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9_’ The Message

 The Web will be increasingly personalized,
but “personalization” will mostly happen
within the context of
— Content optimization

— Semantic interpretation of web content and
user intent

— Socialization of the web




€9! Content Optimization

* Content
— Portal content, Search, Social
» Optimization objective
— Engagement, revenue, retention, voice’
« Signals:
— Content features
» Topic/entity
— Popularity
 Links, referrals, clicks, CTRs

— User features
« Content consumption, social, explicit



9’ Personalization
* Why?

— Engagement, revenue, retention, voice’
* Why not?

— Discovery, privacy, search bias
* Who?

— User profiles
 How?

— Algorithms, infrastructure




9_’ User Interest Modeling

« User—Topic (entities, categories) affinity
— From logs (clicks, views, purchases, etc.)

e Latent Factor models

— Topic affinities based on activity of user and
“similar” users

» Search history
— Online and offline

* Responses to recommendations
— Current session history
» Explicit user declaration
— When and what should we ask users?
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9 "

“Just look at our homepage, for example. Since we began pairing our
content optimization technology with editorial expertise, we've
seen click-through rates in the Today module more than
double. And we’re making additional improvements to this
technology that will make the user experience ever more personally
relevant.”

Carol Bartz, Analyst Call, January 27, 2010

CONTENT OPTIMIZATION
FOR PORTALS
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J Content Optimization

Package Ranker (CORE)
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data collected every 5 minutes

Dashboard (CORE)

Provides real-time insights into performance by
package, segment, and property

Mix Management (Property)

Ensures editorial voice is maintained and user
gets a variety of content

Package rotation (Property)

Tracks which stories a user has seen and
rotates them after user has seen them for a
certain period of time

Key Performance Indicators

Lifts in quantitative metrics
Editorial Voice Preserved

+43% clicks

vs. editor selected

+79% clicks

vs. randomly selected

+200% clicks

vs. one size fits all
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CORE Data Flow

Content feed with business rules CORE
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9’ Recommender Approaches

Estimate Most Popular (EMP) “What's most engaging overall?”

8 Behavioral Affinities “People who did X, did Y

= s Attribute Similarities “Related items with similar metadata”

Social Recommendations “What are my trusted connections into?”

™

Business Optimization “‘What generates most business value?”

“What’s most relevant to me based on
my interests, attributes and relationships?”

12



9’ CORE Modeling Overview

Online Learning
* Online regression models,
time-series models

Offline Modeling / * Model the temporal d w\
» Exploratory data analysis . Provide fast Ie«.r r-item modelg

* Regression, feature selection,

collaborative filtering (factorization) p
» Seed online models & explore/exploit eur resi-t Ser feedback
methods at good initial points
* Reduce the set of candidate item%\‘a\A
T EproreIEprmt
« Multi-armed bandits
Lai unt of
hist QD ata  Find the best way of collecting real-
(user event time user feedback (for new items)

13



€9! Rankingin CORE

* Pure feature based (did not work well):
— Article: URL, keywords, categories

— Build offline models to predict CTR when article
shown to users

— Models considered
 Logistic Regression with feature selection
« Decision Trees, Feature segments through clustering

* Track CTR per article in user segments through
online models

— This worked well; the approach we took
eventually

14



9.’ Explore/Exploit

* What is the best strategy for new articles?
— If we show it and it's bad: lose clicks
— If we delay and it's good: lose clicks

» Solution: Show it while we don’t have
much data if it looks promising
— Classical multi-armed bandit type problem

— Our setup is different than the ones studied in
the literature; new ML problem

(Online Models for Content Optimization, NIPS 2008: D. Agarwal, B. Chen,

P. Elango, N. Motgi, S. Park, R. Ramakrishnan, S. Roy, J. Zachariah) 15



9_’ Challenges in Our Setting

* Dynamic item pools
 Article CTRs decay over time
» Time-of-day /day-of-week effects

s = s = s =
S e |

16



9_’ Some Other Complications

* We run multiple experiments (possibly correlated)

simultaneously; effective sample size calculation a
challenge

» Serving Bias: Incorrect to learn from data for
serving scheme A and apply to serving scheme B
— Need unbiased quality score

— Bias sources: positional effects, time effect, set of
articles shown together

* |ncorporating feature-based techniques
— e.g., logistic regression; tree-based (hierarchical bandit)

17



’_ CORE Dashboard: Overall CTR
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CORE Dashboard:
Segment Heat Map
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9/ Examples

— ACQUISITION: A “Star Trek” package was #3 with 18-20 demo, #2 with 21-24 demo,
but #9 overall. We can acquire younger audiences with targeted content like this.

