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METHOD FOR MANAGING FAILURES ON DYNAMIC SYNCHRONOUS
TRANSFER MODE DUAL RING TOPOLOGIES

Prior Application

This application is a continuation-in-part
application of U.S. Patent Application No. 08/757,347; filed

November 27, 1996.

The present invention relates to a dynamic

: synchronous transfer mode (DTM) architecture in a circuit-

switched network having at least one failure in a dual ring

topology that operates in two opposite fiber directions.

Background and Summarz of the Invention
The next generation of networks are likely to

integrate services such as delay-insensitive asynchronous

_ applications.including fax, mail, and file transfer with

delay-sensitive applications having real-time requirements

5_inc1uding audio and video. -These applications have

. traditionally béen'suppofted by different network technologies

and the integration between the different networks have been

"limited and
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cﬁmbersome. In the past, as&pchrcnous communication has been' -
ﬁrovided by computer networks that afe packet~-switched and use
store-and-forward techniques, like the Interpet. Re&l-time
synchronous communicatioh;_éh'the other hand, has been
providéd by circuit switched, time-division multiplexed
telephone networks.
circuit-switched networks have mény attractive
featﬁres. For example, tﬁe circuits are isolated from one

another in the senée that traffic on one circuit is unaffected

. by activities on the other circuits. This makes it possibile

 to provide guaranteed transfer quality with constant delay

which often is suitable for appliéatiohs with timing
reguirements. Furtherﬁore, information that is related to
data and control are separated in circuit-switched networks.
Processing of control information only takes place when
circuits are created or téfminated and the actual data
transfer can be performed without the need.for processing the_
data stream and confrolling any congestion. This allows large
volumes of data to be transferred efficiently.

The static nature of ordinary circuit-switched

. networks often makes them inappropriate for certain types of

information flows. 'Traditionally, the circuits have fixed

capacity, long set-up delay and poor support for multi-cast.

; These shortcomings make it difficult to efficiently support,

for example, computer communication in a circuit-switched
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solutions and the predominant view is that.the next generatién
of telecommunicétion networks should be cell-switched based on -
asynchronous transfer mode (ATM). Cells are small, fixed-size
packets, so ATM is similar to pécket-switching. This means
that many of the weaknesses of packet-switching are also
present in cell-switched networks, pafticularly in the area of
providing guaranteed quality of service. Therefore,
additional mechanisms, such as admission control, traffic
regulation, scheduiihg of packets on links and
resynchronization at the receiver are needed to integrate
support for different kinds of information fiows. One of the

main concerns with packet and cell switched networks in

" general, and ATM in particular, is whether it is possible to

provide and use these mechanisms in a cost-effective way.

-~ Shared medium local area networks (LANs), such as
CSMA/CD, token ring and FDDI, are used in the Internet as
building blocks connected by routers or bridges. The

combination of easy expansion, low incremental node cost and

tolerance to faulty nodes has resulted in simple, flexible,

and robust hetworks. Also, the shared medium facilitates an
efficient application of;new.mu;ti—cast protocols such as IP
multi-cast.

| A drawback of the shared medium that is used today is
thét it'typically permits only a single terminal to transmit

at
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any time, thereby not utilizing all-ne?work segments_
efficiently; A design that allows the éépacity of the mediun
to be reused may be designed, but this is often at the cost of
increased complexity in the high-speed access control
har&ware. Access cqntrbl meéhanisms for a shared medium also
directly depend on the size of the network and are usually
efficient only for local area environments.
| As indicated earlier, the two main types of networks

commonly used are connection oriented circuit-switched

networks used for telephones and packet-switched networks

* without connections that are used for computers, as

exemplified by the Internet. When a circuit-switched network
is used for data communication, the circuits must remain open
between bursts of information which is often a poor use of the
network capacity. This-problem'arises because circuit
management operations are siow compared to the dynamic
variations in the user demand. Another source of overhead in

conventional circuit-switched networks is the limitation of

 requiring symmetrical duplex channels which add 100% overhead

to the network when the information flow is unidirectional.

. This constraint also makes multi-cast circuits inefficient and
© difficult to implement. Packet-switched networks, on the

other hand, lack resource reservation and must add header

information to each message before the transmission is made.
Furthermore, any latency in the packet-switched networks

cannot be acéurately predicted and
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packets may even be lost due to buffer overflow or corrupted -
he;ders. The latter two factors make real-time Qervice
difficult to support in packet-switched networks. Congestion
avoidance mechanismé can isolate information streams of
different users. These designs are, however, limited to time
scale operations that are comparable to the round-trip packet
delay.

DTM is a broadband network architecture that combines
many of the advantages of circuit-switching and packet-
switching in that DTM is b&sed on fast circuit-switching
augmented with a dynamic reallocation of resources, good
support for multi-cast channels.and DTM has means for

providing short access delay. The DTM architecture spans from

- medium access, including a synchronization scheme, up to

routing and addressing of logical ports at the receiver. DIM
is designed to support various types of information flows and
can be used-directly for application-to-application
communication, or as a carrier network for other protocols
such as ATM or IP (The Internet Protocol).

