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OPINION
FARNAN, District Judge.



This action was brought by Plaintiff, Bell Communication Research, Inc. ("Bellcore") against Defendant
Fore, Systems, Inc. ("FORE") alleging infringement of United States Patent Nos. 4,893,306 (the " '306
Patent"); 4,835,768 (the " '768 Patent"), 4,740,954 (the " '954 Patent") and 4,706,080 (the " '080 Patent").
The issue currently before the Court is the claim construction of the patents in suit. The parties briefed their
respective positions on claim construction, and the Court held a Markman hearing on March 23, 2000.
Thereafter, on August 1, 2000, the parties stipulated to the dismissal of Bellcore's claims under the '080 and
'954 Patents (D.1.340) leaving only the disputed portions of the '306 and 768 Patents for the Court's claim
construction. This Opinion presents the Court's constructions of the disputed terms in the '306 and '768
Patents. FN1

FN1. For ease of reference, the Court has attached the full text and accompanying figures of the '306 and
"768 Patents to this Opinion.

BACKGROUND
I. Introduction to the Technology Generally

The '306 and 768 Patents relate to telecommunications technology. A telecommunicationsnetwork can
accept input from various sources like speech from a telephone, data from a computer, or a video signal
from a camera. In today's telephone network system, voice signals are converted into "digital" signals by
analog-digital converters. A digital signal represents information in a binary form or "bit." A bit can have a
value of "1" or "0." Bits are typically transmitted between telephone switches in parallel groupings of eight
bits known as "bytes."

Like telephones, computers are also connected by networks which utilize this transmission process. Small
localized networks like those used by single business entities are called "Local Area Networks" or "LANs."
LANSs can be connected together by computers called "routers" or "bridges" to form larger networks
typically referred to as "WANSs" or "Wide Area Networks."

I1. The Patents

The '306 and 768 Patents relate to transmission systems. Specifically, they are concerned with how a series
of bits traveling down a physical wire are grouped and packaged by the sending source for transmission and
how they are ungrouped and unpackaged by the receiving source.

A. The '306 Patent

The '306 patent describes a digital network transport system known as Dynamic Time Division Multiplexing
("DTDM"). In a DTDM network, the fundamental unit of data transport is known as a frame. Each frame
contains two fixed length fields, an overhead and a payload. The overhead field contains information such
as the empty/full status of the frame and information related to timing. The payload field of the frame may
be filled with a data packet, which contains information and a header field. The header field serves a similar
purpose to the address on a mailing envelope. Stated another way, each occupied frame contains a
transmission overhead field, a header field, and an information field.

Figure 2 of the '306 Patent represents the assembly of the DTDM bit stream. A "train" of DTDM frames 10



with empty payload fields is generated. This train has a transmission or bit rate that serves as the basic
backbone transmission rate for the system. The assembler 3 inserts data from different sources known as
tributaries into the train 10. In Figure 2, items 5, 7 and 9 represent three different tributaries or information
input streams, each being transmitted from a different source and at a different rate of speed. For example,
stream 5 might originate from a telephone, stream 7 from a computer, and stream 9 from a video camera.
Before this information can be inserted into stream 10, the packetizers (11, 13, and 15) each take their
respective input stream and break them up into fixed length packets of data and attach a packet header (H).
The completed process is shown in Figure 2 by items 17, 19 and 21.

The packets that comprise streams 17, 19 and 21 are inserted into the empty payload fields of the frames in
stream 10. The end result, represented by stream 12, is a stream of data at a single transmission rate that has
multiplexed information received from three different sources at three different transmission rates.

B. The "768 Patent

The 768 Patent relates to a circuit and technique for recognizing and identifying information transported in
a transmission bit stream. The 768 Patent discusses the invention in terms of fiber optic transmission
systems. Fiber optic transmission systems utilize optical fibers to carry great amounts of information at the
speed of light. As explained previously, this information is transmitted in the form of bits. In order for
computers to understand how to read the bits it receives as a bit stream, communications designers organize
the bits into predetermined patterns or structures. The patterns or structures for organizingbits and the rules
for interpreting them are known as "protocols."

One protocol used for fiber optics transmission is called SONET (Synchronous Optical Network). The basic
SONET structure or "frame" consists of nine rows of ninety data bytes. Of the ninety bytes in each row, 3
bytes are transport overhead information and 87 bytes are payload information. The first two bytes of
transport overhead, identified in the 768 Patent as F1 and F2, are framing bytes which can be recognized by
a receiver to synchronize the receiving circuits to the SONET frame structure. The F1 and F2 bytes have
distinct bit patterns which are always the same.

A SONET frame is transmitted row by row as a sequential bit stream beginning with the first F1 byte in row
one through the last payload byte in row one, followed by the first overhead byte in row two through the last
payload byte in row two, and so forth. The process continues byte by byte and row by row until the entire
frame has been transmitted.

Although the basic SONET frame ("STS-1") permits the fast transmission of information, this transmission
is not fast enough for some applications. To facilitate even faster transmission of information, the SONET
designers wrote protocols for forming larger frames which are basically multiples of the basis SONET STS-
1 frame. For example, an STS-3 frame is formed by combining three STS-1 frames, and an STS-12 frame is
formed by combining four STS-3 frames. Although an STS-3 frame carries three times as much information
at three times the bit rate of an STS-1 frame, the STS-3 frame is transmitted at the same frame rate. The
creation of these larger frames using multiples of the basic STS-1 frame is known as the SONET
multiplexing hierarchy.

The 768 Patent relates to a technique for recognizing and reconstructing the bytes from a bit stream
generated in accordance with the SONET hierarchy. When a computer receives a bit stream, it must
reconstruct and identify each frame in order to retrieve the data being transported. For example, the



computer must identify the F1 byte to synchronize itself to the beginning of the frame. Once the beginning
of the frame is located, the frame boundaries can be located by counting bytes.

The 768 Patent provides a fast method for recovering bytes and identifying and synchronizing to frame
boundaries. The invention in the '768 Patent provides for a shift register that accumulates the serially-
received bits and holds a byte of data. A bit comparator compares the accumulated bits with the known bit
pattern for the F1 byte. When the accumulated bits match the known pattern for the F1 byte the comparator
generates a signal. Circuits respond to the first signal by outputting the F1 byte and each subsequently
received byte. The sequence of byte signals generated by the comparator represents the reconstructed bytes
of the originally transmitted frame.

In order to ascertain the frame boundaries, additional comparing circuits compare output bytes to the known
byte patterns for the F1 and F2 bytes. The circuitry is basically looking for a transition from F1 type bytes to
F2 type bytes or the sequence F1, F2, F2. When the circuitry detects the change a second signal ("FP") is
generated. This second signal is the benchmark from which the frame boundaries are determined. Because
the receiver knows the STS-N level of the incoming bit stream, it also knows at what byte of the frame the
transition from F1 to F2 occurred. The receiver then knows when the first byte of the next frame will be
received by counting the bytes following the F1 to F2 transition.

When complete frame synchronization is achieved, the comparator is disabled by a toggle, so that the
system won't shift the byte boundaries by any subsequent errors in the F1 pattern. If the second signal does
not occur for a number of consecutive frames, an out of frame signal ("OOF") is generated and the toggle
turns the comparator back on to search for the F1 pattern again.

DISCUSSION
I. The Legal Principles of Claim Construction

[1] [2] [3] [4] [5] Claim construction is a question of law. Markman v. Westview Instruments, Inc., 52 F.3d
967,977-78 (Fed.Cir.1995), aff'd, 517 U.S. 370,388-90, 116 S.Ct. 1384, 134 L.Ed.2d 577 (1996). When
construing the claims of a patent, a court considers the literal language of the claim, the patent specification
and the prosecution history. Markman, 52 F.3d at 979. A court may consider extrinsic evidence, including
expert and inventor testimony, dictionaries, and learned treatises, in order to assist it in construing the true
meaning of the language used in the patent. Id. at 979-80 (citations omitted). A court should interpret the
language in a claim by applying the ordinary and accustomed meaning of the words in the claim. Envirotech
Corp. v. Al George, Inc., 730 F.2d 753,759 (Fed.Cir.1984). However, if the patent inventor clearly supplies
a different meaning, the claim should be interpreted accordingly. Markman, 52 F.3d at 980 (noting that
patentee is free to be his own lexicographer, but emphasizing that any special definitions given to words
must be clearly set forth in patent). If possible, claims should be construed to uphold validity. In re
Yamamoto, 740 F.2d 1569, 1571 & n. * (Fed.Cir.1984) (citations omitted).

[6] Before turning to the patents at issue in this dispute, the Court is compelled to address what it perceives
to be a potential problem regarding the claim construction issues in this case. Throughout their briefs, the
parties raise terms or phrases for claim construction which are either not responded to by the opposing party
or are rebutted by the opposing party without sufficient explanation and/or without advancing a counter-
proposal for construction. In its Opposition Markman Brief, FORE acknowledges this issue and indicates
that it will not engage in claim interpretation for the sake of "achieving linguistic purity and absolute
hypothetical precision on every word." (D.I. 153 at 1). FORE also states that "[t]o the extent that Bellcore's



definitions do not affect the issues in this case, they are an advisory and needless exercise in claim
interpretation-and should be rejected." (D.I. 153 at 1-2). The Court agrees that claim interpretation should
involve only genuinely disputed terms that impact infringement or validity issues. This having been said, the
Court declines to adopt constructions for terms and/or phrases raised by only one party and either not
addressed by the other party or not responded to with sufficient information and/or a counter-proposal for
claim construction. However, if after joint consultation between the parties, one party still genuinely
believes that additional terms or phrases impact infringement or validity and require construction, the Court
will require the party to submit a letter memorandum, no more than 3 pages in length (with customary
margins and font size), stating the terms in need of construction, the proposed constructions, and the reasons
for the construction. The opposing party is then required to submit a response letter, no more than 3 pages in
length (with customary margins and font size), indicating their position, i.e. whether they concede to the
definitions and if not, offering alternative proposed constructions and the reasons for the proposed
constructions. In permitting the parties this opportunity, the Court wishes to make clear that these letter
memoranda shall not reargue constructions which have been decided in this Opinion and shall not raise
terms or phrases which were not previously raised by a party in the previous sets of claim construction
briefing. With this understanding, the Court will proceed to construe the disputed terms of the '306 and '768
Patents.

II. The Meaning Of The Disputed Terms of the '306 and '768 Patents
A. The '306 Patent

Bellcore asserts Claims 1, 3 and 4 of the '306 patent. The Court will address the disputes relevant to each
claim in turn.

1. Claim 1 of the '306 Patent

In full, Claim 1 of the '306 Patent provides:

A method for simultaneously transmitting data from sources having different bit rates in a
telecommunication network comprising the steps of:

generating a bit stream comprising a sequence of frames, each of said frames including a transmission
overhead field containing frame timing information and an empty payload field, and

filling the empty payload fields in said frames with data in packetized format from a plurality of sources
which have access to the bit stream including circuit or packet sources, such that data in packetized format
from any of said sources is written into any available empty payload field of any of said frames for
transmitting data from each of said sources at its own desired bit rate via said bit stream and for transmitting
data from said plurality of sources simultaneously via said bit stream.

The Court will examine each of the disputed terms and phrases below.

a. A method for simultaneously transmitting data from sources having different bit rates in a
telecommunication network comprising the steps of:

[7] Bellcore contends that the language "[a] method for simultaneously transmitting data from sources
having different bit rates in a telecommunication network" means that the method steps are performed at one



transmitting device. (D.I. 142 at 24-25; D.I. 144 at 10). According to Bellcore, the transmitting device
simultaneously transmits data from more than one source in the telecommunications network connected to
that transmitting device. In support of its position, Bellcore directs the Court to the conceptual illustrations
depicted in Figures 2 and 3 of the '306 Patent. For example, Bellcore points out that the DTDM assembler
32 shown in Figure 3 performs both the generating and filling steps of the method and transmits frames on
transmission line 62, which is part of a telecommunications network. In addition, Bellcore relies on language
in the specification which provides, for example, that "the DTDM system, packet and circuit traffic can be
multiplexed through the same multiplexer." ('306 Patent, col. 4, lines 65-66; col. 5, lines 13-15).

In addition to the figures and language of the specification, Bellcore also directs the Court to the prosecution
history of the '306 Patent. According to Bellcore, the applicants amended Claim 1 of the '306 Patent to
distinguish prior art known as the Shikama et al. reference. (D.1. 143, Ex. J at A114-A117). Bellcore
contends that in the Shikama reference frames are generated in one device in one network and data added to
those frames at other devices in the network, but in the '306 Patent the method steps must be performed at
one transmitting device which simultaneously transmits data from more than one source in the
telecommunications network connected to that transmitting device.

In response to Bellcore's proffered interpretation of the preamble language as requiring the methods steps to
be performed at one transmitting device, FORE contends that neither the claim language nor the
specification supports Bellcore's attempt to import the limitation of "one transmitting device" into the claim.
In other words, FORE does not limit the language to require the acts to be performed at one transmitting
device. (D.I. 153 at 2-4). FORE points out that the only conceivable structure mentioned in the plain
language of this clause is the word "sources" and that this word says nothing about only "one transmitting
device." FORE also contends that the figures shown in the patent specification show multiple devices and
not one device. Thus FORE's proffered construction of this phrase is that the acts simply be performed in
accordance with all the recited steps in the patent.

After reviewing the claim language, specification and prosecution history of the '306 Patent in light of the
parties' respective positions, the Court agrees with FORE's interpretation of this language. Although the
specification suggests that the method steps listed after the preamble may be performed using a single
transmitting device, there is nothing in the claim language, specification or prosecution history requiring that
the method be accomplished by a single transmitting device. For example, the language of the claim does
not refer to a single device. Moreover, the very language cited by Bellcore in the specification provides that
the DTDM system, packet and circuit traffic "can" or "may" be multiplexed through the same multiplexer,
not that it "must" be multiplexed through the same multiplexer. Accordingly the Court construes the
preamble language "[a] method for simultaneously transmitting data from sources having different bit rates
in a telecommunication network comprising the steps of" to require that the acts be performed in accordance
with the subsequently recited steps in the claim, and the Court declines to limit this phrase to require the
method steps to be performed at one transmitting device.

b. generating a bit stream

[8] The crux of the parties' dispute concerning the phrase "generating a bit stream," is whether this language
encompasses a stream in only serial configuration or a stream in either serial or parallel configuration.
Bellcore contends that this language means generating bits or bytes at particular time intervals. (D.I. 142 at
25). Thus, according to Bellcore, the "bit stream" can be either a serial bit stream or a parallel bit stream
that is "byte wide." In support of its position, Bellcore directs the Court to the preferred embodiment shown



in Figure 12 of the '306 Patent. (D.I. 151 at 7-8; D.I. 142 at 25-27).

Figure 12 illustrates the framer circuitry performing the generating step by originating and processing data
as a parallel bit stream (in byte format-multiple bits at one time). Bytes are transmitted between framers in a
serial bit stream. In the language of the specification

The framer unit 200 may also be utilized to generate a chain of empty DTDM packets [sic] (see e.g., framer
52 in FIG. 4). In this case the serial input 202 and associated serial-to-parallel converter 212 are not utilized.
Instead, the control 210 applies a periodic signal to tristate 222 so that a frame alignment word is
periodically read from frame byte ROM 224 and transmitted via bus 219 to parallel-to-serial converter 216
and serial output 206 so as to define a train of empty DTDM frames.

('306 Patent col. 16, line 63-col. 17, line 2) (emphasis added).

An examination of Figure 12 shows a single line used where serial data is present, for example item 206,
and a double line used where parallel data is represented, for example item 219. Therefore, Bellcore argues,
to construe the phrase generating a bit stream to encompass only a serial configuration would exclude the
preferred embodiment set out in Figure 12. (D.I. 151 at 7).

In response to Bellcore's interpretation, Fore contends that "generating a bit stream" means creating a serial
configuration of bits, or stated another way, a continuous line of bits sent one at a time from one point to
another. To this effect, FORE contends that a "bit stream" is not a "byte stream." (D.I. 153 at 5-6; D.I. 146
at 10-11). In support of its position, FORE directs the Court to Figure 3 of the '306 Patent and its
accompanying text in the specification which provides that:

the DTDM bit stream leaves the serial data output of framer (sdo) of framer unit 52 and enters the serial
data input of the top most framer unit 53. The DTDM bit stream leaves the topmost framer 53 via its serial
data output (sdo). The DTDM bit stream then enters the serial data input (sdi) of each succeeding framer
unit and leaves via the serial data output (sdo) of each framer unit.

('306 Patent, col. 8, lines 62-66 (emphasis added)).

In addition to Figure 3, Fore also contends that the preferred embodiment in Figure 12 and its accompanying
text supports its claim interpretation. Fore contends that while it is possible that bytes may be used internally
in transmission equipment (D.I. 146 at 10), the frames generated and sent over transmission lines are in a
serial bit configuration, as evidenced by the fact that the portion of the specification describing Figure 12
states that the empty DTDM frames are defined by sending data to parallel-to-serial converter 216 and then
to serial output 206.

Additionally, FORE directs the Court to that portion of the specification describing bit stream rates.
According to FORE, the specification describes bit stream rates in terms of megabits per second, confirming
that a bit stream is a serial configuration of bits and not a parallel byte wide configuration. (D.I. 153 at 5,
citing '306 patent, col. 2, lines 25-35; col. 5, lines 13-22).

The Court disagrees with FORE's interpretation that the phrase "generating a bit stream" is limited to a
serial configuration of bits. First, there is nothing in the plain language of the claim limiting a "bit stream"
to a "serial bit stream." Indeed, the claim does not utilize the modifying or limiting word "serial" in



describing the "bit stream." While it is true that the language used is "bit stream" and not "byte stream," it is
also true that a byte is composed of bits. Therefore, the Court cannot conclude that the use of the word bit
excludes eight bits in parallel, otherwise known as a byte.

With regard to FORE's argument that the specification refers to bit stream rates in terms of megabites per
second, the Court is unpersuaded. The lines cited by FORE refer to rates measured in both Mb/sec and
Mbit/sec, suggesting that Mb/sec might well mean megabytes per second.

As for Figure 12 and its accompanying text, the Court concludes that these references support Bellcore's
position that the bit stream generated internally in the framer circuit begins in a parallel state and is then
converted to a serial state before transmission. Accordingly, the Court concludes that the phrase "generating
a bit stream" encompasses the creation of either serial or parallel bit streams.

c. frame timing information

[9] Bellcore argues that "frame timing information" should be construed to mean frame alignment
information. (D.I. 144 at 11; D.I. 142 at 27; D.1. 151 at 8). According to Bellcore, the frame timing
information permits a receiver to identify the start of a frame and synchronize to the frame boundaries. (D.1.
142 at 27). In support of its proposed construction, Bellcore cites language from the specification stating:
"[t]he overhead field includes, for example, a frame alignment word for frame timing and the empty/full
status of the frame" (‘306 Patent, col. 4, lines 52-54 (emphasis added)) and "[t]he following information may
be available in the overhead field of every frame, frame alignment word for frame timing ...." ('306 Patent,
col. 6, lines 61-64 (emphasis added)).

Fore contends that "frame timing information should be construed to mean one or more bits that indicate the
beginning of a frame." (D.I. 144 at 12; D.I. 146 at 11). Fore characterizes the question before the Court as
whether "frame timing information" must be more than one bit, as Bellcore contends, or may it be one or
more bits, as FORE contends. (D.I. 146 at 11). As for Bellcore's reliance on the specification's use of the
phrase "frame alignment word" in discussing "frame timing," FORE contends that a "word" is composed of
one or more bits just as a "word" in the English language is composed of one or more letters. (D.I. 146 at
11).

Examining the claim language and specification in light of the parties' arguments, the Court believes it is
evident that there is a correlation between frame timing and frame alignment word. Indeed, based on
FORE's argument, it appears that FORE agrees that the frame timing information has to do with alignment.
Thus, as FORE contends, the question is whether the frame timing information must be more than one bit.
The Court is not persuaded by FORE's argument that a "word" contemplates one or more bits just as "word"
in the English language contemplates one or more letters. (D.I. 146 at 11). In the IEEE Standard Dictionary
of Electrical and Electronic Terms, 6th Edition, there are sixteen different definitions of "word," all of
which require more than one bit. (D.I. 152, Exh. M at A143-44). Accordingly, the Court concludes that
"frame timing information" means frame alignment information comprised of more than one bit.

d. filling the empty payload fields in said frames with data in packetized format

[10] According to Bellcore, an "empty payload field" means "bits or time periods representing an absence of
source data to be transmitted." (D.I. 144 at 11). Consistent with its definition of "empty payload field,"
Bellcore contends that "filling the empty payload fields" refers to outputting source data when it is available
during a payload field interval. In support of its position, Bellcore directs the Court to Figure 12 of the '306



Patent and that portion of the specification which provides: " if the particular DTDM frame is empty and
data is available at the parallel input, a signal is applied by the control to the tristate device to enable the
data to be inserted into the particular DTDM frame via bus before it leaves the framer unit." (‘306 Patent,
col. 16, lines 49-55 (emphasis added)).

