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Getting information

The common person’s view? [From a novel]
“| like the Internet. Really, I do. Any time | need a piece of
shareware or | want to find out the weather in Bogota ... I'm
the first guy to get the modem humming. But as a source of
information, it sucks. You got a billion pieces of data,
struggling to be heard and seen and downloaded, and
anything | want to know seems to get trampled underfoot in
the crowd.”

© THE
STRAW  Michael Marshall. The Straw Men. HarperCollins, 2002.
MEN
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What do we know that’s happening?

= Much of what is going on is in the products of
companies, and there isn’t exactly careful research
explaining or evaluating it

= So most of this is my own meandering observations
giving voice over to slides from others
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“Information retrieval”

The name information retrieval is standard, but as
traditionally practiced, it’s not really right

All you get is document retrieval, and beyond that the
job is up to you
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Web Search in 20257

The web, it is a changing.

What will people do in 2025?

= Type key words into a search box?

= Use the Semantic Web?

= Ask questions to their computer in natural language?
= Use social or “human powered” search?

What’s been happening? 2013-2017

Google

= Many updates a year ... and 3rd party sites try to track them
= e.g., https://moz.com/google-algorithm-change by & aimed at SEOs
= | just mention a few changes here

= New search index at Google: “Hummingbird” (2013)

= http://www.forbes.com/sites/roberthof/2013/09/26/google-just-revamped-
search-to-handle-your-long-questions/
= Answering long, “natural language” questions better

= Partly to deal with spoken queries on mobile

= More use of the Google Knowledge Graph (2014)
= Concepts versus words

= RankBrain (second half of 2015):

= A neural net helps in document matching for the long tail
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Google

What’s been happening? 2013-2017

= “Pigeon” update (July 2014):
= More use of distance and location in ranking signals
= “Mobilegeddon” (Apr 21, 2015):
= “Mobile friendliness” as a major ranking signal
= “App Indexing” (Android, iOS support May 2015)
= Search results can take you to an app
= Mobile-friendly 2 (May 12, 2016):
= About half of all searches are now from mobile
= “Fred” (1st quarter 2017)
= Various changes discounting spammy, clickbaity, fake? sites
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What’s been happening

= More semi-structured information embedded in web
pages
= schema.org >

FheXewlorkEimes:

SN

“More Articles by CHRISTOPHER CLAREY">
e="Christopher Clarey” itempr
</a>

<span class="byline-author" data-byline-
name">CHRISTOPHER CLAREY</span>
</span>

20 </p>
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Mobile

= Mobile proved importance of NLU/QA

= [What is the best time for wildflowers in the bay area]
Where to See Wildflowers in the Bay Area - Bay Area Parent

[ in-the-Bay-Area/ v
This is a great time of year to find wildflowers in the Bay Area. Call parks ... Loop Trail, known for
being flat, moderate in difficulty and best for viewing the blooms.

Best Bay Area hikes into wildflower country - Bay Nature

baynature.s bay hike 1t ntry/ v Bay Nature
Mar 28, 2013 - It's spring, and all you nature lovers know what that means ... time to go see
wildflowers! You've probably already noticed them popping in little ..

Bay Area Wildflower Hikes | EveryTrail

www.everytrail hik

Jkk* %k Rating: 5 - 2 votes

Download the Bay Area Wildflower Hikes mobile travel guide to your iPhone or ... Even in lean years,
wildflower season offers hikers beautiful reminders of the .... The best bloom is on the Chisnantuk
Peak Trail, which is deep in the park and ...

The role of knowledge bases

= Google Knowledge Graph
= Facebook Graph Search

= Bing’s Satori

= Things like Wolfram Alpha

Common theme: Doing graph search over structured
knowledge rather than traditional text search
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Mobile

Move to mobile favors a
move to speech which
favors natural language
information search

¢ Do | need an umbrella
tomorrow in San
Francisco 9

= Will we move to a time
when over half of
searches are spoken?
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Information quality

= There have always been concerns about information
provenance (the source) and information reliability,
especially among “information professionals”
(reporters, lawyers, spies, ...)

= |t wasn’t ignored on the web: ideas like PageRank
were meant to find good content, and there has
been a decade of work targeting link farms, etc.

= However, a lot of recent events have shown the
limited effectiveness of that work, and how “fake”
information easily gets upvoted and spreads
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Towards intelligent agents

Two goals
= Things not strings
= Inference not search
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Two paradigms for question answering

= Text-based approaches
= TREC QA, IBM Watson, DrQA
= Structured knowledge-based approaches
= Apple Siri, Wolfram Alpha, Facebook Graph Search

(And, of course, there are hybrids, including some of
the above.)

At the moment, structured knowledge is back in
fashion, but it may or may not last
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Example from Fernando Pereira (GOOG)

painkillers that don't Search

painkillers that don't thin blood

painkillers that don't cause constipation

painkillers that don't cause nausea
((painkillers that don't upset

painkillers that don't

About 89,300 resutts (0.14 seconds)

Dfrequent query

About 28,700 resutis (0.15 seconds)

» Symptoms of Crohn's Sponsos
www.crohnsonline.com Do You Know the Signs of Crohn's? Read About Symptoms and More Now.

t Pain Reliever, nter Pain Relievers, Prescription ...
For stomach upset, eating or drinking milk before you take a painkiller can help. ... Don't
expect painkillers to relieve all your pain, but the best pain ...

ter-p: 4 P pt

t-ps
analgesic-painkillers/ - Cached nilar
Why do painkillers make your stomach hurt? - Yahoo! Answers

Aug 30, 2008 ... stomach upset, reflux/indigestion, or if severe ulcers ... | often take
painkillers FOR stomach aches lol. Don't do this again. 2 years ago ...
answers.yahoo.com » Health » Other - Health - Cached - Similar

How are painkillers bad for you? - Apr 13, 201C

What effect do painkillers have on you? - Sep 30, 2009

What's the difference between OTC painkillers? (Advil. Aleeve ... - Nov 1
Is it bad to take painkillers on an empty stomach ? - Aug 2
More results from answers.yahoo.com »

Phys Ed: D« rofen Help or Hurt During Exercise? - NYTimes.

