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TECHNICAL FIELD

The present invention reiates to a communication syster'n'
configured from a communication network which connects data
generating sources and data receivers to. data processing

centers charged with the centralized control of these various

devices when the data generating sources or data receivers are

arranged in a straight line or a loop.

BACKGROUND ART

Typical éxamples of communication systems cdmprising data
generating sources arranged in a. straight lihe or a loop,
these data generating sources being connected vié transmission
paths to data processing centers that centrally control these
devices are railroad management systems, road management
systems, sewerage manageﬁent systemg, airport management
systems, river management systems and subway management
systems;

In a railroad management system, a control center exists
within an administrative territory, monitoring cameras and
train detection sensors aré positioned along the railwéy
within the administrative territory, and infOrmatioﬁ from
these cameras and sensors is collected at the control center.
Signal devices and other means of communicating control

information to trains are also positioned along the railway.




Accident information from adjacent administrative territories
is also collected at the control center, where various
judgements are made using this information and the information
from the administrative territory in question, and then based
on the results of these judgements, the operation of the
trains is controlled and other railway management procedures
are implemented using signal devices and such.

As can be gleaned from this example of a railroad
management system, with this type of communication system,
information has been collected via communication lines
connecting data generating sources to the control center on a
one-to-one basis, and control of sigﬁal device displays has
been implemented via communication lines running from the
control center on a one-to-ene basis. _However, developments
aimed at practicalizing asynchronous transfer mode (ATM)
switching systems have made rapid progress recently, and by
applying this ATM technology to communication systems such as
the one described above, it has become possible fo construct
flexible systems thet make the most of the advantages offered
by ATM.

Fig. 13 outlihes the system configuration achieved by
applying ATM technology to the various management systems
described above, and more particularly, what happens when a
fault occurs. This system is configured with a plurality of
distributed switching components (92), which are connected to
a center switching component (91) via transmission lines (93).
If a fault (95) similar to the one indicated by the.X in the

figure were to occur in this system today, switching



components (92-2 and_92-3)'adjacent to the fault point (95)
would each execute loopback, thereby making it possible for
the system to autonomously recover communication functions via
the route indicated in the figure by the dotted line.

Thus, it is possible for a system with the above-cited
configuration to use loopback to maintain communications when
" a fault occurs, but when this communication sysfem was applied
to an actual railroad management system, the below-described
problems arose. A railroad management system could be
configurec as shown in Fig. (14), comprising switching
components (92-1 - 92-5) distributed along both sides of the
railway (rail 100), a control center-based center switching
component (91) that controls each of the switching components
"(92-1 - 92-5), this center switchinglcomponent (91) being
connected to each of the switching components.(92—1”92-5) via
1oop-shaped-transmiSsion paths (93). Each of.the switching
components (92-1 - 92-5) is then equipped with input/output
ports (94), with local communication terminals equivalent to
the above-described'monitoring cameras, train detection
sensors and/or signal devices being supported via these
input/output ports (94).

However, with fhis configuration,-when an earthquake or
some other disaster strikes and severs the railway, faults do
not.occur only in one place as incicated by the fault (95)
shown in Fig. 13, but generally involve faults wnerein the
above-described loop is simultaneously cut in two locations
opposite one another as wifh the fault (101) indicated in Fig.

(14). When a situation of this sort occurs, switching



components (92-1, 9252 and 92F3) connected to the center
switching component (91) via transmission paths (93) are .
capable of autonomously recovering communication functions by
implementing the loopback described abofe, but switchiﬁg
components (92-4 and 92-5) on the other side, which aré
completely cut off by the breaks in the transmission paths
(93), are unable to reco#er communication functions.

Instead of positioning switching components (92) in a
loop along both incoming and outgoing railway lines (100), one
possible method for configuring a system that overcomes this
problem would be to construct loop-shaped networks for each
| railway line so that earthquake-caused faults would be limited
to a single location. However, when loop-shaped networks have
been constructed along'railways, in some areas these loops
have extended for several hundred kilometers, and have limited
the response'capabilities of conventibnal systems with only a
single center switching component (91), fesulting in a network
that d4did not really possess_tﬁe flexibiiity needed by al
railroad management system. .

Thus, with the conventional system described above,
communicatioh fuﬁctions could be recovered autonomously by
looping back to the center switching component from the
switching componehts adjacent to. the point where a fault
occurred, but the fact that the basic configuration called for-
a plurality of distributed switching components to Be
controlled by a single center switching component ﬁas a
problem in that the pattern of the generated fault often

resulted in one of the loopback transmission paths to the
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center switching component being lost as described above,
dealing a fatal blow td the autonomous recovery of
‘communication functions.

Further, concerning the loss of the loopback transmission
paths leading to the center switching component, this can be
dealt with to a certain degree by redesigning the layout of
"the switching components, such as constructing a loop-shaped
railway network, but the current practice of having only ohe
center switching compohent limits the capabilities.of a loop-
shaped network that extends for several hundred kilometers,
and this is a problem for railroad and other management
systems in that the network lacks the flexibility to deai with
changes. '

An object of the preseﬁt invention is to provide a
éommunication system that is capable of doing away with the
above-described problems, ensuring autonomous recovery of
‘communication functions ﬁheﬁ faults occur, and enabling the
construcfion of a highly flexible network with regard to

various management and control requirements.

DISCLOSURE OF THE INVENTION

The.present inﬁention comprises a plurality of node
dévices distributed in a plurality of locations, one or a
plurality of local communication terminals donnected to each
of the node devices, a plurality of center devices thaf
control the node devices and local communication terminals,
and facing communication path means that serially connect the

node devices with the center devices, characterized in that



the center devices transmit cells of data to the local
communication terminals under their control using the

- communication path means, and the node devices receive the
'cells of data from the communication path means, extract

- relevant data from thé received cells of data addressed to
local communication terminals connected to the nbde devices
and output this data to the'pertinent local cqmmunication
terminals, and transmit to the center devices via the
communication path means cells of data from the local
communication terminals connected to the node devices.

Ideally, the preseht invention is characterized iﬁ that
fhe communication path means connects.the node devices with
the center devices linearly, and at least two of the plurality
of center devices are positioned aé either end of the
pertinent linear communicafion path méansf

Further, the communication path means connects the node
devices and center devices in a loop.

