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Joint Source-Channel Coding

n=pm

s —{ ") @ P—[e0™) }— (37, D)

o S~ P?m is memoryless source
° Q?ﬁl’;(()/ﬂx") = [1iL1 Qvix(vilx;) is a memoryless channel

o d(s™,5™) = L3 d(s;,5) is a decomposable distortion
measure
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measure
Define
" * . 1
D,=D (ns p; Ps, QY]X) = fSr’I’]EX" ;Ed(smﬁg(\/"))
é:y”»—>£’”

where m = % and Y" is the output of Q?,I’;( applied on X" = f{S™).
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Joint Source-Channel Coding

n=pm

s —{ ") @ P—[e0™) }— (37, D)

Source-Channel Separation Theorem

lim Df = D(pCo)

n—oo

where
e D(R) is the distortion-rate function of Ps
e Cq is the capacity of the channel Qyx
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Joint Source-Channel Coding

n=pm

s —{ ") @ P—[e0™) }— (37, D)

Source-Channel Separation Theorem

lim Df = D(pCo)

n—oo

Define A, = A(n, p, Ps, Qyix) = D}, — D(pCq)
How does A, scale with n?

A lot is known about FBL JSCC under excess distortion criterion
Practically nothing is known under mean distortion criterion

Maybe for a good reason...

A, = 0 when “Gastpar's conditions” satisfied
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Joint Source-Channel Coding

n=pm

s —{ I P @ F—{e0n (5.0

Recall:
o For channel coding C— R: = 1/ YQ 1(e) + o(%)

@ For source coding D%(R) — D(R) = —D’(R)Ig% + o('O%”)
[Zhang-Yang-Wei'97]
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Joint Source-Channel Coding

n=pm

s —{ ") @ P—[e0™) }— (37, D)

Recall:

@ For channel coding C — VQ () + o(%)

n

@ For source coding D (R) — D(R) = —D’(R)IOQ% + of'eem)

n

Our main result
For a transmission of a symmetric binary source over a binary
symmetric channel with crossover probability ¢

c(p,d) - D(pCs)
NG

where ¢(p,6) > 0 for p > 1

Ay > +0O(n~3*log n),
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Main Ingredient in the Proof

n
Uls-

O Gp.0y)
Y (9 (3.02)

s —[fsm X

© @

n
e S™ ~ Bernoulli(1/2)®™ Uns+
e Ul is uniform on nd-Hamming sphere (“type")

- _5_ a st _ _a
@) =96 ﬁ,é —5—|—ﬁforsomea>0
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Main Ingredient in the Proof

n
un

O Gp.0y)
Y (9 (3.02)

sn—JRem X

© @

n
e S™ ~ Bernoulli(1/2)®™ Uns+

e Ul is uniform on nd-Hamming sphere (“type")
° 5_:6—\%, 6+:5+ﬁforsomea>0
Main Technical Contribution

For any faglagZ :
Bl > D(pCs) +n(p, 8)D(pCs) 575 + O(n~**log ),
where 1(p, ) > 0 for p > 1
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Application of Theorem
Z" ~ Bernoulli(4)®"

sm—{ 5™ XD

(8™, Dy)

4/7



Application of Theorem
Z" ~ Bernoulli(4)®"
sm—{ 5" AP0 F— (3. 0,)

Let A = wulZ)=n
By CLT: “A ~ N/(0,5(1 — 4))"

4/7



Application of Theorem

Z" ~ Bernoulli(4)®"

sm D {0 F—(3".0,)

Let A = wulZ)=n
By CLT: “A ~ N/(0,5(1 — 4))"

Dy = E[Dy| [A]]
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Application of Theorem

U,
Y7 .
o RO G0
sm—f(s™)
Yy .
@ 2Bl — (55,02)
Let A= wulZ)=nd .
Un6Jr

By CLT: “A ~ N(0,6(1 — 6))"

s =5 AL s+ — 1Al
Recall: 6= =9¢ ﬁ,(S _(H'ﬁ

E [Di(lA]) + Da(JA))]
2

Dn = E[D| |A]] >
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Application of Theorem

U,
Y7 .
o RO G0
sm—f(s™)
Yy .
@ 2Bl — (55,02)
Let A= wulZ)=nd .
Un6+

By CLT: “A NnJ\f(O, 5(1—-0))"

s =5 AL s+ — 1Al
Recall: 6= =6 ﬁ,(S _(H_ﬁ

E [Di(JA[) + D2(JAD]
2
E(

2\//43)77(07 5)) + O(n~3*log n)

Dn = E[Dy| |A]] =

> D(pCy) (1 s

Due to our Theorem
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JSCC Over Broadcast

Qvr,ygixe

)

L )

(3?7 Dl)

(génv D2)
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JSCC Over Broadcast

Sm— f(S™)

Xn

Qvr,ygixe

)

Nontrivial tradeoff between (D;, D7)

How to capture this?

