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METHOD FOR MANAGING FAILURES ON DYNAMIC SYNCHRONOUS 
TRANSFER. MODE DUAL RING TOPOLOG:IES 

Prior Application 

This application is a continuation-in~part 

application of u.s. Patent Application No. 08/757,347; filed 

November 27, 1996. 

Technical Field 

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. 

15 Background and summary 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 

20 including audio and video. -These applications have 

traditionally been supported by different network technologies 

and the integration between the different networks have been 

limited and 
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cumbersome. In the past, asynchronous communication has be~n·- -

provided by computer networks that are packet-switched and use 

store-and-forward techniques, like the Internet. Real-time 

synchronous communication, on the other hand, has been 

5 provided by circuit switched, time-division multiplexed 

telephone networks. 

circuit-switched networks have many attractive 

features. For example, the circuits are isolated from one 

another in the sense that traffic on one circuit is unaffected 

10 by activities on the other circuits. This makes it possible 

to provide guaranteed transfer ~ality with constant delay 

which often is suitable for applications with timing 

requirements. Furthermore, information that is related to 

data and control are separated in circuit-switched networks. 

15 Processing of control information only takes p"lace when 

circuits are created or terminated and the actual data 

transfer can be performed without the need for processing the 

data stream and controlling any congestion. This allows large 

volumes of data to be transferred efficiently. 

20 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, 

25 for example, computer communication in a circuit-switched 

.. _·,.:· ... ··· 
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network. This has motivated a search for alternative 

solutions and the predominant view is that the next generation 

of telecommunication networks should be cell-switched based on 

asynchronous transfer mode (ATM). Cells are small, fixed-size 

s packets, so ATM is similar to packet-switching. This means 

that many of the weaknesses of packet-switching are also 

present in cell-switched networks, particularly in the area of 

providing guaranteed quality of service. Therefore, 

additional mechanisms, such as admission control, traffic 

10 regulation, scheduling of packets on links and 

resynchronization at the receiver are needed to integrate 

support for different kinds of inform~tion flows. one of the 

main concerns with packet and cell switched networks in 

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

15 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 bridge~. The 

combination of easy expansion, low incremental node cost and 

20 tolerance to faulty nodes has resulted in simple, flexible, 

and robust networks. Also, the shared medium facilitates an 

efficient application of new.multi-cast protocols such as IP 

multi-cast. 

A drawback of the shared medium t~at is used.today is 

25 that it typically permits only a single terminal to transmit 

at 
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any time, thereby not utilizing all network segments 

efficiently. A design that allows the capacity of the medium 

to be reused may be designed, but this is often at the cost of 

increased complexity in the high-speed access control 

5 hardware. Access control mechanisms 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 

10 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 

15 network capacity. This·problem arises because circuit 

management operations are slow 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 

20 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. 

25 ··Furthermore, any latency in the packet-switched networks 

cannot be accurately predicted and 
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packets may even be lost due to buff er overflow or corrupte4 

headers. The latter two· factors make real-time service 

difficult to support in packet-switched networks. Congestion 

avoidance mechanisms can isolate information streams of 

s 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-

10 switching in that DTM is based 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 

15 routing and addressing of logical ports at the receiver. DTM 

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). 

20 It has been shown that the signaling delay associated 

with the creation and termination of communication channels 

··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 

2s· information related to control and data are separated and DTM 



W099/56420 PCT/US98/15439 

- 6 -

uses multi-cast, multi-rate, high ~apacity·ch~nnels to supp~~- · 

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 particular 

5 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 

10 channel established even during idle periods. 

The DTM concept uses channels as the communication 

abstraction. The DTM channels differ from telephone circuits 

in many ways. Fir~t, the establishment delay is short so that 

resources can be allocated/deallocated dynamically as fast as 

15 user requirements change. · Second, the DTM channels are 

simplex to minimize the overhead when the communication is 

unidirectional. Third, the DTM channels offer multiple bit­

rates to support large variations in user capacity 

requirements. Finally, the DTM channels are multi-cast to 

20 allow any number of destinations. 

