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SPECIFICATION
Stochastic time division multiplexing

5 Background
1. Field of the Invention
This invention relates generally to the field of
multiplexers and demultiplexers. More particularly
this invention relates to a method and apparatus for

10 mutiplexing and demultiplexing atvery high data
rates. The invention is particularly useful at data rates
greaterthan 100 MBPS.

2. Background of the Invention
Thisinvention addresses the problem of providing a

15 low cost simple and reliable method and apparatus for
multiplexing and demultiplexing packetized data at
high data rates.

Many different types of multiplexing techniques are
knowninthe art and are used in various situations to

20 combine multiple sources of datainto asingle data
stream. Some typical examples are Synchronous
Time Division Multiplexing (TDM), Statistical Time
Division Multiplexing (STATDM) and Packet Switched
Multiplexing (PSWM). The terminology used in con-

25 nection with Statistical Time Division Multiplexing has
not yet been fully standardized. For purposes of this
document, STATDM is as defined in conjunction with
FIG.7.8 of the text “Data Communications’, by D.R.
Doll, Wiley-Interscience Publications, 1978. When any

30 ofthese techniques are applied to a wideband network
they fall far short of providing acceptable performance
due to high implementation cost or other drawbacks.
For example, with conventional TDM each data source
is allocated a predetermined slot of time in a frame of

35 data. Ifthe data source is not providing data at any
giventime, it's time slot s still reserved and no data is
transmitted during the predetermined time interval
reserved exclusively for it. Conventional TDM is
therefore potentially wastefull of bandwidth whenitis

40 used totransmit bursty data orin fact any data which
is not likely to be in the form of a continuous stream of
data.

STATDM alleviates the problem of poor bandwidth
utilization somewhat by allowing statistical allocation

45 of bandwidth according to need. Thisis generally
accomplished by preceding each segmentofdatabya
headerincluding aflag and afield of address
information which allows the link level ofthe STATDM
systemto determine where each segment of datais to

50 berouted by reading the address. The flag is used to
mark the beginning of the segment. Although this
techhnique is more bandwidth efficient, itis substan-
tially more complex to implement due to the require-
ment of a flag decoder and an address decoder.

55 Moreover,itis very expensive and technically difficult
atthistimetoimplementand address decoder at
speeds adequate to utilize STATDM above several
hundred MBPS.

Packet switching is also difficultto implement at

60 high frequencies for the same reasons as stated above
in connection with STATDM. In a PSWM system, data
packets are normally preceded by a header including a

source address used ateach level ofthe system, a
destination address and passibly otherinformation

65 such as packetlength. In orderto properly route the
data packet, this header must be read and interpreted
much asinthe case of STATDM. Therefore, although
PSWM is generally considered to be among the most
bandwidth efficient multiplexing techniques, ittoo is

70 difficultto implementat high data rates. lt should also
be noted that both STATDM and PSWM are inherently
asynchronous and generally require the use of buffer-
ing and resynchronization equipmentin order to
transmit and receive synchronous data.

75 Ingeneral, packet switched networks are capable of
higher bandwidth utilization than corresponding cir-
cuit switch networks. It is therefore desirable in many
instances to replace circuit switched networks with
packet switched networks in orderto achieve better

g0 bandwidth utilization. Atvery high data rates (for
example greater than 100 MBPS) however, itis very
difficult or expensive, as previously described, to
process data packets due to the very shorttime
available to route the packets. Although the routing

85 problem can be alleviated somewhat by utilization of
specialized hardware circuits to perform the packet
switching, itis more desirable to utilize microp-
rocessor technology to perform the packet switching
so that flexibility of the systemis retained.Ina

90 microprocessoor system, the system can be indi-
vidually tailored to varying situations by changing the
microprocessor’s programming.

The presentinvention provides a method of dealing
with these problems by introducing a new type of

g5 multiplexing which will be referred to as STOchastic
Time Division Multiplexing or STOTDM. This muiti-
plexing technique can be comhined with circuit
switching and packet switching systemsin orderto
achieve robust packet switching performance at data

100 rates exceeding 100 MBPS. By utilizing standard
Emitter-Coupled Logic (ECL) technology, the present
invention can be operated as high as 200 MBPS at very
low cost. With high speed ECL, speeds approaching
300 MBPS should be achievable. Itis anticipated that

105 utilization of gallium arsenide devices and other

emerging technologies will permit the presentinven-

tionto operate reliably at data rates greater than 2

GBPS in many applications.

Summary ofthe Invention

Itis an object of the presentinvention to provide an
improved multiplexing technique.

Itis another object of the presentinvention to
provide a high speed multiplexing technique which
retains many of the advantages of packet switching
115 networks while allowing operation at very high data

rates using reasonably low cost circuitry.

Itis another object ofthe presentinventionto
provide a multiplexing arrangement which facilitates
transmission of synchronous and asynchronous data

120 inapacket like environment.

Itis a further object of the presentinvention to
provide a multiplexing arrangement for combining
lower speed data channels into very high speed data
channelsin a cost effective manner.

