Hand Photography captured
tmrw morning If you're able to catch it, a shot offtoday's{Mercury transit, along with a
don't miss out -- and use a solar filter! larger sunspot that... fb.me/7jaxf4rfC

A28 DA . A Masv 2018

[ ‘ ™ | o
- HE TE o o 2+ Fosow - EE e i Follow

Mercury Transit starting at 6:00 AM i didn't get to see mercury transit because Mercury pas ' _Earth and the sun only
Mercury will pass in front of Sun @14News

of this horrible weather % about 13 tim¥€ a cent
@14FirstAlert #mercurytransit 3:54 PM - 9 May 2016 It wasyesterdayfMay 9th flagalaxiaensmira

£x 2 Follow

| watched this event by a small

of Mercury is great!

- - G 2 Folow




Distant Supervision Assumption

Tweets posted near an event
that mention a key entity are likely to
contain time expressions referring to
the event's date.



Contribution

> First distant Supervision approach for date resolution

Most prior work on relation extraction
[Mintz et al., 2009b; Riedel et al., 2010; Hoffmann et al., 2011]

» Novel multiple-instance-learning tagging model

Learns word-level tags using only sentence labels

» State of the art results on social media domain
17% Increase In F-score over SUTime



System Overview

[10,000 events]
— [EVENT DATABASE]
[EVENT EXTRACTOR] ENTITY DATE
O NER Mercury 5/9/2016

-- . & 2 Follow

Transit of Mercury on May 9, 2016 - How to
watch! #mecurytransit bit.ly/1WVLFT8

9:31 AM - 8 May 2016

=

(simple time expressions)

[120 Million Tweets]




System Overview

[10,000 events]
J— [EVENT DATABASE]
[EVENT EXTRACTOR] ENTITY DATE
O NER Mercury 5/9/2016
O TempEXx
distant
labeling
- mE e X 2 Follow
. LABELS: DOW=Monday, MOY=May
Transit of Mercury on May 9, 2016 - How to
watch! #mecurytransit bit.ly/1WVLFT8 T ol
AN 9 MavE0Te Watch Mercury Pass In Front Of Sun Monday:
A VIEW NASA Preview Video divr.it/LFQLQr
(simple time expressions) \
[120 Million Tweets] (harder and more time expressions)

[1 Million Tweets]



System Overview

~
[EVENT EXTRACTOR]

-- ‘; ¥ |l fokon

Transit of Mercury on May 9, 2016 - How to
watch! #mecurytransit bit.ly/1WVLFT8

9:31 AM - 8 May 2016

(simple time expressions)

[120 Million Tweets]

(harder and more time expressions)

[10,000 events] (
[EVENT DATABASE] — <
[RECOGNIZER]
ENTITY DATE
Mercury 5/9/2016
distant
labeling
model ~
LABELS: DOW=Monday, MOY=May training [NORMALIZER]
— N I {¥ 2 Foliow
Watch Mercury Pass In Front Of Sun Monday: P(d;|tj,d.)
VIEW NASA Preview Video divr.it/LFQLQr
4:20 PM - 6 May 2016 69¢’LJ (tj 7dC ,tCLgSj)
=

[1 Million Tweets]



Temporal Recognizer

- .____; =)> LABELS: Day of Week, Day of Month, Month, Timeline
< Monday, 9, May, Future >

/_ 2| & Follow\
[Event Database] o
Watch Mercury Pass In Front Of Sun Monday: [1 Million Tweets]
ENTITY | DATE VIEW NASA Preview Video divr.it/LFQLQr
Mercury | 5/9/2016 \ 420 PM - 6 May 2016 ) [automatically Iabeled]
~

[RECOGNIZER]




MultiT Tagger

[ Mercury, 5/9/2016 ]

@ @) @) - () — K
Local Classmer
ea:p(@ flw;, z;)) —P

@ @ S sl Word Level Tags

WO OO «—

MO“ Past

: . : Present
Sun 31 12 Future

Sentence Level
Tags

[Event Database]



MultiT Tagger

[ Mercury, 5/9/2016 ]

(@) () () - (107) < KN
Local Classifier
»

exp(0 - f(w;, 2z;))

S ol Word Level Tags

‘ Sentence Level

_ - Mon 1 1 Past Tags
Maximize Conditional : : ! Ppresent
Likelihood: Sun 31 12 Future

Y P(z,tlw,0)

[Event Database]



MultiT Tagger

[ Mercury, 5/9/2016 ]

X~

[Event Database]



MultiT Tagger

[ Mercury, 5/9/2016 ]

[Event Database]



MultiT Tagger

[ Mercury, 5/9/2016 ]

[Event Database]