It has been shown that the signaling delay associated

with the creation and termination of communication channels

"7 'determines much of the efficiency of fast circuit-switching.

DTM is designed to create channels fast, within a few hundreds

"{-of'microseconds, DTM.differs from burst switching in that

s5"

information related to control and data are separated and DTM.
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uses multi-cast, multi-rate, high capacity channels to support-

' a variety of different classes of information flows. For

example, it is possible to increase or decrease the allocated
resources of an existing channel depending on the particﬁlar
requirements of the user at the time. Even though a DTM
network may have the potential of creating a channel for every
message, this approach may not be suitable for all information
flows. Rather, it is up to the user to decide whether to
establish a channel per information burst or to keep the
channel established'éven d&ring idle periods.

The DTM concept uses channels as the communication
abstraction. The DTM channeis differ from telephone circuits
in many ways. Firét,.the establishment delay is short so that

resources can be allqcated/deallocated dynamically as fast as

uéer'requirements change. Second, the DTM channels are

- simplex to minimize the overhead when the communication is

unidirectional. Thifd, the DTM channels offer multiple bit-
rates to support large variations in user capacity
requirements. Finally, the DTM channels are_multi-cast to
allow any number of destinations.

The DTM channels requife-no transfer of control

information after a channel‘ is established resulting in a very

' high utilization of network resources for large data

‘transfers. The support of any real-time information flow is

effective and there is no problems related to policing,

congestion control or
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flow-control within the network. As mentioned earlier, the .

control information is separated from the data information
which makes multi-cast less complex. The transmission delay’
is negligible (i.e., less than 125 ps) and there is virtually
no potential for data loss caused by buffer overflow as in .
ATM. Bit-error rates'depend on the underlying link
technologies, and switches are simple and fast due to the
strict reservation of resources at the channel setup. _

The DTM topology may be structured as a ring which
has the advantage of.reducing-the hardware requirement with
50% compared to dual bus structures. All nodes are able to
communicate with each other on a ring. topology by using only
one optical fiber in contrast to a bus structure that always
require at least two fibers in opposite direction to enable
all the nodes to communicate with each other.

In practice, any topoiogy may be subjected to

failures such as fiber failure or node failure. In the past,

. certain failures in a ring topology have caused a significant

decrease in performance. For example, if a fiber failure

occurs in a FDDT dual ring structure, it is necessary to close
"“"down the damaged ring thus_drastically reducing the capacity

 “of the ring structure. It is desirable to develop a ring

topology that is less sensiti#e to fiber and node failures.

The performance of the DTM dual ring structure of the



10

15

20°.

25

WO 99/56420 ) PCTIliS98/ 1 5439
-8 -

present invention is relatively insensitive to fiber and node -
failures. More particularly, the dynamic synchronous transfer
mode dual ring topology has two rings that operate in opposite
fiber directions. Preferably, the dual rings have a plurality.
of common nodes. A first channel may be established in a
first segment extending between a first and a second node,
which means that time slots (or tokens) may be allocated
between.the nodes for that channel. In this way, information
may be transmitted in the first channel from the first node to
the second node. If a fiber failure occurs in the first
segment, the second node is.likely to first detect the fiber
failure. The second node may then transmit a fiber failure
message. It is then detefmined if the first channel extends
across the fiber faiiuré. 'If the first channel is affected by
the fiber failure then a channei failure message may be
transmitted and the first channel is terminated and all the

tokens associated with the first segment are removed. If the

first channel is not affected, the same time slots can

continue to form the first channel. This means that only the

channels that are affected by the fiber failure are terminated

. while the remaining channels on the ring topology may operate

in a normal manner although there is a fiber failure on the

'ring topology.

Brief Description of the Drawings
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Fig. 1 is a schematic view of a dual DTM ring
topoiogy of the-présent inventioh; :

Fig. 2 is a schematic view of a DTM cycle of the
present invention having the data time slots separated from
"the control time slots;

Fig. 3 a schematic view of a DTM cycle including a
frame and gap slots;

Fig. 4 is a schematic view of a ring topology showing
three separate channels; |

Fig. 5 ié'a schematic view of the'position of two
?'separate DTM channels relative to:fing nodes and slot numbers;

Fig. 6 is a schematic'ﬁiew of a dual DTM ring
topology having a ring failure on the outer ring;

Fig. 7 is a schematic view of a dual DTM ring
‘topology having ring failure on both the outer and the inner
rings in different segments; |

Fig. 8 is a schematic view of a dual DTM ring
topology having ring failure on both the outer and the inner
rings in the same segment; and

- Pig. 9 is a schematic viéw of a dual DTM ring.

topology having two ring failures on the outer ring. .
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.Detailed Description . L

With reference to Figs. 1-5,.fhe préSent invention is
a dynamic synchronous transfer mode (DTM) ring topology system
10 that has a first ring topology 12 and a second ring
topology 14. The first ring topology 12 may be represented as
an outer ring and the second ring topology 14 may represented
as an inner ring in Fig. 1. The total capacity of the ring
topologies 12, 14 may bé divided into time cycles of
125 microseconds which are further dividable into 64-bit time
slots.

