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Introduction to Information Retrieval

Getting information

The common person’s view? [From a novel]

" like the Internet. Really, | 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

Introduction to Information Retrieval

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? 2013-2019

= 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)

= 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



https://moz.com/google-algorithm-change
http://www.forbes.com/sites/roberthof/2013/09/26/google-just-revamped-search-to-handle-your-long-questions/
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What'’s been happening? 2013-2019

= “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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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 rain tomorrow s

il ATET 22:26

€6 Do | need an umbrella
tomorrow in San
Francisco %

Weekly Forecast

FRI  SAT SUN

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

o
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Google

What'’s been happening? 2013-2019

= Longer snippets in results pages (Nov 2017)
= Mobile-first Index (Mar 2018)
= Index mobile version of websites in preference to desktop!
= Revert snippet length in results pages (May 2018)
= “Medic” update (Aug 2018)
= More emphasis on expertise, authoritativeness, trust

= Big changes for diet, nutrition, medical products sites

= Core Algorithm Update (Mar 2019)
= Seems kind of like “Medic 2”

= 2019 seems to have been kinda quiet so far ...
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What’s been happening

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

EheNowfork Eimes

<p class="byline-column">
2 on Tennis </p>
o7 <p class="byline">By
itemtype="http: //GERGRALGEE/ Person"
itemid="http://topics.nytimes.. i people _clarey/index.html">

<span itemprop="author creator” itemscope

on/top/reference. ics/people/c/chri clarey/index.html" rel="author’
HER CLAREY

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

wiww.bay y 10-S in-the-Bay-Areal ~

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

bayr bay hik t ountry/ v Bay Nature
Mar 28, 2013 - Its spring, and all you nature lovers know what that means ... time to go see
wildflowers! You've probably already noticed them popping i little ..

Bay Area Wildflower Hikes | EveryTrail

www.everytrail. [+] y hikes v

* kX 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
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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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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

Introduction to Information Retrieval

painkillers that don't upset stomach Search

About 28,700 resuks (0.15 seconds) Advanced searct

> Symptoms of Crohn's Sponsored link
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 ...

o b i th .
analgesic-painkillers/ - C:

Similar

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 Similar

How are painkillers bad for you? - Apr 1
What effect do painkillers have on you? 009
What's the difference between OTC painkillers? (Advil. Aleeve ... - Nov 19, 2
Is it bad to take painkillers on an empty stomach ? - Aug 20, 2008

More results from answers.yahoo.com »

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. — boneri ... Perhaps part of the problem is that you
don't always have the option to rest your injury if ...
well.blogs.nytimes.com/.../phys-ed-does-ibuprofen-help-or-hurt-during

Cached - Similar
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Towards intelligent agents

Two goals
= Things not strings
= Inference not search
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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 stomach ) frequ ent query
painkillers that don't
About 88,300 results (0.14 seconds)

class negation

lhal@u pset stomach Search

About 28,700 resuts (0.15 seconds) Advanced search

» Symptoms of Crohn's Sponsored
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 i th "
analgesic-painkillers/ - Ca

- Similar

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
answers.yahoo.com » Health » Other - Health - Cac

How are painkillers bad for you? - Apr 13,
What effect do painkillers have on you? )
What's the difference between OTC painkillers? (Advil. Aleeve ... - No
Is it bad to take painkillers on an empty stomach ? - Aug 2

More resuf n a ahoo.com »

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 ... Perhaps part of the problem is that you
don't always have the option to rest your injury if ..
well.blogs.nytimes.com.../phys-ed-does-ibuprofen-help-or-hurt-during-exercise/

Cached - Similar
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painkiller "adverse effects include" stomach Search

"painkillers such as * tylenol" Search About 266,000 resuts (0.14 saconds) Advanced search

