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LINE FAILURE NOTIFYING APPARATUS FOR 
TERMINAL APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a noti? 
cation technique for suitably notifying a line failure occurred 
in a line connection betWeen a netWork apparatus and a 
terminal apparatus. More speci?cally, the present invention 
is directed to a line failure notifying apparatus capable of 
simply notifying an occurrence of a line failure to a terminal 
apparatus. 

[0003] 2. Description of the Related Art 

[0004] In a system constructed of a netWork apparatus and 
a terminal apparatus, the beloW-rnentioned tWo line failure 
recogniZing methods by the terminal apparatus are conceiv 
able: 

[0005] (1) When the netWork apparatus detects a line 
failure, the netWork apparatus changes a signal state 
of a connection interface signal betWeen the netWork 
apparatus and the terminal apparatus based on this 
line failure inforrnation. Accordingly, the terminal 
apparatus recogniZes this line failure. 

[0006] (2) A line failure is recogniZed by an upper 
layer of a communication protocol, for example, a 
session is interrupted, and a protocol fail among the 
terminal apparatuses. 

[0007] Among the above-described recognitions, the rec 
ognition methods (1) is capable of recogniZing the line 
failure Within a short time period. Normally, the netWork 
apparatus ?xes a data stream to such a data stream having all 
values of “1” Wish respect to a loWer grade unit When the 
line failure is detected. HoWever, since there are some 
possibilities that a data stream having all values of “1” is 
transmitted from a terminal apparatus on the transmission 
side, there are many cases that this information could not be 
directly used to notify the line failure. 

[0008] Referring noW to draWings, the above-described 
operations Will be described. 

[0009] FIG. 2 shoWs a basic idea to detect a line failure. 
FIG. 3 represents such a case that although a network 
system is operated under normal condition, this condition is 
erroneously recogniZed as a line failure. 

[0010] NetWork apparatuses (TDMa and TDMb) oWn line 
interfaces (NP) and terminal interfaces (LS) as interfaces. A 
control line (CL) is provided betWeen the netWork appara 
tuses, independent from a data line (DL). NoW, When a 
failure happens to occur n the line betWeen the netWork 
apparatuses, the line interface (NP) of the netWork apparatus 
(TDMb) of the reception side detects the line failure, and 
?xes all values of a data stream into values of “1”, Which has 
been received via the data line (DL). 

[0011] In such a case that a bit stream having, for example, 
64 bits of “1” is continuously detected in the terminal 
interface (LS) of the netWork apparatus (TDMb), the termi 
nal interface (LS) recogniZes this data stream as the line 
failure to execute a predetermined process operation. In this 
case, a predetermined process operation involves that in the 
case of the V35 protocol by the CCITT rule, “CD” is set 
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from an ON state to an OFF state, and in the case of the X.21 
protocol, “I” is set from an ON state to an OFF state. 

[0012] HoWever, in such a case that such a signal Whose 
bits exceeding 64 bits becorne accidentally and continuously 
“1” is received via the control line (CL) of the netWork 
apparatus TDMa, the terminal interface (LS) of the netWork 
apparatus (TDMb) Would recogniZe this bit stream as the 
line failure, although the data line (BL) is operated under 
normal condition. As a result, the above-described failure 
processing operation Would be executed. 

[0013] Therefore, in order to prevent such an erroneous 
error detection, as indicated in FIG. 4, When the terminal 
interface (LS) of the netWork apparatus (TDMa) receives the 
data having the bit stream exceeding 64 bits and the all 
values of “1”, the folloWing process operation is carried out. 
That is, the bits of this data (bit stream signal) are inverted 
every 5 bits. As a result of such a bit inverting operation, 
since the signal transrnitted betWeen the netWork appara 
tuses (TDMa) and (TDMb) becornes such a signal having a 
bit stream of “111101111011110- - -”, the line interface (NP) 
of the netWork apparatus (TDMb) on the reception side does 
not recogniZe this bit stream as the failure. When this bit 
stream signal is outputted from the netWork apparatus 
(TDMb), the bits Which have been inverted in the terminal 
interface (LS) are returned to the original values thereof, and 
then this bit stream signal is outputted as a bit stream signal 
of “111111111111111- - -” from the netWork apparatus 
TDMb. 