One feature of the DTM ring topologies 12, 14 is that
the cycle time and the slot length are; preferably, constant
throughout the DTM ring topologies 12, 14. The DTM ring
topologies 12, 14 are designed for a unidirectional medium
with multiple access such as fiber optics medium 13, 15.having

a capacity that is shared by all the connected nodes. The

‘slots may be dynamically allocated between the nodes, as

" described in detail below. The transmission medium can, in

addition to optical fibers, be a coaxial cable or another

© medium with'high_capacity;. In the description, the

transmission medium may be referred to as an optical fiber.
The first ring topology 12 may be adapted to transfer
data in a first rotational direction, as shown by an arrow Hil,

such as in a counter-clockwise direction, and the second ring
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topolegy 14 may be adapted to transfer data in a second
rotational direction, as shown by an arrow H2, such as in a
clockwise direction. It is to be understood that the first
rotational direction may be cldckwise and the second
rotational direction may be counter—clockwise as long as the
first fiber direction is different from the second fiber
direction. Both the first and second ring topologies 12, 14,
preferably, have an effective length that is an integer

multiple of 125 microseconds long cycles. As described in

~ detail below, although the actual length of the ring

: topologies may not be an integer multiple of 125 microseconds,

the effective length of the ring topologies may be adjusted
with expansion nodes.

- The first ring topology 12 may comprise an expansion
node 16 that may-be used’tb preciselj adjust the effective

length of the ring topology 12 although the physical length of

- the ring topology 12 is not an integer multiple of the cycle

. time. ' The expansion node 16 may include an expandable buffer

segment such as a FIFO (first-in-first-out) queue 18 for

storing incoming cycles of time slots. The gueue 18 may

.. permit a time expansion of the first ring topology 12 by

storing incoming cycles in the queue 18 a suitable amount of

_ timeato=optimizé and synchronize the use of the expansion node

-T_ulsuby.permitting the. expansion. node 16 to generate cycles

periddidally (gvéry-izsfmicfosecondé) into the ring topology

independent of the availability of any incoming cycles in the
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FIFO queue 18 at the transmission time of the new cycle. __”;
| The first ring topology 12 preferably has a plurality
of hbdes A-G and at least one of the nodes is selected as the
expansion node 16. Because the two ring topologies have
opposite fiber directions, node A may be the first node of the
ring topoloéy 12 and the eighth node ih the ring topology 14.
Similarly, node B may be the second node of the ring topology

12 and the seventh node of thelring topology 14. The method
of selecting the expansion node 16 may be performed according
to a suitable selection method such as selecting the node that
has the highest or the lowest predetermined identification
number.

Similarly, the second rihg topology 14 preferably |

| comﬁrises‘an expansion node 22 that may be used to precisely

adjust the effective length of the second ring topology 14.
The'expansion node 22 may also include an expandable FIFO

queue 24 to optimize the use of the expansion node 22 and to -

! properly synchronize the incoming cycles with the expansion

node 22. The second ring topeology 14 preferably shares the

‘nodes A-G with the first ring topology 12 although the fiber

direction of the second ring topology 14 is opposite.that of
the fiber direction of the first ring topology 12.

- In general, the service provided by the DTM ring

- topologies 12, 14 of the present invention are, preferably,

based on channels. A channel may be defined as a set of time
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slots having a sender and an arbitr;ry number df ;éceivgrs
that guarantees that the information data will reach the
receivers at the raté given by the capacity of the channel.
The channels on the physically shared medium may be
illustrated by a time division multiplexing (TDM) scheme (see
Fig. 2). The total capacity of thé channels may be divided
into time cycles 26 having a length of 125 microseconds that
are further dividable into 64-bit time slots 28. It is to be
understood that other dyclés and slot sizes may be used.

The time slots 28 are preferably separated into data

: slots 30 and control slots 32. As described in detail below,

each node A-G and each expansion node 16, 22 has access to at
least one control slot 32 associated therewith that may be
used for sending control information to the other nodes in the
ring topologies 12, 14. For example, control messages may be
sent upon a request from anuser énd in response to control
messages-frdm other nodes or simultaneously for management

purposes. - The control slots 32 may constitute a small

fraction of the total capacity while the major part of the

slots are, préferabiy,'data_slots-30 for carrying payload.

All'the!connected_nodes A-G and the expansion nodes

16, 22 in the ring topologies 12, 14 share all the_available

data slots. ' An important feature of the DTM concept is the

time division multiplexing scheme illustrated in Fig. 2. The

" position of a particular set of slots in the cycles may be .

used
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to determine'which of the nodes_have acgeés to the pa;ticula:f'
set of slots.. In other words, a data'siot_is always owned by
exactly one node at alparticular time and only the owner of a
data slot at a pafticular time may use the data slot to send
and receive information. 1In this way, the position of the
slots in the cycle may be used to determine which node is
going to use the data slots and there is no need to include a
header in the message.