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

About 18,200 resuts (0.21 seconds) Advar

TYLENOL ® Official Site

Tylenol.com  Pain Relief from TYLENOL. Get Information and Coupons Here. upset stomach) not for last pregnancy trimest
Head & Body Pain - Arthritis Pain - Sinus - Cold & Flu www-disabled=world.com/.../painkiller-chart.s| hed - Similar
hyperstimulation syndrome (OHSS); nts and drugs ... rror) List of Painkillers and what they are used for: Over the Counter ...
abdominal take over-th i as i File Format: PDF/Adobe Acrobat - Quick View
others) or ibuprofen (Advil, Motrin, Others). .. mem—— Common adverse effects include: nausea, dyspepsia, gastrointestinal u Ice ration/bleed ing.
Ayoclinic.com/.../DSECTION=treatments-and-drugs Similar ~.. upset stomach, not for last pregnancv trimester. Individuals ...
healingwithsoftlasers.com.../Painkiller%20side%20effects %20chart %20. pdf

tylenol = painkiller
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tylenol stomach Search
About 1,380,000 resutts (0.28 seconds) Advanced search

» Pain Relievers And Upset Stomach - Tylenol Extra Strength Pain ... painkiller upset stomach

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

mator ity does not affect the blood's ability

eatm
TYLENOL

has(almost no adverse effects b
ersec 07E

www.merck.cof

tylenol = no adverse effects (on stomach)
=> no upset stomach

(13 H * ”»
Things, not strings

. not arg .
painkiller upset stomach From To Requires

Parsing, disambiguation,

. Term Concept
is-a arg coreference
not Term identity  Entailment Concept relations
tylenol ———> adverse effects
Syntactic Document structure,
Co-occurrence . ;
relation parsing

Concept disambiguation,

Term index Semantic index R
inference
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Slides from Patrick Pantel (MSFT)

Entity Detection

YAHOO, _ Seven Samurai

Structured

Recommendations WES | MAGES | VDEO | SHOPPNG | BLOGS | MORE

| o

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

Seven Samur:
movies.yahoo.com

Yahoos B+ A Japanese farming vilage, constantly beseiged and
pillaged by an army of bandils, recnuits seven independent . mors

1954;

Running Time: 2 hr 40 mn

DersuUzaa Directed by: Ara Kurosana
ring: Takashi Shimura, Toshio Mifune, Yoshio naba
Myaguchi . more
Throne of Bood
Yojmbo Play trailer

Structured Data
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15 bing | mel gibson movies 5|

Web s Ve N New Moo o

2

Mel Gibson - movies  lgaes

Mel Gm-nn IMDbmws‘ Mel Gibson

ey ari Fins Nous o i e e
Mel Gibson Movies | Moviescom

i ant Ben ricn Watc e CotatUs i Ken” Nae s W
Holght 510177 m)

Videosof mel gibson movies
Romance: Oksara it - Oisans Pocapa

Spouse: Roby Mocre Gibsn (19802019

Gt oG Do) it Gt )

Ravsom (1955 ToeBamar  RavsonTiier  PepadkcTrier ard i (S Lol Gl (5o) Vi o (S0 +
e = R O ——

People also search for

|7 ™~ )
8%
Gt St s

Ml Glbson - Wiipadia, 1 rse ncyciopedia

Mel Gibson filmography - Wikipedia, the =5

St . oo s 3 i g

Sevaore Bovmer s
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Google  howadis cisophar maming v a
Chistopher . Manning/ Age

fe—
53 years
S m 8,19¢ Books
Do D
Y
People also search for
oanil sy Prahaar oeniin
n beia bt e s cassners G
g o b e

ot Sutstea. Syucnee

Publications
Christopher Manning, Stanford NLP - Stanford NLP Group
i kot i)~

1opher Manning,Professor of Computer Scence and Unguistc,.. s deected st
students who have aeady been samited to Staford Retieval
Chrisopher anning:Papes .- Cisopher Manning and

Introduction to nformation

Christopher Manning's Profile | Stanford Profiles

htps:peofies stanford educhis manning +

Civistopher Manning s partof Sianford Prfes,oficil st or faculy, postdocs. . Chis Manmiog
SUNet0(s): Cvis Manning, Chvistopher Manming maning

Profiles
Christopher D Manning - Google Scholar Citations [v]
ol ol com“taons v TanDOSAAAH-n -

€O Manning M ur 3 Finkel, S Bethrd, 0 cClosky . Improved semantic Googe  Tuiter
representations fom vee stuctured longshor term memory Scholor

