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(57) Abstract

The method and system (400) synchronize an encoder of an
encoder error synchronizer (402) and a decoder of a decoder error
synchronizer (404) for data utilizing sequence indicators and error
detection information added to the data before transmission. For
example, compressed data may be organized into units, a sequence
indicator and error detection information added to the compressed data
unit (410) and the received units may be synchronized using the sequence
indicators and error corrected using the error detection information.
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METHOD AND SYSTEM FOR SYNCHRONIZING ENCODERS AND DECODERS IN
COMMUNICATION NETWORKS WHEN ERRORS ARE DETECTED

NETWORKS
Field of the Invention

This invention relates to communication systems and in
particular to the synchronization of transmitted encoded data
such as compressed data in communication networks.

Background

Digital systems typically communicate using packet-
switched digital communication networks. The networks
generally include a plurality of nodes that may transmit,
receive or forward data. Data to be transmitted is typically
organized into units such as frames or cells. The units are
sent from one node to another either directly or utilizing one
or more intermediate nodes. The communication channel
established between edge nodes in the network is generally
termed a virtual circuit.

When data that is sent through the network is
compressed before transmittal, transmission efficiency
through the network is increased. Typically, an encoder at a
source node may compress data, which is then transmitted and
decompressed at a destination node. - However, when error(s)
occur during transmission, synchronization between the
encoder and the decoder is lost. There is a need for efficient
synchronization of transmittal of data through a network.

PCT/US94/12033
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Brief Descriptions of the Drawings

FIG. 1 is a block diagram of users groups connected to a

“‘communication network as is known in the art.

FIG. 2 is a flow chart of a first embodiment of steps in
accordance with the method of the present invention.

FIG. 3 is a flow chart showing one embodiment of the
step of synchronizing an encoder and a decoder when an error
is detected (FIG. 2) with greater particularity.

FIG. 4 is a block diagram of a first embodiment of a
system in accordance with the system of the present
invention.

FIG. 5 is a flow chart of a second embodiment of steps in
accordance with the method of the present invention.

Detailed Description of a Preferred Embodiment

FIG. 1, numeral 100, is a block diagram of users groups
connected to a communication network as is known in the art.
Typically, a first user group (102) is operably coupled to a
first node (104) of a communication network (106), that is in
turn coupled to other nodes (108, 110), and to a receiving node
(112) for a second user group (114). Data is exchanged
between the first user group and the second user group by
transmittal between the first node and the receiving node via
connected nodes of the communication network.

FIG. 2, numeral 200, is a flow chart of an embodiment of
steps in accordance with the method of the present invention.
The method synchronizes an encoder and decoder of a
communication network upon detecting an error. The method
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includes, for units of encoded data, the steps of: 1) adding to
each unit of encoded data, error detection information based on
a current unit and at least one previous unit to provide error
detect units (202); 2) transmitting said error detect units
across the communication network (204); 3) receiving the
error detect units (206); 4) detecting error(s) Utilizing the
error detection information (208), and 5) synchronizing the
encoder and decoder upon detecting error(s) (210).

In one embodiment the units of encoded data are frames
of asynchronous transfer mode (ATM) cells that are
transmitted across an ATM communication network. For
example, a unit may be selected to be a data unit in an ISDN
adaptation layer such as B-ISDN ATM Adaptation Layer 5
(AALS) of CCITT recommendation 1.363.

Error detection information is generally a code sequence
added to said unit of encoded data subsequent to encoding the
data such as a cyclic redundancy code (CRC), a code sequence
other than a CRC wherein the code sequence is calculated from
the encoded data, a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data, or
a code sequence other than a CRC wherein the code sequence is
based on the number of said data units since a previous reset.
Thus, where a code sequence is based on a size of the unit of
encoded data, for example, a code sequence may be based on a
sequence number or running byte-count.

When encoding and decoding are performed on a sequence
of data frames, the states of the encoder and decoder are often
maintained between processing of successive frames without
resetting at the beginning of each frame. Therefore,
synchronization must be maintained from frame-to-frame. For
example, if the communication network drops an entire frame
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or mis-orders a sequence of frames, synchronization will be
lost. Whereas typical CRCs are based entirely on only a

single frame, they are only capable of detecting transmission
errors which occur within that frame. They are insufficient
for the purpose of detecting the type of error in which frames
are lost entirely or mis-ordered. According to the technique of
the present invention, for the purpose of detecting loss of
synchronization, the error detection information must be based
on the current encoded frame and on at least the previous
encoded frame.

