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ABSTRACT

We present two protocols for information
exchange berween multiple identical senders
and a single receiver. At each instant, every
sender sends one bit, and the bits from all of
senders are or-ed together into one bit before
being received by the receiver. If a sender
has a data message to send, it sends the
message bits one by one; otherwise it sends
zero bits. Clearly, if the sending of two
messages by two senders overlap, then the
resulting  “‘collision’’ can result in a
corrupted message, i.e., one that was not sent
by either sender. The function of the protocol
is to deliver those and only those messages
that are not corrupted by collision. (In other
words, the receiver acts as a discriminating
seine that catches and delivers only
uncorrupted messages; hence the title.) The
two protocols presented here are based on
Manchester codes and general balanced
codes, respectively.
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1. Introduction

In this paper, we present two protocols that
can be used for information exchange in some
fiber-optic  networks [Ma87a, Ma87b,
MMWS88]. In such systems, the bit streams
from multiple senders! are or-ed together on a
bit-wise basis, into one stream. This stream
is then delivered to every receiver in the
system. The function of these protocols is to
allow each receiver to recognize and extract
from its incoming bit stream those and only
those data messages that are not corrupted by
collision with concurrently sent messages.

These protocols, called the Seine protocol
and the Seine protocol generalized, provide a
delicate balance between delivery and
discrimination. On one hand, these protocols
allow all those messages that are not
corrupted by collision to be accepted and
delivered. On the other hand, these protocols
are discriminate enough not to let any of
those that are corrupted to be accepted. The

1. Although there are different propagation delays from
each sender to each receiver, these delays are not
important as shown in Section 7. The major reason
as explained later is that the activities of all senders
are independent of one another.



Seine protocol can be used in some fiber-optic
networks [Ma87a, Ma87b, MMWS88] to
choose message format and designs of the
receiver and the transmitter.

The rest of this paper is organized as
follows. In Section 2, we formally define our
problem. In Section 3, we give an informal
description of our solutions. Our first solution
is the Seine protocol based on the Manchester
coding procedure [MB76]. A formal
definition of the protocol and a proof of its
correctness are given in Sections 4 and 3,
respectively. A generalization of the Seine
protocol followed by a sketch ot its
correctness proof are given in Section 6. This
generalization is a solution based on the
general class of balanced codes [BOS86,
Mo83, GS80]. Some applications of the
Seine protocol are outlined in Section 7. We

end with some concluding remarks in Section
8.

2. The Problem

It is required to design a communication
protocol between m identical senders, m 2 1,
and one receiver (Figure 1).2 At every instant,
each sender sends one bit and the receiver
receives one bit. The value of the bit
received by the receiver at any instant equals

b()+b1+ e +bm—1

where b; is the value of the bit sent by the ith
sender at that same instant, and "+" is the
boolean ‘‘inclusive or’’ operator.

Most of the time a sender has no string of
data bits to send, in which case it continues to
send zero bits. At arbitrary instants, a sender
gets an arbitrary, but finite, string x of data

2. We will show in Section 7 that the first protocol
presented here can be used for a fiber-optic network
[Ma87a, Ma87b, MMWS88].
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bits to send. At such an instant, the sender
first encodes’ the string x in some appropriate
form called the message of x, then sends the
bits of the message, one by one. At the end,
the sender returns to sending zero bits, until it
gets the next string of data bits to send, and
the cycle repeats. Henceforth, the message of
x is denoted msg[x].

The receiver receives the bits of the
incoming stream one at a time. When the
receiver recognizes a contiguous block of
received bits as msg[x] for some bit string x,
1t accepts X.

The protocol between the senders and the
receiver is required to satisfy the following
two conditions:

1. Delivery: If a sender sends the bits of
some message msg[x] while the other
senders send zero bits, then the receiver
will accept x.

2. Discrimination: If the receiver accepts a
string x, then one of the senders must
have sent msg[x].

A design of the required protocol should
define: the encoding of sent messages (i.c.,
define msg[x] for any bit string x), and the
designs of the sender and the receiver. But
before we present our design of the protocol
in Section 4, we discuss in the next section
ideas that led us to that design.