[0014] HoWever, as represented in FIG. 5, When such a 
signal Whose a partial bit stream “11110” is repeated is 
entered into the netWork apparatus (TDMa), another signal 
in Which the value of “1” is continued is inputted into the 
netWork apparatus (TDMB) on the reception side. As a 
consequence, the terminal interface of the netWork 
apparatus (TDMb) Would recogniZe this bit stream signal as 
the line failure. Thus, there are some possibilities that the 
above-described failure processing operation Would be 
executed. 

SUMMARY OF THE INVENTION 

[0015] The present invention has been made to solve the 
above-described problem, and therefore, has an object to 
provide a simple technique capable of preventing an erro 
neous line-failure detection by a netWork apparatus. 

[0016] A?rst arrangement according to the present inven 
tion is featured by that failure detection data used to detect 
a failure occurred betWeen netWork apparatuses and line 
data With respect to each of terminals connected to the 
netWork apparatus are rnultiplexed to transrnit/receive. 

[0017] In other Words, the failure detection data are not set 
every communication path, but are rnultiplexed every Ter 
rninal. It is therefore possible to suppress the probability to 
a very small value, at Which the speci?c bit stream implying 
the failure data is generated though no failure happens to 
occur. As a consequence, it is possible to avoid such an 
erroneous failure detection noti?cation to the terminal appa 
ratus. 

[0018] A second arrangement according to the present 
invention is featured by such a netWork apparatus to Which 
a plurality of terminal apparatuses are connected, cornpris 
ing: a plurality of terminal interfaces for receiving lines 
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connected from the plural terminal apparatuses; multiplex 
ing means for bit-multiplexing signals derived from the 
plural terminal interfaces; failure-occurrence-notifying bit 
producing means for replacing the multiplexed bit stream 
signal by a failure-occurrence-notifying bit stream Which 
implies an occurrence of a failure When the failure occurred 
in a line is detected; and failure-problem processing means 
for detecting the failure-occurrence-notifying bit stream to 
thereby process a line failure problem With respect to the 
terminal apparatus. 

[0019] The netWork apparatus of the second arrangement 
corresponds to a more concrete arrangement of the previ 
ously explained ?rst arrangement, and may be applied to 
either a more concrete TDM transfer system or a more 

concrete ATM sWitching apparatus. 

[0020] Athird arrangement according to the present inven 
tion is featured by that in the above-described second 
arrangement, bit operating means is interposed betWeen the 
multiplexing means and the failure-occurrence-notifying bit 
producing means, for reWriting the bit stream signal. 

[0021] Since such a bit operating means is provided, even 
When a speci?c bit stream implying an occurrence of a 
failure (for example, more than 5 bits of value “1” are 
continued in a bit stream) is accidentally produced in a 
multiplexed signal stream, the failure detecting process 
operation is not executed. 

[0022] A fourth arrangement according to the present 
invention is featured by such a netWork apparatus to Which 
a plurality of terminal apparatuses are connected, compris 
ing: a terminal interface for receiving lines connected from 
the plural terminal apparatuses, including failure notifying 
means for notifying an occurrence of a failure to the terminal 
apparatuses; a line interface connected to an external line, 
including failure detecting means for detecting a failure of 
the external line; an actual data path for transmitting actual 
data appearing in both the terminal apparatuses and the 
external line; and a failure noti?cation path set to the failure 
detecting means and the failure notifying means. 

[0023] As described above, in addition to the actual data 
path, the failure noti?cation path is set With respect to each 
of the interfaces. As a result, When the failure happens to 
occur, the signal state is changed With respect to each of the 
interfaces, so that the occurrence of the line failure can be 
noti?ed to the terminal apparatus. 

[0024] A ?fth arrangement according to the present inven 
tion is featured by that in the above-explained fourth 
arrangement, a plurality of terminal interfaces for receiving 
a plurality of oWn terminal apparatus lines are provided, and 
on the other hand, the line interface includes: line condition 
monitoring means for monitoring the occurrence of the 
failure With respect to each of the external lines; and a failure 
notifying unit for notifying the occurrence of the failure to 
the oWn terminal apparatus communicated With the external 
line Where the occurrence of the failure is detected by the 
line condition monitoring means; and failure noti?cation 
paths are set betWeen the failure notifying unit and each of 
the plural terminal interfaces. 