in one embodiment, the encoder responds to receipt of a
reset request code sequence by resetting the encoder and
generating a reset acknowledgement code sequence to the
decoder. The decoder is reset when it receives the reset
acknowledgment code sequence, thereby resynchronizing with
the encoder. In this case, the decoder discards frames
received after transmission of the reset request code sequence
until the reset acknowledgement code sequence is received.
In a second embodiment, it is unnecessary for the encoder to
explicitly transmit a reset acknowledgement code sequence to
the decoder. Instead, the decoder resets itself, including the
decoder error detecting circuit at the beginning of each
encoded frame until an encoded frame is received that passes
error detection without an error. In this case, the decoder
performs error detection, then discards frames received after
transmission of the reset request code sequence until a frame
passes error detection without an error. The first encoded
frame that passes error detection in the decoder without an
error is taken to be the first frame sent by the encoder
following the reset of the encoder in response to the reset
request code sequence; the encoder and the decoder are then
said to be synchronized.
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In one embodiment, each successive frame in the
sequence of encoded frames is associated with the next value
of a frame counter, called a sequence number. In another
embodiment, each successive encoded data byte in the
sequence of encoded bytes of encoded frames is associated
with the next value of a byte counter, called a sequence
number. The sequence number for a frame may be concatenated
with the CRC for that frame to comprise the error detecting
information for that frame. In another embodiment, the
sequence number and the CRC are combined by adding them
together to comprise the error detection information. In yet
another embodiment, the error detection information is a CRC
computed for the current frame, where unlike the common
practice, the CRC is
not reset to a fixed initial value at the beginning of the
current frame, but instead the CRC is initialized to the value
computed from the previous frame. These and other
embodiments of the error detection information are chosen to
be simple enough to minimize the cost of implementation,
small enough to minimize the cost of transmission over the
network, and are sufficiently unique to the particular encoded
frame sequence to provide an acceptably high probability of
detecting bit-errors and lost or misordered frames.

The communication network includes a plurality of nodes
arranged so that a plurality of paths exist among at least some
nodes between which said method is practiced. Typically, at
least one node may communicate with more than one node at a
time. Generally, encoded data may be selected to be
compressed data.

Synchronizing the encoder and decoder may be selected
to further include: (1) upon detecting an error at decoder,
transmitting a reset request code sequence over a reverse
channel upon said detecting of error(s) to the encoder, and
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where the encoder transmits an acknowledgment code
sequence over said communication. network to acknowledge
reception of said reset request code sequence, one of: a)
where the acknowledgment code sequence is received,
resetting the decoder, and b) where there is a failure of the
acknowledgment code sequence to be received, the decoder
transmitting a further reset request code sequence to the
encoder, and alternatively, 2) where the decoder resets the
timer upon a received unit successfully passing error
detection.

FIG. 3, numeral 300, is a flow chart showing one
embodiment of the step of synchronizing an encoder and a
decoder when an error is detected (FIG. 2) with greater
particularity. Each step of synchronizing the encoder and
decoder when an error is detected may include (1) detecting of
error(s) at the decoder (302), (2) transmitting a reset request
code sequence to the encoder, and where selected, setting a
timer (304), (3) the encoder's receiving the reset request code
sequence (306), (4) the encoder's resetting and generating a
reset acknowledgment (308), (5) the decoder's waiting (310)
for one of: expiration of the timer and receiving the reset
acknowledgment, (6) upon expiration of the time without
receiving the reset acknowledgment, recycling to sending the
reset request and starting the timer (304), and, (7) upon
receiving the reset acknowledgment, resetting the decoder
(312). The reset request code sequence initiates resetting of
the encoder and sending acknowledgment (ACK) of receipt of
the request acknowledgment code sequence to the decoder.
Where a timer has been set, the decoder determines whether
the timer has expired without the decoder's receiving an
acknowledgment from the encoder (306), and where the timer
is expired without an acknowledgment, the step of
transmitting the reset request to the encoder is repeated.
When the timer is unexpired, the decoder determines whether a
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reset acknowledgment has been received from the encoder
(308). Where there is a failure of the reset acknowledgment
to be received, the method recycles to the step of transmitting
the reset request to the encoder (304). Where the reset
acknowledgment is received, the decoder is reset (310).

Thus, upon the decoder's detecting an error, the method
may include the decoder's transmitting a reset request to the
encoder, and where the reset request code sequence is received
at the encoder, resetting the encoder. Here, each step of
synchronizing the encoder and decoder further includes one of:
(1) where the encoder transmits an acknowledgment code
sequence over said communication network to acknowledge
reception of said reset request code sequence and the
acknowledgment code sequence is received, resetting the
decoder such that the decoder is synchronized with the
encoder, and (2) where the decoder is reset upon the decoding
of each encoded data unit until a received unit successfully
passed error detection. In addition, said step of synchronizing
the encoder and decoder upon detecting error(s) may be
selected to further include one of: (1) transmitting a second
reset request code sequence over a reverse channel upon
failure to receive said acknowledgment code sequence upon an
expiration of a timer, and (2) transmitting a second reset
request code sequence over said reverse channel upon failure
of at least one received unit to successfully pass error
detection upon an expiration of said timer. Thus, transmission
of said second reset request may further include iteratively
restarting said timer and transmitting subsequent reset
request code sequences when said timer expires until the
encoder and decoder are synchronized.