Chnstcpher D. Manning <

Complex
Predcates
and nfr

Foundations of satistcal
el anguage processing
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flights to maui

oiNg

Web  Flights Morev

Flights from Seattle, WA to Maui, HI
FROM

Seattle, WA (SEA) - Seatt Kahulm HI (0GG) - Kahul

LEAVE RETURN

o230tz 7 03252012
Task completion
bing com/travel

oiNg

Web Neb  Hotels Images Morev

Find fiights

royal lahaina resort

(808) 661-9469

(12)
Sample rate: $230

Comparerates rom major ravel sites
N CHECK OU

03/1 7/2012

Royal Lahaina Resort - Bing Travel
2780 Kekaa Dr - Lahaina

Details - Photos - Amenities - Directions - Website

Aggregate ratings
03/15/2012
Task completion bing com/travel/hotels/search?q=royal+lahaina+resort

Find rate

Price prediction

WEEKEND ESTIMATES
€ 5639 Dapart Mareh 09
@ $748 Depart March 16
©) 5649 Depart March 23

0]
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Google owois mnan ary

Web Images Nows Shoppng  Videos Mo~  Seamhioos

About 102,000,000 rests (0.55 soconds)

45 years (March 27, 1970)

Marish Carey, Age

ﬁ 56 years

Mariah Carey - Wikipedia, the free encyclopedia

enwikipedia orgwkiMariah_Carey = Wikpecia

otahCrewas bom o Mach 27,1889 5701 oirtenNow ot

{oer e Ry, e o Al At nd eserusa docing Aoonensln)
descn, i e e, P (ka1 o Wl i descnt

Nk Cannon - Tommy Motola - Abums - M. | Am Marah... The Elushe

Seoeifer Lopez
45 years

Nick Cannon & Mariah Carey Fighting: Split Caused By
holywooife.com.ick-cannon-mariah-carey-ighiin... - Holywood Lie
g 22, 2016 - Nick Gannon and Miaiah Carey announced fei separaton afer six
years ofmariage,and now HollwocdLe com has leamed EXCLUSIVELY what

Marian Carey - Biography - Music Producer, FIm Actress
ooy compeoplemarah <arey 54217 -

M Core s b Mareh S, 97,y omirgr, Lorg i, Now Yok 3nd
e ki i st t o ot 1850 i Gt

o

Mariah Carey Divorce Explained: Nick Cannon Cheating

29, 201 s
23VearOld Mistress Jssming Sanders and Dance Btany Daiey

.

O remingsinortod -

o

Mariah Carey | Structured Data

Listen now

b Google Pay Liston vt froe tis

® soony Listn forree
it Gy 400 Anercn s sngurr, s
producer, and cccasional acess She s
romrarcs o easn o s ot i
a0 109 vt i

Bom: March 27, 1970 (age 48), Huntingion, NY
Helght: 59" (175 m)

Children: Morocean Scat Cannon, Mrros Cannn
Spous: ok Gt (. 2508, Tommy okl

198-1658)
Songs

Without You 1989 Msicbox
Hero 1983 Moo Bax
|WantoKnowWn.. 2009 Memoisofanl
8o There 1990 Marish Carey

WaBeong Togetner 2005 Tha Emancata

Albu

View 20+ mora
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Google

how old is pandu nayak

Al News Images  Videos  Maps  More~

‘About 207,000 resaults (0.80 seconds)

Pandu Nayak
www.pandunayak.com/ v

interested in query understanding and helping users

Pandu Nayak | Linkedin

Other professionals who are sharing connections, ideas

Search tools o]

Aboutme. | am currently at Google, working on various aspects of Search Quality. | am particularly

View Pandu Nayak's professional profile on Linkedin. .. As a Linkedin member, you'l join 400 million

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

Panda along with Viadimir Ofitserov, who is the co-inventor

Oct 27, 2015 - Pandu Nayak is the guy behind this famed search algo change.

ora
name of Navneet
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Patrick Pantel ta
(Then) Current experience

bingr e jetbeam rrt-0 m

Web Videos  Morev
RELATED SEARCH LLRESULTS 110 0f 6,600 results
v T JETBeam RRT-0 RS with Infinite Ramping LED Flashiight

Going Gaar JETBeam RRT-0 R with Infiite Ramping LED Flashlight [jstbeamrt0rs] -

JETBeam Flashlights
ane The poular RRT.0 has beon uted o b an even o wrsaie Sasigt