In response to Bellcore's proposed construction, FORE contends that an "empty payload field" means that a
frame's payload has zero data in it. (D.I. 144 at 12). Consistent with its proposed construction of the term
"empty payload field," FORE contends that "filling the empty payload fields in said frames" requires two
steps: (1) that a complete empty frame is first created; and (2) after creation of the empty frame, the frame's
payload is 100% filled with a packet. FORE contends that its construction is supported by the plain and
ordinary meaning of the words used in the claim, as well as by the specification and prosecution history of
the '306 Patent. For example, FORE points out that the language of Claim 1 contemplates generating
multiple empty frames with frame timing information that can subsequently be filled with packets. FN2
FORE also points out that Figure 2 of the '306 Patent shows a generated train of empty frames entering the
DTDM assembler. In addition, the language accompanying Figure 2 provides: "[A] train 10 of DTDM
frames with empty payload fields is generated" and "[e]ach of the frames in the train 10 has an occupied
transmission overhead field (T)." (‘306 Patent, col. 7, lines 27-28). FORE further points out that Figure 4
and its accompanying text illustrates how the train of empty frames is generated in the first instance.The text
provides: "The topmost framer 52 in Figure 4 does not have any input service connected to it. It generates
the train of empty DTDM frames which are sent to the following framers 53." (‘306 Patent, col. 9, line 59-
61).

FN2. Fore relies on that portion of Claim 1 providing:

generating a bit stream comprising a sequence of frame s, each of said frame s including ... frame timing
information and an empty payload field, and filling the empty payload field s in said frame s with data in
packetized format....

('306 Patent, col. 17, lines 47-52 (emphasis added)).

In addition to the claim language and specification, FORE also directs the Court to the prosecution history
of the '306 Patent. FORE contends that Bellcore distinguished prior art known as the Baran patent by
stressing that the '306 Patent requires the generation of a sequence of empty frames first, and then filling the
frames. Distinguishing Baran during the prosecution of the '306 Patent, Bellcore explained:

[T]he transmission bit streams are formed entirely differently in the claimed invention in Baran et al. Thus,
as indicated above, the transmission stream of the claimed invention is formed by first generating a bit
stream comprised of frames with empty payload fields. Data from a plurality of sources which have access
to the transmission stream are packetized. The packets are then inserted into the empty payload fields of the
frames. The Baran reference in no way discloses the formation of a transmission bit stream by generating a
sequence of frame s with empty payload field s and picking up packets from a plurality of sources to fill the
payload field s.

(DI. 147, Ex. 7 at FSI001338 (emphasis added)). Similarly, Bellcore explained the '306 Patent during the
prosecution with the following analogy:

The stream of empty frames may be analogized to a train of empty freight cars. The empty freight cars are
filled with data in packetized format from various sources which have access to the train of freight cars. The



train, with its now filled freight cars, transmits the data to remote locations.
(D.I. 147, Ex. 7 at FSI001333 (emphasis added)).

After reviewing the parties' arguments in the context of the claim language, specification and prosecution
history of the '306 Patent, the Court agrees with FORE's construction of the phrase "filling the empty
payload fields in said frames with data in packetized format." The grammatical structure of the claim
language confirms that multiple empty payload fields are generated, and then the empty payload fields are
detected and then filled with packets. Stated another way, the frames cannot be filled until after they are
generated and empty frames are detected. Indeed, the Court believes that this interpretation is consistent
with Figures 2 and 4 of the patent specification and consistent with the position stressed by Bellcore during
the prosecution of the '306 Patent. Accordingly, the Court construes the term "empty payload field" to mean
that a frame's payload has zero data in it. The Court further construes "filling the empty payload fields" to
mean that first the empty frames must be generated, and second the frames' empty payloads are filled with
data.

e. data in packetized format from any of said sources is written into any available empty payload field
of any of said frames

[11] In disputing the meaning of this phrase, Bellcore contends that this phrase means that packetized data
can be placed into the payload field of any frame interval whenever a complete data packet becomes
available. To this effect, Bellcore contends that the circuit does not wait for a particular frame or
predetermined time to output the packet. Bellcore relies on Figures 4 and 12 of the '306 Patent in support of
its argument. (D.I. 142 at 29).

In response to Bellcore's interpretation, FORE contends that this language means that packets are only put in
frames that have zero data in their payload. FORE directs the Court to the "Summary of the Invention"
section of the specification, which provides:

Ilustratively, a DTDM multiplexer may be used to merge traffic from three different communications
sources or tributaries into a single DTDM bit stream.... The available frames are shared by the three
tributaries by giving higher priority to the circuit tributary, and allowing the voice and graphics tributaries to
contend on a first-come, first-served basis. The circuit tributary seizes one out of every three empty frames
passing by .... In this case the voice tributary will on average seize one out of every 2,160 frames. Similarly,
at a rate of 1 Megabit per second, the graphics tributary will fill one frame out of 150. In this way, three
diverse data streams are multiplexed into a single bit stream.

('306 Patent, col. 5, lines 13-38 (emphasis added)). According to FORE, this description of the invention
makes it clear that each source detects and then "seizes" empty frames. FORE contends that once a packet is
inserted into a frame, it is no longer empty so other sources will not seize the filled frame. Rather, if another
source has a packet to send, it will insert its packet into the next "available empty frame."

The Court agrees with FORE's proposed construction. Indeed, this construction is consistent with the Court's
conclusion that an empty payload field has zero data in it. In addition, the Court believes this interpretation
is consistent with the description of the invention contained in the "Summary of the Invention" section of
the specification of the '306 Patent. In the Court's view accepting Bellcore's proposed construction of this
phrase would read the word "empty" out of the claim language. In Bellcore's own words its construction



would allow "any packet to be written into any frame." (D.I. 142 at 29). This construction is at odds with
the claim's express language which requires the data to be written into "any available empty payload field of
any of said frames." Accordingly, the Court concludes that the phrase "data in packetized format from any
of said sources is written into any available empty payload field of any of said frames" means that packets
are only put in frames which are empty, i.e. which have zero data in their payloads.

f. for transmitting data from each of said sources at its own desired bit rate via said bit stream and
for transmitting data from said plurality of sources simultaneously via said bit stream

[12] Bellcore contends that this phrase means that the original bit rate of the sources is maintained for
transmission of the source data in a bit stream emanating from a single transmitting device by multiplexing
the packetized data within the transmitting device into frames as necessary. According to Bellcore, this
means that the number of packets per second generated by a given source will equal the number of packets
per second inserted into the output stream for that source. Bellcore relies on the specification of the '306
Patent for its construction, particularly emphasizing Figure 4. According to Bellcore, data from a source
enters each interface 50 on data line 21. The data is packetized and stored in FIFO memory 57. The FIFO
memories present the packets to the framers 53 in the order and at the rate that the packets are generated.
Bellcore contends that the source data is transmitted simultaneously because it is "multiplexed," meaning the
packets are interspersed into a common stream. In explaining its construction, Bellcore reiterates that the
claimed generating and filling steps are not limited to any particular sequential order. (D.I. 142 at 30).

In response to Bellcore's argument, FORE contends that Bellcore's proposed definition is wrong, because it

does not follow that "the source data is transmitted simultaneously because it is 'multiplexed.' " (D.I. 153 at

9-10). FORE also contends that the '306 Patent describes several "multiplexors" which are different that the

DTDM assembler of Figure 4, which is the subject of Claim 1 of the '306 Patent. Thus, FORE contends that
the use of the word "multiplexed" would be confusing in this context.

In proposing an alternate construction of this phrase, FORE contends that this language means that "two or
more empty frames are filled at the same time by different data sources." (D.I. 146 at 15; D.I. 153 at 9-10).
According to FORE, the interface unit of each source has access to the bit stream at the same time, so that
the interface unit of each source can insert packets into passing empty frames at the same time. According to
FORE, simultaneous transmission from multiple sources requires that each source have its own insertion
point into the bits stream, otherwise the sources would not be transmitting simultaneously.

The Court agrees with FORE's construction of this phrase. In the Court's view, this construction is
supported by both the plain meaning of the word "simultaneously" as used in the claim and by the
specification of the '306 Patent. (‘306 Patent, col. 13, lines 49-51). Accordingly, the Court construes the
phrase "for transmitting data from each of said sources at its own desired bit rate via said bit stream and for
transmitting data from said plurality of sources simultaneously via said bit stream" to require two or more
empty frames to be filled at the same time by different data sources.

2. Claim 3 of the '306 Patent

In full, Claim 3 of the '306 Patent provides:

A method for generating a bit stream capable of transporting data originating from both circuit transmission
and packet sources comprising



generating a bit stream comprising a sequence of frames, each of said frames including a transmission
overhead field containing frame timing information and an empty payload field,

packetizing data from a plurality of sources having different bit rates and which have access to said bit
stream including circuit transmission sources or customer premises equipment to produce data packets, and

inserting said packets from said sources into the empty payload fields of frames such that a packet from any
of said sources is inserted into any available empty payload field of any said frames for transmitting data
from each of said sources at its own desired bit rate via said bit stream and for transmitting data from said
plurality of sources simultaneously using said bit stream.

The Court will examine each of the disputed terms and phrases below.

a. generating a bit stream

For the reasons discussed previously, the Court concludes that this phrase has the same meaning as
described in the Court's analysis of this language in Claim 1.

b. frame timing information

For the reasons discussed previously, the Court concludes that this phrase also has the same meaning as
described in the Court's analysis of this language in Claim 1.

c. an empty payload field

For the reasons discussed previously, the Court concludes that this phrase has the same meaning as
described in the Court's analysis of this language in Claim 1.

d. inserting said packets from said sources into the empty payload fields of said frames

The parties' dispute concerning this language is essentially the same dispute raised in the context of the
"filling the empty payload fields" language of Claim 1. Consistent with its argument related to the "filling"
language in Claim 1, Bellcore contends that "inserting said packets from said sources into the empty payload
fields of said frames" refers to outputting source data packets when available during a payload field interval.
Consistent with its previous argument, FORE contends that the inserting step cannot occur until the empty
frames have been generated. For the reasons discussed previously, the Court agrees with FORE and
construes this language in the same fashion as the "filling" language in Claim 1.

e. such that a packet from any of said sources is inserted into any available empty payload field of any
of said frames

For the reasons discussed previously, the Court construes this phrase in accordance with the construction
provided by the Court in its analysis of the similar language FN3 used in Claim 1.

FN3. The language used in Claim 1 is virtually identical to this language except that Claim 1 reads "data in
packetized format" instead of "a packet" and "written into" instead of "inserted into."



f. for transmitting data from each of said sources at its own desired bit rate via said bit stream and
for transmitting data from said plurality of sources simultaneously using said bit stream

The parties' arguments regarding the construction of this phrase are premised on their arguments relating to
the comparable language in Claim 1. Accordingly, for the reasons discussed previously, the Court will
construe this phrase in accordance with the construction provided by the Court in its analysis of the
comparable language used in Claim 1.

3. Claim 4 of the '306 Patent

In full, Claim 4 of the '306 Patent provides:
An apparatus for assembling a dynamic time division multiplexing bit stream comprising,

generating means for generating a train of frames wherein each frame includes a transmission overhead field
containing timing information and an empty payload field,

processing means for processing data from a plurality of sources into packet format, and

inserting means for receiving said train of frames and for inserting each of said packets comprised of data
from one of said plurality of sources into any empty payload field of any of said frames available to said
inserting means to form said bit stream so that data from each of said sources can be transmitted at its own
desired bit rate via said bit stream and so that data from said plurality of sources can be transmitted
simultaneously via said bit stream.

[13] Although Claim 4 contains many of the same limitations included in Claim 1, the parties agree that
Claim 4 is an apparatus claim which recites many limitations in a "means-plus-function" format. Means-
plus function elements must be interpreted under 35 U.S.C. s. 112, para. 6. In pertinent part, Section 112,
para. 6 provides:

An element in a claim for a combination may be expressed as a means or step for performing a specified
function without the recital of structure, material, or acts in support thereof, and such claims shall be
construed to cover the corresponding structure, material, or acts described in the specification and
equivalents thereto.

Although use of means-plus-function language in a claim is permissible, a means clause does not
encompass every means for performing the specified function. The Laitram Corporation v. Rexnord, 939
F.2d 1533, 1535 (Fed.Cir.1991). Rather, the limitation must be construed "to cover the corresponding
structure, material, or acts described in the specification and equivalents thereof." Odetics, Inc. v. Storage
Technology Corp., 185 F.3d 1259, 1999 WL 455530, (Fed.Cir. July 6, 1999).

With these principles in mind, the Court will examine each of the disputed terms and phrases of Claim 4.

a. bit stream

In disputing the meaning of this term, Bellcore requests construction of more than the phrase "bit stream."
Bellcore requests construction of the phrase "dynamic time division multiplexing bit stream." According to
Bellcore, this phrase refers to a desired output transmission stream of bits that includes a sequence of



transmission frames and dynamically multiplexed packets, i.e. packets multiplexed into the assembled bit
stream at the rate they are generated.

FORE does not proffer a definition for the entire phrase "dynamic time division multiplexing bit stream,"
but merely contends that bit stream means the same as its proffered definition for the phrase "generating a
bit stream" in Claim 1.

For the reasons discussed previously, the Court rejects FORE's definition of a bit stream as being limited to
a serial configuration of bits. However, because FORE does not address Bellcore's argument or the language
"dynamic time division multiplexing," it is unclear to the Court whether FORE agrees or disputes Bellcore's
construction of this term. Accordingly, the Court will reserve decision on the meaning of this phrase until
such time as the parties' clarify their respective positions.

b. generating means for generating a train of frames wherein each frame includes a transmission
overhead field containing frame timing information and an empty payload field

[14] The parties agree that this claim element is recited as a means-plus-function element. Bellcore contends
that the disclosed structure corresponding to the "generating means" includes control 210, tristate device
222,ROM 224 and timing generator 209. Bellcore contends that these are the only structural elements
shown in the specification which are involved in performing the claimed function of generating empty
frames, and therefore Bellcore contends that it is improper to identify the entire framer as the structure
corresponding to the generating means.

FORE contends that the structure of the generating means is the entire framer unit shown in Figure 12 and
described in the specification. (‘306 Patent, col. 16, line 8-col. 17, line 30). In response to Bellcore's reliance
on only a portion of the framer unit, FORE contends that Bellcore provides "no analysis that some subset of
the structure could even work without all of the components on that page." (D.I. 153 at 11). To this effect,
FORE points out that the specification acknowledges the framer unit as an "important component" of the
process. (‘306 Patent, col. 15, lines 8-11).

The Court agrees with Bellcore. Although the specification repeatedly explains that the framer unit generates
trains of empty frames, the specification also expressly identifies those structures of the framer unit involved
in the generating means as control 210, tristate device 222, ROM 224 and timing generator 209. (‘306
Patent, col. 16, lines 27-31; col 16, lines 62-col. 17, line 7). That the entire framer unit is not involved in the
process is further confirmed by the specification which expressly provides that "the serial input 202 and
associated serial-to-parallel converter 212 are not utilized." (‘306 Patent, col. 16, lines 64-65 (emphasis
added)). Accordingly, the Court concludes that the structures corresponding to the "generating means" are
control 210, tristate device 222, ROM 224 and timing generator 209.

c. processing means for processing data from a plurality of sources into packet format

[15] The parties' agree that this element is asserted in a means-plus-function format. However, Bellcore
contends that the disclosed structure corresponding to this language includes packetizers 55 and their
equivalents. Bellcore contends that this does not include the FIFOs because the FIFOs store packets after
they have been formed and are not involved in packetizing.

FORE contends that the disclosed structures corresponding to this language are both the packetizers 55 and
the FIFOs. Although FORE contends that it is essential for each source to have its own packetizer and FIFO,



FORE's argument focuses on the reason for including the packetizer and not on its reason for including the
FIFO.

The Court agrees with Bellcore that the structures indicated in the specification for performing this function
are the packetizers 55 and not the FIFO memories. As the specification states, "packetizer 55 puts the
incoming data into a packet structure" and it is only " after the data is put into a packet structure" by the
packetizers 55, that the data "is stored in a FIFO 57." ('306 Patent, col. 9, lines 19-21, 28-30 (emphasis
added)). Accordingly, the Court concludes that the packetizers 55 are the structures which perform the
function recited in this element.

d. inserting means for receiving said train of frames and for inserting each of said packets comprised
of data from one of said plurality of sources into any empty payload field of any of said frames
available to said inserting means to form said bit stream so that data from each of said sources can be
transmitted at its own desired bit rate via said bit stream and so that data from said plurality of
sources can be transmitted simultaneously via said bit stream

[16] As with the prior elements, the parties agree that this element is recited in a means-plus-function
format. Bellcore contends that the structures corresponding to the "inserting means" include control 210,
tristate device 218, tristate device 220, frame detect 214 and timing generator 209.

In contrast to Bellcore's designations, FORE contends that the inserting means is multiple framer units
arranged in a daisy chain. FORE directs the Court to Figure 4 which depicts a daisy chained configuration
of framer units inserting packets into an empty train of frames and to Figure 12 and its accompanying text
which describes how the framer 200 writes packet data into empty frames. ('306 Patent, col. 16, lines 32-
61).

The Court agrees with Bellcore. The specification of the '306 Patent explains the inserting means in detail.
('306 Patent, col. 16, lines 39-58). According to the specification, the timing information for the framer unit
is provided by timing generator 209. The DTDM frame is converted to parallel form and is detected by
frame detector 214. The frame detector 214 is in communication with the control 210 which detects whether
the frame is empty. The frame cannot reach the parallel to serial converted unless the control 210 applies a
signal to the tristate device 218. If the frame is empty, a signal is applied by the control 210 to the tristate
device 220 to enable the data to be inserted into the particular frame. (‘306 Patent, col. 16, lines 43-58).

With regard to FORE's position that the structural means is multiple framer units arranged in a daisy chain,
the Court acknowledges that the specification indicates that the "framer units may be connected in a daisy
chain fashion." ('306 Patent, col. 16, lines 32-33 (emphasis added)). However, a daisy chain configuration is
not a mandatory requirement. Further, as indicated above, the specification precisely outlines those
structures which are involved in the insertion means. Accordingly, the Court concludes that the structures
corresponding to the "inserting means" are control 210, tristate device 218, tristate device 220, frame detect
214 and timing generator 209.

B. The 768 Patent

Bellcore asserts Claims 13 of the '768 Patent. In full, Claim 13 reads:

The method for demultiplexing a serial data bit stream consisting of a continuum of an interleaved
multiplicity of data bytes of predetermined size derived from a plurality of identically-formatted



contributory frames each containing a plurality of said data bytes, and for reconstructing said data bytes and
identifying from among them a benchmark from which may be determined the beginning byte of each of
such contributory frames and, thereby, the boundaries of such frames, said method comprising:

(a) accumulating data bits from said serial stream to form bytes having the same predetermined number of
bits as do said interleaved data bytes;

(b) comparing at least one bit pattern from each byte thus formed with at least one bit pattern known to
have comprised a byte of each of said contributory frames;

(c) providing a first signal when a match is detected between said compared patterns;

(d) effecting in response to said first signal the output of the byte of matching bit pattern, and each byte
thereafter formed of newly accumulated bits, as said reconstructed bytes;

(e) comparing bit patterns from a contiguous plurality of said output reconstructed bytes with bit patterns
known to have comprised a like contiguous plurality of bytes of each of said contributory frames;

(f) providing a second signal as said benchmark identification when a match is detected between said
compared patterns; and

(g) effecting in response to said second signal discontinuation of the provision of said first signal.
The Court will examine each of the disputed terms and phrases below.

1. demultiplexing a serial data bit stream consisting of a continuum of an interleaved multiplicity of
data bytes of predetermined size derived from a plurality of identically-formatted contributory
frames each containing a plurality of said data bytes

[17] According to Bellcore, the phrase "demultiplexing a serial data bit stream" means detecting the bits in
the serial bit stream and converting them to a sequence of byte groupings. (D.I. 142 at 38; D.I. 144 at 3).
Bellcore contends that the term "demultiplexing" is not defined in the '768 Patent, but that one skilled in the
art would understand that bit streams are "demultiplexed" or converted to a sequence of data bytes
representing the bytes of the original frame. Relying on the specification, Bellcore explains that "[i]n the
general application of the present invention, the high-speed serial bit stream of the STS-N level, e.g. STS-
24 transmission is demultiplexed to the basic SONET 8-bit byte-parallel format..." (‘768 Patent, col. 3, lines
8-11). The SONET frames "are transmitted in the continuing serial bit stream to their destined terminating
SONET receiver where the frames must be reformatted by reconstructing and demultiplexing the transmitted
bytes in order and sequence." (‘768 Patent, col. 4, lines 22-27). According to Bellcore, the specification
further explains that the invention "provides for the maximum utilization of available technologies for
optimum economies of power and time in the demultiplexing of high speed serial bit data transmission to
low-speed byte-parallel format within the SONET signal hierarchy." ('768 Patent, col. 9, lines 49-54).

Bellcore further defines the phrase "consisting of a continuum of an interleaved multiplicity of data bytes of
predetermined size derived from a plurality of identically-formatted contributory frames each containing a
plurality of said data bytes" to mean that the serial bit stream consists of transmitted SONET-like frames
greater than STS-1. In proffering this definition, Bellcore specifically defines "a continuum of an



interleaved multiplicity of data bytes of predetermined size" as a sequence of interspersed bytes, usually
eight bits in size, but not required to be eight bits in size. Bellcore also defines "derived from a plurality of
identically-formatted contributory frames each containing a plurality of said data bytes" as the format of the
sequence of interspersed bytes. Specifically, Bellcore contends that this phrase means having a format based
on multiple basic frames having the same byte format.

