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The present invention relates to an inproved nultiplexer for use with

tel econmuni cations circuits, and in particular, to a multiplexer that
includes 5 functionality to automatically and quickly switch between
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architecture to allowit to be packaged in a snaller volunme, and to a
nul ti pl exer t hat Thepresendinvention qelates to apdrtpreved muliiplexetamyiseavithet wor k.
10 BACKGROUND OF THE | NVENTI ON

Moder n t el eeRusminoaidations iciréuits,sands inchartisuliae| toph mdtisigseetigt inolhdes on
mul tiplexing to pack nore i nfor mat i on onto a single wire or cable. Such

YL VR aREN B el Bl RO R st {1

slices of sequentla Iy pa e tine

15 slices together to forma hi her-rate nmul ti pl exed si
For exanpl eﬁ" tReimuseep tﬁﬂ%eé@‘gf'@kwmtsb EBE HROR cger}ected t el ephone

signal into a digital data stream having 64,000 bits per second (64
kbps). Suchmditactidns dom mudipler@awitmnovel drehitecturaitd allow drte bendustry as

packaged in a smaller volume, and to a multiplexer that can be extemally
controlled via a computer network.
10 BACKGROUND OF THE INVENTION
Modern telecommunication circuits, such as telephone systems, rely
on multiplexing to pack more information onto a single wire or cable. Such
systems typically employ time-division multiplexing which takes small time
slices of each of many different signals and sequentially packs these time
15 slices together to form a higher-rate multiplexed signal.
For example, modern telephone systems convert speech in a
telephone signal into a digital data stream having 64,000 bits per second (64
kbps). Such data streams are known in the telecommunications industry as
Digital Service, Level 0 (or DS-0). A simple multiplexer can take small time
20 slices (or frames) of 24 different DS-0 data streams (from 24 phone lines) and
combine these time slices sequentiaily into a higher rate data stream of
1,544,000 bits per second (1.544 Mbps), which is known as Digital Service,

Level 1 (or DS-1). Note that 1.544 Mbps is slightly greater than 24 multiplied
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Digital Service, Level O (or DS-0). A sinple multiplexer can take small
tinme 2 (or franmes) of 24 different DS-0 data str, 24"
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1.544 I\/bpS|s Sllghﬂ% greater than 24 multiplied
1 By! signab ssnommaliyceastind eara Tt heigitabirengmissionslints iwhielh zat i on or
fram ng bits. A DS-1 signal is normally carried on a T-1 digital

transmi ssi otygically, insludel two pairg sftwdstet wiresc | Ode wisted parier saiptairigissd ed
wres. One twisted wire pair carries a DS-1 signal in one di rection
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direction. ar fashion, multi s are
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data stream of 44,736,000 bits per second (44.736 Mips), which is
known as Digital IS@’Sideler fashien, rBultiple DS-Byignalare moidtiplexect togae.tr?éraolvbps is
slightly greater than 28 nultiplied by 1.544 Mps, to

form even higher rate signals. For example, 28 DS-1 signals can be

multiplexed together to form a higher rate data stream of 44,736,000 bits per

second (44.736 Mbps), which is known as Digital Service, Level 3 (or DS-3).

10 Note that 44.736 Mbps is slightly greater than 28 multiplied by 1.544 Mbps, to
accommodate the addition of framing bits. A DS-3 signal is carried on a T-3
digital transmission link, which may typically include a pair of copper coaxial
cabies, although fiber optic or RF transmission systems can be used as well.
Since each DS-1 signal may carry 24 different telephone conversations, each

15  DS-3 signal may contain 672 different telephone conversations.

Muitiplexing devices for converting between DS-1 signals and DS-3
signals have been in use for some time now and are commonly referred to as
M1-3 multiplexers. Unfortunately, most of the Me-3 multiplexers in use today
are based on technology from the late 1970's. Further, the Me-3 multiplexers

20 currently being marketed are not very different from those older Me-3
multiplexers still in use. Specifically, Me-3 devices are generally large in

volume and weight. Telecommunication equipment is oftentimes mounted in

vertical racks having a width of either 19 or 23 inches. Within these racks, a
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accomodate the addition of framng bits. A DS-3 signal is carried on a T-3

di gi tal wouangsrssion |ink, which may typically include a paituefsasfpper
coaxi al cabl es, although fiber optic or RF transm ssion systens can

be used as ' : | :
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on technology fromthe late 1970's.” Further, the Me-3 nultiplexers 20
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rrul tiplexers still 1 n use. Specifical -3 devices are generally |arge

mount ed §n pr&‘*gra?@ilr%e?%%sm‘i%gﬁéﬁ‘gﬁﬁé%%%?ﬁﬁﬂ#hﬁ??ﬁén* Bty FEhes.

