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In trodu ction

P2P is popular today: 

file sharing, stream ing, IP Telephony…
A ccount for large percentage of traffic

D istributed in nature
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D istribu ted P2P N etw ork D esign

Previous w ork:
M assoulie, Tw igg, G kantsidis[2007]

N iu, Li [2009] [2011]

C hen, Ponec, Sengupta, Li, C hou [2008]

Flow -level netw ork m odel, 

N o incentive issues considered

W hatW hat’’s s newnew here?here?
M ulticastM ulticastw ith w ith generalgeneralnetw ork topologynetw ork topology

PacketPacket--levellevelnetw ork m odelnetw ork m odel

Low  com plexity Low  com plexity w ith w ith tradeofftradeoffbetw eenbetw een optim alityoptim ality and and delaysdelays

IncentiveIncentive guaranteed guaranteed 
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M ulticast, Full 
m esh

Broadcast,
G eneral topology

H i, buddy, let H i, buddy, let 
m e help you m e help you 
transm it transm it ☺☺
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O u tlin e

Introduction

Background

O ur C ontributions

N etw ork M odel

D ynam ic N etw ork

Packet-level M odel: M ulticast w ith N etw ork C oding 

Problem  Form ulation

K ey Results

C onclusions
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D yn am ic P2P N etw ork
Tim e Slotted System   t = {0, 1, ….} w ith 
N={1,2,…N} nodes

D ynam ic netw ork state M(t)=(S(t),J(t))
Topology m atrix S(t)=[Sab(t)]a,b　N

Sab(t) =1, if there is link from  node a to b
Sab(t) = 0, otherw ise

Link capacities r(S(t))=[rab(Sab(t))] a,b　N

rab(t) = max link(a,b) capacity, if Sab(t)=1
rab(t) = 0, otherw ise

N ode upload capacities J(t)=[Jn(t)]n　N

rab(t)　Jn(t) for any node b w ith Sab(t)=1

node n's choice of m ax upload capacity

Independent of Jn(t)

A n Exam pleA n Exam ple
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Jn(t0) =1 

Jn(t1) =3 

2nJ ≤
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D yn am ic P2P N etw ork (C on ’t)
A ssum ptions of N etw ork State M(t)=(S(t),J(t))

1. M(t) are i.i.d. i.i.d. over tim e

2. M(t) only changes at the beginning of each slot and 
rem ain fixed during the tim e slot

3. Each node n know s current values of Snb(t), b　N and 

Jn(t) in M(t) on each slot t

4. Each node does not necessarily knowdoes not necessarily know the 
distributions of Snb(t), b　N and Jn(t) in M(t)
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Packet-level M odel:
M u lticast w ith  N etw ork C odin g
M ulticast

Session c 　 C
A  source node sc 　 N
A  set of sink nodes 　　 Tc \ sc

Thanks to N etw ork C oding, w e have: 
M ulticast = m ultiple U nicasts

Inform ation queue [H o et al.2006]

Exam plesExam ples
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Session c1: n→{d,e}
Session c2: f→{b,c}
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x

y

x

x

y

y

Physical queue
Virtual
Inform ation queue

yx
　

yx
　

yx
　

yx

N ode fN ode f

cg
eQ

ch
eQ

=

N ode b Inform ation queue

Each node needs to 
figure out:

Admission controlAdmission control
Session selectionSession selection
Neighbor selectionNeighbor selection
Rate allocationRate allocation
Network codingNetwork codingO ne-to-m any m apping
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Problem  Form u lation

Theorem :

There is a stationary random ized policystationary random ized policy that 
achieves the optim al solution of N U M  
problem .

The optim um  can be obtained w ith exact 
distribution inform ation for M(t).

9
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Each node n, Each session c, and each sink 　
Inform ation queue:
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Instantaneous constraints
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N ode fN ode f

cg
eQ

ch
eQ

=

Remember the oneRemember the one--toto--many mapping?many mapping?

However, what if    NOT availableHowever, what if    NOT available
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D istribu ted A lgorith m  w ith  D yn am ic Pricin g

For a control param eter V (affects a delay tradeoff…)

Each node charge a price                          per a received packet 

ID C  A lgorithm :

A dm ission control at source node

Select one session for each neighbor 

w here 

10

Select one neighbor to transm it

Rate allocation

N etw ork coding

Linearly com bine session          ‘s packets in

inform ation queues w ith 

w here is the selected session.

Low Complexity 
Low Complexity 

☺☺
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Perform an ce of ID C  A lgorith m

Theorem  : (Stability) A ll queues are bounded

Proof by induction.

Theorem  : (O ptim ality) A rbitrarily close to optim al utility

Proof by Lyapunov drift.

Theorem  : (Incentives) N on-negative profit for everyone

Intuition: focus on one packet transm ission

11
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c c
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Tradeoff :  
Larger V, closer to the optim um  g*, 
but m aybe larger delay 
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D istribu ted A lgorith m  w ith  D yn am ic Pricin g

For a control param eter V (affects a delay tradeoff…)

Each node charge a price                          per a received packet 

ID C  A lgorithm :

A dm ission control at source node

Select one session for each neighbor 

w here 

9

Select one neighbor to transm it

Rate allocation

N etw ork coding

Linearly com bine session     ‘s packets in

inform ation queues w ith 

w here is the selected session.

W e w ant

M ax change in the queue 
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Perform an ce of ID C  A lgorith m

Theorem  : (Stability) A ll queues are bounded

Proof by induction.

Theorem  : (O ptim ality) A rbitrarily close to optim al utility

Proof by Lyapunov drift.

Theorem  : (Incentives) N on-negative profit for everyone

Intuition: focus on one packet transm ission
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C on clu sion

D ynam ic P2P N etw ork

M ulticastM ulticast w ith w ith generalgeneralnetw ork topologynetw ork topology

PacketPacket--levellevelnetw ork m odelnetw ork m odel

N U M  Problem

IntraIntra--sessionsession netw ork codingnetw ork coding

LowLow --com plexity distributed com plexity distributed algorithm  w ith algorithm  w ith 
optim alityoptim ality--delay tradeoffdelay tradeoff

IncentiveIncentive guaranteed guaranteed 
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