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Opportunistic Communication

= Bluetooth and/or WiFi enabled devices
= Communication opportunities whenever people meet
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Application: T

= A wireless service provider distributes content that
changes dynamically.
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Application: Distributing Content Upd

Where am [? » Home » News

Friday June 5, 2009

Labour suffers heavy losses in
elections

Party loses seats in Staffordshire,
Bristol, Central Bedfordshire and
Lincolnshire as day of poll
disaster looms for PM

UK EDITION swITCH TO GLOBAL EDITION

Departure ignites warfare on

E-mail plot among MPs is
overtaken by open calls for Brown
to go and angry denunciations
from his remaining supportzrs

HEADLINES: » Animal experiments could end in a generation

Latest: Hutton quits as Brown reshuffles Cabinet

Defence Secretary follows James
Pumell outof Cabinet, upsetting
reshuffle, but publicly backs
Gordon Brown

£ LIVE: The reshuffle as it
happens
» COMMENT: A stronger Brown
survives -for now
»IN DEPTH: Cabinetwatch -
resigned, loyal or gone quist?
& BLOG: 5 signs of weakness

Purnell resignation shocks
Gordon Brown

Prime Minister dealt devastating
blow as Work and Pensions
Secretary quits Cabinet and tells
him to stand down
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&he New York Times

wiTH THE International Herald Tribune
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» Air France Flight 447 'may h|
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» The Top 50 Manchester Uni|
» John Hutton follows James
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itai biggest fat cat

Bearch

Welcome to the new G\wm Edition of NY Times.com. Learn More | Switch to U.S. Edition »

Militants Show
New Boldness in
Cities of Iraq

By ALISSA J. RUBIN
BAGHDAD — Security officials
say that jihadi and Baath militants
are regrouping as a smaller but

still lethal ins y. threatening

the relutive calm in most of Iraq.

Obama, in Europe,
Faces Big Challenges to
Agenda

BY DAVID E. SANGER
3:34 AMET
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Ieadlership, the president arrived
for 1 meeting of the Group of 20
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WASHINGTON — The Obama administration must decide what o 389821 4,039.99
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Application: Distributing Content Updates—
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= Traffic information, stock prices
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Application

chez pim

not an arbiter of taste

Friday, March 13, 2009
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Literature that skewers

pompous fools

March 30th, 2009

Several commenters on my last post asked why I'd waste
time with Atlas Shrugged, given its evident flaws. The
reason is simple: because when there’s so little literature
that gets emotional about raticnality, you're tempted to take
what you can. Throughout history, the weapons of
art—poetry, literature, movies—have been deployed
rmercilessly against scientists, engineers, and anyone else so
nalive or simplistic as to think there are “right” and "wrong”
answers. Other times, a work of lterature will praise
“scientists,” but the science itself will be cringeworthy—and
worse yet, the juvenile humor at the core of how science
works wil be absent, replaced by a wooden earnestness
more in line with the writer's preconceptions. Occasionally,
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Users Can Share Updates
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= User with most recent content pushes it to the one whose

content is outdated
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Questions

Goal:
= Make content at users as “fresh” as possible
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Questions

The New Pork Eimes

..............................

Optimality: Allocation of downlink rate
= E.g., push updates to “social” users more frequently?
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Questions

Scalability: How does age grow with user population n ?
* E.9., O(n)? O(log n)?
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Our Results

Optimality
= The service provider can compute an optimal
allocation of its downlink rate.

Scalability:
" The age of content at users will grow slowly (as
log n) if the social network is an expander.
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Each user i receives updates according to Poisson process
with rate x., where n

Z X, =

i=1
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Model: Contact Process

time
E.g.
— Independent inter-contact times (but not necessarily identically distributed)
— Random trip mobility [Le Boudec and Vojnovic '06]

— Group mobility [Hong et al.'99, Musolesi and Mascolo '07]
— Markov chain mobility [e.g., Nicholson and Noble '08]
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Model: Contact Process

time
E.g.
— Independent inter-contact times (but not necessarily identically distributed)
— Random trip mobility [Le Boudec and Vojnovic '06]

— Group mobility [Hong et al.'99, Musolesi and Mascolo '07]
— Markov chain mobility [e.g., Nicholson and Noble '08]

General model: joint contact process is stationary ergodic.
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Model: User Utilities

u(Y): Utility of user i when the age of its content is Y.

u(Y) u(Y) u(Y) u(Y)
—? \
|
| \
Y Y Y

Fresher content is better.
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Maximize: f(})zz E. |u,(Y,)]

subject to: > x.<u,

x,=20,1<i=<n,
where
Y : the age of content at i (in steady state),
u(Y): the utility at i,
x,: the injection rate at i,
u : the downlink capacity.
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Main Result

Theorem: SOCIAL WELFARE MAXIMIZATION is a convex
optimization problem.
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Main Result

Theorem: SOCIAL WELFARE MAXIMIZATION is a convex
optimization problem.