JETBeam RRT-0 RS

v comindex php?main_page=product_inoAcPath=14_228products_id=438
JETBeam Raptor har
JETBeam X
oo Jetbeam RRT-0

ow In Stock! Modsl: RRT acially designed fo Mitay, Law Enforcemen
o NowIn Stock! Model: RRT. (S2) Specialy designed for Mitary, Law Enforcement

Selfdefense, Hunting, Search & Rescue and General Outdoors The Rapid

240 Lumens i jetbearmusa comproducts/RRTH240.hml - Mark s spen

JETBeam RRT-0 Overview Wilh Lots of Pictures
9o my JETBeam RRI.0 Rator Loday. Al can say s Lo JETBeami s thing s
PICTURES QUICILY... BEFORE MY HEAD EXPLODESI Ok..  dint
rpiie mber 2009
™ Lavd\e;)\rihmum: comib/shovthread php?248375-JETBeam RRT 0-Ovenview-
With-Lot

Clear all - Tum off

JETBeam Flashlights

Specifcation: Model: JETBeam RRT-0(R2) Flashiight; Specially designed fo Miltary,
Law Enforcement, Selfdefense, Hunting, Ssarch & Rescue and Outdoorsman
jetbeamblog.com - M
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Politician

blﬁg " ovama B

Web Web  Visual Search News Images Videos Morev

EnTiTY ALLRESULTS
Official Obama Website

campaign now.

Othiridsas: obama barack bio - prasidant obama wabsite

Recognize

Obama for America | 2012

~
Barack Obama news
(President)

rackobama.com - Mark a

Caroline Mackey lie Bara

511,000 results - A

W BarackObama com - Respect. Empower. Include. Win. Join Barack Obama's

Barackobama.com is the oficial re-election campaign website of President Barack
Obama_ Visit the site for the latest updates from the Obama campaign, 2012 election

- - & Ronojoy Chskrsba

Zy [ e -

S5 Watch Weekdy Address  Rarark Mhama - Wikipedia, the free encyclopedia

o @ | | FollowSocial Updates > K3 Facebook career Logislative carser Presidential campaigns

29 Read Biography Tt 50 Obama G ugust . 1961 s the 4t and curen: Preidnt o

58 View Ao Rargs [Likedn 1% H 8 s Ancan Anecan o bk e fce Obamn

T ® L | support Candidacy M MySpace Y

< more k Obama and other U politicians by office. state. and
RELATE branch of
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Desired experience: Towards actions

Recognize

entity in query

Actions easily

b|n8' Jetbeam .0 (0]
Web Web  Videos Morev
1110 016,500 resuts - Adanced

JETBeam RRT-0 RS with Infinite Ramping LED Flashlight

Gorg Guar € Team RRY 05 wih it Rarng LED Fasnit besmrs
The popular RRT-0 has besn updats il flashi

gonagearcomlncox p7main_po eth 208 pred

=43

JETBeam RRT-0
Flashight (Procuct)

Jetbeam RRT-0

AcTions Now In Stock! Model: RRT-0 (52) Specially designed for Miltary. Law: Enforcement,
Read Reviews &Rescue and General Outdoors The Rapid

2 Watch Do Vidso oducts/RRT%240 e - Mk as span

] Product Comparisons ferview With Lots of Pictures

a Social Discounts € FashighReviens.com ) Raptor oday. Al | can say is to JETBoam! Thi thing is

S Find Locally mere EFORE MY HEAD EXPLODESI! Ok... it didt

o 323 replies since November 2009

© Buy Oniine s candlepowerforums, comib/showhread.php?248375-JETBeam.RRT.0-Ovenev:
Price Predictions Wit Lotaaf o

RELATED

JETBeam Flashiights

Specifcation: Model: JETBeam RRT-O(R2) Fiashiight; Specially designed for Milary.
Roview Law Enforcement, Seftdefense, Hunting, Search & Rescus and Outdoorsman
JETBoam Flashlights jetbeamblog com - Mark a5 spam
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Actions vs. Intents
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Learning actions from web usage logs

User Intents
and Goals

Query

plan vacation

get in shape

| hilton orlando reviews @ Isea world location El Ihow to lose weigh

—

[Rose and Levinson, 2004]

Query Intent Infor/matiqjl Navigational Transactional [Broder, 2002]
Finer-grained Advice Locate Download = | Obtain | Interact
Intents
Actions get address(landmark) add to Netflix queue(film)
on Entities —  —

read reviews(hotel) buy(camera)

¢ Three months of us-en
web logs

2,164,579
(query, host) pairs
over 3 months

235,385 entities

* Annotate with Freebase 129,088 contexts

21 types

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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Miley Cyrus
BillyRay Cyrus
Hannan Mortana Games  9AMes,ptos, dowroads, muslc and more

Hannan Montzna Style

Hannan Nontana Sing

Hannah Montana

Information

Hannan Wontana Dress
ames.

