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Soft Covering

{ Memoryless

M (AR bLEs}

R > I(U;V)

Qamclc:mi,v select a codeword

Pass through a memorvt&ss channel
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Fmﬁ Diskribution

Desired ouﬁpu& diskribution:

Qv ()= Quiu (vu)Qu (u) v 2l o

Qu~=|]Qu
Induced output distribution: o =Tove

Pyrm o Z Qv |Uun=un (m)
u™(m)eC



Output Diskribubtion




Soft Covering
Lemwima

o Codeboolk size: R>I(U;V)
o Codebool qgeneration: U(m)~Qu LA,
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Covering and
Packing

Covering Packing
(compression) (Eransmission)




Covering

Hard covering:

U Te (u"(m)) = V™ in probability

u™(m)

Soft covering:

1
onR Z QvnUun=yn(m) = Qvnr

u™(m)eC



Aaron wjmer: 1978

o Common Information
- Soft covering: Theorem 6.3

o Wire&ay Chawnnel



war@.&ap Channel

s Memor:ji.ass :

M (AR bi;Es)

Se&ref:j CO&P&&EE}I
- Reliable communication
- Z" conkains no information about M



Solubions

o Wyner gave solution for degraded
channels

o Csiszar-Korner gave solution for all
channels (197%)

o Encoding requires pre-channel



Solukion

Deqgraded:
Cs = maxex I(X;Y) - I(X;2)

Creneral:
Cs = maxexe I(U;Y) - I(U;2)
—1 v




Encoding

Same comstruction as point-to-point
Codeboolk qenerated according to Px
Send btwo messages, M and M

o M is random qarbage

o The rate of M is I(X;2)
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Stronger Soft
Covering Lemma



Claims

1. P (D(Pynic[|Qv=) > e ™) <e7®™

Conditions:
- R > ILU;V)
— V has finite cardinality

d

2. P (|| Pynic — QvrllTy >¢€) <e™

Conditions:
- 1 logn
AN . Ful
Rn—I(X,Y)Jr\/ﬁQ (e)VV +¢ -

~ V and U have finite cardinality




Proot Concept

Tvaai. [mrE close ko 1
for all v




Existence arqument

o Performance error mekbrics:

O €1, e, - Must all go ko zero
o Expected value over codebools:

° E [ej re, :} = E{le] 3 E[lej s c
o ‘Prababitiﬁv of a qood codeboolk:

0 Pleinre OR ey ,2e ...) £ Pleywre) + Ples2e) .o



Senankic Se«r:u,ri;&v

o Croldwasser-pmicall 19%2
o BettaremTessaraw\fardj 012

o No test can distinquish between a
random selection from any two
messaqes (Perror % 1/2)

o 1P = Puwdlrv % © for all i,k



Strong is Too Weak

o Message is assumed to be uniformly
distributed

I(M;Z") =2""% D (Pznpeml|lPz~)
g A

close ol average



Arb&rardv \farviv\g
Wi;r@.%ap Channel

s Memor:ji.ass :

M (MR bits) g

Sear@.t“j Ca pa&i&}: 3"

- Reliable communication
- Z" conkains no information about M



Resulk

o Goldfeld-Cuff-Permuter 2016
o Solved under %gﬂm conskraink

o Achieve w&re&ay channel secrecy
i’:&P&&L&j i general

o Semantic set‘:uriﬁj aapa&i&v ts khe
same,