Sep 1, 2009 ... When are ibuprofen and other anti-inflammatory painkillers justified? ... Can't
take NSAIDS due to upset stomach. — bonemri ... Perhaps part of the problem is that you
don't always have the opion to rest your ijury if .

well.blogs.nytimes.com/.../phys-ed profen-help-or-hurt-during /-

Cached - Similar
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class negatlon synon

lhat@)upset stomach Search

About 28,700 resuts (0.15 seconds) Advanced searc

» Symptoms of Crohn's
www.crohnsonline.com Do You Know the Signs of Crohn's? Read About Symptoms and More Now.

Best Pain Reliever, Over the Counter Pain Relievers, Prescription ...
For stomach upset, eating or drinking milk before you take a painkiller can help. ... Don't
expect painkillers to relieve all your pain, but the best pain .
best-p: the-counter- pam |
ed - Similar

analgesic-painkillers/

Why do painkillers make your stomach hurt? - Yahoo! Answers
Aug 30, 2008 ... stomach upset, reflux/indigestion, o if severe ulcers ... | often take
painkillers FOR stomach aches lol. Don't do this again. 2 years ago ...
answers.yahoo.com » Health » Other - Health - Cached - Similar
How are painkillers bad for you? - Apr 13,
What effect do painkillers have on you? -
Wha's the difference between OTC painkillers? (Advil, A\eeve - Nov 19, 2008
Is it bad to take painkillers on an empty stomach ?2 - Aug 20
More results from answers.yahoo.com »

10

Phys Ed: Does Ibuprofen Help or Hurt During Exercise? - NYTimes.com

Sep 1, 2009 ... When are ibuprofen and other anti-inflammatory painkillers justified? ... Can't
take NSAIDS due to upset stomach. — bonemri .. F'erhaps part of the problem is that you
don't always have the option to rest your mJuVy if ...

well.blogs.nytimes.com/.../ph help-or-hurt-d /-

Cached - Similar
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painkillers that don't upset stomach Search

"painkillers such as * tylenol" Search

About 19,200 resuts (0.21 seconds) Advanced sez

TYLENOL ® Official Site
Tylenol.com  Pain Relief from TYLENOL. Get Information and Coupons Here.
Head & Body Pain - Arthritis Pain - Sinus - Cold & Flu

nts and drugs
as

abdominal tal
(Tylenol) others) or ibuprofen (Advil, Motrin, others). .x———— =
MY oclinic.com.../DSECTION=treatments-and-drugs - Cached - Similar

tylenol = painkiller

Introduction to Information Retrieval
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painkiller "adverse effects include" stomach Search

About 266,000 resuts (0.14 seconds)

Painkiller Comparison Chart
Oct 31, 2008 ... Chart showing iption and i i and what they are
used for. ... menstrual pain, fever, Common adverse effects)include: nausea, ... asthma,

Upset stomach) not for last pregnancy trimestes
ww-disabed=Rorid.com.../painkiller-chart.shtm

ched - Similar

rror) List of Painkillers and what they are used for: Over the Counter ...

File Format: PDF/Adobe Acrobat - Quick View

Common adverse effects include: nausea, dyspepsia, gastrointestinal u Ice ration/bleed ing.

... upset stomach, not for last preqnancy trimester. Individuals ...
com.../Painkiller%20side% %20chart%20.pdf
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stomach

painkiller upset

“Things, not strings”

From To Requires
Parsing, disambiguation
Term Concept & g ’
coreference
Term identity ~ Entailment Concept relations
Syntactic Document structure,
Co-occurrence . .
relation parsing

Concept disambiguation,

Term index Semantic index .
inference
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tylenol stomach Search

Advanced search

About 1,380,000 resuls (0.28 seconds)

» Pain Relievers And Upset Stomach - Tylenol Extra Strength Pain ...
Tylenol Extra Strength Pain Reliever Fever Reducer 100 Caplets - User Rating: 5 stars
Review Summary: Taking the wrong pain reliver can cause you stomach ..

www.epinions.com » Wellness & Beauty » Health Aids - Cached - Similar

mdms not affect the blood's ability
= ched “E;HME.Y

has{almost no adverse effects
i TCRO7BICRO

tylenol = no adverse effects (on stomach)
=> no upset stomach
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not ar,

painkiller upset stomach
is-a arg

not
tylenol ———> adverse effects
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Slides from Patrick Pantel (MSFT)

AFHOOYV, | seven samurai

Structured
Recommendations
iy | Ran .
. o |
07y
e i '-ﬂi
.

WEB | MAGES | VDEO | SHOPPNG | BLOGS | MORE

Also try: seven samurai movie, seven samurai remake, more...

Seven Samurai (1954)
movies.yahoo.com

Yahoos B+ A Japanese faming village, constanty beseiged and
pillaged by an army of bandits, recruits seven independert.