The DTM channels require· no transfer of control 

information after a channel is established resulting in a very 

high utilization of network resources for large data 

transfers. The supp·ort of any real-time information flow is 

25 effective and there is no problems related to policing, 

congestion c.ontrol 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 µs) and there is virtually 

s no potential for data loss caused by buff er 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 

10 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 

15 all the nodes to· communicate with each other. 

In practice, any topology 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 

2 o-· occurs in a FDDI dual ring . structure, it is necessary to close 

down the damaged ring thus drastically reducing the capacity 

of the ririq-structure. It is desirable to develop a ring 

topology that is less sensitive to fiber and node failures. 

The performance of the DTM dual ring structure of the 
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present invention is relatively insensitive to fiber and noqe·­

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 

s 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 

10 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 determined if the first channel extends 

across the fiber failure. If the first channel is affected by 

15 the fiber failure then a channel 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 

20· channels that are affected by the fiber failure are terminated 

while the remaining channels on the rinq topoloqy may operate 

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

·ring topology. 

25 Brief Description of the Drawings 
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Fig~ l is a schelllatic view of a dual DTM rin~ 

topology of the present invention; 

Fig. 2 is a schematic view of a DTM cycle of the 

present invention having the data time slots separated from 

5 the control time slots; 

10 

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 is a schematic view of the position of two 

separate DTM channels relative to.ring nodes and slot numbers; 

Fig. 6 is a schematic view 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 

15 · · ·topology having· ring failure on both the outer and the inner 

rings in different segments; 

Fig. a 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 

20. Fig. 9 is a schematic view of a dual DTM ring 

topology having two ring· failures on the outer ring •. 

• • ."l 

.. : 
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.Detailed Description 

With reference to Figs. 1-5, the present invention.is 

a dynamic synchronous transfer mode (DTM) ring topology system 

10 that has a first ring topoloqy 12 and a second ring 

s topology 14. The first ring topoloqy 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 be divided into time cycles of 

10 

..... 

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, 1,4 ·· are designed for a unidirectional medium 

15 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 

·20 medium with high capacity •. In the description, the 

transmission medium may be referred to as an optical fiber. 

The first ring topoloqy 12 may be adapted to transfer 

data in a first rotational direction, as shown by an arrow Hl, 

such as in a counter-clockwise direction, and the second ring 
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topoloqy 14 m~y 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 clockwise and the second 

s 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 

10 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 r·ing tolloloqy 12 may comprise an expansion 

15 node 16 that may be used to precisely adjust the effective 

length of the ring topology 12 although the physical.length of 

the ring topology 12 is not an integer multiple of ~he cycle 

20 

. 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 queue l.8 may 

permit a time expansion of the first ring topology 12 by 

storing inco~ing cycles in the queue 18 a suitable amount of 

time .. to ·optimize and synchronize the use of the expansion node 

.16.by. permitting the. expansion node 16 to generate cycles 

25 · periodically {.every 125 ·microseconds) 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 nodes A-G and at least one of the nodes is selected.as the· 

expansion node 16. Because the two ring topologies have 

s opposite fiber directions, node A may be the first node of the 

ring topology 12 and the eighth node in the ring topology 14. 

Similarly, node B may be the second node of the rinq topology 

12 and the seventh node of the ring topology 14. The method · 

of selecting the expansion node 16 may be performed according 

1.0 to a suitable selection method such as selecting the n·ode that 
·' .· · · has the highest or the lowest predetermined identification 

number. 

Similarly, the second ring topology 14 preferably 

comprises an expansion node 22. that may be used to precisely 

15 adjust the effective length of the second rinq 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 topology 14 preferably shares the 

20 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 rinq 

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

25 based on channels. A channel may be defined as a set of time 
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slots having a sender and an arbitrary number of receivers -

that guarantees that the information data will reach the 

receivers at the rate given by the capacity of the channel. 