The communication network typically further includes a
plurality of nodes arranged such that a plurality of paths exist
between at least some nodes between which said method is
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practiced, and wherein at least one node may communicate
with more than one node at a time using different encoding
methods to communicate with at least two different nodes,
and wherein the timer is shared by said nodes using different
encoding methods.

Where said encoded data includes compressed data and
said step of synchronizing the error detect units includes
resynchronizing a transmitter at which insertion and
transmitting are performed and a receiver at which receiving
the error detect units, the method may include detecting
error(s) utilizing the error detection information and the
sequence indicators.

FIG. 4, numeral 400, is a block diagram of a first
embodiment of a system in accordance with the system of the
present invention. The system synchronizes an encoder of an
encoder error synchronizer (402) and a decoder of a decoder
error synchronizer (404) for encoded data transmitted across a
communication network upon error detection. The encoder
error synchronizer (402) is operably coupled to receive data
and a reset request from the decoder error synchronizer (404),
and is used for transmitting encoded data having error
detection information and for, upon receiving the reset
request, resetting the encoder. The decoder error synchronizer
(404) is operably coupled across the communication network
to receive the encoded data, detecting error(s), and, upon
detecting error(s), to send a reset request to the encoder error
synchronizer (402).

Typically, the encoder error synchronizer (402) includes:
an encoder (406) that is operably coupled to receive data and
to an to an acknowledgment unit and is used for encoding data
and, upon receiving an encoder reset signal from an
acknowledgment unit (414), resetting; an error detect
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information generator (408) that is operably coupled to the
encoder (406) and is used for receiving the encoded data and
for organizing the data into units of predetermined size(s) and
providing sequence identifiers for said units of the encoded
data, providing error detection information, and for providing
the encoded data to an inserter (410); the inserter (410), that
is operably coupled to receive the encoded data, the sequence
indicators and error detection information and is used for
adding to each unit of encoded data a sequence indicator and
error detection information to provide error detect units; a
transmission unit (412) that is operably coupled to the
inserter (410) and is used for transmitting said error detect
units across the communication network; and the
acknowledgment unit (414) that is operably coupled to receive
a reset request from the decoder error synchronizer (404) and
is used for, upon receiving the reset request signal, sending a
reset signal to the encoder (406) and a reset acknowledgment
signal to the inserter (410).

The decoder error synchronizer (404) typically includes:
a receiving unit (416) that is operably coupled to the encoder
error synchronizer (402), typically by means of a
communication network, and is used for receiving the error
detect units; a stripping unit (418) that is operably coupled to
the receiving unit (416) and is used for providing the sequence
identifiers, the error detection information and encoded data
for each error detect unit and for transmitting a received
reset acknowledgment to a synchronizer (424); an error
detector (420) that is operably coupled to the stripping unit
(418) and is used for detecting error(s) utilizing the error
detection information and the sequence indicators and for
providing an error detect signal to the synchronizer (424);
a decoder (422) that is operably coupled to the error detector
(420) and to the synchronizer (424) and is used for decoding
data and resetting upon receiving a reset signal from the

PCT/US94/12033
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synchronizer; and the synchronizer (424) that is operably
coupled to the stripping unit (418) .and to the error detector
(420) for sending the reset signal to the decoder (422) and for
sending a reset request to the encoder error synchronizer
(402) upon receiving the error detect signal from the error
detector (420).

The units of encoded data are typically frames of
asynchronous transfer mode (ATM) cells and the
communication network is an ATM network. .

Error detection information is generally a code sequence
added to said unit of encoded data subsequent to encoding the
data such as a cyclic redundancy code (CRC), a code sequence
other than a CRC wherein the code sequence is calculated from
the encoded data, a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data, or
a code sequence other than a CRC wherein the code sequence is
based on the number of said data units since a previous reset.
Thus, where a code sequence is based on a size of the unit of
encoded data, for example, a code sequence may be based on a
sequence number or running byte-count.

When encoding and decoding are performed on a sequence
of data frames, the states of the encoder and decoder are often
maintained between processing of successive frames without
resetting at the beginning of each frame. Therefore,
synchronization must be maintained from frame-to-frame. For
example, if the communication network drops an entire frame
or mis-orders a sequence of frames, synchronization will be
lost. Whereas typical CRCs are based entirely on only a
single frame, they are only capable of detecting transmission
errors which occur within that frame. They are insufficient
for the purpose of detecting the type of error in which frames
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are lost entirely or mis-ordered. According to the technique of
the present invention, for the purpose of detecting loss of
synchronization, the error detection information must be based
on the current encoded frame and on at least the previous
encoded frame.