Running Time: 2 r 40 min

fvaguch. ... note
Structured Data
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blhg’ fights to maui o]

Web Web  Flights Morev

Flights from Seattle. WA to Maui, HI

oM WEEKEND ESTIHATES
Seattle, WA (SEA) - Seatt Kahiu,Hi (0GG) - Kahul € $639 Dapart March 09
LEAVE RETURN @ 5748 Depart March 16

Price prediction

03232012 T 0312512012 Findfights | € S649 Depan Marcn 22
Task completion N
bing comvtravel
Ir Ig royal lahaina resort 0]
Web Web  Hotels Images Morev

Royal Lahaina Resort - Bing Travel
_— 2780 Kekaa Or - Lahaina
(808) 661-9469
Details - Photos - Amenities - Directions - Website

Aggregate ratings

Find rate

u3ﬂ5/20|2 = n3/|7/2mz =
Task completion bing comitravel/hotels/search?q=royal+lahaina+resort

Sample rate: $230

Comparerates rom major trave sies
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Howold i marah arey JIEN

Web Images  News Smopsng  Videos Mo

Google

O reminogsaniortd -

‘Search toos o

About 102.000.000 rouls (055 seconds)

Mariah Carey | Structured Data

Singersongter

45 years (March 27, 1970)

Mariah Cgrey, Age

Listen now
Direct Answer b GooglePiay Lson it oo it
® sy Liton o

A Wi

Mariah Carey - Wikipedia, the free encyclopedia
en.wkipedia orgiviiMariah Carey - Wikiecia Bom: Morch 27, 1970 (age 45), Huningtn, NY
aran ey s som n ar 21,1669 1970 aringn ew Hoight 516 175m)

o e . v A A rspain (o3 A erotr)

desen, his b s aicn (), f Wt Chilen: Moroccan Soot Cannon. Marvoe Cannon
Nk Caon- Tommy Maticla - Abums  Me. | Am Maran.. The Elusive.

Mariah Carey s an American singe,songurler, ecord
producer, and occasions actess. She rose o
romiance f easnghr st dt s
Sbum Miatan Carey n 1900; wert mutpin
Widgeda

Spouse: Nick Cannon (. 2008, Tormy Motola (.
1963-1698)

Nk Cannon & Marian Carey Fightng: Spit Caused By ..
. com. nick-cannon-mariah:

Songs.
o, Wibou You 1993 MusicBox
o o power et a5, Nk Camnon, 53 and Marih ey, 44, hve Hero 1993 MusicBox
209 Memorscfant
s Thare 1990 Martah Carey

Mariah Carey - Blography - Music Producer, Fim Actress ..
ry.comipaoplaimariah-caroy 954

N Carey v et 37, 97 g, Long i, N Yok

bogan tking voice lessons at age four. Al 18 she sgned wih Columba.

We Beong Togener 2005 The Emancipat

Albun:

View 20 more

AER

Mariah Carey Divorce Explained: Nick Cannon Cheating .

A2s,
23 Ve Old Miatess Jasmine Sanders and Dancer Btany Daliey.
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Google

how old is pandu nayak

] - e

Search tools o

Al News Images  Videos  Maps  More~

About 207,000 results (0.80 seconds)

Pandu Nayak

www.pandunayak.com/ v

About me. | am currently at Google, working on various aspecis of Search Qualiy. | am particularly
interested in query understanding and helping users

Pandu Nayak | LinkedIn

hitps:/www.linkedin.com/in/pandu-nayak-4790201 v

View Pandu Nayak's professional profile on Linkedin. .. As a Linkedin member, you'l join 400 million
other professionals who are sharing connections, ideas,

Google Panda - Was it named after Pandu Nayak? - Quora

Pand: d-after-Pandu-Nayak v Quora
Oct 27, 2015 - Pandu Nayak is the guy behind this famed search algo change. ... name of Navneet
Panda along with Viadimir Ofitserov, who is the co-inventor
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el Gibson

et Goson, A
555 Ponicl

Ml Gibson

Mel Gibson -

Bogaphy s

> bing  mel gibson movies. [ o]

Wb s s Mes New o

movies.

Tt &
ey =
wos Mel Gibson

Amarcan Actr

Bravehaar Ml ot Gears Gibson vas o a3
«.wm e S e S s

Videos of mel gibson movies.
b corvi

Borm: 00,1958 (a0.59) Pockl

Hoights 510177 m)

Fochatreey 1 5 e e s .+

Romance; Oksans Grgorova - Oxsona Pocnapa
Spouse: Roby Moors Gson (1980-201)
hidren: s Olbson Daughir: Chistn Gioon Sar)

farom (068)- Thagemer Roreom T Pk Trlr Eovar o (oo e Gr) Vi G B+
L = e Upconing movies: Hacksaw R
Sosmor s ol gbscn v People also search for sew 101
Ml Gibson - Wikipedia, o ee encycpedia Mol ] £
cnipdia gkl Gison - )
Earylfe Career Fimwork. Prospecie ins - Persens e o el éﬁl"l;w.u Bor .
Yl Wikipedia, i =
Introduction to Information Retrieval
Go gle how old is christopher manning n Chistopher
Al News Shopping Images  Videos  Morev Searchlools 3

Christopher D.

September 18,

nip.stanford.edu/ms

webtaniors o~
Sep,
Seonoe e Lingis

50 years

About 18,500,000 results (0.64 seconds)

Manning / Age

1965

Christopher Mannlng S(anford NLP

Mar 1,2013 ChnslophevManmnn Professor of Computer Science and Linguistics, . is directed at
students who have already beon admitied to Stanford.

Christopher Manning's ex home page

manning/ + Stanford University

porsonal home page of Christophor Manning, Assistant Profossor of Computor

fcs, Stanford Universty.