Fig. 3 illustrates the details of a complete time

‘cycle 50 that may be defined as an integer number of time

: slots corresponding to about 125 microseconds. The cycle 50

" may be divided into a frame 52 and gap slots 54. The frame 52

may be used to include data slots for carrying pay loads and

" control slots for carrying control and management messages.

"It -is necessary to include the gap slots 54 in each cycle 50

because each node in the ring topology 10 may not be perfectly

synchronized to 125 microseconds and the gap slots 54 may be

used to accommodate any variations between the nodes. The gap

slots 54 are preferably never used to carry payloads but are
only used as an adjustment mechanism. The number of gap slots
54 may be adjuSted up or down a few slots so that the average
cycle'time is very close to 125hmicroseconds.

In the preferred embodiment,_the frame 52 may also

include a start slot 56 that is disposed in the beginning of

- the frame 52 to define the start of a hew'cycle. In this way,
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the frame 52 is a fixed number of slots that is slightly less-

than the total number of slots in the cycle 50.

However, a node may dynamiéally allocate resources to
anbther node in the ring topologies such as by dynamically
allocating a data slot or a set of data slots to another node
if the other node needs more slots to fulfill a request. In
this way, the ownership of the data slots may vary and is
negotiated between the ﬁodes through the control slots 32. 1In
each network node, there may be a node controller that

controls the access to the data slots and performs network

! management operations, such as network start-up and error

recovery. The main tasks of the node controller are to create
. and terminate channels on demand from users and to manage
network resources in response to user requests. Preferably,

control slots are used exclusively for messages between node

v controllers. As mentioned earliér, each node controller has

write access to at least one control slot in each cycle which
the node controller may use to broadcast control messages to
nodes that are downstream thereof. Since write access to

control slots is exclusive, the node controller should always

- have access to its control slot or control siots regardless of

. .other nodes. and the load on the ring syStem 10.

As mentioned earlier, the majority of the slots in a
cycle a;e,:preferably,_data_slots. Access to data slots may

change over time depending'on the requirements of the users
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" connected to the nodes in the ring system 10. Write access  to

the slots may be controlled by slot tokens (or tokens for
short) that may be kept in a token pool. Preferably, the node
controllers may write data into é slot only if it owns the
corresponding token. The token protocol may guarantee tﬁe
slot access to be conflict free, which means that not more
than one hode may write data into the same slot.

A set of status messaées may be used to distribute
information about the pool of free tokens available among the
nodes in the ring topoloéies 12, 14. For example, as shown in

Fig. 4, the pool of free tokens may be represented by the

'péripheral surface of the cylinder where the length of the

cylinder may represent the number of slots and the periphery

' of the cylinder  may represent the number of nodes disposed

between segments. The status message information may be used

" to assist a node to determine the availability of free tokens

when there is a need to have slots dynamically allocated from

another node. Each node may regularly broadcast status

'information about how many free tokens the node has. The

other nodes may store this informétion in their status tables.
In this way, a node that rgquires more capacity may simply
consult its status table to decide from which node to request

more slots. The broadcast status information provides an

ﬁéppﬁoﬁimate'vieWIbf'the current state of token information so
‘ that token requests may be rejected if a token request is sent

- to a node that no.
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longer has any tokens to nge away. |

As mentioned earller, the DTM system of the present
invention may permit a multiple access to the data slots
depending upon which node has been allocated the slots
according to the allocation system used in the ring topology
system 10. According to the DTM protocel, when the expansion
nodes 16, 22 and nodes A-G in the rinq topologies 12, 14 read
the slots of a cycle transmitted by or received from a
preceding node, including the expansion no&es 16, 22, the
nodes may either copy the information of the slots and send
the information to the local user of the particular node and
transmit the same information to the next node in the ring
topoloéies 12, 14.

" If a slot reuse method is used, the nodes A-G and the
expansion nodes 16, 22 may also read and copy the information
of the slots and send'thejsopied informatibn to the local user

and then change the information or write new information into

" the slots before the information is forwarded to the next

node. Of course, the nodes may neither read or copy the

information of a particular node.

- As noted above, one important feature of the present

invention is that the cycle time is preferably constant to
-~ maintain the synchronizatisn of the entire ring topology
* ‘system 10. Additionally, each cycle has a constant number of

25 slots
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although each slot in' every cycle may or may not contain any.

‘information. It is also important to note that it is possible

to increase the hitrate per seconds in the fiber optics 13, 15
thereby increasing the number of slots per cycle without
losing the synchronization of the ring topologies 12, 14 of

the network. It is even possible to connect two DTM networks

| together that operate at different speeds, and the

synchronization may be maintained if the cycle time and slot
length are constant.

If a slot reuse method is used, a single slot may be

- used multiple times on the ring topologies. Slot reuse

enables transmissions in the same slot by different users in
separate segments of the ring topologies 12, 14. Slot reuse

may be described as a general method to better utilize shared

" 'links in the ring topologies 12, 14.