Tum o

Tum istaryon

OING"-™ raman monina [5]
Web eb Viceos News TV Shopping Images Morev

Hannah Montana Forever | Disney Channel
Explore the Hannah Montana Forever home page for ideos, ful-4ength episades, character bios,

1sn& 90 comidisnaychannelannahmontana _ark as spam

* Ahodgepodge of ppings
related strings
«  Only actionable

Ewsndes stang Tosaf

Disney Channel Hannh ing.c
Honians through search
atamiy Hannah Montana
TRSFVILLE, Tarn (4P) <17 Ray Gy 3ays e Disney T show ‘Hannah Free Shipping $50 on 100,000 ems
seaRcH HSTO ey Oniine atTaroet

ntana
Cyrus spinning outof... Yahoo Finance - 10 hours 3go ww Targetcom
Miley Cyrus Angry With Dad Over Hannah Montana Siu
Popsenations: Lady Gaga atthe Grammys, HBO shows and Hannah Montana
Florida Times-Union

n
tremembering ertainmentwise
rches

Hannah Montana - Wikipedia,the free encyclopedia
Production - Cast - Episodes - Fims,
Hamna Wontana s an Americaneeision seres, which debfed o arch 24 2005 o Disney

s crgwiaamman. montana. ant 35 a7 Shopaila

Character Bios | Hannah Montana Forever | Disney Channel seeyourm
Weet ey, Ly, Oliver, Rico,

tudisney.90.comidisneychannelhannanmontanalcharactersindexhimi - Wark as spam

Watch T Shows at Bing™
Clips and Popular

Hannah Montana ftems
Hannah Montana tems
Any Fans Collecion!

fordExchange com
From Hannah Montana

e Crioices and Prices.
Eventiing You Want and Nesd!

Make Bing your homepage

Hannah Montana Forever
Pre-Ordar The Final Season Uimate
Fan Experience. Free Charm Set

LcomMannzh
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blng:?:“ hannah montana (o]

Videos News TV Shopping Images Morey

ALL RE: 1-10of anced

ows at Bingé
2 Cips and Popuar
Ervesten st Bing Touy

bing comfvideos.

Hannah Montana Forever | Disney Channel

Explore the age for videos, , charactar

bio, games, photos, dovlcads, music, an i movel
.go.comidisneychannelhannahmontana - Mark

Hannah Montara Games

Disney Ch

Games

¥ Montana Dol
“

Hannah Montana
Free Shipping 550 on 100,000 tems
Shop Hannah etc. Oriine at Target.
w Target com

Kids Rock
Guitar

Hannah Montana ltems
We Have The Hannah Montana llems

E l‘v{‘?a Entertainment News: hannah montana Ve Fave T Honnal Wontana
Bl Ray Cyus: Hannah Montana' destosed fai Fannan
okl NASHYLLE Tem 7). iy Ry s sy e Disney TV show aman. Montana BradordExchange com
cyms spmmng outof... Yahoo Finance - 10 hours ag [From Hannah Montana
ey Gy Angry Wontana Sur & mpate Choces and Prces
Popsenatons:LadsGagaah Grammy, HEO shows an Hamah oniana Erening You it and Nesd!
Moy s Flonda Tmes-Union
& Soundtrack Hannah Montana Wigs
o Hannah Montana - W\k\ged\a the free encyclopedia 75,000 Costumes - All Sizes & Styles.
5 Tayor St Producton Cast Eplodes. Fim Low Pices & Same Day Shipping!
OurSong annah Montana s an Amedcan eevson sres, which et e 24, 200601 ey uames com
ol w0 Channel,and also airs Saturday mornings on part See your mes:
e enwipeda orgikitianna, montana - Mark as
Miley Cyrus Character Bios | Hannah Montana Forever | Disney Channel
Performs At Meet Miley, Lily, Oliver, Rico, and the rest of the gang from Disney Channel’s Hannah Montana
Idol

verl
v disney go comidisneychannelhannahmontanalcharactersindex htmi - Mark s spam
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blngm“ hannah montana -