MultiT : Learning

Latent-Variable Perceptron (MAP-based learning)

Gradient of Conditional Log-Likelihood:

P(t|w) = ZP z|lw, t; 0) w) — » Pt z|w;0) - f(z,w)

t,z



MultiT : Learning

Latent-Variable Perceptron (MAP-based learning)

Gradient of Conditional Log-Likelihood:

P(t|lw) = ZP zlw, t; 0) w) — ZP(t,z\w;é’) - f(z,w)
$ t,z

VP (t‘w) — P(Izﬁlz%}ge) f(sz) o Pénz?fge) f(Z,UJ)

Weighted Edge
Cover Problem



MultiT : Learning

Latent-Variable Perceptron (MAP-based learning)

Gradient of Conditional Log-Likelihood:
P(tlw) = ZP z|lw, t; 0) w) —

VP(t|w) =P(g|13>§9)f(z,w) - Péﬂfﬁjﬁ)f(z,w)



Assumptions: MultiT Tagger

Sentence Level T'ags € Word Level Tags



Assumptions: MultiT Tagger

- B TE £x 2 Follow

TOMORROW: Mercury will cross the face of the
Sun. Watch from 9am-2pm Monday,{May|9 at
the Planetarium. FREE. ow.ly/WNpbC

11:30 AM - 8 May 2016

~

~

Sentence Level Tags:

—

TL = Future

DOW= Mon

J

Sentence Level T'ags € Word Level Tags



Assumptions: MultiT Tagger

- B TE {x 2 Follow

TOMORROW] Mercury will cross the face of the
sSun. Watch from Qam-2pm Monday, May 9 at
the Planetarium. FREE. ow.ly/WNpbC

11:30 AM - 8 May 2016

~

~

Sentence Level Tags:

—

TL = Future #gs

MOY= May
DOM=9
DOW= Mon

J

Sentence Level T'ags € Word Level Tags
Word Level Tags € Sentence Level T'ags



Missing Data Problem

H a B 2+ Follow
| S

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video dlvr.it/LFQLQr

4:20 PM - 6 May 2016

~

~

Sentence Level Tags:

TL = Future
MOY= May
DOM=9

DOW= Mon




Missing Data Problem

. H £x 2L Follow

Watch Mercury Pass In Front Of Sun[Monday}
NASA Preview Video divr.it/LFQLQr

4:20 PM - 6 May 2016

~

~

Sentence Level Tags:

v TL = Future
X MOY= May
X DOM=9

v DOW= Mon




Missing Data Problem

1 £x 2L Follow

Watch Mercury Pass In Front Of Sun[Monday}
NASA Preview Video divr.it/LFQLQr

4:20 PM - 6 May 2016

Sentence Level T'ag ¢ Word Level Tag
Word Level Tag ¢ Sentence Level Tag

Solution:

~

~
Sentence Level Tags:
v TL = Future
X MOY= May
X DOM=9
v DOW= Mon
_J

—

Multiple Instance Learning Missing Data Model



Missing Data Extension

Aggregated
Sentence
Level Tags

[Event Database]



MiDaT Tagger [Extension of MultiT]
() (2) () (o

2> Q&«\*J

<@

PR

Mentioned in Text —} @ @
Encourage Agreement s

Mentioned in Event Date s @ @ @ @

(ﬁ.—(

[Event Database]



MultiT Vs MiDaT [Intrinsic evaluation]

B MiDaT
B MultiT

Precision Recall F-value



Example Tags

Word Im | Hella | excited for tomorrow

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

Word Thnks for a Christmas party on fr1

Tag NA iNAiNA Dec NA i NA i FRI

[Not always matches human intuition]



System Overview

~
[EVENT EXTRACTOR]

Transit of Mercury on May 9, 2016 - How to
watch! #mecurytransit bit.ly/1WVLFT8

9:31 AM - 8 May 2016

=

(simple time expressions)

[1000 events]
[EVENT DATABASE]
ENTITY DATE
Mercury | 5/9/2016
distant
labeling

LABELS: DOW=Monday, MOY=May

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video divr.it/LFQLQr

4:20 PM - 6 May 2016

{X 2 Follow

model
training

=

(harder and more time expressions)
[1 Million Tweets]

~

[RECOGNIZER]

~
[INORMALIZER]

P(diltj, dc) X
69‘¢ij (tj ,dc,tagsj)