In contrast to Bellcore's interpretation, FORE contends that the preamble requires each frame of the serial
bit stream that is being demultiplexed to have been formed by interleaving all eight bit bytes of two or more
contributory frames. (D.I. 146 at 25). In other words, FORE's definition focuses on how the serial bit stream
referred to in the claim was formed. According to FORE, the serial bit stream consists of a train of repeating
higher-level frames. Each higher level frame is constructed by combining two or more pre-existing, distinct
and complete lower-level frames called "contributory frames." FORE further contends that this language
means that there can be no gaps or pauses or breaks in the interleaving of the contributory frames. In
support of its position, FORE contends that the specification makes clear that demultiplexing is the process
of disassembling previously multiplexed (or combined) lower-level SONET frames. ('768 Patent, col. 1,
lines 37-44; col. 2, lines 28-30; col. 5, lines 41-47). Stated another way, FORE contends that
"demultiplexing" is the process of separating higher-level, higher speed STS-N frames transmitted in the
serial data bit stream into the lower-level, lower speed STS-1 frames that make up each STS-N frame. Thus,
according to FORE, the claim is limited to taking multiplexed STS-N frames and separating them into the
original STS-1 frames that were previously combined to create the STS-N frames.

In addition, FORE specifically disputes Bellcore's construction of the words "continuum," "interleaved" and
"byte." FORE contends that the word "continuum" means "continuous" and not "a sequence" as Bellcore
contends. As for Bellcore's interpretation of the words "interleaved" and "byte," FORE contends that
Bellcore's definitions are overly-broad, and therefore, inconsistent with the patent's specification.

The Court agrees with FORE that the preamble limits this claim of the patent to taking multiplexed STS-N
frames and separating them into the original STS-1 frames that were previously combined to create the
STS-N frames. The specification of the '768 Patent speaks solely in terms of multiple, lower-speed frames
that are multiplexed together to form a higher speed frame. The patent does not address the type of SONET
framing structure which consists of larger frame formats generated in a single operation, using the higher bit
rate and multiple STS-1 frame format. In order for the invention to perform its demultiplexing function, the
bit stream must be multiplexed. The specification of the 768 patent expressly defines a multiplexed bit
stream as follows: "[A] multiplexed serial bit stream is assembled by interleaving repeated sequential
extractions of one byte from each of the component STS-1 frames." (‘768 Patent, col. 1, lines 37-40). The
patent specification further provides:

It is necessary, therefore, that the signal receiver [the device receiving the SONET-formatted serial bit
stream] reconstruct from this serial bit stream the original base frame, or some frame multiple thereof, in
order that the correct substance of the transmitted signal may be recovered.

Kok sk ok ok ok

[The] stream must be reformatted into the original bytes and frames in order for the receiver processing
circuitry to property extract the transmitted data and messages.

(768 Patent, col. 1, lines 37-44 (emphasis added); col. 2, lines 28-30 (emphasis added)). Further, the



specification explains:

Upon completion of the formatting of the high-speed input serial data stream to a low-speed, properly
synchronized byte-parallel data stream, there remains the problem of identifying the boundaries of each
frame of the original transmission in order that the payload, as well as the relevant overhead information
bytes, may be demultiplexed to the basic STS-1 level.

(768 Patent, col. 5, lines 41-47 (emphasis added)). Accordingly, based on the claim language and the
specification, the Court concludes that the phrase "demultiplexing a bit stream" refers to taking multiplexed
STS-N frames and separating them into the original STS-1 frames that were previously combined to create
the STS-N frames.

[18] The Court further agrees with FORE that the serial bit stream that is being demultiplexed must have
been formed by interleaving the bytes of two or more contributory frames, that each of the contributory
frames must have exactly the same format, and that there can be no gaps or pauses in the interleaving. In the
Court's view, the specification and Figure 2 support FORE's position that the bytes are continuously
interleaved from each of the contributory frames. (‘768 Patent, col. 1, lines 37-40; col. 4, lines 9-27).
Indeed, byte-interleaving is described in the specification as requiring a byte to be taken, one at a time,
from the same byte position of each contributory frame and placed in the bit stream. (‘768 Patent, col. 4,
lines 9-27). However, the Court cannot accept FORE's contention that a byte is limited to 8 bits. Although
Bellcore concedes that a byte is usually 8 bits, the Court cannot conclude that the patent limits a byte to 8
bits, because the express language of the claim indicates that the data bytes are of a "predetermined size." If
bytes were limited to 8 bits only, then the language "predetermined size" would be superfluous and
unnecessary. Each and every word in a claim must have meaning and cannot be ignored. See e.g. Exxon
Chem. Patents, Inc. v. Lubrizol Corp., 64 F.3d 1553, 1557 (Fed.Cir.1995). Accordingly, in order to give
effect to the language "predetermined size" the Court will not exclude the possibility that a byte could be
more than 8 bits.

As to the parties' dispute concerning the phrase "consisting of," the Court concludes that in this case, the
phrase "consisting of" is used as a transition between the claim element "a serial data bit stream" and the
clause that follows and modifies the claim element. Because the phrase "consisting of" introduces the
modifying clause, "a continuum of an interleaved multiplicity of data bytes of a predetermined size derived
from a plurality of identically-formatted contributory frames each containing a plurality of said data bytes,"
the Court concludes that it excludes any bit stream that does not have the exact limitations recited in the
modifying clause. Georgia-Pacific Corp. v. U.S. Gypsum Co., 195 F.3d 1322, 1327 (Fed.Cir.1999);
Mannesmann Demag Corp. v. Engineered Metal Prods. Co., 793 F.2d 1279, 1282 (Fed.Cir.1986).

In sum, the Court concludes that the phrase: "The method for demultiplexing a serial data bit stream
consisting of a continuum of an interleaved multiplicity of data bytes of predetermined size derived from a
plurality of identically-formatted contributory frames" means that each frame of the serial bit stream that is
being demultiplexed was formed by interleaving the bytes of two or more contributory frames. Each
contributory frame must have exactly the same format and there can be no gaps or pauses in the
interleaving.

2. reconstructing said data bytes; said reconstructed data bytes

[19] In interpreting this phrase, FORE contends that "reconstructed bytes" are bytes from the contributory



frames that have been aligned, latched, and converted from serial to parallel format. Bellcore contends that
the phrase means "identifying the byte groupings of the transmitted frame." (D.1. 151 at 14). However,
Bellcore further contends that it essentially agrees with Fore's proposed construction, but that it is
inappropriate to include the "latched" limitation in step (d) where the word "reconstructed bytes" appears.

The Court disagrees with Bellcore. The specification describes the process of reconstructing bytes as
aligning, latching and converting the bytes from serial to parallel format. Detecting the first frame byte F1
by comparing bits in the incoming serial stream to the known bit pattern "trigger[s] the output of the
matched F1 framing byte and begin[s] clocking reconstructed, properly-phased 8 bit bytes out of latch 33
..." Patent, col. 5, lines 31-36 (emphasis added). Thus, as the specification indicates, latching is part of the
reconstruction process, and reconstruction is not simply identifying byte groupings, as Bellcore contends.
Accordingly, the Court concludes that "reconstructed bytes" or "reconstructing said data bytes" refers to
bytes that have been aligned, latched and converted from serial to parallel format.

3. identifying from among them a benchmark from which may be determined the beginning of each of
such contributory frames and, thereby, the boundaries of such frames

[20] In disputing the meaning of this phrase, Bellcore contends that the term "benchmark" means marker
and the term "boundaries" means the beginnings or ends of certain portions of a frame. Bellcore contends
that the transition from F1 to F2 framing bytes serves as the "benchmark." (D.I. 252 at 15).

FORE contends that this limitation means that (1) a benchmark must be determined for each instance of
higher-level frames, (2) from the benchmark the first byte of each distinct and complete higher-level frame
must be determined, and (3) from that first byte, the boundary of each distinct and complete higher-level
contributory frame must be determined. (D.I. 253 at 3-4). FORE does not appear to disagree with Bellcore's
definition of "benchmark." Additionally, FORE agrees that the term "boundaries" means the beginning or
end of a frame, but disagrees to the extent that Bellcore construes this term to mean "certain other portions"
of a frame, which FORE contends is vague.

It appears to the Court that the parties central disagreement concerning the meaning of this phrase is
whether the frame boundaries "must" be determined as FORE contends or "may" be determined as Bellcore
contends. Reading the claim language as a whole in light of the specification, the Court agrees with FORE
that this element requires the beginning of each frame, and therefore the frame boundaries, to be determined
from the benchmark. As the specification states, "[I]t is essential to the proper recovery of the original
SONET frames that the byte assembly be correctly synchronized and the boundaries of each frame be
identified in the bit stream transmission in order that the reconstructed bytes will duplicate each of the bytes
which were interleaved to produce that serial transmission signal." (768 Patent, col. 1, lines 47-53
(emphasis added)). In the Court's view, accepting Bellcore's contention renders the requirement of
identifying the benchmark a useless exercise. The very purpose of identifying the benchmark is to determine
the "beginning byte" and the "boundary" of each contributory frame, and therefore, the Court cannot accept
a construction of the phrase "may be" which would make this function optional. Accordingly, the Court
concludes that this phrase requires that (1) a benchmark must be determined for each instance of higher-
level frames, (2) from the benchmark the first byte of each distinct and complete higher-level frame must
be determined, and (3) from that first byte, the boundary of each distinctand complete higher-level
contributory frame must be determined.

4. comparing bit patterns from a contiguous plurality of said output reconstructed bytes with bit



patterns known to have comprised a like plurality of bytes of each of said contributory frames

[21] FORE contends that this phrase requires "bit patterns from two or more adjacent reconstructed bytes to
be compared with bit patterns known to have been present in two or more adjacent bytes in each of the
contributory frames which have been multiplexed to form the bit stream." (D.I. 146 at 31 (emphasis in
original)). FORE further contends that each contributory frame must both contain the pattern and contain it
within two or more adjacent bytes of the contributory frame.

In response to FORE's construction, Bellcore contends that this phrase means "that the contributory frames
each have a plurality of bytes like the bytes included in the compared 'contiguous plurality' of bytes." (D.I.
151 at 16). According to Bellcore, this phrase cannot mean, as FORE contends, that the compared
contiguous plurality must exist within each contributory frame. According to Bellcore, the requirement for
byte interleaving makes this arrangement impossible.

The Court agrees with FORE's construction of this phrase. This element of the patent concerns frame
boundary detection after byte reconstruction, because as the claim recites, the comparison is made from a
"contiguous plurality of output reconstructed bytes." ("768 Patent, col. 12, line 12). Because this step is
performed after the interleaved bytes are reconstructed, Bellcore's contention that the interleaving
arrangement makes this interpretation impossible is incorrect. As the specification states:

Upon completion of the formatting of the high-speed serial data stream to a low-speed, properly
synchronized byte-parallel data stream, there remains the problem of identifying the boundaries of each
frame of the original transmission in order that the payload, as well as the relevant overhead information
bytes, may be demultiplexed to the basis STS-1 level. For this purpose, the present invention relies upon the
prescribed bit sequence of both the F1 and F2 framing bytes, of which each frame above STS-1 will have at
least two, F2 bytes following immediately upon the final F1 framing byte as depicted in FIG. 2.

(768 Patent, col. 5, lines 41-52 (emphasis added)). The reference to Figure 2 here is only for the purpose of
illustrating that the F2 bytes follow the F1 bytes. Accordingly, the Court concludes that "comparing bit
patterns from a contiguous plurality of said output reconstructed bytes with bit patterns known to have
comprised a like contiguous plurality of bytes of each of said contributory frames" means that two or more
adjacent reconstructed bytes are compared with bit patterns known to have been present in two or more
adjacent bytes in each of the contributory frames which have been multiplexed to form the bit stream. Each
contributory frame must contain the bit pattern and each frame must contain the bit pattern within two or
more adjacent bytes of the contributory frame.

CONCLUSION

For the reasons discussed, the Court has construed the disputed terms of the '306 and '768 as provided
herein. An Order consistent with this Opinion will be entered setting forth the meaning of the disputed
terms in the '306 and '768 Patents.

ATTACHMENT
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works ard futore broadband packet pelworis.

¥ Cigirmy, 10 Drawing Sbheers




4,893,300

Sheet 1 of 10

Jan. 9, 1990

. Patent

e

Ul

S 1 Y IV

e |

) 9\

-—— WY

= ]
HOISSTRShYHL

1B MIDRUNT  { ER0H B0

.

-

L
ao
=

.- 3
- ~a

OHID WISSIRSHIL |

-

-’
ur’
Y-
-
L

1]

HRE

Fo9I4

FIG. 3



4,893,306

Shieet 2 of 10

Jan. 9, 1%}

-

il
)

|
| iessesio
_

Al RS S PR T S JI
.

* s o o c—— - ——— — - —— = Y P Gl 1 o Tl = e el e e
.

|

|

<p I

L8[ _

o]

NS B _ N

-3 (351 !
1T} L _x_.._.—a .
5 _ ‘ .
ol b 7
mﬂ? : __ ..m\/_ ¢

(LRt | Sy o S . s

D T VY VO S ———
.
H

£ QT4 wowmw . oo By v

=

FIG. 4

i TV ————

S. Patent

r
Jar

L8



I~

Sheet 3 of 10 4,893.306

Jun. 9, 19%)

U.S. Patent

- —-- e e I I L PP Sy S S ———————

....--*I--l--l--l- N .-1--|--|--|--|.um<|_mu_,.=J._
3

K—p I oEF G ]

M) ) g

BM Q) \ g e T _

A 104 7 D414 r—1 0
e el —
s 6l
] 4 ’ /N
| HME y 914

¥ivl

FIG. 5



Sheet 4 af 10 4,893,306

Juan, 2, 1990

1.8, Patent

B % g

1.1 l.\.«.l![..\
g ¢

£2

L.t

HERIBEAILE

T T

_

|

|

2|

e B o e

m 1

b _

./ J

o o z\r|H_ _
= 044 e 308 O e
2 wS =
Bq. .............................. 13

. %
S 954

FIG. 6



Jan. 9, 1990 Sheel 5 of 10 4,893,306

U.S. Patent

_ .-...t.f‘.i.-l-i...l-.Iﬁw,_mlw._ﬂ“
— R _
s HERL I Rneny S !
P i Ju {m |
1 \___ .:.w.w%,_ s (DE] =] BTN MY .o.rnéa
1 _mw|. i _ ¢ % _
= _ »\.r 15 g Ls
_ ; o R Y VR O O
| TR0 “ *
" S A T T
_ - A H “ = d_ d HITIEIND ~
' i i ngt h
N < P, ] (% ju ju ",
e 04t4 i WA WIS fot=y-¥1¥D
b _ﬂ
7 sm am L&
.,.?\ e ]
9 914

FIG.7



LS. Patent Jan. 9, 174 Shect 6 of 10 4,893,30(}
FIG. 7 -

| cwirsocee |
B
n) 1
Hisien E00 e
Bz £ g g SN
f 5 2 N | o \
DATA e FIA [ FRANER P e meme]
il mI i ~95
. —
2 & ® w2 fi‘_ ;
uml—-. Al L { FIFD [ FRaven 22 i AN x
) 1 . PGENT
E2 86 B9 r__50 : “SKITCH
G, '/P/' = > 0 '
DATA &Xﬂ’ FIFQ berde| FRARER 22— et = e 'Jq‘ ..... -
fCI \
6 A L
2 k b ’ B g & S
S¢ £
0Tkt gy [7<m FIFD e FHL‘EHF-@-‘— 0Ty
Ul St Bt 0uT2
€3

FIG. 8

FIG.9



4,893,306

Jun. Y, 191 Sheet 7 of 18

US. Pafent

(MY uen

............................. J

R NN, - M- e .

| —aml |

ﬂ {] ’

g 4 F e

_ - 1
0—rt—— s - WL AR -y M L MY

£ oam —— o s S I
R R et 0t
; g
& 914

FIG. 10



4,893,306

Sheet 8 of 1)

Jan. %, 194

LS. Patent

T
BT R I — 1
| 1 YETTREY _
L | L |
3 n | msmt — |
-
T |
z - £
— 3 _ 1 U3 \1 040 WA T .J. _ ~ e
] Kk _
y ¥ !
b e ow o s o J i
21
PV e) eI
118 e B .
f AUTIH _
: 01 '
_ NO ol _
- | & |
T | _ _ g% 14 B -2 T A1 R y VLve
— Lo 1S | o 0 @ |8
YW1k “ an | ~—
s ! e it
~ i .
F.-l..mm_nwu .................... P Qﬂ mhu.

FIG. 11



U.S. Patent  Jan. 9, 1510 Sheet 9 of 10 4,893.306

& . e 2
-
B_ir St
=1
aEB
=2
~— —r ,
! ) —_
o 9 £
. v L L ] E g
E = B
Sl p
/ -~ -l —t ]

14
]
" OHIT
DEINTERLEAVE

0
L

IN

FIG. 12



LS. Patent  Jun. 9, 19% shet 00010 4,893,306
=3
i

Pl 1L
DT &7

FIG. 13



*668

4,823,306

1

METHOD AT APPARATUS FOR
MULTIPLEXTNG CIRCUIT AND PACKET
TRAFPIC

RELATED AFPLECATIONS

‘ltc fallowiog opplications coatain subjecd malter
related Lo thie subject matier of e present application,
Ace gssiznedd 1o the aasgnee bercol and bave bocn filed
an the sahe dace ae the preacnt application.

1 T4, Clas, "DTIXM Mudvplerer With Croose-FPoinc
Swiwhk™, Ser- Nc. 118975, now US. Pat No.
4,855,999, lssued Aug. B, V98¢

2. M, W, Bockuer, F, D. Porcter, K. Shy, “DTDM
Multiplexing Curctitry™, St1, No, 138,897, pow
U.5. Pat INow 4,833,671, invad May 23, 1989

3. I1. 3, Chsa, S, H, L6, "Tioe Dlvlaion Mudtiplexar
for DTDM Blr Sureanc”, Ser. No- 113,978, now
1),5. Pat No. 4,833,673, izaued May 23, 1989

<, ML W, Beckner. ], J, Chao, T, J, Robe, L. 5. Smoot.
“Framer Corcuit”, Ser. No, 118,398, now U.S, Pat
No. €,819,226, baucd Apr, 4, 1989,

FIELD OTF THE INVENTION

This imventioo relates 1o the raosminiun of data
telecommbnications tetworks, More particutacty, the
present trventioh relarcs to & daca Ltmidakissiod tech-

refrred W horas 34 Dyswnic Tise Diviion

xing (OTDM), wad 3 m¢ of multiplexers aod

pk.xmuqulmiwafpls DTDM ia at sctusl
el o oetwork DTDM is eapable of
effectively handling both circalt and packet traffic and
thps provides & migration strategy betweaen the present
clncuit switched telephome network wod the fumore
broadband packet switched nctwork.

BACKOROUND OF THE INVENTION

Prmuuy there we FEificant upcertaintics when it
cates 1o predicting the Future demand for broadband
lelacomimtmicatons sceviccd soch as high defmition
video snd toteractive dats cgmaitthitytious. This bocgr-
talaty In the funsre demaod for breadbacd telecommo-
picathons services has a dgnificant impact on the dedgn
of publia tehkepbons petworks. First, to weisfy tbe go-
known growth pattem o foture service demands, R s
detirnbls o have & obus aeteark dexign thet ¢an be
unlrwodaﬁedmmwcbm&dmdfbr
rartlevlor telocommunications icrvices. Boccod, the
nétwork mnst be ahle 10 handle vastly differeat types of
teeffic mnglag (rom low apccd data and vedcn to fall
motica video. depending ¢m the dempand for
widshaod services, » network design mest be capabla of
providing 4 migradon sitategy from raiitmg dopper
wires pud ootuit remamesioo end swilchiog facilites to
opilcal flbcrs and the mscceedting geaccatons of high
wpeed packst teafdminslon and wwitaking facilited,
which packs facilities are used In copnection with the

major components of & networck dealgn: paawazk tapok
0gY, teanamission systens and awlichiog tystems. Here,
the comcern s wAth tramsmimitn syatems and
z{:nsmlumn {echniquet which meet the faragoing crite-

Two impartaot typet of commerclally weed trunsmin.
oA pyMeors we circult Fymemn and packet syttems
Typically, circuit yypams utilize time Sivision mult-
olexog (TDM) a3 & Kpoamiskion techoique. Whea

v

37

35

40

0

“

2

TT28 Js vrasl, ench dalx strcam, cOrIfset feanm= whel:
are subdivided into slots Comresponding slots o each
frame arc aliocated tn apec:fic cnonectinns. For exam-
ple. e fiest 4090 m mach frame s allocated o oce spe-
cific connagfioo and the sevcad slut ix exxch framc i
allocaled 10 a dckund coanestion, e, Exel (ewaic sl
hweiudex 2 field whizh cnntaing hyanamissicon gvarhead
lafarmacon wcludiog frome synchromization wards sod
gantenl words, This traditiomai circuit tragssnission for
macr can be axterded (0 tauluple bt mate amdaes by
allocsciag mulliple slots io ench frame o Ligh bacd:
width scrvices [d puch cirgult oangmiccon systems, o
comhbinatioa of spacs dividon switchmg and timye divi-

100 switchlog ls ucillzed ¢ the neswock swlicucs
awap time alats Debween varicos bit sweacus o thel
COUBECHUODS [0 &nd betwesen apemilic Iubicrbérs dsc
cstablialicd.