In one embodiment, each successive frame in the
sequence of encoded frames is associated with the next value
of a frame counter, called a sequence number. In another
embodiment, each successive encoded data byte in the
sequence of encoded bytes of encoded frames is associated
with the next value of a byte counter, called a sequence
number. The sequence number for a frame may be concatenated
with the CRC for that frame to comprise the error detecting
information for that frame. In another embodiment, the
sequence number and the CRC are combined by adding them
together to comprise the error detection information. In yet
another embodiment, the error detection information is a CRC
computed for the current frame, where unlike the common
practice, the CRC is not reset to a fixed initial value at the
beginning of the current frame, but instead the CRC is
initialized to the value computed from the previous frame.
These and other embodiments of the error detection
information are chosen to be simple enough to minimize the
cost of implementation, small enough to minimize the cost of
transmission over the network, and are sufficiently unique to
the particular encoded frame sequence to provide an
acceptably high probability of detecting bit-errors and lost or
misordered frames.

The communication network generally includes a
plurality of nodes so arranged that a plurality of paths exist
between at least some nodes between which said system is
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practiced. At least one node may communicate with more than
one node at a time.

The encoded data is generally compressed data.

The synchronizer may be selected to further include a
timer (426) that is operably coupled to the error detector
(420) and is used for starting timing upon said detecting of
errors and for transmitting a second reset request code
sequence over said reverse channel upon failure to receive said
request acknowledgment code sequence upon an expiration of
said timer.

The communication network may be selected to further
include a plurality of nodes arranged such that a plurality of
paths exist between at least some nodes between which said
system is practiced, and wherein at ieast one node may
communicate with more than one node at a time using
different encoding methods to communicate with at least two
different nodes, and wherein the timer is shared by said nodes
using different encoding methods.

FIG. 5, numeral 500, is a flow chart of a second
embodiment of steps in accordance with the method of the
present invention. The method synchronizes an encoder and
decoder of a communication network upon detecting an error.
The method includes, for units of encoded data, the steps of:
1) adding to each unit of encoded data, error detection
information based on a predetermined combination of units of
encoded data to provide error detect units (502); 2)
transmitting said error detect units across the communication
network (504); 3) receiving the error detect units (506); 4)
detecting error(s) utilizing the error detection information
(508), and 5) synchronizing the encoder and decoder upon
detecting error(s) (5610). The predetermined combination of

PCT/US94/12033
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units of encoded data may be selected, for example, to be a
present unit of encoded data and a preselected number of prior
units of encoded data.

As described for FIG. 3, the units of encoded data may be
selected to be frames of asynchronous transfer mode (ATM)
cells and the frames of ATM cells may be transmitted across
an ATM communication network.

The error detection information typically is a code
sequence added to said unit of encoded data subsequent to
encoding the data wherein the code sequence is one of:

a cyclic redundancy code (CRC), and a code sequence other than
a CRC wherein the code sequence is calculated from the
encoded data in accordance with a predetermined scheme.

Further description of particularities of the method of
FIG. 6 follows the description of FIG. 3.

Although exemplary embodiments are described above, it
will be obvious to those skilled in the art that many
alterations and modifications may be made without departing
from the invention. Accordingly, it is intended that all such
alterations and modifications be included within the spirit and
scope of the invention as defined in the appended claims.

We claim:
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1. A method for synchronizing an encoder and a decoder for
transmission of units of encoded data across a communication
network, said method comprising the steps of:
1A) adding to each said unit error detection
5 information based on a current and at least one previous unit
to provide error detect units,
1B)  transmitting said error detect units across the
communication network,
1C) receiving the error detect units,
10 1D) detecting error(s) utilizing the error detection
information, and .
1E) synchronizing the encoder and decoder upon error
detection.
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2. The method of claim 1 wherein at least one of 2A-2E:
2A) the units of encoded data are frames of
asynchronous transfer mode (ATM) cells, and where selected,
wherein the frames of ATM cells are transmitted across an
ATM communication network; ,
2B) said error detection information is a code sequence
added to said unit of encoded data subsequent to encoding the
data, and where selected, wherein the code sequence is one of:
2B1) a cyclic redundancy code (CRC),
2B2) a code sequence other than a CRC wherein the
code sequence is calculated from the encoded data,
2B3) a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data,
and ‘
2B4) a code sequence other than a CRC wherein the
code sequence is based on the number of said data units since a
previous reset;
2C) the communication network includes a plurality of
nodes so arranged that a plurality of paths exist among at
least some nodes between which said method is practiced, and
where selected, wherein at least one node may communicate
with more than one node at a time;
2D) the encoded data comprises compressed data;
and '
2E) said encoded data comprises compressed data, and
wherein said step of synchronizing the encoder and decoder
includes resynchronizing a transmitter at which steps 1A-1B
are performed and a receiver at which steps 1C-1E are
performed.