The fact that the first DTM ring topology 12 has a
fiber direction that is opposite the fiber direction of the
second DTM ring topology 14 improves the capacity of the ring
topology syetem 10. _The.catacity of the system 10 depends

partly on the bitrate per second of the particular fiber

“optics used. For example, the bitrate per second may be a

fixed value such as 10 billion bits per second. Of course,

the bitrate per second may be a higher value or a lower value. -

The higher the bitrate of the fiber optlcs the more slots per

125 microseconds cycle. As explalned in detall below, the

_actual throughput of
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the ring topology system 10 may be higher than the bitrate of -
the fiber optics 13, 15 by reusing slots in the ring
topologies 12, 14 in gertain segments of the ring topologies.
In other words, the same slots may be used by different users
in different segments of the rihg topoldgies so that a slot
may be used more than once. Hoﬁever, the number of slots per
cycle dees not incréase only the number of times the slots are
used if the number of slots required exceeds the number of
slots in the cycle{ _

Assuming that both the ring topologies 12, 14 have
the same fiber direction, the total capacify of the system 10

may be described as the bitrate of ring topology 12 in

addition to the bitrate of the ring topology 14, i.e., the

total bitrate is twice as high as the bitrate of only one of
the ring topologies.

By providing the ring topologies 12, 14 with fiber.

" directions that are opposite to one another, the average

25

-distance a time slot must travel from a source node to a

destination node_ié reduqed to half the statistical average
distanée of a'single.ring-topology.lz. The average travel
distance in a single ring topology or a dual ring topology,
with the same_fiber_direction,_is half the ring circumferénce

vhile the average travel distance in a dual ring topology

”*haVing opposite'fiber.directions is only one guarter of the

rihg ecircumference. By-réducing the average distance, the
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total'capécity of dual rings with opposite fiber'diféction_is‘f
increased to be twice as high as the total capacity of a dual
ring where both rings have the same fiber direction.
In other words, a ring'topology may provide a

capacity that is twice as high as the capacity of a
conventional dual bus topology because any source node in the
ring topology can reach any destination node. 1In contrast, a

bus topology requires at least two buses, one in each

" direction, to enable any source node to reach any destination

node in the bus topology. As mentioned earlier, a dual ring
topology system that has the same fiber direction provides a
capacity that is twice as high .as the capacity of a single

ring topology. A dual.ring-topology'with opposite fiber

- ‘directions provides a capacity that is twice as high as the

capacity of a dual ring topology with the same fiber
direction. Therefore, ﬁhe total capacity of a duél ring
topology that has opposite fiber directions may be described
as providing a capacity that is eight times higher than the
capacity of a conventional bus topology.

As mentioned above, the expansioh_nodes 16, 22 or any

~other node A-G in the ring topology system 10 may‘cfeate a

channel by allocating a set of data slots for the channél and

by Sénding a channel establishment control message. The

- control message may be-addfessed_either to a single node or to

a multi-cast group and announces that the channel has been
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created and what slots are used. |
| Control messages for the channel establishment and

bandwidth reallocation may carry sets of tokens as parameters.
However, a control message is, preferably, 64 bits and can
therefore have only a small number of parameters. This means
that if a user.reguests a large bandwidth transfer, it may be
necessary to send several control messages to create the
channel. This may introduce extra access delay and require
additional signaling capacity. Several mechanisms have been
considered to reduce the amount'of_infermation that needs to

be sent during the channel creation and token reallocation

procedures.

In the preferred embddiment, the first optimization

- in token management may be to introduce block tokens so that

one token may be used to represent a block of available
contiguous slots in the free token pool. A block token may be
transferred in a single control message and represent a group
of tokens but can only be used for particular combinations of
tokens. For instance, a block token may be denoted by a slot

number and the number of contiguous slots in the group. The

 block token optimization assumes that the token pool is not
. fragmented into small pieces. Toq.many_small token blocks in
- the free poollmay be_a problem and referred to as

.- fragmentation.

A block token may represent a number of available
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slots that can be ;djoined to form a block. The slots may-. -

~extend both in the segment and the slot number dimensions.

The size of a block token may be measured by the length of the
block in the segment and in the slot number directions. The
process for selecting suitable block token format may be
designed so that, whenever possible, a block token is selected
that has the smallest overall size but thét satisfies the
requirements of a new channel i.e. that the biock token
provide sufficient tokens from the source node to the
destination nodes of the channel. However, if there are

several suitable block tokens available that have the same

 size, the selection process may select the block token that

has the longest length in the ségmeﬁt direction. The length
in the slot number direction is oﬁly'of secondary importance.
When. using the slot reuse method in DTM ring'systems, the .
block token format may pe extended to include pérameters
describing the segments the block token is representing. The
token management protocol may also be modified to avoid

conflicts in the slot number dimension as well as the segment

“dimension.

The token protocol may guarantee that_a data slot can
never be used by two nodes simultaneously on the ring topology
system 10. Sometimes this protocol is too conservative.