The channels on the physically shared medium may be 

s illustrated by a time division multiplexing (TOM) scheme (see 

Fig. 2). The total capacity of the channels may be divided 

into time cycles 26 having a lenqth of 125 microseconds that 

are further dividable into 64-bit time slots 28. It is to be 

understood that other cycles and slot sizes may be used. 

10 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 

15 ring topologies 12, 14. For example, control messages may be 

sent upon a request from a user and in response to control 

messages from 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 

20 slots are, preferably, 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 

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

used 
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to determine which of the nodes have access to the particula+.·- · 

set of slots. In other w~rds, a data s~ot is al~ays owned by 

exactly one node at a particular time and only the owner of a 

data slot at a particular time may use the data slot to send 

s and receive information. In 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 

10 ·cycle so 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. 

15 'It-is nece$sary to include-the qap .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 ~ny variations between the nodes. The gap 

slots 54 are preferably never used to carry payloads but are 

20 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 125 microseconds. 

In the pref erred embodiment, the frame 52 may also 

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

25 the frame ·s2 to define the-start of a new cycle. In this way, 
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the frame 52 is a fixed number of' sl.ots that is sl:i,ghtly le?s·- · 

than the total number of slots in the cycle 50. 

However, a node may dynamically allocate resources to 

another node in the rinq topologies such as by dynamically 

5 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 nodes through the control slots 32. In 

each network node, there may be a node controller that 

10 controls the access to the data slots an~ 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, 

15 control slots are. used exclusively for messages between node 

controllers. As mentioned earlier, 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 

20 control slots is exclusi,ve, the node controller should always 

have access to its control slot or control slots regardless of 

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

As mentioned earlier, the majority of the slots in a 

cycle are,·. preferably, data. slots. Access to data slots may 

25: <change over time depending ori the requirements of the users 
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- connected to the nodes in the ring system 10. Write access ta 

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 a slot only if it owns the 

s corresponding token. The token protocol may guarantee the 

slot access to be conflict free, which means that not more 

than one node may write data into the same slot. 

A set of status messages may be used to distribute 

information about the pool of free tokens available among the 

10 nodes in the ring topologies 12, 14. For example, as shown in 

15 

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

peripheral 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 deterinine the availability of free tokens 

when there is a need tc;> have slots dynamically allocated from 

another node. Each node may·reqularly broadcast status 

information about how many free tokens the node has. The 

20 other nodes may store this information in their status tables. 

In this way, a node that requires more capacity may simply 

consult its status table to decide from which node to request 

more slots~ The broadc.ast status information provides an 

approximate·view of .the current state of token information so 

25 ·· that token reqiiests may be rejected if a token request is sent 

to a node that no· 
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longer has any tokens to give away. 

As mentioned earlier, the OTM system of the-present 

invention may permit a multiple access to the data slots 

depending upon which node has been allocated the slots 

5 according to the allocation system used in the rinq topology 

system 10. According to the DTM protocol, when the expansion 

nodes 16, 22 and nodes A-G in the ring topologies 12, 14 read 

the slots of a cycle transmitted by or received from a 

preceding node, including the expansion nodes 16, 22, the 

10 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 

topologies 12, 14. 

If a slot reuse method is used, the nodes A-G and the 

15 expansion nodes 16, 22 may also read and copy the information 

of the slots and send the copied information 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 

20 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 synchronization of the entire rinq topology 

·system 10. Additionally, each cycle has a constant number of 

25 slots . 
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alt~ough each slot in· every cycle may or may not contain any_ 

information. It is also· important to note ~hat it is po~~ible 

to increase the bitrate per seconds in the fiber optics 13, 15 

thereby increasing the· number of slots per cycle without 

5 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. 

10 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 

15 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 system 10. The capacity of the system 10 depends 

20 partly on the bitrate per second of the particular _fiber 

··· optics used. For example, the bi tr ate 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 optics the more slots per 

25 125 microseconds cycle. As explained in detail below, the 

actual throughput of 



W099/56420 PCT/US98/J5439 

- 19 -

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 certain segments of the rinq topologies. 

