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Summary

Lossy Averaging Problem

� Complete graph with m nodes. Node iobserves i.i.d. sour
e Xi� Ea
h node wishes to estimate the averageSn := (1=m)∑mi=1Xni to a pres
ribed MSEdistortion
xni

xn1
xn2xn3

xn4
xn5

xn6xnm
� Averaging proto
ol:Æ T rounds of node-pair, two-way 
ommuni
ation/ 
omputingÆ (R1; : : : ;Rm;n) blo
k 
ode: In round t, node i transmits at total rate ri(t)� 0 if itis sele
ted; otherwise, ri(t) = 0. Ri = ∑Tt=1 ri(t)Æ Per-node average rate R = (1=m)∑mi=1RiÆ Distributed proto
ols: Not depend on node identitiesÆ Gossip proto
ols: Random node subset sele
tions [Hedetniemi et al., 88℄� For �xed T and �xed sequen
e of node-pair sele
tions:Æ (R;D) is a
hievable if there is a sequen
e of (R1; : : : ;Rm;n) 
odes su
h thatR = (1=m)∑mi=1Ri and

limsupn!1 1mn m
∑i=1

n
∑k=1E[(Sik�Si)2]�D

Æ R(D) = inffR : (R;D) is a
hievableg� Network rate distortion fun
tionR�(D) = inffR(D) : all node-pair sele
tion sequen
es and Tg
Cutset Lower Bound onR�(D)� Independent WGN sour
es with averagepower 1

Cutset Lower Bound:
R�(D)� 12 log

(m�1m2D
)

for D < (m�1)=m2
� Tight for 2-node network with 
orrelatedGaussian sour
es
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Super-node: P = m�1m2
Upper Bound onR�(D)
� Use 
entralized proto
ol; node 1 a
ts as 
luster-head� Round t = 1; : : : ;(m�1):

ri(i �1) = 12 log
(1d
) ;d = mD2

� Round t =m;: : : ;(2m�2):
r1(t) = 12 log

( 2mD
)
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Upper bound:
R�(D)� m�1m log( 2mD

)

Distributed Weighted-Sum Protocol

� T rounds of node-pair, two-way 
ommuni
ation/ 
omputing� Estimate of node i at t = 0: Sni (0) = Xni� Assume (i ; j) sele
ted in round t > 0:Æ Node i : Sends des
ription Ŝni (t)� Distortion d E(S2ik(t)) and rate (1=2) log(1=d)Æ Similarly, node j sends des
ription Ŝnj (t)Æ Nodes update their estimates
Snv (t+1) = 12Snv (t)+ 12(1�d)Ŝni+j�v(t) for v = i ; j

� De�ne R�WS(D)� R�(D)
Lower Bound onR�

WS(D)
R�WS(D)� (minimum T)� (minimum average rate per round)

�(m2 log 1pD+1=m
)

( 1m log 14mD
)

Gossip-Based Weighted-Sum Protocol

� Class of distributed weighted-sum proto
ols� Node-pair sele
ted independently at random in ea
h round� Expe
ted weighted-sum network rate distortion fun
tionE(RWS(D)) = inf fE(R) : (R;�) is a
hievable,E(�)<Dg
� R�WS(D)� E(RWS(D))

Upper bound on E(RWS(D)):
E(RWS(D))� m�1m

(ln 2D
)(log (m�1) ln(2=D)m2D

)

Summary of Bounds

Bounds D =�(1=m) D =�(1=m2)
Cutset R�(D) 
(1) 
(logm)

Centralized R�(D) O(1) O(logm)
Distributed R�WS(D) 
(logm) 
((logm)2)

E(RWS(D)) O((logm)(log logm)) O((logm)2)
Pri
e of using a distributed proto
ol is roughly logm

Effect of Using Correlation

� We ignored the build up in 
orrelation� Can a
hieve better rate using Wyner-Ziv 
oding� Very di�
ult to analyze; using simulations (m = 50):
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This work was also presented at the 2009 International Symposium on Information Theory, June 28-July 3, 2009, Seoul, Korea.