Furtper, the center devices are interconnected via local
communication means, and COﬁprise the means for t:ansmitting
and receiving system cdnfiguration control iﬁformation via the
communication path means and local communication means, and
for changing the scope of control of the node devices and
locallcommunication terminals.

Further, the center devides ére interconnected via local
communication means, and, when a fault occurs in a segment of
the communication paths meéns, comprise the means for
transmitting and receiving fault point information and system

configuration control information via the local communication
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means, and for transferring node devices that are ﬁnable to
communicate with a certain center device due to the fault to
the control of another center device.

Further, the present invention is characterized in that
it comprises means for detecting the occurrence of a fault in
a segment of the communication-path means, for interconnecting
center'dévices_via local communication means, for transmitting
and receiving fault point information and.system configuration
control information via the local communication means, and for
transferring node devices that are unable to communicate with
a certain center device due to the fault to the control of
another center device. =
| Further, the denter devipes are interconnected via local
communication means, and, when a fault occurs in a segmént of
the communiqation paths means, comprise the means for
transmitting and receiving fault point information and system
qonfiguration control information via communication path means
or local commuhication means thaf were rerouted around the
fault, and for transferring node devices that are unable to
" communicate with a certain center device due to the fault to
the control of another center device.

.Further, the present invention is characterized in that
it compriées means for detecting the occurrence.of a fault in
a segment of the communication path means, for interconnecting
center devices via iocal communication means, for transmitting
and receiving fault point information and system configuration
control information via the communication path means or local

communication means that were rerouted around the fault, and
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for transferring node devices that are unable to communicate
.with a certain center device due to the fault to the control
of another center device; |

_ Furthef,'the center deviceé specify the location of the
fault based on fault cells containing pertinent node device
information sent from the node devices.

fufther, the node devices comprise means for detecting
faults from the interruption of cell transmissions from center
devices or upstream node devices, and is further characterized
in that, when detects a. fault, a node device transmits to
center devices or downstream node devices via specified
virtual channels fault cells'containing information peculiar
to itself. |

Further, the.node devices comprise means for constantly
transmitting to downstream node devices at fixed intervals
fault mbnitoring cells containing informatioﬂ peculiar to
- themselves and for detecting faults from the interruption of
cell transmissions from upstream node devices, and is further
characterized in thaf; whén detects a fault, it transmits to
center devices or downstream.node devices via specified
virtual channels fault éells containing information peculiar
to itself.

Further, the node devices constantly transmit to the
center devices at fixed intervals fault monitoring cells
| containing information peculiar to themselves, and is further
characterized in that the center devices specify the location-
of faults from the interruption of transmissions of the fau;t

monitoring cells from the node devices.



Further, the node devices, center.devices and
communication path means are achieved via ATM switch
functions.

Thus, the present invention comprises a plurality of node
devices that support'data generating soufces and a plurality
of center devices interconnected via communication paths that
utilize ATM technology, and is configured to enable the
realization of distributed ATM switch functions. By using
this configuration, when, for example, the communication path
'between a certain center device and a node device under its
control is cut, it is possible to ensure the autonomous
recovery of communication functions by transferring this node
device to the control of a center device other than the
original center device described above.

Further, because the above-described configuration,
wherein a plurality of distributed node devices are controlied
by a plurality of center devices,'is equipped with functions
that enable the configuration control data, which stipulates
the node devices to be managed by each center device, to be
- suitably altered apart from the occurrence of the faults, this
configuraﬁion can be applied to systems that require control
which_spens a plurality of center devices, and can easily deal
with ehanges to the scope of that control, making it possible,
for example, to construct an extremely flexible-neiwork for a

railroad management system.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified block diagram of a communication



system related to the first embodiment of the present
invention;

Fig. 2 depicts the configuration of a nooe device in the
system diagrammed ih Fig. 1;

Fig. 3 depicts the configurations of the receiver and
isolator components of the node device shown in Fig. 2;

Fig. 4 depicts the conflgurations of the multiplexer and
transmitter components of the node device shown in Fig. 2;

Fig. 5 is a simplified block diagram of a center device
in the system diagrammed in Fig. 1;

Fig. 6 is a simplified block diagram of s communication
system related to the second embodiment of the present |
invention; |

Figs. 7(a) to 7(e) provide examples of management tables
for each of the center devices in the system_shown in Fig. 1:

Fig. 8 shows an enlarged example of a management table
presented in Figs; 7(a) to 7(e); |

Fig. 9 is a simplified block diagram of a communication
system related to the toird embodiment of the present
invention;

Fig. 10 depicts an autonomous communication functions
recovery operation when a fault occurs in the loop
communication path segment of the system shown in Fig. 9;

Fig. 11 depicts an autonomous communication functions
recovery operation when a fault occurs in the linear
communication path segment of the system shown in Fig. 9;

Fig. 12 graphically illustrates the flow of data when the

node devices in a system related to the present invention are
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connected via bus-type communication paths;

Fig. 13 is a simplified block diagram of a conventional
communication sysfem of this type: and

Fig. 14 provides'an_illustrated example of a conventional

communication system applied to a railroad management system. .

BEST.MODE FOR CARRYING OUT THE. INVENTION

The following is a detailed explanation of the first
émbodiment of the present inventioﬁ using the att;ched
figures. Fig. 1 is a simplified block'diagram of_a
communication system related to the first embodiment of the
present invention. This communication system comprises three
(3) center devices (11-1;_11-2, 11-3) and six (6) node devices
(12-1, 12-2, 12-3, 12-4, 12-5, 12-6) connected linearly via
facing communicatidn paths (13). Further, the three (3)
center devices (11-1, 11-2, 11-3) are interconnected via a
wide area network (16).

The node devices (12) receive signals sent from upstream
via the communication paths (13) and transmit them downstream,
simultaneously exchanging signals with local communication
terminals (15) wvia input/output ports (14). The center
devices (11) perform required operational control by
collecting via the.communication paths (13) various data from
the local communication terminals (15) connected to each of
the node devices (12), and_transmitfing required control
infbrmation sequentially via the plurality of node devices
(12) to each targeted local communication terminal (15)

utilizing the communication paths (13).
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In particular, this system is premised on an ATM switched
system that transmits all signals sent between the center
devices (11), node devices (12) and local communication
terminals (15) over the cdmmunication paths (13) as ceils of .
déta, and uses the nqde devices (12) distributed along the
communication paths (13) to relay and switch the cells of data
between the center devices (11) and the loéal communication
terminals (15) connected to these node devices (12).