3. Search for a Solution

Each message sent by a sender (msg[x]) has
the structure: preamble code[x] postamble
where the preamble is a fixed bit pattern
which must constitute the start of each
message, code[x] is an encoding of the string

3. As described earlier, we will consider two encoding
procedures: the Manchester coding procedure and a
general balanced coding procedure.



X using an appropriate coding procedure, and
the postamble is a fixed bit pattern which
must constitute the end of each message.
Solving this problem involves choosing an
appropriate value for the preamble and the
postamble, and designing a receiver. We will
consider two coding procedures: one based on
the Manchester coding procedure and another
based on a general balanced coding procedure.
Manchester coding procedure is very widely
used because of its self-clocking property and
its simplicity. For example, Ethernet [MB76]
uses this coding procedure. The solution for
this code is called the Seine protocol and is
described in Section 4. Although the
Manchester code is a special case of a
balanced code (in which each code word has
equal number of zeroes and ones), it is not
very efficient. Some other balanced codes are
more efficient than Manchester codes as
shown in Section 6. In Section 6, we give a
solution for the general balanced coding
procedure, called the Seine protocol
generalized. Although the Seine protocol is a
special case of the Seine protocol generalized,
we describe both of these protocols. We also
present the correctness proof for the Seine
protocol. The proofs for the Seine protocol
generalized given in [GMMS88] are similar to
those for the Seine protocol.

The values of preamble and postamble
were chosen by trial. From this exercise, we
came up with the following generic structure
for these bit strings. The bit string preamble
has the structure: (string of 1’s)
(string of 0’s) 1. Let us denote the length of
the longest string of consecutive 1’s in the bit
string lcode[x] as i. The length of the
leading string of 1’s in the preamble must be
larger than i. Thus, the string of 1’s in the
preamble has at least i+1 bits. The string of
zeroes is longer than the longest string of
zeroes in code[x]. Let the length of the
longest string of 0’s in code[x] be denoted as
J- Then, the string of 0’s in the preamble has
j+1 bits. This string allows the receiver to

determine when two senders start messages
one bit apart. The trailing 1 in the preamble
ensures that the corrupted message will have
only j bits and will be discarded by the
receiver.

The postamble marks the end of a valid
message. It has the structure: (string of ('s).
This string of zeroes is longer than the largest
string of consecutive zeroes at the beginning
of a code word. Both of the coding
procedures used here belong to the class of
block codes. Each word of r bits in x is
coded into a code word with [ bits,

The receiver designs given later in the
paper  are  self-synchronizing  [Ko78].
Reception of the preamble starting in any
state drives this machine into a known state.
Starting from this known state, the receiver
can decode a valid code[x] and compute x.

4. The Seine Protocol

We start by defining msg[x] for any bit string
X. We then use this definition to design the
sender and receiver for this protocol.

4.1 Messages.
Let x =xox; *** X1 be a string of n bits.

We define msg[x] to be a string of 2n + 9 bits
of the form:

msg[x] = 1110001 yoy; * - * yo1 00
where for =0~ .» =1, y3 == x; and
Y2i+1 =Xj, and — is the usual ‘‘invert’’

operator. Thus each bit x; in x is represented
by two bits yj and ypy; in the string
Y = YoVi1 * Yan-1. Bit yy; is the inverse of
Xi and bit yp;,; is the same as x;. String y is
usually referred to as the Manchester code of
string x. Henceforth, we refer to string y as
code [x] and to string Oly as code [1x]; in
particular,

msg[x] = 1110001 code [x] 00.

Notice that code [x] has 2n bits iff x has n
bits. Moreover code [x] is balanced, ie. it



has equal numbers of zeroes and ones,
irrespective of the value of x. In msg[x], the
preamble is 1110001 and the postamble is 00.

4.2 Sender.

As specified by the problem, when the sender
has no string of data bits to send, it sends
zero bits. On the other hand, when the sender
has a string x of data bits to send, it sends
msg[x] one bit at a time (starting with the
three ones at the beginning of msg[x]).