Historica|ly, the Grst digital cirauic traremiggion gys-
t=ns were introduced during the J96C°1 These ficst
digital circuit ranmmibilon aysiema were mtreduced i
lnter—otfice tnercldog wpplicetions to carry 24 vgdce
thmontls by 1 slngle (544 Mb/st digial tiveam. Thds ks
mown us the DS-1 dgnal Subsequently, the wide de-
ploseent of digical chansel baoks ia the public tsiz-
phoae network required the owdfiplexing of seversl
DSl dganly ioto & hlgbﬂ'q)eedmmasmmdfncmﬂy
uliize avatable transmigmon links As the network
grow funber, coatiaving effarts to effectvely multiplex
tribatariex having different bit CA8 mtd 1 Sommoat Bit
tiream resolied in the w!ll-tnown hletarchical mald-
pleximg plan g the DS-1 {L.X44 Mb/pec),
DS-1C (3.152 Mb/rec), DS-2 (6.312 BMblt/ecc), NIS-3
(44.736 Mb/sec) and DS54 274.176 Mb/ses: sigmudy,

Cotventional Circat ranymisARYa ryvatams saller from
& nutker of ahoricomings, Perhaps the most important
prablem bt Ui muldplexing hievacchy itself. An mnpar-
umt zesult of the Bierarchy by oo inhereat lnck of Dexibil.
ity. Since the wetwork can only tranmmit the =t 0f lg-
aels ip lhehcmuhy. vy teleccaamunications scr'-'ncc
hat 1y meed Lhe mringent interface requirement of gives
hicrarchical sigonal bit twtex, tread of tha particular
srvics being sbls L iracemic at fts 0wn natural bit rxte.
Themfara, the packet mods of tranymissico which i
inhanently bit mtc fexile i favered far fucure broad-
band netwarks which arc s be adapited 1o dellver en.
hxnoad talscommunleation irvicss moh as high defink-
don video and intecsctive dats comavunicarlons,

In contras with clrouit tansnistioa systems which
traosmit data in frames mbdvided Into sloty, packer
btransoidsidn tytiems transmit dats in discrete blocks or
packess, with each pwcioet harvitig &n address hoader
the root thereod. AL the ne‘wark switchas, packets are
ronted from & specific inpuc lne to » ppecific gutput tne,
based on wddress mfgrmation cimtained lu tle packer
beadet. bn thit way data packets can be roncted from 8
pantkcolar subsctiber location, through a LckcMnmunis
caticos nrMwork, o wnother mbscdber Jocation. Packsl
traneoisaton (echninoes mod especially fage pﬂ.‘.kc—i ttans
misico lockaique (3¢ €.8., R, W. huise st o, "Expcc-
iments in Wideband Packet Techmolagy™, Proc 1956
Lhteroadonal Zusich Semicar oo Digital Communicn.
tions, pp. 126-138 are inherently bandwidlk fexible (Le.
the number of packsts generated by a glven eervios per
uoit tune & deribls) and thas mre yultable far wideband
enbanded fons sepvices Accordiegly, it is
desgirable (o intrdduce packet trantmitsion fechnology
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intg the public telephore necwack, which o2 t0 oow iy
Ixlia primardy on ctrcait usmissicn tecancloyy.

Trc commonly-12i¢ view 3 0 how w0 inooduce
Facke! 1echaolozy ind the pullic norwork is ta doploy
1 puciel overlay nzewurk because the existiag dctwark
A ngdntzed for clrculr anseiissios and is Lascs=icre
mtompatble vl packel Kaasmission cﬂc“’uuqun Ac-
<ordicgly, many deployment Mnlcgm recommend
ennarnwias an averlay packet aetwark for a set of
widebang #rvicss and nopxe tha: the mugradon of new
sepvioes W0 ke peeiker overlay genwork will sllow the
exisung ciccuit ranamissiva oetwork 1o be phassd ooz
dowly, TLe wein advangs of & packes ovelivy ode-
work is tbe Quick renlizatidn of an end.to-=n<g netwaork
for uesw soeviess, However, the approsell mijuow a
large iniba” capital investoiend and increases opemtianal
coat Ty raquiring the mungement of oaltiple s=parate
nclwmis,

It is 20 abject of the present invention to provide an
alternate approach for intredtcisy packet trAnsmissicn
techuclopy mw e MN.I.C telepbone uccwod:. wtuch
approach req the ot of existing tr
3i0p components but not the implamentation of an en-
Grely new oelwerk. Thus, it is an obpect of tha invention
to provide & dlpital daca rarsmicsion syatem gapuble of
handling both exlsdog blerarchical clrcak ¢raffic and
packet trafSe.

With regard o the above-identiied objests of the
inventidm, it trootd be oolad that recent advences i
netwark switch desgoe heve blureed the dimtinctica
bétovoon packel netwarks and cincuit aetworks, A typir
énl kwitch for mse in a tedecommuonicatigos patwark, hes

three malar compoacnie: Coatrol procestar, Bwilch:

mterfaces, and jotercoansction petworic The control
processar bandles cal! set-up and tear-down, dtsinler
sy and u-duzmmmc funcbow- The rwicch ioter-

switch formats (3.5, the format deta ey when processed
wﬂhh swirching aodas). The intexcoonsction ostergrk

tme ulat on an ine
¢éming Line is trpasfemed, via the rwitch, O a specific
tume slot oa an cutgag hoe Thoes, the wtaroonnection
dclwork mulmﬂummmgdg-
nals oo & Bar-by-sot bams

It has reoently becn showu (5€8 & Day-Glacopelli-
Huang-Wy, US. patent application Ser. No 021.664
anbtled Time Dividap Circuit Switch, Gled on Mar, 4,
1587, cow U.S. Pat. Mo. €,732,474, mgued Nov, 1, 1588,
and assighed t0 the assigoee hermof) that 4 ywitch for ues

" in a circuit metwork cxn be boflt wsing @ selforoudng

packet interconnectos rerwozk. An cxample of tuch a
telf-rondog packet network 35 the Batcher-haoyas net-

work Based on the addreay headery nssdclated with
fuad fized packets, e Barcker-ranyan nerwosk rabte=y
& plurality of patkets i pasallel to spesific destinsgna
udldresttes (ie., apacific ourpat lines) withour intevoal
calliions. This, §0 mnixic the operalion of the convens
onal Umegpice-tme twitches wed jn cizoult wes-
works, switch meerfaces nr¢e provided which pecform
the time ot inlerchange Functiop end which arc sble 10
imzért bezders in front of circuw Uois (0 convest such
slots ioto packets for routing throvgh the selferoutmg
ioterconcecion merwotk asd able to remove headers
irom packets lexvipg die self-routiog Intcreonnectoon

2=

30

1

45

B0

L5

4
network o recaavest packats back into coovenlioca
circuit treealot frmat

In addidan 10 ¢ircuil 3ol pacxec cransmlsgian, an-
oler oaode of Jigital ransmizsun 5 kwwi as Asyn-
chrmaows Tioe Divivioo Muldplaxing {ATDM). Scc
4.0., W, W. Chu "“A Scudy of Asynehronous Thye 12:5vi-
don Muliplexlag toe Tune Shacry Computer Sys-
teras™ Proc ADITS Vol 35, pp. 699-£7E, L9€9 sl AL
Thomas et al. YAasyochrannas Time Divitean Tech-
13ques: An Expermental Packel Netwatk Julcpnulicg
Yidoo Commuaratlod” Prae Iniemietivoal Switcting
Syvoposom, Moy [924. ATDM is wsed in coauclion
with cooticuous aad bursty date iafic. ATDM ases
channel idectifiers with grtiesi data to slow co~d¢tnand
muitiplexiog of data froos subsibos tcnninaly with Tow
charoe] utilizaticn. The chanoed idextifiers aod esanci-
at=d dats {orm time dats However, ATDM ix tut -ule
flezible ginc= the appearmnc= of peckett can be asyn-
chroaous, Sl timing le abealasd frodo a specixd sym-
chronizatior patiern which is inserted into anysed ate
alots, Since the synchronization paltcra appeacs odly in
unuved time slats, ATDM cannot be nsed to carry exist-
g high epced hieraechical signals wheteia the loading
1 ¢z {0 goe hundred peyoent.

I sbort, the smuatloa i tlwt the prescnt public tele-
phone neswaotk atlires clrewt wananiistoo i=chonlogy
] the spocisted hme dividag maloplevng trahscis-
son technlques, whiie future dreadbind cervice, the
derpand for which fa presently wncertain, are kese of-
fered nsing packet transmisslon technology. It It there.
{ore ax object of the mvummmvn!:zuwmmwu
nywem which 3 capabls of intezmting presens circuic
waHpe with fundee packat eraffic eo =2 to pravide & (e
ble migmaticn smtegy (rom the existlng copper wice
baazd circalc notwork to geaeratioos of kigh
bandwid® packet trasmissian networks,

SUMMARY OF THE INVENTION

Tho digital netwark canspore symen of the presens
mvention, referded L9 bersin #s Drynamic Toxe Divistoo
Hu'lnplumg (DTDM), is & flexitle network trepgpart

ryatem capable of affectively handling bath circnit and
packm teaffic, By combindng conventional tima divisica
woitintexing techeaiques and packet transmission tech-
zigo=t, DTDM eatbles a fleatble taniilion Gom the
cxsting clrowit fype metworky to fumre brosdbeod
packar rranemisslon netwatks,

Ia » petwork uilizimg DTDM, each trapsmission bit
cireant la divided iols Crames, Thewe Games are the
fundsmente] pait of data gamsport 0 DTV, Cach

2 e aligament word for fume Siming and the smp-
ty/fall status of the frwme The paviosd ﬁcld of eazh
frame may be filed with a duwa packet iac beades
ar a slat from e clremit tranamission siresn- Pefore a slat
trom » clrewdt tracsmibsslon stecam cad be inscrted Inta
the pryload Fald of ¢ DTDM frwoe, it must frt be
<copvered into 8 proket-like fonn with a boader at bes
froal Viewed awdctber way, ¢ach occupied PTDM
frume comprises m vransmision overkbead field, a beader
Meld, and & daws fleld, nul,thaDTDN.mem
format is & combination of the diccuit awnuwissiaa for-
mal and tha packet mmham format.

In the DTDM by L and ci it traflic gan
be multiplesed through Ihc ames multpiexct, Thus,
such a multiplexer san have catibgoy circurt type
iributares ard bersty packet tributaries, 10 muokiplex
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suels deverse tenffic, 3 ¢ain of DIDM frames wilh
cupty paylosd (icids i« generated. This traia bxa & it
rale whicrh da3nes o bxai¢ backhoge transmissiao mlc
for thr. DTDM wausatiasion system. Fraca ia the forpof
packets 07 circuit slots wicl deaders actachad are o
®Tes into the enpry frame o form the DTDM bit
ptreayo.

Ao appropriste anafugy is as Ealows, 1le airean of
emply D1DM frames may be anadopizcd W0 a train of
copty (reight e The sty freight cam are then
fulexl with data from the variow uliputasies which may
have been du cUcwt ©F packet formas.

Ilwuatively, @ PTDM multipleser may De used to
merge traffic from e different communicgtionn
sources Of Wihutarles inte a siagle DTIM bit sream
These irbutarics MRy be r digital phone zeperslitg 64
Kllobits/scc PCM +0ics, 2 graphics terorioal sendidg
DLursry data at 1 Megnbit/scd, add a Circwit TapyMisson
soream opomling st the PS) rate of sboat 45 Mcogabitar-
wec, Hiustrativelv, the it rate of the backbons DTDM
bit wyeam is 150 Megabit which yickds 144,000 frames
per moond given a 130-byre [rams tize. Tho avallade
frumes ate ahared by the thtee tributaries by glviag
higher pziority to the circmt tributary, and allowiss the
volee wnd grapidcs tributzriet (0 coutzod on a first.
come, fin-served tusts, The cirowt tribatary ssizes e
out of every threw wnpty [rames ppasing by. Tina the

of the Gircuit ummilon will be maimtained
thraughout Lo DT DM wranamsssicn Yok, Mhastrativaly,
the vaice sonrce B packeitzrsd by sccamalating op ta 15
millisceonds worth of voice sampics before inserting
this infargiston iato an empty DTDM frame alang
with a beader. In this cate the yolee wibuary will on
nverags sdize e out of every 2 160 frames, Stilasly,
at a ret= nf 1 Megnhil per second, the graphics tibutary

16 mulliplex and Lnramit theee hicrurchical gignsls At
the D51, D52, end TS3 vatss, respectivedy, for poipt-o-
polat trauomirson batween twa alficos. The traditiomal
TDM spproach wonld utllize « hicrarchis
cal approsch 1o moltipkes and L tabeequently demult-
plexing schems require ide oomdibiondig and synchro-
mization circulley an cach Jevel of the hisrwehy ay well
29 herdwere (or bit intetl=aviag,

In conuau, pstng &4 DTRM mddtiplerer; time slots
from gach of the thres tigitals would ba inserted Into the
fmply frames in 2 basic O'TDM backbone signal, If the
beckboas jignal is 150 megabdts per tocond and com-
prioen 144,000 frames per second, the DS3 wignad would
require one oot of every throe DIDM framea, the DS
signal would requlre approximately one out of évery
twenty~one DTDM frames and the DY signal would
regukre approxlowtely ooe out of every cighty-fods of
the empty DTDM frames.

In so astual netwark, the abovedesaribed DTDM
1treams at the basic backbooe bit mate geoemily contdn
cmpry feames; thas DTOM nreams may be muttiplesed
int¢ mare deusely pepulatad DTDM tit aeeenma at the
ragoe bil rete. These mare densaly po hatid Back-
bone rate hit streams moy then be mditplezed wa
higher t¢ rais streams for poimt-to-point inier-otfice
uansmbalon,

p-L3

Clctyils of the assemblens nceded (o form Wie hagic
DTDM bl srresing, 1 1[iravsemnhl-ga nardad i Jdizas-
serpble the busic DTDM bit sircams. wod dwe set of
mulypierers and demuldplexen neaded (o inplemeanc
12TTM in ag ACIUe SIWOLX ar? Jdoxgibed o detil
boiaw abagg with o framer circait which playa # signili-
¢t tale in partcular [mplerentidoas of the aaser-
tlen/diszavembles and nwitiplerers/ fouuiuplexan

BRICF DESCRIPTION OF "UHE DRAWING

FiG. 1 schematically dlastoatet the IYCDM imnsmis-
Lon forman, 10 sceoniance with a0 Rlusirative cabedis
ot of the inyeptor,

FYG. 2 schematically Hiwsrmtzs the formation of a
Backbone TTMDM, bit stredm, In pceordance wign an
ilasttative e-nbodmment of the inventon;

FI1GQ. J khemstically iltustrates ati e0d-t0-othd oc’-
wark uxing DTDM, in wcoardacee witk an ilustrative
embadiment of Lhe mysation;

FIG. 4 Qnstcaces a0 sxsemble for combining divers=
tribatary dats preaom iate o dagle DTDIM swream, e
accordance with gn Uhustrative embodimert of the -
vention;

FIG, 5 illostratey a dsdssembler for separating 4
PTDM bt rtream ints diverse trbotary dote ctreania, io
accordaner with an Duthnitive exnbadimient of the -

FI1G. § dhnttates § moltiplexer for combining » plo-
raliry of DTDM hit streamt into # shight pxore dessely
oocupist DTDM blt etrenm having (e same bt mie;

FIG. T listrates sn N:M multiplexer o combinlng o
plursiity of DTDB bt stresms;

FIG. B {llustratzs bow the opud lives bt the melt-
plexer of FIO. T o growped;

FIG. 9 llostrass 1 d=raultiplexer {or sepayubiog a
densely ocouplad DTDM bit stream into w plurudity of
Tatx densely occupied DTDM bl streams;

FI0. 10 Plostrate= & multipicxer for point<tc=point

AR oo
FIQ 11 [lastrates w demuoktiplexer for ose in connec.
thon with poipt-to-polnt transemduson; aad

1, DTDM Trantmiation Format

DTDM 1 a8 approach to data traneport which caa
bandle both TDM Wderarchizal and packet trafs
fic io » comman intcgrated stucture, while allaoving
complete bit rate flexihility, As dfustrared in F1G, 1, the
traprmisgan blt strenm is divided into frames 1 The

tuosport i the DTDM tanamistion scheme. Toc
feames come one after the ather £ a3 16 furm & coptinne
ons chain & 1r8id,

Each frame 1 comprises two fxad leagth fhelds dealg-
asted trandmission aveshesd (T) aad pryload in FI1G. 5.
Liustratively, mch frame comprises 130 bytes with 10
byten balng allocated to the tunamission ovechead Seld,
Typicelly, the bit rate af the DTDM bir stream Wos-
onted in FIG 1 Is abour 150 Megabits/sec. The fallow-
img infaroanot may be avaixbls in the overnesd field
of every DTDM [awme; frame alignment weord for
framie Uming, empty/fall staran of the frame, aod span
dentfication,

As thown in F1G. 1, the paviosd field of each (rume
may be filled with 3 data packet including & hesdec (H)
pr u slol from a grevlt erapymisgioo stream. However,
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hefore a s|at froso B ciccwid traasmiskion sircam can be
inscricd 1ot the payload ficld of a4 DTDM frane, it
Mt Arse e cooverted o packet.like fusm bY e laser-
Liow uf @ hesder (H) atits fioer, Viewsd ancther way,
#2-h occupiad DTDM frames <orppnartt A FARSMIESIOn
ovecked zlg, n header ﬁ:l,:‘. and an bfonoation Geld,
Thus, the DTDM Lransatiasicg format is o combinatop
nf the circadt sransmision formac wd the packer wrans-
wiaion famat The packel bhezder prowéﬂ: informa-
Sun such as chewnel nember, line mrmaer, emroc detes-
oy, ot [n general, coly (ke tfurmatioe vequired in
cuery fi2ens gore parmanent band width allocatian tn the
transezissicu ovechead fisld.

FIG. 2 schemativelly illustratr Lhe (usmation of &
1TELM bit stream. The DTDM bit soream gasexmbler 3
cap comdbins inta & siagle bit scream yath coptiavous
circuit tributanes Aad dirsty packel tnbutafies. Flee
el tobucaries are illnstrated o FIG, 2. They are; 2
digital phooe tributary 5 gencrating 64 Kilobita/sec
PCM voice, ¢ uwirary 7 from w graphbics wrminaf send-
ing barsty dota ot dne oegabit per se<odd, and & crcuit
tranamicRion stream 9 opermting at the 1S3 mte of about
45 Membludece. Each of the three tributarics has «
chancleristic ihading o FIG, 2 so that it B poasble 10
Follew how date from the three tributaries is cambioed
ta forsm (e DTDM bit stream,

To multplex yach diverse malfic, a tad 10 of
DTDM frames with smpty payfoad fields is genernted,
Thia train 30 hat a tit rate which defiaex a basic dack-
bones truasmission rats fat the DTDM systeox. Each of
the (ramess in the tesin 10 bas an occupied tranemision
overhend feld (T)-

Ulustratively, the (raln of [eames hag a bit tate of
thaut 151 Migatits per sacxmd and comprives 144K
blacks/sec. Tha wasembler 10 4orves to ingert dota oM
the trheutaries 57,9 irw the paylosd Bz2lds of ihe
DYDM framcs kn the sreaam 10. To accomplish tha, the
tribditacies X, 7, J are first packetized gying packetizeny
11, 13, 15, tmpecﬂw:lytofomd)cmum ttréams
IT.mZLMpmht 4 header (H) end an
information ficld, In the cass of the tribotacy 5, ap o 15
wiillisccanda of speech axmmilos are mtammalated to foom
1 packet. 1n the case of the corout tribatary each ol &
converted to packet farm by plscing s header st the
fron thereof.

To form the DTDM styetoy {9, the pmnoomm-
ing the streams 17, 19, 21 are iasened inie the empty
paykaad Belds nftheenm Fragnes in the stream 10, The
cmpty frames are thared by the thees tibutaces by
givitig highey prigrity to the cirtudt tribotary 9 ead
ulowing the volce matt graphics trivutartes §, 7, s c¢m.
tend for enopty frames ou & firtt-00me, Bost-aerved basiy.
‘Thus, whe chreuwit tnday 2264 gue odt of cvery thee
[rames 50 thet the regularity of the elreulr ransmimiop
Is malneained thraughout the DTOM trangpission ink,
Similasly, the volos Lrilmutary will seze doe got of every
2,160 frashed aod the graphics p=ize op
average vno oul of every 150 framey. Tt shoukd be noted
that the bit stream 12 s pot 100€% ocedpied and that
rome frmes remedn ¢mpry. (0 this way, three diverse
tobulanies are multplesed nte a angte RPTDM bit
/T,

2. A Natwork Utilizing DTDM

TIG3 whemaucally Hlastrptey s cpd-to-erul nst-
work 20 urlizsing DTDM. The actwork 20 ¢oencats 1o
cusLymer premives equipmeat (CT'E) 22, of which three
typ= are Mwtrated, samely video, voice and daa,

n

=

»

()

1n the network 20, three multiploaiuk yaKes wwe ce-
qoirad o auppart stwi~o—cad tracsport. Io the weeence-
work ioteriace ataen 30, mo atséqubler 37 fecolves data
streams on lines 21 (roze Phe customer peanises Ayl
rrent 22 and combines thod plzeams ineD & 1a3n back-
buos DTDM at caan Of the Ly pe discusanl in connecdor
with IFTGS 1 wod 2. Stmilarly, disacsembicer 34 1eacs
apart & base [DTLIM BiC stream arnvitg oo line 33 and
disibutes the dath 10 {lc Apgrofrinle customer pram-

iseq epnipment 22 via lines 23,

Asindicated above, 1ke PTEM Vil sucam formad by
the pszembier 32 is not [00% vcrtpicd. This dhe wmal.
plexer 34 {n the ramote electronics age 3 is u15ed ©©
combkine several DTN bit sercanis amiviag va lines §2
inic & mgre Jecsaly oxcupiad DTDM bit ¢ireany of tuc
zame b pare ¢ echlsve grenter tramymigaion fliCicncy.
Sindintly, the demuitiplarar 39 8zparnie o dertaty pap-
uvlated DTDM bit scecsnu seriving on lios 120 o less
denssly populated DIDM bit sreams tanumitted wis
liges 39, 30 (oxc the dum conialned cbecelp can nkil-
anselsr be vobted 10 the cOrfecT clitmer precmsea

hthepo&m—ho-pcwe vizge 40, & plurslity of DTDM
streams acriving vis 63, 130 axa titne division
ezed by means of tme division multipiexer 42
far highlpeedpomt-w-p«ntwmmm 165 to
b ortwark switch (ot ahown), For example, the multi-
pmumaxm!dmmumﬁafwm
Mulipiexar 38 and another LTIDIM atream via 1ae 150,
Thys DTDM bit steadn tranmmitted via fne 15¢ is
formed by DTDM assembler 43 snd conralng theo date
of throe DS tributaries 45.