Here is an explanation of the configurations of the
individual devices comprising this system. Fig. 2 shows the
configuration of the node devices (12) in this system. The
communication paths (13) in the present invention are dual
systems comprising a communication system and a loopback
system, and the node devices (12) possess recéivers_(Zl) and
transmitfers (24) that support both Qf_these systems, and are
equipped with isolators (22) and multiplexers (23) located
betweeh these receivers (21) and transmitters (24).

The receiver (21) terminates STS-3C or STM-1 multiplexed
modules, and removes the cells carried by the module payloads.
.Changeover switches (210, 240) that distinguish betweeh
communication system and loopback system signals and bypass
the loopback system are'built into the input side of the
isolator (22) and outpgt side of the muitiplexer (23). These
connect loopback signals directly to the transmitter (24)
without paséing through the isolator (22) and multiplexer
(23). o |

Cells are sent via the communication system from the

center devices (11)'to local communication terminals (15)
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connected to input/output ports ((14)), and among these cells,
those cells addressed to the node device (12) in question are
traﬁsferred'by the isolator (22) to the local communication
terminals (15) via that node device s (12) input/output ports
((14)). .
| Meanwhile, cells sent on to the multiplekef (23) are

mixed in with cells output from local communication terminals
'(15) without overlapping, following which they are carried in
the bayloads of STS-3C or STM-1 multiplexed modules and sent
out via the transmitter (2) to the next node device (12). 1In
other words, when cells being sent to center devices (11) from
local communication terminals (15) are added to the
cbmmunication system ih the multiplekxer (23), controls ensure
that these cells are not added to the loopback system.

For example, let us assume that center device 11-2 in
Fig. 1 controls node devices'12-4.and 12-5. Control
informafion from center device 11-2.is sent out over the
communicétion paths (13) to npde device 12-4. The
communication path (13) in this direction is equivalent to the
above-described communication system, and the opposite-
direction communication path (13) corresponds to the loopback
system. Information being sent to center device 11-2 from |
local communication terminals (15) connected to node device
12-4 is transmitted to node device 12-5 over the communication
system s cdmmﬁnication path (13).

If center device 11-2 also controls node device 12-6,
then this information would be sent on to node device 12-6 via

node device 12-5, but in actuality, center device 11-2 s
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control only extends to node device 12-5, so that to send the
information to center device 11-2, node device 12-5 performs a
loopback opefation by changing over to changeover switch 240
and rela&ing the information to center device 11-2 via the
loopback system s communication path (13). When center device
11-2 also controls node devices 12-2 and 12-3 to its left, the
communication path (13) running from right to left is the
communication system, the communication path (13) running from
left to right is the loopback system, and operations.are
carried out in the same way.

If the communication paths (13) between node devicés 12~
2 and 12-3 are cut due to a fault, in order for node device
12-3 to send information to center device 11-2 from the local
communication tefminals (15) connected to the node device (12~
- 3)., dommﬁnication functions are recovered by changing over to
the changeover switch (240) and performipg a loopback -
operation. Further, because center devicé 11-1 will assume
control of node device 12-2, node device 12-1, which up until
now had been carrying out loopback operations by changing over
to the changeover switch (240), feverts back to a status
wherein it only uses the ordinary communication syétem, and
node device 12-2 operates the changeover switches (210 and
240).

In addition to the above—described receiver (21),
isolator (22), multiplexer (23) and transmitter (24), node
device (12) components also include a CPU (26), which-dontrols
all the compbnents ;n the node device (12), a clock (27),la

power source (28) and a fault/alarm indication element (25).
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When a fault occurs_and the CPU (26) detects the interruption
of signals from upstream, it causes the clock (27) to run on‘
‘its own and transmits downstreamIVia the'multiplexer (23) a
cell containing a fault alarm from the fault/alarm indication
element (25). When this happens, by using codes peculiar to
this particular node device (12) in the VPI/VCI to be |
utilized, such as this node device s (12) identifying data, it
becomes possible for the center devices (11) receiving this
data to infer the location of the fault.

Fig. 3 shows the configurations of the receiver (21) énd
isolator (22) in a nodeldevice (12). The receiver (21) has'
dual optical-e;ectrical cdnverters (O/E) (211) and Serial-
parallel converters (S/P) (212) bpilt into the communication
system and 1oopback system, which are connected to a
changeover switch (210) that bypasses loopback system signals.

Optical signals'carried over an opfical fiber, which is
the concrete realization means of the communication paths
(13), enter the receiver s (21) optical-electrical converter
(211), where they ére converted to electrical signais,
following which, they are converted to parallel signals by the
serial-parallel converter (212). In the changeover switch
(210), the communication system signals among these'parallel
signals are sent to the RX (213), ahd the loopback system
signals are transmitted directly to the changeover switch (240
.in Fig. 4) in the transmitter (24) without being input to the
cell fil;ering elemént-(221) of the isolator (22).

STS-3C or STM-1 signals are terminated in the RX (213),

and the cells carried in the payload ame removed. Cells

15



removed in the RX (213) are sent to the isolator (22). The
cells enter the'cell filtering element (221) first, where
those cells addressed to the node device (12) in question are
;emoved, and sent on to fhe local communication terminals (15)
via the cell buffers (222) and TX (223). During the above-
describéd process, cells removed in the receivei s (21) RX
(213) ére also sent in parallel to the mu;tiplexer (23).. In
addition, the isolator (22) is also'equippéd with an
~arbitration element (224), which carries out signa;
arbitration processing between the TX (223) in this isolator.
(22) and the RX (213) in the receiver (21). |

Fig. 4 shows thé configurations of the multiplexers (23)
and transmitters (24) in the node devices (12). The
transmitter (24) is equipped with dual parallel-serial
Iconverters (P/S) (242) and electrical-optical converters (E/O)
(243) built into the coﬁmunication systeﬁ and loopback systen,
;espectively, and thesé are connected to a changeover switch
(240) that changes over the signals from each of these
systems. In addition, as one of the signal generators
targeted by the chahgeover switch (240), the transmitter (24)
is also equipped with é TX (241) for sending information
received from the local communication termihals (15).