Wthin these racks, a

verti cal spmdmtnnutm pheares tpsustgmers pwmw.(%h&dewm&mwmm?%u a
gi ven pi ece of equipnent. This space is known as a "rack unit" or
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space on the rack, or

the volume of space used by each device, such as an M1-3 device. Radically
different designs may be required to achieve such a decrease in volume.

10 Another issue with M1-3 devices is their ability to perform self-tests and
assist in testing of the telecommunications equipment to which it interfaces.
As can be appreciated, when a device impacts as many telephone lines as an
M1-3 device does, and with the increased reliance on telephone lines to
transfer digital data between computers, the proper operation of the

15 telecommunications equipment is of paramount importance. One form of
network testing includes generating a signal including a pseudo-random bit
sequence (PRBS) at one location in a telecommunications circuit, receiving
the PRBS at another location in the circuit, and comparing the received signal
to the expected signal to determine the accuracy with which the signal was

20 propagated through the circuit. This accuracy is typically expressed in terms
of a bit error rate (BER). Particular sections or components of a

telecommunications circuit can be fault-isolated through a technique known

as “loopback.” A loopback is a temporary condition in which an outgoing
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RUs. Mbdern ML-3 devices are typically at least 3 RUs tall. Wth the 5
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sequence (PRBS) at one location in a tel econmunications circuit, receiving
t he PRBS atnetwadrker dnyqgadrtion therebhe Ircaddition, canehtddtyladevices banmedcei ved
si gnal to the expected signal to determ ne the accuracy with which
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typically expressed int error rate Parti cul ar

Pectt ons o e RRRS TS o spmer e AHCAR B LSS SRR B R 0
'salt enport?/rp)l/ca(il?/nndeic:teisggryi trc]:o l\JAQ-:I- gg d?#ergg% ggtiwno%k interface units (NIU), one for
10 each T-1 line. These NiUs are abie to detect loopback codes sent on the T-1
lines and perform the loopback function by routing the receive signal to the
transmit signal path in response to the loopback codes. In addition, different
types of NIUs are available for performing a similar function on the T-3 side of
M1-3 devices. Thus, a total of 29 different NIUs may typically be used with an
15 M1-3 device.

Because of the number of telephone calls which may be
simultaneously routed through an M1-3 device, and because of the remote
locations where M1-3 devices may be installed, it is desirable for M1-3
devices to have the functionality to remain operational even when certain

20 internal components and/or external equipment have failed. For this reason,
M1-3 devices have some redundant or spare components provided therein

which may be automatically switched in to replace the failed components.

Typically, the spare component is switched in for the failed component via
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3 signal is reflected back as an incomng signal to isolate one
sect i on\’\b‘i”?flhfi?75 t el ecomuni cations circuit so that mPCEF/USI®RI4ITC
detection can be made of the mal f uncti oni ng equi pnent. The ability of

current M eflgctlevheelsaticaleldys: rBecause oftbe metivanitalt spiettaofrdiagniageks has
been limted. Specifically, it is believed 5 that current ML -3 devices
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t her eof curren devices can reate pbacks
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typically necessary to use 28 different network interface units (NIU), one
for 10 eaMbpb-thid ramsitioméise wWilsausecambhacteptdblecamolinbpberctrscantk wilk ent
on the T-1 | i nes and performthe | oopback function by routing the

recei ve 551 gpidaté %Iérhﬁs undesurab‘loy apwBdld %bgd}@ferBBfehto' RaVee SR MRS ddviddre
| oopback codes. In addition fferent ypes of NiUs are available

