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LinkedIn by the numbers

« 175M+ members

« 2+ new user registrations per second
. 4.2 Billion people searches in 2011
9.3 Billion page views in Q2 2012

o 100+ million monthly active users in Q2 2012
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Related Searches at LinkedIn

. Millions of searches everyday

o Goal: Build related searches system at LinkedIn

o To help users to explore and refine their queries

Related searches for Web Developer

web designer php
web development  ruby on rails
software engineer programmer
developer html




Related Searches at LinkedIn
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Jakob Homan (FsD)

Senior Software Engineer at LinkedIn

San Francisco Bay Area * Intemet
= » 11 shared connections + Similar

Current Committer and PPMC Member, Apache Giraph at The
Apache Software Foundation
The Apache Giraph project is a faul-tolerant in-memory
distributed graph processing system which runs on top of a
standard Hadoop installation, and is capable of running any
standard Bulk Synchronous

Peter Skomoroch [ (5D

Principal Data Scientist at LinkedIn

San Francisco Bay Area + Computer Software
» 72 shared connections + Similar - 2% 500+

Past Founder at Data Wrangling
an open source Rails application that identifies trends on the
web by using Hadoop, Hive, and Python to process Wikipedia
log files on Amazon EC2. Wrote articles and documentation for
companies

Sam Shah [@ ¢ GsD

Principal Engineer at LinkedIn

San Francisco Bay Area - Computer Software
| » 67 shared connections - Similar - 2 500+

Current data products use Hadoop in some way) - Responsible for the
LinkedlIn tech talks program (see some videos at: http://sna-
projects.com/blog/category/tech-talks) - Instigator of the first

Ken Goodhope (@ (2nd)

Software Engineer at LinkedIn

Greater Seattle Area + Information Technology and Services
» 9 shared connections - Similar

Current Member of the Search, Network, and Analytics team working
with Hadoop, Voldemort, and Azkaban.

Mitul Tiwari [@ GsD

Senior Research Engineer; Search, Network and Analytics,

LinkedIn
San Francisco Bay Area - Computer Software
» 34 shared connections - Similar - 500+

Specialties Network Algorithms, Information Retrieval, Data Mining,
Machine Leamning, Distributed Systems, Search, Social
Network Analysis, Recommendation Systems, Clustering,
Classification, Mapreduce, Hadoop

Fatih Emekci (IsD)

Saninr Enaiy at |inkadln

Related Searches for hadoop

mapreduce java

big data hbase

machine learning lucene

data mining data warehouse

¥
ke » 45 s

Current Anal

Bay Area + Computer Software
connections - Similar - 2 500+

problems, marketing existing products, and building
ucts using R and Hadoop

Related Searches for hadoop

mapreduce java

big data hbase

machine leaming lucene

data mining data warehouse
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« Design
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o Evaluation
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Design

o Signals
» Collaborative Filtering

»  Query-Result Click graph

» Overlapping terms
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Design

o Signals
» Collaborative Filtering
»  Query-Result Click graph

» Overlapping terms

. Length-bias
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Design

Signals

» Collaborative Filtering

»  Query-Result Click graph
» Overlapping terms
Length-bias

Ensemble approach for unified recommendation
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Design

Signals
» Collaborative Filtering
» Query-Result Click graph

» Overlapping terms
Length-bias
Ensemble approach for unified recommendation

Practical considerations
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Design: Collaborative Filtering

Ql —m Q2— Q3 — 4

Time >

\_ J

. Searches correlated by time
» Searches done in the same session by the same user
» Collaborative filtering: implicit feedback

» TFIDF scoring to take care of popular queries (e.g. ‘Obama’)




Design: Query-Result Clicks
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» Searches correlated by result clicks
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Design: Overlapping Terms

4 )

Q1 Sottware| Developer

Q2 Software|Engineer

. J

o Searches with overlapping terms

» TFIDF scoring to give importance to terms
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Design: Length Bias

. Insight: clicks on suggestions one term longer
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Design: Length Bias

o Insight: clicks on suggestions one term longer
. Corresponds to refining the initial query

« Statistical biasing model to score a longer query

higher
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Design: Length Bias

o Insight: clicks on suggestions one term longer
. Corresponds to refining the initial query

« Statistical biasing model to score a longer query

higher

S"— S+N-6
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Design: Ensemble Approach

« Need to generate unified recommendation dataset
. Analysis to figure out engagement of each signal

. Attempted ML approach

» Minimal overlap across different signals
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Design: Ensemble Approach

 Step-wise unionization

« Importance based on individual signal performance
v First, collaborative filter
» Second, queries correlated by query-result clicks

» Third, queries overlapping terms

Jo7-




Design: Practical Considerations

« System designed for public consumption
» Strong profanity filters
» Need to deal with misspellings
» Languages

» Remove spammy search queries

18




Related Searches

« Design
« Implementation

o Evaluation
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Implementation Challenge

e Scale
v 175M+ members
» Billions of searches

» Terabytes of data to process
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Implementation

Search
Backend (- )
HDFS Hadoop

Front | Kafka —> \._ Metaphor

™ End \ \ /
Related
Searches - \oldemort
Backend

. Kafka: publish-subscribe messaging system
« Hadoop: MapReduce data processing system
« Azkaban: Hadoop workflow management tool

« Voldemort: Key-value store




Implementation: Worktlow

Query Pre-
processing
I |
. i Graph Token
ARl Formation Identification
CF Scoring QRQ Scoring Partial Scoring
|
Step-wise
Union
Length Bias
Filter
|
Step-wise
Union
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Related Searches

« Design
« Implementation

o Evaluation
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Evaluation

. Performance of each signal and combination

. How does the system scale?

24




Evaluation Cont’d

o Offline evaluation

y Precision-Recall

e Online evaluation

» A/B testing to measure engagement

y Performance evaluation

20




Offline Evaluation

Prec Rec

0.10 -

Precision / Recall

E— I [ | T | I I

CF PartialQRQUnion CF PartialQRQ Union

. Correct set: set of searches performed by a user in
the following K minutes, here K=10

1 L)
DL
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Online Evaluation

. Used A /B testing

o« Metrics

» Coverage: queries with recommendations
» Impressions: # of recommendations shown
» Clicks: Clicks on recommendations

»  Click-through rate (CTR): Clicks per impression

27




Online Evaluation

Clicks Coverage
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Evaluation: System Runtime
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Details

« Metaphor: a System for Related Search
Recommendations, Azarias Reda, Yubin Park, Mitul

Tiwari, Christian Posse, and Sam Shah. In Proceedings
of the CIKM, 2012.
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