Fig. 4_illustrates an example of how tokené are reserved for

three channels (A, B, and C). The nodes are connected by

-segments'and the channels.typically use a subset of thé
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segments on the ring structure (gray:colo:) and the rest may -
be feserved (white color) but left unuéed and thus wasting
shared resources. A better alternative is to only reserve
capacity on the segments between the sender and the receiver
as the example illustrafed in Fig. 5. More particularly, Fig.
5 shows three channels K1, K2, and K3. A single slot or slot
sections may in this case be used multiple times on the ring
topology. In the illustrated example, channel K2 is using the
same slots as channel K3 but on different seghents in the ring
topoloéy.lz. As ‘indicated earlier, this may be referred to as
slot reuse. Slot reuse enables simultaneous transmissions in
the same slot over disjointed segments of the ring topology
system 10. Beéause the ring topology is round, it is also
possible to reserve slots from the end node to the start node,
such #s from node G to node A. This is an added feature of
ring structures that is not available in single or dual
straight bus topologies.

Figs. 6-9 illustrate a variety of situations where

‘there are fiber or node failures in one or both ring

topologies 12, 14. Fig. 6 shows a single failure U disposed
between node D and node E on,thé outer ring topology 12. The
failure U is likely to-be fi:s; deteéted_hy node E on the ring

topoiogy 12 because node E is situated immediately downstrean

"' of the failure U in the fiber direction Hl. Node E may detect

that there is a failure preceding node E if node E does not

receive
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ény slots from node D within a certain time period. In other -
words, node E only knows that the failure must have occurred
before node E but not exactly where on the ring topology 12.
Node E may then inform all the nodes on the ring topology 12
about the failure U by either sending fiber failure messages
on the outer ring topology 12 in the counter clockwise -
direction or by sending fiber failure messages on the inner
ring topology 14 in the clockwise direction H2.

After all the nodes receives the information from
node E about the fiber failure U, each node may review its
channel table to determine if any of the channels transmitted
by the particular node is affected by the failure U.  In the

above example, the failure U only affects channel K1 that

"extendé from the source node C to the destination node E on

the outer ring topology 12. Node C may send a control message
about the failed channel to the destination node E by using
the inner ring topoleogy 14 and transmit in the opposite
cloékwise direction until the channel failure message reaches
the destination node E. These types of messages may be

transmitted by the node controller of the node C. Node E may

- then continue transmitting cycles as a master node in a normal

" fashion if node E has a-slot generator.

The next step ﬁayfbe to remove all the tokens that

aré associatéd with the segment between node D and node E on

~ the damaged outer ring topology 12. In other words, all

tokens for
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+the full bandwidth between nodes D and E on the outer ring. =-
topology 12 may be removed and made unavailable tp all the
nodes. There is no need to have a complicated contfol
mechanism to keep track of where in the system the failure has
occurred. It is sufficient to simply make the particular
tokens associated with the segment unavailable to all the
nodes in the ring topology system 10.

There is essentially no difference between the
occurrence of a fiber failure between nodes D and E on the
outer ring topology 12 and using all the tokens for the
segments befween the nodes D and E for a channel because the
tokens are unavailable in either situation. All the other
channels on the oﬁter fing topology 12 that are not using the
defective segment may continue to operate in a normal way. In

‘other words, although the outer ring topology 12 includes a

" permanent failure U, the ring topology 12 is still fully

functional except for the unavailability of the tokens for the
segment that is affected by the fiber failure U. The more
nodes and the fewer channels the ring topology 12 has the less

likelihood that the fiber failure is going to affect a

1perticu1ar-channel. Any future channel that normally would

- use the.segment between nodes D and E on the outer ring

topology 12 must now use the inner ring topology 14.

eChannel K2 that extends from node B to node D and

'chanhel K3 that extends from node F to node G on the outer

‘ring
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' topology 12 are completely unaffected. Any'future channels . "~

that are set up on the outer ring topology 12 will be
completely unaffected by the fiber failure U as long as the
channels do not require tokens for the segment that extends
between node D and node E. Even if a channel requires the
segment between the node D and the node E, the inner ring
topology 14 may st111 be used.

Because all the tokens for the segment between nodes

‘D and E are removed from the pool of free tokens for the outer

ring topology 12, the average size of the block tokens for the
outer ring topology 12 is likely to be smaller than the
average size of the block tokens for the inner ring topology
14. -Tﬁe source node of a channel may then compare the
smallest possible block token available on the outer'ring
topology 12 that will saaisfy the requirements'of the channel
with the smallest possible block token available on the inner

ring topology 14 that will also satisfy the channel -

‘requirements. This may mean that the utilization of the
"damaged outer ring topology 12 is maximized while as much free

‘capacity as possible is maintained‘on the inner ring. topology

14 because the block tokens are likely to be smaller on the
outer ring topology 12 due to the fiber failure.

- If there is aisingle-fiber-failure'on the outer ring

B ' topology 12, the ring topology 14 still has a capacity that is
.;2$'ﬂfat71east two times that of. conventional bus topology due to

the” '
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slot reuse method and the ring structure itself, as indicated -
above. In addition, because the ring topology 12 may still be
used, except for the. segment between nodes D and E, the ring
topology 12.adds additional capacity to the ring topology
system 10. When both ring topologies 12, 14 are fully
functional, the ring topology system 10 provides a capacity

that is about 8 times higher than a conventional.bus topology.