— ENGAGEMENT: “Kobe’s astonishing shot” was #25 with women, but #5 with men. We
can better engage men (or sports fans) by showing more like this, women by showing

less.
8.:2
o
45 254

— REACH: A package about a hair-pulling soccer player was just plain interesting to
everyone (#1-3). We can maintain reach by programming content for the mass
audience.

20

20



9’ Degrees of Personalization
'

.ﬂl Most Popular

Most engaging overall based on objective metrics

(ﬂih Most Popular + Per User History

. | Engaging overall, and aware of what I've already seen

Light Personalization
More relevant to me based on my age, gender and property usage

Deep Personalization
Most relevant to me based on my deep interests and relationships

y Voice and Ly Real-time
Business Rules ™ Dashboard

Business
Optimization

21



9_’ Matching Users to Content

We learn how user attributes correlate with engagement for each item

7.1 -04 +0.4 +0.3 +0.1 -0.5
6.8 +1.0 -1.0 +0.2 +0.3 +2.1
6.5 -0.6 +0.6 +0.5 +0.3 -0.8
6.2 0 0 -0.7 -0.5 -0.3
5.9 -1.1 +1.1 -0.5 -0.2 -0.2
Y v v Y

We compute rankings for each user based on his/her attributes
22



€9 Collaborative Filtering

Movies User features
e.g. ?sports, ?music,

° S 2 1] 0
'Aé‘ ' PN
% 1 O‘)(/(‘9 2 n ?‘9/‘/‘ 8
8 K2 O )
e & Z
4 > %,
5 S 0 1851
1 5

Q: Can we use additional feature information to better predict explicit ratings?

Feature information maybe incomplete, uncertain

23



9’ Content Recommendation

Articles on Yahoo front pg Articles on Yahoo news
/4
1 /"X‘®,O/L O 1 /' 0
g Q. %/
? 1 /))c;,;. C%é 1 /)’5,. %] O
I)O ] z (C);.
1 1 ?//‘o Ofr/‘] 0
1 1 ’
0 0
0

Users in two contexts are different but some are common

Articles in the two contexts maybe different with no overlap

Q: Can we make click prediction better in both contexts?




9’ Problem Setup

User x item matrices in n different contexts

Context 1 Context 2 Context 3
2 ‘2 0 1 0 10
1191 4 1 0 1 0o
5 1 T1o 0 1
0 1
ltems

— Item-ids, feature values
Response/ratings
— Explicit/implicit ratings, feature values

Matrices could be incomplete/complete

25



&9/ Locaiized Matrix Factorization (LMF)

* Assume a joint distribution on user factors across
contexts

Bok=2 oz, . MVN(O ol X,

2
Z;, 0 X, 02,2]

Factor covariance

)

» Estimate factor covariance from data and borrow
information across contexts through conditionals
— Amount of information borrowed depends on covariance
— Measurement error taken care of through joint modeling

(Localized Factor Models: Agarwal et al., KDD 2011)

26



€9! Social Advertising

Recommend ads based on
* Nikon ‘

private shopping histories of ‘ |
“friends” in the social network. ¥  * Armani

(i«

* Prada
Z

7
N [

s, ¢

o

Betty

e

==
27

(Personalized Social Recommendations: Machanavajjhala et al., VLDB 2011) -




9’ Privacy in Social Advertising

Items (products/people) liked by Alice’s friends are
better recommendations for Alice

Fact that “Betty” liked
“VistaPrint” is leaked to
“Alice”

Ads by Linkedin Members

Need new business cards?
Vistagint  Get 250 Business Cards from Vistaprint
Order now and pay just S&H!

28 28



@9 Privacy in Social Advertising

Alice is recommended ‘X’

(il

Can we provide accurate recommendations to
Alice
while ensuring that
Alice cannot deduce that Betty likes ‘X' ?

29

29



9’ Takeaway ...

* “For majority of the nodes in the network,
recommendations must either be inaccurate or
violate differential privacy!”

— Maybe this is a “bad idea”

— Or, Maybe differential privacy is too strong a
privacy definition to shoot for.