Y]
—2122(V3)

(3?’ Dl)

(génv D2)
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JSCC Over Broadcast

— L0~ (.01
— 07— (37,0,

Ozarow/Reznic-Feder-Zamir trick for converse:
Bound (Dy, D;) tradeoff w.r.t. an auxiliary U™ generated by the
DMC Pys

Pus

un 22 gm__Tem X

Qvr,ygixe
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JSCC Over Broadcast

Pus

Lemma

Let 5™ be aArandom vector §atisfying the MarkovAchain B
U™ —Sm—Smand Ed(S™,5™) < D, then [(U™; S™) > mRp(D)
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JSCC Over Broadcast

Pus n
Um<_|5m f(sm) X QYnaY5|X"

DPI
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JSCC Over Broadcast

Pus
Un<———sm

fS™)

)
L )

(U™ v3)

Xn

Qvr,ygixe

m- :‘_?,D(DQ)

IN

(ginv Dl)

(génv D2)
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JSCC Over Broadcast

Y” n

P — (87, 1)
Pus __ o Xn 0
ymn<——§ S™) RAPE v

i — () (5.0,
m- Re(D2) < I(U™; ¥3)
Let Q" = q”vKS\X"'
Gon(t) £ max I(Y5; W)

wXx" . W—X"—Y1-Y]
10X Y7 W) >t
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JSCC Over Broadcast

Yn n
—a:(Df— (5. D)

YD "
] — () (5.0,
m- Rp(D2) < Gen (I(X"; Y{|U™))

Pus

un 22 gm__Tem X

Qvr,ygixe

n __ n
Let Q" = Yo vz

Gon(t) & I
@)= [
I(X; Y7 W) >t

D
3
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JSCC Over Broadcast

— L0~ (.01
a0 (5700

Pus

un 22 gm__Tem X

Qvr,ygixe

m- Rp(D2) < Gon (I(X™; Y2|U™))
< Gor (I(S™: YFIU™)

DPI
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JSCC Over Broadcast

Pus
Un<———sm

s X

Qvr,ygixe

m - Rp(Ds) < Ggn (I(S™; Y7|U™))

— L0~ (.01

a0 (5700
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JSCC Over Broadcast

Yn n
—a:(Df— (5. D)
Y7 n

2 (57, Do)

m- Rp(D2) < Ggn (I(S™; Y7|U™))

Pus

un 22 gm__Tem X

Qvr,ygixe

Let P= Psy = PsPys and define

e ; .
Fp(t) = v, nJI—nS—vI(S' VIU)
I(S;V)>t
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JSCC Over Broadcast

Pus

un 22 gm__Tem X

Qvr,ygixe

— L0~ (.01

m- Re(D2) < Gn (I(S™; V3| U™)

. (53.02)
)

< GQn (F,DXm (/(va Y?)))

Let P= Psy = PsPys and define

Fp(t) =  min

V:U-S-Vv

I(S;V)>t

I(S; VIU)
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JSCC Over Broadcast

Pus
Un<———sm

s X

Qvr,ygixe

m:- I_?P(DQ) S GQn (Fpo'@m ( (5 Yn

— L0~ (.01
ﬁm (55.D2)
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JSCC Over Broadcast

—LE 0D (37.0)
—m (85, D2)

m:- I_?P(DQ) S GQn (pr%m ( (5 Yn

Pus

ym—=sm—{ A5 X

Qvr,ygixe

Lemma

The function Fp(t) is monotone non-decreasing, convex, and
tensorizes, i.e., Fpm(mt) = m- Fp(t).
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JSCC Over Broadcast

— L0~ (.01
ﬁm (55.D2)

m- RP(DQ) S GQn (FPXm ( (5 Yn)

RNEE )

The function Fp(t) is monotone non-decreasing, convex, and
tensorizes, i.e., Fpm(mt) = m- Fp(t).