In other words, the same slots may be used by different users 

s in different segments of the ring topologies so that a slot 

10 

may be used more than once. However, the number of slots per 

cycle does not increase 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 capacity 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 

15 the ring topologies. 

By providing the ring topologies 12, 14 with fiber. 

directions that are opposite to one another, the average 

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

destination node is reduced to half the statistical average 

20 ·· · distance of a sinqle rinq. topology 12. The average travel 

distance in a single .. rinq topology or a dual rinq topology, 

with the same fiber direction, is half the ring circumference 

whiie the average travel.distance in a dual rinq topology 

· havinq opposite fiber .. directions is only one_ quarter of the 

25 ring circtimference. By reducing the average distance, the 
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total· capacity of dual rings with opposite fiber· direction .is· -· -

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 

5 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. In contrast, a 

bus topology requires at least two buses, one in each 

direction, to enable any source node to reach any destination 

10 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 

15 .· capacity of a dual ring topology with the same fiber 

direction. Therefore, the total capacity of a dual 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. 

20 As mentioned above, the expansion nodes 16, 22 or any 

other node A-G in the ring topology system 10 may create a 

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

by sending a channel establishment control message. The 

control message may be addressed either to a single node or to 

25 a ':inulti-Cast group and announces that the channel.has been 
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crea~ed and .what slots are used. 

PCT/US98/15439 

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 

s therefore have only a small number of parameters. This means 

that if a user requests 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 siqnalinq capacity. Several mechanisms have been 

10 considered to reduce the amount of information that needs to 

be sent during the channel creation and token reallocation 

procedures. 

In the preferred embodiment, the first optimization 

in token management may be to introduce block tokens so that 

15 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 

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

block token optimization assumes that the token pool is not 

fragmented into,small piec;:e~. Too.many small token blocks in 

the free pool-may be .a prob,lem and referred to as 

fragmentation!' 

25 A block token may represent a number of available 
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slots that can be adjoined to form a block. The slots· may-. 

extend both in the segment and the s-lot number -dimensions. 

The size of a block token may be measured by the lenqth of the 

block in the segment and in the slot number directions. The 

5 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 that satisfies the 

requirements of a new channel i.e. that the block token 

provide sufficient tokens from the source node to the 

10 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 segment direction.. The length 

in the slot number direction is only of secondary importance. 

15 When.using the slot reuse method in DTM ring systems, the 

block token format may be extended to include parameters 

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 

2 o ··. 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 tokens are reserved for 

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

segments ·and the channels tn>ically use a subset of the ·-
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segments on the ring structure (g:ray·.color) and the rest may 

be reserved (white color) but. left unused and thus wasting 

shared resources. A better alternative is to only reserve 

capacity on the segments between the sender and the receiver 

s as the example illustrated in Fig. 5. More particularly, Fig. 

s shows three channels Kl, K2, and KJ. 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 KJ but on different segments in the ring 

10 topology 12. 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. Because the ring topology is round, it is also 

possible to reserve slots from the end node to the start node, 

15 · such as 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 

20 topologies 12, 14. Fig. 6 shows a single failure u disposed 

between-node D and node Eon the outer ring topology 12. The 

failure U is likely to be fi_rst. detected by node E on the ring 

topology 12 because.node.Eis situated immediately downstream 

·.of the failure U in the fiber direction Hl •. Node E may detect 

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

receive 
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any slots from ·node D within ·a certain time'period. In oth~r - -

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 rinq topology 12 

s 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 

10 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 Kl that 

extends from the source node c to the destination node E on 

15 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 topology 14 and transmit in the opposite 

clockwise direction until the channel failure message reaches 

the destination node E. These types of messages may be 

20 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 may be to remove all the tokens that 

are.associated with.the segment between node o and node E o:i:i 
::····. 