o Der oAk B PR TS e srRnESY 5,
device. Such a device would be said to have “hitless” transitions if no alarms were set
off. Of course, even with hitless transitions, there would be some small
number of errors and loss of data, but not a sufficient amount to set off alarms
10  per the applicable regulatory specifications. |
In the DS-1 portion of most M1-3 devices, there are a plurality of circuit
cards to interface with the 28 T-1 lines of the low speed network
communicating to the M1-3 device. Each of these circuit cards may include
sufficient interface electronics for 4 of the T-1 lines, meaning that 7 circuit
15 cards may be needed for the 28 T-1 lines. A redundant or spare circuit card
may be provided with sufficient interface electronics to interface with 4 T-1
lines. Some M1-3 devices allow the spare card to be switched in to replace
one of the afore-mentioned 7 cards if a failure is detected. If, however, there
is a failure in one set of interface electronics on one card and in another set
20 on another card this system will not provide sufficient redundancy to allow the
M1-3 device to remain completely operational.

In addition, it is believed that current M1-3 devices do not internally '

provide for network redundancy without additional external equipment such
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20 interna conponen or externa equl p ailed. For this
reason, - 3. devi ces hav&) sone redundani or spare c onent s

provi ded t H@‘reé’PH"mun'C'at'O%?Xﬁ SMP BRNUNHEIERREIEIS SYRMWMERR T to repl ace

the fail ed conponents. T¥ pically, the spare conponent is switched in
for the faidommenigadioestlinkifails. To provide this redundancy, systems may provide
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el ect r onmechyy T Iirile) G dlivePes polres OfF or kkaid N T3 AsPRRiyo@liar el ays, the
transition may take as long as 5 mlliseconds to conplete. At DS-1 rates of
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errors and will 5 create al arns unde5|rabl [t woul d be eferable to
have an ML-Wqrrgreund coppergaaxial siap! Qloﬂ'h'§é'f~"utﬁ f"V&rsel‘rYn%e%% & chi ng
in/out DS-3 | evel equipnent.

likelihood of a simultaneous failure in both links. Current M1-3 devices must

be attached to an external network interface unit in order to interface with or
connect to more than one T-3 communications link.

10 Another issue with telecommunications equipment is the desired ability
to have equipment which can be monitored and controlied externally via a
computer network when desired. To the best of applicants’ knowledge, the
only prior and current M1-3 devices which can be externally monitored or
controlled can be done so only via a dedicated computer or terminal.

15 It is against this background and the desire to solve the problems of
the prior art that the present invention has been developed.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to 'provide an
improved multiplexer device which is significantly smaller and lighter than

20 current comparable devices.

It is also an object of the present invention to provide an improved
multiplexer device which has an increased ability to perform self-tests and

assist in fault isolation.
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be needed for the 28 T-1 |lines. A redundant or spare circuit card
may be provided W isrstiliffther anobientsf the preseast imverition toroviderdmce with 4
T-1 lines. Sone ML -3 devices allow the spare card to be switched in

to repl afe improvedmeiltiplexdredeics ahigtaw Bperate Gaadtahdaldnbahbyé oribe
detected. |If, however, there is a failure in one set of interface

el ectronics BRtBNEd Bk g swyiana eaﬁ.}dﬁu@%ru (Noﬂgo on another card this

systemw || not provi I clen ancy to aIIowthe ML- 3
device to remalnlforrpl In addition, it is

t ation
bel i eved that cur @rﬁetﬁfﬂﬁ}"é’ 3‘5\9?’ @"?\Bfeiﬁ% investipy to providegnyy de for

net wor k redundancy w thout additional external equipnment such
5 improved multiplexer device which incorporates the functionality normally

contained in a network interface unit.

10 It is yet further an object of the present invention to provide an
improved multiplexer device in which a spare card for a piurality of interface
cards could éimultaneously serve as a spare for more than one interface card.

Additional objects, advantages and novel features of this invention
shall be set forth in part in the description that follows, and in part will become

15 apparent to those skilled in the art upon examination of the following
specification or may be learned by the practice of the invention. The objects
and advantages of the invention may be realized and attained by means of
the instrumentalities, combinations, and methods particularly pointed out in
the appended claims.

20 To achieve the foregoing and other objects and in accordance with the
purposes of the present invention, as embodied and broadly described
therein, the present invention is directed to a multiplexer device for

telecommunications circuits for multiplexing and demultiplexing signals
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as a network interface unit. Network redundancy allows the .
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must be attached to an external network interface unit in order to
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present invention has been devel oped.