4.3 Receiver.

| The receiver is defined by the state-transition
diagram in Figure 2. This model falls in the
category of extended finite state machine
models [BS83]. In this figure, each state of
the receiver is represented by a small circle,
and each transition is represented by a
directed labeled edge. An edge label is either
<bit value> or <bit value>/<action>, where a
label <bit value> can be viewed as a special
case of the label <bit value>/<action> when
<action> is the null action skip.

The semantics of a transition is as follows.
A transition labeled v from state s; to state
s; means that if the receiver is at state s; and
receives a bit with value v, then action c is
executed and the receiver moves to state s;.
The execution of an action consists of
updating or ‘‘accepting’’ the current value of
a local variable rcvd of type bit string. This
local variable rcvd stores the intermediate
value of a received message. Its value is
"accepted” if the incoming message is valid.
For example, referring to Figure 2, executing
the action rcvd := <> assigns the empty

string to rcvd. Executing rcvd:=rcvd.0
concatenates one zero bit to the tail of rcvd.
While executing accept x, the receiver

"accepts" the string x.

The machine shown in Figure 2 has five
states: sg, S1, S2, S3, and s4. An interesting
characteristics of the receiver machine is its
self-synchronizing property. Starting from
any state, reception of the bit pattern 11100
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drives it into state s;. This means that this
machine can accept a valid message starting
from any state. The portion of the machine
which decodes the incoming encoded message
also is used to recognize the last two bits 01
of the preamble.

5. Correctness of the Seine Protocol

Correctness of the Seine protocol is
established by showing that the protocol
satisfies the two properties of delivery and
discrimination stated in Section 2.

Theorem 1: (Delivery) If a sender sends the
bits of some message msg[x] while the other
senders send zero bits, then the receiver will
accept x.

Proof: Assume that a sender sends the bits of
msg[x] for some string x while other senders
send zero bits. Then the receiver will receive
the bits of msg[x] unaltered. Since the bits of
msg[x] constitute a string in the form
11100 code [1x] 00, it is sufficient to show
that if the receiver is at any state (of its five
states), and receives a string
11100 code [1x] 00, then it must accept x.
The proof is divided into three parts, each one
of them can be checked by referring to
Figure 2. First, if the receiver is at any state
and receives a string 11100, it must reach
state s, with rcvd =< >. Second, if the
receiver is at s, with rcvd = < > and receives
a string code [1x], it must reach s, with
rcvd = 1x. Finally, if the receiver is at s,
with rcvd = 1x and receives a string 00, it
must reach sg after accepting x.

Theorem 2: (Discrimination) If the receiver
accepts a string x, then one of the senders
must have sent msg[x].

Proof: We divide the proof into the following
two parts.

a. If the receiver accepts a string x, then it
must  have received a  string
00 code [1x] 00.



b. If the receiver receives a string
00 code [1x] 00, then one of the senders
must have sent msg[x].

Part a: Assume that the receiver accepts a
string x. Then it must have reached state sy
with rcvd = 1x, or equivalently, it must have
received a string 00 after reaching state s,
with rcvd = 1x. This means that the receiver
has received a string code [1x] 00 after
reaching state s, with rcvd =< >. This in
turn means that the receiver has received a
string 00 code [1x] 00 (after reaching sp).

Part b: Assume that the receiver receives a
string 00 code [1x] 00. Since the first three
bits in this string are 0’s, each sender must
have sent three 0’s in these positions. (Recall
that the bits sent in the same position are or-
ed into one bit before delivery to the
receiver.) Similarly, since the last two bits
are 0’s, each sender must have sent two 0’s in
these positions.

Now what could a sender have sent in the
remaining positions? Clearly, no sender could
have started a new message in these positions
since this would require sending 111 which
would have to be received unaltered by the
receiver, and this violates the fact that the
receiver has received in these positions
code [1x] which cannot have the string 111.
Therefore, in these positions, each sender
must have sent either a string 00---0 or a
string code [1y] 00 - - - 0, for some string y.

Without loss of generality, assume that
code[1x] has 2n bits for some n=1. Now if
code [1y] sent by a sender in these positions
has less than 2n bits by each sender, then the
bits sent in the last two positions are 00,
contradicting the fact that the last two bits in
code [1x] are either O1 or 10. Therefore, at
least one of the senders must have sent in
these positions some code [1z] that has 2n
bits.

