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Abstract— We show that the deterministic broadcast channel, "1 Y my

where a single source transmits toM receivers across a deter-
2
Y

ministic mechanism, may be reduced, via aate-splitting trans- 3,
formation, to another (2M — 1)-receiver deterministic broadcast —
channel problem where a successive encoding approach suffices.
Analogous to rate-splitting for the multiple access channel and enc
source-splitting for the Slepian-Wolf problem, all achievable
rates (including non-vertices) apply. This amounts to significant
complexity reduction at the encoder.
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I. INTRODUCTION ma 4, El "
The structural similarity between the capacity regions and

random coding achievable rate strategies for the Slepian-Wolf

(SW) problem [1] and the deterministic broadcast channel Fig. 1. Basic Model for the Deterministic Broadcast Channel.

(DBC) problem [2], [3] has been illustrated in [4, sec. IlI].

Duality connections between the capacity regions of the dis-

crete multiple access channel (DMAC) problem [5], [6] antgchnique for the DBC. Here we illustrate that we may take an

the DBC have been recently discussed in [7]. Also, a dualigfbitrary point in thel -receiver DBC achievable rate region

between the random coding achievable rate strategies for &l transform it, by rate-splitting each source at most once, to

DMAC and SW problem has been discussed in [8, p. 416-418]Vertex of another2M — 1-receiver DBC achievable region.

Different aspects of these dualities have also been explored in

[9], [10]. This suggests the existence of a strong relationship [I. BACKGROUND ON THEDBC

amongst these three canonical information theory problems.
Practically speaking, the decoding process is one of t

biggest challenges in achieving rates near the boundary. o . R\ M

thggachievable ?egion in the S\?V and DMAC problems, a):;tge M independent messagesn; € {1,...,2 RJ}}j=1 to

single decoder must jointly decode messages from muItip?’g sent;o)/eavt\:lnerrzca?lvzr ;r}to Ae; f'er::gelﬁ elr?;getzgr:ni fm;ol
senders. Analogously, the encoding process presents itself’as " ’""/ = T : ;
gousty gp P ﬂse Y; is a deterministic function of;, i.e. vy = f;(x;).

a formidable task for the DBC problem, as one encoder m tejth decoder attempts to reconstrua, i.e.1; — d, (y).

jointly incorporate multiple messages into a single chann& memoryless probability distributio(X) on z, combined

codeword. with f fa, induces a memoryless joint distribution
Recently, ‘rate-splitting’ has been discussed [11] as a way 19 Lo J M y ]

e : b (Yi,...,YMyon {yt, ...,yM}. For a fixed memoryless
S|gn|f|cantly reduce the comp!exﬂy c3f deco’dmg‘ in the DM.A(,:P(X), the set of all achievable rat@&[P(X): f1. fs. .., fu]
for any achievable rate - not just a ‘vertex’ or ‘corner point is_given by [3], [2]
This technique decomposes the problem of jointly decodingg y Ll

M users into a set 02M — 1 pipelined single-user channel {

The deterministic broadcast channel, illustrated in figure 1,
one sender and multiple receivers. The sender combines

decoding with side information problems, where each user

must be split at most once. Similarly, ‘source-splitting’ has

been discussed [12], [13], [14] as a practical way to decod L ) )

for the SW problem. This technique similarly decomposes tt e_reY(t;Q) ={Y”,j € 5}. The capacity region of the DBC

problem of jointly decodingV/ sources into a set &fM — 1 IS given by

pipelined single-source decoding with side information [15]

problems, where each source must be split at most once. 1 —¢lcH RIP(X): ot
Motivated by the strong relationship between the SW, DBC U far- oo Lé) PX)s f1, f2s o Sa]

and DMAC problems along with the splitting techniques for

the SW and DMAC problems, we consider here a rate-splittingherecl denotes closure and H denotes convex hull.

EeRf‘ SR < H(Y(S)) vsg{1,‘..,M}},
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« Encoding message:; at rateR; = H(Y!) can be done
Fig. 2. Joint Encoding with Binning for the DBC. by searching in the bin of message, for a typical '
sequence. This is because there &' such bins, one
for each message:;, index, and there are asymptotically

A. Binni ng as an Achievable Srategy Q"H(Yl) typica| yl sequences.
As discussed in [4, sec. Ill], the dual relationship between * Con?ider a”)ﬁf {2,..., M}. After successful encoding
the problems of SW and DBC manifests itself in the fact that ©f ¥,...,4’"", encoding message:; at rate R; =

the achievable rate strategies for the SW and DBC problems H(Y?[Y"'...Y7~!) can be done by searching in the
allow for one problem’s encoder to mimic the other's decoder, bin of messagen; for a sequence/’ that allows for
and vice versa. Specifically, both achievability arguments use (¥'---,%’) to be jointly typical. This is because there
a binning approach, which partitions the set of all possible ~are2"f such bins, one for each messagg index, and
sequence outcomes, as their base. The SW encoder observes ahere are asymptoticallg™? ' V"--Y""") sequenceg’
sequence of symbols and specifies as its output the bin index that allow for (y*, ..., y?) to be jointly typical.
associated with that sequence. This is parallel in operationFi§ure 3 illustrates the successive encoding mechanism.
the DBC decoder. The SW decoder takes a set of messages that
specify, for each source, the index of bin containing the source IIl. RATE-SPLITTING FOR THEDBC

sequence. It then searches within these bins for a (uniquéNe now illustrate that for a fixed memoryless distribution
with high probability) set of jointly typical sequences and (X), arate-splitting approach may be applied so #mgtrate