SUMVARY OF spided dé(aNTgrdNs to and from the mldtiplexer. nTheg device alsarinduilesa of the
present invention to provide an i mproved nul tipl exer device which is

signi ficantdy, SMRIY GhitP2 Pidrh Mt i intehBRe circuits, with each of the plurality of

interface circuits being connectable to the plurality of in-use cards for

10 selective replacement of selected ones of the interface circuits of selected
ones of the in-use cards with selected ones of the interface circuits of the
spare cards, at the same time that others of the interface circuits of the spare
card are connectable to the plurality of in-use cards for selective replacement
of selected ones of the interface circuits of selected other ones of the in-use

15 cards with selected ones of the interface circuits of the spare cards, for
supplying and receiving relatively lower speed data signals to and from the
multiplexer when the spare card is selected.

There may be seven in-use cards with each having four interface

circuits thereon, and wherein the spare card has four interface circuits

20 ~ thereon with the spare card connected to the in-use cards such that the spare
card can completely replace one of the in-use cards or the interface circuits
on the spare card can replace at least one of the interface circuits on up to

four of the in-use cards. The spare card may have loopback circuits provided
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20  current conparable devices. It is also an object of the
present wiaesedrison to provi de an inproved mul ti pl exeCcTASYS/Z1Wi Ch
has an increased ability to performself-tests and - assist in fault

i sol ation. thereon, the loopback circuits being selectable in place of the interfacé
SUBSTI TUTE SHEET (RULE 26) It is further an object of the
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s st further an
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devi ce which can operate in a standal one node or be controll ed
ext er nal | y lgbpbackc oinpuitsemayanolade metallic loopback cirguitss yet further an obj ect
of the present invention to provide an i mproved nul tipl exer device

whi ch i gcor por at?ﬁeb‘i‘@séd{ﬂﬁ@érﬂfbﬂ istafsdairé8tebto a multipl@xdradé\ade Fér a networ k
I nterface unit. Is yet further an object of the present

i nvention
t {21t ro?r\’r'n%%nc%%ons circuits for multiplexing and demultiplexing signails

between a plurality of relatively lower sbeed telecommunication circuits and a
relatively higher speed telecommunication circuit, the relatively higher speed
telecommunication circuit being connectable to the multiplexer device through

10 one or more telecommunications links. The multiplexer device includes a
primary multiplexer circuit that can be selectively electronically enabled or
disabled to place the circuit in or out of an operational configuration and a
secondary multiplexer circuit that can be selectively electronically enabled or
disabled to place the circuit in or out of an operational configuration. The

15  multiplexer device also includes a controller communicating with the primary
and secondary multiplexer circuits and an interface to at least one of the
telecommunication links between the multiplexer and the relatively higher.
speed telecommunication circuit. The controller monitors the operational
status of the primary and secondary multiplexer circuits and selectively

20 electronically enables one of the primary and secondary multiplexer circuits
and disables the other of the primary and secondary multiplexer circuits

based on the monitoring.
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| nproved nul ti pl exer device in which a spare card for a pIurallty of
i nt er f aggo 99123775 cards coul d simul taneously serve as a spaicgni@g2smye than
one interface card. Addi ti onal objects, advantages and novel
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advant ages of the invention may be realized and attained by neans of

t he i nst r umehthe twe telecemmunieatiamiinksanay st seiactiyely endwaterngtivaly nt ed out

I n t he appended clains. 20 To achi eve the foregoing and
ot her obj eclaitagnéditd erBEPbHE R Ehd\pimdrPand secondBty RRHRAeRér siftiter esent
i nvention, as enbodi ed and broadly descri bed therein, the present

i nventiog is di reﬁ{q éretsgn?lr{vgl'\gb f? 59, eFeth&?té Qrm}:ltlplexertd%lv Qgpuni cat i ons

circuits for multiplexing an Xing signa

7 between a plurality of relatjvely |ower
t el econmuni é%*?FBW”&‘H'P'Eﬁ‘i"?@S ﬁ'FﬁP’@tfor mU't'Plﬁé'@gtaﬂﬁléewltﬁl'?&'ﬁgﬁgﬂ%ﬁer speed
tel ecommuni cation circuit. The nul tipl exer

between a plurality of relatively lower speed telecommunication circuits and a
relatively higher speed telecommunication circuit, the relatively higher speed
telecommunication circuit being connectable to the multiplexer device through