It remains now to show that this code
code[1z] is identical to code[1x]. This proof
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is by contradiction. Assume that this
code [1z] is different from code [1x]. This
means that code [1z] while being sent has
collided with at least one concurrently sent
code [1w], and the result was code [1x]
different from code [1z]. However, collision
can only increase the number of ones in the
received bits. Since code [1z] is balanced, i.e.
has equal numbers of zeroes and ones, then
code [1x] must be unbalanced which is a
contradiction. Therefore, code [1z] must be
identical to code [1x].

So far, we have established that at least
one sender must have sent a string
00 code [1x] 00. Then, this sender must have
sent 111 previously, i.e. it must have sent

msg[x].
6. The Seine Protocol Generalized

In the Seine protocol, each message msg[x]
has 2n+9 bits, where n is the number of bits
in the data string x. The dominant term "2n"
is due to the fact that x is encoded using the
Manchester coding procedure. To reduce this
term, the data strings could be encoded in
some other balanced code (i.e. one where each
code word has an equal number of zeroes and
ones) that is more efficient than the
Manchester code (i.e. one in which each data
string on n bits can be encoded in less than
2n bits). Note that the Manchester code is a
special instance of balanced codes.

Next, we describe a general balanced
coding procedure [BOS86, GS80]. For such a
code, every data string, to be sent by the
protocol must have a multiple of r bits, for
some r>1. Each word of r bits is coded as a
code word consisting of [/ bits with the ratio
I/r less than 2. Such a balanced code is more
efficient than the Manchester code. For
example, if r=4, then the following balanced
code with /=6 can be used to encode the data
strings to be sent. It is based on an example
given in [BOS86].



Data strings Corresponding balanced code words
with 4 bits each with 6 bits each
0000 001011
0001 001101
0010 010011
0011 010101
0100 010110
0101 011001
0110 011010
0111 011100
1000 100011
1001 100101
1010 100110
1011 101001
1100 101010
1101 101100
1110 110010
1111 110100

This code can be used for encoding any
data string x into code[x] as described below.
First, partition x into words of four bits each,
then replace each word with the
corresponding code word from the above
table. For example, if x=00001111, then
code[x] = 001011110100. Thus, each code[x]
has 3n2 bits, where n is the number of bits in
string x. This represents a 50% improvement
over a Machester code, where code[x] has 2n
bits.

In the remainder of this section, we
present a generalization of the Seine protocol
for the case in which the data strings are
encoded wusing a balanced code, not
necessarily the Manchester code. Henceforth,
let C be the set of code words that are used in
the encoding.

6.1 Messages

From the given set C of code words, define
the following three quantities:

1 = the largest number of successive 1’s in
1 code[x]. This number is the maximum
of two numbers: number of successive
ones in two adjacent code words in C,
number of successive ones at the beginning
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of any code word plus one.

j = the maximum number of successive
zeroes in 1 code[x]. This number is equal
to the maximum number of successive
zeroes in two adjacent codewords in C.

k = the maximum number of successive
zeroes at the beginning of a code word in
C.

(For instance, i=4, j=4, and k=2 for the set of
code words in the above table.) These three
quantities are used in defining msg[x] as
follows.

msg[x] = (1)"! (0y*! 1 code[x] (0)*+!

where code[x] is the encoding of string x
using the code words in set C, (1)*! is a
string of (i+1) ones, and so on.

6.2 Sender

As before, when the sender has a string x of
data bits to send, it sends msg[x] one bit at a
time starting with the (1)™! bits at the
beginning of msg[x]. Otherwise, it sends zero
bits. In msg[x], the preamble is (1)*!1(0)*!1,
and the postamble is (0)*!.

