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Focus:
— Recommender problems for dynamic, time-sensitive applications
« Content Optimization

* Introduction (20 min, Deepak)
— Content optimization, match-making, example applications

» Offline components (40 min, Deepak)
— Collaborative filtering (CF), methods for cold-start

* Online components + initialization (70 min, Bee-Chung)
— Time-series, online/incremental methods, explore/exploit (bandit)

« Evaluation methods (15 min, Deepak)
« Challenges (5 min, Deepak)
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Content Optimization

e Goal

— Effectively and “pro-actively” learn from user interactions with
content that are displayed to maximize our objectives.

* A new scientific discipline at the interface of

— Large scale Machine Learning & Statistics
« Offline Models
* Online Models
« Collaborative Filtering

» Explore/Exploit
— Multi-Objective Optimization in the presence of Uncertainty
 Click-rates (CTR), Engagement,....
— User Understanding
 Profile construction
— Content Understanding
» Topics, “aboutness”, entities, follow-up of something, breaking news,...
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Content Optimization: High level flowchart

 Flow

Understand content (Offline)
Serve content to optimize our objectives (Online)

quickly learn from feedback obtained using ML/Statistics (Offline +
Online)

Constantly enhance our content inventory to improve future
performance (Offline)

Constantly enhance our user understanding to improve future
performance (Offline + Online)

lterate
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Some examples

« Simple version

— | have an important module on my page, content inventory is
obtained from a third party source which is further refined through
editorial oversight. Can | algorithmically recommend content on this
module? | want to drive up total CTR on this module

« More advanced

— | got X% lift in CTR. But | have additional information on other
downstream utilities (e.g. dwell time). Can | increase downstream
utility without losing too many clicks?

« Highly advanced

— There are multiple modules running on my website. How do | take
a holistic approach and perform a simultaneous optimization?
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Problems in this example

« Optimize CTR on different modules together in a holistic
way
— Today Module, Trending Now, Personal Assistant, News, Ads
— Treat them as independent?

* For a given module

— Optimize some combination of CTR, downstream engagement and
perhaps revenue.
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Single module CTR optimization problem

Display “best” articles for each user visit

Best - Maximize User Satisfaction, Engagement
— BUT Hard to obtain quick feedback to measure these

Approximation

— Maximize utility based on immediate feedback (click rate) subject
to constraints (relevance, freshness, diversity)

Inventory of articles?
— Created by human editors
— Small pool (30-50 articles) but refreshes periodically
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Recommendation: A Match-making Problem

« Recommendation problems
» Search: Web, Vertical

* Online advertising Item Inventory
- Articles, web page,
ads, ...

A 4

Use an automated algorithm
to select item(s) to show

Opportunity ﬁ Get feedback (click, time spent,..)

Users, queries, Refine the models
pages, ...

A 4

Repeat (large number of times)
Measure metric(s) of interest
(Total clicks, Total revenue,...)
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Important Factors affecting solution in Match-making Problems

Items: Articles, web pages, ads, modules, queries, users, updates, etc.

Opportunities: Users, query keywords, pages, etc.

Metric (e.g., editorial score, CTR, revenue, engagement)
— Currently, most applications are single-objective
— May be multi-objective optimization (maximize X subjectto Y, Z,..)

Properties of the item pool
— Size (e.g., all web pages vs. 40 stories)
— Quality of the pool (e.g., anything vs. editorially selected)
— Lifetime (e.g., mostly old items vs. mostly new items)
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Factors affecting Solution continued

Properties of the opportunities

— Pull: Specified by explicit, user-driven query (e.g., keywords, a form)
— Push: Specified by implicit context (e.g., a page, a user, a session)
— Size (e.g., user base); continuity (e.g., session vs. single event)

* Properties of the feedback on the matches made

— Types and semantics of feedback (e.g., click, vote)
— Latency (e.g., available in 5 minutes vs. 1 day)
— Volume (e.g., 100K per day vs. 300M per day)

« Constraints specifying legitimate matches (e.g., business
rules)

« Available Metadata (e.g., link graph, various user/item attributes)
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Recommendation vs. Other Match-Making Problems

Recommendation Search Advertising
Main Metric User engagement Relevance to the query | Revenue
Items Anything Anything Ads
(except for ads) (except for ads)
Opportunities | Push (implicit) Pull (explicit) Push
The system guesses | Users specify their info
users info needs needs
Examples Recommend articles, | Web search Sponsored search
Lnseerlgs, feeds to Vertical search Content match
Behavior targeting
Recommend related _ o
items given an item Display advertising
(non-guaranteed)
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More on Recommendation vs. Search

 Recommendation
— User intent: See something “interesting” (browse mode, implicit)
« The system tries to guess what a user likes on an entity/topic

page

— No query reformulation (unless we suggest related topics/entities)

— False +ve more costly than false —ve
« Showing a bad article is a worse than missing a good one

« Search
— User intent: Explicit, users express what they want
— Users can reformulate queries
— False —ve more costly (but depends on the query)
« Users want to get the results they are looking for
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Modeling: Key components

Feature construction
Content: IR, clustering, taxonomy, entity,..
User profiles: clicks, views, social, community,..

