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Abstract—A class of deterministic relay networks with no
interference is considered. Such networks were studied by M.
R. Aref, who showed that the unicast capacity has a max-flow,
min-cut interpretation. These networks are here called Aref
networks. It is shown that the multicast capacity of acyclic
Aref networks also has a max-flow, min-cut interpretation.

I. Intr oduction
Considera network representedby a directedgraph���������
	��

, where
�

and
	

are the setsof verticesand
directededgesrespectively. For example,thegraphmight
representa communicationnetwork wheretheverticesare
terminalsand the edgesare channels. In this paper, we
are interestedin deterministic relay networks with no in-
terference. Thesenetworks were introducedby Aref [1]
andwe call suchnetworksAref networks. Suchnetworks
haveoneinput 
�� associatedwith everyvertex � , andone
output � ��� associatedwith everyedge

� � ����� . By determin-
istic, we meanthat ����� � is somedeterministicfunctionof
 � . Thisrestrictionclearlypermitsbroadcasting, sincethe
outgoingedgesof a vertex sharea commoninput. By no
interference, we meanthat ����� � is a function of 
�� only.
We are further interestedin the multicast scenariowhere
onemessageis to betransmittedfrom onevertex to oneor
moreothervertices.Themaximumrateat which onecan
transmitis calledthemulticast capacity.

For example,a deterministicwired network with inde-
pendentchannelsis aspecialcaseof Aref networksby col-
lectingtheinputsto all theoutgoingedgesfrom a particu-
lar vertex asa vector 
 , andby viewing 
 asa common
input. The multicastcapacityof deterministicwired net-
works networks wasdeterminedin [2] andwasshown to
haveamax-�ow, min-cutinterpretation.

A more generalproblemis when 
�� is the input of
an arbitrarybroadcastchannel.The thesis[1] determined
the unicast capacityof suchnetworks, i.e., thecasewhen
thereis exactly onesourceandonedestination.The pa-
per [4] studiesanothermodelwith similar yet distinctas-
sumptions.Both typesof modelsarean intermediatestep
towardswirelessnetworkswhich furthersuffer from inter-
ferenceat a receiver, fadingandotherphenomena.
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The main contribution of this paperis to characterize
themulticastcapacityof acyclic Aref networks.

II. Preliminaries
A. Robust Typicality

In order to prove the main result, we use the notion
of robust typicality of sequences[5]. Let 
 be a ran-
dom variabledistributedover a �nite set � accordingto
a probability distribution � . Let the support set ��� be

de�ned as � � !#"%$� &�')( � *+� ��',�.-0/21
and let3 � �547698;:=<�>=? � ��',� be its smallestnonzeroprobability.

Let @ � 
�A � 
CB �EDEDFDG� 
CH be a sequenceof independent
randomcopiesof 
 . Theempirical frequency of

'+( � in
asequenceI �J' A �EDFDEDE��' H ( � H is

KML �N'�� !#"%$�PO &�Q * ',R��J'�1 OS D
ThesequenceI is T -robustly typical( T -r.t.) for T -J/

if for
all

'+( � , O K L ��',�VU � �N',� OXW T�Y
� �N'��
The setof T -r.t. I 's is denotedZ [ � 
 �

. Let 
 and � be
randomvariables.Let the support set ��� � \ bede�ned as

� � � \]!#"
$�^&��N'���_2�`( �.acbd*E� �N'��
_2�`-e/21
andlet 3 � � \ �47698gf : � hGi <�> ?�j k � �N'��
_2� beits smallestnonzeroprobability.

Let I ( � H and T -l/
let

Zg[ � � O I � !#"
$�m&Fn * � I �
n��o( Zg[ � 
 � � �p1
We list the following lemmaswhich areprovedin theap-
pendixof [5].

Lemma 1: Let
/rq T Wts and

u [ � S � !#"%$�wv O �g� O x�y [
z
{ ? H}|�~ D (1)

We have,
� s U u [ � S ��� Y v f A y [
iN� f � i H W�O Zg[ � 
 � O�W v f A
� [
i�� f � i H
Lemma 2: Let

/�q TMA q TEB W�s . Let u [
��� [ z � S � !#"%$�v O � � � \ O x y���� zE� � ��� z��� � ��� { ?�j k H}|�~ . In the following, the upper
boundholdsfor every I ( � H andthelower boundholds
for every I ( Z [
� � 
 �

.