110

The drawings originally filed were informal and the print here reproduced is taken
- from a later filed formal copy.
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These and other objects of the invention will
become apparentto those skilled inthe artupon
consideration ofthe following description of the
invention. -

An apparatus for demultiplexing a stochastic time
division multiplexed frame of data packets, characte-
rized by:

detecting means for detecting a flag pattern;

counting means for counting the number of fiag
patterns detected by said detecting means; and

routing means responsive to said counting means
forrouting a data packetin accordance with said
number of flag patterns.

In one embodiment of the presentinvention a
method of multiplexing a plurality of N data packets
selected from M possible data packets where M is
greaterthan orequal to N, includes the steps of:
arranging M possible data packet locations and M flag
words into aframe, each flag word and each packet
location being associated with a predetermined one of
the M possible packets so that each flag word is also
associated with a predetermined one of the packet
locations, and each flag word preceding its associated
packet location; filling N of the M packet locations with

the N packets so that each ofthe N packetsfillsits
associated packet location leaving M-N unfilled packet
locationsin the frame; and omitting each of the M-N
unfilled packet locations while retaining the flag
associated with those packet locations sothatno
packet location is reserved for packets notincludedin
the N packetlocations associated with the N packets.

In another embodiment of the presentinvention
method of demultiplexing a frame of STOTDM multi-
plexed data packets, wherein the frameincludesa
plurality of sequentially arranged flags, each of which
may precede one of the packets or may precede the
nextsuccessive flag in the absence of a packet,
includes the ordered steps of: locating afirst flag
within the frame; determining if thefirstflag is
followed by a second flag or a first packet; and routing
the first packetifit follows the flag. This process is
repeated until the entire frame is processed.

The features of the invention believed to be novel
are setforth with particularity in the appended claims.
Theinvention itself however, both asto organization
and method of operation, together with further
objects and advantages thereof, may be bestunder-
stood by reference to the following description taken
in conjunction with the accompanying drawing.

Brief Description of the Drawing

FIG. 1is a system block diagram of an exemplary
system providing video phone communication be-
tween two users and T.V. service.

FIG. 2 showsthe packetframing arrangement of one
embodiment of the present invention.

FIG. 3shows an example frame of packets according
to oneembodiment of the presentinvention.

FIG. 4 shows a detailed system block diagram of the
components used ina system similarto FIG. 1.

FIG. 5 showsthe frame arrangement for the system
of FIG. 4 at transmission line 104, with each packet
location shown.

FIG. 6 shows the frame arrangement of FIG. 4 at
transmission line 106 with each packet location
shown.
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FIG. 7 shows a more detailed block diagram ofthe
functional elements of an STOTDM demultiplexer.

FIG. 8 shows a flow diagram of the process of
demultiplexing an STOTDM signal arranged according
to the packet frame arrangement of FIG. 2,

FIG. 9 shows an alternate embodiment of the packet
framing arrangement of the presentinvention.
Detailed Description of the Invention

Turning nowto FIG. T an overall block diagram of an
exemplary system utilizing STOTDM is shown. in this
exemplary system a system user located at a particu-
largeographic location indicated by 20 utilizes cus-
tomer promise equipment {CPE) 22 to demuitiplex
data forvideo phone 24 and televisions 26 and 28 as
well as possibly other services. CPE 22 receives data
from and transmits data to remote multiplexer 30 over
transmission lines 32 and 34 respectively. Ingeneral,
the present system may be utilized to receive data
more frequently than transmit data. For example, the
system may be utilized to receive television signals
butis not likely to transmitthem (although this
condition is not precluded). Itis therefore the general
case that transmission line 32 may be a substantially
higher speed transmission line than transmission line
34.

Remote multiplexer 30 is coupled via a plurality of
transmission lines to central site (CS) 36. Central site
36 provides various switching and signal origination
functionsin a centralized geographic location for
distribution to various remote multipiexers located at
various other locations.

In orderto conduct two way communications such
as video phone communication, a second user at
location 38 having a similar video phone 40 and CPE
42 is similarly coupled to remote multipiexer 30 via
transmission lines 44 and 48. It will be appreciated by
those skilled in the art that certain types of data which
itwould be desirable to transmit overthe system of
FIG. 1 are most advantageously transmitted in the

“form of synchronous data. Othertypes of datasuch as |

computer terminal or ISDN (Integrated Services Digit-
al Network) data may be more advantageously
implemented in an asynchronous environment. In
orderto more advantageously accommodate both
types of data while effectively utilizing transmission
line and bandwidth, the multiplexing scheme illus-
trated in FIG. 2is introduced. According to the present
multiplexing scheme, each possible data packetis
assigned a location sequentially in frame 50. Each
packetis preceded by a flag word designated in FIG. 2
as Fo,F1 e Fn.