Thove diviston demultiploxer 44 reccives s high epecd
bit stream from # switch (not ahwm) vin ine 178 sod
demuifiplezes fhis stream mto a plomlity of DTDM
streanys, One DTDM streare contaiping data for cus-
Wimer premhitst SQUphieht goed Ly demulipleaee 3% vin
Toe 130 wnd roother DTDM stremm camymising DS3
Aot goed ta dlsassembler 47 via tine 179,

1. DTOM Assamiles and Dlsssscmbler
The function of the DTDM bit ¢tream sssambler 32

1he basic DTDM tranamvizcon frames, The assembler 32
D sbown in grester detnl @ FIG- 4.

The actenibler 32 comprites 2 plumlity of ipcerface
mn&chwmﬁuwntmmwmkrfmm

DTDM bt stream
cmpty payload Giclds & geocoated by .
detailed deserdption of the foemer vult & provided be-
tow,

Bach interfacz onit includes 3 frwmer vait $3. The
frwmer vaits §2, B3 wre conoecied together m n daisy
cheln fasthlon, The frames comprialng the DTDM bit
ICCAM are partad along the dalsy chatn rom one famer
anit to the pext More particalarly, the DTDM bit
ftream ieaves the serial dxta cutpot (sdo) of the framer
wdlum.dmmcacthldsumimt{ )o(thcm
Mot [amers tmit 53. The DTOM bt stfeam fewves
topmost frumer B3 via its serdel data output (pdo). Thc
DTDM bit sttoutn thea «ntate the setial cana input (tdi)
of each tocceeding fmmer wajl oid Tegves vin the serial
data outpot (s00) of eeab finmer noit, The DTIM bit
atrcam loavas (ho scrial data cutpuot of the lowenmost
frumer via Lms 62, As $hown o FIGL 3, ilne 62 serves 10
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Icsusout e DTDIM bit stream ta the LY1DM mnlt-
plexs¢ 3. I the DTDM frame currently Jocated at the
ltarwes weit 8% of & jacrivolar jacerrsee S0 is empry, chat
iogerdace may inzead u packed intn the payload Celkd of
the. [¥TDM frame.

“ihe dara inputs 21 to (e avembler 32 are coprested
10 the Cuslomee proonds aeisment 22 of FIQ, 3 wod
may have s wide range Of bit rut=; far example, the data
mputs 2} i be Video, yodce, data, or dilTerénc digital
tiarnschizal oooamissicn sigoads {(DS-1, DE2 and
DS-3) Fherefare, the #ssmobier archicectnre mpat he
capay|e of effciently acconmnedating differeot nput it
rates and be flexibic tatugh to allow inr fotare axpaos
slon or fur the chreging of perticylar icpur enancerions
to diTareqt sarvicor The architedture chowt o FIG. 2
provides the capabilicy 10 maaily 344 OF drOp & Baclicalps
ingat soTvie.

Tlach ioput 21 b o ctd 10w p 35 wilich
(onus past of e maoclated ntediace oot S0 The
packstizer 5§ puts the mcoming date into » packet srde-
tace by adding & packel hegder at the begionimg of wp-
propnigts

packst occvpnacy, chanael identification nember, loe
adentification aurmber, ébeck sim and $0 oo Nladira-
tvely, the channal ideatiffcstion number s wsed ¢o iden-
tify tha impul gervice from witlch tha packet otiglanted.
Afec the daty is pat mio a packet Hrpoyure, it §s stored
ks & FIFO 6T with byte wide format, The famee oojt £3
then reads the data from the FTRPO 57 loko its pacallel
data ioput {pdi) 58 And genrtatsd properdly amed daia

DTDM fratz on the tetinl data brpot {x8) of the frames
3 s pot akealdy-occupied by & vehid i

The topmoa frumer 52 10 FIC. ¢ doea rat Lave any
inpur ssrviee conaected o dt, It gerecaces the cham of
ety DTOM fumet which art sent to the fllowlng
framers 53, 1f nons of the imterfices BD insert » packet
{oi m pacticular frame, pn eaqity e i foally sent
out through the serinl data cutpot (adc) of the bottam-
mpat fruper pait on ks 62,

ARer the DTDM bic 1ercan kas taveled thoogh the
£0HRS COMMUMCAHOT nAtwOrk 20 of FIG. 3, whiah
porwotk dnciudes multiplexcts, twitches, and demuftis

w

x

W

£5

10

plevery, etr., the D1LIM bit streom is dixasszui-led end
1lc data distnbutcd o th: ag{ropiidts <hstorcer sev-
vices euaigmyent, o the pedwark 20af F15. 4, tbe divuss
seliley 34 i vyod fur 1Lis puapdsc. 1ue disassomller 34
i 130wn io greater detail ic FIG. §. iusirntvely, ke
Jisessemmbber 34 roopves boch e trersmigsion over-
fcad apd packet hexder field froto ¢sch incoming
DTDM Eame and distritulc Uie dota ranerines in tke
frame 10 (he deslred castomer peenllses device.

Mere particularly, the usscmbler M conpriscs o pla-
rality of ioterfacet 66 Bach intecfsce 66 ceoeives tnc
lwaming DTDM bit stream via line 32 (322 FIG 3) and
in Uustrativeny ctomAsd 0 Tae customar pramises
devics via an ooipat {lnes 22 (see FIG. 3} Each iocoru-
iog DTDM frame {s sonaltansously ceveived by the
EAmés Ooit 70 W cach Jueeface 65, However, anly
poshkets cotrainlng data 1o be tranmmivied to 1%e ssao-
aitad CNICAMCT PROTRCE oJUipibent Are Wans(erred frum
the framer 70 ta the nysoviated FIFQ T2 To aceaaplvh
thls, the packet ooCupincy and channel lSemtiGcation
ounber are exmatindxS by the {atner 70. The framer 70 ia
twn genermies proper control signals via lasy 73,
which, alcng with Control logie 74, determin= whegheg
oF Ot the packet casried i \he payload fleld of the
pazticular OTOM lcame witl be wrtiten it the FIFO

Lthe correat Eom the mcoming
Aata is 2 very challenging task. Althoogh for each kind
of customer premiser equipment o service ths fre-
quercy i kpown, the difference between the Jocul retd.
mp chock used to read date out of the FIBD 72 and the
¢lock which way wsed 16 Toad data e aopty fratocs 4t
1he tranamit eod may reayll in overflaw ac opderflow of
bz FIFO 72 Hiustmmtively, 2 phes locked loop 78 s
wed o modify the local reading clock in srder ta camo.
oel [his difference in clock rasey,
thown m FIG, § e local reading clock slgoal
v read dara oot of e FLEO 72 I8 phase
tocked with the incoming duis 5o that the dsta can be
resd oot oorrectly from FIFO 12 withedt ovartesd-
kg ar pndarraading. The rate st which date ia read oz
af the FIFO i Jetetmimed by the friquency of the volt-
controlled osclliator 76 in the phase locked kop 79,
The pawkot Bt writien loto the FIFQ 72 with the dét-
work alock twte, bat read aut &t & rate dependent on the
puttictisr squipment o which the dats 33 fransmitted.
Al “bf" sigeal which |ndicates that the FHFO 72 {3 half

5

canted the voitage ourpat from the bow-pass filter 75 10
decresse, redodcog the ootput frequency produced by
tie voltage controled ocitlatay and seduclag the mts
ot wided data is read ow of the FIBO 7. Simdlacly, if
loformation ks vead ayt of the FIIFO more dlowly chano i¢
1 belig writeen inzo the FIOFO 72, the *hi” signal wiik be
mascrtex] dnd the Yoltage controlled caclilator fraquensy
will be ncrensed 80 that the read clock signsl frequency
o bager, The mane terfucn umit 65 cau be used for
difevent cuwtomer premises devices by chodeing a
proper frequency for oscitlatoc 89,

Data packe1s vead out of F1IPO onits 72 are depacke.
tae? by meand of depsckeBirer circuts T8 which serve
to remOve the headers The reauiting dden is (liea cans.
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wlred via lines 23 ta the apprapriots cUSTODWES NYEMDisAs
erppienen L

4. 2TOM Nl sirexm Muolénleser and Demultipiexer

‘[he ancdon of the OTM hit strawy madhplexs: 36 5
of F1G. 3 is to voocintratc A plurdity of cclatively
sparatly oarugind ncopung IPTIOM. steeame indn at
[cust Ouc ma: o denaely vecapiod DTDM strézm of the
same bit rate, cezulting io more efficicnl uss of the rans-

rpixsion [acilicy. There is roore than ooe exchitecturc for 10

unplanenung the DTDM muldplaxer 36 of FIG. L
Croe cladiuet of suck & DTOM bid strtum wowlti-

plexer s dluszatad in G, & The DTDM multiplexer

36 of FIG, 6 comprises N ioput lines 82 (soe FIG, Iy and

aoc output Lioc 63 {3cc FIG. 3). Line buflcrs 64 recoz- (£

ri7e. wnd queave tncoming TITDM frames. The narver €4
1xoks (or pewly wrrved KX FDM Gramies by die Loe boff
a3 64, adds 2 proper ime audber in the hoxder Gk,
and semwts the frames out m & more denselv oocppeed

DTOM Bt sucam. 0

The pripacy fuacticms of the line buffern 84 are rec-
o,gmﬂou ad qucutn g of meomitiy LYTIDM foktes. Each
line bidler contaimt 4 Acxial/paralle]l donvetter 66 ot
ooavertng ocming serial DTDM fmmes ioto paralls!

form and a fisstdn, (orat-out boffer 67 with capetity for 2«

maldpls frames A timing avd control clivult 68 oper-

uten Lhe Ime baffer and imtarfanes it with the tarver.
The main functions of the server € are ta look for

newly mrived DTDH frames in the fine buffery, 1o

modiiy the header Held to mchodes aline number, and I 30

place the DTDM frams in » more deuely oocuplied
DTOM big stream. The server comprises a header Insert
carcudt 62 for akxlifyug the header Beld qf the DTDM
frumes, a contrller cirguit 70 for interfacing with the

llne buffers 64, and 3 pazallel 10 setial convester 7. Tha 35

as of the perver are pipclived; while the server
rexcs n DTDM frame from o fme buffer and places itin
an gutgoing DTDM stream, it contlawes scarching lins
bofTers for DTDHM Creoses. [t ahamld be wotad tha? the

meltiplexer orno.suqu:mm;pm 4

I non-DTDM tranambsgion foromey in addition to being
nsefgl for DTDM bit streams,

Anather pasible aecltitestore for a multiplexer capa-
ble of combining ceveral relasuvety muldympwd

DTDM bt streace igto 3 more deoncly 45

12

sireasas of the wame= bt rae. The mu!tigiexce 267 of F1G.
T bax qhe Cecbility o receive N nput DTDM 31
SUcars aod (0 Wransett M ouput DTDM 2ic stresms,
which oitaws M output Hines ta be swral by N iaput
kees, It 18 known thet boch the pravabifity of hofFer
overflow pad the average delay for burary traflic <an be
sgeificanily dexzraed by iacreating the ounlxt of
sutpuals,

Using the mulliglester acchitactiure 36 shown in FIG.
&, It v JiffHcult o build an WM mutdplexar, Lesause the
service nrdes s deatarminad by a siapls <zntml sacver.
Howcver, it L8 posaiile 0 provide & multipeaer syster.
compritng M ceparale aultpiexers of the type slowao
is K103, & each having N¢M iapet lincs and Sinc buflems
and ore server and misociated aaput iine. In coasrast,
tha service arder in the moldploact 36' of F1G. 7 is
detarzuinsd locally, which retulia i tbe fleadbility of
reassigning loput Hoes to different outpat lines based or
the inpot fefhic ytatistics.

The N:M muliplexer 36' of FIG. 7 comprises & plu-
rality <f input lines 62 (e FIG. 3) atrd & yonlter nuomber
of oatpot Hoes 63 (pen FIG, 3L DTDM frames ariving
oa the inpot liney € wre converted Inio x byte wide
strcam by oweans of the serlskto-pxrallel couovecters BS
wod stored m the asocisted baffers (FOFOs) 88, The
operation of the (rumer uniw 90, 92 it dmilir te theee in
th= DTDM bit stream assewbler of FIG. 3, Each (rumer
90, 92 has a parallel dats inpoc (pdi), & e=xial data nput
(adi) and a yexial deta outpot (3do}, Framer 99, the head-
e framer omit, doean't have 2y ioput llbes connested
@ it In aorial operetlon, It contmwowly ecls uut &
chain of extipty {rases, The framess 92 take
dyts comprising ocoupied DTDW frames m the buffers
88, and (nsert this dots o the empty framat gentixted
by the fmmeér 90, g2 us to Somtine g plurelity of ipersaly
occupied DTDM bl¢ atreams kota 4 amaller dtmber of
more densely populsted DTOM bit soeams.,

The N multplecer 36’ of FIAO. 7 comprises an
N+ MYN{N+M) broedoastiag crosa t awitch pet-
work #5 The serfal data ourput (1do) of ench feamer 90,
$2 is connected to en npot af the swiich, aad the porfal
dxta input (adi) of each framer B s conneetet my ax
oyt of tha kwitchk as shown ie FI1G. 7. The oonoec-
ﬂouthmughd;cmwhcbnmrkmmuoﬂnd by &

DTDM bit stresep of the tame hit rate builds on the
architecture of the DTDM bit stréxm wsdcmbler 32 of
FIG. 4. Each impyt to aa katerface unit 50 of FIG. 4 It
replaced by & sertal data link om which ¢« DTDM it
iteain activea The date packets

comprising the incoming DTDM bit viream contend for
eutpet frumes in o DTDM bit atecan, The

{nsert deta packens from incoming DTDM frames into
the framez of the outgojog bit sxeam to form a more
danzely occlpied DTDM bit stream. The cantériian
for patput frumes I resolved automatically by the dajsy.

chuned connection of the (rumer onits, Note that 80 6

packetizer is poeded in the iaterfece undws, aad Lhe
leogth of each FTRD |5 prreferably moce than two feamey
to preveat dat packets oontalned in lrcoming frasse
feom beng lost,

FIG. 7 wsclhrmatically f[llustrates an  alteymasive §
DTDMbit stream multipleact fOr Ombining = pluul&y
af relatively sparsely oceupied DTDM bit sureass ino
# smailer number of more depsely papulated DTDM bit

coatalacd in the frames 30

-

9

Westnitively, when the system is mitislizad, the N
inpat Ency 62 mre divided mto M groups, (1.2..., 1)
O+ 3+2 0, 0h. o (MF4 L. M+, ‘where
J-NmodM ‘I‘h.c.'linmhneuhmhmuelop-
cally conoected ad thown ia FIG. 8. Each group of
input lines (s associated with one outpat lins. Thus, #i
of the DTDM frames wviving wt, W fopots of one group
are merged into & single DTDM bk mream which
Isaves 45 the aesociated cugut. The iopaiost frames
anit 923 ln each group regerves frumes broadeonst
from the fcamer 90, Each (rame ks then passed chrovgh
the swiltch 35 from doe framer’ in the groap to the nox!
framer in the groop I & particulay PTEO 98 bos data
ccmprisiog a DTDM lrame andl wae asscoiated framer
92 recerv't wn empty fraoie, the dale is insarted inte the
empty frame, T, withiu cach groop service priocisy
iz ranked bn descendiag ocder with the higher priosithes
near the top, Ultimately. M relatively densely occupied
DTDM 8t streams leave the mulipiexer of FIG- & vix
the cutputs 63.

Thas, with the sdditlon of the &oss poiot pwitch,
mare than one frarmer 92 feockves copty {rames from
the francer 90 a2 the wame dme. Thos gchieves tha WM
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anlliglexing finction sutcmaticalily and with coinical
complaxily.

Tf the input Jin=s arc 100 geonpel &0 a1 to distiibuce
auiput tmlie evenly, the aput line can be worouperd
sasily by clidngzoyg tlic ooncecdons within the seqeching
nctwotk 8. For exampile. & particalar iop@R i the first
group of opuw (may be asigoed 1o woy othex growp,
¢.8., the second group of loputs, o tptead out teaffi:
evenly. 1¢ coatroller ¥7 ma know the taffic stats-
U of each ioput Ou¢ ard follow some Rigorithm o
rearraoge Lho inputs aud decide e mdocing {privdgo)
within gach groap.

The DTDM mulfipiexer of FI( Tmey route DTDM
frmoes ArTiviog oo the same joput [me to differeot ous-
puz liner TFor exampie, o arTiviog On an oput
lHAae have been sent to cutpul # 1 But tbo (o+ 114 [radec
ey e rwitched to catpot #2 bocanse reconfigumtion
loak place tn balance taffic among the Outpal linca
Thia may cawne ax cul of qicnce probiem 7 the

(o + 1)th frame aeTives st the receive end befare the ath 20

frame doet The com o reoeder the [eame sequence at

A ' - h:;d:hnﬂwofndulvdylpusd
DTDM bll steexm a ¥
DTDM tdt streams of the mome bt

cotimg D
I the fmme & fot etupty and the line momber

matched, the packet ooutarmed therein will be wititten
inta the FIFO 130 under the coatral af toghs 129 and

Qutput ¢od of the interface 124 uader the conwtol of
toghe 134, Otherwise, the packet is simply discaxded. In
this omaner, the data from esch locaming

packet bs atored im the FIFO, This gignal will infortn the
outpot frumer 132 to wtart readidg the packst

FIFO. The frumer 132 will sssens the “en™ tignal durmg
the readimg of Lhe entice packer Tha ftamers 132 genate
ate sequecoes of OTDM katv=. These sequecces of

msw

1%

frames Jeave the frosoer 132 via the senal dera gueputs
and form the aulgnicg DTDM Lil sficiiws oc Lbe Locs
33X When daty pagkela ace pressant i the ITROs 131
ey wre insered ine the Mranwes genamated hy the frasm-
ecs 132, Ie parteular cmbodimerts of the deultzlexer,
s functions of the feanser ynlta 1186, 132 may be per-
{ormed by n ainglc fraosc unil.

5. Time Division MUMN/DEMUX for DTDIM Rit
Steeam

ARer relatively sparse DTDM bil atreams are con-
ctated into mose deazely populated DTDM  hic
streamc of the aame Wit fatz wgiag for sxample, tus
DTDM multiplcacs 36 of FIG, 3, & pluadity of such
aroca dentely popalated bit no=ams may be wme divi-
#on multiplesed mta v higher apced data stream using,
for cxampk, the dee divhion moltbplexer 42 of FIG. 3.
Such high speed data channels may be used (0 commu-
picationt to and frém comtral affices.

Laually, the mont challepging work m a ime dividon
moltipiesing yywtam ls 10 syochromize ail mooming bil
rixeams ag thet they have & cammon bit tate befora Thay
are interlsaved imto 3 bighet bil 266 stccum. Typicelly,
th= input bit streans have the mame aominal ceater
frequency buc 4rift iodependendy a mmall smowst [rom
the asater fraquancy, Tha coaveational way ta over-
come the syynchronizaliom amémg tho iopnt bt sthcams
E™ mbngrmm.mwo{m

proxduct af e aombsat center froquency wod the nom-
ber of inpuot wibutacles, Thees ls urzally 4 blr or byt
position Yesexvest for the occssional stuffing of & dwomy
bt or byte. Also, there {s some ocntral overhrad aed o
indicas if the bit or byte st the stuffmg positiom is valid,
By tking advamtige of the fact that the frames SO0~
prising exch lopot DTDM it styewms u oot 100T
occitpied, the fecquency of the higher mpeed oatput bit
Mcubewﬁ:endly
Irequancy of the faut trjbutaries Licict Uee uunudes of
the toptt tituteries Tn the case of 4 DTDM avatem,
thix can be 18 podlive and oege-

A tms divition i lwsu(seel"IGJ}forwnJﬁ;
pledogae ity of bt sireems is P
ma.ttmnm(tmﬂﬂ.nBWho
&0 interface malt 182, Each fotecfeco voit 152 comprises
a framar 154 whioh it olocked by & clock sigoal derived
fram x clock recovery circuit 156, The dedved clock,
which i the acmual frequency of the wibwriary. may
differ slightly from the oominal trivolary feqUency s
digoamsad shove, This Jiffercnce between the domlinal
#0¢ potual freqoemiics is eliminaied in the Iterface palt
Each iscoming DTDM frame odll be examined by the
frumiar 154 I the associated imterfacs 152 fo. It ocpnl:’;
pabey, The dats packsis contatned in Lhe oocn
framm will be wIiKtcn @Wto the FIFO 158 woder We
coatrol of logic 159 and read out later by the [camet 160
a he owrput end of the lmsrfpce unit 152 Empty
tracnca ars discaordad,

“The resding of tha dsta packets from the FIFO# 158
(o the pareile] daa inpau {(puie) of the framers 1606 is
yyochrénized, The serial dats imput (sdi) of each {1amer
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G i< cavmteited o dle genial dada utpad of & framer
162, Thz Naces 162 enaves o breaZcase eoply Jrames
12 e frameny 160 3o that each frames J6) rasgives o
synchmaous chain of empty {7ames &0 e Uontiend Wi~
viary (eeqecwy, The erpey Graocs recdved by each
framer vril T are filled with 23t packets fumo e
wrointol FIHEO 15K o pasdues syuciromized tribuiacy
bil stgzamd n) the pinninal tobuiuy Gequeocy.