� s U u [
��� [ z � S �
� Y v
f A y [ z iN� f \`� � i H WdO Z [ z � � O I � OW v f A
� [ z iN� f \�� � i H

Note that u [ � S � and u [
��� [ z � S � diminish to zeroexponen-
tially with S .



Lemma 3: Let
_ ( b be a randomvariablesuchthat_C��� �N'��

where
�

is adeterministicfunction.Let I ( � H
suchthat I ( Z [ � 
 �

. Let
n � ��� ��' A �#��� �N' B �#�FDEDFDE��� ��' H ��� .

We have
n]( Zg[ � � � and

� I ��n���( Zg[ � 
 � � �
Proof: For every

_
in b , de�ne thesetinv(

_
) asfol-

lows:
inv

�N_2�V��&�' ( �.* � �N',�V��_,1
Now, � �N_2�w� � :=<

inv
f hGi � ��',� . Similarly K�� �N_2�w�� :=<

inv
f hGi KML �N'�� . Since I ( Z [ � 
 �

, we have, O KML ��',� U
� �N',� OXW T�Y
� �N'�� for all

'+( � . For any
_ ( b , consider

O K	� ��_X� U � �N_2� O � 





 �:=< inv
f hGi
� K L �N',� U � �N',���








W �
:}<

inv
f hGi O

KML �N'�� U � �N'�� O
W �
:}<

inv
f hGi T�Y
�

�N'��
� T�Y
� ��_2�

Thus,it follows that
n]( Z [ � � � .

Considera pair
��'��
_2�o( �.acb . If

_C��� ��',�
, we have,K f L � � i �N'���_2�`� K L �N'�� and� ��'��
_2��� � �N'�� . Thus,it follows

that O K f L � � i ��'��
_2� U � �N'���_2� O�W T Y�� ��'��
_2� .
If
_�
��� �N'��

, K f L � � i ��'��
_2� � � ��'���_X�]�^/
. Thus, it

follows that
� I �
n��o( Z [ � 
 � � � .

B. Network Model
We describethe network model. Considerthe graph� � �����
	��

describedabove. Therandomvariable 
 � as-
sociatedwith vertex � hasdiscreteand�nite alphabet� � .
We write �,� � � Y � for the distribution of 
 A , and �,� � ��' A �
or � ��' A � for the probability that 
 A � ' A . Similarly, the
randomvariable ���}� � associatedwith edge

� � �
�X� hasdis-
creteand�nite alphabetb��}� � . We write �,�}� � ��� ��� � � 
C� � ,
wherethefunction

� ��� � � Y � hasdomain� � andrangeb ��� � .
The network is clocked, i.e., eachvertex andedgeis ac-
tivatedsimultaneously� times,andat every time instant
vertex � transmitsa symbol

' � , ' � ( � � , and receives
symbols

_�� � � ����� � � �N'�� � , where � is any vertex for
which thereis anedge

� � � � � in
	

.
As anexample,considertheAref network in Figure1.

Supposevertex 1 representsa sourceand Z �m&	�;��� 1
a

setof destinationvertices. The main differencebetween
an Aref network and a network of point to point links
consideredin [2, 3] is capturedby the output observed
at vertices2 and 3. In the model discussedin this pa-
per, vertex 1 transmits

' A and vertices2 and 3 observe� A � B �N' A � and
� A � ~ �N' A � respectively, whereasin the model

discussedin [2, 3], vertex 1 can be thoughtof as trans-
mitting

' A ��� ' A � A �
' A � B�� and vertices2 and 3 observe� A � B �N' A � B � and
� A � ~ ��' A � ~ � respectively. We can,of course,

also write this as
_ A
B � � A � B ��' A � and

_ A
~ � � A � ~ ��' A � .
Thus,themodeldiscussedin [2,3] is a specialcaseof the
modeldiscussedhere.

1

5

6 7

3

4

2

PSfragreplacements ' A

' B ' ~'"!
'"#

_ A
B _ A%~_ B !5_ ~ !