ltshould be noted thatthe presentinvention may be
implemented using either a fixed or avariable length
frame. This will be understood more clearly after
consideration ofthe following examples. While the
bulk of the present disclosure relatesto the use of
fixed length frames, the presentinvention should not
be so limited since the fixed length frame is merely a
subset ofthe more general case of the variable length
frame. Itis generally the case that the variable length
frame may be used universally for near optimal
bandwidth utilization. However, such use may compli-
cate interfacing to the line somewhat when accommo-

dating synchronous data as will be appreciated more -

fully after consideration of the presentinvention. For

ar
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purposes of this document, the limited embodiment the size of frame 50 is selected appropriately along
using afixed frame is used for illustrative purposes with the size of packet 0 and 1.
since more constraints are imposed in developing According to the fixed frame length embodiment of
such a system than in the general case of a variable the presentinvention, the total size of frame 50

5 lengthframe.Ingeneral, however,thevariable frame 70 including each possible packet 0 through n may
embodimentis the more bandwidth efficientand include substantially greater information than the
therefore more frequently the preferred embodiment. channelis capable of accommodating. However, itis

It should also be carefully noted thataccording to unlikely that any user will be requiring each and every
the preferred embodiment, each of the flags Fq one ofthe channels available to him at any particular

10 through F,is anidentical binary word whichisusedto 75 time. Therefore, according to the present invention
signify the beginning of a packet. Although for any packet locations which are not utilized are not
purposes of this document each of the flags may be transmitted. Therefore, for example, if T.V. 28 is not
designated using a subscripted notationsuch as F;, being utilized and therefore has no need for packet 1,
this should not be interpreted as meaning that each of packet 1is nottransmitted. Instead, S1 is immediately

15 theflagsis a different binary word. Onthe contrary,in 80 followed by F,, thus the time which would be devoted
the preferred embodiment each of the words s to transmission of packet 1is now available for other
identical. The subscripted notation is merely used types of communication. This leads to aframe length
here for convenience in identifying each of the which varies according to the utilization of the frame.
individual flags and to clearly associate them with one Subject to bandwidth constraints, achannel can

20 ofthe packetlocations. It should also be made clear 85 therefore be utilized to transmit a large variety of
howeverthat it is possible to utilize a limited number information at varying data rate requirements and the
of flag words or bits without departing from the spirit statistics of use of each of the types of data allows a
ofthe presentinvention. In so doing an equal number channel with significantly less data capacity than
of flag detectors is utilized. This may be useful in some would be required for all possible transmissions to be

25 embodiments in which the value of the flag is used to 90 utilized. The end of frame 50 may be filled in with an
signify for example that a packet location is full or idle sequence until time for the next periodic transmis-
empty orto indicate the packet length. sion of Fpin the fixed frame length embodimentso

Inthe present embodiment each flag is followed by thatthe frame (including idle sequence) is always of
abinary slotidentification word designated Sp same length. In an alternative embodiment, anidle

30 through S, inthefigure. Each ofthe binary words Sg 95 sequenceisnotrequired because the length of the
through S, are unique to the packet which follows it. frame s allowed to vary according to the amount of
Preferably, Spthrough S, is a binary word which data to be muitiplexed.
designates which packet slot location follows. That is, In another embodiment, the present multiplexing
S, represents slot 0, S represents slot 1, etc. For technique may be used to multiplex data in frame

35 example, if 256 possible packet locations are to be 100 having noinherent periodic nature. Thisis the
allowed, Sy is preferably assigned to the value embodiment referred to above as having a variable
00000000. Similarly, S is assigned to the value frame length. That s, FoSq is not a periodically
00000001 and S, (S,ss) is assigned the value recurring event. In this embodiment each frameis
11111111. The binary words Sg through S,, are utilized structured similar to that of FIG. 2 except that

40 inthe presentinvention asamechanismto aidin 105 synchronous data is not as readily accommodated
retaining synchronization at very high speeds and as andthereis no needforanidle period atthe end of
an error checking device. This word, however, is notto each frame. Atthe end of each frame in avariable
beinterpreted as a destination code or destination frame length system, the frame simply starts over
address as may be utilized in a typical packet again at FySy. In the event that no data atall is being

45 switching system since according to the present 110 transmitted, the repeating pattern of FoSoF1S1F2S;. ..
invention this word is used only as an error check to F.Snistransmitted until one or more of the packets are
assure that synchronization is maintained in the filled with data. In this embodiment, the input of more
system rather than as an address for routing packets. data than the bandwidth of the transmission lines will

The present multiplexing arrangement is based allow simply resultsin delays in the transmission.