The multiplexer (23) is comprised of a switching element
(231) and an RX (213). The switching element (231) controls
'the flow of celis input from the receiver s (21) RX (213), the
local communication terminals.(IS)-and the fault/alarm
indicatidn element (25) using an arbitration circuit (2311)

located at the entrance to the bus, and prevents the cells

16



from colliding on the bus by giving instructions as to which
input cells should be output to the bus. In this example, the
sw;tching element (231) features a bus-type switch structure,
but other systems can also be utilized, such as common buffer-
type or self rbuting-type systems; When signals from upstream
are interrupted, the fault/alarm indication element (25)
detects this as an abnormality, instructs the clock to run on
its own, outputs a fault alarm signal and notifies the center
device (11) of the fact that an abnormality occurred and the
point where the abnormality'took place.

The output;from thé above-describéed switching eleﬁént
(231) is sent to the transmitter (24). At the transmitter
(24), cells are loaded into the payload éegments of STS-3C or
STM-1 frames by the TX (241), following which they are
converted to serial signals by the parallel-serial converter
(242), and these serial signals are then converted to optical
signals by the electrical-optical converter (243) and
transmitted over the optical fiber..

Next, Fig. 5 is a simplified-blqck diagram of a center
device (11) in this system, this center device being comprised
of an ATM switch (SW) (111) and a network cohtrol device
(112). In this example,'an ITV monitor ((50)) and a computer
((60)) are connected to the center device s (11) ATM switéh
(111), but these are not essential. Cells sent via node-
devices (12) from 1ocai communication terminals (15) are sent
to the ITV monitof ((50)) and computer ((60)) by way of the
_ATM switch. Signals sent from the fault/alarm indication

element (25) of a node_device (12) are'sent to the network
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"contrél device (1125, where processing is carried out to
detect the point of the fault.

This system,'donstructed using center devices (11)
comprising configurations such as those described above, node
devices-(lZ)'and communication paths (13) can be used in
.railroad and other types of management systemé. If this
system is.applied to a railroad management system, for
‘instance, monitoring cameras or signal devices can be set up
as local communication terminals (15) at every railroad
crossing, and in addition to using the ITV monitor (50)
installed iﬁ the ‘center device (11) to m§nitor the required
image data obtained frqm the above-described monitoring
.camera, the computer (60) installed in the éenter device (11)
can be utilized as needed to furnish the monitoring camera
with directional instructions and zoom signals to maintain
this'monitoring camera in the best possible monitoring
position, and/or operational control becomes possible, via
which railroad crossing accidents can be discerned from the
display of the ITV monitor and the proper'control signal sent
out to the signal devices, controlling those signals so that
the train can be stopped prior to its reaching the site of the
accident.

In_particular, this system is employed with
configurations wherein a plurality of center devices (1l1l) are
loéated within the network, and the three (3) center devices
(11-1; 11-2, 11-3) depicted in Fig. 1 control six (6) node
devices (12-1, 12-2, 12-3, 12-4, 12-5, 12-6) and one or a

plurality of local communication terminals (15) connected to
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‘the input/output ports (14) of these various node devices
(12).

With regard to.the load carried by each center device
(11), it is desiraﬁle to have flexible control that accords
with the system configuration, that is, the layout of the |
center devices (11) and node devices (12), aﬁd'the connection
status of the communication paths (13), so that, for exaﬁple,
node device 12-1 is controlled by center device 11-1, node
devices 12-2, 12-3, 12-4 and 12-5 are controlled by center
device 11-2, and node device 12-6 is controlled by center
device 11-3.

Converself, there may be times, depending on what is
being managed, when it would be better to use a'plurality of"
center devices (11) to control é singLelnode.device (12). For
example, because the above—deséribed railroad manageﬁent
system places top priority on.safety, when an accidgnt occurs
at a certain location, measures must be taken so that trains
traveling in that direction can be stopped well in advance of
that accident site, in which case,.it is better to control a
single node device (12) with a plurality of qenter devices
(11).

- Now, assume that the system depicted in Fig. 1 ig being
applied to a railroad management system, and consideg.the
operational control of trains traveling from left to right as
we look at the figure. If we assume here that the local
communication terminal (15) connected to node device 12-5 is a
monitoring camera installed at a railroad crossing, when an

accident occurs at this crossing, center device 11-2, which
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has jurisdiction over this crossing; controls the operation of
.this monitoring camera to acquire the necessary image data.

In this case, if we assume that the local communication
terminal (15) cdnnected-to node de§ice 12-1 is a signal
device, it would be preferable if center device 11-1, which
controls this signél deVice, is able to monitér the image data
generated by.the moniforing camera so as to rapidly grasp the =
situation Surrounding'the accident further down the tracks.

With regard to requirements of this sort, this system
makes it possible for center device 11-1 to control the:
monitoring camera remotely by éenabling the exclusive control
measures described below to be carried oﬁt at center device
11-1, which has jurisdiction over the signél device, and at
center device 11-2, which has jurisdiction over the monitoring
camera. This allows center device 11-1 to alsofrapidly obtain
information on a remote site, that is, on the frain accident -
further down the tracks, and thereafter, keeping in mind both
the accident information obtained as described above and the
train schedule, to be able to smoothly and safely implement
train operations by controlling the sighal device connected fo.
node device 12-1. The control information and image
information data discussed here is transmitted over the
communication paths (13) as cells, and the above-described
control measﬁres are implemented by the node devices (12),
which relay and switch these cells of data betwéen the local
.communication terminals (15) connected to the node devices
themselves and the center devices (11).

Also, to realize the kind of exclusive control describéd
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. above between center devices ll-i and 11-2, arbitration must
be carried out between these cénter devices (11), and.this
arbitration is performed via the commupigation paths (13).

- Further, when a-fault makes it impossible to pommunicate over
the'communicatibn paths'(13), commﬁnications are.maintained
via local communicétion means other than such éommunication
meéns as the wide area network (16) or leased line
communication paths (13) between the center devices (11) in
question. In this case, control of the monitoring camera and
the acquisition of image data described above is carried out
over this local communication means.

Further, this system makes if possib;e to increase the
number of installed local communication‘terminals (15)
connected fo the node devices (12), and to increase the number
of installed node_devices (12) controlled by the center
devices (11) as well. The installat;on of additional
equipment can be pioblematic for center device (1l1l) processing
capabilities, but this is dealt with.by exchanging system
configuration and other control information via the
communication patﬁs (13) between the center devices (11) or
the wide area network (16) or other local communication means,
and altering thé configuration control inforﬁation of the node
devices (12) controlled by each of the center devices‘(il).