30

30



9_’ System Challenges

* Highly dynamic system characteristics:

— Short article lifetimes, pool constantly
changing, user population is dynamic, CTRs
non-stationary

— Quick adaptation is key to success
« Scalability:
— 1000’s of page views/sec; data collection,

model training, article scoring done under tight
latency constraints

31



9’ Data Management in CORE

1) User click history logs
stored in HDFS
2) Hadoop job builds

g models of user
| preferences 3) Hadoop reduce
A W writes models to PNUTS
user table 4) Models read from
& : PNUTS influence users
\ e i > frontpage content
™~ HDFS L % ™
Candidate
content

32



9 .vn

User Activity Modeling

» Large dimensionality vector describing possible user

activities

« But a typical user has a sparse activity vector

Attribute Possible Values | Typical values
per user

Pages ~ MM 10 - 100

Queries ~ 100s of MM Few

Ads ~ 100s of thousands | 10s

33
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Feature and Target Windows

Visit Y! finance

l

To

Event of int

|

arest

Time

34

Moving Window

|

—_———

Y

Feature Window

34

\ l

Target Window

34



9 Ll

User Modeling Pipeline

Component Data Time
Processed

Data Acquisition |~ 1 Tb per time 2 — 3 hours
period

Feature and ~1 Tb * Size of 4 - 6 hours

Target Generation

feature window

Model Training ~ 50 -100 Gb 1 — 2 hours for
100’s of models
Scoring ~ 500 Gb 1 hour

35

35



9_’ Hadoop: Stability at Scale

Hadoop powers the Yahoo! Network: must be rock-solid

We fix bugs before you
see them

* We run very large
clusters

* We have a large QA
effort

 We run a huge variety of
workloads

* Recent spinoff
(HortonWorks)

920

80 38K Servers

170 PB Storage
1M+ Monthly Jobs

70

(2]}
o

—Hadoop Storage (PB)

(%
o

Daily

Science
Impact

w H
o o
Thousands of Servers

Research
20

10

I | | I I
2006 2007 2008 2009 2010

250

200

F{ro;uction

(Y
(=]
(=}

50

Petabytes
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9_’ Related Work

« Amazon, Netflix, Y! Music, etc.:

— Collaborative filtering with large content pool
(see KDD Cup, 2011)

— Achieve lift by eliminating bad articles

— We have a small number of high quality
articles

« Search, Advertising
— Matching problem with large content pool
— Match through feature based models

37



9.’ Summary of Approach

o Offline models to initialize online models
* Online models to track performance

» Explore/exploit to converge fast

« Study user visit patterns and behavior;
program content accordingly

38



The Social Web

Social networks and online
communities will result in personalized
experiences in a number of ways

39



’ PeopleWeb:
« Site-Centric —> People-Centric

Portable
Social
Environment

Common web-wide id for objects (incl. users)

As users move across sites, their personas and social
networks will be carried along

Increased semantics on the web through community
activity (another path to the goals of the Semantic Web)

(Towards a PeopleWeb, Ramakrishnan & Tomkins, IEEE Computer, August 2007)

40



9_’ The Power of Social Media

* Flickr — community phenomenon

* Millions of users share and tag each
others’ photographs (why?7?)

* The wisdom of the crowds can be used to
search

* The principle is not new — anchor text
used in “standard” search

41

(Courtesy: Prabhakar Raghavan) 41
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Zoovy_ Inc s New Web 2.0/AJAX Based Software Boosts Ecommerce Sales - RedMNova - Apr 04 4:44 P
Web 2.0 Journal: Intel Focuses on World PC Markets - Linux World - Apr 03 6:55 AM
The State of Web 2.0: The Future of Web Software - Slashdot - Apr 03 5:53 AM

Yahoo! Shortcut - About

Y7 My Web Results for Web 2.0 (1.205) Subscriptions Results for web 2 0 (2)

1. Web 2.0 Conference 2006 =
Speakers. schedule, and other info for the annual Web 2.0 Conference on innovation in the Internet economy
Category: Internet > Conferences and Events
Saved by [Vatt and 74 others - Details
Note: Home page of the annual Web 2.0 conferences. The conferences feature presentations by
innovators in Internet technology and scholarship.
www.web2con.com - 38k - Cached - More from this site - Save

2. Web 2.0 Conference =
- Web 2.0 Coverage IT Conversations presents audio archives of the Web 2.0 Co
2004 __. told attendees at the Web 2.0 ¢ . i5co that the ...
| Saved by 5 people
www.web2con.com/web2con/coverage.csp - 81k - Cached - More from this s