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

tokens for 
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the full bandwidth between nodes D and E·op the outer ring __ 

topology 12 may be removed and made unavailable to all the 

nodes. There is no need to have a complicated control 

mechanism to keep track of where in the system the failure has 

s 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 

10 outer r"ing topology 12 and ·using all the tokens for the 

segments between the.nodes D and E for a channel because the 

tokens are unavailable in either situation. All the other 

channels on the outer ring topology 12 that are not usinq the 

defective segment may continue to operate in a normal way. In 

15 ·other words, although the outer ring topology 12 includes a 

permanent failure u, the rinq 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 rinq topology 12 has the less 

20 likelihood that the fiber failure is qoinq to affect a 

·.particular ·channel. Any future channel that normally would 

use the segment between nodes D and E on the outer rinq 

topology 12 must now use the inner ring topology 14. 

:c:.' Channel K2 that extends from node B to node D and 

25 ·channel KJ that extends from node F to node G on the outer 

rinq 
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topology 12 are completely unaffected. Ariy·fu~ure 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 

5 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· still 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 

10 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. The source node of a channel may then compare the 

smallest possible block token available on the outer-ring 

· · 15 topology 12 that will· satisfy 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 

20 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 a single fiber failure on the outer ring 

topology 12, the ring' topology l4still has a capacity that is 

25 · at least two times that of. conventional bus· topology due to 

.the 

. ·.·· 
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slot reuse method and the ring structure itself, as· indicat~d-- · 

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 

5 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 sinqle'fiber failure provides a capacity that is between 

10 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 damaqed-seqment. 

Fig. 7 illustrates an example when both the ring 

15 ·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 

20 that extends from node G to riode D on the inner ring topology 

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

ring topology 12 both channels K4 and KS are affected. 

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

is affected by the node failure.Y. In this situation, node D 

25 will first detect. the·· failure w and node F will first detect 

the node 
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.failure Y in node E. 

Node o may then transmit a fiber failure message to 

the other nodes. Because channel KS has been affected by the 

fiber failure w, the source node B may then transmit a channel 

s failure message to the other node. The channel KS 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 o. If it is essential to maintain the channel 

10 between the source node B and the destination node F, node B 

15 

may set up an alternative channel KS' 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. a illustrates a situation when both the outer 

and the inner ring topologies 12, 14 have fiber failures M and 

N in the same segment between nodes c and o. 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 

20 detected by node D on the outer ring topology ·12. Node c will 

inform all the nodes that are downstream of node c on the 

inner ring topology 14 about· the fiber failure M and node o 

will inform all the downstream nodes on the outer ring 

topology 12 about the fiber failure N. Both node c and node o 

25 ·may. continued to generate cycles a master nodes, if so 

.desired. All the nodes then 
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determine which .channels ... are affected ?Y the. fiber failures M" -

and N. This deterinination.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 

s the destination node. In the example illustrated in Fiq. 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 Non the outer ring 

topology. However, node c may send a message the long way on 

· 10 the inner ring topology 14 passed the expansion node 22 and 

eventually reac~ 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. 

15 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 rinq topology system in this case is 

20 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 9uter ring 

topology 12 has two fiber failure while the inner ring 

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

25 topology 12 may have a fiber failure o between nodes A and B 

and a fiber 
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f ail~re P between the nodes.· c ·and D • · Because the inner .:ring 

toJ;>ology 14 is fully funct~oning, the inner ring topology may 

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

all the nodes about the fiber failures O and P. The procedure 

5 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 generating cycles as soon as possible 

after the detection of the fiber failures o and A. 