_ B%$ _&# $
_ !�#

_�#%' _ ~ '
Fig. 1. An example

C. Coding
The multicastingproblemhasone sourcevertex (ver-

tex 1), andseveral destinationverticesthat we collect in
a set ( . The sourcevertex hasa message) that is uni-
formly distributed over

& s ��v2�EDFDED#��v�*,+�1 , where - is the
rate andwherewe assumethat �.- is an integer for sim-
plicity. A communicationstrategy consistsof encoding
functions

� f R i� � Y � , � ( �
,
Q � s ��vX�FDEDFDG� � , anddecoding

functions /021 � Y � , 3 ( ( . We write
' 4 �5� ' � *`� (�6 �

and
_ 4 � 487 �9� _ ��� � *�� (:6 ���l(;6=< � . We similarly write_ ��� 4 7 �>� _ ��� � * ��(?6@< � .A Encoders. Suppose) � 0 . At time

Q
, vertex

1 transmits
' f R iA �B� f R iA � 0 � and every other ver-

tex � receives
_ f R iC � � . Vertex � transmits

' f R i� �� f R i� ��_ f A iC � � ��_ f B iC � � �EDEDFDG�
_ f R y A iC � � �
.A Decoders. After time � , eachdestinationvertex 3

putsoutanestimate /0 1 ��_ f A iC � 1 �
_ f B iC � 1 �EDFDEDF�
_ f * iC � 1 � .
TheerrorprobabilityisD
"
�

Pr EGF1 <&HJI /0 1LK � f A iC � 1 � � f B iC � 1 �FDEDFDE� � f * iC � 1�M 
� )ON8P D
(2)

Therate - is saidto beachievable if, for any u -t/
, there

exist encodersanddecodersthatmake
D
" W u for some� .

The multicast capacity Q is the supremumof the achiev-
ablerates.

D. Definitions
A set �SRUT is called a cut if s ( � and the set �

(the complementof � ) containsone or more destination
vertices,i.e., �WV Z 
�YX . We denotethe setof all cuts& �J*;�ZR�T � s ( � � �[V]Z 
�\X�1 as ] . Theboundary of a
cut � , ^ � � � is de�ned as^ � � �V�d& � * � � �
�X��(2_�� � ( � �
��( � 1



For �x ed input distributions ��� � � Y �#� � � z � Y �G�EDFDED�� � ��� ��� � Y � ,
we de�ne thevalue of a cutasfollows.

Value
� � ��� �� <�� f > i � � � ��� > � (3)

where � �}� > � � � ��� � * � ( � � . The valueof a cut indeed
dependson theinput distributions,but for economyof no-
tationwedonotexplicitly includethesedistributionsasar-
gumentsin (3). Let 
 ��� �

denotethevector
� 
 � *=� (	� � .

III. Main Result
Supposethe min-cut is positive, i.e., all destinations

areconnectedto thesource.Sincethenetwork is acyclic,
without lossof generality, we canconsideronly the sub-
graphhaving thoseverticesandedgeson the pathsfrom
thesourceto thedestinations.We canfurthernumberthe
verticessothat

� � ����� (c	 impliesthat � ql�
. Thefollow-

ing theoremis ourmainresult.
Theorem 1: The multicastcapacityof an acyclic Aref

network isQ � 4�
��
 ? � f � i � 
 ? z f � i ������� � 
 ? � ��� f � i ��4r698>;<�� ����
�������� � � (4)

where ] ��& � *�� RZT � s ( � � � V Z 
��X�1 .
This result has a max-�ow, min-cut interpre-
tation. For speci�ed probability distributions�,� � � Y �#� � � z � Y �G�EDEDFDE� � ��� ��� � Y � and a 3 ( Z , the
min-cut is given by

476 8 >;<���� ��
�������� � � where] 1 � & � * s ( � � 3 ( � 1 . The minimum
value of a cut over all vertices 3 ( Z would then
be

47698 >;<�� �! #" ��� ��
������ � � � . However, note that] � $ 1 <&H ] 1 . Thus, the result says that the maxi-
mum achievable data rate is the maximumvalue of the
minimumcut in theinformationtheoreticsense.
A. Achievability

We codein %'& O � O U v
blocksof length S , i.e.,we set� �d� %(& O � O U v}� Y S . Wedividethemessage0 into % parts

thateachtake on valuesin
& s ��v2�EDEDFD#��v H + 1 . The ) -th part

of 0 is denoted0+* . Theoverallrateis - Y�%-, � %.& O � O UCv}� ,
but since O � O is �nite onecanapproach- by increasing% .