Thus, the present invention possesses functions that
enable the node devices (12) controclled by each of the center
devices (11) to be changed arbitrarily, and, in addition to
mandatbry changes in response to faults, for example, these

changes also take into consideration the load distribution and
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contrql convenience of the center devices (11), achieving
conf;gurations that allow for flexible changes in the number
of node devices (12) that each center device (11). controls.

-Here is an explanation of the.;eason why two (2) of the
. plﬁrality of center devices (11), center devices 11-1 and 11-
3, are positioned at either end of the 1inear.system
configuration shown in Fig. 1. Now, assume, for instance,
that an earthgquake or some other natural disaster has caused
. damage to the facing communication paths (13) between hode
devices 12-2 and 12-3. "' In this case, node device 12-2, which
up until now had come under the control of center device 11-
2, has been éhysically cut off froﬁ.center device 11-2.

With this system configurétion, the damage will clearly’
cut the communication paths (13) on the éenter device 11-2
side of node device 12-2, but since the communication paths
(13) on the center device 11-1 side of this severed location
has not been damaged, node device 12-1 and center device 1l1-
l, located on the left-hénd side of the figure as you_look at
it, are capablé of communication. If, at this point, center
device 11-1 was not posifioned'at the left end of the 1inéar
network, node devices 12-1 and 12-2 would be completely cut
off and isolated, but as a result of this systems
configuration, in which center device 11-1 is positioned at
the left end of the linear network,.by héving center device
11-1 take over control of node devipe 12-2, communication can
be maintained even in the face of the damage.

Fig. 6 shows a simplified configuration of a

communication system related to the second embodiment of the
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present invention.. The only point where this configuration

.différs from that of the system shown in Fig. 1 is that the
center devices (1ll) and node devices (12) are cohnected in a
loop by the communication paths 13.

" By using this ioop-shéped connection configuration, this
system offers the following advéntage-nOt founﬁ.in the system
shown ih Fig. 1 with its linear connéction configuration.
That is, with the system depicted in Fig. 1, for example,
communication between center devices 11-1 and 11-2, which
conhect node devices 12-1, 12-2 and 12-3, are carried out via
the communication paths 13, but as a result of the connection
configuration being liﬁeér, naturally, there is oniy one
communication path (13) between theselcenter devices (11-1,
11-2). Therefore, if a fault should render it impossible to
communidate via this communication éafh 13, communication
between center devices 11-1 and 11-2 would have to be carried
out via a wide area network (16) or.some other local
communication means. |

By comparison, when the connection configuration is loop-
Shaped as with the systeﬁ shown ih Fig. 6, the communication
paths (13) between center devices 11-1 and 11-2 can take two
(2) routes, one that passes through node devices 12-1, 12-2
and 12-3, and another that runs through node devices 12-4, 12-
5, 12-6, center device 11-3, and node devices 12-7, 12-8, 12-
9 and 12-10. Therefore, even if a fault should occur
somewhere along the cémmunication paths (13) through node
devices 12-1, 12-2 and 12-3, communication could be rerouted

around the fault without'necessarily having to go through a
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wide area network (16) or some‘other local communication
means, that is, via the communiéation paths (13) that go by
way of center device 11-3. |

As described above, with the present invention, the
center devices (11).control the node devices (12); and this
control is achieved by maintaining-in advance within the
center devices (11) control tables that manage syétem.
cénfiguration and other control information. These control
tables can be created within the center devices's (11) network
control devices (112) (See Fig. 5), for example. Examples of-
these control tables are shown in Figs. 7(a) to.7(e). The
control tables indicated in the figures are examples of
' contfol tables used within the center devices (11) in the
system configﬁration illustrated inéFig. 1, more specifically,
Fig. 7 (a) cbrrgsponds"to the control table in center device
11-1, Fig. 7(b) corresponds to the'control table in center
device 11-2, and Fig. 7(c) correspbnds fo the contrdl table in
center device 11-3. |

In view of node device (12) layout and communication path
(13) connections, fhis control table cogtains a "Néde Device
Name* that correspond to a "Table No.", and to the right of
this "Node Device Name" is entered the "Control Center Device"
that cbptrols the node device (12) indicated by the pertineht
node device name.. The respective center devices (11-1, 11-2,
11-3) control the various node devices (12~1 - 12-6) on the
basis of ‘this information.

In the pre&iously—described switch over of control when a

fault occurred between node devices 12-2 and 12-3 in the
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system depicted in Fig. 1, center devices 11-1 and 1;-2;‘as
described below, detected the occurrence of a fault in the
communication paths (13).between node deviceés 12-2 and 12-3,
and autonomously changed the contents of their respective
contrbl tables to correspond to the broxy confrol. E#ampies
of the control tables updated by these changeé are shown in:
Figs. 7(d) and 7(e), respectively. As éan be discerned from
.these figures, by this updating, the "Control Center Device"
field correspoﬂding to "Node Device 12-2" for both center
devices 11-1 and 11-2 was changed from center device 11-2 to
center device 11-1, resuiting in contents that support the
switch over of control of node device 12-2 from center device -
11-2 to center device 11-1. o _ '

The detection of the location of a fault by the center .
devices (11-1, 11-2) described previously can be achieved
-using a method by which cells addressed so:as'to refurn to
node devices 12-1, 12-2 and 12-3, respectively, are output
from either center device il-l or center device 11-2, fixed
timeé are prescribed for each of the node devices (12-1, 12-2
and 12-3), and center device 11-1 or center device 11-2
detects whether or not these cells returned after the above-
mentioned fixed intervals.

Also, the control tables shown in Fig. 7 are examples of
when the Control Center Device and Node Device Name are
entered for each respective center device (11), and more
particularly, for center devices 11-1, 11-2 and 11-3. In °
these exampleé, when a fault occufs, the center devices (11)

can update the control tables without exchanging control table
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information with the other center devices (11), for instahce,
if we are talkin§ about the system configuration shown in Fig.
1, without communicating via local commﬁnication means such as
‘a wide -area network (16). |

By compgrison, when éontfol of a certain_nodé deéice (12)
is transferred to a different center device (il) for the
.purpose of lessening the increased IOad put on centef devices
(11) in line with the previously-described installation of
additional node devices (12), control tables must.be.updated.
by exchanging control table information between center devices
(11) via a fault-free communication path (13) or local
communication means such as a wide area network (16).