/ \

Online
: o (Fine resolution
Offline Initialize Corrections)
- > | (item, user level)
(Logistic, GBDT,..) (Quick updates)
Explore/Exploit

(Adaptive sampling)
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Modeling Problems that has received attention

« Univariate response (e.g. click); single objective (e.g.
maximize CTR)

« Our solution
— Initialize online through offline models

— Learn “corrections” to offline models at very granular levels (user,
item) and learn rapidly in an online fashion

— Online correction models have reduced dimension through clever
representations of parameters and by exploiting the fallback
mechanism to coarser models

— The models are tightly coupled with Explore-exploit to ensure fast
convergence to areas of high valued response
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Example Application:

Today Module on Yahoo! Homepage

Currently in production powered by some methods
discussed in this tutorial
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Problem definition

« Display “best” articles for each user visit

Best - Maximize User Satisfaction, Engagement
— BUT Hard to obtain quick feedback to measure these

Approximation

— Maximize utility based on immediate feedback (click rate) subject
to constraints (relevance, freshness, diversity)

Inventory of articles?
— Created by human editors
— Small pool (30-50 articles) but refreshes periodically
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Where are we today?

« Before this research
— Articles created and selected for display by editors

« Atfter this research
— Article placement done through statistical models

« How successful ?

"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. ----- Carol Bartz, CEO Yahoo! Inc (Q4,
2009)
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« Methods to select most popular articles
— This was done by editors before

* Provide personalized article selection
— Based on user covariates
— Based on per user behavior

« Scalability: Methods to generalize in small traffic scenarios
— Today module part of most Y! portals around the world
— Also syndicated to sources like Y! Mail, Y! IM etc
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Similar applications

« Goal: Use same methods for selecting most popular, personalization

across different applications at Y!

« Good news! Methods generalize, already in use

Hi, Bee-Chung = | Sign Out | Help

YAHOO!, NEws

EUSINESS

Make ¥! {; Bee-Chung™ | Sign Out

YAHOO!, FINANCE

Help

vone (D VIORLD  ENTERTAINMENT  SPORTS :
Vidso  Photos  ThaUpshot  The Starting Point O News el | INVESTING

|c|,— Search All News |m TRENDING NOWVV:

Looscal

MARKET SUMMARY

T3] euroee | asu |

Doww 10,3702 +7.19 +0.07%

DOW 1

10,400

10,380

10,3650

R 0,30

Afghan attacks kill 8 US soldiers in * . . —sp K0

am P 2pm pm
24 hour

AP -2 7S 37 Mins 3g0 MNasdaq 225383 +11.80 +0.53%
KANDAHAR, Afghanistan — Eight American troops died in attacks in SEP 500 1,095 66 +1.32 +0.03%
southern Afghanistan, incleding a car bombing and gunfight cutside a 10 Yr Bond(3%) 3.0860% 02800
police compound in Kandahar, officials said Wednesday as the oil 7T AT +0.32 +0.41%
Taliban push back against a coalition effort to secure the volatile > 9'30 D.??l':

region. Full Story = l'.3D|d 1,204.00

Customize summany

eiden: Kandahar Provines Key to Tallban Defest ssc rews
# Sldeshon: Afghanistan

Wed 1:00pm ET - Brzfing.com

Though the broader market was inttially slow
to follow the tech sector to a gain, it has
since made itz way higher to flit with the
prozpect of a seventh...

» Riead more

5 home ownership mvths to aveid vs vews & wond Repo
Interview: The Right's queen doubts Palin can win ™

Mickev Mouse with Nazi svmbol ignites Polish anger.

Fears grow as millions lose jobless benefits =
rokers: E*TRADE  SCOTTRADE TD

* AMERITRADE

Bristol Palin, Levi Johnston sav thev're engaged a=-

@ 7 Fermented tea kombucha vanishes on alechel worrie_CURRENCIES INVESTING

¥ Deepak Agarwal & Bee-Chung Chen @ KDD’10

Da Vinci restoration reveals hidden details ==

NEWS & OPINION

&

Web Search

! vahoo! [ mail
I"k Search I

TECH TICKER

Make ¥! My Homepage

PERSONAL FINANCE

MY PORTFOLIOS

I | CFTEIT)  Finance Sesch

An excellent Crdit Score is 730. - What's yours?

refurbished &

TOP STORIES ! shones

Stocks Wobble After Earnings,
Data; Will Wall Street See 7th
Straight Win? .-

Stodes are rising slightly as optimism from Intel’s strong
aarnings and cutlock cvershadows a disappointing retail sales
report.

Great
selection!

Learn More

History says rally should last few more days - Mz
+ Why earnings are beating estimates as econ. data flops -

SEC eyes changes to shareholder voting systern -

+ Fermented tea kombucha: an alcoholic drink? - Al

+ Home sellers slash prices while banks mow the lawn -

+ Sen. Brown flexes muscle in Wall Street reform - CNEC
The gold stodk the smart money is buying - W5J
il prices rise after oude stodkpiles fall - A

+ Startups safer than stodks: Howard Lindzon -

VIDECS

White House Claims
Stimulus Created 3M Jobs

George Steinbrenner created an empire with an open

check book. The organization reaped the rewards,
but was it good for Major League Baseball — and the
integrity of the game?

+ Click here to join the discussion on Facebook

» View more top stories

\&! Rising Tension Between Obama, Business -
FOX. =5 Now

\E) Steinbrenner a Boost for all Baseball
Franchises - FOX Businzss Now

&) Buy or Sell Into The Rally? -cuac
FOCUS ON LIFELONG INVESTING brought to you by Fidelity

Hello Retirement, Bye-Bye
wsbpdenmn, Emergency Fund? QUOTES

21



Most Popular
Recommendation

Personalized
Recommendation

Offline Models

Collaborative filtering
(cold-start problem)

Online Models

Time-series models

Incremental CF,
online regression

Intelligent Initialization

Prior estimation

Prior estimation,
dimension reduction

Explore/Exploit

Multi-armed bandits

Bandits with covariates

@’ Deepak Agarwal & Bee-Chung Chen @ KDD’10

22