Let
� H� � Y �5� � � f R i� � Y � * Q � s �pvX�FDEDEDE� S � , and set� f R � * � H i� � Y � �5� f R i� � Y � for all

Q
, ) , and

�
, i.e., we usethe

sameencodingfunction(s)for eachblock. We associate' H� � ) � and
_ HC � � � ) � with thetransmissionsfor the ) -th mes-

sage0+* . Thatis,wewrite the
� )/& � U s � -th transmittedand� )�& � U v}� -th receivedvectorsatvertex � astherespective

' H� � ) �V�>� ' f A i� � ) �#��' f B i� � ) �#�FDEDFDG�
' f H i� � ) � �_ HC � � � ) �V�>� _ f A iC � � � ) �G�
_ f B iC � � � ) �#�FDEDEDE�
_ f H iC � � � ) � � D
We sometimes drop the index ) if it does not
play an important role. We �x the distributions�,� � � Y �#� � � z � Y �G�EDEDFDE� � ��� 01� � Y � .

Codebooks. At vertex 1, choose
� HA � Y � to mapeachof

theindicesin
& s �pvX�FDEDED#�pv H +�1 to asequence

' H A drawn uni-
formly from Z [ � 
�A � . At vertex � , choose

� H� � Y � to map

eachsequencein Z [ � � C � � � to asequencedrawn uniformly
from Zg[ � 
7� � . Note that some

_ HC � � in Zg[ � � C � � � might
neverbeused.Notealsothatwe have

_ H��� � ( Z [ � � ��� � � for
all

� � �
�X� because
' H � ( Z [ � 
 � � for all � (seeLemma3).

Encoding. During the
� )�&]� U s � -th block:A Vertex � � s transmits

' H A � ) �]� � HA � 0 * � for ) �s ��v2�EDEDFDG� % and
' H A � ) �V��� HA � s � otherwise.A Vertex � , � 
� s , observes

_ HC � � � )2& s � andtransmits

' � � ) �V� � H� K _ C � � � ) U s � M D
For instance,thecodingstrategy for thenetwork shown

in Fig. 2 is given in TableIII-A. Observe how the trans-
missionsare“pipelined” andthatover %3& O T O U+v blocks,
all verticeshave �nished transmittingdata.

1

2

3

Fig. 2. This figure shown a network with 3 vertices. Vertex 1 is the
source and vertex 3 is the destination. The following table shows the
transmission and reception at various nodes for 465+7 messages.

Decoding. Since
_ HC � 1 � ) � is a functionof 0 * , we abuse

notationand write this sequenceof vectorsas
_ HC � 1 � 03* � .

Vertex 3 decodes08* after block 3(&9) U v
by using the

function /021 � Y � , wherewe againabusenotationby using
thesameexpressionasin (2). We furtherde�ne/0?1 K _ HC � 1 � 0 * � M
�;: error if

_ HC � 1 � 0 <* �V��_ HC � 1 � 0 * � for some0 <* 
� 0 *0 * otherwise.
(5)

Analysis: In thefollowing, we consideronly transmis-
sionsthatpertainto themessage0 * . Wethusdropthetime
indicesfor convenience.For example,wewrite 0 ,

' H� , and_ H��� � for 0 * , ' H� � ) � and
_ H��� � � ) � , respectively.

Considera destinationvertex 3 . Let
D
"
� 3 � 0 � 0 < � be

theaverageprobabilitythatvertex 3 cannotdistinguishbe-
tween 0 and 0 < , wheretheaverageis over theensemble
of encodingfunctions.Let

6�� 0 � 0 <9� bethesetof vertices� for which
_ HC � � � 0 � 
��_ HC � � � 0 < � (6)



TABLE I
CODING STRATEGY FOR THE NETWORK OF FIG. 2

Block Message 1 Transmits 2 Receives 2 Transmits 3 Receives Decoderoutput
1 0 � s � ' H A � s � _ H A � B � s � Y _ H A � ~ � s � Y
2 0 � v�� ' H A � v�� _ H A � B � v�� ' HB � s � _ H A � ~ � v��#�
_ HB � ~ � s � /021 �N_ H A � ~ � s �#��_ HB � ~ � s ���
3 0 ��� � ' H A ��� � _ H A � B ��� � ' HB � v}� _ H A � ~ ��� �#�
_ HB � ~ � v}� /021 �N_ H A � ~ � v��#��_ HB � ~ � v}���
4 Y Y Y ' HB ����� _ HB � ~ ����� /0 1 �N_ H A � ~ ��� �#��_ HB � ~ �������

i.e.,
6 � 0 � 0 < � is thesetof theverticesthatcan distinguish

between0 and 0 < . We view
6�� 0 � 0 < � asa randomvari-

ablethatis afunctionof theencodingfunctions.Weclearly
have s ( 6 � 0 � 0 < � . Supposevertex 3 cannotdistinguish
between0 and 0 < , sothat 3 ( 6�� 0 � 0 < � and