[0025] As a consequence, the occurrence of the failure can 
be individually noti?ed to such a terminal apparatus con 
nected to the line Where the failure happen to occur. 
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[0026] A sixth arrangement according to the present 
invention is featured by such an ATM sWitching apparatus 
interposed betWeen a plurality of oWn terminal apparatuses 
and an external line, comprising: a terminal interface for 
receiving lines connected from the plurality of oWn terminal 
apparatuses; an ATM sWitch for sWitching a cell betWeen the 
plurality of oWn terminal apparatuses and the external line; 
a line interface for receiving the external line and for 
including failure detecting means for detecting a failure 
occurred in the external line; path monitoring means for 
specifying a path of the external line Where the failure 
happens to occur; failure-notifying cell producing/notifying 
means for producing/transmitting a failure-notifying cell for 
notifying an occurrence of a failure to such a terminal 
apparatus for connecting With the external line Where the 
failure happens to occur in response to information trans 
mitted from the failure detecting means, or the path moni 
toring means; and output control means for instructing the 
ATM sWitch to be turned OFF. 

[0027] With employment of such an arrangement, also in 
the ATM netWork, the occurrence of the line failure can be 
noti?ed to the terminal apparatus by employing the failure 
noti?cation cell. As a consequence, the failure erroneous 
recognition can be prevented, and the failure processing 
operation With respect to the line failure occurred in the 
ATM sWitching netWork can be readily and ?rmly carried 
out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Amore complete understanding of the teachings of 
the present invention may be acquired by referring to the 
accompanying ?gures, in Which like reference numbers 
indicate like features and Wherein: 

[0029] FIG. 1 is an explanatory diagram for explanatorily 
shoWing an arrangement of a netWork apparatus according 
to an embodiment 1 of the present invention; 

[0030] FIG. 2 schematically represents the basic idea hoW 
to detect the line failure in the prior art; 

[0031] FIG. 3 is the explanatory diagram for explanatorily 
indicating such a condition that the line failure is errone 
ously recogniZed in the prior art; 

[0032] FIG. 4 is the explanatory diagram for explaining 
the conventional technique for presenting the erroneous 
recognition of the line failure; 

[0033] FIG. 5 is the explanatory diagram for explaining 
the problems of the conventional technique for preventing 
the erroneous recognition of the line failure; 

[0034] FIG. 6 is an explanatory diagram for explaining 
noti?cation of a line failure to a terminal apparatus accord 
ing to an embodiment 2 of the present invention; 

[0035] FIG. 7 is the explanatory diagram for explaining 
noti?cation of a line failure to a terminal apparatus accord 
ing to an embodiment 2 of the present invention; 

[0036] FIG. 8 is an explanatory diagram for explaining 
such a function that a line failure occurred in an ATM 
communication netWork is noti?ed to a TDM netWork 
Within an ATM/TDM-mixed type netWork structure; 

[0037] FIG. 9 is a functional block diagram for represent 
ing a netWork apparatus according to an embodiment 3 of 
the present invention; 
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[0038] FIG. 10 is a How chart for describing a sequential 
operation for notifying an occurrence of a line failure in the 
netWork apparatus according to the embodiment 3; 

[0039] FIG. 11 schematically shoWs a netWork system in 
Which the present invention is applied to an ATM sWitching 
apparatus, according to an embodiment 4 of the present 
invention; and 

[0040] FIG. 12 is a How chart for describing a sequential 
operation for notifying an occurrence of a line failure in the 
netWork system according to the embodiment mode 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] Referring noW to draWings, the present invention 
Will be described in detail. 

Embodiment Mode 1 

[0042] FIG. 1 schematically shoWs an arrangement of 
netWork apparatus connections in a TDM (Time Divisional 
Multiple) transfer system, according to an embodiment 1 of 
the present invention. 

[0043] As shoWn in FIG. 1, terminal interfaces 103a to 
103c (LS(A) to LS(C)) are employed in a netWork apparatus 
101 functioning as a transmission side. A line originated 
from a data terminal apparatus 104 is received, or connected 
to the interface 103b (LS(B)), and also a line originated from 
a PBX (Private Branch Exchange) 105 is received, or 
connected to the interface 103C. 

[0044] The line connected via each of these terminal 
interfaces 103a to 103c is multiplexed in a multiplexing unit 
(MUX: multiplexer) 107 of a sWitch 106. A bit operation 
unit 108 is provided at a post stage of the multiplexing unit 
107, and is capable of operating bits of a speci?c bit stream. 
This bit operation Will be described later. 

[0045] A line interface 115 (NP) receives a data line (DL) 
as a starting terminal. 