Pus

un 22 gm__Tem X

Qvr,ygixe

Lemma
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JSCC Over Broadcast

Pus
Un<———sm

s X

Qvr,ygixe

— L0~ (.01

%I‘ (55, D2)

m- F\’p(DQ) < GQn (m Fp (/(Sr;,Y?
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JSCC Over Broadcast

— L0~ (.01

Yy n
I Sm—;’gZ(Yg) (55, D)
m:- :_Q,D(D2) < GQn (m . Fp <(r;11)

for()

DPI

Pus

un 22 gm__Tem X

Qvr,ygixe
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JSCC Over Broadcast

Pus
Un<———sm

Xn

fS™)

Qvr,ygixe

— |
m- RP(D2) < GQn <m Fp <

L 0

(5™ S

m

— L0~ (.01

(génv D2)
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JSCC Over Broadcast

— L0~ (.01

Y’ A
— (V) (55.02)
I(S™; ST)
m

Pus

un 22 gm__Tem X

Qvr,ygixe

m:- R’P(Dg) < GQn (m Fp

< G (m- Fp(R(D1)))

RDF
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JSCC Over Broadcast

Y7 .
— e (D (37,01
L o vml— (3 by

Pus

un 22 gm__Tem X

Qvr,ygixe

Theorem

If (D1, Dy) are achievable over the broadcast Q", then for any
choice of Pys we have

mRp(Dz) < Ggn (m - Fp(R(D1)))
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JSCC Over Broadcast

Y7 .
— e (D (37,01
L o vml— (3 by

Pus

un 22 gm__Tem X

Qvr,ygixe

Theorem

If (D1, D7) are achievable over the degraded memoryless broadcast
@>", then for any choice of Py s we have

Rp(D2) < pGq <FP(,Z(D1))>

o If Q" is degraded memoryless BC, then Ggsn(nt) = nGg(t)

@ For Quadratic Gaussian over GBC, recovers
[Reznic-Feder-Zamir, IT'06]

e But is implied by [Khezeli-Chen 1T'16]
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JSCC Over Spherical Noise Broadcast

Uns-

OB .00
sm— fIS™)

P20 (3.0

How to calculate \T/

Uns+

N .
Gor() = Vrvrla)g_yg_@/(YS, W)
(X" YT W) >t

for this particular Q"7
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JSCC Over Spherical Noise Broadcast

Bernoulli(§—)®"

sm—JRsm X

How to calculate

A .
Gor() = VglaXXH_YT_YS/(YS' W)
(X7 Y W) >t

for this particular Q"7

If spherical noise replaced with Bernoulli noise, BC Q@" becomes
degraded memoryless BC Q®",and Gpg.(t) tensorizes
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JSCC Over Spherical Noise Broadcast

U"s_ vs Bernoulli(6~)®"

DB Gr.o
% G .00

Uns, vs Bernoulli(61)®"

sn—sm X

©

How to calculate

A .
Gor() = Vg%_yy_yg/(\/& W)
(X7 Y W) >t

for this particular Q"7

If spherical noise replaced with Bernoulli noise, BC Q" becomes
degraded memoryless BC Q®",and Gpen(t) tensorizes

How different can Ggn(t) and Gpe.(t)be?
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JSCC Over Spherical Noise Broadcast

U"s_ vs Bernoulli(6~)®"

DB Gr.o

s A=
P % 0D (37.02)
Uns, vs Bernoulli(61)®"
Theorem

Gor(nt) < Gpen(nt) + nep = n (Gé(t) + e,,),
where

€n = (’)(n_3/4 log n) = o(n_l/z)
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JSCC Over Spherical Noise Broadcast

U"s_ vs Bernoulli(d—)®"

DB Gr.o
2 (D (55.0)

Uns, vs Bernoulli(61)®"

©

Main ingredient in the proof:
Let Z" ~ Bernoulli(u)®", s.t. w* 6~ = 4d*. For any W, X"

[HX™ + Ups | W) — HX® 4 Us + Z7|W)] < O(n*/* log n)
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JSCC Over Spherical Noise Broadcast

U"s_ vs Bernoulli(6~)®"

DB Gr.o
2 (D (55.0)

Uns, vs Bernoulli(61)®"

©

Main ingredient in the proof:
Let Z" ~ Bernoulli(u)®", s.t. w* 6~ = 4d*. For any W, X"

[HX™ + Ups | W) — HX® 4 Us + Z7|W)] < O(n*/* log n)

Established via coupling technique of [Polyanskiy-Wu 1T'16]
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JSCC Over Spherical Noise Broadcast

U"s_ vs Bernoulli(6~)®"

DB Gr.o
2 (D (55.0)

Uns, vs Bernoulli(61)®"

©

Main ingredient in the proof:
Let Z" ~ Bernoulli(u)®", s.t. w* 6~ = 4d*. For any W, X"

[HX™ + Ups | W) — HX® 4 Us + Z7|W)] < O(n*/* log n)

= Q" can be replaced with degraded BC, up to negligible terms
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Summary

@ Dj; does not decay faster than ﬁ in general

@ Technique goes through a reduction to transmitting a source
over a broadcast channel

@ Seems possible to extend to Quadratic Gaussian JSCC
problem

@ What about achievability? Separation only gives

An < O( Io%n>
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