[F1he aclual (tequensy ol a particulor tribucary is Jess
than (he naminal cxater Srequency 1Len on ocsasdon, the
associntcd FLFO 158 wifl guc have a pocket tg irsect
i aa empty DTDM FRAMIE. Tue pat efizer ta that
a0 ¢n pry DTN {rame i3 added so that the thLcacy
azquirey 3 (tzquency cqual ta thc oocinal droquensy.
Haweya:, if the acten] Eeqrency of the trihutary <
larzece than Lhc oumical cecter Srequency the oet effect
i1 the: empty DTDM frames are dcopped §o thal ke
t:burary acqoiees @ [equency #gusl o the nomionl
fregueocy. LlestraCvely, the differsnge Lélwem e
vwotial and naménal ((iDUALY liegrtotics is va tbe urder
of 1 pee million. fn this casze, & two frume capacs
ity FIE-(T 158 ia sofficient 1 long a4 el inpar (ibuacy
has vnc adpty fame in 10

All of the framers 150 send Qug fremes ot the ame
tme, with foeme aligament beidg automancally
schicved. The aligned frames are then bit isterlesved
using hit intarleaving circoit 164 (o produce a sgle
bigh it rate bl sumam nt catmst 162 (e FIG, 3), Wots
that the clocks of the frumers 160 are counecu to-
gether 5o that daca bles coming from the Framers 160 are
plase aligned and can He bit interleaved direstly, The
¢lock for the frumers 160 3 provided by the clock g=ma
craws 166 and frequency divider 167, Io wa aliernatlve
embodiment of a Qene divigioo peltiplexer, insterd of bit
mterleaving, frume or byte kntesicaving may alsa be
used If the frumz latericaving is nced then the coultis
piexed ougut bit strezo haa the sume DTDM feeme
stracture, thereby sllowing the flaxhble yingle transport
wakltectuee 10 grow as the techaalogy sivances,

A tme divinon denaultiplexsr 44 (see FIG. 3) Tor
demaltiplexing the Ligh speed bit stream v ifustruted in
FIG, 1L The high speed data stream arrives oo lopat
e 570 {eo0 FIG. 3) mad s bRt deloccebcaved by oxans
o it delaterieave cirouitry 172 lats eeveral lower
e tributary bit mreams which wre tranamdited oug-
wurd ou lines [74. 1o order ta dizpatch the Bits to cor-
rest thibitarie, 4 p imed $pag - BP
1D} a inserted for each tribatary befors they ace multi.
plexed s the rxnsmit Wde, The tribotary ou Oac
1743 b conoectad to a frames ymit 176, which wikl de-
tect the frame bondary and defermins by éxamining
tha span ideatification whether or aot thic it delatee-
Ikave cireuitry has correedy aligned the tocoming bit
ttream g0 that sppraprists data goey W wPPAPGAE
output trihatarie. if not, efthier & ak5p pules b getsrared
16 7ot [he bit s2qoencs or a signal is generalad by the
framer 176 aod ==t to & Srens point switch 178 ta rens.
#go the oxder of the il surmam. The Bt streams with
€omect bit assignments eppeat at odtpats 120, 179 (ses
F1G. 3). Altzrnatively, inet=ad of the crospaing pordtch
178, 2 barecl ehilfier may be used. It thould be goted that
the clock for the bit delacerieave circait 171 and framer
176 ls provided by clock tecovery circalt 180 and fre-
quency dlvider 182, Demulti which operatt ac
oording o simfsr princ: wre dischosed m R. J.
Yoebm et wl. ““Standacdized Fiber Qptic Transmlssion
Syuems - A Synchrasaus Oprlead Netwerk View®
IEEE. Jonraal on Sclected Afeas in Communications

Q

—
-

L]

&

A

16
VOL SAL No. 7 pp 1424- 1411 Dzc. Y56 aod L. R.
Lioael “A Widc-baod Local Acmess Sysiem usag
Fawecging-tecanolagy Cocpananss™ JSES Jovraal ¢y
Selentad Arsan o Cammomcatioos' YOI FAC Ku. 4
pp §i2-514 July 1944,

6. Thc FFromer ¢aramer

Thr fremsr koif iy e0 impesact component Mar i
implccentaton of rpociic cnbodiments of (he 4sema-
Llevs, disassewbdlers, maliipleazes and demultiplexers
whick comprise the DTDA retwork disousis:| 3lxve,

The framar uoic parforms & nunber of funectiops io cis
LrIDM petwork, ieclndiog g4cesaling trains of emprz
DTDM framea, ceabling Gie writing of data packens
wen arenific DTIM Framis, nd the exanginetion of
hendee data in macific DTRM fames w geneiate sg-
auls foc ke couteol of peripberl circuits (cg. in &
DTDM demultiplexer 1o daterming if data by a partiqi-
lax DTDM fracee bcb}ns: t paticudar custag's prem-
o oqulpticnl of & particuler lesn denasly occupied
DTDM k¢ stxeam). All of theae (vnctivas may be car-
ticd out by the framear 1mit discussed below,

A frumex wmit 204 {3 schematically flliecnted in FIC,
12, Dlvateatlvely, the Gamer dnit 300 is formed ws a
tingle ¢hip, The frumer anit 200 hzs & eccis] data iopat
202, ¢ parallel dotz laput 204, n saxial data gotpot 206
and & parali¢] dala oipat 208, Timirg mforamcion for
(e frqoer voit 208 s provided by Hralng g=oerpior 209.
The framer 200 epérated Lnder oootrol of & contrel ueds
21¢ which fllestratively comprised onc ar mose finite
naie machines,

As mdicated ahave, n phurzlity of frsmer uails may be
couaccted ia 2 dalsy clitly fashions and DTDM frrmes
mey be prseed from one framer 0 the next (z=e g,
framers §3 of FIGL €]). Data may be written into an
empty DTDMN. frame us follows A DTDM fiane o
recaived at the serdal input 202, The DTDM fame is
cooverted to el form by sednl-to-pacallel cou-
verter 212 and bs detected by Crame dzrector 214, The
frame detector 214 s in comnonicatioo with the con-
ot 210 end iartratively oxqnmunicstes 0 the coterol
21$ loformation such az whether ar not the frame is
cooply. IHwseeslively, the DTDM fame Ilcaves thc
Framee unkt via (ha saclal sutput 286 afler canversion 1o
y=rial farm by way of parallsl-domssrin] converier 218,
However the frame cannot reach the perallehto-setiat
cooverter 316 unices the control 210 wpphaa m wigonl to
Lhe tristate devica 218,

The daia 1Y be writt=n ioto the Mume it tectived &t
the parslic! data Llapot 204 (Hlertratively from » FIFO
57 io the DTDM il ttream asteatblee 32 of FLG, 4). 11
Uic partcular DTDM foatee s mply and data s svall-
able at ¢the parille] inpdt 204, & sighal b applied by the
coato! 310 to the trirtate device 220 (o coadic the dala
to be insected mto the partioular TR frame vix bus
212 tefore it leaves the framer uwnit Ifowever, if the
PTDM frame is aiready full the control does oot pra
vide such m signal © the tristate 220 Lo particular
framer naits additional informeson such as span identifi-
Sation may bo ineened o epocific DTDM fumc by
means of ao edditipal rigtate vmit 0ot shown.

The {ramer unit 200 may also be wilized o pencrate
L cham of empty DTDM packes {see g, famer B2 m
TIG. 4). [n this case the serial inpyt 292 wod rssociated
rerisl-to-pasalle]l converter 212 are not utilizved. Instead,
wc coatrol 210 applits & peliodic Kgna) 1o tristate 222
sa that & frame alignment ward is peciodically read from
frume hyr= ROM 224 and tanwoftted vie bus 219 to
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pazaliclao-smal cenverter 216 and secinl nogpat 206 sa
as ¢ defins r Wila of empry OTDM (aties, Othes
infamwation gomypnieny the raasmeasion) nvarbexd (1)
fidd af the DTDM frames may also be stared io ROM
234 wt provided by ot sdWwnisy cuonccizd to tre bas
219 vin » tmate gevics operarve under the cvaural of
the coatrol uait 219,

Lo pruticular sisuationn {526 ogy fawers 70 of FIG, ¥
sexd 126 of FIG, 1), ¢ framee undk rocdves occupied
DTDM frames and the header (3T} ar tenannsison over-
bewd (T ficlds Lave W e camaninol 10 canoal periph-
eral circuit cperatione ypch as the reading of data icto &
FIFO. In thix case, & multiple byt= delay uat 23 tway
be inchidad io the path between the sesiil knpur 202 and
the fonltc] and terial Outputs 208, 206. Typically a
frame wrives o the 3eriel inpag 202 aod i converted to
paralicl form oy the sal-to-parallel canvertes 212.
The {mme deiector detxcts the fratne and sopplias nec.
csary Informuton from the hesder o¢ trampmmsicm
overhepd fislds to the ooatrol unit 210 wiich intnes
mppropriate cootrol ygoals via boss 232 such s wesr
resd/write strobes. Mastrwiively, the mer ead wrice
aurobes control the wrking of data fronh DTOM frvmes
in the framer undt into assoeiated FIFOL ox other buff-
erx- 1i the PIFO s byie wide formar, the paealls] pog-
PUt 208 may be nsed or this porpose. The delay unit 230
b used o losice that (b0 secstixry tigual procssing
Lakes place before the DTDM frame kaves the Ermmer
unit.

7. Cancltuion

A dots yansmisfion rechnique knowa as Dynamic
Time Divigan Muoltipkxing (TR bas boen dia.
ciosed alomg with so end-to-emd petwork wtillving
DTOM

Fmally, the atbéve descsbed cobodiments of the
invention ard mtended o be ilfustrative galy, Nusarous
sltemative cobodimentt tmy be devised by thosa
vicdled in the art witiont departiag from the splrit and
scope of the (llowing

What is clalmod fa:

nication Betwark gompricng the rieps of:

genocatiog & bit xifowi AOWDAKNG 4 sequence of
frames, each of wid frogey lnchading & tranemlesion
averhead field coptwining frume timing nfartiaten
and &0 empty payload Beld, and

flling the campty paylomd flckds la waid Semcs whh
date ko peckrtgrd foroomt from s plurality of
soorces which have aooss 10 the bit stream includ-

ources i ks own dmsired bit rate vis said Bt
siream smd for trammitang dats from sasd plorylity
of souroes dmuttanzousdy vis said blt swetm,

L The method af clalm 1 whetsits ptior oo fllmg ssld
Irpmes whh dlots from a clroult tansmisaloe stream,
i alotx are convenad W said patketized formas by
plocing & header in front of each of wadd slace.

5

I<

t
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"
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3. A metlod far generatdaig & L gfectm capaoic ol
Qersportiog dara angtiuling o botl: w:ceit teansmis-
2ion and packel 0vivcs comprising

gensrating & bC elream comprising & toquence ni

framcy, cach of seid Frames incjuding a teaoamission;
averhend field cootgintag Gwne thnmg iefn:mstion
and an cinpty paylesd ficld,

packetizing dats from A plusley of sources laving

differ=ot tit aees and which have acesas 1o wid bi
aoream jacluding circult tcspsminion saorcos or
CUALOmE? preinisty cguipnnedt W produce uds,
reckes, wul

inscriog smid packets from aaid soocoes int0 (he

empty paviced fields of s2id fiames woch Lhat o
prdket Grom wy of 3nid sources is inserred inig any
avuilsble exrpty paylcard field of soy of gl1& frames
for fmomuitting datn from each of Mud ByUNES at Tz
o damived bit mte via gaid bit soreas and for
trupmnltiing date fromt sard piundity of ponrcey
dmulansoutdy g tid bit rream

4. Asn apparxtes for sssembling & dymualc: tims divis
voq multipkxing bt Rrean compriting,

mhqumﬁxmmwlhﬁqqfﬁ';mu

wherem each frume melgdas » trapsmision over
Bead ficld contalnlog timing iaformasinn and en
ciopty payloed Beld,

menans for proceadng data from w plorlity
of pougees mto pecker focasat, aoxd

imerting means for recelviog anid traln of fmmes and

fmhammfs:il:hlcfmd wrnbm ooagoriaodol'm
o ons © plarality af soarces Ay Smpty
tayioad Geld of ey of casd frmtves wvailobde o aic
inserting mesns ko form gakd hit atesm 30 ot Gatn
fromm each of wid sovrces can be transmitied al e
owin desited bit ratc via suid bR stream and so that
duln Eom wid plurakity of soorces cag be transmit-
od dmultaoeousdy via tadd by wream.

E. The eppamnttn of claim 4 whercin sald soueces
include circoll tramsmlstion bil streame o crstdover
Premites oquipEent-

& An spparatus for mescmbliog m dit stream for trans-
milrmg data ROt & plirplity OF Aotyost cOmpPIiIng:

means for pencrsiing a tradn of foumes, each of zald

FaAtnad inalnding m ranemitdon ovarbesd Eeld md
o craply paylosd ficld, eod
a plurality of intacfaces, sach of sadd interfaces perv-
10 teriacn ops of @id ®urces witk sxid tain
of frwmes, cach of sald lateddoces comprising:
PACKALIN g e fof comvirting dita 1o data packs

=,
mmmm;_ﬂm “::;d(f packets
formed packetitng moans,

chonrt meet fov insatting 2 packet rtored in axld

memory means into any emply paylcad fleld of any
wvailabla émo of xaid frames 8o thal dets from each
ope of paid sovrces ciu be tramamitted et lts own
desiredd blt 7ato via sakl bit sl cas naikk K Lt dulas
frotd said plartlity of sowrcs ¢an be trahsmdlied
simultaneously vie said bit stxemm.

7. The appantun of claim & wherrin sald interfaces
ualts are coanected 0 one anather setially axd whessin
dd frames ace pazesd esquendally o atch of and [nter-
{2 umity to receive Said packets o sard émpty payload
fields.
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A frmmer-femultiplexet circait peavides means foe re-
cucing the bigh teria] bitgtream ratz of byto-gntesleaved
law b=vel sigeal rame structares proposed by ths Syo-

carancus Oprical Relwazk 1SONET) agasl bietarchy
to spaacs which cun be procoyyed with Jow-pusees law-
cost CMOS YLS] fechrelogy, waile esatlishing aad
oamtaning bueic oyle intepricy. In this cisceiny the
jnconiag high-rate sens! bt strexm s divided aleec-
natsly between chils rmrsia s 43, 44 under the oceul of
2 3ingle highmeazision clock-Avision siscuit 1o pravide
2 TRulitbit formaiting 1nac enables paralel dsiivesy of
stag= hyres with the @ lafeld reduction in 4ansmis=on
to a 7al¢ within the processicg capablivies of CMOy
e, Nevessary syachrocization of the regimer ap?
latchizg alements af 1he ciceeir with the incoming, bl
stream & eftecied (aroogh use of comparaar means 62,
54 which detet key bit pattesns withio thr sandarc
Maming bytas foe Zonwolling tne phases of the biz-disiris
bation aod byt om-ateh clecks £1, 48. Additcazd
somparator circalkey 34, 35, 36 employs framing byce

estabihed durng synchropoas byke copus
10 detect ang Sgnal the oecurence o frame stncture
wepehmathks froan which dem-processimg CHMOE ol
wiwry can determime the boundacies of dats bwtes
within the panliel byw cutput from the demalteplexed
frame, The phav=-cotal bil sequents CODPATRION Gits
cublry €2, 64 11 disabled duriog pegiads of. satofaciocy
fratut processing. bet i reactivated apoa the derecon
of FrRming seginenct 21700 to pravide fsyschncal 2aion
in order to ensure recovery af propesly restaged data
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HIGH SFEET DIGITAL S1GNAL
TRAMER-DEMELTIPLEXFR
BACKGROUND OF TIIE INYENTICH 4

Thae espaptive Aata leansmissinn czpabiities of opi-
cal fincr tecnalogy heve made praciios) U vps etz
of d.ual wlecocomanicstion sysiems $1 mies wel me
the. papanun per secomd (Gbilss) tope The Mvaotges
10 be realized in B3 Wehaclogy pre sprarens, and dy- ©
veinpment of stwh systers hos pruceeded oo oumeras
loots workiwide. Uufurtunalcly, “besé cuoltpun-
neous develupments Nave resulted ju & oumber of in-
depcnutccUydeviscd Syl archileztwres which lack
e zompatitility aesessany for cflective giodat, ot tven 13
regioml, ceqnnenicedons necavrks.

With & view Wward «toblishing wal cowitacoiog
such compreiblliny, stendats bodies beve
b yuctoret of povical Bystem rkisreiision rares and
intecfaces, pot the beast umoop which are those incocpa.
rgrad inle 1ue Synchronous Opdeal Nerwark (SONLT)
Eiszarchy comcepl This iinpartnt advebcethonl ogar-
ates upon 3 base level digita? cigmo! framing format,
narely the Synchroncas Transpore Siges! kevel 1(§TS-

i) frame, which cootists of £10 B-bil bytes o data, and e
whick 1herelore provides u sarin’ bit trunsmissioo me of
£1.54 Mbit/s st the basc 3000 pa szcood bramc trans-
missian, rare,

Uades ths omitpt, sl rmmisiass of higher
rate are nchicwed by intesleaving bytes of any dedred 30
numtes of STS2 fracee {n & prescited Ieguence 1a
form the cocrespopdingly higher signsl keveds, ¢, §TS-

3, TS, RTS5.6, . . . STS-24, ete. The $1T.24 sigual
1bys consists ©of she inwerleaved Yyes of 24 STE- &y-
nale, and has » reSUItNg tanamdsmeom rote of [244 3¢
THhiL/s, ar 1,244 G5, Le 24 times the mee of the baiic
51,84 Mbit/s of the ETE-1 signal. For the tracmimion

af soch a 3lgnal, » muitipbesed aerind kit 2e=am o5 wsseme
bled by intxkaviag repeaten sexjuentinl execactlom of
ooe byw (rom 2sch of the component STS1 frames. It 4}
ls necestary, therelors, thar the signal receiver recan-
steuet from this; serit] bl 2oemm the origina) bess frame,
oraome Erome multipde theread, 1o order What the cacrest
subniabhot of the transmitted U grul may be recovered,

While with current sechaology the secial bil stfmam 45
may de axemhled into fundamentyl F-bit e sorec-
tares, it i1 emeial W the propey secovery of the origl:
ol SONET frames that the byte assembly be comrecdly
syonchronized and U bumdaies of each soch frams be
|deatified m the Ht streaen tesnpmirkion io ordec that the 50
recomitractsd byted will duplicate each of the e
which were intericaved 1 produce that arcial trenermise
ion sgoal Tt present investion provides oxthod snd
xpparEcys 0 funoe tal such propar synchronizadon
a2 frames ideotificstion wre establithed and maimtdined 15
tlrougbobt such & sigoy traosmission,

SUMMARY OF THE INVENTION

Tue basic SONET frame prescyibed far the fost
trnsgort loved {ETS-1) copsists of ninc ows of ancty &
Babit bynes each. OF theze bytes, the Gt toree in sach
tow ecayivle the (rame trenspogt overhead contining
frooxg, dentification, eoot checkiog, aod Jike infor-
rgation, while the emainiog sighty4eves bytes make
np the “paylcat™ of the Frame, i.c. Wie troospar mediom 85
fac the ubstence of the or dala Unxsmaidlon,

With » trensmrisson sete of 5h.R4 Mbicss, tne STS-1
Tme =teHishd (b SONET frane pericd of 128 mis

768 .

seasacands. Teds frme perice s mairlined thmaglaat
the Nierarehs ¢f incrawing tresport leves frames Sy
in‘csleaving Ihs respective byies EOm ach row of the
zoreparanr Iower beved [Tawees. thereds Ceniving 3 trang-
mimiao race of N SLE< Mixtds for the STE-N fane
Ulll2ing avalaole gallwm arsezide {SoAs) tihanze.
meat-denledion ande metdi s=mizandustor fisin cfec
wesiswr (MESFET) tecbnelegy, iozegmeed Circsits
for azccpleshing suck byl interlexl multglexicg have

0 become praciicable 1o t¢ N=124 cangs ol an STS-24

{ramc he'irg & waosmissw coc ol LI COhiv,

Transwissinn aof the STEN frame © effecied jn »,
row y-10w Tancer, beginlliog Valk the lict framiag
byic in the Irarspal vacrbend s iouccding throug®
tbe fioal N 3Tk gaylosd bywe of che figer 10w balare
exntinuing on 1¢ the fire averhead byre of s second
freme row (o Gansioission of ewch subseqaent tow off
th= frame in like marmer. Fol.awiog tsecsmission a7 the
fast paylozd data byte of the olach feare row at the end
of ti¢ (43 microsaaxd [vanic period, tic fet (omng
byte of ibe next STS:N freme is rersmitied, ané 1he
[OCess coutiomes in thus MUBACE theougbout tbe trans
misslon,

The tit tircam of the ‘mneooission pmeeeds lo the
noted ryze-nerlesved swammiuc al the muce, assyming
the STS-34 frame, of (24 Ghin/s o the pee=ving
station whare that stecarm mess be refarmatted ince the
original oyiat andd fremes i ocder for the revever pro-
cmning GiIRVIXY I propetly exuied the transmicted
dats and mewseges. Withlo this seriak eransmbssloa of the
Juts bix soeam, howwwes, there are ne dininetly bigh-
tighted banmiarics brrwern the wespective byies and
frames_ It s necessary. therefoce, that thers be w capabil-
ity in e reosiving symem by which thesc bowmdaria
=ay be recdgnlred po thet syrchuomons byte nmaeturing
md Srme foymadling may be establobhod.