3. The method of claim 1 wherein upon the decoder's
detecting an error, the decoder's transmitting a reset request
to the encoder, and
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where -the reset request code sequence is received at the
encoder, resetting the encoder, and
where each step of synchronizing the encoder and
decoder further includes one of 3A-3B: '
3A) where the encoder transmits an
acknowledgment code sequence over said communication
network to acknowledge reception of said reset request code
sequence and the acknowledgment code sequence is received,
resetting the decoder such that the decoder is synchronized
with the encoder, and
3B) where the decoder is reset upon the decoding
of each encoded data unit until a received unit successfully
passed error detection,
and where selected,
3C) wherein said step of synchronizing the encoder
and decoder upon detecting error(s) further includes one of 3Ct
and 3C2:
3C1) transmitting a second reset request
code sequence over a reverse channel upon failure to receive
said acknowledgment code sequence upon an expiration of a
timer, and
3C2) transmitting a second reset request
code sequence over said reverse channel upon failure of at
least one received unit to successfully pass error detection
upon an expiration of said timer;
and where further selected,
3D) where transmission of said second reset
request further includes iteratively restarting said timer and
transmitting subsequent reset request code sequences when
said timer expires until the encoder and decoder are
synchronized,
and where further selected,
3E) wherein the communication network further
includes a plurality of nodes arranged such that a plurality of
paths exist between at least some nodes between which said
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method is practiced, and wherein at least one node may

communicate with more than one node at a time using

different encoding methods to communicate with at least two

different nodes, and wherein the timer is shared by the node
5 using different encoding methods.
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4. A system for synchronizing an encoder of an encoder
error synchronizer and a decoder of a decoder error
synchronizer upon detection of error(s) in transmission of
units of encoded data across a communication network, said
system comprising:

4A) an encoder error synchronizer, operably coupled to
receive data and a reset request from the decoder error
synchronizer, for transmitting encoded data having error
detection information and for, upon receiving the reset
request, resetting the encoder, and

4B) a decoder error synchronizer, operably coupled to
receive the encoded data, detecting error(s), and, upon
detecting error(s), sending a reset request to the encoder error
synchronizer.
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5. The system of claim 4, wherein at least one of 5A-5F:
5A) the encoder error synchronizer comprises 5A1-5A5:
5A1) an encoder, operably coupled to receive data
and to an to an acknowledgment unit, for encoding data and,
upon receiving an encoder reset signal from the
acknowledgment unit, resetting,

- BA2) an error detect information generator,
operably coupled to the encoder, for receiving the encoded data
and for organizing the data into units of predetermined size(s)
and providing sequence identifiers for said units of the
encoded data, providing error detection information, and for
providing the encoded data to an inserter,

5A3) the inserter, operably coupled to receive the
encoded data, the sequence indicators and error detection
information, for adding to each unit of encoded data a sequence
indicator and error detection information to provide error
detect units,
5A4) a transmission unit, operably coupled to the
inserter, for transmitting said error detect units across the
communication network, and
5A5) the acknowledgment unit, operably coupled to
receive a reset request from the decoder error synchronizer,
for, upon receiving the reset request signal, sending a reset
signal to the encoder and a reset acknowledgment signal to the
inserter;
5B) the units of encoded data are frames of
asynchronous transfer mode (ATM) cells;
5C) the communication network is an ATM network;
5D) said error detection information is a code sequence
added to said unit of encoded data subsequent to encoding the
data, and where selected, wherein the code sequence is one of
5D1-5D4: v
5D1) a cyclic redundancy code (CRC),
5D2) a code sequence other than a CRC wherein the
code sequence is calculated from the encoded data,
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5D3) a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data,
and
5D4) a code sequence other than a CRC wherein the
code sequence is based on the number of said data units since a
previous reset;
5E) the communication network includes a plurality of
nodes so arranged that a plurality of paths exist between at
least some nodes between which said system is practiced, and
where selected, wherein at least one node may communicate
with more than one node at a time;
5F) the encoded data comprises compressed data.

6. The system of claim 4 wherein the decoder error
synchronizer comprises 6A-6E:

6A) a receiving unit, operably coupled to the
encoder error synchronizer, for receiving the error detect
units,

6B) a stripping unit, operably coupled to the
receiving unit, for providing the sequence identifiers, the error
detection information and encoded data for each error detect
unit and for transmitting a received reset acknowledgment to
a synchronizer,

6C) an error detector, operably coupled to the
stripping unit, for detecting error(s) utilizing the error
detection information and the sequence indicators and for
providing an error detect signal to the synchronizer,

6D) a decoder, operably coupled to the error
detector and to the synchronizer, for decoding data and
resetting upon receiving a reset signal from the synchronizer,
and

