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Connectivity sharing overlays

Local loops

® Market Is not big enough for provider to offer service
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® Market Is not big enough for provider to offer service

Maine and Aberdeen are not South Sudan
his Is not just a developing world problem!




Outline

® “\Why”: Purpose of connectivity sharing and local loops
® Design considerations

®x [he role of caches



Connectivity sharing nets

MIT
Bl HOOT net

» \Why: Under-utilised home internet
connections can be shared

= \\Vhy: Expanding connectivity at home
to guest access outside

® How: Mesh network - Meraki (roofnet)
x How: ISP connection share - Fon

x How: LLess than Best Effort - PAWS




Connectivity sharing nets

MIT
W Roof net

» \Why: Under-utilised home internet
connections can be shared

= \\Vhy: Expanding conne 34 67(\5\5' \(\Q\N(\'
to guest accast NEC

N case

S
3 eué\(\ee%@raki (roofnet)

x How: ISP connection share - Fon

x How: LLess than Best Effort - PAWS

. How: Mk




‘Local-loop” networks

| Berkeley/Intel Tl
Digital Gangetic Plains Aravind Eye Hospital

~

ER project

o\\Vhy: Wi-Fi cheaper than other solutions (cellular)
o New MAG protocols for long distance links

® [uned for predictable performance

o (weather/line-of-sight requirement etc.)
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o\\V/hy: 1 cheaper than other solutions (cellular)

o New MAG protocols for long distance links
® [uned for predictable performance
o (weather/line-of-sight requirement etc.)



SO, what’s next?

Are we on the right path?
What should GAIA's design considerations be”



Networks need Killer apps
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Networks need Killer apps

The Internet only
became World-Wide
after the Web was
INnvented

- HF:' | Ag?A NETWORK

DEC (9469



Networks need Killer apps
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'S Facebook
zero-rating
the solution?

No!

bul

The
t with

nternet was
a Secret sauce

that allowed the Web 10
become World Wide!

e
[ d -'-‘

r‘zi‘t‘if
@l’ihl




'S Facebook
zero-rating
the solution?

No! The Internet was
ouilt with a secret sauce - Pl
that allowed the Web t0 s S —
become World Wide! =

ﬁ@tﬁg%mq“ .

(Killer apps need killer infrastructure)



esign-Phitosophv of the DARPA Internet Protocols
Secret Sauce

David D. Clark™
Massachusetts Institute of Technology
Laboratory for Computer Science

Cambridge, MA. 02139

(Originally published in Proc. SIGCOMM ‘88, Computer Communication Review Vol. 18, No. 4,
August 1988, pp. 106—114)

net designed for
heterogeneous connectivity

—nabled expansion to WW\W scale when needed!




What should GAIA be
designed for?



Case 1: local-loop nets

Micro-operators:and users:are not technically:savvy

Circuit breakers can trip

Flash card containing OS corrupted after power surge
Routing misconfiguration is common

Wall erected in front of antenna!

loose cables



Case 1: local-loop nets

Micro-operators:and users:are not technically:savvy

Circuit breakers can trip

Flash card containing OS corrupted after power surge
Routing misconfiguration is common

Wall erected in front of antenna!

loose cables

Need to design for arbitrary link failures



Case 2: connectivity-sharing

Link availability:is not- guaranteed
® | ink relinguished If primary user needs it (Fon/PAWS)
® Radio channel quality can vary (Meraki/RoofNet)
x Could mean different egress points at different times!
® | ink capacity different at different times of day (PAWS)

x Could mean different egress points at different times!



Case 2: connectivity-sharing

Link availability:is not- guaranteed
® | ink relinguished If primary user needs it (Fon/PAWS)
® Radio channel quality can vary (Meraki/RoofNet)
x Could mean different egress points at different times!
® | ink capacity different at different times of day (PAWS)

x Could mean different egress points at different times!

Not that different from arbitrary link failure!



Some design tenets for
‘cheshire cat” links
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1. User-in-the-loop as “sophisticated” error correction
= Canrely-oniferrebooling s vutnotiordebigging!

x |mplementing tunctionality at the “correct” layer
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1. User-in-the-loop as “sophisticated” error correction
= Canrely-oniferrebooling s vutnotiordebigging!
x |mplementing tunctionality at the “correct” layer

2. Assume failure, incorporate redundancy.
x Does NOT mean over-engineering!

n Ratherzcaniise zover-scrounging’”



Some design tenets for
‘cheshire cat’ lINkS

1. User-in-the-loop as “sophisticated” error correction
= Canrely-oniferrebooling s vutnotiordebigging!
Implementing functionality at the “correct” layer
2. Assume failure, incorporate redundancy.
x Does NOT mean over-engineering!
nRather: can tse -over-scrounging:
3. EXpect topology to change

® Yes, like ad-hoc nets, but don't jump to heal topology...



Change Network Contract
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Best effort Internet
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Change Network Contract

n f X Is reachable, will try to to It”:
Best effort Internet

n f X 1S reachable, will try to 5
Information Centric Internet

Staggercast: user-in-the-loop negotiation/haggling
® “[f content X Is reachable, will try to fetch that data :

x “If content X reachable, will :

x “| don’t have Content X. Will Y be OK?” &



|CN: *-proof networks

Tolerance to network partitions

Tolerance to change in link guality:(e.g.; radio-channels)
Generally handles:client mobility:well:(Tyson et al, CACM’13)
Well suited for broadcast/radio access

x REACH: Ruralbroadband: intErnet:Access using Co-
operative mesh networking: in- wilite space spectrum

Wilkhit ratios oe-highzenotgh to:make storage pay off”

Amount of network state; at content item level rather
than host address level



‘Nudge’ users to £ hit ratio

x Current mindset: User Is king

® Operators/providers attempt
to satisty all user accesses

» |[dea: Nudge' user to
pehaviours better suited to
network!




Nencioni et al WWW 2013)
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Passive Nudging

Make It easy to choose best option for network
—.g.: Give users flexibility to choose time of access




PassiveYiudging

Make 1t easy to ¢
—.g.: Give users |
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Nencioni et al \WWW 2013)
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Automatic nudging

Choose the best option for the network by
profiling user access patterns
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Active nudging

x Offer incentives for good network behaviour:

® fewer ads, lower pricing, better bandwidth

x c.g. Night Browsing” Plans by number of operators
® Network operator can reflect their operating costs

®x .., when using 95th percentile SLAS, operators can
make Incentives higher when monthly peak is close



{£¥€}

Summary: On the virtue of ¢a$hes

Killer apps are needed;:-but-also:-need Killer:infrastructure

Coples give failure tolerance + topology iIndependence

INn network-caches enable time-shifted access,
staggering peak load

Pre-fetching can create arbitrage opportunities over
costly/variable-guality links, and different types of nets

Cache copies can be more effectively used by offering
iIncentives, based on ongoing network costs



1he Internet Is cheaper for
Pack Rats (who can be nudged)
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Change Network Contract

n f X Is reachable, will try to
Best effort Internet

n f X 1S reachable, will try to 5
Information Centric Internet

Staggercast: user-in-the-loop negotiation/haggling
® “[f content X Is reachable, will try to fetch that data :

x “|f content X reachable, will

x “| don’t have Content X. Will Y be OK?” &

))



Backup slides
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