Web Web Videos News TV Shopping I

Typed relations
User Interface accesses structured data
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v.disney.go comfdsneychannel/hannahmontana - |
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o

: Haman obtara Games  Sonny Wi A
. Diney Charel VShovs - -
o™ e T eeecire o Click through experience can now

Show morefresus from tv.disney.go.com

leverage strongly-typed identifier

Bily Ray heumrai * 1 Actions (one click conversions)
&ims Connect opafwities E}m Ray Cyrus: HannahMontanade_______________
o NASHVILLE, Tenn. (AP) — Billy Ray Cyrus says the D\sneyWsnﬂﬂ Hannah Montana BradfordExchange com

Aaron Kelly Nontana" destroyed his family, causing his divorce and sending daughter Miley
7 o Gyrus spinning outof .. Yahoo Finance - 10 hours ago Erom Hannah Montana
N fleyCyrus Angry With Dad Over Hannah Montana Siur Enterainmenivise Compare Chaces ndPries.
sc opsenaions: Ly Gagaahe Grams, O shows andHamnan onana £y g You Want an No
Moy Gy Horida Times-Union
l | Soundirack _Play track Hannah Mom.ana Wigs
- Hannaf Moittana - Wikipedia, t fies encyclopedia T5z05 & Stles
5 Taylor Wt Production Cast Episodes Fim Lo Prces & Same Doy Smpog!
Our Song Tiannah Montana s an Amercan levsion sres, whch debuted on March 24, 2006 on Disney ™ har
2 Channel, and also airs Saturday momings on ABC as part of the &} See your m

en wiipedia orghwikiHannah_montana - Mark as spam
RELATEDVIDEOS

Miley Cyrus Character Bios | Hannah Montana Forever | Disney Channel
ﬂjwms ooty Ly O Ko, and o st h gar o Disny hanns Hamna Montan
®idol Forever!
v disney.go com/disneychannel/hannahmontanalcharactersfindex himi - Mark B
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* Typed relations
¢ User Interface accesses structured data

& Haman

& Hortma,

« Click through experience can now
leverage strongly-typed identifier

Kids Rock
Guiar |

(.
Billy Ray

Cyrus
ﬂ Aaron Kelly

Music

Miley Cyrus
I Soundirack]

5 5375 e Disney TV show “Hannah Vntana EradfordEchange com
J s dorce and sending daugnter ey
0 hours ago fFrom Hannah Montana
h Montana Slur Entertainmentwise ompare Choices and Prices.
15, HBO shows and Hannah Montana Everyting You Want and Need!

Hannah Montana Wigs
clopedia £ 000 Costumes - Al Szes & Styes
Lo pEmé & Same Dy Shppog!

ch debuted on March 24, 2006 on Disney

Character Bios | Hannah Montana Forever | Disney Channel
Meet Miey, Lil, Oliver. Rico, and the rest of the gang from Disney Channef's Hannah Montana
Forever

channel/hannahmontanalcharactersindex html - Marl
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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)

Iwiki/Dollars_Trilo\
p:/l...IwikilThe_Good, the Bad, .

http:/l.. !wiki/Clint_Eastwood

http://.../wikilHonorary_Academ

o yagowordnot: Artist109812338
o,

yagowordnet:Actor108765278

IwikilThe_Good,_the_Ba ‘m.m,,;mm
Iwiki/Metallica P

£/'c) g
= -w.uwmﬁmlnjmlm

Iwiki/Bellagio_(casino) - e “‘“"“"’ﬁ,mwj"

Iwiki/Ennio_Morricone

sopedsargrasouraiRome
X i

IwikilSergio_Leone oo rome
IwikilThe_Good, the B: ==
IwikilFor_a_| Few Dollar: =25
Iwiki/Ennio_Morricone

cataytimes com'51688803696189142301
= S

2) o
‘geonames.org/3169070/roma
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Understanding questions

eo0o A

g C @ https:/ I i JTF-8#q= " B

Google | tirdprime ministerof austalia manning@stanford.edu +

Web  News images  Videos  Shopring  Moro~  Search oos o

‘About 34,400,000 resuts (0.34 seconds)

Chris Watson

Fommer Prime Minister of Australia

Chris Watson

The 3rd Prime Minister of Australia
John Chvistian Watson, commonly known
‘25 Chris Watson, was a Chilean Australian
poltician who served

Minister of Australia. Wikipedia

Foscoack Born: Apil 0, 1867, Valparaiso, Chile
Died: November 18, 1941, Sycney.

