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How do we build a streaming “tape”?



Determine the preferred experience

TITLE COUNTRY DEVICE
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Broadband - wired or wifi
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That's exactly what | want
...now where can | get it?



Point the device to appropriate locations
A

Steering



PLAYBACK MANIFEST

GENERATE
MANIFEST MANIFEST
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https://www.flickr.com/photos/mcgraths/866572532

LICENSE

’ TW\'% LICENSE




And...Action!

NETFLIX

.' 'l'-‘_'ﬂ Orange Is the New Black Seaszon 1: Ep. & WAC Pack




SESSION EVENTS

» PLAY

S/ SESSION
(START, STOP, PAUSE,
RESUME, KEEPALIVE)

.




PLAYBACK LIFECYCLE

GENERATE
MANIFEST MANIFEST

» PLAY m

S/ SESSION

(START, STOP, PAUSE,
RESUME, KEEPALIVE)
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http://www.youtube.com/watch?v=y1ENAHEu9cg




What is a Content Delivery Network?
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PREDICTABLE VIEWING PATTERNS



FILLING WHEN YOU SLEEP
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.., CC BY-SA, Eleni Boulsaiki 2009, Flickr

Dreaming.
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http://www.youtube.com/watch?v=bYHg8vJSz-Q
http://www.youtube.com/watch?v=bYHg8vJSz-Q

Content Delivery Mechanisms
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https://www.flickr.com/photos/hanspoldoja/5001818922/

By Specification?



By Specification?
Doesn’t scale



Use BGP

Border Gateway Protocol

BGP ROUTE
175.231.128.0/24

(+ proximity attributes)
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Content Positioning
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HOW DO WE DETERMINE WHAT CONTENT
WILL BE POPULAR TOMORROW?
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CONTENT RANK =

USE HISTORICAL DATA
bytesStreamed/bytesStored
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Weigh Recent Data Higher

P,=p,a+P(1-a)

P,=p,+p,a+p,d+..+pd"

WEIGHT

0 10 20 30 40

DAYS AGO

EXPONENTIALLY WEIGHTED
MOVING AVERAGE




HOW SHOULD CONTENT BE ALLOCATED?



HOW SHOULD CONTENT BE ALLOCATED?

MILLIONS | THOUSANDS
OF FILES OF SERVERS



Consistent Hashing
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ALLOCATE MULTIPLE REPLICAS
RESILIENT TO CLUSTER CHANGES
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Load Distribution
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Tier Infrastructure
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HOW DO WE BALANCE LOAD?
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HOW DO WE BALANCE LOAD?

USING CONTENT DISTRIBUTION



AND WHEN WE HAVE EQUALLY ATTRACTIVE
LOCATIONS TO SERVE FROM -

FLIP A COIN
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HOW DO WE LOAD SERVERS OPTIMALLY?



... AMIDST EVER CHANGING INTERNET WEATHER



TRAFFIC

... AND DAILY TRAFFIC EBBS AND FLOWS
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WE INTRODUCE A FEEDBACK LOOP



PID CONTROLLER



PID CONTROLLER

Current RPM

Desired RPM

Input Voltage

/\ DC MOTOR



PID CONTROLLER

Current RPM

System Metrics

Desired RPM

System Metrics
Max

Input Voltage
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Steering



< swemn_ ) OPEN CONNECT

\
o \)
Yes, here's KAFKA
the URLs
CDN
PLAYBACK STEERING CONTROL
SERVICES Got URLs for PLANE
f1,f2, .., fn? CASS
PROXIMITY
HEALTH

CONTENT



Architecture
Evolution

5 CHALLENGES



How did we evolve from here...
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CHALLENGE High dimensionality
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How can we quickly alter the playback
experience in a targeted manner?
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EXAMPLE RULES

<item identity="1.0.76">
<description>-Filter out video bitrates > 1050 for my device.</description=
<dimension type="ESN">NFCDCH-MC-12345</dimension>
<dimension type="DL_PROFILE_TYPE">VIDE(Q=/dimension:
<dimension type="DL_BITRATE" operation="GT">1858</dimension>
</item>

<item identity="1.8.75">
<description>=Filter out English audio description for my device.</description>
<dimension type="ESN">NFCDCH-MC-12345</dimension>
<dimension type="DL_PROFILE_TYPE">AUDIO=/dimension:
<dimension type="DL_AUDID_TYPE"=Assistive</dimension>
<dimension type="DL_AUDID LANGUAGE">en</dimension>
</item>
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http://www.youtube.com/watch?v=qLFXos8pQRw




Dynamic Business Rules

API
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https://www.flickr.com/photos/28705377@N04/4142872268

3:00 AM : Pager goes off



METRICS AND ALERTING

PROD:US-EAST-1

DEEP Errors
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06:25 06: 30 06: 35 06: 40 06: 45 06: 50 06:55 07: 00 a7:05 o7:10 07:15 07: 20 07:25 07: 30 07:35 07: 40 07:45 07:50 07:55

T T T = T 5
08: 00 08:05 08:10 08:15 08: 20 08: 25

I DEEP_error_code_STR-CDNSEL-MOVIE_NOT_AVAILABLE_CDN_STEERING
Hax : Min
Avg Last :
Tot : ot
B DEEP_error_code_STR-CDNSEL-NO_LOCATTONS_FOUND_FOR_DOWNLOADABLES
Hax : Min
Avg : Last
Tot : = Cnt
[0 DEEP_error_code_STR-CDNSEL - UNKNOAN
Hax : Min
Avg : Last
Tot : — Cnt
W DEEP_error_code_STR-CL-105
Hax : Min
Avg : Last :
Tot : cnt
[ DEEP_error_code_STR-CL-108
Max = Min
Avg: = Last
Tot : cnt




OK...error code 105 is elevated. But
why?



Indexed Logging

HISTOGRAM

s | @ Zoo

COUNTRY BASED REQUEST © & < x || DEVICE OPERATIONAL NAME BASED REQUEST © & 4 x | GO/PLAYBACKCONTENTERRORS FOR DEFINITION

[ .
TOP VIEWABLES 6 & 4 x || MAXIMUMVIDEORESOLUTION

¢ o elastic kibana Apache Kafka

Ahigh-throughput distributed messaging system.




Detailed Domain Insights
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Continue Watching for Haley
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How can we enable Faster Uls and
low-end devices?



We introduced a server-side caching tier
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Watch out for resiliency issues!!



https://www.flickr.com/photos/mknowles/3134373590

Reduce client state
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Square peg, round hole, CC BY-SA, Simon Law 2006, Flickr



https://www.flickr.com/photos/sfllaw/222795669/

Can we allow devices to define their
own protocols?
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CHALLENGE Enabling high-velocity innovation

CC BY-SA, Nathan E Photography 2008, Flickr


https://www.flickr.com/photos/thatguyfromcchs08/2300190277

How can we expose new data with the
least amount of churn?
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Data pass-thru
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BGP based proximity
Tiered Infrastructure
PID Controller

EWMA for historical data
Consistent Hashing

Dynamic business rules
Detailed domain insights
Reduce client state
Client-driven protocols
Data pass-thru



Dynamic business rules
Detailed domain insights
Reduce client state
Client-driven protocols
Data pass-thru

BGP based proximity
Tiered Infrastructure
PID Controller

EWMA for historical data
Consistent Hashing

Haley Tucker Mohit Vora

Questions?
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