3. UserDriven: Web 2.0 Conference blog rou
Web 2.0 Conference blog roundup. Her ointers to some of the best of the blog coy
Conference (The official pres 7erage page is here)
| Saved by 3 people
www.userdriven.com/2004/10/web_20_conferen.html - 16k - Cached - Moreffom

4. Wikipedia: Web 2.0 =
. Web 2.0 generally refers to a second generation of servicggavailable on the World Wide Web that lets ..
contrast to the first generation, Web 2.0 gives users an erience closer ...
Quick Links: Introduction - Market Drivers of Web 2.0<MNew web-based communities
Saved by Jeremy Zawodny and 71 others - Detg#€
Note: good description of web 2.0 ideas
en.wikipedia.org/wiki/WWeb_2.0 - 50k - Cached - More from this site - Save

My Web Overlays

Joining My Web data into
Web Search results
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©) Yahoo! Answers - Home - Mozilla Firefox

File Edit View Go Bookmarks Yahoo! Tools Help

@ |53 http:/fanswers.yahoo.com/ Vl @ Go “Q,

Y! ~ &~ Iairbus 343 v ” Search Web ~ @ v | = Mail ~ > @ My Yahoo! @ Answers ~ é Games » > Music ~ @ Personals ~ m' SignIn ~

Yshoo! My Yshoo! Mail Jaeh | search |
hHoo.’_ ANSWERS [Sign In, My Account] e - e - Forum

What's going on_in Answers?
o
V

ask. i answer. discover. S

Ask a question on any topic and get Share what you know and you might 10 million answers and counting.
answers from real people. make someone’s day. Learn something new today.
Featured Question Featured Topic
Can | buy tile to match '
my 1950s-era Kitchen - See what people are
countertop? i asking about in

(you have 110 characters to work with)

Travel

Search Yahoo! Answers:

10 million answers. Thanks to all the world's Answerers.

* Ready to Share what you know. Answer open questions.
*; Participate?

Get Started! How do you get a bleach spot out of your pants?

Asked by girly _antagonist - Cleaning & Laundry - 1 second ago

Categories is there a home remedy forgetting rid of ants out side with
. " out harming my dogs or plants?
> Arts & Humanities Asked by cheetarajade - Other - Home & Garden - 2 seconds ago

» Business & Finance . L
which poker site is the most profitable for a tournament player?

> Cars & Transportation Asked by judas - Card Games - 12 seconds ago

» Computers & Internet . . .
P what is the website where you can play all those games? there is a new

> Consumer Electronics TV commercial about it....?

>

111

Done

R
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Customer .

“In newsgroups, conversations disappear and
you have to ask the same question over and
over again. The thing that makes the real
difference is the ability for customers to
collaborate and have information be
persistent. That’s how we found QUIQ. It’s
exactly the philosophy we’re looking for.”

“Tech support people can’t keep up with
generating content and are not experts on
how to effectively utilize the product ... Mass

Collaboration is the next step in Customer
Service.”

- Steve Young, VP of Customer Care, Compaq
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QUESTION
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SELF SERVICE

Answer added to
power self ser\fgce

I -Partner Experts

<4+— - =Customer Champions
ANS< -Employees
Support
Agent
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9’ What is a Relevant Group?
. (7 M Y! groups)

* A group whose content is relevant to the query
keywords.

* A group to which many of my buddies belong.

* A group where many of my buddies post
messages.

* A group with some of my preferred characteristics:
traffic, membership.

(Courtesy: Sihem Amer-Yahia) o1
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Social Search

Explicitly open up search
— Enable communities, sites and consumers to explicitly re-
define search results (e.g., SearchMonkey, Boss)

* Right unit for a “search result”? Can we “stitch together” more
informative abstracts from multiple sources?

« Creation of specialized ranking engines for different tasks, or
different user communities

Implicitly leverage socially engaged users and their

interactions

— Learning from shared community interactions, and leveraging
community interactions to create and refine content

Expanding search results to include sources of

information

— E.g., Experts, sub-communities of shared interest, particular
search engines (in a world with many, this is valuable!)

Reputation, Quality, Trust, Privacy




9_’ Challenges in Social Search

* How do we use annotations for better
search?