50 upon the use of flags F. Flag Fois always transmitied 115 Buffering may be required to compensate forsuch
at periodicintervals so by detecting Fo followed Sy a delays. [fthe data traffic does not exceed the
receiving system can always determine wherethe bandwidth of the system onthe average, serious
beginning of frame 50 is. As a result of the periodic delays will not be likely to occur. Buffering and
occurrence of Fo, synchronous information placed in resynchronization may of course be usd to accommo-

55 the form of packets may be placed nearthe beginning 120 date synchronous data trafficwith varying degrees of
offrame 50 in order for synchronous reception of data success as will be appreciated by those skilled inthe
to be effected. For example, packet 0 may be utilized to art.
contain packetized T.V. data for T.V.26 of FIG. 1. Utilization of a fixed length frame results in a system
Similarly, packet 1 may be utilized to carry synchro- which is capable of providing synchronous data for

60 nousT.V.dataforT.V.28.The packet size of packet 0 125 simplified interfacing at the expense of bandwidth
and packet 1 may be suitably selected to contain for utilization. it should be noted thatin the example to be
example a single frame or preferably asingle line of a shown, the frame repetition rate is selected to provide
T.V. picture. Those skilled in the art will readily simplified video synchronization. Those skilled inthe
recoghnize that such T.V. data can be easily decoded at artwill appreciate that other frame rates may be

65 the receiver without complex buffering and retimingif 130 selected to provide, for example, simplified interface
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toT1 lines etc. A variable frame rate may be used
when optimization of bandwidth utilization is more
desirable than ease of interface with synchronous
devices.

Consider now an example of a frame of packets
which might be used according to the preferred
embodiment in conjunction with FIG. 1. More particu-
larly, consider anincoming frame of packets on
transmission line 32 to CPE 22. For purposes of this
example, assumethat CPE 22 is capable of accommo-
dating four T.V. channels, one or more video phone
channels and a number of data communications
channels. As represented in FIG. 1, however, only two
oftheT.V.channels and one video phoneisin use.
Since the television channels are very timing sensitive
channels, packets of T.V. information are placed atthe
beginning of the frame. Video phoneinformation is
somewhat less timing sensitive and in the present
embodimentis placed immediately afterthe T.V.
packets. T.V. packets forthe fourT.V. channels are
placed inlocations 0 through 3 and video phone
packets for video phone 24 is placed in packet location
4. Since only two T.V. packets are being utilized, two of
the T.V. packetlocations will be empty. Assume for
example, T.V. 26 receives packets 0, T.V. 28 receives
packet 1 and video phone 24 receives packet4. The
frame arrangement shown in FIG. 3isillustrative of a
typical frame of data which only includes the packets
aforementioned. After Fyand Sy comes packet 0
followed immediately by F;, S; and packet 1. After
packet 1, F, and S, are transmitted, but since packet 2
(representing athird T.V. channel) isnotto be
transmitted S, isimmediately followed by Fzand S;.
Similarly Sz is followed immediately by F4 since
packet 3is notto be transmitted. F; and S, are followed
by packet 4 which contains video phone information
forvideo phone 24. Following packet 4, will be the
remaining Fs, Ssthrough F,, S,.. Atthe end of the frame
anidle codeis used to fillin until the next periodic
occurrence of Fg, Sg is due in the fixed frame length
embodiment. One skilled in the art will recognise that
the presentinvention may also be implemented using
the variable frame length embodiment.

Turning nowto FIG. 4, a similar exemplary system is
ilfustrated in detail. It should be noted that the present
multiplexing arrangement may be utilized in avery
wide variety of applications and the examples used
hereintoillustrate the concepts of this multiplexing
arrangement should not be limiting but should serve
merely to illustrate some of the many possible
multiplexing arrangements which will occur to those
skilledinthe artin light of the presentinvention.

in the example of FIG. 4, CPE 100is coupledto a
remote multiplexer 102 via a fiber optic cable or other
high speed transmission line 104. In the preferred
embodimentthis cable is a 290 MBPS transmission
line. This high speed line is used to couple information
fromthe remote multiplexertothe CPE 100.Ina
similar manner atransmission line 106, which in the
presentembodimentisa47.3 MBPS DS3 line, is used
to coupie data from CPE 100 back to remote multiplex-
er 102. Inthe present example a central site 108 is
coupled to remote multiplexer 102 via four transmis-
sionlines 110,112, 114 and 116 which are preferably
all standard DS4 transmission lines. Remote multi-
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plexer 102 also includes two or more outgoing
transmission lines 118 and 120 and two or more
incoming transmission lines 122 and 124 which are
usedto couple to other customer premise equipment
notshown in this drawing.

Transmission line 104 carries STOTDM multiplexed
datato STOTDM demultiplexer 126 of CPE 100.
Demultiplexer 126 then provides demultiplexed data
to each of eight (in the present embodiment) interface
circuits 128 through 142. Each of the interface circuits
128through 142 provides varying types of interface
functions which depend upon the type of data being
manipulated by the interface circuit. Forexample, in
the case of interface circuits 128 through 138, itis
probable that analog conversion of the digital datais
required in order to drive standard television type
devices orvideo phones. In these devices, buffering
may also be necessary as well as circuitry for
generation of synchronization information.

Inthe case of interface circuit 140, itis anticipated
that ISDN service will be readily providable by the
present network and interface circuit 140 will provide
ISDN demultiplexing according to yet to be estab-
lished standards. Similarly, data interface 142 is likely
to provide buffering and demultiplexing functions for
alarge number of potential data terminals as will be
described in more detaii later.