Further, as explained earlier in reference to Fig. 1,

with regard to controlling monitoring'caméras in a railroad
' management system,:when control_muét span center device 11-2,
the control table for center devide 11-1 in Fig. 7 (See (a) in
this figure) requires information up to node device 12-5, to
which this control extends. Also, in this case, a plurality
of "Control Center Devices" cé;led 11-1 and 11-2 are entered
in the "Control Center Device" field correspondihg_to each
"Node Device Name" 12-5 in control tables in Figs. 7(a) and
7(b). When a.plufalify of "Control Center Devices" are
entered in a "Control Center Device" field of a control table
like this, these plurélity of "Control Center Devices" must
cérry out arbitration in controlling the node device (12) in
question.

Furfher, when a plurality of local communication

terminals (15) are connected to a node device (12), this
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system uses a configuration control table like_the_ohe shown
in Fig. 8, to which the item "Local Cqmmunication Terminal
Names" has been added.to the control table.. As the example
given in Fig. 8 indicates, two (2) local communication
terminals named 15-8-and 15-9 are connected to ndde device 12;
4, and these local communication ferminals (15;8, 15-9) are
each controlled separately by center devices 11-2 and 11-3.

Further, when each center device (11) maintains a control
table that only lists the node devices (12) that the center
device itself controlé, when changing the scope of control
amdng these center devices (1l1), the center devices (11) must
communicate with one another via fault-free communication
paths (13) or a local communication means such.as a wide area
network (16). 1In bther words, it is this communication fhat
makes it possible to change.the above-mgntioned scope ofd
control by exchanging control table information and executing
updating processing such as making additions and deletions to
the control tables.

Next, a different embodiment of the present'ihvention is
discussed. Fig. 9 is a simple block diagram of a
communicafion system related to the third embodiment of the
présent invention, comprising a combination of the 1ipear
- system configuration-showh in Fig. 1 and the loop system
configuration shown iﬁ Fig. 6. In this same-figure, for the
sake of simplicity, the node devices (12) under the control of
each of the center devices (11-1, 11-2, 11-3, 11-4) are
dividéd into areas A, B, C,.and D indicated in the figure by

dotted lines. The center devices (11-1, 11-2, 11-3, 11-4)
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inside the various areas A, B, C, D control the various néde
devices (12) that belong to each of these areas, and the local
' communication terminals (15) connected to these node devicéé.

Next ié an explanation of the operation of'this system.
For example, regérding data trénsmissions within the area A,
information obtained by the local_communicatioh terminals-(lS)'
under the control of center device il-l is transmitted as |
cells of dafa to the node devices (12) that support these
local communication terminals (15). 'This transmitted data
goes by way of these node devicés (12), and is transmitted
again via the communication paths (13).t6 center device 11-1,
the control center device for these node devices.

Conversely, center device 11-1 processes the data sent -
via the respective node devices (12)_fxom the various local
communication termihals (15} under its“confrol, and affér
processing additional data from eachuof.the center devices
(11) in the other areas, data obtained via the communication
paths (13), or the wide area network or other local
communication means to which the center devices (11) are
ihterconneéted, center device 11-1 transmits to the
éommunication paths (13) cells of data that need to be sent to
each of the local communication terminals (15).

The cells of data sent from center device 11l-1 are
received by each of the node devices (12) under'its
jurisdiction. From among the cells of data received, each node
device (12) extracts only those cells of data addressed to
local communication terminals (15) connected to the associated

node device (12), and_sends this data to the local
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communication terminal (15) to which it is addressed. This
enables the local communication terminals (15) ieceiving theée
. déta to carry out corresponding operatio;;, such as displaying'
the received data. | - |
Aiso, a cente? device (11) sends déta to local
communiéation terminals (15) connected to noéé devices (12)
outside the area, it first transmits the data to a center
.device in the other area either wvia the cémmunicatioh paths
(13), or via a wide area network (16) or other local
communication means to which the center devices (11} are
interconnected, then, under the control of the pertinent
~center device (11), the data'is_sent to the local
'communiéation terminal (15) to which it_is addressed. Also,’
in-sending data to a local'communiéation terminal (15) in
another area, in addition to executing this data transfer
under the control of the centér'device (11) in the other area,
for instance, it is alsd possible, after the two center
devices (11) have cbmpleted arbitration, to transmit the data
directly to the pertinent local communication terminal (15) in
the other area. |
Further, with the system configuration shown in Fig. 9,
it is also possible to carry out control that extends across
areas, as typified by the control of the monitoring camera in
the railroad management system shown in Fig. 1. However, with
this system, because the communication pafhs (13) form a loop
configuration as shown in Fig.'g, when executing contrdl
measures that extend across areas as described above, there is

the risk that data addressed to a local communication terminal
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{15) not on the communication path (13) will'continue to
circle around on the loop. Therefore,.with this system
configuration, each center'device (11) must store controi-
information for the entire loop-configured network, and must
be'equipped with funcfions that do away with unhecesséfy data
such as that described above each timé such déta is génerated.
ﬁext-is an explanation of operations-when a fault occurs
in this system. Fig. 10 illustrates the autonomous recovery
of communication functions of the communication system shown .
in Fig. 9 when a fault occurs in the loop;shaped commuﬁication
paths (13). As shown in the figure, when the communication
paths (13) éré'cut between node devices 12-; and 12-2
generating fault point 61, node device 12-2, which originally
belonged to the area A (See Fig. 9), is cut off and isolated
from the normal communication paths (13) with center device
11-1 in the area A by the fault. When this happens, center
dévice 11-1, using the method descfibed below, detects the
fault point 61, determines that node device 12-2 is isolated,
autonomously recoVeré communication functions by exchanging
fault point information and control information with center
device 11-2 of the original area B (See Fig. 9) via either the
communication paths (13) that go by way of center device 11-3
in the area C, or a wide area network (16) or other local |
communication means connecting area A's center device 11-1
with area B's center device 11-2, and transfers cohtrbl of the
isolated node devicé 12-2 to center device 11-2 in the area B.
. Also, 1f at that time center device-11-2 within the area

B is holding control information related to node devices 12-1
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and 12-2 within the area A which were connected linearly with
area A's center device 11-1, this center device (11-2) within
the area B only receives the fault ppinf information, that is,
autonomous recovery of.communicaéion.funétions is possible
without both éentér_dévices (11-1, 11-2) commﬁnicéting”with
| one another. After :ecoverihg communication functions, as
éhown in Fig. 10, the node devices (12) in the newly-formed
areas A' and B' are controlled by the respective center
devices 11-1 and 11-2. .