[0046] A multiplexing control line (CL) is provide in 
parallel to the data line (DL) betWeen the netWork apparatus 
101 functioning as the transmission side and a netWork 
apparatus 102 functioning as a reception side. 

[0047] The netWork apparatus 102 of the reception side is 
arranged opposite to the above-described netWork apparatus 
101 of the transmission side, and the above-explained data 
line (DL) is terminated in a line interface 109 (NP) thereof. 
Afailure detecting unit 111 for detecting as to Whether or not 
a failure happens to occur in the data line (DL) is provided 
in this circuit interface 109 (NP). When the occurrence of the 
failure is detected, this failure detecting unit 111 noti?es the 
occurrence of the failure to a bit operating unit 112 of a 
sWitch 110. 

[0048] As previously explained, the netWork apparatus 
102 of the reception side contains the sWitch 110. This 
sWitch 110 oWns a function to divide the multiplexed signals 
With respect to each of the line interfaces 114a to 114c. 

[0049] It should be noted that for the sake of easy expla 
nations in FIG. 1, the netWork apparatus 101 of the trans 
mission side and the netWork apparatus 102 of the reception 
side oWn the different functional structures from each other. 
Alternatively, these netWork apparatuses 101 and 102 may 
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have the same hardWare structures. For example, the mul 
tiplexing unit 106 normally has an additional function of the 
sWitch 110. 

[0050] In this draWing, a repetition bit stream (pattern) of, 
for instance, “11110” is continuously supplied as a multi 
plexing base signal from an externally provided multiplex 
ing base signal generating apparatus 116 via the line of the 
terminal interface 103a. This multiplexing base signal oWns 
a function capable of avoiding such a condition that When 
both data derived from data terminal apparatus 104 and from 
the PBX 105 become repetition bit patterns having values of 
“1”, if these data are multiplexed, then the multiplexed data 
Would become continuous signals having values of “1”. 

[0051] The signals derived from the multiplexing base 
signal generating apparatus 116, the data terminal apparatus 
104, and the PBX 105 are multiplexed by the multiplexing 
unit 107 of the sWitch 106, and thereafter the multiplexed 
signal is outputted via the bit operation unit 108 and further 
the line interface 115 to the multiplexing control line (CL). 
At this time, the bit operating unit 108 performs the folloW 
ing process operation. That is, in such a case that as a result 
of multiplexing, more than 5 bits of the values of “1” are 
continued, the 5th bit of these value of “1” is inverted into 
“0”. For example, When the output signal derived from the 
multiplexing unit 107 is equal to “01111110010- - -”, the bit 
operated signal is equal to “01111010010”. 

[0052] In the netWork apparatus 102 of the reception side, 
the multiplexed signal processed in the bit operating unit 
108 is entered via the line interface 109 to the sWitch 110, 
and then a predetermined bit operation by the bit operation 
unit 112 is performed With respect of this multiplexed signal. 
The bit operation in this bit operation unit 112 implies that 
the bit Which has been bit-operated in the above-described 
bit operation unit 108 of the transmission side is returned to 
the original bit. For example, as previously explained, the bit 
stream Which has been changed into “01111010010- - -” is 
returned to “01111110010 - - -”. 

[0053] The resulting signal from the bit operating unit 112 
is divided by the dividing unit 113 employed in the sWitch 
110 into subdivided signals every terminal interfaces 114a to 
114c, Which are outputted to the respective terminal inter 
faces 114a 114c. 

[0054] As described above, in accordance With this 
embodiment 1, the netWork apparatus does not recogniZe the 
continuities of the bit stream having the value of “1” With 
respect to each of the terminal interfaces 103a to 103c, but 
may discriminate the continuities of the bit stream having 
the value of “1” based upon the multiplexed signal outputted 
from the multiplexing unit 107. There is very small prob 
ability that the multiplexed data stream becomes a speci?c 
bit repetition pattern is produced. In particular, in case of 
voice data, there is substantially Zero probability that a 
speci?c bit repetition pattern. Moreover, this multiplexed 
data stream is bit-operated. As a result, there is no possibility 
tat the value of “1” is not continued over 64 bits. As a 
consequence, since the netWork apparatus of the reception 
side never detects such a repetition bit stream having the 
values of “1” continued over 64 bits, the netWork apparatus 
does not erroneously detect the occurrence of the line 
failure. 
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Embodiment Mode 2 

[0055] FIG. 6 schematically indicates another embodi 
ment mode 2 of the present invention, namely a connection 
arrangement diagram betWeen a netWork apparatus 601 and 
a terminal apparatus 602. The terminal apparatus 602 is 
standardized in accordance With ITU-TV.24/V.28, ITU 
TV.35, and EIA RS449. 