It should be noted that high definition T.V. interface
128 will provide outputs to a high definition television
system which is also yet to be defined. As of this
writing, it is evidentthat the present system can
accommodate high definition T.V. however, itis
unclear exactly what bandwidth and format is neces-
saryto provide this service. One skilled in the art will
however readily appreciate any modifications re-
quired to the present system to accomplish high
definition T.V. atsuch times as HD T.V. is fully defined
and standardized.

Inthe presentembodiment itis contemplated that
standard NTSC T.V. format will be utilized in the
presentinvention. As such, each standard T.V. packet
(packets 1 through 3inclusive) will contain a single
line of video information. In orderto provide synchro-
nous transmission, the frame repetition rate for the
frame of packetsis setto 15,750 hertz, thatis, Fq Sq
repeats itself every 63.49 microseconds. This allows
for atotal maximum frame length of approximately
18,412 bits.

Turning to FIG. 5, the frame format for the present
frameto be transmitted on transmission line 104 is
shown. It should be emphasized however that not al!
ofthe eight data packets shown can be included in
each frame. It is clear by merely adding the number of
bits used for fiags, packets and S bits that thisisthe
case. The total number of bits shown in FIG.5is
36,620. Clearly, with the 15,750 hertz frame repetition
constraintand the 290 MBPS channel rate, any given
frame can not accommodate all of the bits shownin
FIG. 5. According to the presentinvention of course
STOTDM is utilized to provide each of the options
illustrated in FIG. 5 subject to the constraints of
maximum loading of channel 104. For example, any
three of the large packets (5,746 bits) may be
transmitted at a given time but, this results in a total of
17,334 bits leaving room for only one of the short

1o
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packets. In this instance about 54 bits of idle are
transmitted atthe end of the frame.

Similarly, if only two of the large packets are
transmitted in a given frame the total number of bits
required is 11,588 (including Fand S bits). This allows
plenty of room for one or both of the two shorter
packets (6 and 7) to be transmitted. Obviously, full
bandwidth utilization is not achieved in this situation
but using the frame repetition rate of 15,750 Hz
considerably simplifies the synchronization of the
synchronous packets.

It should be noted that although only 1K bits of
information is provided forin packets 6 and 7, due to
the very high frame repetition rate of 15,750 hertz, the
effective data rate of the information transmitted in
either of the smaller packetsis approximately 16.128
MBPS. This is adequate to accommodate 13,440
muitiplexed 1,200 BPS channels or 1,680 multiplexed
9600 BPS channelsin packet 7 alone. Therefore,
although the packets may appear smail, atremendous
amount of data can be transmitted in those packets.

Accordingto FIG. 5, Sythrough S; are transmitted as
four bitwords. The three least significant bits are
preferably used as a counter to provide for synchro-
nization checks as will be described later. The most
significant bitis shown as 0in FIG. 5in all cases. This
bitis presently reserved for possible use in accommo-
dating system expansionto 16 possible packet
locations orin order to accommodate final definition
of HDTV. That is, making the most significant bitof Sy a
binary 1 demultipiexer 126 can interpret thatbitas an
indication that more than one packet is being utilized
in conjunction with HDTV. In an alternative embodi-
ment ofthe presentinvention, even more bits are
allocated to the S words (for example 8 bits) so that the
Sword can be utilized for greater system versatility
while only sacrificing a very small amount of over-
head. Those skilled in the art will recognize other
potential uses of such control words.

Itshould also be noted that the data on line 104
could be multiplexed using the variable frame length
STOTDM. In so doing, the bandwidth efficiency would
be substantially enhanced allowing a lower speed line
to accommodate the same amount of data as the
290MBPS channel above. Of course, this additional
bandwidth efficiency is gained at the expense of ease
ofhandling synchronous data.

Referring backto FIG. 4, outbound data from CPE
100 online 106 can contain information multiplexed
frominterface circuits 144 through 150. An STOTDM
multiplexer 152 is used to assemble a frame of data as
shown in FIG. 6. By utilization of appropriate data
compression techniques, video phone signals may
occupy approximately 20 MBPS each so that the -
present system may accommodate all four of the
interface circuits 144 through 150.

Since none of the data on line 106 is very timing
sensitive, a fixed frame length is not necessary and
packets 191, 193, 195 and 197 may contain either data
ornothing in accordance with the STODTM proces. in
the instances where all four packets are full, they wilt
all be sequentially transmitted. Due to the bursty
nature ofthe ISDN and data channels, it is likely that all
four channels can be accommodated using the
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average requires less than the 47.3 MBPS available
the present system will operate efficiently without
significant delays in data.

it should be noted that the present invention
contemplates providing standard telephone servicein
addition to video phone service by utilizing the
provisions of ISDN for digital telephone communica-
tion. One skilled in the art will recognize that CPE 100,
remote multiplexer 102, and central site 108 also
require various control functionsin orderto correctly
multiplex the data as described. This functionis
provided by utilizing control packets or call set up
packets on the ISDN. These packets may be nailed
throughoutthe system on the ISDN D channel. In this
manner, call setups and central site switching func-
tions are accomplished in order to condition the
system appropriately for changesin, forexample, TV
channel orvideophone call setup.