6E) the synchronizer, operably coupled to the
stripping unit and to the error detector, for sending the reset
signal to the decoder and for sending a reset request to the
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encoder error synchronizer on a reverse channel upon receiving
the error detect signal from the error detector, and where
selected, wherein the synchronizer further includes a timer,
operably coupled to the error and sequence detector, for
starting timing upon said detecting of errors and for
transmitting a second reset request code sequence over said
reverse channel upon failure to receive said request
acknowledgment code sequence upon an expiration of said
timer, and where further selected, wherein the communication
network further includes a plurality of nodes arranged such
that a plurality of paths exist between at least some nodes
between which said system is practiced, and wherein

at least one node may communicate with more than one node at
a time using different encoding methods to communicate with
at least two different nodes, and wherein the timer is shared
by said nodes using different encoding methods.

PCT/US94/12033
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7. A method for synchronizing an encoder and a decoder for
transmission of predetermined units of data across a
communication network, said method comprising the steps of:
7A) adding to each unit of encoded data, error detection
5 information based on a predetermined combination of units of
encoded data to provide error detect units,
7B) transmitting said error detect units across the
communication network,
7C) receiving the error detect units,
10 7D) detecting error(s) utilizing the error detection
“information, and
7E) synchronizing the encoder and decoder upon
detecting error(s).



WO 95/14971

10

15

20

25

30

35

23

8. The method of claim 7 wherein at least one of 8A-8F:
8A) the units of encoded data are frames of
asynchronous transfer mode (ATM) cells; ‘
8B) the frames of ATM cells are transmitted across an
ATM communication network;
8C) said error detection information is a code sequence
added to said unit of encoded data subsequent to encoding the
data;
8D) the code sequence is one of 8D1-8D4:
8D1) a cyclic redundancy code (CRC),
8D2) a code sequence other than a CRC wherein the
code sequence is calculated from the encoded data,
8D3) a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data,
and
8D4) a code sequence other than a CRC wherein the
code sequence is based on the number of said data units since a
previous reset;
8E) the encoded data comprises compressed data; and
8F) the communication network further includes a
plurality of nodes arranged such that a plurality of paths exist
between at least some nodes between which said method is
practiced, and wherein at least one node may communicate
with more than one node at a time using different encoding
methods to communicate with at least two different nodes,
and wherein the timer is shared by the node using different
encoding methods.

9. The method of claim 7 wherein the communication
network includes a plurality of nodes so arranged that a
plurality of paths exist among at least some nodes between
which said method is practiced, and where selected, wherein
at least one node may communicate with more than one node at
a time.

PCT/US94/12033
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10. The method of claim 7 wherein upon the decoder's
detecting an error, the decoder's transmitting a reset request
to the encoder, and '

where the reset request code sequence is received at the
encoder, resetting the encoder, and

where each step of synchronizing the encoder and
decoder further includes one of:

~ 10A) where the encoder transmits an

acknowledgment code sequence over said communication

network to acknowledge reception of said reset request code

sequence and the acknowledgment code sequence is received,
resetting the decoder such that the decoder is synchronized
with the encoder, and

10B) where the decoder is reset upon the decoding
of each encoded data unit until a received unit successfully
passed error detection;
and where selected,

wherein said step of synchronizing the encoder and

decoder upon detecting error(s) further includes one of 10C and
10D:

10C) transmitting a second reset request code
sequence over a reverse channel upon failure to receive said
acknowledgment code sequence upon an expiration of a timer,
and

10D) transmitting a second reset request code
sequence over said reverse channel upon failure of at least one
received unit to successfully pass error detection upon an
expiration of said timer;
and where further selected, where transmission of said second
reset request further includes iteratively restarting said
timer and transmitting subsequent reset request code
sequences when said timer expires until the encoder and
decoder are synchronized.
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AMENDED CLAIMS

[received by the International Bureau on 03 February 1995 (03.02.95);
original claims 1, 4, 7 amended; remaining claims unchanged (9 pages)]

1. (Amended) A method for synchronizing an encoder and a
decoder for transmission of units of encoded data across a
communication network, said method comprising the steps of:
1A) adding to each said unit error detection information
based on a current and at least one previous unit to provide error
detect units,
1B)  transmitting said error detect units across the

‘communication network,

1C) receiving the error detect units,

1D) detecting error(s) utilizing the error detection
information, and '

1E) synchronizing the encoder and decoder upon error
detection,

1F) wherein said error detection information is a code
sequence added to said unit of encoded data subsequent to
encoding the data, and where selected, wherein the code sequence

. is one of:

1F1) a cyclic redundancy code (CRC),
1F2) a code sequence other than a CRC wherein the
code sequence is calculated from the encoded data,
1F3) a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data, and
1F4) a code sequence other than a CRC wherein the
code sequence is based on the number of said data units since a
previous reset;
and
1G) the communication network includes a plurality of
nodes so arranged that a plurality of paths exist among at least
some nodes between which said method is practiced, and where
selected, wherein at least one node may communicate with more
than one node at a time;
1H) the encoded data comprises compressed data;

AMENDED SHEET (ARTICLE 19)
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and

11) said encoded data comprises compressed data, and
wherein said step of synchronizing the encoder and decoder
includes resynchronizing a transmitter at which steps 1A-1B are
performed and a receiver at which steps 1C-1E are performed,
and .

