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semmUnIications systems go through' phase
transitiogs
JnF'- met melted wired communications from

._solld (designed, optimized based on rigid
structure) to liquid (adaptive, flexible)

Understanding the liguid phase
Extending the liquid phase to wireless




pressure
FOINVIKIPEdIa, the free ‘
enEyclopedia.
FRENSh/Sical
ERSCIENCES, a phase is
== d SCl Of states of a crtica
=== macroscopic physical point
system that have
relatively uniform ...

physical properties.

Gas

temperature



RIEISES Occur outsidephysics

IRECENOMICS, Darter Econemies change INto
MEIREL ECONOMIES Via the creation of /iguidity,
gecuinera Law off One Price.

Trelf ic patterns — rural and suburban traffic (gas),
syiushy hour (liquid), traffic jam (solid), NY City

P

- *—---(semlconductor)

— Inliving systems, colonial organisms become
multicellular individuals through differentiation.

In social systems, class and family structured
societies have very different “social capital” from
agrarian societies and merchant cities.




HOINVIKPECIEtENEE eEncyclopedia:
RIESESIANE EMENUENT phenomena produced by the self-organization
gifcNiiaCroscopIc number of particles.

Jn sy/stems that are too small, the distinction between phases
ppears
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-~ Gl -quU|d compressibility
-.--r[:lC]UId -Solid: rigidity
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Phases are real but you can’t see a phase change by
looking more closely at the elements!

Phase arises from scaling properties among elements




sommunications — Selidspnase™

AT&T,‘ orthiAmerican Numbering Plan

rligr hlcal optimized, planned for 30 years

l— A very level, specs, parts, interfaces, standards

B
—
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Claim: attaching a phone not made by AT&T risked
major dysfunction in the network’s capabllities
Because of rigidity — might have been true!
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sOmmunications: from SO|Id 10
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Trirgug)i e RtErmerWasrantoose; optionalffeature
SIRSOIME computer iInstallations' layered on highly
Sichied and purpose-built telecom networks.

95&‘ 000, a new phase began to emerge — the WW\W,
Sl file Servers, streaming media, and common file

T Oimats and standards transcended telecom’s rigid
=~ substrate

-

;‘_'_*Ey 2004, the infrastructure melts - Internet support

~pecomes uniform and pervasive throughout the world —
a computer would not make sense off the Internet, and
most products and services had presence on the
Internet

No: hierarchy, but remarkable resiliency, adaptability,
strength
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JHEETStanding the liguidspnase™

NERgIErarchy, planned structure, commana
Ziecontrol

WECouldn't reboot the Internet and come
= Uprwithi the same thing (but a solid
= [mechanism could be built)
~ It's something that grows
Learn from biology, not mechanical
engineering




SOJIECTIVE DENAVIOrS Can Ao WOk

Eliately

WENIUIST SHIPS o float!

GIIDB — now Gracenote
ikipedia
— BitTorrent
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Wieent — an emergent liguigs

FIESE Invention:

ANCOBIETALIVE file distribution’ protocol

=SEyedy interested In getting a file required to
IEIProthers get that file — self organizing
Heieeo] designed to reward cooperation, punish

=iree-riders.

o

The same effect explains how Internet congestion
control works — shared incentives to manage
congestion without central control, “negotiation
of fair states via packet drops and mutuality

-
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EXtending the I|qU|d phase to

Wireless —

WINEIESS
Mo'oli'-
Pe__ SO n-centered

= - are goals
— Vet radio systems remain in the “solid phase”

Why? Regulation founded on a presumption of
scarcity of spectrum




V'is Noet,.the: Limits

IMENENS O Known physical principle that
or*‘ ents scaling the RF communications
C3 Pacity in a physical space proportional

- —.

= o the number of antennas In that space.
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~ But today’s hierarchical, centrally designed
architectures don’t achieve that




VilgifRadie

ooperative diversity
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Node density

Increasing cooperation




VilaiNRadio- Networks: s

IEWYBIKS, MOt [AdioS

W@IBCEIVers, not transmitters and receivers
BTty principles (constructing liquid phase):
B Eceivers and transmitters equal
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= do't optimize —becomes brittle and solid

— trust in numbers and statistical fluidity, which
get better with scale

Viral structure — structure adapts to demand
dynamically
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ffe egulation creates theVery oo
ty it aSSUMES

herspectrum is full (law)

The spectrum Is EE%;;_ ;;§=E==i-n='=§§§__

essentially empty i m:"f“”f’mﬁﬁ?ﬂ
(physics) Eessma=—=sEEEs




romr Bit=torrent
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SOBPENAE DY relaying Where that helps

Ay
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. :J§ Be the environment and adapt to
conditiens and demand dynamically

Use what you need; create incentives for
cooperation, punishments for defection
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- A Simiple example of adaptation
el =I|qU|d|ty OppoertunIstic relay

—— bestpath @ kT
- best path @ (k+1)T

Opportunistic
Relaying

‘/_,-f'-/ ldeal

Space Time Coding

__la,——- Repetition coding

1/(M+1) 0.5 1 T

Liquidity: the more relay choices, the more adaptation improves capacity



OISENVALIONS),

AWEEE nodes help (more degr—ees of

EEEEM avole

prittle failure)

Velimtary” cooperation pays forward
nodes have incentive to cooperate
— Based on the observation that capacity can
Increase with the number of nodes,

because of more degrees of freedom, so
scaling takes care of resource.




=1) E)

SOEPERALIVE Irelay hoosts multicast, teo

RECIPIEnts receive both original and
ivvarded data
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HEietViulticast Technigue

r\rlruo Ve relay already depends on
il ulticast” of propagation information
o U] IAg periodic RTS/CTS

: 3 piggyback routing decision on that
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NEENocal -copperationraecision™

HMEEyack propagation testing on' periodic
'o'u‘ decision

A_ punce all In-flight data

: llAeURACe “route options”
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' ‘Allow each relay to “volunteer” what it can
forward

Transmit using relays
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Essenee of “liguid™ vs. solld

Ofot cols

LY constantly tests the Iocal
|ronment matching conditions to
anad

H A |d operating near the optimum, which is
~ brittle

~“go for scalability”

Lic|

Ll
f

C
UC




- S
SIMERCENL properties of theﬂqmd

munlcatlons phase

,-\(]rIQI‘- 9lEerto condltlons — alpsorps new.
_ﬂologies anadl applications

__nergy to reshape — reducing the cost of
| ﬂovatlon In culture and business

SBoundaryless — globalization, no bottlenecks or

==

“middlemen
- Selvent — absorbs and diffuses nhew innovations

Turbulence — local emergent structures: blog
networks, discussion groups, etc.