Next, Fig. 11 illustrates the autonomous recovery of
~communication functions of_the communication system shown in
Fig. 9 when a fault occurs in the liﬁearlyrconfigured
communication éath 13. * As shown in the figure, when the
communication path (13) is cut betweeﬁ node devices 12-10 and
12-11 generating fault innt 71, node device 12-11, which
origina;ly belonged to the area C (See Fig. 9), is cut off and
isolated from thé normal éommunication péth (13) wifh center
device 11-3 in the area C by the fault. When this happens,
center device 11-3 within the area C, using tﬁe method
described below, detects the fault point (71), ahd determines
thaf node device 12-11 is isolated; After that; this center
device (11-3) autonomously recovers communication functions by
transferring control of node device 12-11 fo center device 11-
4 within the area D. In this case, because center device 11-
3 could not communicate via the communication paths (13) due
to the fault point (71), it communicated with center device
11-4 using local communication means such as a wide area

network (16).
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Further, in this case, when center device 11-4 within the
area D is holding cont;ol informatidn related fo node devices
12-10 and 12-11 within the area-c, wﬁich were connected
linearly with afea C‘s center device (11-3), this center
device (11-4) within the area D communicates as-is with center
device ;1-3 within the area C via the local communication |
means, and, as described above, is able to autonomously
recover communication functions by changing control data and
other configuration information, that is, the control tables.
After recovering communication funétions, as shown in Fig. 11,
the node devices (12) in the newly-formed areas C' and D' are
controlled by the respective center devices 11-3 and 11-4.

Next, fault detection and comﬁﬁnication functions
recovery operations are explained in more detail. Also, for
the sake of simplicity; as shown in Fig. 12,.this explanation
is based on a system configuration in which the node devices
(12-1, 12-2, 12—3, 12-4, 12-5) that exist between center
devices 1l1-1 and 11-2 are connected by bus-type communication
paths (13). As methods for detecting faults in this case,
first, there is_a method by which the node devices (12) detect
the interrﬁption of cell transmissions from qenter devices
(11) or upstream node devices. In other words, when the
communication paths (13) are cut, because cells ‘are not
transmitted, to say nothing of the signals themselves, it is
possible to recognize an occurrence of a fault by detecting
such a state. Further, when the communication paths (13) are
normal, and the switching functions of an upstream node device

(12) malfunction, since only the transmission of empty cells
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is sustained,:it is also possible to recognize as the
occurrence of a fault'by the fact thét cellé other than empty
célls do not arrivg{ | _ . l. |

| To give a more specific ex&mple, the CPU (26) in a node
device (12) (See Fig. 2) monitors the transmission status of
either'thépcells or the empty cells, recognizéé when cell

' transmission étops or when.cells other than empty cells dé not
arrive, and this CPU (26) notifies the network control device
(112) at the center device (11) (See Fig. 5) that it has
detected a fault.

- Also, as another method, node devices (12) can constantly
transmit fault monitoring cells containing information
peculiar to themselves to downstream node devices at fixed
intervals, enabling downstream node devices (12) to detect a
fault by the fact that thé transmission of the fault
monitoring cells from an upstream node device (12) has
stopped. Then, a node device (12), upon detecting a fault,
transmits fault cells containing information peculiar to
itself via specific virtual channels to center devices (11) or
downstream node devices (12).

To give a more specific example, when a fault occurs and
an interruption in the fault monitoring cells from upstream is
detected by the fault/alarm indication element (25) in a node
device (12) (See Fig. 2), the CPU (26) causes the cldék (27)
to run on its own, and éends a fault alarm signal in the form
of a cell (fault cell) from the fault/alarm indication element
(25) downstream via the multiplexer (23). |

When the upstream clock is interrupted by the seve:ing of
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the communication paths (13) like this, node devices_(lZ) make
their internal clocks run on their oﬁn, and transmit the
abovq-described fault cells. When a fault oc¢urs, since
signals are interruéted to all node devices (12) downstream éf
that location, thesé node devices 12 commence the above-
desdribed fault cell transmission.operafions practically all
at the same time, generating confusion. Therefore, wvarious
types of fault cells arrive in a transient fashion at the
network control devices (112) in the center devices (11) (See
Fig. 5). .However, after a fixed interval, the network control
device (112) begins to receive stabilized fault cells. The
reason for -this, if we fake as an example one of tﬁe node
devices (12) midway between the fault point énd the center
éevice (11), is that once signals from upstream are
interfupted,'this.nqde device starts transmitting fault cells,
but after a time, the node device (12) upstream of this node
device (12) is carrying out tﬁe same operation and the fault
cells from that node device begin to arrive. At that ﬁoint,
.the node device (12) in question ceases transmitting fault
cells, and commences just relaying the fault cells from
upstream. In this way, once things settle down to a steady
state, only the node device (12) adjacent to the fault point
is transmitting fault cells.

Even if the system shown in Fig.. (12) is changed to a
system wherein thé node devices (12-2, 12-3) adjacent to the
border between the areas A and B, which are divided by a |
dotted line, carry out 106pback, and the communication path

(13) is a lobp configuration, by reading the
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upstream/downstream in the above explanation as
upstream/downstream alongside the flow of data in'the loop,
the fault detection method that utilizes the above~described
fault monitoring cells can be used. By using this fault
detection method, if, for instance, it was determined that the
communication paths (13) between the second node device (12-
4) and the third node device (12-5) from the left in the area
B was the location of a fault, the two node devices (12-3, 12-
4) on the left side of the original area B are transferred to
the control of center device 11-1 within the area A.

In this case, the method by which the node devices (12)
targeted for change transmit data becomes a_problem. With a
system configuration that uses a bus-type communication path.
(13) like that shown in rig. 12, the flow of data within the
node devices (12) in the areas A and B are completely
different, as is indicated at the bottom of the figure. .That
is,-for node devices (12) within the area A, data input from
the input/output ports (145 flows in the direction of center
device 11-1, and for node devices (12) within the.area B, this
same data flows in the direction of center device 11-2. In
brief, the cOnfigurations of the node devices within the areas
A and B differ. With this point in mind,. when a fault occurs,
communication functions must be recovered by changing the flow
of the above-mentioned data, that is, by'changing the |
configurations of the node devices, or by using the node
devices (12-4, 12-5) ‘adjacent to the fault point in the
loopback mode. Also, when the communication path (13) is

.configured in a loop, communication functions can be recovered

35




by making the fault point the lobpback point.