Christopher Manning - Stanford University | Coursera
tps: . coursera.orginstnucor/=222 + Coursera

Science and Linguistics at Stanford

Universiy G rocove a Bacholors dogras and Urversiy

Christopher D. Manning _»

Author

Born: Soptambor 15, 1665 (g0 50,
Austal

Peogle siso search fo:Prabhaar
Raghavan, Walter

Education: Stanford Uriversity (1995),
Austraian National University (1989)

Books

Inroduction  Foundations  Ergatvy:
Argur
informatio...  Statistcal..  Structure.

Fosaback

jon Retrieval

Introduction to Informati

Patric

Pantel ta
(Then) Current experience

Web

RELATED SEARCHES

JETBeam Flashlights
JETBeam RRT-0 RS
JETBeam Raptor
JETBeam M1X
JETBeam

RRT-0RS

240 Lumens

SEARCH HISTOY
Search more to see your
histor

Clear all - Tum off

jetbeam -0 [0}

Videos  Morev

110 o
JETBeam RRT-0 R5 with Infinite Ramping LED Flashlight

00 resuits

t
Going Gaar JETBaam RRT-0 RS with Infine Ramping LED Flashight [jetbaamt0rs] -

‘The popular RRT.0 has been updated to be an even more versatie lashiight,
goinggear com/index php?main_page=product_info&cPath:
Mark as spam

. id=438

Jetbeam RRT-0

Now In Stock! Model: RRT-0 (S2) Spacially designed for Mitary, Law Enforcament
Selfdsfense. Hunting, Search & Rescue and General Outdoors The Rapid

wiiw jetbeamusa com/products/RRT%240.html - Mark as spam

JETBeam RRT-0 Overview With Lots o[ Pi ures

1 got my JETBeam RRT-0 Raptor today. All | can say is to JETBeam! This thing is
32 FITURES GUICKLY. BEFORE WY HEAD EXPLODESI Ok 1 dét

323 reples since November 2009

wiw candlepowerforur plshowthread php?248375-JETBeam-RRT-0-Overview
With-Lots-of m

JETBeam Flashiights
Specification Model: JETBeam RRT.O{R2) Flashiight; Spacially designed for Miitary.
Law Enforcement, Selfdefense. Hunting, Search & Rescus and Outdoorsman
jetbeamblog.com - Mark s spy
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Desired experience: Towards actions

b|ng' Jetbeam .0 B
Web Web Videos Morev
>
o ENTITY ALLRESULTS 0 of 6,600 results - Advanced
g3 1110 016,600 results -
c T JETBeam RRT-0 R5 with Infinite Ramping LED Flashlight
@< AR oo e serioam Rt e v e Ramong LeD g earenos -
9> Toe popular RRT.0 has heen updated o an v more vrsate g,
o £ going index php?main_page=product_info&cPath=14_228products_id=438
o = JETBeam RRT-0 Mark
H Flashight (Product)
Jetbeam RRT-0
ACTIONS Now In Stock! Model. RRT-0 (S2) Specially designed for Miltary. Law En!mcemenl
= Read Reviews > & Amazoncom arch & Rescue and General Outdoors
@ Watch DemoVideo @ CandlePonerForums  *0UCIS/RRI%6200 uml - Mark as spar
o = Product Comparisons @ Epinions.com lerview With Lots of Pictures
29 Social Discounts em nlightReviews.com ) Raptor today. Al | can say is to JETBeam! This thing is.
58 Find Locally EFORE MY HEAD EXPLODESII O 1 ot
] Buy Onine e
i canlepovarrums.comshowtesd php 246375 TBeam RRT-0Orein:
< WiLotsol ok 2s oo
JETBeam Flashlights
JETBeam RF Specification: Model: JETBeam RRT-O(R2) Flashiight; Specially designed for Military,
e ow Enfrcemens, Sef-dfense, Furing, Seatch & Rescue and Oudooreman
e Fiahigh __ oWeamiog com k55 s
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Actions vs. Intents

User Intents &
and Goals \\ v - e

Query | hilton orlando reviews @ |sea world location E |how to lose weigh

—

Query Intent Informational Navigational Transactional [Broder, 2002]
Finer grained Advice Locate Download = | Obtain | | Interact
Intents
[Rose and Levinson, 2004]
Actions ( get address(landmark) | L add to Netflix queue(film)

on Enti

read reviews(hotel) ‘ ( buy(camera)
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o T
News Maps More | MSN Hot n Signin v Redm Preferences

Images VideosShop

hannah montana

blng O

Web

Videos News TV Shopping Images Morev

ALL RESULTS

Hake Bing your homepage
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Politician

OING ™™ o B
Web Neb  Visual Search News Images Videos Morev

EnmiTy LLRESULTS 1410

511,000 re

Advancad

Official Obama Website
s BarackObama.com - Respect. Empower. Include. Win. Join Barack Obama's
campaign now.