10  one or more telecommunications links. The multiplexer device includes a
primary multiplexer circuit that can be selected or deselected to place the
circuit in or out of an operational configuration and a secondary multiplexer
circuit that can be selected or deselected to place the circuit in or out of an
operational configuration. The device also includes a controller

15 communicating with the primary and secondary multiplexer circuits and an
interface to at least one of the telecommunication links between the
multiplexer and the reiatively higher speed telecommunication circuit. The
controller monitors the operational status of the primary and secondary
multiplexer circuits and selects one of the primary and secondary multiplexer

20 circuits and deselects the other of the primary and secondary multiplexer
circuits based on the monitoring, the transition time between one of the

multiplexer circuits being in an operational configuration and the other of the

10
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device includes a nmultiplexer and a plurality of in-use cards, each card
i ncl udw@9923ptsural ity of interface circuits, each interfBEEUSIBRIANT bei ng
5 connectable to one of the plurality of relatively |ower speed

t el ecomuhgifipiexer eirtaits beireic droopsetstiohpl configulatian eeingsufficlentiyvel y | ower
speed data signals to and fromthe nultiplexer. The device also includes a

spare car ] : | iopnterface circuits, with each of the
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sel ected ones of the interface circuits of the _ spare cards, at the
same tinme teleormbeications dreuits fermaltiplexing and slesnultiplexiigasignals card
are connectable to the plurality of in-use cards for selective repl acenent

of sel ect egbtqiah 2birBftyl SHrltRer 1bwe? ts‘Fbéd eélessirpslsidaismelrcaireandfa t he
i n-use 15 cards with'sel ected ‘'ones of the interface circuits of the

spare cards, for .. i L RYA | afk: : ed data
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There may be seven in-use cards with each having four interface
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20 thereon with the spare card connected to the in-use cards such that the
spare at leastitwb differentigdledarhmunagdtiscs lioks. dhetmaltipfexesedevigels or t he
Interface circuits on the spare card can replace at | east one of

the interfpegddd & PrhfardmiBpieXer circuit that can be selected or deselected to

10  place the circuit in or out of an operational configuration and a secondary
multiplexer circuit that can be selected or deselected to place the circuit in or
out of an operational configuration. The device also includes an interface to
the two telecommunication links between the multiplexer and the relatively
higher speed telecommunication circuit, the interface allowing a selected one

15  of the multiplexer circuits to be connected to a selected one of the
telecommunications links and the other of the multiplexer circuits to be
connected to the other of the telecommunications links. The device also
includes a controller communicating with the primary and secondary
multiplexer circuits and the interface. The controller monitors the operational

20 status of the primary and secondary multiplexer circuits and the two
telecommunications links and selects one of the primary and secondary

multiplexer circuits and one of the telecommunication links and deselects the

11
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four of the in-use cards. The spare card may have | oopback circuits

provi dedyq 99123775
t hereon, the Toopback circuits being selectable in place O%CVH% (338, f ace

circuits on ¢t re.card, to allowselected ones of t relatively | ower
cpeed " ABFLEORRRISRY aisSotry itpBYer BERuE 8388 Gt o t hemvel vee.
The | oopback circuits may include netallic |oopback circuits. 5
The present telegcemmunications linksibased e the moniaringo| exer devi ce for

tel econmuni cations circuits for multiplexing and demnul tipl exi ng signals

between a plural iThe Ffesreftultwenﬁbm i$ ey difsted td el rmoRiplexsragvicsfari rcui ts
and a rel atively higher speed tel econmunication circuit, the

relatively hj : P ' ' ' '- ' nect abl e
o the mi tiSlapmmgREations crah & HBIsKRtd S Blbitipick i iaralty=e

| i nks. The |.tiplexer, device include ) rimar | tiplexer, circuit
that candbe RRIMEBNCABIIDS dTous el B relativats lowsdr speed telegamBIUERtOM:| ace
the circuit in or out of an operational configuration and a

secondary muitdyits et fromratueastt dret relativebye highles speed| telecbsvnupicatian| y
enabl ed or di sabled to place the circuit in or out of an operational

ggnmfr{]g:iggt : ﬁ%]rcvtd,Ttth ﬁl‘ qéhgmuét;p{wniééﬁyd%\ﬁé@ INcHRIESCE pirdfity! STGhigFRz eTCifcUN dRbs e
each having a plurality of relatively lower speed interface circuits thereon to
interface with the relatively lower speed telecommunication circuits. The