' This means that the capacity of ring topology system 10 that

- has a single® fiber failure provides a capacity that is between

2 and 8 times higher than a conventional bus topology. The
exact capacity of the system 10 with one fiber failure depends

partly on the number of channels that use the damaged segment.

Fig. 7 illustrates an example when both the ring

topology 12 and the ring topology 14 each has a fiber failure

but in different segments of the ring topologies. For

example, the outer ring topology 12 may have a fiber failure W

“situated between nodes C and D and the inner ring topology 14

may have a node failure Y in node E. If there is a channel K4

that extends from node G tbnﬁode D on the inner ring topology

14 and a channel K5 that extends from node B to node F on the

" ring topology 12 both channels K4 and K5 are affected.

Channel K4 is affected by the fiber failure W and channel K5

is affected by the node failuré:Y.f_In this situation, node D

will first detect the failure W and node F will first detect
the node '
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failure Y in node E. T : - .-

Node D may then transmit a fiber failure message to
the other nodes. Because channel K5 has been affected by the
fiber failure W, the'sourcé node B may then transmit a channel
failure message to the other node.' The channel K5 may then be
terminated and the tokens for the segment between node C and
node D may be made unavailable on the outer ring topology 12
so that future channels do not include the segment between
node C and node D. If it is essential to maintain the channel
between the source node B and the destination node F, node B
may set up an alternative channel K5’ between the source node
B and the destination node F by.using the inner ring topology
14 and transmit via node A, expansion node 22 and node G to
the destination node F.

Fig. 8 1llustrates a 51tuatlon when both the outer

~ and the inner ring topologles 12 14 have fiber failures M and

N in the same segment between nodes C and D. More
particularly, the fiber failure M is first detected by node C
on the inner ring topology 14 and the fiber failure N is first
detected by node D on the outer ring topology'lz. Node C will
inform all the nodes thaf are downstream of node C on the
inner ring topoiogy-14 aboutithe fiber failure M and node D
will inform all the downstream nodes on the outer ring
topology 12 about the fiber failure N.. Both node C and node D

may. continued to generate cycles a master nbdes, if so

desired. All the nodes then
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determine which channels are affected by the. fiber failures M -
and N. This determination may be done by all the nodes at the
same time in parallel. If a channel is affected by the fiber
failure, the source node may send a channel failure message to
the destination node. In the example illustrated in Fig. 8,
channels K6 and K7 are affected and node C cannot use the
outer ring topology 12 to inform the source node E about the
fiber failure M due to the fiber failure N on the outer ring
topology. Howevef, node C may send a message the long way on
the inner ring topology 14 passed the expansion node 22 and
eventually reach node E. Similarly, node D on the outer ring
topology 12 must use the outer ring topology 12 to send a
message to the source node B about the fiber failure N that
affects the channel K7.
All tokens for the segment between node C.and node D
on both the ring topologies 12 are then made unavailable and
the ring'topologies 12, 14 will essentially function as a dual

bus structure with node C and node D as end nodes. Also, the

total capacity of the ring topology system in this case is

identical to that of a dual bus topology that is two times

higher than a single bus topology.

Fig. 9 illustrates a situation when the outer ring

topoleogy 12 has two fiber failure while the inner ring

'~ topology 14 has no fiber failure. For example, the outer ring

~ topology 12 may have a fiber failure O between nodes A and B

and a fiber
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" failure P between the nodes C and D. Because the inner ring '-

topology 14 is fully functioning, the inner ring topology may

be used to send control messages to all the nodes to inform

‘all the nodes about the fiber failures 0 and P. The procedure

of informing the nodes in the-ring system 10 is analogous to
the procedures described above. Nodes B and D may act as
master nodes and keep on generaﬁing cycles as soon as possible
after the detection of the fiber failures O and A.

While the present invention has been described with
reference to preferréd eﬁbodiments, it is to be understood
that certain substitutions and alterations may be made thereto
without departing from thé spirit'and scope of the invention

as set forth in the appended claims.
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We claim: | - _ - o ..t

1. A method of managing a failure on a dynamic
synchronous transfer mode dual ring fopology, comprising the
steps ofi |

providing a first dynamic synchronous transfer mode
ring topology having a first node, a second node and a third
node, the first ring topology using time division multiplexing
having a capacity that is divided into time cycles that are
dividable into time slots, the first topology being adapted to
transmit frames only in a first fiber direction;

pfoviding a second dynamic synchronous transfer mode
ring topology having the first node and the second node in
common witﬁ the first ring topology, the second ring topology

being adapted to transmit frames only in a second fiber

‘direction that is opposite the first fiber direction;

establishing a first channel in a first segment on
the second ring topology exténding between the first and
second node, the second node being downstream of the first
node;

providing tokens ;ssociated with the first channel;.

transmitting-informatiph'in the time slots forming
the first channel; |

the second hﬁde.detecting a fiber failu;e in the

first segment on the second ring topology;
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the second node transmitting a fiber failure meséage{'

determinin§ if the first channel extends across the
fiber failure;

if the first channel éxtends across the fiber
failure, transmitting a channel failure message, terminating'
the first channel and removing all tokens associated with the
first segment; and -

if the first channel does not extend across the fiber
failure, continuing transmitting information in the time slots

forming the first channel on the second ring topology.