= obama barack bio - president obama wabsite

Obama for America | 2012
Barackobama com is the oficial ra-slection campaign website of President Barack
Obama. Vist the site for the latest updates fiom the Obama campaign, 2012 slection

[

N
c
W
Q
o
a
<

entity in query
]|

~
Barack Obama
(President) www_barackobama.com - Mark m

5 Ronojoy Chaksabarti and Caroline Mackey like Barack Obama

]
2 Watch Weekly Address _ Rarark Nhama - Wikipedia, the free encyclopedia
‘@ ]| Follow Social Updates > KjFacebook carser Legislative career .- Presidential campaigns
4] Read Biography W Twitter  in Obama Il (born August 4, 1961) s the 44th and current Pves\dem of
g Voo o s [l nvadn 505 o he st Arcan Amrcan t ol h affc. O
B L | supporcontcary . Mvyopace " iiObama Mot 25 spam

more k Obama and other U S_politicians by office, state, and

EARCHES branch of
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Learning actions from web usage logs

* Three months of us-en
2,164,579 235,385 entities 21 types
web logs (query, host) pairs
* Annotate with Freebase over 3 months 129,088 contexts 58,123 hosts
entities

* Keep queries with an entity in set of 21 types
* Filter out navigational queries
* Filter out clicked hosts that weren’t clicked at least 100 times

get reviews & Orlando hotel reviews

read biography ~ Does Hope Solo have a boyfriend?
download software Free Winzip download

watch shows online watch family guy online
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blhg o ," hannah montana (o]

Miley Cyrus Hannah Montana Forever | Disney Channel

Billy Ray Cyrus

Hannah Mortana Games

Hannah Mortana Style
Hannah Nortana Sing
Hannah Nortana
information
Hannah Hortana Dress
Up Games

Disney Channel Hannah
Hontana

Tum istory on

page for videos.
games, pnotos, cownioags, music, and more!
tudisney go comidisneychannelMannahmontana - Mark a:

* Ahodgepodge of
. related strings
|+ Only actionable
through search

TASHVILLE, Tenn (AF) ~ B1ly Ra Cyis
Montana”

Says the Disney TV show ‘Hannah

character bios,

Hannah Montana Forever
Pre-Order The Final Season Ulimate.
Fan

wiw DisnieyShoppingCar comHannah

Watch TV Shows at Bing™
Biowse Video Clips and Popular
Episoce oday

Hannah Montana
Free Snipping $50 on 100000 ters

Cyms spinning outof... Yahoo Finance - 10 hou
Wiley Cyrus Angry With Dad Over Hannah Montana Slur Entertainmentise
Popsenations L

Online al Target
wiw Targetcom

Hannah Montana ftems

Florida Times-Union

Hannah Montana - Wikipedia, the free encyclopedia
Production - Cast - Episodes - Films.

2006 on Disney
Channel, and also ais Saturday mornings on Aac as nm of e ABC Kids block.
n wikipe cia org/wikiHannah_montana - Mar

Character Bios | Hannah Montana Forever | Disney Channel
Heet Miey, Ll Oiver Rico,

Forever!

disney.go comidisneychannelannahmontanalcharacters/index il - ar

We Have:
To Complete Any Fans Callection!
Hannah.

Montana BradiordExchange com

From Hannah Montana
‘Compare Cholces and Prices;
Evenytiing You Want and Need!

D PE

Taylor S
Our Song

0

Miley Cyrus
Performs At
1dol

Web Web Videos News TV Shopping Images Morev
| ALL RESULTS 110.0f 14,500,000 resuts - Advanced o sites F
| S Hannah Montana Forever | Disney Channel Watch TV Shows at Bing
Explore the Hannah Montana Forsver home pags for videos, fulllength episodes, character Browse Video Cigs and I Popular
- 405, games, photos, downloads, music. and morel Episodes at

§ fannah 4 tideney oo comidsneychannelihannahmontana - Mk as spam bing combveeos

4l e Hannah Montana Games Sonny With A Chance Hannah " m

| KR Disney Channel TShons Free Sappng S50 100000 fems

utar ; . ! op Hannah tc. Onine at Target
B Good Luck Charte Fah Hook Shop Hannah e

‘Show more resus from tv. disney.go.com

Entertainment News: hannah montana

Bl Ray To Compits Any Fans Cotechon
iy Ray Orus: Hannah Montana Geskosed iy o
o ey NASHVLLE, Temn (A7)~ Bl Rsy Cyus Says e Disney TV show Hanan Wonana BradkodEschange.com
Moniana stoyed s il cauaing s Guorce and sanding sauhie ey
ﬂ Cyrus spinning outof._. Yahoo Finance - 10 hours ago [From Hannah Montana
Miley Cyrus Angry With Dad Over Hannah Montana Siur Entertainmentvi mpare Choices and Prces.
RELATED MusIC Popaanatons: Lacy GagastheGrammys, HEO shows and Hamman ontana £/ You ant and Nee
iy Sy Fonca Tmes Union
| ! Soundtrack Hannah Montana Wigs
o Hannah Montana - Wikipedia, the free encyclopedia 75,000 Costumes - AT Szes & Styles.

Production - Cast - Episodes - Fims
March 24,

Channel, and also airs Saturday mornings on ABC as partof the &
en.wikipédia org/wikiHannah_montana - Mark as spam

Character Bios | Hannah Montana Forever | Disney Channel
et Miley. iy, Oivr, R, and e et f e gang o Disney Chafs Hannah Mortana

ey 0 comisneychannelannahmontanaicharactersindex b - Mark as spam

Hannah Montana ltems
We Have The Hannah Montana liems

Low Prices & Sar
ww BuyCostume:

Day Shipping!