Central site 108 is utilized to effect the various
switching functions required by the present system. In
addition, the present embodiment contemplates that
thevarious T.V. signals such as ordinary T.V. channels
and high definition T.V. will be distributed via the
central site, butthis is notto be limiting.

In the remote multiplexer 102, STOTDM multi-
plexed signals from channels 106, 122, 124 (and
possibly others) are demultiplexed by STOTDM de-
multiplexer 160, 162 and 164. The demultiplexed
signals are then combined by STOTDM multiplexer
166 in preparation of transmission over asingle
transmission line 116 using variable frame length
STOTDMinthe preferred embodiment. The multi-
plexed frame of packets present on transmission line
116 is demultiplexed ata STOTDM demuitiplexer 168
inthe central site. The output of STOTDM demultiplex-
er 168 is distributed to a packet switch 170 and a circuit
switch 172 where more or less conventional packet
switching and circuit switching take place to
accommodate the various types of data. ISDN data
and data from interface 150 will likely lend themselves
more to packet switching than to conventional circuit
switching and are therefore handled by packet switch
170. Video phone data on the other hand is more
readily adapted to circuit switching and will be
handled by circuit switch 172. When the appropriate
routing iscompleted in switches 170 and 172 their
outputs are STOTDM multiplexed by variable frame
length STOTDM multiplexer 174. Therefore, a frame of
STOTDM multiplexed data is provided to remote
multiplexer 102 viatransmissionline 112. HDTV
signals are also provided by central site 108 via a
source of HDTV signals 176 for transmission on
transmission line 114. Similarly, a source of standard
television signals 178 provides multiplexed T.V.
channnels ontransmission line 110.

Atremote multiplexer 102, the STOTDM multi-
plexed data ontransmission line 112 is rec¢eived by an
STOTDM demultiplexer 180. Also, multiplexed T.V.
signals are received by a T.V. demultiplexer 182 and
high definition T.V. signals are received by aHDTV
demultiplexer 184. According to selection made atthe
CPE 100, a controller 186 selects appropriate outputs
from T.V. demultiplexer 182, STOTDM demultiplexer
180 and HDTV demultiplexer 184 which are provided
to STOTDM multiplexer 188 fortransmission over
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transmission line 104. In a similar manner, T.V. HDTV the packet location is empty and the packet iength has
and data are multiplexed by STOTDM multiplexers been shortened to zero. When the nextflag is
190 and 192 for transmission on transmission lines. detected, the counter is once again cleared. During the
118 120. : . lastfour bits of a data packet, the decoder is unmasked

. b Ofcourseitwould be appreciated by those skilledin- 70 in preparation for receipt of the nextflag. In this
the artthatthe above example directed toward a home manner even if there exists fewer than fourtiming
subscriber or business subscriber type network for errors the system can continue to function.
providing various one way and two way communica- Due to the extremely high data rates, timing
tion services are but one example of the use of problems can be critical to the present invention.

10 STOTDM.STOTDM can also readily be used forpoint 75 Controller 222 determines from the incoming data at
to point multiplexed communications and may even shiftregister 202 and flag decoder 220 exactly where
be used in local area network circuit arrangements. theframeis. By comparing the redundant Swords

Turning nowto FIG. 7, an exemplary embodiment of with the output of channel counter 226, controller 222
ademultiplexerfor STOTDM data is shown. This is able to determine that the system is in synchroniza-
. 15 demultiplexer, with minorvariations, can be used for 80 tion. If morethanthree errors occur, so thatthe system
either fixed or variable frame length STOTDM as will is unable to resynchronize itself in the middle ofa
be cleartothose skilled in the art. In this embodiment, frame, ared alarm will be set and the system searches
STOTDM data is received by a line interface 200 which forthe combination Fy Sgin order to regain synchro-
providesforlogiclevel conversion, noise filtering, etc. nization.

20 Forthe case offiber optictransmission lines, line 85  Thebulkofthe circuitry described may be im-
interface 200 may also provide conversion from light plemented using standard 100k series ECL which may
energy to electrical logic signals. Line interface 200 operate at data rates up to 200 MBPS. By utilizing
alsoincludes preferably phase locked loop based specially selected high speed ECL parts, the circuitis
circuitry for extracting clock information from the capable of operating atthe desired 290 MBPS. The

25 incoming stream of data. This clock extraction circuit- 90 serial datais converted at shift registers 206 and 208 to
ry is notshown, but one skilled in the art will readily parallel data so that low cost CMOS random access
understand how to provide such function so that memory can be utilized for buffer and many of the
appropriate timing of the logic circuit of FIG. 7 may be control function. By utilizing gallium arsenide technol-
accomplished. The output of line interface 200 is ogy and other technologies which are fasterthan the

30 coupledto ashift register 202 the serial output of 95 high speed ECL standard logic family, the present
which is passed through a delay 204 to accomplish invention can readily operate at speeds approaching 2
appropriate timing correction and from there to the GBPS.
inputs of serial in, parallel out shift registers 206 and Turning nowto FIG. 8, aflow chartillustrates the
208. The outputs of shift registers 206 and 208 are flow of operation of the demultiplexer according to the