[0056] In the netWork apparatus 601, a terminal interface 
603 (LS), a sWitch 604 (MUX(SW)), and a line interface 605 
(NP) are constructed similar to those of the embodiment 
mode 1. 

[0057] This embodiment mode 2 is featured by that an 
actual data path 606a and a failure noti?cation path 606b are 
set betWeen the interfaces. 

[0058] In this embodiment mode 2, When a failure detect 
ing unit 607 of the line interface 605 (NP) detects a line 
failure occurred in an external line 611, the failure detecting 
unit 607 noti?es this line failure to a bit operation unit 608. 
The bit operation unit 608 ?xes a data stream to a value of 
“1” in response to the failure detection noti?cation, and this 
data stream is to be transmitted to the failure noti?cation 
path 606b. As a result, the bit stream having the values ?xed 
to “1” are sent to an RD path connected to the terminal 
apparatus 602. When the above-described failure is detected 
by the failure detecting unit 607, this failure detecting unit 
607 noti?es the occurrence of the failure to a line failure 
recogniZing unit 610 via the failure noti?cation path 606b. 
In the line failure recogniZing unit 610, a signal supplied to 
a CD path connected to the terminal apparatus 602 is 
sWitched from the normal line communication (ON) to the 
abnormal line communication (OFF) in response to this 
failure noti?cation. 

[0059] As described above, in accordance With this 
embodiment mode 2, the line failure information can be 
noti?ed via such a path independently provided With the 
actual communication path. As a consequence, also in a 
TDM/ATM-mixed type netWork system arrangement shoWn 
in FIG. 8, When a line failure happens to occur betWeen the 
ATM systems, the line failure can be grasped on the side of 
the TDM system. As a result, it is possible to sWitch - - -?? 
on the side of the TDM side, and in such a case that the line 
is detoured betWeen one TDM system and another TDM 
system, it is possible to obtain a detour trigger. Accordingly, 
the occurrence of such a failure can be quickly and effec 
tively avoided. 

[0060] FIG. 7 represents such a system that the terminal 
apparatus 602 of FIG. 6 is replaced by ITU-TX.21. In this 
replacement case, When a failure occurred in an external line 
611 is recogniZed, the line failure recogniZing unit 610 
sWitches an I path from the normal line communication 
(ON) to the abnormal line communication 

[0061] Other arrangements of this system are similar to 
those of FIG. 6. 

Embodiment Mode 3 

[0062] FIG. 9 schematically indicates a netWork apparatus 
901 according to an embodiment mode 3 of the present 
invention. 

[0063] This netWork apparatus 901 is featured by that 
actual communication paths 910a, 911a, 912a, and failure 
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noti?cation paths 910b, 911b, 912b are provided via a 
multiplexing/changing unit 904 betWeen terminal interface 
units 902a, 902c and a line interface unit 905. 

[0064] The line interface unit 905 receives, or connects a 
failure detecting unit 906, and this failure detecting unit 906 
oWns a function capable of detecting a failure occurred in 
external lines 914 to 916. 

[0065] A path monitoring unit 907 monitors a path of a 
line, and a failure notifying unit 908 terminates the failure 
noti?cation paths 910b, 911b, and 912b. 

[0066] FIG. 10 represents a How chart for explaining a 
process operation in the case that a failure happens to occur 
in a line of this netWork apparatus. 

[0067] First, When a failure happens to occur in any of 
these lines (step 1001), the line interface unit 905 detects the 
occurrence of the failure (step 1002). Then, the failure 
notifying unit 908 noti?es line failure information in a batch 
mode through failure noti?cation paths 910b, 911b, 912b to 
all of the terminal interface units 902a through 902c Which 
include such a terminal interface unit (for example, 902a) 
communicated With the line (in the case, line 914) Where the 
above-described failure happens to occur. As a consequence, 
the terminal interface units 902a to 902c Which have 
received the noti?cation of the line failure change a signal 
state of a terminal interface signal so as to notify the line 
failure to the terminal apparatus. Since the change of the 
interface signal state has been explained With reference to 
FIG. 6 to FIG. 7, explanations thereof are omitted. 