See your message here
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RELATED PRODUCTS]

Girl Talk
Game

* Typed relations
|+ User Interface accesses structured data
* Click through experience can now

leverage strongly-typed identifier

4 Hamnah
¥ Montana D¢
a
| s Rock
Guitar
&
I ren c
Bily Ray
Cyrus
PRy Aaron Kely,
!
RELATED MUSIC
Miley Cyrus
l Soundtrack]
! B Taylor Swif
I Our Song

o
|

5 525 the Disney TV show ‘Hannah Wortana BradfordExchange com

s 2 s dhores andsending Gsugher iy
3 H-n-d 0 hours ago From Hannah Montana
. A — Compare Crsces and Pres.
7} Momana Sl ¢ Everything You Want and Nezd!
g u e e vas SRt
B &= Hannah Montana Wigs
& opedia e e
3 Low Prices & Same Doy Smopng!
L5 e o cebuogontharcn 20, 2005 on iy o B Cosamescom
— rt of the &)

RELATED

Miley Cyrus
Performs At
A% 0ol

Shwikipeda org ontana - Wark a5 spa

Character Bios | Hannah Montana Forever | Disney Channel
Mest Miley. Lily, Oliver, Rico, and the rast o the gang from Disney Channel's Hannah Montana
veverl

v disney go comidisneychannelannahmontanalcharacters/index hmi - Mk

hannah montana

Videos News TV Shopping I

. g, phs, Gounoads, s, 73 e Typed relations

£
)
z
&
g
>
<%
3
e
aE8
EHY
H:
L
Hl
S
HE
L
=

4 Hannar
4 Montana Dol
g

. Hannah Mojtana Games  Sonny Wi A
Disney Chael
| foRee Enes Frioemire o
B Good Luck Pharke Fih Hooks
L Show more esuls fom t.sney go com
RELATED PEOPLE
Ray S &
WS Connect opsiwitien sju.na,:,ms ‘Hannah Montana’ de__ -
Feom [ TASHVILLE, Tenn. 4P)  Eily Ray Cyrus says he Disney TV show “Hannah
won Kaly AW toniana ceciro causin iley
5 Pl s sonming outor.. Yanoo Finance - 10 hours 2g0
- RBEE 1) Cyrus Angry i Dag Over Hannah Wontana Siur Enterainmentwise

RELATED

ervations: Lady Gaga atthe Gramys, HBO shows and Hannah Montana,

Horida Times-Union

Miey Cyrus:
‘Hannhah Mofitana - Wikipedia, the free encyclopedia
Producton - Cast - Episodes - Films

i March 24, 2006 on Disney
Channel, and also airs Saturday momings on ABC as part of the &
&n wikipedia org/wikiHannah_montana ~Mark as spam

ys  Character Bios | Hannah Montana Forever | Disney Channel
ﬂ)pmma & WeatNiny. iy, Giver. i, and e et f o gangrm Diny Crannef’Hanna Hontana
®idol

Forever!
. disney go com/disneychannel hannahmontanalcharacters/index himl - Mark as spar

User Interface accesses structured data
Click through experience can now
leverage strongly-typed identifier

d Actions (one click conversions)

BradfordExchange com

Erom Hannah Montana

“Choices and Prces.
Everything You Want and Need!
Shopeillacom

Hannah Montana Wigs
75,000 Costumes - All Sizes & Styles.
ping!

Introduction to Information Retri

Entity disambiguation and linking

= Key requirement is that entities get identified
= Named entity recognition (e.g., Stanford NER!)
= and disambiguated

= Entity linking (or sometimes “Wikification”)
= e.g., Michael Jordan the basketballer or the ML guy

Introduction to Information Retrieval

= and linked to a canonical reference
Freebase, dbPedia, Yago2, (WordNet)

http:/l...Iwiki/Dollars_Trilo
JIwikiThe_Good,_the_Bad, .

p:/l.. /wiki/Clint_Eastwood
http://.../wikilHonorary_Academ =

vagowordnet:Actor| ] o\ e : Y
Py 2ot & cwikcategory )
.. WikiThe_Good, the _Ba wecsumasan = = - e

Jwiki/Metallica P

bpodia.orgmsourcalEnnio_Morricone

Iwiki/Bellagio_(casino) -
...Iwiki/Ennio_Morricone

Jwiki/Sergio_Leone

IwikilThe_Good,_the B:
p:/l...IwikilFor_a_Few_Dollar:

http:/l.../wiki/Ennio_Morricone

to Information Retrieval

ntions,
Ser&ia talked to

e

eanings, Mappings [G. weikum]

Eibbe |

Enniolabout

>| Eli Wallach

Ecstasy (drug)

This sequence on
the graveyard
was a highlight in KR

e ——
—>| Ecstasy of Gold
Star Wars Trilogy

Ser&ia‘ trilo

1 Lord of the Rings

of western films.

Mentions

(surface names) Eli means Eli

Sergio means Sergio_Leone
Sergio means Serge_Gainsbourg
Ennio means Ennio_Antonelli
Ennio means Ennio_Morricone

(bible)
Eli means ExtremeLightinfrastructure
Eli means Eli_Wallac!
Ecstasy means Ecstasy_(dnég)
Ecstasy means Ecstasy_of Gold
trilogy ‘means Star_Wars_Trilogy
Er logy means Lord_of the Rings

aans Dallars

T o~ |
Dollars Trilogy

Entities
(meanings)

Trilagy

Introduction to Information Retrieval

Understanding questions

eo0o

€ - C (@ httpsy// I b

1 8ie=UTF-8#q=+third+prime+minist.

