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Who am I?

 |am a Senior Research Engineer at Netflix

* |am an Apache Spark Committer
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JESSICA ¢

Hell's Kitchen just got another hero.

She's a gifted PI hiding a past that's left her bro
still fighting. Revenge may be sweet, but she isr

» PLAY 4+ MyLIST

Popular on Netflix

NETFLIX S »- rad, \‘\\\\\\

- & &

Masler

2 NZ v

SiNone IREAEL &OTW{AM

Trending Now
™. . . Pl eer:ae ESTPFUEa




Suspenseful TV Sci-Fi & Fantasy
{ NETFLIX

'.'  ty e S
Based on your interest in: o p ] £ - ¢ B
- : ‘ sense8

] oo
( | b P A BLACK BIRROR
SUPERNATURAL S £ - - "
- \ 4 i

Trending Now

DOCTOR WHO

Recently Added

®

U
*> THE ROOSEVELTS
1 ‘ An Intimate History AUS

A Film by Ken Burns

MACHINE

Top Picks for Aish

VLT | Y« W s .- * IS WL



DVD Q Search ‘, ..

TETHASH

2015 TV-PG| 1 Season

It's showdown time in Central City as an ordinary police
scientist suddenly becomes a lightning-fast superhero.
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The Twilight Zone (Original Series)

98% match 1963 TV-PG | 4 Seasons

Hosted by creator Rod Serling, this groundbreaking anthology
series presents tales of the supernatural that are often tinged with
social commentary.

Starring: Rod Serling
Genres: TV Shows, Classic TV Shows, Cult TV Shows
This show is: Ominous, Scary, Chilling, Suspenseful

This series earned an Emmy for Best Writing, featuring stars like Robert
Redford and William Shatner.
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Turn on Netflix, and the absolute best
content for you would automatically
start playing
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Data Driven

Try an idea offline using historical data to see if it would
have made better recommendations

l

If it did, deploya live A/B test to see if it performs well in
Production

NETFLIX



Quickly try ideas on historical data and
transition to online A/B test

NETFLIX



Feature Engineering

LUCIO FULCT'S HORROR CLASSIC
LIKE YOU'VE NEVER SEEN OR HEARD T BEFORE!

RyAN GOSLING JAMES GARNER SAM SHEPARD

LM RacHEL McADAMS  GENA W\( JOAN ALLEN
A

N FROMPTHE BEST-SELUNG NOVEL A

PRIDE AND PREJUDICE
AND ZOMBIES

BY JANE AUSTEN AND SETH GRAHAME-SMITH




Why build a Time Machine?
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Label Leaks
 Recommendationis an analytic learning process to learn from
the past to predict the future.

* P(play,|features,) wheret’ <t

* This has to be very careful; otherwise the features can contain
the labels such that offline metrics are very good, but online
evaluation will not be performing as expected.

NETFLIX



The Past

* Generate features based on event data logged in Hive
* Need to reimplement features for online A/B test

e Data discrepancies between offline and online sources

* Log features onlinewhere the model will be used
* Need to deploy each idea into production

* Feature generation calls online services and filters data past a
certain time
* Works only when a service records a log of historical events
* Additional load on online services

NETFLIX



AT

Delorean image by JMortonPhoto.com & OtoGodfrey.com
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Time Travel using Snapshots

* Snapshot online services and use the snapshot
data offline to generate features

e Share facts and features between experiments
without calling live systems

NETFLIX



How to build a Time Machine
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Context Selection

Data Snapshots

APls for Time Travel

NETFLIX



Context Selection

Runs once a day

- Context
u Selection
Stratified Contexts
Sampling tagged with
meta data

NETFLIX



Data Snapshots

Viewing
History
Service

Snapshot data for
l each Context

Prana Thrift Data
MyLst i Snapshots '
Service (Netflix p Runs once
Libraries) a day
Ratings o
Service
Parquet