10  device also includes a multiplexer circuit card having components thereon for
performing the muitiplexing and demultiplexing. The device also includes a
backplane assembly into which the interface circuit cards and the multiplexer
cards are connectable and into which the cabling from the plurality of -
relatively lower speed telecommunication circuits and the at least one’

15 relatively _higher speed telecommunication circuit are connectable, the
backplane assembly including at ieast two separate backplanes, including an
internal backplane and an external backplane, which are connected together
so that the two backplanes are in a parallel and juxtaposed relationship, the
internal backplane being mechanically and electrically connected to the

20 interface circuit cards, to the multiplexer card, and to the external backpl.ane,

the external backplane being mechanically and electrically connected to the

internal backplane and to the cabling from the plurality of relatively lower

12
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and secondary nultiplexer circuits and an interface to at | east one of the
t el econwrm9earison | i nks between the mul ti pl exer and the retatusyshisihi gher
speed tel econmuni cation circuit. The controller nonitors the operational

status of tdirdd felddommimiceRionPNsifiits BHd thi! 1eastCdHE HIhGvap higiidragdded! ¥
20 el ectronically enables one of the primary and secondary nul ti pl exer

circuits . sahl he other of the primary and secondary
mul ti pl exerte@cpgﬁrﬁﬂg@a?ﬁﬂ cgr%ﬁ'g‘sed on the nonitoring.

9 ) SUBSTI TUTE SHEET (RULE 26) .

There may be twolb@PERSFRhIAYRAIADISAlSe digctaskion snttiplexacHevice jor
different one of the primary and secondary multiplexer circuits. A given
one oelédoenmumidations aincuits ot maltipiexikg andyddmultiplexing sighalsand
alternatively attached to either one of the primary and secondary

mul ti pl %Xerb%Mé‘éH éeft%}irngﬁrom a plurdlty dFrEREVEIY IBNEPEpEEd téleBbRInGhiESRERT tO a

mul ti pl exer devi ce

circuits and from at least one relatively higher speed telecommunication
circuit, the multiplexer device being externally controliable by an external
controller on a computer network to which it may be connected. The device
includes a multiplexer and a plurality of interface circuits interfacing between

10  the plurality of relatively lower speed telecommunication circuits and the
multiplexer and between the at least one relatively higher speed
telecommunication circuit and the multiplexer. The device also includes an
internal controller communicating with and controlling the multiplexer and the
interface circuits and an external connector connected to the internal

15  controller and connectable to the computer network with the external
controller being a part of the computer network, the external connector
allowing the external controller to communicate with the internal controller
through the computer network. The external controller can indirectly control
the muiltiplexer and interface circuits through the intemnal controller.

20 The computer network may include an Ethernet connection.

The present invention is also directed to a multiplexer device for

telecommunications circuits for multiplexing and demuiltiplexing signals

between cabling from a plurality of relatively lower speed telecommunication

13
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tel econmuni cations circuits for multiplexing and denul tipl exi ng signals
betweenwoogiasrad ity of relatively | ower speed tel econmuni PETIUSIS/RIMTUI TS
and a relatively higher speed tel ecommunication circuit, the

relatively QicuiterarkPR6® at least dritd edative hizfier eheedrtelsconraiunizationnect abl e
to the nmultiplexer device through 10 one or nore tel ecomrunications

0, o UL BT AR, oM g paprcr, 11

ace t circuit 1n or out of
an operational configuration and a secondar | i1 plexer . ircuit that
can be sel ceagplane gegpeeeedda %dSVﬁég‘qqﬁ‘J‘ itggé{uﬁﬁ)bﬁcg‘?lagﬁtmﬁlf‘%m WO
operational configuration. The device also includes a controller 15

communi cat i sgpariatdbbleplanesyearyintertat backplang amdl an pkiexeal backplane wiighan
interface to at | east one of the tel ecommunication |inks between the

mul i plexer sAndohiieebhSGdtet Yo AL tWBARRKpRIrREIFEIRI# BaF4NRI Bhdcui . The

controll'er nonitors perational status of the primary and secondary

mul tiplexer circuit d sel ec one. of .the prj Y.

