Building Near Realtime Contextual
Ay Recommendations for Active
Communities on LinkedIn

Linkedin’s Path toward Transforming
Interactions with its Members

Hema Raghavan
Head of Al for Growth and Notifications
LinkedIn



OUR VISION

Create economic opportunity for every
member of the global workforce
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OUR MISSION

Use Al to connect the world's
professionals to make them more
productive and successful
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What is People You May Know (PYMK)

Soumya Yadav Kirthi Venkatesh

@ 3

Divya Ramanath S. Piyush Kumar Mi...

Mission:
Connect our members to the people who matter to

them professionally enabling them to access
opportunities within the LinkedIn ecosystem.

Strategy:

Mine data sources including the LinkedIn Economic
Graph and member activities and use large scale ML
algorithms to recommend members to connect to
people they might know.



Building a network is a foundational value prop for Linked [

PEOPLE YOU MAY KNOW

Stay connected,
stay informed

e.g. connections for feed liquidity

Advance my
career

e.g job seekers using connections
for job introductions

Work
smarter

e.g hiring managers using their
networks to find candidates
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{ I Establish & manage my reputation I }

Research and contact people

Build my network
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High Quality Relevant Connections Matters!

Inmails_Received

Messages_Received

Inmails_Received

Members Messages_Received

Members

Engaged_Feed_Sessions

EFS
Members

X-axis: #connections



Developing a true north metric

True North

Our vision to
values




Developing a true north metric

N

@ Metric Development to have a true north success of the product
—to

+
X ) . . . . 0.0
,\/.,‘ Strategic analysis to identify product opportunities
Al | 3a
/Q A/B testing to make informed product decision




Metric Development
e True north: Engaged members with High Quality Connections

e Proposed Metric: “PYMK invitation sent and accepted” instead of
"PYMK invitation sent”

@ PYMIK _invite_sent @ PYMK_sent_and_accepted

8/1 8/3 8/5 8/7 8/9 8/11 8/13 8/15 8/17 8/21 8/23 8/25 8/27 8/29 8/31



Metric Development

e True north: Engaged members with High Quality Connections

e Proposed Metric: “PYMK invitation received and accepted” instead of
"PYMK invitation received”

@ PYMK recieved_and_accepted @ PYMK _invite_recieved

8/1 8/3 8/5 8/7 8/9 8/11 8/13 8/15 8/17 8/21 8/23 8/25 8/27 8/29 8/31



Connecting the worlds professionals

Carol

Dominiq '

Fredrick

Lucille ik Candidates: N? problem



Connecting the worlds professionals

Intuition: Friends of my Friends are
likely to be my Friends



Connecting the worlds professionals
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Connecting the worlds professionals

Intuition: People | know may share
common connections, common
institutions, skills etc.



Connecting the worlds professionals
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Connecting the worlds professionals
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Typical Playbook for Recommendation Systems

Candidate Generation

Scoring



Candidate Generation

* Friends of Friends

« Extensions: Personalized Page Rank



Scoring

P(connect)

Node features: skill, school, company, P(invite),
P(accept|invite) ...

Edge features: common connections, same school, same
company ...



PYMK Architecture (circa 2015)

OFFLINE

(
QA

Candidate Generation
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P(connect)
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PYMK Architecture (circa 2015)
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PYMK Architecture (circa 2015)

OFFLINE

(
QA

Candidate Generation

Ao
APACHE

Soark

Score

Model
Training
(Photon ML)

J

P(connect)

A/B
Testing

Online
Stores

Tracking

Events

ONLINE

Real-time signals

Rescore

Members



Data Processed grows linearly

Records scored

Records scored grows super linear in member growth



Scalability of Batch Offline

node features
pair_features

1. inter = JOIN node_features WITH pair_features table WHERE mid ==
source_mid
2. result = JOIN inter WITH node_features WHERE mid == dest_mid

Wide middle Score (result)




Need Smart Joins

Problem Strategy Before Now
Scoring 2D Hash Join 6 hours 10 seconds
Triangle Closing | Matrix Multiply 3-4 hours 10 minutes

Relevance, Analytics,
Graphs

Managing Exploding Big Data (Linkedin Engineering Blog Post)



https://engineering.linkedin.com/blog/2017/06/managing--exploding--big-data

Observation: Freshness matters!

/ Why?

»
»

True north metrics

Freshness



Why Near real-time PYMK
Network building is contextual.

Context often involves exploring a
cohort/subnetwork with common
properties

People build networks in few long
sessions (not a daily use case).



*\f' LinkedIn




Near Realtime Recommendation Platform: GAIA

Graph algorithm code

Java code
using
compute
API

Any kind of graph
Updates to graph

o o
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Near Realtime Recommendations

One of the biggest Site-wide
Improvements in connections

++ achieve 30 connections
++ quality signups



*
Congrats! We're adding Lucille
-‘: Anderson to your network.