While the present invention has been described with 

10 reference to preferred embodiments, it is to be understood 

.,, that certain substitutions and alterations may be made thereto 

without departing from the spirit and scope of the invention 

as set forth in the appended.claims. 
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We claim_: 

l. A method of managing 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 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 

10 transmit frames only in a first fiber direction; 

providing a second dynamic synchronous transfer mode 

ring topology having the first node and the second node in 

common with the first ring topology, the second ring topology 

being adapted to transmit frames only in a second fiber 

15 ·direction that is opposite.· the· first fiber direction; 

establishing a first channel in a first segment on 

the second ring topology extending between the first and 

20 

second node, the second node being downstream of the first 

node; 

providing tokens associated with the first channel; 

transmitting information in the time slots forming 

the first channel; 

the second node detecting a fiber failure in the 

first segment on the second ring topology; 
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the· second node transmittinq a fiber failure messaqe;· -

determininq if the first channel .extends across the 

fiber failure; 

if the first channel extends across the fiber 

s failure, transmittinq a channel failure message, terminatinq 

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 transmittinq information in the time slots 

10 forminq the first channel on the second ring topoloqy. 

2. The method according to claim 1 wherein the 

method further comprises the step of f orminq a plurality of 

block.tokens from·contiquous tokens and the step of 

15 establishing the first channel further comprises the step of 

selectinq a block-token associated with the first segment. 

3. The method accordinq to claim 2 wherein the 

method further comprises the step of providing a plurality of 

20 block tokens having a variety of sizes and the step of 

selecti_ng the block token · further comprises the step of 

selecting a block token with a minimum size. 
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4 • The method according. to claim 3 wherein the step -

of ~electing the block token further comprises 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 managing a failure on a dynamic 

synchronous transfer mode dual ring topology, comprising the 

steps of: 

providing a first dynamic synchronous transfer mode 

15 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; 

20 · :providing a second dynamic synchronous transfer mode 

ring topology having the first 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 

direction that is opposite the f i~st fiber dire~tion; 

detecting a failure between the first node and the 

second node on the second ring 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 where~n the 

method further comprises the step of transmitting.information 

10 in time slots from the third node to the first node on the 

second ring topology .• 

a. The method according to claim 6 wherein the 

method further comprises the.step of transmitting information 

15 in tiine slots from: the first node ·to the second node on the 

first ring topology. 

9. A method of h~ridling a failure on a dynamic 

synchronous transfer mode dual ring topology, comprising the 

20 . 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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~ode, the first ring topology_ using time division multipl~~n-g. · 

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 fib~r direction; 

providing a second dynamic synchronous transfer mode 

rinq topology having the first node and the second node in. 

common with the first rinq topology, the second rinq topology 

being adapted_ to transmit frames only in a second fiber 

direction that is opposite the first fiber direction;. 

detecting 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 

15 node to the second node on the first rinq topology; and 

transmitting information in time slots from the 

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

10. The method according to· claim 9 wherein the 

20 ·method further comprises the steps of establishing a channel 

between the first node an~ the second node on the first ring 

topology and providing tokens for the channel. 
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ll. The method according to· claim 10 wherein the 

method further comprises the step of forming a plurality of· 

block tokens from contiguous tokens and the step of 

establishing the channel further comprises the step of 

s selecting a block token associated with the channel. 

12. The method according to claim 11 wherein the 

method further comprises the step of providing a plurality of 

block tokens having a variety of sizes and the. step of 

10 selecting the block tokeri 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 

15 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 

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

if two block tokens have an areal size that is identical. 
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15. The method accordinq 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 handling a failure on a dynamic 

15 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 

20 having a capacity that is ·divided into time cycles that are 

dividable into time slots, the first topology being adapted to 
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transmit frames only in a first fiber direction; 

providing a secqnd dynami~ syn~onous trans~er mode 

ring topology having the first node and the second node in 

common with the first ring topology, the second ring topology 

5 being adapted to transmit frames only in a second fiber 

direction that is opposite the first fiber direction; 

detecting a first failure between the first node and 

the second node on the second ring topology; 

detecting a second failure between the second node 

l.O 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 l.8 wherein the 

15 - 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 l.8 wherein the 

20 ·method-further comprises the-steps of detecting the second 

failure further comprises the step of transmitting a second 

-failure message. 