Hence, it can be solved by gradient descent.
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Main Result

Theorem: SOCIAL WELFARE MAXIMIZATION is a convex
optimization problem.

Hence, it can be solved by gradient descent.

Algorithms for estimating the gradient

=Centralized: The service provider knows all user utilities and
collects user contact logs

=Distributed: The gradient is estimated by the users in a
decentralized manner
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Decentralized Estimation of the Gradient—

= Objective function: f(F)=D B u,(Y))]
i=1

OE,|u.(Y))]

X l

0Xx

" Fach user i estimates
manner.

, for all j, in a distributed

J
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Decentralized Estimation of the Gradient—

= Objective function: f(F)=D B lu,(Y,)]
i=1

OB, |u,(Y.)]

X l

= Each user i estimates PV for all j, in a distributed
manner. !

= These estimates are reported to the service provider, who
then computes

of(3)_~ OE |u,(Y,)] .
ox, —; Ox. , for all ;.

J
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update from serv. prov.

age

- =
time t
The age Y (1) Increases between encounters, and becomes

zero when a new update is received from the service
provider.
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age

time t
At some time {,, user j pretends it receives an update from the
service provider.
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age

tina{e t
From that point on, j maintains a "dummy” age process Y (1),
along with its actual age process Y ().

*ﬁ‘ THOMSON TECHNICOLORA\“E 06



T

Eventually, Y'(7) and Y (1) coincide.
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Y[(0)
""" Y'(0)
time t
Y,(t)
time t
User i meets j at time ¢, while j is maintaining a “dummy” age

process.
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Y1)
------ (1)

Y,(t)

time t

User i receives content from |, changing its actual age Y (z).
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time t
User i also starts a “"dummy” age process Y (7). Again, Y/ (1)
and Y (1) will eventually coincide.
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An Unbiased Estimator of

0
------ Y (0

If i meets a third user k,

| timet while maintaining a

: vo “dummy” age process,

------ y® k also creates a dummy
age process Y. (1).

. timet

User k: &

t, t, timet
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Y()
------ Y (1

age

User;: [

time t

time t

[Bremaud, Vasquez-Abad 92
The quantity 4; ;is an unbiased estimator of
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A= [ (¥.(s)—u,(Y(5))ds

OE;|u, (V)] .

Xj
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_ OB [u, (¥ )~ T
An Unbiased Estimator of —5

J

Y()
------ Y (1

A= [ (¥.(s)—u,(Y(5))ds

time t

time t

A, ; is similar to the sample path shadow price of a packet in a
congested network [Gibbens and Kelly, 99].
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Empirical Study

Infocom 06: 10 hours, 98 users
MIT: 80 days, 95 users
User utilities:

A

U(Y) = 1y <200

T

200
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Y (sec)
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Optimal Allocations (Infocom '06) g
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Comparison to Heuristic Allocations

/
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Conclusions & Future Work

Conclusions

= Service provider can distribute updates in optimal way.
* No need to know utilities and/or contact statistics!

= Optimal allocation can be non-trivial.

Future work

" Incentives to share

" Pricing

= Full decentralization-no service provider
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Thank you!

S. loannidis, A. Chaintreau, and L. Massoulié: Optimal and Scalable

Distribution of Content Updates in a Mobile Social Network. In INFOCOM
20009.

S. loannidis, and A. Chaintreau: On the Strength of Weak Ties in Mobile
Social Networks. In SNS 2009.

A. Chaintreau, J.Y-Le Boudec, and N. Ristanovic: The age of gossip: Spatial
mean-field regime. In SIGMETRICS 2009.
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Scalability

Restricted Model:
= Users meet according to independent Poisson processes
with rates ¢,2 0.
= Weighted graph G(V,E) where
= V = the set of users,
"E={(iy), ij €V},
= The weight of edge (iy) is q, 2 0.

Weighted Edge Expansion:

h,= min
acv jal<viy | A

THOMSON TECHNICOLOR 3
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Main Result

Theorem: If x = u/n, for all i € V, (i.e., the rate allocation is

uniform) the expected age seen by any user i € Vin steady state
satisfies

E.[7,1<Z(2¢ " +log (n))+ A Tog(n)
U

X

where h the edge expansion G.

- If G is an expander, the expected age is O(log n).
- Considerable improvement compared to no-sharing (O(n)).
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