The eincuitry of the {aveation adllses tw tvo pre-
scribed SONET faming byis tit puiteooy ws bagss for
timing the initistian of byte steuctuning, 38 wril & desig-
mating aed ccaftraaing the boondanes of the frame {for-
mai wilkia such byvie sequenc=t These framing byt=
r=ide i the fransport overbesd and occupy the mitiel
two potitions in the STS-1 frame, o N-maltides
thereof o 4 tranamined STSN fame, axd thed repese
tive erogue il patterns distinguich barwern them i wll
circumnstances of hit paMeem raweGon-

During the demultipl=xing of bis from the bigh-
speed sevisl trarsmispion of & Fame, a choraceeristic &
ratters from onz Of e fruming byws i cventvally
roeogtlzed Jo cofaparaser wiccuitry which signalks the
proper spichronization of byt formetion and s e
clock conbolling that Operesion. Other compwrgser
moARs are provided which recegoize the taosition from
the fost to the second of the feaming byte partasns o
enoble 1hil @ecwrrenze W be willlzed w denote ths
oabdary berwesn demultiplered feames,

e present capatilitics of GAs enhancement-Saple-
tioc mde and CHOS technologies aré such 43 to pra-
vide maxmum fuactonality of the focmee U e the
¥15-2% trammosion rawe of 1244 Goitss, and of the
Jatter #¢ the 1:5 desuillplened STS3 este of 1852
Muit/s Altbough the refrsndng and demulbiplesicg of
the high-spesd senal Zata bik stream can be effected
the receiver in the GuAs MESFET sitcuicry, the e w-
3¢ coxl and pOWEr consumption aake Iv desinble w
reduce tha 2gnal tTROSTESNON (e 85 306N & pedsible n
the demiuldplexiog and stgmal processihg Opctanicdd in
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urdar 1a take advantage of Lhe mare ezoncemicol law
power UMOS VLT ciconits. By imitiag Lhe opesalicig
ul e highazccd GaAs crzii 30 the aurial frame
f:1raazzing sed synzhrunzaten, ard relezacng to evsii
2ai= CMOS chips the =321k lnoe demultiplexing
daL X froceng- A0 eflecdve yud coun unkui Use #
snede of the vapabilities of betk theze technolagies.

In 1ne geosrzl appocatian of che peczcal vesrinn,
1he high-spec! yerizl dit sivcam of the STS.N Jevet c.g.
57523, Irmewisooo s deqwliiplerss ¢ the asc
SONET &bl byre-pacalel facma in the Guas cicquitry
gicher al e STSN cleck rate ar, prefarsbly, et hall
as <lock rece in omler (o proviie 2 less sescrictive tme
s=uh Jor e implancngen of Uie svibrunizin § gelivg
funchms The resulting pamliel byte stearm s made
pwailable to compamion CMOS cireuitry foc signal pro-
cassicy, wlile the higb$pocd GeAs chip, in additan 1o
15 hyvia-Farmattimg foinccias, ia renuaes? ¢aly 10 actver
frzaing 1vnchronirtion (o the event of & Joss of such
f:ame¢ synchreaizatlon the CMOS processing circun
reiostltuees in the GAAS eiteiis the reframing proces
which aurmully will ©e accomplished withio tae peried
of twg frames.

THE DRAWING
The present ioveation may be readily seen in the
sccompanytng drawiog of which:
FIG. I is the represcatation of an N-$=vel framea of the
Synchronaus Optical Metwork [SONET) signal hicras-

chy;

FI14. 2 |s the represeatation of (he (ranamitvd buta
wream format of the Nest row of 2 SONET Nelevel
Frome;

FIG. 1 & n hlotk Cisgram of in embodiment of the
rames~demuhiplerer circuit of the present nveadon;

FIG. 4 is a block dlagrem of & prefecred emtodiment
of the framer-demwtiplexer circpit of the present lrven-
oon;

FIG. Bis n bock disgram of u thifl mgistac and Latch
arrangement uhdllzed i the enbodiment of tiw clreal of
FIG- &

FI1G. B » block Sageam of w 2biR regiscer sad 2
comparelor arvasgemend utiized fa the cmbodinent
the elrenic of FIG- 4: md

F13. 7 it # bleck degrem of as 3l ¢omparator anc
feetir: Yaundary detector arrangemestc ydileed la e
frameydemnulipdeser et of the pres=nt mvention.

DESCRIFTION OF THE INVENTION

The Synchronous COpticad Netaork (SONET) xignal
tierarchy ks based opea the sigml frrme forman geoer.
ally reproseated i1 FIG. 1, The base, N [ nigoal frume
af STS-1 (Synchromens Frapapart Kgon evel 1) con-
=515 of thr nine rows of ninety byt @ which the fir
tad byies of Bhit are the SONET {raming dvies, F1
and FL bavicg the peescribed bit patterns, 111101 {0
and Q2L01000, cespesiively. The third Lyte of the Coyt
frame o, desigrated geoerally a5 [, along witk the
remaining ficsl thoee byt in exch of the remaiicng
eight rews af Lhe fome Dnke up the balance of the
reanepor oveshead which providee feame Wentifion.
tion. error checkng mforuation, mesRpe pointer, and
the Jike

‘The body of fenstional data, Jesipnaiad as the “pay-
lead”, tremgxitted ip each e i iocuitd kb the e
raining B7 dats bytes, D, 12 cach of the nine franue rows
1o yezlc 791 dyvias af such foneiicoel dut. Eagh SONET
[eme & tranonijted OW-ADY-NOW ot the rate of FLOD

w

10

25

J5

40,

33

€

6!

4
frames per sovon thus producenz. for dhe bagic STS-1
i), 3 seria kil siream of 3LBS Matlsrs. Spgoestive
levels o sig=s| m the hiezauchiy are fohned by ineslesv-
ing the rospecrive byles of the basic S'TS.0 signals
wrihun the frame furgiac o ablan che STS-N [mme,
where N2, 2, 4., ., The bas 125 micensezond frame
pericd s retsided, hawever, neseoy Nelding ncreasing
b.1 ansmission Mies e N X 51,34 Mbissy

In cach such fame, 1M «“milyly positioned bytes
[som each STS-) siznal art A mibed daquentilly in 2
sTring in ke ke posinen ¢f that feme, thys locauep 4
byte, B, frow g ith position: of the jih STS-1 fzame a1
the Bij poeltton in the STEN Tame. TS SONET mul-
tiplcaiug errangemcol gy be seen {eom FIC. 1 in
which Lbece i denictad 3 reprt<~ralive sarid trascmis-
sion &f cbe first row ofan STS-N frame. The trazemilicl
brte stram ks bepded by F1 {eaming byte=, Ft1, Fi2, .

., FiN, fram exck af 1be N mtedeaved $1501 fames,
followed by 1he P2 framiag byws, F21, 713, . . ., and
e semsining byt &f the row dowr o the (wnal 37th
dota byie of the Nth STS-1 frame

Toe following rows of the STS-N faama¢ anc subsc-
quens such frumes are slonilarly traramitted i the cop-
Wcuing serial bR rream W ther destined sermleadag
SONET receiver where Lthe {rames muet be reformatted
by meconstiruciing and demultiplexing the pnsmined
dytes o originad onler and Kquemse, 1L is necesacy,
haweves, io sréar (o #ffect such bytz angd frame strud.
furcag that (he beginning of tach STS-N Eame, 5 tm-
badded m e serial traosomismion, b= identifled a5 suule
tnd that byte foeroatlon be syncbronited with that
benchmark,

As 00¢ed, the serial ransmlssion rate of the SONET
frome | derermined by the oumbe af STST signals
2 oldplexeat into e STS-N frame- Ic s, of &ures, desic-
oble thal hig rangoisxion falé be at great as poisible in
onder to bast exphadt the extensive bandwidch avadabie
n Gxluy’s [Her optio tranrneson feclition. At present,
GuAs enhaocemencdenletion mode MESFET teghaol-
apy provides the capabllicy of nwMiplexiog/demulis.
pieaing SONET {rames op to the STS-24 sigual lavel of
1244 Ghitsn/s. Hawever, ia practics, Whe slgaal receover
reqQuirst GOMPplEX CHGBTY 19 Aty oot the cverbest
precetsing sed paylead extractian on incoming rigrals.
It is for this 2eason that it is dexirable for ¢the maxlmum
aount of receiver proceding to be sccamplhed ™
widely wvailshle lowzr spessd, Kwspower OMOS VLSI
clecales kn order 10 avaid the sutManzial cost ol power
requiremeats of high-apesd Gahs chip processing.

nt aceardance with the postant inventioa, the byte
foraantleg wnd fouoe definitich ate s¢complizhed n »
highuapeed Gads MESFET device recelver arfange-
ment generplly shows m FIG, 3, Io th embedimext,
the transmitisd serigl data bt stream of the STSN nig»
mal which for purpase of thit descoption will be m-
jumez tn be ot 10 5T8-24 level, is inpun 0 20 256 shift
megoter (SR} 31 where t i Cocked tuowph x the
Qaautput: & che STS-24 rate af L2444 Gbiv/s, These
auwpats af SR 31 e connec1ad io parzle] o the mpors
of §-5it letch 33 from whicl Uw dsta will be appesr a5
1bit bytes st oulpyis L ... L4, Altbough depicted here
simply as sesarsie devices, the 32ifi regacer and daweh
way be combined io any knowo manner ioto & Hogle
device.

The ST5-24 clock signwl which 3 iymehronired 16the
bil Mzeaul transmision, aod which coatrols the e
quencing of data bits through SR 31, is directed to clock
divider 31 where 1 ls reduced Lo one-edghth, C/8, of Lhe
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§78-24 rats, 2.2, 10 1555 MEILE This O clock apnal
azoLe Fom divider 32. witk usoal approzniae rindng
199 celay adjusemants, & ivpot 10 latch 32 1o chereby
Ingzes b oueput af eaeh Ryie af kIS acwlv azcumue
hied 10 SR 3L Wirhoul Furthes eoncrol however, ths §
byie Formaling al tas poin is subiect 0G 3he sTRARMY
grace nf Lhe cownter of divider 31 The correct ge-
quence of 5L i soy byve autput frem Jecch 33 cen
Berefore oat br assared, unes, depesdiog vron Lhe et
al' the divider counde, Lhe 1és of sosh byte may be ¢
viscributed m any fason beowesn bwo codacculive
bached-aot bytes Tbe koown sequence af tke pee
wnbed FL haning byte, 153191190, may, lor example
appear in any of @ght such distributans. such as
At b 10110%x, o axI 11101, 19ataoxx. 38

‘0 arde @ set tht dyw-lacching clock signal Trom
dieider A2 bo e propéc phate (0 ensure oynchruouiis-
bon uf byis formeming wits the arginal tyics <f toe
Lxie, ccmpaivear 3% s ascé 10 monior the progressing
nare of [ oatputs of SR 31 x 10 :ocoming kil date 20
sWzpos castainlop tbe Gitz of 1the I framing byte are
shifiled theough. The 53 comperater 39, which msey be
s OR ga1¢ condigusation such us that ef F1 comparaior
34 shanwnt io FIG, 7, or any equlvakint combmation of
otber types of gt clemens, sack m AND gaves (or 29
caeuple, B connected by means of indtvidaal nput
conductor Jeads 19 the sppropriate  and Q outpus of
SA 31 Ln ok chat each euch iopik wiil have a *0°7 tate
when SR 3t = Soaded with the F1 framing dyie.
nsus 30

The “0™ seate cuspus fTom comparalor 39 wilk then set
he connier of closk divider 32 K0 Ligges e outpet of
the mutciwd Fl framing byie, 1ad o begin clocklag
reongucted, proper)y phased B-bit byres out of Intch
33 Fromm that txne on undl Fome exrapegus ssTor oocuce 32
i the Wanamimiap An enatle/dizable mpot 0 compar-
atoe M, of which morc will bt described later, snapces
thar the revetting of clock divider 32 takes place only
whan is counket s ot of aynchraairacion with the Fi

Ewmlop bytes «

['poa completion of the formattizg of the bigh-speed
Tpr serks] data trexm 1o 8 low<peed. properly e
chronized byte-peraliel daln stromn, hac remsiss the
pretiet of Meotifylng e bonndarics of cach fragoe of
the onigioal (rusmiincn @ order thad the payboud, as 45
well as the ref¢vant overhoad informatron bytas, may be
deaultipiesed 1o tie baslc STS-1 Jevel For thi pur-
poe, the prescat isvention felics hom the prescnbed
tit saquences of both $he Fl end Fl feamiog bytes, of
which mach (ame pbxve STS-1 will kave ar ieasr ewp, 30
the E2 bywes pIowing lmmedintely span the fingl F1
framing byze a3 depictsd im FIG. 2

This trangtion frow the Fi to the F2 faming byt
repmats ooee each frame, N bytes afiar the beglaslog of
the fsamne, and therefore irves a4 the benchmerk froo 32
which may be d¢rernined the boandaries of the Eaoe
™ be procenad In e recmiver elredery. To recogalre
ks transitlon. eecwrence of the ualqee byre panem
sequence, FIFZFYZ Gai = 11110110, DJLOL00,
00101000, 1s defecied in the combittatiom OF 3-hIL ecm- &0
pasaleys 36, 3%, pnd FIF2Y2 dewecioe 36, an embadl-
ment of which = thowa kv greacer detell In FIG, 7.

Ax early=e oated, the mputs to the OR gate comtbma.
tvoo of F1 comperalar 34 ate atached 10 those fespec-

tive L or L eacputs of 8-blt lateh 33, or af the two 4-bit &5
Talghes 45, 46 used in the ecbodiment of FIG- 4, whih

will preseac “0' stiet 10 each of QR, gotes 71, 73 wheo
wo F1 framiag byte, L0110, {s latched 19 the byta.par.

4

o1 otz line in wyachrany with the CAA ek signad
lcam divider 32, 'L lhie tike "0 mae acipzly ‘rom 2anes
11, 72 wrdl then caTy (hrough gole 72 as che patpoar
from F1 compurator 34 Paigog sagaeni:ally ‘hroczz
fig-flop {F/F) deviics T8, 76, 4hin "U7 s Quiiol wily
appats b OR pate 79 two C3 closk pulies locer

la similar csoner, a Jollowing F2 framinz by
DOILOON. wall appiest al comperalor 35, whick has 1bs
saple devite eomconcnl siruchere, bud different inpal
lead wrangement, a8 compacaor M, one (/8 cloce
signe) sizpe change, of pulsc. wfier e ¥1 byric upyear-
nics k¢ comphrotor 54, and will pravide 2 )" sale
cucput 3o F/F 18, Tlus siete will zppear at gal= 79 one
tleck pulse lale akoag wit the sccond YT nake feoen
vomparasor 35 sigrfying the oecarrencs of the wecond
F2 byte m tne FIF2FZ sequence. The (lwer suoult-
nenas " statcd tous nppeeriag st gese 79 from comcpar-
slor 35 and 5/Fs 76 aa¢ T8 confirdt desecniou of sbe
unique FIEZELD tvte saqueacs by ouwpel of o lmmeog
pulse, EP, (rom detettor 346,

This frassing pulie, FE, wll pocar oacs in each syn.
Lhroouus frarne of the byte-porulled transedzcion and is
went fredn (e GaAs chip b0 byte coantef 37 stsccisled
with proceniog TMOS circaitry to roét that coypnler
when the tramsmissios fE4ms o fume™. 2o the #vent
of any error which causes log of byie synchrogizasian,
F1 andl £2 comparisont sad FIFAT2 detectiaon will fall,
resuitlng is 1ess of the framing punc, FF. ARer two
Ireme cveles of soch an “oatal e” candition, the
£EMOS byte ooanzer 37 will have accuealaced @ press-
lected comnt and will avesfiow pa oup-gf-frame pulsc,
COF, which i direeted baok to wpgle 3 b the Gras
cirouitry o cresle an *enadle" conditica i compantar
9.

Thus attivaited. compazater 3 will mitate the ces
framing pe0cedure With 8 Beaxed of S 31 ourput condl-
temt wntl the F1 kanlng byte sppears. The phasce of
divides 3% Lt thereopon teact 1o eytabBish. cno= again,
correct faame pyncheonization The Gt FIFIFD -
qucaoe detected thereafter will generute an imitinl frams
ing polse, FP, which, in sddition 16 resealag CMOS
counter 87, will ulp toggln 39 w Jisable comparatar 39
and silew divider 32 10 fomuin =t A2 38 presenr phase
far a5 bong ps e TARsTRS caualag o freme

The foregoing smbodiment, slthaugh effective ix ity
fmpl=meniation, deed exhlbit som=what leas tham opo-
mal performasce in (has the lnilal operationt for teser-
ting the [aming clock are carvied out at the STS-N
clack ea0. Where, 2 1o the curtent ARG, Kansmin
sion b at the STS-24 sgaal Lvel, these operttiont wx
tnly fequlss the use of sxcasive power it the pecesary
high-1peed devices, but they miso estabtleh & rather se-
weicted clockaetting “window™ which emends: for oely
aboot 800 pleosezonds- 1n onder ta ofiect so Improve
meat In these arezs, the $pik-regites embodiment of the
loveaticn depicted in FIG. 4 is prefoted over she s
pleregister implementation of FIG. 3 [n thet it etlizs
higbapesd devives only in » $ample free-runciog dock
divider, and it expends the framiog dock windaw 0 4
more cam{orable 1.6 paposecoma

As shownp m FIG, 4, this preferrsd enthediment of the
irveation eploys a high-peed clock divider 41 which
need only reduce the STS-N, Le, STS-24, clock mie of
1244 Gbit/s 0 doc-hoif that ate Ulizing bath the Q
and J outpot of divider €I, tere are piade avaliable
(we 622 Mbles clock signals, €/2 and T7Z that are in
180" phast cpposition. One or the other of thess clock
tigkald may be put inlo uea by nacan of 2:1 selestor 42
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whicl: @ s=¢ by toge $T. This toggic o UL (01w w0u-
uulier by 32t cooprrares 62 2l aczivared whez it ds
determinad, &5 will lacer oe deseribed, that the bvtc
Iermaltleg i vut of faoc znd in nezd of tke Oppasice

sawc of the C/Z clock. The sclecse clnck sigral & 5

swpioyed oo 1zad ond Sl che STS.24 sieral wcind datk
iy pawrcd bies ke @0 thoauph toe 3we shili repssten 43
3¢ 44, 3z rerves g a5 3 basis for fous-fald rate r¢-
ncdon o cleck divicer 48 1o colan the 125.2 Mble/s

byte Liocs ngnal- 12

Shie cegisrers 43 {SR1) and &4 (SRZ; pre husically
construgted  of owasterdslave-type Mip-flnp  déwess
wiigh foad fitput dats On Cae phace, ep. the dse of the
rriggering clock, #nd latza thal Juede dar 10 the ©

cetpues a0 Uic oprotsie, o&, kg, phess Register 4d. 14

Yowever, ¢oruprises 2 an addiinea firt zlement a
wizve 1a1ch which opralo, ia 1hia cxaoile, oa Lhe fali-
ing clocs pleie ta wRd & cusyzac bic for yse os inpat bc
th= foliowing firet stage of that regisier oo the nexl

osiug load ghese of (¢ clock. lo whus ranper, the 20

trapped bit and the following Wit in the seral tiaasous-
a0 are Soades as 3 palr Mo ihe repective At sages
of the SR2 and SRA registery af each pube of the €2
cscek, the SR2 bit agglag the SR1 blt dos 1o the delry

omparizd by the trap Itch emeat. Thus, althowgh thls 25

Mglpikmﬂﬂuﬁyﬂ&:rﬂ:dhud&
data cranslsgion, et STE-24 die bk ts nopecheless

clocked bnzo the sespective registerns
Laiching out of the cight bits sctaapulated in repis-

Lers 43, 44 js effccied, ws @ ¢he previows eobodiment, X0

upca & T/ clock signd] desdved from the STS-24 elock
of the incoming $erial date stream. In this inclonce, this
Ltehing clock dgnal b oineiecd from & foxc-fold divl-
wen, in ekeek divider 68, of the C/2signal fzom salector

42, 11 shonld be yndersiced bete Thi althoagh thete At 32

ogpicted b pair of 4-bit latches 45 46 io uss far 1hiy
puipros: a single B-bit lavch might bt employed a4 Sothe
siogle stage erobodiment of FIG, 3, v say event, in
order to obiada the £onMe<T Bequeney of buta ¢t the lach

cutpuss L1 ... LA, thearrangement af echducior Jeads «

berween the QI .. . OB cutpuls of registers 43, 44 apd
the opuitt to Iatcbes 48, 44 is elecred 10 be xa gboum in
F1G. 8,

Since the first bit opw i regiateny 43, £4 will ave

shifiad to their respacdve Q4 and QI autput pedldons 45

during the pccumulatioo of the semuping 3ia bits of &
glven byte, the lead patiera berwaea regisient 43, 44 sad
locches 48, 46 pppaacs 5 Q8-DL, Q4D2 Q7-D3, . ..
“This chosen arrsog=deant will, of oourte, be valid for
caly oue of the twy possie oppascd

nViog froem peectoc 3 however, a3 naied, the clork
phase may readily S revensed 1o malch e indlested
connestor artagemedt Lipoa ench palse of k properly=
phased C/B clock sigoal, then, the oghl bitt acsumu-

inted 1 registers AY, #4 in fnme syncheonizatinn will be 54

|arched oal 1¢ the byte-patalel oulpul fioe in a corecily
arieeed, 3e bl . .. bA, byt

A5 previously mdicated, Lhe extox taap |atch siage
register 44 bnparts 4 onc-dk dolay Lo 1be leadiog of s

fint nlage, thereby caniimg the SRZ vl 1o lag ts com- &

panion SR1 ble during ===h clocked step in the mzistes-
Joadding process, A5 & result, the It bit of & given byte
will, depenciag wovo the phare of the C/2 clock, b
lcaded oo SR r=gleier 43 or SR2 reparer 44. [o the
foemoer event, 1be laggiog SR2Z bit will be the Jaet bhr of 64
the previous bytc, ezd the alttmatety Joadead byce will be
out of byte eynchirvalzation. In the laker condition, the
SR2 hie e, the Fisst bed of che Jonding byre, will 1ag tbe

clock phases de- 30

macs fecendiy mrmvad secuad il thal byle which wilt
b lneZad surtulianecusly =i U (st slage vliogster
43 as ch= SR Yit, thersby escablistiog the byze-synckro-
e sonduice wherein all D% 08 10¢ piven dwe wili
~~ide in 1ne registers at ane Lms ducisg 122 laoding
progeession. Thus, o tbe prosent 2maniple, the byicaya-
ch-onnis condition exsts \wher tke odd b, dc. the
£t Llzed, fiith, acd eeveoUl af the given fam= ace
trapsed 2t SR2 repesrer 43, and (2 evert Lits ar= loudedl
inta SRT reputer 4.