mil 11 pl oxer IiaP0sad Telaorii T Svish A0 e dR PRI BE FdEEC g
secondary nul ti pl exer ~circuits based on the nonitoring, the
transition cirewit bardeeeacbhhavisig a plurality of relativelygowes speeddntartacediiigyitsn an
operational configuration and the other of the

10 thereon to interface with the relatively lower speed telecommunication

circuits, the interface circuit cards being receivable within the housing and ..

10  being mechanically and electrically connectable to the dual backplane, one of
the interface circuit cards being a spare card that can be selectively selected
to replace one of the other interface circuit cards without physically moving
the spare card The device also includes a primary and a secondary
multiplexer circuit card, each having components thereon for performing the

15 multiplexing and demultiplexing, each multiplexer card being receivable within
the housing and being mechanically and electrically connectable to the dual
backplane, wherein either of the primary or the secondary multiplexer circuit
cards can be selected to perform the multiplexing and demultiplexing. The
interface circuit cards and the multiplexer cards are connectable into the dual

20 backplane and the cabling from the plurality of relatively lower speed
telecommunication circuits and the at least one relatively higher speed
telecommunication circuit are connectable to the dual backplane, the internal

backplane being mechanically and electrically connected to the interface
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SUBSTI TUTE SHEET (RULE 26) mul tiplexer circuits being in an
oper at | WOH928W&f i gur ati on being sufficiently smal | PETRISIH2MIT | ess
transition. The present invention is also directed to a

mul ti pl exercideiticxd$ oo the multipiixes eamdjrirzhto thesexterralibaskplanentte i pl exi ng
and denul tiplexing signals 5 between a plurality of relatively |ower

speed 1 el econui BALKORNE' ity Medihially and efe@tfidly Lothndctiirto fieed

t el econmuni cation crrcult, I vel'y hi gher sp

t el econmuni cati on circuit bei.ng conpectable to the. nmultipl.exer device
through  HHerhpl hackAiaRe anditp e ADIRG Faas MR ALY St e RuiRY oWkt

mul ti pl exer device includes a primary multiplexer circuit that can be
sel ect ed orspeerbietecardmunication cipduitseanchthecatrleast one reJatively highemspeed
operational configuration and a secondary mul ti pl exer circuit that

can be sgel e{é‘ié’di'){ﬁhuﬂﬁ:%ﬁﬂoﬂcéi%iﬂo place the circuit in or out of an

operational con uration. The device also includes an interface to
hi gher speed el SEBBRFADYBNTAT FllFd ineted it & RuEker B icdf Sollect oo’
one 15 of the multiplexer circuits to be connected to a se|lected one of
t he telecaromunicationscireuits fRs madtiplexing aneedepritiphaxing Signalexer
circuits to be
between a plurality of relatively lower speed telecommunication circuits and at
least one relatively higher speed telecommunication circuit, wherein the
10 relatively lower speed telecommunication circuits carry data which can include
loopback codes requesting the reflection back of a transmit portion of the
relatively lower speed telecommunication circuit, as viewed by the circuit, into
a receive portion of the relatively lower speed telecommunication circuit. The
multiplexer device includes a multiplexer and a plurality of interface circuits,
15 each interface circuit being connectable to one of the plurélity of relatively
lower speed telecommunication circuits and for supplying and receiving
relatively lower speed data signals to and from the multiplexer, each interface
circuit including a detector to detect loopback codes in the data passed
through the relatively lower speed telecommunications circuit and including a
20 loopback circuit that can be selectively switched in to reflect the transmit
portion from the relatively lower speed telecommunications circuit back to the

receive portion of the relatively lower speed telecommunications circuit in

response to the detection of a loopback code.

