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What we learned

The classics: how the Internet works
The problems: how networks fail to work

The latest: how networks could work

so you now can go forth and do research...

...out why would you want to!



Why I'm excited
about networking



1. It's relevant

Majority of new developments in computer systems
are dependent on networking

Far-reaching impacts beyond systems & networking



1. It's relevant

Information

Algorithms theory Distributed

systems

Game
Databases
theory
| Networking Operating
Economics systems
Human-computer
Policy interaction

, Social sciences
Security  Forensics



~40 years since the birth of the field

But only ~20 years since networks in widespread use

® tussles between businesses, P2P. malware, DDoS,
government Internet censorship, CDNs all fundamental

but relatively new!

Operating systems: ~40 years in widespread use

Physics: ~13.75 billion years in widespread use



Network new people, new technologies, connect
disciplines, “make order out of chaos” (— Jen Rexford)

Start a new area!

® |n the last decade: Internet architecture, data centers,
cloud, energy, big data, next-gen cell networks, software-
defined networking, NFV, loT, network verification,
programmable hardware, containers and lambdas...

® A new subfield about every year!

You can change not just the

technology, but the field!



Already work in

® Video delivery optimization
® Transport-layer congestion control
® Cluster scheduling

My guess: much more we can do!

® Networks gather widely distributed data that is the input
to many applications’ use of machine learning

® Networks contain numerous elements whose behavior
can’t be cleanly modeled (hence, ML may assist)




Attempted definition of self-driving networks

® |ntent-based: Driven by the high-level goal
- Network wide or end-to-end; not device-by-device
- Obijective is explicitly represented in the system
® Understands the reality of network conditions
® |mplements closed-loop decisions to automagically steer

the network towards meeting the intent

Self-driving networks are already happening!

® Network layer?
® Transport layer?
e Application layer?
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SIGCOMM 2012

Modeling Layer

Quiality info of Coarse-grained

all clients Global view training
Global model
SDM (71-2 min stale)
Decision Layer
Per-client Fine-grained
quality info Per-client info decision logic
(Up-to-date)
Latest Control
Heartbeats decisions

(a) Logical view of split control plane

From: Ganjam, Jiang, Liu, Sekar, Siddiqui,

Stoica, Zhan, Zhang,

“C3: Internet-Scale Control Plane for
Video Quality Optimization”, USENIX

NSDI 2015
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(a) Logical view of split control plane

From: Ganjam, Jiang, Liu, Sekar, Siddiqui,
Stoica, Zhan, Zhang,
“C3: Internet-Scale Control Plane for
Video Quality Optimization”, USENIX
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(b) Design and workflow of the
C3 controller



Emerging area: Self-driving N etwor

Challenges in every aspect of self-driving networks

® [ntent-based: Driven by the high-level goal
- How do you express the intent?
= Can you figure it out without being told?

® Understands the reality of network conditions
- Real-time telemetry, monitoring, verification

® |mplements closed-loop decisions to steer the network
towards meeting the intent
= Learning algorithms? Algorithmic derivations?
= What happens if you have multiple closed-loop
controllers that don’t know about each other?



3. It's changing

Over half the world not yet online!
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Source: ITU.
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3. It's changing

3.5 billion Internet users

200 000 -
Android launched globally Mobile broadband
180 000 Google Chrome launched population coverage reaches
Google (that went live in 1998) IPO 84% of global population
160 000 - Facebook launched Facebook IPO
Facebook reaches 1 billion users;
= 140000 - Firefox Twitter logins via mobile de\nc_es exceed
c launched web-based logins
g launched
120000 1 o <
= S 8 S S ré § S g 9
g SRS S 8 S & & 8 S
¢ 100000 - : - | i ;
£ o~ <t Vo) = ~ 3
o] ) o (@) o — —
© 80000 - Q < S S < S
& Youtube
60 000 - Linkedin launched Instagram launched
Apple iPad released
40000 launched
Apple iPhone released
20000 1 billion registered
Twitter users
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e |P traffic e Fixed Internet traffic Mobile Internet traffic
(petabytes/month) (petabytes/month) (petabytes/month)

Note: Fixed Internet traffic refers to traffic through fixed network providers on different platforms. Mobile Internet traffic refers to traffic through
mobile-cellular networks. IP traffic refers to the sum of fixed and mobile Internet traffic (denoting all IP traffic crossing an Internet backbone) as well as
non-Internet IP traffic (e.g. IP WAN, IP transport of TV and video-on-demand).

Source: ITU based on Cisco and company reports.
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. c
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Note: The Internet users by language data are from Internet World Statistics, which assigns a single language to each individual in order to add up
to the total world population; however, it is unclear how it assigns people’s first language in countries where large proportions of the population are
bilingual or multilingual.

Source: Wikipedia statistics at http://stats.wikimedia.org/EN/TablesArticlesTotal.htm, accessed 26 May 2016, and Internet World Statistics.




3. It's changing

Over half of the world not yet online!

Innovation more possible nhow than ever

Clouds

Global-scale testbeds
Software-defined networking
Programmable hardware



What it all adds up to...

You have the opportunity
for big impact!



What's next



Assignment 2

Returned by end of week



Fri May 4, 1:30pm - 4:30pm, 2nd floor atrium

® All team members should be prepared to present
® Remember to invite your friends!
® Remember to submit your poster PDF (see Piazza post)

Content

® What problem are you solving!?
® Why has past work not addressed the problem?
- At least 3 academic paper citations
® What is your approach for solving it?
® What are the metrics to evaluate if the design works!?
® What are the experimental results that provide answers?
® What are the unanswered questions?



Where to go from here

Inspiration from conferences, ‘hot” workshops, classes

Chat with me anytime

Do great research



Thank you!



One more thing...

|CES forms!