6 � 0 � 0 <9� is
a cut betweenvertices1 and 3 . Let ] 1 be the setof such
cuts,i.e.,wede�ne ] 1 � & 6 R � * s (26 � 3 ( 6o1 . Wecan
write D

"
� 3 � 0 � 0 < �V����� E F4 <���� & 6�� 0 � 0 < �V�;6o1 P

W �4 <�� � ��� � 6�� 0 � 0 < �V�Z6 � D (7)

Furthermore,we claim that a necessaryconditionfor the
event
6�� 0 � 0 < �V�;6 is onemusthave

_ H��� 4 � 0 �V��_ H��� 4 � 0 < � (8)

for all � ( 6�� 0 � 0 < � . To seethis, notethat if (8) wasnot
true for some� ( 6�� 0 � 0 < � , thenthereis a vertex

� ( 6
thatcandistinguishbetween0 and 0 < , contradictingour
originalhypothesis.We canthuswrite��� � 6 � 0 � 0 < �V�Z6 � W ��� �	�


� <�� f 4 i I _ H��� 4 � 0 �V��_ H��� 4 � 0 < � N
��
� �
� <�� f 4 i ����� _ H��� 4 � 0 � �J_ H��� 4 � 0 < ���

(9)

wherethe equality follows becausethe
' H� , � ( �

, were
chosenindependently.

Weproceedto upperboundtheprobabilitiesin theprod-
uct in (9). We have

��' H� � 0 < �#��_ H��� 4 � 0 < �
�7( Z [ � 
 � � � ��� 4 �
by Lemma3. Theevent(8) thusimpliesK ' H� � 0 < �#�
_ H��� 4 � 0 � M ( Z [ � 
 � � � ��� 4 �#D (10)

But notethat
' H � � 0 < � waschosenindependentof

_ H��� 4 � 0 � .
Theprobabilityof (10)occurringis thus


 Zg[ � 
7� O _ H�}� 4 � 0 ��� 


�� O Zg[ � 
C� � O D (11)

We useLemmas1 and2 to bound

O Z [ � 
 � � O�� � s U u [ � S �
� Y v H f A y [�iN� f ��� i (12)

O Z [ � 
 � O _ H��� 4 � 0 ��� O2W v H f A
� [ z iN� � � � � \ � j � � (13)

where u [ � S ��� /
as S ���

. Inserting(12) and(13) into
(11),we have��� � _ H��� 4 � 0 � � _ H��� 4 � 0 < � �

W � s U u [ � S �
� y A Y v H f [ � [ z i Y v y H � � \ � j � � (14)

wherewe have used
� � � ��� 4 O 
C� �`� /

. Inserting(14) into
(9), andusing O ^ � 6�� O;W O 	 O , we have��� � 6�� 0 � 0 < ���:6 �

W � s U u [ � S ��� y � �;� Y v H � �2� f [ � [ z i Y v y H! �"$# %'& f 4 i D (15)

Inserting(15) into (7), andusingthe fact that thenumber
of cutsis lessthan

v � C � , we haveD
"
� 3 � 0 � 0 < �

W � s U u [ � S �
� y � �2� Y v � C � � H � �2� f [ � [ z i Y v y H)(+* , �  .- �  �"$# %'& f 4 i D
(16)

Theaboveappliesto the ) -th block of transmission.We
now addtheindex ) to 0 * . Let

D
"
� 0 � betheaverageprob-

ability of errorwhenthe(overall)message0 wastransmit-
ted.We usetheunionboundoverall % blocks,all destina-
tions 3 , andall 0 <L
� 0 to writeD

"
� 0 � W0/� *21 A �1 <43 �5 7 6871 5 6 D " � 3 � 0 * � 0 <* �

W % Y O ( O Y � v H + U s � Y � s U u [ � S �
� y � �2�
Y v � C � � H � �;� f [ � [ z i Y v y H)(+* , �  .- �  �"$# %9& f 4 i D (17)

Wethus�nd thattheaverageerrorprobabilityfor any mes-
sagecanbemadesmallif S is largeand- q U O 	 O � T & TEB � & 476 84 <���� ��
�������� 6`�#D (18)

Finally, we optimizeover all input distributions,chooseT
and TEB small,andchooseS and % large. Theresultis that
wecanmaketheoverallrateapproachQ in (4) while at the
sametimeensuringthat

D
" W u for any positive u .



