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Cloud-Mixing Lemma 2

Quantifying Correlation

Strong Coordination: Achievability

» Shannon’s Mutual Information: Pick U : X — U — Y and fold the problem.

[X;Y) = H(X) = H(X]Y) U™ [Py | X7

» Wyner’s Common Information:

How much common randomness needed to generate correlated (X", Y")? U™ [p yn

F X"
/ » R+ Ry > I(U; X,Y) = hmn%oHQXn,W _ HPXPy|XH1 — 0
Common Randomne@ » Still need X" to be i.i.d. and independent of K'!
CR>I(U:X) = | H - PH:O
QL. yn ( ) mMp—eo||Q x K=k |1 Px :

Ans: R > C(X:;Y)=ming. x_y_y [(U; X,Y)

Strong Coordination with Eavesdropper [Cuff 08]

K e [2nfi)
[ eppm )

» Reverse Shannon Theorem [Bennett et al 02]:
How much communication needed to synthesize Y ~ | | Py| ¥ using

a noiseless link and X" ~ || Px?
Ans: Need communication rate R > I(X;Y)

X" y"
(Need shared randomness!) F JIXN . G(J, K)
An Operational Viewpoint: Strong Coordination [Cuff 08, Bennett et al. 09] » Same as before, but want J 1 (X", Y") as well
» Ans: With X — U — Y, need
K e [2nho) R>I1(U;X)
'/ ' \ Ry> I(U: X,Y).
onik
X" J e |2 yn
Ik -G(J,K) ——
Secure Cascade Channel Synthesis
» Fix Pxy and consider X" ~ || Px given by nature, independent of K ‘
- Want hmn%oHQ xuyn — ] PxPy, XH1 — 0 n Ry bits
» What are optimal rates of communication and shared randomness?
n
Ans: Need Xt~ ] PX\
n R bits n o bits
R+Ry>IU;X,Y), J1 J9
n n
with X —U —Y. \Y z

» Want 1imn%OOHQXn7YTL’Zn — H PXPYaZ’XHl = ()
» Security constraint: (Ji, Jo) L (X™ Y™ Z")
» Ans: Need

Cloud-Mixing Lemma 1

Fix Pry,. Want to synthesize V" ~ [] Py given a codebook B of 274t {m

sequences. How small can this codebook be? Ry > I1(V; X)
J ~ Unif Un(J) U Ry > I(U,V; X)
- gn) P Ry > I(U,V: XY, Z),

Ans: R > I(U,;V) is sufficient[1]. with X — (U, V) =Y, (X, Y,U) =V — Zand H(V|U) = 0.

Fix Py x. Want to synthesize X" ~ || Py)y, given V" ~ || P and a codebook

B of 908 sequences. How small can this codebook be?

»
! o

V'~ Py v

A 4

R 1 U X7
L F() - Pxjpy .

Ans: R > I(U; X|V) is sufficient[1].

Example: Task Assignment

Let X ~unif{|m|} for m > 3. Consider Py | x that produces a pair Y # Z uniformly
distributed over all distinct pairs in [m] \ { X }. The optimal rate region is

((Ro,R1,Ro) €R3 : Jacm—1\{1},b€a—1]st
Ry > log (')
ConvexHull < R, > log %) >
m(m—1)(m—2)
\ Ro > log (T itnar ) )

Open Problems/Applications

» Cascade Channel Synthesis (without Eavesdropper)[2]
» Strong Coordination with Private Channel [3]

» Strong Coordination through a Noisy Channel[4]

» Strong Coordination with Side Information at Decoder
» Rate-Distortion Theory for Secrecy Systems|[3]
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