Chris Watson - Wikipedia, the free encyclopedia Australia

en.wikipedia.orgwiki/Cris_Watson ~ Wikip: Party: Australan Labor Party

3rd Prime Miistor of Ausiala .. Ho was thefrst pime mirister fom the Austraian

Labour Perty, end the st prime miniser from the labour movement n the

Australian Pariament (1906-1910), Moro
Early lfa - Urion activiies and colonial .. - Federation - Prime Minister in 1904

People also search for View 10+

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

& Socher-MVRNN-D12-..pdf * | [ MarcPPT.ppix Larry-Emmott-Soia...pptx & showall | x
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2017 ...

eo0o A

€ > C (8 hipsi/) =1&espv=24ie=UT] ‘s+third +pri

Google  austaiiastird prime minister

manning@stanford.edu ~

Web  News Images Videos  Shopping Mo~  Seamhtools o

About 2,650,000 resuits (0.41 seconds)

Chris Watson - Wikipedia, the free encyclopedia
an.wikipodia orii(Chis_Watsan ~ Wikipodia
3rd Prime Minisor of Austraia .. He was th fist prime ministor from the
Australian Labour Pary, an the frst prim ministar fom the abour moverment n
tho

Early lfe - Union activities and colonial .. - Federation - Prime Miister in 1904

List of Prime Ministers of Australia by time in office - Wikipe...
enwikipedia.orgl...List_of_Prime_Ministers_of_Australia_by... ~ Wikipedia

This is a it of Prime Ministers of Australia by time in offce. The basis of

No: Prime Minister: Portait: Party: District: Assumed Office ... 3rd, Chiis Watson

List of Prime Ministers of Australia - Wikipedia, the free
en vikipedia orgiwikiList_of_Prime_Ministors_of Australia + Wikipedia

Edmund Barton - Protectionist Party - Longest serving Prime Miristors.

& Socher-MVRNN-D12-.pdf - | [E) MarchPT.ppux ) tany-Emmon-Socil...ppex * & snowan | x
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Go gle  austaia's 3 prime minister e

Web  Nows images  Videos Maps  Moro~  Searchiods )

‘About 712,000 results (0.50 seconds)

Chis Watson
b ard (1867-1941)

Bland, NSW

Labor (1901-1906)

36 more rows, 5 more columns

List of Prime Ministers of Australia by time in office - Wikipedia
en vikipedia.orgl...IList_of_Prime._ Ministers_of Australia_by_ti... Wikiedia

Foedback
Chris Watson - Wikipedia, the free encyclopedia

enwikipedia orgwiki/Cris_Watson ~ Wikipedia

3rd Prime Ministor of Australia ... He was the frst prime ministor from the

Australian Labour Party, and the first prime minister from the labour movement in

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

Lict af Bri fralia byt ffia - \Alii

& Socher-MVRNN-DIZ-...pdf ~

- [E) Lary-Emmott-Socil...pptx * & showall | x

* 6T 0
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Al News Images  Videos  Maps

About 11000000 resuls (083 seconds)

Prime Minister of Australia (3)

Chris Watson r
N

People also search for iew 15+ more
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-y I » (4

Jrow s GromeRsd FukFude OMyiapes Eimed o

More about Chris Watson
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approaches to question answering:
Knowledge-based approaches (Siri)

= 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
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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

i = —
Text are Knowledge

'\\\‘J M\]ﬂ
[iil Vr{igmm'

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?
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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

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




Microsoft

Research

OING | Who won the best actor Oscar in 19737 Jel

Lemmon was awarded the Best Supporting Actor Oscarin 1956 for | Jack Lemmon
\Mister Roberts (1955) and the Best Actor Oscar for Sgye the Tiger = on
- (1973), becoming the first actor to achieve this rare double... om

Source: Jack Lemmon ~ Wikipedia

i +
en wikipedia.org

Jack Lemmon - Wikipedia. the free

‘Who won the best actor Oscar in 1973?