Also, as another method of detecting faults, all the
node devices (12) constantly.transmit'to the center devices
(il) at fixed intefvals fault monitoring cells that contaiﬁ
information peculiar to themselﬁes; and the center devices
(11) can aiso sp;cify the location of é fault by fhe
interruption in the transmission of the fault monitoring cells

from upstream node devices (12). In addition, it goes without

- saying that the present invention, to the extent that it does

not deviate from-the above-described aims, can be used in a
variety of configurations and applications.

As pointed out above, because the present invention
connects a plurality of node devices supporting data
generating sources to a plurality of center devices via
communication paths that use ATM technology, and is configured
as if it has distfibuted ATM switching technology, even when
the communication path between.a certain center deviée and the.
node devices under it control is cut, by transféfiing control
of these node devices to a center device other than the |
original center device; the reliable-and stable autonomous
recovery of communication functions can be achieved when a
fault occurs due to a disaster or accident.

Further, with the above-described configuration in which
thé distributed control of a plurality of node devices is
performed by a plurality~of centef devices, because functions
have been added which enable configuration control information
which stipulates the node devices to be controlled by the

various center devices to be conveniently changed separate
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from the occurrence of the faults, this.configuration can be
applied to systems requiring control that spans a plurality of
éenter deviées, and the écope of that control can be easily
changed, making possiblg, for example, the construction of
extremeiy flexible networks even in the case of railroad and

other such management systems.

INDUSTRIAL APPLICABILITY

Under the present invention, since aufonomous recovery of
communication functions can be reliably and stébly achieved by
transferring control of a node device that exists on a cut fo
communication path to a center device other than its original
center device, the present invention can be applied to én
oyeral; communication system which requires the gathering of
operational status information spanning a plurality of center
devices, and the ability to respond to the operational states
on the basis df the information gathered, and more
particularly, is well suited to railroad management systems
which must monitor the operations of frains, and which must

take reliable steps to stop trains to ensure safety.
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CLAIMS

1. A communication system; combrisingi

‘a plurality of node devices distributed in a plurality of
1ocations: |

one or a plurality of local communication terminals
connected to each.of said node devices:

a plurality of center devices that control said node
devices and said local communication terminals; and

facing communication path means that serially connect
said node devices and said'center.devices,

characterized in that said center devices transmit to
said communication path means cells of data directed to said
local communication terminals targeted for control, said node
devices receiva said cells of data from said communication
path means, extract from the received data in question cells
of data addressed to local communication terminals connected
to own node device, and output the extracted calls of data to
the pertinent local communication termlnals;“gigo transmit via
said communication path means to said centet devices cells of
data from said local communication terminals_connected to own

node device.

2. The communication system described'ip Claim 1, which
'is characterized in that the communication path means connects
said node devices and said center devices linearly, aud at
-least two (2) of the plurality of said center devices are
located at either end of the pertinent linear communication

path means.
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3. The communication system described in Claim 1, which
is characterized in that the communication path means connects

said node devices and said center devices in a loop.

4. The communication system described in Claim 2 or
Claim 3} which is characterized in_that the center devices.are
interconnected via local communication means, and fransmit and
receive system configuration and other control information via
said communication path means or said local communication
means, and comprise means for changing the scope of control

over said node devices and said local communication terminals.

5. <~ The communication system described in Claim 2, which
is characterized in that the center devices aie intgrconnedted
via local communication means, and when a fault occuré at a
segment of éaid communication path means, comprise the means
for transmitting and receiving fault point information and
system configuration ana other control information via said
local communication means, and for transferring node-devices
rendered incapable of communicating with a certain center
device as a result of said fault to the control of another

center device.

6. The communication system described in Claim 2, which
is characterized in that it comprises means for detecting the
occurrence of a fault in a segment of the communication path
means, for interconnecting center devices via local

-\'
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communication means, for transmitting and receiving fault
point information and'system configuratioc and other control
information via said local communication means, and for
transferring node devices rendered incapable of communicating
with a certain center device as a result of said fault to the

control of another center device.

7. The communication system described.in Claim 3, which
is characterized in that the center devices are interconnected
vié local communication means, and, when a fault occurs in é
segment of said cOmmunicaticn path means, comprise the means
for transﬁitting and receiving.fault point information and
system cohfiguration and other control information via said -
communication paths means which have been re:outed_around the

. fault or said@ local communication means, and for transferrihg
~node devices rendered incapable of communicating with a
certain center devicé.as a result of.said fault to the control

of another center device. |

8. The.communication system described in Claim 3; which
is characterized in that it comprises means for detecting the
occurrence of a fault in a segment of the communication path
means, for interconnecting center devices via local
communication means, for transmitting and receiving fault
point informaticn and system configuration and other control
information via a said communication path means which have
been rerouted around the fault or said local communication
means, and for transferring node devices rendered incapable of
—
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- communicating with a certain center device as a result of said

fault to the control of another center device.

.9, The communication system described in Claims 5
through 8, which is characterized in that the centsr devices
specify the location of said fault based on pértinent node
device information-carrying fault cells sent from said node

devices.

10. The communication system described in Claim 9, which
is characferized in that the node devices comprisé means for
detecting faults from the interruption of cell transmissions '
from senter devises or upstream node devices;-and, when a
fault is detected, transmit to center devices or downstream
node devices via a dedicated virtual shannel fault cells that

contain information peculiar to the node devices themselves.

~11. The communication system deScribed in Claim 9, which
is characterized in that the node devices comprise means for
constantly transmitting to downstream node devices at fixed
intervals fault monitoring cells that contain information
peculiar to the node devices themselves, and for detecting
faults from the interruption of said fault monitoring cell
'transmissions from upstream node devices, and, when a fault is
detected, transmit to center devices or downstream node
.devices via a dedicated virtual channel fault cells that

contain information peculiar to the node devices themselves.
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12.. The communication system described in Claims 5
through 8, which is characterized in that the node devices
constahtly transmit to center devices at fixed intervals fault
mpnitoring-cells that contain information peculiaf to the node
devices themselves, and séid denter devices specify the
location of said fault from the interruption of said fault

monitoring cell transmissions from said node devices.

13. The communication system described in Claims 1
through 12, which is characterized in that the node devices,
center devices and communication path means are achieved using

ATM switch functions.

\
-Thl.s Sheet Has

T —