Sirae bt beginning of 8 framiz¢ pracecare is sabject
tc zn 2 rhitrary posst nf fhe ST-N clock, sng 133 depen-
dent fording <lock Sipnal, C/ %, o0c canocd oe assurec ar
the acciq ulalion of bis in 2 byre-synchroacas Msalon,
ir. swnchrooized in aceorcence with the wbove
geseribed Joading prefercoct wpon which the soted
conucict ATTangeméns was chasen for transmioing
sLeged bics bo the bytepaczllel oxput Lacchies), There i
thus 2 0% chanca W ficst Bit of the 1-5it szquence of
o given byse wilk be ioput 10 reg'sier 43 on the rising
Sock, sather ttmn bekng, us d=sicad, tmppad al the slave
latch of regitey 44 on the falling clock pulie- Tie chock-
ing of biss fo this out¥-phase munner will in effect
retard 1he Focmaniag of the byte DY vbe bt aod caose
the laiehexd-out byte to be out of phese, with the r=tul-
wet lom of tame s well a8 all qubicancial mesning of
the ceneat of the trnsmissiox. The Fl framiog byte,
foT instanca, sssuming s properly phated latching cinck,
C/3, world no¢ sppear Ip & Fullydoaded regincr pair as
b pn;:rﬂ’:d [E11011G, bur #5 &a Qut-of-phamc pattern,
(111011,

Upoo analysls b will be stca, howewer, what during
mpw“mo{r@nmﬂ,“mm
oui-of-phase elock signal a anksue parera of bis from
20 F1 framing byte will sppear at the Quoutputs of those
tegiswers; spacibeally, the 110 pactern will ypper o the
7, Q2 1 ourpuas. The mnigus cheracter of s pal-
tern Ues o the fact that it will not oy appear dering
any propressive oading of an ingbass beqitnce of any
pombet, Le, from any ST8-N fame, of F) and £2 fram-
ing Pyies. Tha sppearance of the 0 pattern may be
relied wpon. thevefwe, to ggnal the exitsoct of 4o
cut-of-phxse loading ¢lock skgnal ut the beginning of u
framing pracedure, sne Ut will be encounweod during
receipt of the first 71 framing byte of the STS.N frame,
and may be waed 10 trigger a change {8 the outpae of
ul:c‘lLr.ll‘ 42 to Ihe phuase-apposed €2 howdiog clock
g

Thir phase-dhsnge opémtcn 38 coneeclled i 3-bit
(010) camparsto? 61, which & shown n FIG. 6 us beiog
implemantad in OR gots 62 o durput & “0" mate which
will activame toggle 47 to slfact the clock phase change
ie sclecwar %2, 45 previcasly aoied, Tao achdeve the ro
quired 000 mpus o gate 61, the Q7. TF, Q1 outposs from
Tegpsters 43, 44 ace empioyed, ong with the "0 mpul
"enabie” statc o 19EELE IB which, a8 will be reealled,
35 in 1hat nate s rasult of 2 fedure of the derestion nf
1he FIF2F2 e 1¢quencs, ic. the indcation of the
extitence of sumt vut=cd=irame condition. As a mancr of
conveotidn, the three bil Jtads are simply [ndicated in
FIG. 4 by the chacacies “73", 10 (e aame mennes s (be
respective leads For 4-bit andd B-bit data Tines benr the
0LAEORS, /4" and /B, Onpe tke loading elack sgnal
has heen thus s ta the proper phass, cotnparaior B2
Wil oot sgaiu e the actunzdes of the 410 bic patrern
in subssouent F1 oxd F21 fouming bytss, and will be
disablec et the FLF2F2 Lunsition: thereby allowlog the
clock gigoal (o remwin in the deleciad phasa o440 in the
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cvern that vits of en actyal dmiz Lyne match to= DIG
periem. L. Jowsver, & Lansriss, o0 emor eocurs which
cis:unts Lhe established Iramizg. coapsraier 62 will be
re-¢naled Ly the cosulting FI1F2)2 (wlore ol the begin-
wing of The next frune, and will agoie indbzle proge: 5
loading clock phasing ot e szt of me follcwiog

framne,

With the loadiog cleck signa?, &2, o the correct
phase tc enqure the loading ¢f propes byles Jrop: 1ne
cTEN e, there recmics the noeovsity 0 2eC 138
Jaiching vluck sigosl, C, Lo lac correes paase (0 D107+
eny formalted TyLES, rather tho) gooe incermediote
ruléfian re progression io ‘he bt sccumulitca. Onoe

.

2p4d, RO amiyz of the progressicg inephase bit put- 3
leins ac the Q-vutpats of registers 43, ¢4 eveas that L

faere agpears At 1= noted Q7, DI 0L cutputis the 170
hi¢ pasern ooy wheo « compkx Fi {raming byte is
fully-londes snd ready ca be Juiched to the 3-bit byte-
parafle: ouyput lioe. 10 the maaner peeviously deseribes
with respect ko companuos 63, » second hbait (1100
womprtor ¢4, moce specifically showd i OR gete
Lnplem=atadoa in FXG. & ¢mpkays the oorputs from
7. 0 and Q1 0 obtaln, whik the cdabling fisee from

Wgn,wgnhemw:ﬁdo&iiﬁdﬂﬁwﬁ;— 2

gor nt thin byte-pynchrimizad siage for all sabsequent
Framed Byres o the tammiston. The dissbllag and
reeaflding of comp &4 p effected i the same
awmer at, and coincides with, thal of comparalar §2.

After frame sypcloronization hus been emtabfishied in x

the kxopalng mamiet for the prafetred cxbodlment of
FIG, 4, tbe proczdure for frame boondary definitiom &
carried out ad previowly described with respect to the
pingleregotes cnbodiment of FIG. 4, namely by pam-

tng, the syochroooes framing bytes on to 8-bic compara 3¢

tors 34, 35 o Mnitiste the confirming Faming pulss, FP,
from F1IFZF2 detactor 36 during the aotmegeent io-
frame conditivn. The enable/disstle mpns from woggle
34, which is conditicmed by (he fmning pulse, i like-

wite rphoyed siarty b bath embodinents to sitl- 40

vaea the clock-phasing comparsron. Althoogh nal ape-
ciicaliy thown la tbe drwwang, (his signel may be nsad
i compatstoe 39 1 the vame mannes aa that employed
whil Lbit comparutars 62, #4 (FIG. §) to supply the

sddtional control mpot suie For exuapic, this cootrol 4¢

sigom] ruay be inpat 10 » fnnl stage of $+hit comparutar
3%, which could de simlar to thas abown as s gaes 72
compugatat 54 (FIQ, T

The peeseat imvehtion thws provides for the maximam

utllization ol avallable techoolopgies for oprimun econo-

mics of powez wH Eme 1 the demobtiplexing of Wgh-
perial bt dath Turmmitkms to bwapesd bytes

prralie] formal within (he Synchrocots Optical Met.
work (SONET) sl bicrarchy, It ls ancbeipaad that
ather embodiments of ¢he invenncn will be apparent s
{rom the foregomg d=icrintion ko those of cecioary skl
m the art o sich embodiments are likewise (o be
caatldered withio tha #pe of the invectioo as sat out
w the appendot clpim,

Wit & claimed b

L Appannls for demultipleabng 4 wecial duta bl¢
sbream eohsiing of s contismm of an iaterieaved mul-
kpficity nf dale byres ot predatacnmosd size derived
from v plorabity of ldeadeal]lyformattsl cootributocy
frame zach sohtaising a plurglily of 1add datn bytet, €5
wid for reconstrocticg said dats bytes and ideadfving
from smong them o benchmark from which may be
celermined the begnolap byta of each of wuch cotttribue

10
iy Eraccs 2oc, 1hezany, 1he baundancs 0F such rames,
SRIr anperalus COMpCsing:

it} mezans for sectmuleting dwia bits feom siid seriol
wrzam o form Y& having the sme predeler-
mined owdber of By as fo xoC aterlesved G
bytes;

(%) quears for cociparize ot junt anc bit patian from
each dytc s formed with a€ kst One Bt gatitern
kavwn 10 eve ceaipised 2 byne of each af ssid
cooninbatory (moes and tre pmviding o fizse signol
wten 3 melell k éowecled Eclwemo said couparcd
Taltenny

{c) means respanve 0 anid first spnad For effecting
the outpn of the byie Of wakclag bit paem, and
=k byte thereafter fcemed of aewiy accumelnied
bit, 15 said reconsquctad bytes;

(d} ceams for womparing bil puetcos RO, & COOTigu-
aa plulity of sid ootput Tecomsicacied bytes
with b1 pattercs knowe (0 bave comprised o Jike
consigoon plusalisy of bytes of each of seid con-
wiburory foumes, abd for providing » secood signas
&< mid tenchmark Wentfication when & miteh it
detectcd L2{wesn said comparcd paticres; wnd

(e) It responsive L0 g % oond Rene] for controb.
Tz the opetability af mid means for providlsg eic
Bre sigmil-

2. Appsnums acearding o claim ¥ wherein taid dats

b azcumuolating meant Sonprises;

(s) shEl repinter d%AM Providiog  total numbrer of

smges equal to 256 prederarmined oumber of Yity

aod

) clock meams provifing s sigan] Amptisicg feta
for loading said daia Bais L0lo RId regisier meany
and shifting said bl throvgh said stages.

3. Appaeswy eoardiog 8o clelen 2 wherein eaid regic-
[¢t means comprises § @oghe shift regisler incorporadeg
sald otal neber of Aages, md tald clock mewns s
atranged to provida 1 slgnal atates st U= ruie of the
transmision of waid seris] date by sl tean,

4. Apparas seoording ta claim Z wherein suid regis-
ter merys ccmpeiset 3 plirddity of chift cegicrern of
which each incarparates the mme butiber of Figes, «nd
eald clock peam it armaged W provide aaid tgual
sutex u% & rate which it abhised by dividiog mid bit
stredm traTsRscon tale by (ke nomber equal Ko aald
plarsliey of shik ecgisters,

L Appararue according to elaim 4 wbercin paig mgis
e medns compriz=t 4 palr of ¢hif registem 4cd mas
for pres=xting th¢ [odividaaf dars it of consecutive bt
mirs in kg serinl siream ab the repective registec Jo.
putn doring the ragister-londing ytate of sasd <lock
signal

6. Apparutys ieocarding to clalm § wheredn said mews
far presenting dais bl comprises Iach msams asoci.
#ied with coe of 1be yeginers of said pmir for tapping
acd pratendag m the mpot of mid oue teguee (he indi-
viduerl dawa bits in s8id $erial dawx scream which appear
ot taid Inich gveana during the statad of said <dock sigoal
thed are phase-oppotad (0 1xid registerloading sanes.

7. Appararus aeoording 10 clalm 6 whereln sald clock
meas it acranged 9 selectively oycise the phase of
sald clock spnal.

1 Apparstis aecording ¢ cliim T whertin said clock
wewns i wrraoged to provide ¢ puir of clock gnals i
phase oppcsition, ind comprises meand (or selecting one
of the chock signais of wld pair.

9. Apparatut <cording W ciaim 7 which fusther
REprited;
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(1) meas for oo paning 4! least ooc BIL Zatrem [rroo
each e formed by e accuaulation =f dasa Eis
ot e oucpat of sad shifl regeclet pait with at least
ome bit pattern @mawn 1¢ appear in such a byie
focewt Frocd ® koown wunuidveny freme brwe =
s’y durisy 4 piven Qeg of die available prases of
=id ciock sipnat;
(t] ceans for providiog a thicd sigaa) when e match
# detected betwes: seid compared patlerns;
() meant tesponsive Lp said (hird signal for ¢flsaing
thr sewctive meversd of saw cluck agnel phassy
il
fel) wewns cespamive 10 said gecomd signad for Son-
trolling the apcrabilicy of said mcans [0f providng
enid thicd igaal
16 Appareles aomorhog (0 <laim 1 whetein il big
pottern comporiog ed st signel provding meons
comprires Rie mewns the inpots 10 which are Serivec
foean sehececd outputs OF Mid Bil ectvmalating meaos,
which autput sslections are such, in Jocstion ood tgua
frate, s (O Lnpot 10 ca3d guts mesns a contribating peti-
vacmg face for erch Bit of aid Xapwe Wt pazem thar
appesrs a1 sakd ouIpus,
1L Apparahus sccordiog to claim 1 whevein gid bi¢
pattcth compasing umd yamod sigoad previdiog means

Fo

comprisa: _

(n) m plurtity of firw: gate means tbe @puts w0 which
are deriyed from adoctod oulpves of Rid racon-
erucied byte oupl mean;, which cutput seloc-
dons xre wich, i@ Jocatisd and ilgnal mme, 15 o
input W respective ouka of aid Tt ez 1
conuributing acvivating staie for exck bit of sudd
known bit pasterms of nespective cuad of sald con-
figoom cutiuibatory fume byics tal appeus 45
sxid Outpiss;

(b} soeomd gate memns the inpats @ which cotaprise
the putpels from mid Bt guic mcasy; sed

{¢) oieans bt delayig the dgnals ootpot frot said
respestive first GA0e mcats 80 & 1o ¢ffect the sl
tancous appeaance of said ootpal signak st said
saccmd pats AARS inputs, therehy effecting oty
af aald aecomd sigoal

12 Apparsrw 1ocarding 10 claim 11 far deenulilphex-

itg » sarial daw dbs stremm dexivesd fram be format of 5
conributory fremes which comprises a peir of contigu-
ol bytes of diffarent, known bit patieras, thereby sstab-
|ishing in the CusHL racORMTUCted bytes tha condgucas
plurallty of bytet consisting of one byte huving the (mxt
and the PBlawiag two byt havipg the second of wald ¢
pair of b patiera, whintm said frel gate fotant cOm-
peizet ¢ pair of gats arraagements tha respective inpaty
to which are derived frodm the odipatr of mid recots
soracted byte owtpet mean which represent the bt
pauemu of sod pair of contiguows, bytes. L
13, The method for doefiplexng a secal dzta bt
stream cxinilsting of # costinuam of ao icacricaved mul-
tpbclsy of daes byies of predetermined sic derived
teom a purplity of Wentcally-fomated contribeicry
frames each copteining 4 plurality of said data byws, &
atd (Cr yecons-uciung s4id data ty1es uxi wdensifying
from smong tham 1 beackmurk from which oy be
determioed the beginoing byte of each of yuch copbribu.
locy frame=s mid, thersty, the baumdaries of such [rumes,
sald poetod comprising: 63
(n) accumulaslog data bits fremn eaid cerind steewm 10
faess bywes naviag the same predetecotined numbat
of bils 5. 3o said interigeved daon byces;

12

() compariug at east One bit patiedn (ot ¢asl: bycs
rhus [Grtes with at 1425 Q1% DIt paitesn Known Lo
kavy omprisew 3 buee al esch af 42id coavibwrory
frames;

(< providing ¢ fis signol wiet 2 malzh is derecied
Eaiween 3333 ¢omparsd DRuems;

{d) efeutisp, i Tespomss (2 zaid Erel sigmal the curput
of th¢ byt= of merching bul pIieTD. &nd ¢ach byre
Uersafter formed of now!y sccumulated Hig,
wid rocfvucted byles

[¢) soop&ting B patteras frrm 2 vuc Uguees pluradity
ol zad autpal reorstnecled bytoe with bil pullerné
wawa b Buve sompsised a e coatipuows plore’-
iy af tytes of each af siid contributory frumes:

{0) arcviding v szcocd sigual 15 suid penchmisk idgs.-
lificaion whon & match is Jeiesied briwesn saic
compifed patteroa; kod

{3) eecting in respoms W gaid secand kgosl discon-
timmich of the provisoe of =il bt sigcal.

14, The methed according to clam 13 wherttn wid

dots bt apemrulaling COmMpraTy;

(a} providing shift regisied means comprising a tolal
planber of gages sqoal b5 tald precerarmined gum-
bec of bitr; aad

(b) Joading sakd data buis co kaid register mexos szl
sicfling paid ics chropgh tmid stages Lo respomse ©
a given clock slgoal

18, The mothod acconding 1o ¢l35o 14 whersn wxl
dutn blis e Josded m the Teee of cznsmistiots of saxd
el bit streath ko waingte hifs rglner inocrponbioo
ekl total aumber of dlages,

16 The method according to caim 14 wheveln said
dats biey are Joaded 1nto » pluratisy of sbih replorerm, o
viileh sach incorponates due rnt aumber af stages, &
1 nte which is otain=d by dividng weid bt stream
transmision ratz by the number equal 0o taid pluralicy
of shift registets,

7. The method ascordmg to claon 16 wherdn said
Eata bits e Joaded ints # pair of ahif{ registers by pred.
enting 1be Individual date Pl of camsecative Bl paiaa bn
sa# perip] siream wt the respective register owpots daring
the regirer-fouding states of <aid clock signal

25 The methdd sccordmg to chaith 17 wherein sakd
data bis are Joadsd mta ooe oFasd pair of thift registens
by trapping i letch mesnd assoclived with aaid ane
reginter uidt preseuting #4 Ve mput of wid onc (opaer
the bdlvidwal da bt m wsd cerla datn wrexm which
appesr atsald Laich mean during die pates of smid tock
sigoal Yt are phase-oppoaed to waid regitter-0sding

Aares
1. The method according oo claim 18 which further

COgpTice:

(a) compuring 2l lesst one bt patiars fram sach byte
formed by the socumubarion of data bity at the
cotpur of seif slfl regimer puir with at kst one bit
Fa%em koown 0 pppear m soch & by formed
{rom » known contribytory fratne 1yt oaly during
;'&u on¢ of two oppoted phasss of wid clogk
E L -

() providing = Vird signel we a mereh s Setes1ed
berwesn said comparsd pattenms

(2) effecting in responsive to said thied tignal the
reversa] of e phase of 4aid cloek ugnal; and

(4 efecting in responas to 1aid treand tgnd decon-
CGnaation of the pravision ol sakd thied Hgnal

20. The method accordlng 19 clalmt 13 whereln sald

comparleg of bit pattarns from & contguons plaslity of
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atpul recstsiyucted byres, und i provicing of seid
scoand signdd commTiscs:

5] INpulEzag o0 cespective roes of & piwralicy of dnt
galc apeans & coclnbuling acbvariop signal state {ar
=uch bil Us W owpur repgslivelal Lyle Uizt
malihe, I stats and pasition, 2 bic in feid <powy
3t pucerns of coipective tmes of said contigaous
cantcoxtcry frame byte,;

by inpurting to secaod gate means the agipars from
spid frm gate mewcs; and

(¢} celay=ng the sgmals output (rom said rosaective
first guit creans 5G as to effect the subulacecus
appearmcs of wid oulpur gnals e seid segond
gAts measns mputs, theeeay effecting output af seid
secens slgnal

Bell Comm. Research, Inc. v. Fore Systems, Inc.
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21. "The methad acourding © cdeim 20 for demule-
Flezing & seial data bt yueam derived from che foicnus
af contobutery frames whiech conitases & Far of ¢om.
tigoses bytes ol diflferens, knawn bic pamerns, theeeny
exiublizdiag in the ouzpu: reconstucted Sytes chiz von-
tiguous plemsly of byt cordistmg of ome byte having
1he first 4o G Fllowing two dnes Favlag te seocag
of 3¢ig paur of b paceems wheesin =aid inputting uf
gipnol ceatas comanses wEILUNg O ¢ach cespactive one
&f p puir of pte arrunesinends @ ooAbibulioe sccivasing
signad si31c [Gr cazh Lo ik an Dutpuc recoastyciod Ayte
Lact matches Jz stetr pnd positoo, p bit in said knowa
Lit prilems ol the respective ancs of seid paic of ¢natig-
waw contibucory frame byres,