1J) wherein upon the decoder's detecting an error, the
decoder's transmitting a reset request to the encoder, and

where the reset request code sequence is received at the
encoder, resetting the encoder, and

where each step of synchronizing the encoder and decoder

* further includes one of 1J1-1J2:

1J1) where the encoder transmits an acknowledgment
code sequence over said communication network to acknowledge
reception of said reset request code sequence and the
acknowledgment code sequence is received, resetting the decoder
such that the decoder is synchronized with the encoder, and

1J2) where the decoder is reset upon the decoding of
each encoded data unit until a received unit successfully passed
error detection.

2. The method of claim 1 wherein at least one of 2A-2D:

2A) the units of encoded data are frames of asynchronous
transfer mode (ATM) cells, and where selected, wherein the
frames of ATM cells are transmitted across an ATM
communication network;

2B) the communication network includes a plurality of
nodes so arranged that a plurality of paths exist among at least
some nodes between which said method is practiced, and where
selected, wherein at least one node may communicate with more
than one node at a time;

AMENDED SHEET (ARTICLE 19)
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2C) the encoded data comprises compressed data;
and |

2D) said encoded data comprises compressed data, and
wherein said step of synchronizing the encoder and decoder
includes resynchronizing a transmitter at which steps 1A-1B are
performed and a receiver at which steps 1C-1E are performed.

"3. The method of claim 1

3A) wherein said step of synchronizing the encoder
and decoder upon detecting error(s) further includes one of 3C1
and 3C2: |

3A1) transmitting a second reset request code
sequence over a reverse channel upon failure to receive said
acknowledgment code sequence upon an expiration of a timer, and
3A2) transmitting a second reset request code

sequence over said reverse channel upon failure of at least one
received unit to successfully pass error detection upon an
expiration of said timer;
and where further selected,

3B) where transmission of said second reset request
further includes iteratively restarting said timer and
transmitting subsequent reset request code sequences when said
timer expires until the encoder and decoder are synchronized,
and where further selected,

3C) wherein the communication network further
includes a plurality of nodes arranged such that a plurality of
paths exist between at least some nodes between which said
method is practiced, and wherein at least one node may
communicate with more than one node at a time using different
encoding methods to communicate with at least two different
nodes, and wherein the timer is shared by the node using
different encoding methods.
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4. (Amended) A system for synchronizing an encoder of an
encoder error synchronizer and a decoder of a decoder error
synchronizer upon detection of error(s) in transmission of units
of encoded data across a communication network, said system
comprising:
4A) an encoder error synchronizer, operably coupled to
receive data and a reset request from the decoder error
synchronizer, for transmitting encoded data having error
detection information and for, upon receiving the reset request,
resetting the encoder, and
4B) a decoder error synchronizer, operably coupled to
receive the encoded data, detecting error(s), and, upon detecting
error(s), sending a reset request to the encoder. error
synchronizer,
and wherein at least one of 4C-4D:
4C) the encoder error synchronizer comprises 4C1-4C5:
4C1) an encoder, operably coupled to receive data and
to an to an acknowledgment unit, for encoding data and, upon
receiving an encoder reset signal from the acknowledgment unit,
resetting,
4C2) an error detect information generator, operably
coupled to the encoder, for receiving the encoded data and for
organizing the data into units of predetermined size(s) and
providing sequence identifiers for said units of the encoded data,
providing error detection information, and for providing the
encoded data to an inserter,
4C3) the inserter, operably coupled to receive the
encoded data, the sequence indicators and error detection
information, for adding to each unit of encoded data a sequence
indicator and error detection information to provide error detect
units,
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4C4) a transmission unit, operably coupled to the
inserter, for transmitting said error detect units across the
communication network, and ‘

4C5) the acknowledgment unit, operably coupled to
receive a reset request from the decoder error synchronizer, for,
upon receiving the reset request signal, sending a reset signal to
the encoder and a reset acknowledgment signal to the inserter;

4D) said error detection information is a code sequence

added to said unit of encoded data subsequent to encoding the
data, and where selected, wherein the code sequence is one of
4D1-4D4: |

4D1) a cyclic redundancy code (CRC),

4D2) a code sequence other than a CRC wherein the
code sequence is calculated from the encoded data,

4D3) a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data, and

4D4) a code sequence other than a CRC wherein the
code sequence is based on the number of said data units since a
previous reset.