FS/ American aclor and musician. He starred i more than neluding USE. FOICTE AT (1907 =200y
st

Jack Lemmon - IMDb fric
Yo il cominamelnm000043
Born Felb 08, 1925 - Died Jun 27, 2001 - Nows - 341 phalos - Biagraphy Comet
(1992) Grumpy 01d i (1965) Jack Lemmon's fahor was e funs By

Images of jack lemmon
bing com/images
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. . , .
[below is the architecture of LCC’s QA system circa 2003]
Document
Question
S Facioid Factoid Answer Processing
Question Parse Passages ‘Answer Exiraction (NER)
Factoid ] i
Question Semantic Riioe Answer Justification
— " ensformation . (glignment, relations) | £ ct0id
| Answer
L Recognition of Answer Reranking
ist Expected Answer
(~ Theorem Prover)
Question | Type (for NER) ¢ )
— Axiomatic Knowledge
Keyword Extraction Passage Retrieval
T I List
Document Index List Answer Processing -
nswer
Named Entity Answer Type Answer Extraction
Recognition Hierarchy
(CICERO LITE) (WordNet) Threshold Cutoff
Question Processing EOEW(W Definition A P
initi efinition Answer Processin
Definition EEr oliection 9
Question Answer Extraction -
- . Definitior
atter Matching
P’I Pattem Matching | -1S"eT
Kevword Extraction

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

A 2l
'WIKIPEDIA WebQuestions (Berant et al, 2013) 7~ Frecbase
Q: What part of the atom did

Chadwick discover? A:neutron

- i . OMDb
WikiMovies (Miller et al, 2016)

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

0| X lgo W 100 .
e L .y g Research

What is the fastest car in the world?

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

[Harabagiu & Moldovan, 2001]

Assume that there is an underlying alignment

Describes which words in and can be associated

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

DrQA: Open-domain Question Answering
(Chen, et al. ACL 2017) https://arxiv.org/abs/1704.00051

b ask me
WIKIPEDIA anythlng

58
Q: How many of Warsaw's inhabitants
spoke Polish in 19337
Document Document
Retriever = . Reader
¥ _— 833,500
WIKIPEDIA
O
»
o
60

10



(Chen etal, 2017)

Document Retriever

Traditional
Dataset Wiki Doc.|Retriever tf.idf
Search | plain | +bigrams |~ nverted
SQuAD 627 | 76.1 77.8 index +
CuratedTREC | 810 | 852 860 e
WebQuestions | 73.7 75.5 744 el
WikiMovies 61.7 544 70.3

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

61
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Stanford Attentive Reader

Input Output

Q Which team won Super Bowl 507

ao =P Answer (A)
&

Passage (P)

'

Stanford Attentive Reader

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

Bidirectional LSTMs @ a

T N
P— @:@ 8 ﬁi

Ho came (o power by uniting many of the nomadic
ribes of Northeast Asia. After founding the Mongol
Empire and being prociaimed "Genghis Khan', he
started the Mongol invasions that resulted i the
tof Eurasia, These include
ata Khitai, Caucasus, K
nd Ji

Attention Attention

By the end of his

life, the ol E . upied of
@ = |50ftlmax (qW [Ceniae a;-=softmax;(q"W,p;)

— predict start token — predict end token

SQUAD 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) [Wang et al., ACL 2017] 79.7
Human performance 91.2 e

General questions

Combined with Web search, we can
answer 57.5% of trivia questions correctly

Q: The Dodecanese Campaign of WWII that was an
attempt by the Allied forces to capture islands in the
Aegean Sea was the inspiration for which acclaimed

cH oA ENGE N
et 1961 commando film?

OINgG

A: The Guns of Navarone

Q: American Callan Pinckney’s eponymously named
system became a best-selling (1980s-2000s)
book/video franchise in what genre?

A: Fitness

Demo
[ i ]

‘? Hello! Please ask a question.

What is question answering?

O a computer science discipline within the fields of information
&( retrieval and natural language processing

Who was the winning pitcher in the 1956 World Series?

Don Larsen

What is the answer to life, the universe, and everything?
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