6.3 Receiver

The state transition diagram for the receiver is
shown in Figure 3, where as before small
circles or nodes represent states, directed
edges represent transitions, and the edge
labels define the actions that accompany the
transitions. This model falls in the category
of extended finite state machine models
[BS83]. For example, the outgoing edge from
from state sj, is labeled b/y:=y.b which
means that the receiver waits at state s;, until
it receives bit b then concatenates b to the end
of the string y. Two local variables rcvd and
y are used in this machine. The variable rcvd
stores the intermediate value of the decoded
incoming message. Its value is "accepted" if
the incoming message is valid. The variable
y stores the received prefix of the next
incoming code word. If this incoming code
word is valid, the corresponding decoded



word is concatenated to rcvd. This machine
has j+3 states: sg, S1, *, Sj+2. The reader
should note that the FSM for the Seine
protocol shown in Figure 2 is not a special
case of the FSM for the Seine protocol
generalized shown in Figure 3. The last two
bits 01 of the preamble constitute a valid
codeword for the Manchester code. The part
of receiver which can recognize the last two
bits of the preamble can be absorbed into the
portion of machine which decodes code[x] for
the Seine protocol. This reduction was done
in the FSM shown in Figure 2.

The diagram has a diamond-shaped node
labeled "y=?". This node represents a check
by the receiver on the current value of y.
Here is a list of the receiver’s actions
corresponding to four possible values of y:

a. y = proper prefix of some code word in
C: In this case, the receiver moves to
state §ji2.

b. y = some code word in C: In this case,
the receiver updates rcvd with the word
that corresponds to the code word vy,
then makes y an empty string, and
moves to state S;;2. The decoded word
corresponding to the code word y is
represented as word(y). In other words,
code[ word(y) ] =y.

c. y=(OX!: In this case, the receiver
accepts rcvd and moves to state sg.

d. Otherwise, the receiver moves to state
Sg.

The next two theorems establish that the
Seine protocol generalized satisfies the
delivery and discrimination properties stated
in Section 2.

Theorem 3. (Delivery of the General
Protocol) If a sender sends the bits of some
msg[x] while the other senders send zero bits,
then the receiver will accept x.
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Proof: Given in [GMMSS88].

Theorem 4. (Discrimination of the General
Protocol) If the receiver accepts x, then one
of the senders must have sent msg[x].

Proof: Given in [GMMS88].

7. Application to a Fiber-optic Network

The problem solved can used to design the
message formats and receivers for a local area
network shown in Figure 4, called the D-
network [TC83, FBT81, Ma87a, Ma87b,
MMWSE88]. All the stations are connected by
a uni-directional fiber link. Each station has a
sender and a receiver. Multiple access
protocols given in [Ma87a, Ma87b,
MMWS88] are used to share this link among
various stations. These protocols described in
[Ma87a, Ma87b, MMWS88] permit collisions
to occur. On the other hand, the protocols
described in [TC83, FBT81] do not permit
collisions. Transmission from each sender is
or-ed onto the bit stream traveling on the fiber
link. Once the transmissions generated by all
senders have been or-ed together, the resulting
bit-stream is received by all receivers. All
receivers get the same incoming bit stream.
We want to design a procedure which ensures
the two properties of delivery and
discrimination presented earlier.

Delivery: If a sender sends a valid message
and all other senders send zeroes, then each
receiver must accept this message. Suppose
station y wishes to send a message to station
z. It sends the data message with the address
of station z. Any messages accepted by the
receiver are checked if they are destined for
the local station. If they are, then they are
given to the local user or the next higher level
of protocol. Otherwise, they are discarded.

Discrimination: If all receivers accept one
message, one of the senders must have sent it.

The D-Network shown in Figure 4 can be
modeled as a system shown in Figure 5.



Although there are different propagation
delays from each sender to any receiver, they
are not important. It is because the actions of
all senders are not coordinated. Since the
activities of all the senders are independent,
all the delays before the Or-box shown in
Figure 5 can be removed. Therefore, the
system shown in Figure 5 is similar to the
one shown in Figure 1. The solutions
presented earlier apply to this problem.

8. Concluding Remarks

We have presented here an interesting
problem for information transfer from many
senders to one receiver, and two solutions.
One of these solutions can be used for the
design of D-Network, a fiber-optic network.

We assume here that all senders in the
system are synchronized in their bit
transmissions. This assumption is valid in
some implementations of D-Nerwork but is
not valid for other implementations. In the
future, it may be of interest to solve this
problem for the asynchronous case.
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