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<2 An Intriguing mystery raised by x-layer research
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50%-99% reduction in energy while meeting user : i 19%-50% improvement in multicast energy through
requirements, depending on channel conditions, : ¢ network coding and joint network/MAC adaptation
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Dral What is the “right” wireless network stack, if this is not it?




Root cause of layering suboptimality

How did we get into this situation — and what do we need to do:
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Traditional “design by committee” stacks are modularized to optimize evolution,

not user concerns
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CBMANET is exploring two potentially complementary paradigm shifts in stack design




Candidate paradigm shift: rrom design-by- committee to design-by-
B principle

Optimality and adaptivity by design

maximize X, U,(x)

s.t. C1(x), C2(x), Cn(x) Emerging “Optimization Decomposition” method:

1. Formulate an optimization problem
J L 2

. Decompose optimization problem along horizontal (node)
or vertical (network stack) lines such that each subproblem

Master Opt. Problem refers only to local variables
- Prices/ 3. Couple the problems at runtime by passing joint “pricing”
Coordination > Resources feedback appropriately
Master
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Secondary
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Major technical approaches:

* Optimization-theoretic: distributed optimal
solution algorithm (economic interpretation) Optimization decomposition maximally exploits
. Game-theoretic: Nash equilibrium the available physical radio capabilities

characterization and cooperative competition

= Optimization decomposition provides a scientific basis for network architecture




Candidate paradigm Shift: From packets on links to information on

B2 hyperarcs

®

Packet fragments are broadcast,
mixed and recombined at each node
until fully received

Summary Advantages of

Network Coding:

A unified theory of forward error
correction (FEC), erasure coding,
and multi-path routing offers
robustness and simplicity

Dense deployments are exploited
by leveraging broadcast

Heavy traffic loads are exploited
with information-theoretic coding

The information received by a node
is stored and exploited later

The same protocol handles unicast,
multicast, and broadcast

j Fragment/Packet
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Network coding is a potential “swiss army knife” for networking




= ITMANET: A grand challenge in information theory

FACTORS AFFECTING MANET CAPACITY

MOBILITY

LATENCY HETEROGENEITY —— :

Wireless “network”
communications:

i Point-to-point
i communications: SIDE

For AWGN channels, an upper INFORMATION
: bound on capacity is known :

TOPOLOGY

For wireless networks, an
upper capacity bound is not
known except when assuming
specific current technologies

%]
1m0

: NOISE
| i DISTRIBUTION/

i L (Gaussian)

— opsk

OVERHEAD |

o TRAFFIC
NOISE PROFILE
STRENGTH AND UTILITY

o
-
e
03
o
o
o
-

ENERGY

This knowledge is represented by
i the AWGN channel capacity limit
: formula:

..... BANDWIDTH

UNSOLVED Grand Challenge:
|:| Dimensions considered in Shannon formulation (CErEREiy D G lu] A

: Dimensions considered in a future
C =W logz2 (1 + S/N) [bits/second] “unified theory of MANET Capacity”

We seek a new kind of information theory powerful enough to describe
MANET fundamental limits and tradeoffs
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Other paradigm shifts will emerge from better
B theory
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CBMANET & ITMANET program schedules

2006 2007 2008 2009 2010 2011 2012

CBMANET (projects) WANN ports

18 month phase 1

M 12-mo options
0000000‘0000000.

ITMANET (theory) >
18 month phase 1 Three 12-mo options
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Initial results from both programs are promising
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