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Control Plane Data Plane

Routing: Forwarding:
* data transmission

“figure out” best path
(periodically computed) (done per-packet)
Control

Source Which way?

Destination
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App TE + ISP TE

Coordination? = CDN server B

CDN server A

Bad CDN server selection

— |SP paying for costly routes
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Ditficult to scale
datacenters with demand

Higher Bandwidth Higher Port Count CMOS limits...

P-FatTree: A multi-channel datacenter network topology. HotNets 2016.



Use circuits to build
bigger + faster networks!

Packet Switch Circuit Switch

Reconfigurable Datacenter Networks
(RDCNSs)



Circuit Switch Design
How do you physical build it?

Network Scheduling

How do you make use of it?

End-to-End Challenges

What existing things break?
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- = RDCN scheduling

RDCN
Scheduling
Algorithm
(e.g., Solstice)

2—>3

2

For Circuit Switch

For Packet Switch
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Schedule: »]3W:\' DELAY
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Contributions

@ End-to-End Challenges

Challenge: Challenge: Challenge:
BW Fluct. Demand Estimation Workloads

Solution: Solution: Solution:
Dynamic Buffer Endhost-based App-specific
Resizing Estimation Modification

Etalon, an RDCN Emulator
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End-to-End Challenges

Challenge: Challenge:
BW Fluct. Workloads

Solution: Solution:
Dynamic Buffer App-specific
Resizing Modification

Etalon, an RDCN Emulator
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TCP and rapid bw
fluctuations

What we want What we get

—

BW BW

Time (Us) Time (Us)



TCP and rapid bw
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TCP and rapid bw

Solution:

Dynamic Buffer -ﬂ u Ct u at i O n S

Low BW

Resizing
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How Early?
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Static buffers provide

.. good circult utll or latency

Resizing

Low utilization
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Avg. circuit utilization




Static buffers provide
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Buffer resize provides
Solution:

Dynamic Bufte good circuit utll and latency

Resizing
I
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Early buffer resize (ps)
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Challenge:
Workloads

reHDFS

App-specific
2 ~—

Data Node

Data Node
Data Node Data Node
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Config 1




reHDFS reduces

Solution:
App-specific 11E] y
Modification 9x decrease in write time
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Brokered Content Delivery

Legend:
—p Content

------ » Control

Brokers select “best” CDN for
clients to minimize cost and
meet performance goals




Brokered Caontent Delivery

Legend:
How do brokers and CDNs — Content
impact each other? | | ...... > Control
(this talk)

=

- ——



Contributions

* |dentity challenges that brokers and CDNs create
for each other by analyzing data from both

* Examine the design space of CDN-broker
interfaces

* Evaluate the efficacy of different designs
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CDN Cost and Pricing
222 Content

Do bandwidth costs difter
across geographic regions”

Internal Costs:
Bandwidth

(mostly)




CDN Cost / Byte Delivered

30x

difference In cost per byte
pbetween the most expensive
and least expensive countries
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CDN External Price
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CDN External Price
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Country 8 costly —> CDN B loses money!
Country 7 cheap —> CDN A profits! C
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Contributions

* |dentify challenges that brokers and CDNSs create
for each other by analyzing data from both

* Examine the design space of CDN-broker
interfaces

* Evaluate the efficacy of different designs
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Evaluation

* Simulator using data from a broker & CDN, as well
as public data from 13 other CDNs

 CDN data provides cluster locations, cluster-to-
client performance, delivery costs, etc.

* Broker data provides client locations, request
distributions, etc.
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Profit

Per-CDN Profits

123456 7 8 91011121314
CDN



Evaluation Takeaways

* Joday’s world (Brokered) is pretty broken

(performance can be better; most CDNSs lose
money on brokered video delivery)

 Marketplace (VDX) fixes this by exposing clusters
and cost
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Live Video is Becoming Wildly Popular

 Commercial sports streams

» Single World Cup stream = 40% global
Internet traffic

* User-generated streams (e.qg., Twitch)
* Users watch 150b min of live video per month
» Amazon buys Twitch for ~$1Billion
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CDN Live Video Delivery Background
( 4 Data Control B
L A

Objective:
Reasonable service quality
&
Minimal delivery cost

21100 A
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Problems with CDNs Today

/Service Quality\ Not Fine-Grained
v \ Videos aggregated
g’?w cri into large groups

# of Videos (Thousands)

Delivery Cost Slow DNS Updates

Can’t push updates
DNS entries get cached
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Solution?
/ erV|ce Qualltﬂ Not Fine-Grained
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Centralization!

[Liu, Xi et. al. A Case for a Coordinated Video Control Plane. SIGCOMM 2012]
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Motivating Centralized Optimization
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Unfortunately... No Free Lunch
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Alternate Approach: Distributed

u 4 Data : Control >\
Video 800 i
Sources A /M B
J L M 1 : .

S

Combine approaches?
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Challenges of Hybrid Control

* Forwarding loops
* Always forward requests upwards

» State transitions
* \Versioning and “shadow FIBS”

* Avoid bad control loop
interactions



Challenges of Hybrid Control

* Avoid bad control loop
iInteractions

1. Centralized decision has priority

2. Distributed uses slack in network
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Future Work

Control theory / verification approach

Validating VDN

Extending VDX to multi-broker

Principled approach to reconfigurable datacenters
Network / endhost co-design

* e.g., network-aware applications
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