System Overview

[1000 events]
— [EVENT DATABASE] —
[EVENT EXTRACTOR] ENTITY | DATE [RECOGNIZER]
Mercury | 5/9/2016
(O Ner
O TempEXx
distant
labeling
- [ T x 2 Follow model
Transit of Mercury on May 9, 2016 - How to LABELS:  DOW=Monday, MOY=May tralnlng [NORMALIZER]
watch! #mecurytransit bit.ly/1WVLFT8 " —_—— ol
N —— Watch Mercury Pass In Front Of Sun Monday: P(di |tj, dc) X
s VIEW NASA Preview Video divr.it/LFQLQr
4:20 PM - 6 May 2016 69¢’L‘7 (tj,dc,tagSj)
(simple time expressions) S~

(harder and more time expressions)
[1 Million Tweets]




==> LABEL: May 92016

= o o)

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video divr.it/LFQLQr

[Event Database]

[ 5 Million Tweets]
. J 2
= Z)
[INORMALIZER]

P(di|tj, dc) XX
€9°¢ij (tj ,dc,tG,QSj)




Temporal Normalizer

\

==> LABEL: May 92016

f_ 3 2 Follow\
[Event Database]

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video divr.it/LFQLQr

[_
= )

NORMALIZER
| P(di|t;, d.) o | P(dz ‘tja dc) X
o 0-%is (5, destags;)
69¢ZJ (tj 7dc ,tagsj)

Million Tweets]




Temporal Normalizer
P—

==> LABEL: May 92016

/_ 3| & Fouow\

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video divr.it/LFQLQr

[_
- 2
= 2)

v

————

NORMALIZER] 15 |
Creation Date: 11/1 Py de o (di ‘tjv dC) X
» et Pij(tj.de;tags;

[Event Database]

Million Tweets]

A 4

D_1g D_4 Dy Dii | = Diio None

10/22 10/31 11/1 11/2 11/11 NA



Temporal Normalizer: Features

I I W 2+ Follow
[ %

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video dlvr.it/LFQLQr

e : —
P ( [Candidate Date: 5/9/2016 ‘ . j) X f Word 'ﬁg:s EJ:Jcrhected by recognizer: . 9
DOW= Mon
- y
([ ] - - -
LCXIC&] Features  Creation Date: 5/6/2016 ]
Tag Features [Candidate Date: 5/9/2016 ]

Time Difference Features



Temporal Normalizer: Features

) 2+ Follow
|| %

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video dlvr.it/LFQLQr

-
Word Tags predicted by recognizer:

P ( [Candidate Date: 5/9/2016 |- - - ]) x f e
DOW= Mon
\_
Lexical Feaulres [Creation Date: 5/6/2016 j
[Candidate Date: 5/9/2016 ]

w = “Monday” A candidate date € Monday



Temporal Normalizer: Features

- I I W {¥ 2 Follow

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video dlvr.it/LFQLQr

-
Word Tags predicted by recognizer:

P ( [Candidate Date: 5/9/2016 |- - - ]) x f e
DOW= Mon
\_
Tag Features [Creation Date: 5/6/2016 j
[Candidate Date: 5/9/2016 ]

t = FUTURE A candidate date € future



Temporal Normalizer: Features

I I W 2+ Follow
[ 2

Watch Mercury Pass In Front Of Sun Monday:
VIEW NASA Preview Video dlvr.it/LFQLQr

-
Word Tags predicted by recognizer:

P ( [Candidate Date: 5/9/2016 ‘ C ]) X f Tags pred:
DOW= Mon
_
Time Difference Features | | creation bate: sie2016 )
[Candidate Date: 5/9/2016 ] y

D[FFdayS = 43
DIFF eers = +1



Evaluation

250 Tweet [2014-2015]

dev : 50 Manually
test : 200 | Annotated

Temporal Resolver

[ TweeTime, HeidelTime, UWTime, SUTime, TempEX |



Evaluation

250 Tweet [2014-2015]

dev : 50 Manually
test : 200 | Annotated

Temporal Resolver

[ TweeTime, HeidelTime, UWTime, SUTime, TempEX |

Train Set [2011-2012]




System Performance

=
o

Precision
o
0

o
N

0.8.

O
o

O
=

— TweeTIME
—e— SUTime
—m— HeidelTime

4l —a— TempEX

—— UWTime

17% increase in
F- score over SUTime

0

0.2 0.4

Recall

0.6 0.8 1.0



Feature Ablation

TweeTIME -DayDiff -TemporalTags -WeekDiff -Lexical -Lexical&POS



Takeaways

e 1st and best date resolver tor Twitter

e 1st use of distant supervision for time
expressions (no human labels needed)

* Code will be available:
https:/qgithub.com/jeniyat/TweeTime



https://github.com/jeniyat/TweeTime

Takeaways

e 1st and best date resolver tor Twitter

* 1st using distant supervision for time
expressions (no human labels needed)

* Code will be available:
https:/qgithub.com/jeniyat/TweeTime
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