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In trodu ction

» P2P ispopular today:
fie sharng, stream g, P Telephony...
A ccount for hrge =t ~Fraffic
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D istributed P2P Network D esign

» Previbuswork:

M assouli, Tw igg, G kantsids[2007] Broadcast,
N i1, Li[2009] [2011] G eneral topo bgy
C hen, Ponec, Sengupta, Li C hou [2008] M ulticast, Full

Fbw —levelnetw ork m odel

N o hcentive issues considered

» W hatsnew here?

M ulticast w ith generalnetw ork topobgy . o

Packet-levelnetw ork m odel
Low com pkxity w ith tradeo ffbetwfeen optin ality and de hys

Incentive guaranteed
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Outline

» Network Model

D ynam i N etw ork

Packet-levelM odel:M ulticast w ith N etw ork C oding
» Problem Form ulktion
» Key Results

» Conclusions
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D ynam ic P2P Network

» Tine Sbtted System t={0,1, ...} with » AnExamplk
N={1,2,...N} nodes ~

Snaltg) =1
Talto) =3

Ihdependent o fJ,(t) Spa(ty) =0
Ta(ty) =0 -
B t=t,
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Dynam ic P2P Netw ork Con’t)
» A ssum ptions ofN etw ork State M(t)=(S(t),J(t))
M(t) are iid. over tin e
M(t) only changes at the beginning ofeach sbtand
rem an fixed during the tin e sbt
Each node n know s current valies o£S(t), b N and
J,(t) 1 M(t) on each sbtt

Each node does notnecessarily know the
distrbutns ofS(t),b N and J,(t) i M(t)
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Packet-levelM odel:
M ulticastw ith Netw ork Coding

» M ulticast » Examples

Sessonc  C e \
Session c,:n —{d.e
A sourcenodes, N Session ¢,-f —{b,c )

A setofshk nodes T.\s,

~
[f
. 1
» Thanks to N etw ork C oding, we have: (\
M ulticast = multple Unicasts
Tnform aton queue [Ho etal2006]

=Ll

; - -
1 Virtual -
’ l e Infom aton queue
0 hfbrm atbn que
A, D C

E n = L’E" Eachnode needs to
y - L; I EE B fglirid?v:sts.ion control

N
l]'li‘* # Session selection FGmiE
L § O -+ Neighbor selection
-+ Rate allocation

Session c:a —{g, h} 0 ne-to-m any m appig » Network coding
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Problem Form ulation

NUM:g" = maxy ¢ (z5)
subject to network stability,

Youb, < J, ¥nen,
b

() € Caagey, Vi,
variables (2) £{(x(t), v{t), ), VL

Instantaneous constraints
E’:.(‘) Lg .
"

st <ofe), YabeSET,
3 0l0) < raslSa(8)), Ve,

3@ < A, Va,
b

Each node n, Each session ¢, and each sihk
hform aton queue:
1{":55) x:c ® q

11

uL(t),beN\n BeT, ul(t),beN\n BeT,
‘ C orresponding physical rates I
Ve, (t),beN\n Vi (t),beN\n

Remember the one-to-many mapping?
h Virtual

Physkal queue -
m atbn queue LhdL
B B L"’E"
l—>
2 (
. ->
1 QE

However, what ifYNOT available ?

9
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D istribu ted Algorithm with D ynam ic Pricing

» Foracontrolparam eter V. G@ffects a dely tradeoff..)
» Each node charge aprice (g} & U (g}/¥ per a received packet

» DC Algorithm :

Adm issbn controlat source node

Mot 3 040 -3l
fabject to 0 €3 22 (0 < T
e

Selectone session for each neighbor

2uff) —emmax 3 WG, VHEN.
ot

w here

W)= ma{gd () — {f) — duma/ Vo O Vx5,
LI

Sekctone neighbor to transn it

K mag g 3 W,
[

{iafuitf=1}

Rate albcation

vl A cTad WA{H >0
ﬂo:{n, ros .
o= {4mmw:—mm-=¢m-=ue
0, el

N etw ork coding
Liearly com bhe sessbn €4(#) s‘packets h

. ) ) "
5Ty aton queuesw ith W:i:((’;(f) >0

exity Q. &) = B {8 i the sebeted session.
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Perform ance of ID C A lgorithm
» Theorem : Stability) A 1l queues are bounded
UL (2} <Vmas+fmass V11 €N, c €€, B €,

Proofby nduction.
» Theorem : (O ptin ality) A rbitrarily cbse to optin alutility

nf Y o2 (7)) > ¢ —O/V)

Proofby Lyapunov drift.

» Theorem : (hcentives) N on—negative profit Hr everyone
Intuition: ocus on one packet transm ission
slot t'<t slot t
data uZ/ (t) ) data u? (t)

MONeY uZ7(t)q (t') money uif (t)q;” (t)

PG W GEL
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D istribu ted Algorithm with D ynam ic Pricing

» Foracontrolparam eter V. G@ffects a dely tradeoff..)
» Each node charge a price o®(8) & UP(ByVa received packet
» DC Algorithm :

Sekctone neighbor to transm it

Adm issbn controlat source node [ _“{%]EE w_-...uu(,]

iau E"{.:'m _E,:‘-mm Rate albcation

Snest to UL 3 220 0 < o 2o J® AT ad W >0,
- 1o, ochoraie

Selectone session for each neighbor
Eui) =-'=n_g§IW2(¢‘L vheN.
W ewant #(ﬁ) _& <#(ﬂ N etw ork coding
Liearly com bhe sessbn  sgjffkets in
wﬁ'ﬂw“‘“ - Dfom aton quevesw it Wentog (8> 0,
e it O L where  Eut) = Pugmn@tne solcted session.

M ax change n the queue

- {4mmwz—mm=¢m-=ue
[ T may
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Perform ance of ID C A lgorithm
» Theorem : Stability) A 1l queues are bounded
U E@&nﬂ‘l“,mq"'t:“ EN,ceC,BET;
Proofby nduction.
» Theorem : (O ptin ality) A rbitrarily cbse to optin alutility
inf ¥, o2, () > ¢ —~O(1/V)
Proofby Lyapunov drift.
» Theorem : (hcentives) N on—negative profit Hr everyone
Intuition: ocus on one packet transm ission
slot t'<t slot t

data uZ’ (") i data u (t) @) —P(t) >0 -

Money ue? (t)q” (t') money uf (t)q” (t)
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Conclusion
» D ynam ic P2P N etw ork
M ulticast w ith generalnetw ork topobgy

Packet-levelnetw ork m odel

» NUM Problem

Ihtra—sessibn netw ork coding

Low —com plexity distrbuted algorithm w ith
optin ality-dehy tradeo ff

Incentive guaranteed
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