A Conversational “Network Builder” [fies

Q Judy Castro
V\
c Zach Cunningham

Fast, contextualized responses in the App to
Member conversation have a large impact on the

“ Lucille’s
network

© 9

Peter Cross Leah Mason




Platforms unlock new product experiences

V4h 1230
m Q, People, jobs, posts and more... Eﬂ' Q

670 Connections

=5 5 of your batchmates from Indian Institute
xxox of Management (2010-2012)

& oe@ena

Kiran Zishan

Context matters
VIEW ALL CONNECT (5)

People you may know

X

Soumya Yadav Kirthi Venkatesh
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Building active communities

4
Number of social incentives

Observation:

more responses to creation
(contributions) — more
frequent future creations —
long-term engagement



An active professional community

Carol -

Dominiq

Fredrick
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Biasing connection recommendations for an active community
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Biasing connection recommendations for an active community
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Tuning Connection Recommendations to Conversations

Score(ml1,m2) = P(connect [m1,m2)(1 +
+ aP(conversation|connection,, m2))

(Agarwal et al, KDD 2018)


http://www.kdd.org/kdd2018/accepted-papers/view/online-parameter-selection-for-web-based-ranking-problems

Notifications

The role of notifications for active
communities



Notifications to never miss a conversation
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Notifications to never miss a conversation
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Can result in further viral actions

Gerald

Fredrick

Lucille
Erick



Shared by your network notification

Ensures a member does not miss out
on a conversation!



Shared by your network notifications
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“ Recent
£ ﬁ Dominiq Portia shared an update:

Knowledge Is Power: It Takes More Than
Software

DAILY RUNDOWN: FRIDAY
EpiPen gets a major new rival, Kroger

tests driverless deliveries, and more top

news

149 Likes - 27 Comments

Earlier

O Ella Watts liked your post
y B Erin Kandinsky nailed
a it on stage at the...

149 Likes - 27 Comments

Juan Curry and 4 others viewed your
v profile

See all views

We found 11 jobs you may be interested



Notification Channels

& 5 Replyall |v

@ w
Marina, you're getting noticed. See who's viewing
your profile on Linkedin.

How millenn e changing work

Young people see other alternatives to
full-time employment.

Dominiq Portia shared an update:
Knowledge Is Power: It Takes More Than 37,

Software

DAILY RUNDOWN: FRIDAY

EpiPen gets a major new rival, Kroger
tests driverless deliveries, and more top
news

149 Likes - 27 Comments




Increase in number of sessions from the Mobile App

/\/\/\/J App Sessions

Desktop Sessions

_/\/\/\—_\_— Mobile Web Sessions

time




Must Avoid Notification Fatigue!




Notification Relevance Problems

® Right message, at the right time, on the right channel.

® As few notifications as possible.



Notification Relevance Problems

® Right message, at the right time, on the right channel.

® As few notifications as possible.



Typical Playbook for Recommendation Systems

Candidate Generation

Scoring



Notification ecosystem

Candidate Generation

Concourse
Near real-time fanout
and scoring eg., Shared
By Your Network

Offline
Recommendations
Eg., Job You May be
Interested in




Notifications candidate generation:
Batch Offline or Near Realtime

. Sometimes batch offline as a solution is obvious.

- eg., A is having a work anniversary, who in A’s
network should get a notification?

. In some cases a timely notification is critical eg.,
breaking news, not missing out on a conversation.



Why Near Real-time
Candidate Generation?

@ Decrease in notification latency from hours to seconds can foster a
real time experiences and active communities for LinkedIn
members

® Can support richer targeting capabilities to reach the optimal
audience



Concourse: Near real-time candidate

generation

1. Alice creates a
LinkedIn post

Near real-time optimization of activity-based notifications (KDD 2018)



http://www.kdd.org/kdd2018/accepted-papers/view/near-real-time-optimization-of-activity-based-notifications

Results: Near real-time candidate
generation

Product impact
Moving Activity Based Notifications from Offline to Online

® ++ Macrosessions
® + Public contributors

® + Private contributors



Scoring

Score = (P(visit|notif)—P(visit|notif))*E(Value(session|notif))

)
Y Ky)

Incremental Value of the
probability of visiting additional session

P(visit) models described in WSDM 2019 paper



Notification Relevance Problems

® Right message, at the right time, on the right channel.

® As few notifications as possible.



Air Traffic Controller (ATC): Volume Optimization

Minimize(sends)

such that clicks > clicks_target
conversations > conversations_target
disables < disables_target

[Gupta et al. Email Volume Optimization at LinkedIn. KDD 2016]



ATC: It actually works!

@ Actuals @ Projections (Organic)

SEND VOLUME

-40%

— -53%

JAN FEB MAR APR MAY JUN JUL AUG

Page-View Loss < 2%



Holistic Optimization of a Product

Avoid duplicate content on feed and
notification channels



Summary

Online/Nearline Computations

captivate the user in the moment.

The Platforms that drive your Al
are critical in shaping the
experience and product

roadmap.




https://engineering.linkedin.com/


https://engineering.linkedin.com/data/economic-graph-research