Google

third prime minister of australia

Web  News Images  Videos  Shopping

About 34,400,000 resuits (0.34 seconds)

Chris Watson

The 3rd Prime Minister of Australia

en.wikipedia orgwikilChris_Watson ~ Wikipedia

Mo+ Searchtools o

Chris Watson - Wikipedia, the free encyclopedia
3rd Prime Miistor of Australa... Ho was th fistprime ministr from the Australian

Labour Party, and the first prime miister from the labour movement n the.
Early Ife - Urion activiies and colonil .. - Federation - Prime Minister n 1904

List of Prime Ministers of Australia - Wikipedia, the free ...

manning@stanford.edu +

Chris Watson

Fomer Prime Minister of Australia

John Chvistian Watson, commonly known
2s Chris Watson, was a Chilean Australian
polfician who served as the third Prime
Minister o Australia. Wikipedia

Foadback Born: Apil 9, 1867, Valparaiso, Chile

Died: November 18, 1941, Sydney,
Australia

Party: Australian Labor Party
Previous offices: Member of the
Ausiralin Parliament (1906-1910), More

People also search for view 10+
— T w—

4 Socher-MVRNN-D12-...pdf *

=) Lary-Emmott-Sodal...pptx * & showan | x
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eo0o0 A

€ 2 C (8 https:/ ) I i ~UTF- sithirdepri.. 77 =

)

Google  austalias thrd prime minister 0 |

i manning@stanford.ecu +

Web  Nows Images Videos  Shoping Mo~  Seahtoos o

‘About 2,550,000 results (0.41 seconds)

Chris Watson - Wikipedia, the free encyclopedia

en.wikipedia org/wiki/Chris_Watson ~ Wikipedia

3rd Prime Minister of Australa ... He was the first prime minister from the
Australian Labour Party, and the irst prime minister from the labour movement in
the

Eary lfe - Urion activiies and caloral .. - Federation - Prime Minister in 1904

List of Prime Ministers of Australia by time in office - Wikipe...
enwikipedia org../List_of_Prime_Ministers_of_ Australia_by... v Wikipodia
“This s a list of Prime Ministers of Australia by time i office. The basis of ... Rank:
No: Prime Minister: Porirait: Party: Distrct: Assumed Office .... 3rd, Chris Watson

List of Prime Ministers of Australia - Wikipedia, the free ...
en.vikipedia org/wikilList_of_Prime_Ministers._of_Australia ~ Wikipedia

Bolow s a list of Prime Ministers of the Commormweaith of Australia. The parties
shown are those to which ... 17 February 1917, 9 February 1923, —, 3rd Hughes.

Edmund Barton - Protectionist Party - Longest serving Prime Ministers

4 Socher-MVRNN-D12-..pdf * | (21 MarchPT.ppox +| B tarmy-mmon-soci...opox 2 showal | x

Introduction to Information Retrieval

eo0o [

I T-

€ 5 C @ htps:/ )

Google  austatiars 3t prime minister 1 a |

£ manning@stanford.edu +

Wob  News Images Vidoos Maps Moo~  Searhiools o

About 712,000 rosuls (0.50 soconds)

Chris Watson |, Bland, NSW

. st (Tagr-toen (190121506)

36 more rows, § more columns

List of Prime Ministers of Australia by tme inoffe - Widpedia
enwiipedia.og../Listo_Prime_Ministers_of_Australia_by_ti

Chris Watson - Wikipedia, the free encyclopedia
en.vidpodia.orgwikilChris_ Watson = Wipecia

30 Prime Minister of Australia... He was the st prime minister from the
Australian Labour Party, an the it prime minister from the abour movement n

the
Early lfo - Urion activiies and colonial .. - Federation - Prime Minister in 1904

Lict of Drima Ministars of Austealia b b 5 i

T MarcePTppox ) Larry-Emmot-Social...pptx ~ & showall |

) Socher-MVRNN-D12-...pdf *

Knowledge-based approaches (Siri)

Introduction to Information Retrieval
3 approacHes to question answering:

= Build a semantic representation of the query
= Times, dates, locations, entities, numeric quantities
= Map from this semantics to query structured data or
resources
= Geospatial databases
= Ontologies (Wikipedia infoboxes, dbPedia, WordNet, Yago)
= Restaurant review sources and reservation services
= Scientific databases
= Wolfram Alpha

Introduction to Information Retrieval

Hybrid approaches (IBM Watson)

= Build a shallow semantic representation of the query
= Generate answer candidates using IR methods
= Augmented with ontologies and semi-structured data
= Score each candidate using richer knowledge sources
= Geospatial databases
= Temporal reasoning
= Taxonomical classification

Introduction to Information Retrieval

Text-based (mainly factoid) QA

= QUESTION PROCESSING
= Detect question type, answer type, focus, relations
= Formulate queries to send to a search engine
= PASSAGE RETRIEVAL
= Retrieve ranked documents
= Break into suitable passages and rerank
= ANSWER PROCESSING
= Extract candidate answers (as named entities)

= Rank candidates
= using evidence from relations in the text and external sources
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Knowledge: Jeremy Zawodny says ...

Knowledge:
Not just semantics but pragmatics

Pragmatics = taking account of context in determining meaning
A natural part of language understanding and use

Search engines are great because they inherently take into account
pragmatics (“associations and contexts”)

¢ [the national] > The National (a band)

¢ [the national ohio] > The National - Bloodbuzz Ohio — YouTube

¢ [the national broadband] > www.broadband.gov

Is the goal to go from language to
knowledge bases?

For humans, going from the largely unstructured language on
the web to actionable information is effortlessly easy

¢ But for computers, it’s rather difficult!
This has suggested to many that if we’re going to produce the

next generation of intelligent agents, which can make decisions
on our behalf

* Answering our routine email
* Booking our next trip to Fiji

then we still first need to construct knowledge bases
* To go from languages to information

But should we rather just have computers work with language?