B. Converse
In this section,we show a conversefor the result in

Theorem1. (We begin by mentioningthe following re-
sult which is a multicastversionof a similar resultproved
in Section14.10of [6]. We omit theproof.)Q W 4�
��
 ? � f � i � 
 ? z f � i ������� � 
 ? � ��� f � i �N476 8>;<���� � 
 � � ��� � � � � O 
 � � �
�
�

Considertheterm � � 
 � � ��� � � � � O 
 � � �
� . We have,

� � 
 � � ��� � � � � O 
 � � ��� � � � � � � � O 
 � � �
� (19)U � � � � � � O 
 � � �#� 
 � � ���� � � � � � � O 
 � � �
� (20)� � � ��� � � � O 
 � � ���& � � ��� � � � O 
 � � �#� ��� � � ���
(21)� � � ��� � � � O 
 � � ��� (22)� � � � � � � �
� (23)� �

� <�� f > i � � � �}� > �V� ��
�������� � �
(24)

whereA (20) followsfrom thefactthat � � � � is speci�edcom-
pletelyby 
 � � � and 
 � � � .A (21) followsby de�ning � � � � �`� � � ��� � *}� ( � ��� (� � and � � � � ���\� � ��� � *=� ( � �
��( � ��� � �
�X�`( _ � .A (22)followsfrom thefactthat � � � � � is speci�edcom-
pletelyby 
 � � � .A (23) follows from the fact that 
 � � � and 
 � � � are
independentand 
 � � � speci�es �	� � � � .A (24) follows from the fact that � �}� > areindependent
of eachotherfor each� ( ^ � � � .

Thus,we now have theresultthatQ W 46
��
 ? � f � i � 
 ? z f � i ������� � 
 ? � ��� f � i �N47698>;<�� ��
�������� � �
� (25)

However, notethat the maximumachievableratederived
in SectionIII-A is- � 4�
��
 ? � f � i � 
 ? z f � i ������� � 
 ? � ��� f � i �N476 8>;<�� ��
�������� � �
�
Notethattheconverseis tight providedthatthemaximiza-
tion in (25) is achievedataproductdistribution. In therest
of thesection,weprovethatthis indeedis thecase.

Lemma 4: For Aref networks, the bound(25) is opti-
mizedby independentinputs 
 � , � (c�

.
Proof: For any �x ed � � � � z � � � ��� 01� � Y � , wehave

� � 
 4
� � C � 4 O 
 4 � � � � � C � 4 O 
 4 �
W � � � C � 4 �
W �� <�� f 4 i � � � ��� 4 � (26)
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Fig. 3. An Aref network for which ����� ������� �
!#"$��� ��� ! .

wherethe �rst stepfollows becausethe network is deter-
ministic, andthe otherstepsbecauseconditioningcannot
increaseentropy. Furthermore,by replacingthe joint dis-
tribution by theproductof its marginals,themutualinfor-
mationin (25) is exactly thesumof theentropiesin (26).
Thatis, onecanrestrictattentionto independentinputs.

Sincereplacingany joint distribution by theproductof
its marginalscannotdecreasethevalueof a cut, it follows
thatthemaximizationis achievedataproductdistribution.
Thusit follows that, for Aref networks, it suf�ces to per-
form the maximizationover all the productdistributions,
whichprovestheconverse.
C. Discussion

For theusualdeterministicnetworkswithoutbroadcast-
ing, onecanshow thatthemulticastingcapacityisQ � 476981 <&H Q A � 1
where Q A � 1 is theunicast capacityfrom vertex 1 to vertex3 . However, for Aref networks sucha relationshipis not
necessarilytrue.Considerthenetwork shown ontheleft in
Fig. 3. Supposethechannelfrom

' A to
_ A � B and

_ A � ~ is the
broadcastchannelshown ontheright in Fig.3. It is easyto
seethat Q A � B � Q�A � ~ � �&%(' B ��� � bits by choosing3 out of
4 of theinput lettersto haveprobability1/3. Themulticast
capacityis, however, only Q � s D ) , andis achievedonly if
all 4 inputshaveprobability1/4.
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