2. The method accbrding to claim 1 wherein the
method further comprises the step of forming a plurality of
block. tokens frbm:contiguous_tokens and the step of
establishing the first channel further comprises the step of

selecting a block token associated with the first segment.

3. The method achrding to claim 2 wherein the

method further comprises the step of providing a plufality of

block tokens having a variety of sizes and the step of
selecting the block token further comprises the step of

selecting a block token with a minimum size.
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4. The method accérding.to claim 3 wherein the step -
of selecting the block ﬁoken further comprisés the step of
reviewing block tokens on both the first ring topology and the'

second ring topology.

5. The method according to claim 3 wherein the step
of selecting further comprises the step of selecting a block
token that has a longest length in a segment direction if two

block tokens have an areal size that is identical.

6. A method of managin§ é failure on a dynamic
synchronous transfer mode dual ring topology, comprising the
steps of: |

. providing a first dynamic synchronous transfer mode
ring topology having a first node, a second node and a third
node, the first ring topology using time division multiplexing
having a capacity that is divided into time cycles that are
dividable into time slots, the first topology being adapted to
transmit frames only in a first fiber direction;

| Eproviding a second dynahicjsynchronous transfer mode
ring topology having the fifst node and the second node in

common with the first ring topology, the second ring topology
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being adapted to transmit frames only in a second fiber
diréétibn'that is opposite the fi:st fiber difé@tion;
.detecting a failure between the first node and the
second node on the second rihg topology; and
transmitting information in time slots from the

second node to the third node on the second ring topology.

7. The method according to claim 6 wherein the
method further comprises the step of transmitting information -
in time slots from the third node to the first node on the

second ring topology.

8. The method according to claim 6 wherein the
method further compriées the step of transmitting information
in time slots from the first node to the second node on the

first ring topology.

9. A method of handling a failure on a dynamic
synchronous trahsfer mode dual ring topology, comprising the
steps of:-

providing a first dynamic synchronous transfer mode

‘ring topology having a first node, a second node and a third
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néde, the first ring.topology_using time division multiplexing
having a capacity that is divided into time cycles that are
dividable into time slots, the first topoloéy being adapted to
transmit frameé only in a first fiber direction;

providing a second dynamic synchronous transfer mode
ring topology having the first node and the second node in.
commbn with the first ring topology, the second ring topology
being adapted to transmit frames only in a second fiber
direction that is opposite the first fibef direction;

detecfing a first failure between the first node and
the second node on the first ring topology;

detecting a second failure between the first node and-
the second node on the second ring topology;

transmitting information in time slots from the first
node to the second node on the first ring topology; and

transmitting information in time slots from the

second node to the first node on the second ring topology.

10. The method accordlng to claim 9 wherein the

'method further comprlses the steps of establishing a channel

_between the first.node,and_the second node on the first ring

topology and providing'tokens for the channel.
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11. The method according to’qlaim 10 Whereip the
method further comprises the step-of forming a piurality of -
block tokens from contiguous tokens and the step of
establishing the channel further comprises the step of

selecting a block token associated with the channel.

12. The method according to claim 11 wherein the
method further comprises'thé'stép of providing a plurality of

block tokens having a variety of sizes and the step of

- selecting the block token further comprises the step of

: selecting a block token with a minimum size.

- 13. The method according to claim 12 wherein the
step of selecting the block token further comprises the step

of reviewing block tokens on both the first ring topology and

the second ring topology.

14. The method according to claim 12 wherein the

- step of selecting further comprises the step of selecting a

~ block token that has a longest length in a segment direction

if two block tokens have an areal size that is identiéal.
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15. The method according to claim 10 wherein the . -
method further comprises the step of determining if the

channel extends across the first failure.

16. The method according to claim 15 wherein the
step of determining further comprises the step of transmitting
a channel failure message if the channel extends over the

first failure.

17. The method according to claim 16 wherein the
step of transmitting further comprises the step of terminating

the channel.

-18. A method of héndling a failure on a dynamic
synchronous transfer mode dual ring topology, comprising the
steps of:

providing a first.dynamic synchronous transfer mode
ring topology having a firét node, a second node and a third
node, the first ring topblogy using time division'multiplexing

having a capacity that-issdividéd_into time cycles that are

- dividable into time slots,_the.first topology being adapted to
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transmlt frames only in a first fiber direction;
prov1d1ng a second dynamlc synchronous transfer mode
ring topology having the first node and the second node in
common with the first ring topolocy, the second ring topology
being adapted to transmit frames only in a second fiber
direction that is opposite the first fiber direction;
detecting e first failure between the first node and
the second node on the second ring topology;
detecting a second failure between the second node
and the third node on the second ring topology; and
transmitting information in time slots from the third

node to the first node on the second ring topology.

19. The method according to claim 18 wherein the
method further comprises the steps of detecting the first
failure further comprises the step of transmitting a first

‘failure message.

20. The.method according to claim 18 wherein the
'method-further comprises the -steps of detecting the second

failure further comprises the step of transmitting a second

- failure message.