[0068] Also, in such a case that a failure occurred in a line 
(in this case, line 914) of a speci?c path is detected in the 
path monitoring unit 907 (step 1005), the failure notifying 
unit 908 noti?es line failure information via the failure 
noti?cation path 910b to the terminal interface unit 902a 
connected to the terminal apparatus communicated With the 
line Where the failure happens to occur. As a result, the 
terminal interface unit 902a changes a signal state of a 
terminal interface signal so as to notify the occurrence of the 
failure to the terminal apparatus. 

[0069] As described above, since the occurrence of the 
failure is monitored With respect to each of the communi 
cation paths, the line failure information is noti?ed only to 
such a terminal interface unit communicated With the path 
Where the communication state becomes abnormal. As a 
consequence, this netWork apparatus according to this 
embodiment mode 3 may be applied to solve a partial failure 
of a line, for example, a failure occurred in a branch line of 
a multiplex access line. 

Embodiment Mode 4 

[0070] FIG. 11 schematically shoWs an ATM sWitching 
apparatus to Which the present invention is applied. 

[0071] A netWork apparatus 1101 corresponds to an ATM 
(Asynchronous Transfer Mode) sWitching apparatus, and 
contains a sWitch 1103 functioning as an ATM sWitch, 
terminal interfaces units 1102a to 1102c, and a line interface 
unit 1107. Both a failure detecting unit 1108 and a path 
monitoring unit 1109 of the line interface unit 1107 oWn 
similar functions to those of FIG. 9. 

[0072] A cell control unit 1104 contains an output control 
unit 1105 for instructing to disconnect (interrupt) a line, and 
a failure noti?cation cell producing unit 1106 for producing 
a failure noti?cation cell. 
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[0073] First, When a failure happens to occur in any of the 
lines (step 1201), the failure detecting unit 1108 of the line 
interface unit 1107 detects the occurrence of the failure (step 
1202). Then, the failure noti?cation cell producing unit 1106 
sends the failure detection noti?cation to the output control 
unit 1105 of the cell control unit 1104. This output control 
unit 1105 interrupts the signal ?oWing betWeen the line 
interface 1107 and the ATM sWitch 1103 (step 1203). Then, 
the failure noti?cation cell producing unit 1106 noti?es the 
occurrence of the line failure in the batch mode to the 
terminal interface units 1102a to 1102c (step 1204). Upon 
receipt of the above-described line failure noti?cation, the 
terminal interface units (1102a to 1102c) change the signal 
state of the terminal interface signal, so that the occurrence 
of the line failure is noti?ed to the respective terminal 
apparatuses. 

[0074] On the other hand, When a failure occurred in a 
speci?c line 1110 is detected by the path monitoring unit 
1109 (step 1206), this path monitoring unit 1109 noti?es the 
occurrence of this failure to the failure noti?cation cell 
producing unit 1106, so that either a cell having all values of 
“1” or a failure noti?cation cell is transferred to such a path 
Which is communicated With this failure path (step 1207). 

[0075] Upon receipt of the cell produced from the failure 
noti?cation cell producing unit 1106, the terminal interface 
1102a changes the signal state of the terminal interface 
signal, so that the failure occurred in the speci?c line 1110 
is noti?ed to the terminal apparatus. 

[0076] As previously described, in accordance With this 
embodiment mode 4, in the ATM apparatus containing the 
terminal interface units 1102a to 1102c and the line interface 
unit 1107, When the occurrence of the failure is detected, any 
one, or all of the beloW-mentioned functions are oWned. The 
terminal interface units 1102a to 1102c receive the terminal 
apparatus such as TDM. The line interface unit 1107 is used 
to connect the ATM sWitch 1103 With the high speed digital 
line, and this ATM sWitch 1103 cross-connects these termi 
nal interface units 1102a to 1102c. That is: 

[0077] (1) a function to interrupt the signals appear 
ing betWeen the terminal interface units and the line 
interface in a batch mode. 

[0078] (2) a function to produce such a cell to the 
ATM sWitch 103, in Which the values of “1” have 
been stored into all of payloads. 

[0079] (3) a function to produce a failure noti?cation 
cell recogniZable by the terminal interface units 
1102a to 1102c and also to send this failure noti? 
cation cell to the ATM sWitch 1103. When the 
occurrence of the failure is detected in the ATM 
sWitching apparatus, since these functions are avail 
able, the line failure can be recogniZed by the ter 
minal interface units 1102a to 1102c. Then, the 
signal states of the terminal interface units With 
respect to the sort of these terminal interface units 
are changed, so that the line failure can be noti?ed to 
the terminal apparatus such as TDM. 