35 appliedthrough aregister selection switch210tothe 100 presentinvention. The process begins at step 300 and
input of one of a plurality of buffers 212 through 218. atstep 302 the counteris setto 0. At 304 the system
Of course the number of buffers atany given system begins searching for the flag pattern and when it finds
depends on the exact nature of the STOTDM signal to aflag pattern S;is inspected. At 308 S;is compared

" bedemultiplexed. Shiftregister 202 is also coupled to with the counter’s count and if the count is the same,

40 aflag decoder 220 which is used to detect the flag 105 the system is known to be in synchronization. If not, .
pattern used atthe start of or preceding every data the systemis known to be out of synchronization and
packetlocation. Shiftregister 202 is also coupledtoa the counteris once again setto 0 at step 302. [fthe
controller 222 which oversees operation of several system is in synchronization nextthe countisin-
aspect of the demultiplexer. Preferably, controller 222 spected to determine ifitis equal to small n, thatis the

45 isbased upon a high speed microprocessor. Flag 110 final packet. If so, the counterisresetto O atstep 312
decoder 220 is also connected toa counter 224 andto a and if notthe counterisincremented by onein step
mask output offlag decoder 220 which is also coupled 314. Atstep 316, the data immediately following S;is
to each of buffers 212 through 218. An output of inspected to determine ifitisaflag or data. !fitis data,
controller 220 is coupled to achannel counter 226 and the packetis appropriately routed to its destination

50 toadecoder228whichisusedto selectone ofthe 115 buffer at318. After the first eight bits of the packet pass
buffers 212 through218. Controller222 also inspects the decoder, itis masked to avoid detection of the flag
the Swords for errors and provides error flags and pattern in data. At step 320 corresponding to the final
error alarms as required when an error is detected. four bits of the data, the decoderis unmasked and at

When aflag word arrives at shift register 202, 322the flag decoder searches for the flag pattern
55 signifying the beginning of a packet, flag decoder220 120 again. Afterthe flag patternisfound, in step 324 S;is
generates an output pulse to clear counter 224. During - inspected and at 326 S;is compared with the count C. If
receipt of all but the first eight bits and the last four bits the countis equal to S;then the numbers of errors that
ofa packet, the flag decoder is masked by counter 224 have occurredis equal to 0 presumably and control is
sothatflag decoder 220 will not respond to the passed to step 310. Otherwise, at step 332, the errar

60 predetermined flag pattern as it appears within the 125 coounterisincremented and at step 334 the number of
body of a message packet. Inthis manner, the flag errorsis compared with three. If the number of errors
pattern does nothave to be excluded from the user’s is notequal to three then control is passed back to step
messages. The first eight bits of the packet are not 328 otherwise itis deemed that ared alarm has '
masked since if no packetis being transmitted the first occurred and the error counteris setto 0 at step 336.

65 130 Controlisthen passed back to step 302 wherethe
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counteris setto 0. The process once again begins
looking for the beginning of the frame signified by Fo,
S;. Of course many variations of this process may be
utilized without deviating from the spirit of the present
invention.

Those skilled in the art will recognize that many
variations to the present multiplexing arrangement
may be devised without departing from the teachings
ofthe presentinvention. For example, in an alternate
embodiment shown in FIG. 9which is more suitable to
low speed, low overhead situations, the packets are
arranged in aframe as shown. In order to distinguish
the beginning ofthe frame, a unigue frame start word
is utilized. Following the frame start word a flag word
orsingle bitis transmitted following by a eithera
packet or nothing as in the preferred embodiment. In
this embodiment, flag 0 for example could be asingle
bitin which case a 0 indicates that the following bits
are a packet of predetermined length. If however, Fyis
a0the packet will not be utilized the following bit is F.
Similarly, if flag oneisa 1, packet oneis transmitted
and if F4 is a 0 nothing is transmitted and the next bit
will be F,. In both examples, the flag is used to signify
that the predetermined packet location follows. Inthe
firstexample each fiag was identical and the presence
orabsence of a flag after the S word determines
whetherthe packet is present or not. In the second
example, actual characteristics of the flag itselfare
utilized to determine if a packet is present. in each case
the routing of the flags is accomplished by utilizing a
predetermined order of packet locations. When pack-
ets contain no data, the output buffer for that packet
receives no data and is effectively skipped and the
next sequential buffer is addressed if a packet is
present for receipt by the buffer.

In aminorvariation to the scheme of FIG. 9, FySg
may be used to determine the startofaframeina
manner similarto the firstexample. The remaining S
words are omitted entirely and operation is analogous
to the embodiment of FIG. 9. Those skilled inthe art
will recognize many variations of the presentinven-
tion.