5. The system of claim 4, wherein at least one of 5A-5D:

5A) the units of encoded data are frames of asynchronous
transfer mode (ATM) cells;

5B) the communication network is an ATM network;

5C) the communication network includes a plurality of
nodes so arranged that a plurality of paths exist between at least
some nodes between which said system is practiced, and where
selected, wherein at least one node may communicate with more
than one node at a time;

5D) the encoded data comprises compressed data.
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6. The system of claim 4 wherein the decoder error
synchronizer comprises 6A-6E:

6A) a receiving unit, operably coupled to the encoder
error synchronizer, for receiving the error detect units,

6B) a stripping unit, operably coupled to the
receiving unit, for providing the sequence identifiers, the error
detection information and encoded data for each error detect unit
and for transmitting a received reset acknowledgment to a
synchronizer,

6C) an error detector, operably coupled to the
stripping unit, for detecting error(s) utilizing the error detection
information and the sequence indicators and for providing an
error detect signal to the synchronizer,

6D) a decoder, operably coupled to the error detector
and to the synchronizer, for decoding data and resetting upon
receiving a reset signal from the synchronizer, and

6E) the synchronizer, operably coupled to the
stripping unit and to the error detector, for sending the reset
signal to the decoder and for sending a reset request to the
encoder error synchronizer on a reverse channel upon receiving
the error detect signal from the error detector, and where
selected, wherein the synchronizer further includes a timer,
operably coupled to the error and sequence detector, for starting
timing upon said detecting of errors and for transmitting a
second reset request code sequence over said reverse channel
upon failure to receive said request acknowledgment code
sequence upon an expiration of said timer, and where further
selected, wherein the communication network further includes a
plurality of nodes arranged such that a plurality of paths exist
between at least some nodes between which said system is
practiced, and wherein
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at least one node may communicate with more than one node at a
time using different encoding methods to communicate with at
least two different nodes, and wherein the timer is shared by
said nodes using different encoding methods.

7. (Amended) A method for synchronizing an encoder and a decoder
for transmission of predetermined units of data across a
communication network, said method comprising the steps of:

7A) adding to each unit of encoded data, error detection
information based on a predetermined combination of units of
encoded data to provide error detect units,

7B) transmitting said error detect units across the
communication network,

7C) receiving the error detect units,

7D) detecting error(s) utilizing the error detection
information, and

7E) synchronizing the encoder and decoder upon detecting
error(s),
wherein said error detection information is a code sequence
added to said unit of encoded data subsequent to encoding the
data;
and wherein upon the decoder's detecting an error, the decoder's
transmitting a reset request to the encoder, and

where the reset request code sequence is received at the
encoder, resetting the encoder, and

where each step of synchronizing the encoder and decoder
further includes one of:

7F) where the encoder transmits an acknowledgment

code sequence over said communication network to acknowledge
reception of said reset request code sequence and the
ackndwledgment code sequence is received, resetting the decoder
such that the decoder is synchronized with the encoder, and
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7G) where the decoder is reset upon the decoding of
each encoded data unit until a received unit successfully passed
error detection;
and where selected,

wherein said step of synchronizing the encoder and decoder

upon detecting error(s) further includes one of 7H and 7I:

7H) transmitting a second reset request code
sequence over a reverse channel upon failure to receive said
acknowledgment code sequence upon an expiration of a timer, and

71) transmitting a second reset request code
sequence over said reverse channefl® upon failure of at least one
received unit to successfully pass error detection upon an
expiration of said timer;
and where further selected, where transmission of said second
reset request further includes iteratively restarting said timer
and transmitting subsequent reset request code sequences when
said timer expires until the encoder and decoder are
synchronized.

8. The method of claim 7 wherein at least one of 8A-8F:
8A) the units of encoded data are frames of asynchronous
transfer mode (ATM) cells;
8B) the frames of ATM cells are transmitted across an ATM
communication network;
8C) the code sequence is one of 8C1-8C4:
8C1) a cyclic redundancy code (CRC),
8C2) a code sequence other than a CRC wherein the
code sequence is calculated from the encoded data,
8C3) a code sequence other than a CRC wherein the
code sequence is based on a size of the unit of encoded data, and
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8C4) a code sequence other than a CRC wherein the

code sequence is based on the number of said data units since a
previous reset;

8D) the encoded data comprises compressed data; and

8E) the communication network further includes a plurality
of nodes arranged such that a plurality of paths exist between at
least some nodes between which said method is practiced, and
wherein at least one node may communicate with more than one
node at a time using different encoding methods to communicate
with at least two different nodes, and wherein the timer is
shared by the node using different encoding methods.

9. The method of claim 7 wherein the communication network
includes a plurality of nodes so arranged that a plurality of paths
exist among at least some nodes between which said method is
practiced, and where selected, wherein at least one node may
communicate with more than one node at a time.
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