[0080] Also, the path monitoring unit 119 is employed so 
as to monitor the occurrence of the failure With respect to 
each of the communication paths, the line failure informa 
tion is noti?ed only to such a terminal interface unit com 
municated With the path Where the communication state 
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becomes abnormal. As a consequence, this netWork appa 
ratus according to this embodiment mode 3 may be applied 
to solve a partial failure of a line, for example, a failure 
occurred in a branch line of a multiplex access line. 

[0081] As previously described in detail, in accordance 
With the present invention, in the various sorts of netWorks, 
When the failure happens to occur, the occurrence of this 
failure is noti?ed to the appliance provided on the terminal 
side by such that the signal state in the physical layer of the 
connection interface is changed by the appliance provided 
on the netWork side. As a consequence, since the terminal 
apparatus can recogniZe the occurrence of the line failure 
Within a short time period, various failure avoiding mea 
surements can be quickly carried, for instance, the present 
line is detoured to another line, and the back-up operation to 
a separate line is quickly performed. 

What is claimed is: 
1. A line failure notifying apparatus for multiplexing 

failure detection data used to detect a failure occurred 
betWeen netWork apparatuses and line data With respect to 
each of terminals connected to said netWork apparatus, the 
multiplied data being transmitted/received to/from the ter 
minal apparatus. 

2. A netWork apparatus to Which a plurality of terminal 
apparatuses are connected, comprising: 

a plurality of terminal interfaces for receiving lines con 
nected from the plural terminal apparatuses; 

multiplexing means for bit-multiplexing signals derived 
from the plural terminal interfaces; 

failure-occurrence-notifying bit producing means for 
replacing said multiplexed bit stream signal by a fail 
ure-occurrence-notifying bit stream Which implies an 
occurrence of a failure When the failure occurred in a 

line is detected; and 

failure-problem processing means for detecting said fail 
ure-occurrence-notifying bit stream to thereby process 
a line failure problem With respect to said terminal 
apparatus. 

3. A netWork apparatus as claimed in claim 2, further 
comprising: 

bit operating means interposed betWeen said multiplexing 
means and said failure-occurrence-notifying bit pro 
ducing means, for reWriting said bit stream signal. 

4. A netWork apparatus to Which a plurality of terminal 
apparatuses are connected, comprising: 

a terminal interface for receiving lines connected from the 
plural terminal apparatuses, including failure notifying 
means for notifying an occurrence of a failure to said 
terminal apparatuses; 

a line interface connected to an external line, including 
failure detecting means for detecting a failure of said 
external line; 

an actual data path for transmitting actual data appearing 
in both said terminal apparatuses and said external line; 
and 

a failure noti?cation path set to said failure detecting 
means and said failure notifying means. 
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5. A network apparatus as claimed in claim 4 wherein: 

said network apparatus is further comprised of: 

a plurality of terminal interfaces connected via an external 
line of said network apparatus to a plurality of other 
network apparatuses and other terminal apparatuses, 
and also connected to said plurality of own terminal 
apparatuses; 

said line interface includes: 

line condition monitoring means for monitoring the 
occurrence of the failure with respect to each of the 
external lines; and 

a failure notifying unit for notifying the occurrence of said 
failure to the own terminal apparatus communicated 
with the external line where the occurrence of the 
failure is detected by said line condition monitoring 
means; and 

failure noti?cation paths are set between said failure 
notifying unit and each of said plural terminal inter 
faces. 

6. An ATM switching apparatus interposed between a 
plurality of own terminal apparatuses and an external line, 
comprising: 
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a terminal interface for receiving lines connected from 
said plurality of own terminal apparatuses; 

an ATM switch for switching a cell between said plurality 
of own terminal apparatuses and said external line; 

a line interface for receiving the external line and for 
including failure detecting means for detecting a failure 
occurred in the external line; 

path monitoring means for specifying a path of the 
external line where the failure happens to occur; 

failure-notifying cell producing means for producing and 
transmitting a failure-notifying cell for notifying an 
occurrence of a failure to such a terminal apparatus for 
connecting with the external line where the failure 
happens to occur in response to information transmitted 
from said failure detecting means, or said path moni 
toring means; and 

output control means for instructing said ATM switch to 
be turned OFF. 