 How do we cope with spam?
« Ratings? Reputation? Trust?
* What are the incentive mechanisms?
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Tools

g/ | ! http:fjsearch.yahoo.com/search;_ylt=A00GKIHEA_RLAYYBgxJXNyoA?p=eggplant+parmigiana+baltimore&fr2=sb-top&fr=moz35&sao=1

jiana baltimore - Yah... l -

YAHOO_’® ‘ eggplant parmigiana baltimore

jiana baltimore - Yahoo! Search Results - Mozilla Firefox

Help

Web Images Video Local

shopping

News  More
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Start typing to see suggestions.

Explore related concepts:

Pizza

veal
Chicken

Search

mushrooms
tomato sauce
Little Italy
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Options

Search Pad

J SearchScan - On

30,300 results for

eggplant parmigiana...:

% Show All

B Los Angeles Times

[?g] Local Business Sites

ltalian Restaurant

Eggplant Parmigiana Restaurants near Baltimore, MD

A Canton (2)
Ahe

| (1) Central Bal... (4)

p Ciao Bella - Baltimore waddk (11)
local.yahoo.com
(410) 685-7733 - 236 S High St, Baltimore, MD
Menu: eggplant parmigiana

4 Reviews - | Overview - | 2 Photos w | Directions -

9 AMICCI'S Jedededed (20)
amiccis.com
(410) 528-1096 - 231 S High St, Baltimore, MD
Menu: eggplant parmigiana

14 Reviews w | Qverview w | 23 Photos w

Directions -«

Charles North (1) Downtown (1)
Chinguapin ... (1) Federal Hill (1)

Crab Cake

>

) Pasticcio w#xx - (5)
local.yahoo.com
(410) 522-7T700 - 2400 Boston St, Baltimore, MD
Menu: eggplant parmigiana

5 Reviews - | QOverview - | 3 Photos - | Directions -

) Caesar's Den wkkk - (7)
caesarsden.com
(410) 547-0820 - 223 S High St, Baltimore, MD
Menu: eggplant parmigiana

4 Reviews v | QOverview - | 11 Photos « | Directions -
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roberts - Yahoo! Search Results - Mozilla Firefox

it View History Bookmarks Yahoo!

imar sunnywvale - Yahoo! Search Re...

Tools

Help

(gr | & http://search.yahoo.com/search?p=julia+robertsiei=UTF-8&fr=moz35

Search Pad

SearchScan - On

40,500,000 results for
julia roberts

Related People

Kl

Scarlett Johansson

Emma Roh

Hil wank

Lindsay Lohan

Tom Hanks

Halle Berry

==

paraaqg

‘ ‘ Next f Previous &

| @' julia roberts - Yahoo! Search Res... £ l -

Dy - e

YA_]:_:[C)O_,® ‘ julia rober;s

julia roberts twins
julia roberts movies
lyle julia roberts
julia roberts babies

julia roberts henry daniel moder

Julia Roberts - Image

R

ecl
News & Photos e

w
T wvitt

vitter

indus concerned about Julia Roberts' "Eat, Pray, Love" - rlew

Search Optior

Explore related c
actor N

*‘am.

~_ julia roberts photos

Julia Roberts News «=
julia/r berts bowa, ay
Julid %003 [ abe 50

Kerala - 6 hours ago

Trailer For 'Eat Pray Love' Starring Julia Roberts -

KPBS San Diego - Mar 19 03:18pm

Link Party: Julia Roberts' New Mavie Will Teach You How to Live - Bl Online - tar 18

035:43pm

more Julia Roberts news. ..

Julia Roberts - Wikipedia

Early Career

life

Influence

Personal life

Julia Fiona Roberts is an American actress. She is known for
starring in the romantic comedy Pretty Woman opposite Richard
Gere, which grossed $463 million worldwide. After receiving...

en. W|k||)e(lm org/wiki/Julia_Roberts - 122k - Cached
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¢9! \Veb of Concepts

rich, aggregated data concept

/ Cadonn)

mumbai
restaurant

san jose
® o o

Aggregated KB INDEX SERP

The “index” is keyed by concept instance, and organizes all
relevant information (data describing the concept instance
and its relationship to other instances), wherever it is drawn
from, in semantically meaningful ways
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Web |E: Surfacing, Extraction,
Integration

\\ Traditional
.: / Integration

l \\ Traditional

l Extraction
\l l 7 : \\ Surfacing

L 1y

— — W

o7
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9_’ Summary

 The Web will be increasingly personalized,
but “personalization” will mostly happen
within the context of
— Content optimization

— Semantic interpretation of web content and
user intent

— Socialization of the web
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