specifies this as its output. Likewise, the DBC encoder takls R [P(X); f1, f2,- .., fu] may be transformed to a vertex
a set of messages that specify, for each receiver, the indexrof another R [P(X); Jras f1oy -+ o F=1)as f(v—1)p fM},
the bin containing the received sequence. The DBC encodier some appropriately defined functions

next searches within these bins for a (non-unique with highg, 7, .7]?(M_1)mf(1\4_1)b .
probability) set of jointly typical sequencég’,y?, ..., y"). The dominant face D[R [P(X); f1, fo... ., fu]] is given
Having selected the output of the channel, the DBC encodey;
final step is to choose an input sequence to produce this o
output. Specifically, for everyi € {1,...,n}, the tuple . ' B 1 M
(y117y127’y11\/[) is used to select any; € mj]\/ilfjfl(yg). RGR[P(X),flana7f]\4]‘ZR7,*H(Y7Y ) .
Figure 2 illustrates this encoding strategy. ] o =t ) )
Since any point inR [P(X); f1, f2,..., fa] is dominated
B. Vertices. Successive Encoding (With respect to the standard partial ord.erIMi’ ) by a point
If we consider an encoding strategy with a memoryle%%tgs[ﬁED(?;);DJ%’JEQP’,(‘ )'('>’_J;M Hfi we rchtHCt our attention to
probability distribution”(X), then the set of achievable rates®, '/ %ogv discuss the iwlc;-rélzléi;/ZerM roblem whene ¢
R[P(X); f1, fo, ..., fam] has ‘vertices’ or ‘corner points’ R "Ry P N
. : . 1 My {1,...,2™0} my € {1,...,2"%2} and (Ry,Ry) €
associated with expandingf(Y*',...,Y*) into M terms . . .
by successive applications of the chain rule for entropy agal s [ (X ): f1, /211 but (R, Bp) is not a vertex. Consider
y suc bp : . oPy alife probability distribution”(Y'!, Y2) induced byP(X) and
assigning to each rate the unique corresponding term in the gx-f Perform a soliting operation to Construfls —
pansion. Transmitting at such rates allows for the joint search’ (}2,'1) yib (Ypl) su%h tEatYla Y% anleQEorm;
over all users’ bins to be done successively. For example, cgh¢' i 7> 7 = — givtti i i .
: S ijection. In other words, construct a set of three functions
sider communicating at the vertex rat®;, Ra,..., Ry) =

(H(YY),H(Y2Y?h), ..., HY Myt yM=1): Jla V1= V1, g6 : V1 —= Vi, g1 : V1 x V1 — W1



such that for ally € )y, mla@ Y @2 s

91 (910(¥), 916(v)) = . g y? oLz
Constructions of{gi4, 915,91} can be found in [12], [13], ml\ succ. en ) i
[14]. ‘Source-splitting’ for Slepian-Wolf was introduced in 3, V—Lsucc. ]encg <1
[12], but the technique given there requires common sources N

( 2

of randomness to be shared between the encoders and the
decoder. Moreover, in that approach, the alphabet size of the

outputs of the splitter has cardinality greater than that of Fig. 4. Rate-splitting Based Encoding for the DBC.

the original source. Another approach in [13], [14] assumes ylo o
without loss of generality thay; = {0,1,...,Q — 1}. From ) Jla [— decla |~
there the splitting mechanism is constructed as follows: ¥ \ My
gla(yl) = min(w(yl),T) (la) ylb Thlb /
gw(y') = max(r(y),T)-T (1b) UUNSS dectb
ay' sy = 7y +y") (1e)
where T' € Y, and w is a permutation of);. Such y M
a splitting mechanism induces a memoryless distribution dec2 —
P(Y'e, Y™ Y?) where H(Y'*, Y Y?) = H(Y',Y?). As
discussed in [14, sec. 3.1], splitting according to (1) allows
for any rate R € D[R [P(X); f1, f2]] to satisfy Fig. 5. Rate-Splitting Based Decoding for the DBC.
R, = H(Y'") (2a)
R, = H (y2|y1a) (2b) IV. CONCLUSION
Ry = H (y1b|y1fl7 y2) (2¢) In this paper we have shown how the deterministic broadcast
. channel also exhibits a rate-splitting property. This implies that
Ry = Riq+ Ry (2d)

implementing a pipelined set of single-receiver DBC encoding
Now let us assume the splitting operation has been performggh side information problems suffices to achieve any rate in
so that (2) holds. The encoder takes the message € the capacity region. This amounts to significant complexity
{1,...,2""1} and represents it as a pair of messages reduction.
my € {1,...,27} (3a) We further plan to construct a general-purpose low-
- (3b) qomplexny smgle_—recelver DBC encodlng_ with s_|de !nforma-
tion implementation so that, by combining this with rate-

(Mmia,m2q) € ({1,...,2"Me} {1,..., 27" }) . (3€)  gplitting, any instantiation of the DBC problem may be ad-
It partitions all possibley'® sequences int@"#:« bins, all dressed practically. We also would like to explore how ap-
possibley’® sequences inta™*» bins, and ally? sequences Propriate DBC models can touch upon multiterminal wireless
into onkz bins Encoding is done as if to construct a jointigommunication. A first step in that direction is discussed in
typical (ye, y2). Note that although(R;, R,) is not a [16], where we develop capacity-achieving codes and low-
vertex mR[ ( )7f1’f2], (Ria, R1p, R») is indeed a vertex complexity encoding/decoding algorithms for DBCs address-
in R [P(X); g1a © f1, 915 © f1, fo]; thus the encoding strategyind Wireless interference management.
describeq in section 1I-B 2suffices. See _figure 4. .The decoder REFERENCES
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