Research

cott Wen—taw Yoh (ACL 2013) paper [ Vicrosoft
=i |

OING | Who won the best actor Oscar in 19737 o)

Lemumon was awarded the Best Supporting Actor

Oscar in 1456 for Mister Roberfs (1955) and the

‘ Best Actor Oscar for Save the Tiger (1973),
bewvnmg the first actor to- achieve this rare

Jack Lemmon

urcer Jack Lemmon =

Jack Lemmon - Wikipedia. the free

Who won the best actor Oscar in 1973?

Jack Lemmon IMDb

News - 341 photos - Biography

T Acorhe Apanmpm(wsm ‘Some Lke Il Hot(1956) - Glengary Gien Ross
(1992) - Grumpy Old Men (1993). Jack Lemmon's father was the

Awards: Acadery Avard for Actrin a
Leading Role

Images of jack lemmon
bing.com/images

SEULEH

Microsoft

Research

WardzAugmw ﬁw Question
Answering TREC QA (1999-2005)

What is the fastest car in the world?

The Jaguar XJ220 is the dearest, fastest and most sought after car on the planet.

* Assume thot there (s an underlying alignment
Describes which words in and can be associoted

See if the (syntactic/ semantic) relations support
the answer

Introduction to Information Retrieval

Full NLP QA: LCC (Harabagiu/Moldovan)

[below is the architecture of LCC’s QA system circa 2003]

Question Processing

Document

Document P
Question Single Factoid Factoid Answer Processing
. Question Parse Passages Answer Extraction (NER)
Factoid |
Question S M‘Ii"s'f'e Answer Justification
i .
——* Transformation (B ($lonmentlisiations) Factoid
| ] Answer
Recognition of Answer Reranking
List Expected Answer
(~ Theorem Prover)
Question |  Type (for NER)
_ 5 R ' Axiomatic Knowledge
Keyword Extraction assage Sl Base
| 1 Ducumenl Index List Answer List
eE EREe Answer
Named Entity Answer Type MEEIFEEIED
Recognition Hierarchy
(CICERO LITE) (WordNet) Threshold Cutoff

Definition Question Parse Collection Definition Answer Processing
Question i ‘_l_ Answer Extraction Definitior
Pattern Matching
' Pattom Matching | ANSWer
Keyword Extraction EEROSICY
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DrQA: Open-domain Question Answering

(Chen, et al. ACL 2017) https://arxiv.org/abs/1704.0005 |

ask me

anything

WIKIPEDIA

Open-domain Question Answering

SQuAD
Q: How many of Warsaw's inhabitants spoke
Polish in 19337 A: 833,500

TREC
Q: What U.S. state’s motto is “Live free or
Die”? A:New Hampshire

'WIKIPEDIA

WebQuestions (Berant et al, 2013)7 frecbase
Q: What part of the atom did
Chadwick discover? A:neutron

OMDb
WikiMovies (Miller et al, 2016)

Q: Who wrote the film Gigli? A: Martin Brest
56

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

Document
Retriever

—_—

Document
Reader

— 833,500

WIKIPEDIA

L o

(Chen etal, 2017)

Document Retriever

Traditional
Dataset Wiki | Doc.|Retriever tf.idf
Search | plain | +bigrams |~ Inverted
SQUAD 627 | 761 718 Qﬁgz :
CuratedTREC | 81.0 | 852| 860 bigram
‘WebQuestions | 73.7 755 74.4 hash
WikiMovies 61.7 544 70.3

70-86% of questions we have that the answer
segment appears in the top 5 articles

(Chen et al, 2016)|

Document Reader:
Stanford Attentive Reader

Q characters in " @placeholder "
movies have gradually become more
l diverse

Bidirectional LSTMs @

characters  in @placeholder more diverse

(Chen et al, 2016)|

Stanford Attentive Reader

Q characters in " @placeholder "
movies have gradually become more
diverse

Bidirectional LSTMs .

Attention - A entityé

A
;= "W, p;
@ = |softmax (q"Wsp:) o = Y ap 0= AEMAXsenp Wo
i

60
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Stanford Attentive Reader++

Q Who did Genghis Khan unite before he
began conquering the rest of Eurasia?

Bidirectional RNNs @ a

T N
P .. 8-88-8 B

Attention | i i Attention

i, the Mongol a substanil porton of
@ = |50ﬁlmax (qTW Leeneaiasa o Criva ol = sottmax; ("W B;)

— predict start token — predict end tokep

(Chen etal, 2017)

Results (single model)

F1
Logistic regression 51.0
Fine-Grained Gating (Carnegie Mellon U) 73.3
Match-LSTM (Singapore Management U) 73.7
DCN (Salesforce) 75.9
BiDAF (UW & Allen Institute) 77.3
Multi-Perspective Matching (IBM) 78.7
ReasoNet (MSR Redmond) 79.4
DrQA (Chen et al. 2017) 79.4
r-net (MSR Asia) 80.8
Human performance 91.2

(Chen etal, 2017)

Results

m Pre-trained SQUAD
n Fine-tunin?
Multi-task learning

Exact match
(top-1 prediction)

2625 25

20 021

2
12

SQUAD WebQuestions

Demo

‘?, Hello! Please ask a question.

Who invented LSTM?

Hmmm. Tough one. | would say... Sepp Hochreiter

Where is Stanford University located?

‘“} I'm quite confident the answer is... California

z

6/9/17

Demo

What is the highest mountain on Earth?

@ I'm quite confident the answer is... Mount Everest

What year was the American Declaration of
Independence?

‘?} I'm quite confident the answer is... 1776

Demo

What is the meaning of life?

I'm quite confident the answer is... What is the

&“’2 meaning in asking?
Who will solve Al?

&”{: Hmmm. Tough one. | would say... Computers

11
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Thanks
everyone! ©
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