NETFLIX



APls for Time Travel

scala> val snapshot = new SnapshotDataManager (sglContext)
.withTimestamp(1445470140000L)
.withContextId (OUTATIME)
.getViewingHistory

snapshot: org.apache.spark.rdd.RDD[ (Long, com.netflix.viewinghistory.ViewingHistory) ]

NETFLIX



Data Architecture

Runs once a day

(N

Context .
Selection Context Selection
Stratified Contexts.
Sampling tagged with
meta data

Viewing
History
Service

Data Snapshots

Prana Thrift Data

Snapshots - Runs once

- aday

MyList

Service (Netﬂix
Libraries)

Ratings
Service

Batch APIs

'RDD of
CEWO B Snapshot
:Objects

- NETFLIX




Generating Features via Time Travel
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Great Scott! There’s the Delorean!

 Delorean: A time-traveling vehicle
* uses data snapshots to travel in time
* scales with Apache Spark
* prototypes new ideas with Zeppelin

* requires minimal code changes from experimentation

to A/B test to production

https://en.wikipedia.orgwiki’/Emmett_Brown



Running Time Travel Experiment

Select the destination time

Bring it up to 88 miles per hour!
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Running Time Travel Experiment

DelLorean: Offline

: Compute Validation
Feature Generation

Metrics

Parallel training of
individual models J\Z
using different Spark

t
executors & Apache Zeppelin

Offline | Online
Experiment | System
Design a New Experimentto Test Out Differentldeas I
Bad Metrics |
i i . | Online
SeSiEh Bperment Good | AB Testing
Metrics

| Selected

Collect Label Dataset ! Contexts
Distributed Model Choose |
Training best model |
I
I
I
I
I
I
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Delorean Input Data

Contexts: The setting for evaluating a set of items (e.g. tuples
of member profiles, country, time, device, etc.)

ltems: The elements to be trained on, scored, and/or ranked
(e.g. videos, rows, search entities).

Labels: For supervised learning, this will be the label (target)
for each item.
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Feature Encoders

Compute features for each item in a given context

Each type of raw data element has its own data key

Data map is a map from data keys to data objects in a given
context

Data map is consumed by feature encoder to compute features

NETFLIX



Two type of Data Elements
 Context-dependentdata elements

Viewing History

Mylist

* Context-independentdata elements

Video Metadata

Genre Metadata

NETFLIX



ont&“@try of Origin Matching Fraction

Data Element Features
Video Metadata

: Context: ¥t
| PO

Items: Context-ltems

[
Context: ;3‘\ !

I

I

Context |
Dependent |
Data Element o -
Viewing History Context:" X357 ! I
: |

I

I

I

I

Context: -P
Items: Y

Items:

B
ToEIITIID!




Feature Generation
~_ S

Data Keys
Data

Required ata Keys

Feature Keys

= m Features

Label Features
Model Training
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Features

* Represented in Spark’s DataFrames

* In nested structure to avoid data shufflingin ranking
process

 Stored with Parquet format in S3

NETFLIX



data array (nullable = true)

Features

Visitor: long (nullable = false)
Country: string (nullable = false)

ltem, label,
| -- element: struct (containsNull = true) and features

I | -- videold: long (nullable = false)

I | -- weight: double (nullable = false)

I | -- label: double (nullable = false)

I | -- features: struct (nullable = false)

I I | -- rating: double (nullable = false)

I | -- unpersonalizedPopularity: double (nullable = false)
I

I

I
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Going Online

DelLorean: Offline Model Training /
Feature Generation Validation / Testing

Offline Experiment

— i/ models
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Conclusion

Spark helped us significantly reduce
the time from an idea to an AB Test
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Future work

Event Driven Data Snapshots

Time Travel to the Futurel!!
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We’re hiring!
(come talk to us)

https://jobs.netflix.com/

Tech Blog: http://bit.ly/sparktimetravel
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