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Block diagram

U = fi(Xo, Ugt—1), € {0,1} H; € {ON(1-¢), OFF(¢)}

X U Y, X
Markov process ft ~ Transmitter t/ ~ Erasure channel — L, Receiver kit
X1 =aXe + W, ACK/NACK X = g:(You)
Difficulty
Decentralized optimization problem; non-classical information structure J

Salient features

» Real-time transmission; size of data-packet not important; sensoring is cheap
compared to transmission

» Known prior of packet-drop, T CP-like protocol

» a, Xy, Wy € Z; W; ~ unimodal and symmetric pmf
> Yt — UthXt + (1 - Uth)€
» Per-step distortion: d(X; — X.); d(0) =0, d(x) =

d(—x), d(x) < d(x + 1) for any x € Z>g

Performance metrics
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Di(f.g) = (1 — BYEE | S (X, — Xb) | Xo = o}
=0

Ns(f,g) = (1— BEC® S B, | X =0].
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Optimization problems

» Costly communication:
CE()\) = arginfir z) Ca(f, g8; A) = arginf(r oy Ds(f, g) + ANs(f, g)

» Constrained communication: « € (0,1); Dj(a) = arginf(r g).n,(r ¢)<a Ds(f, 8)

Structure of optimal strategies

»Zt:{xt, fY, 4 ¢ 70
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aZt_l, if Yl’ =¢ |
» Estimation strategy: Zp
A Xt it Y:# ¢
Xt = g:(zt) - t : 7
ali_1, TYe=¢€
» Transmission strategy: E; = X; — a)A(t_l.
1, if|E| >k
U, = £ (E;) = -
AC) 0, if |E| < k
Z1
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» Majorization, ASU Schur concavity
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» Belief states, POMDP

» {E:}+>0 is a regenerative process

Performance of threshold-based strategy

() 41O+ B e puael (o)) i lel > k
" A - k .
d(e) + 5 ZneZ pn—aeL(5 )(n), if |e| < k.
> M(k) e) — € {1 + 6 ZneZ pn—aeMék)(n)} ; it |e| > k
’ 1+p5 Znez Pn—aeMék)(n), if |e| < k.
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£e .. ] - h(k) & P is substochastic

o LY =[1 - h0 o Pl o d, MY = [1 - gr%) @ P]~1AK)

Renewal relationships

» For k € Z~y, 6 — (O, 1),
L(k)(O)
DY(0) = Dy(F W), g*) = &
15} 5 8 k )
M (0)
1
NY(0) = Ny(FR), g*) = —(1-5)
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M (0)
L%0) + A
0, 1) = Cy(F9, g% 2) = - ~A1-9).
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|f Optimal threshold

» Costly: For 8 € (0,1], K = {k € Zzo: DS"V(0) > D{(0)}. For k, € K,

kn—i—l kn
(k) DI"(0) = DI(0)
B a ok, Kni1
N (0) — N (0)
» For any k, € K and any A e (\{" A7), = flk)

» C5()\): continuous, concave, increasing and piecewise linear in

- M(k*—|—1)_ 1
» Constrained: k* .= sup {k € Z>p: Mék) < 1+é—6}' 0* == Mﬁ(km)_l/\;‘g‘,;ﬁf. Then,
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0, if |e| < k*;
0 p. 1—6% if |e| = k¥

. ()= WP lo it el = &%

1, w.p. 0% if |e| = k*;

1

, if |e] > k*.

> alk) = Ny(fK), g*). Then, for a € (a*1) alk)) k* = k and 0" = (o — k1)) /(alk) — olk+1)),

> Di(a) = H*Dék*) + (1 - 9*)Dék*+1): continuous, convex, decreasing and piecewise linear in «

Figures: Optimal performances
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Example: symmetric birth-death Markov chain

» p=0.3, =0.99, ¢ €{0,0.3,0.7}. Constrained performance
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