Utilization of this scheme provides many advan-
tages, notthe least of which is substantial reduction of
complexity of very high speed circuits. Atthe data
rates mentioned in the presentembodiment, conven-
tional packet switching is accomplished only very
slowly by actually reading destination addresses
embedded as a header in each packet. In orderto
accomplish this, the packet mustgenerally be placed
in a buffer and read atlower speed by acomputer. The
header is then analyzed to determine where to send
the packet and the packet is once again putin serial
form for transmission. This process s very slow and
can resultin unacceptable delays especially in digi-
tized voice transmission. The presentinvention
however is capable of operating at substantially lower
overhead in many instances and very high speeds
without need for disassembly and reassembly of the
packets to determine the destination, thus simplifying
the hardware and facilitating very high speed com-
munications. Also, for voice communications the
present invention facilitates very rapid switching rates
and very low delay so that digital voice can be readily
implemented without the delay problems frequently
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encountered when other packeting techniques are
utilized.

The presentinvention provides many ofthe advan-
tages of ordinary packet switching while enabling very
rapid data rates to be utilized while avoiding the cost
of packet switches. The switching which is utilized in
central sites with the presentinvention may be either
packet switches or ciruit switches depending on the
type of data to be Switched. In some instances as
illustrated previously, it may be advantageous to
utilize both types of switches. For example X25
aggregates and ISDN channels are preferably pro-
vided packet switching at the central site. In addition,
othertypes of data than those mentioned can readily
be accommodated by the presentinvention. For
example, ETHERNET can be readily implementedin
the data slot of the frame and with protocol! translation
virtually any type of digital information can be
transmitted transparently through the present system
utilizing STOTDM.

Thusitis apparent thatin accordance with the
presentinvention an apparatus that fully satisfies the
objectives, aims and advantages is set forth above.
Whilethe invention has been described in conjunction
with a specificembodiment, itis evident that many
alternatives, modifications and variations will become
apparenttothose skilledintheartin lightofthe
foregoing description. Accordingly, itis intended that
the presentinvention embrace all such alternatives,
modifications and variations as fall within the spirit
and broad scope of the appended claims.

CLAIMS

1. Anapparatus for demultiplexing a stochastic
time division multiplexed frame of data packets,
characterized by:

detecting means for detecting a flag pattern;

counting means for counting the number of flag
patterns detected by said detecting means; and

routing means, responsive to said counting means,
for routing a data packet in accordance with said
number of flag patterns.

2. Theapparatusofclaim 1, further comprising:

framing means for detecting the first flag patternin
said frame; and

means responsive to said detecting means for
resetting said counting means.

3. Theapparatusofclaim 1orclaim 2, further
comprising:

masking means for inhibiting said detecting means
during a portion of said data packets so that data
packets may include said flag pattern within their data
without causing said counting means to count.

4. The apparatus of any preceding claim, further
including means for reading a word associated with
said flag and for comparing said word with the
number of flag patterns detected by said detecting
means for verifying synchronization.

5. Theapparatus of any preceding claim, wherein
said frame s a fixed length so that a first flag pattern
reoccurs periodically.

6. Theapparatus of any one of claims 1-4, wherein
said frame has a variable length.

7. Theapparatus of any preceding claim, further
comprising:

comparing means for comparing the number of said
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flag patterns detected by said detecting means with a
countinsaidframe; and '

error detecting meansfor producing an error signal
in response fo said comparing means if said countand
said numberdo not agree.

8. Theapparatus ofany preceding claim wherein
said frame includes an idle pattern at the end of said
frameto fill in the frame until time forthe next
recurring flag pattern.

9. Anapparatusfor demutiplexing a stochastic
time division multiplexed frame of data packets
substantially as hereinbefore described with refer-
encetothe accompanying drawings.

10. Amethod of multiplexing a plurality of N data
packets selected from M possibie data packets where
M>N, comprising the steps of:

arranging M possible data packetlocations and M
flag words into a frame, each flag word and each
packet location being associated with a predeter-
mined one of said M possible packets so that each said
flag word is also associated with a predetermined one
of said packet iocations, and each said flag word
preceding its associated packet location;

fitling N of said M packet locations with said N
packets so that each of said N packetsfills its
associated packetlocation leaving (M-N) unfilled
packetlocationsin said frame; and

omitting each of said (M-N) unfilled packet location
so that no packet location is reserved for packets not
included in said N packet locations associated w1th
said N packets.

11. Amethod of demultiplexing a frame of
STOTDM multiplexed data packets, wherein said

" frameincludes a plurality of sequentially arranged
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flags, each of which may precede one of said packets
or may precede the next successive flag in the
absence of a packet, the method comprising the
ordered steps of:

(a) locating afirst flag within said frame;

(b) determining if said first flag is followed by a
second flag or a first packet; and

(c) routing said first packet if it follows said first flag.

12. The method ofclaim 11 further comprising the
steps of:

detecting a word associated with said firstflag; and
comparing said word with a stored word to-verify
synchronization. :

13. Themethodofclaim 11 orclaim 12further
comprising the steps of: -

(a) locating afirst flag within said frame

(b) determining if said first flag is followed by a
second flag or a first packet; and

(c) routing said first packet if it follows said firstflag;

{(d) determining if said second flag is followed by a
third flag or a second packet; and

(e) routing said second packet ifit follows said
second flag.
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