15
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connected to the other of the tel ecomrunications |inks. The device al so
I ncl udesvawestrs ol | er communicating with the primary and serarsdenysi7
mul ti pl exer circuits and the interface. The controller nonitors the

operational 20 apfaifyse Hitetfhe BIrbR hay Hvik@CiNt o phlkk iccaer circuits
and the two t el econmuni cations |inks and sel ects one of the primary

filnﬁ kg e;ﬁgdgﬁgpggggnp)ﬂ]é{‘ {Heolle%ﬁﬁin%i iFlFéHéc% &qulitg.neﬂ% lotdb%atcﬁlc%%wail cation

11 ] SUBSTI TUTE_SHEET (RULE 26) ) ot her
of the pri niicudiPopaddAndigoprdpwintades: Ehe nieiface sifcuk@ also may include
t el ecommuni cations |inks based on the nonitoring. The present

i nvention i alabpiback codd genérater mddngratexioopbaek cedésras desired to cause
tel econmuni cations circuits for multiplexing and demultiplexing signals 5

bet ween gabld | ; f [ r icati
t el ecomr%ni Ldad[}{% gfﬁkg%ﬁe@#?@& Ibghgﬁgkﬁ P%%Ig\?brggg%\eé%%%e alfl?l\c/:gp?/n hi gher

speed tel ecg%g Foa}elflggt data back toward the multiplexer device.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and form a
part of the specification, illustrate the preferred embodiments of the present
10 invention, and together with the descriptions serve to explain the principles of
the invention.
In the Drawings:
Figure 1 is a block diagram of a muiltiplexer device of the present
invention.
15 Figures 2a and 2b are a more detailed block diagram of the multiplexer
device of Figure 1.
Figure 3 is a perspective exploded view of the multiplexer device of
Figure 1.
Figure 4 is a perspective view of a bottom member of a housing
20 enclosure of the muiltiplexer device of Figure 1, showing a dual backplane
installed therein.
Figure 5 is a rear elevation view of an external backplane of the dual

backplane of Figure 4.
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circuit. The nultiplexer device includes a plurality of interface circuit

cards, woon3each having a plurality of relatively |ower ppgaskosmatface
circuits thereon to interface with the relatively | ower speed

t el ecommuni cat i Qﬂﬁﬁi"é 84S taﬁ)eer B@c%@@vie@ﬁ?fgﬁ% cﬁlé%éggﬂa‘f@éf Biglipe ki pl exer

circuit card havi g conponents thereon ormng-the

mul tiplexing and denul tip|exing. The devic so lnclydes backpl ane
Resenbly i SWIRe G LB Tane dsconecd e pHlETalhackriare:

cards are connectable_and into which the cabling fromthe plurality of

rel atively | onerFigpeed is @ perspaotive wiemoof ihieroultiplexardaviee of Fis#igt!.one 15
rel atively higher speed tel econmunication circuit are connectable, the

backpl ane assenmbfyuregliyd perspeclivnsiew sPtheapaltplexdraddntaoeFiguract, udi ng an
i nternal backpl ane and an external backpl ane, which are connected together

so that .t he n [ I ' ilsonshi p,
t he 5 ?*#@Pﬁ:#%@&%@ggé&ggﬂ%% r%g{:cﬁ)aer?le %;%‘?p;ﬂ/ e]adrfgé g&@%@?l%ﬁ% 1connect ed
tothe 20 interface circuit, cards, tq the nmultiplexer card, and to the
ext ernal baeXgsfastially removegrogythe dRYiC®ackpl ane bei ng nechanical Iy and

electrically connected to the i nternal backplane and to the cabling
from the plural i Figuré 9islaapenspegtivewiaw of the multiplexer device of Figure 1,
12 SUBSTI TUTE SHEET (RULE 26)

showing a removable front plate removed and one of a plurality of controller
cards partially removed from the device.

10 Figure 10 is a block diagram of the connection of the multiplexer
device of Figure 1 to a computer network and to an external computer
terminal.

Figure 11 is a simplified block diagram of portions of the multiplexer
device of Figure 1 showing an electronics protection mode.

15 Figure 12 is a simplified block diagram of portions of the multiplexer
device of Figure 1 showing an electronics and network protection mode.

Figure 13 is simplified block diagram of portions of the multiplexer
device of Figure 1 showing another electronics and network protection mode.
Figure 14 is a simplified block diagram of portions of the multiplexer

20 device of Figure 1, showing a DSX-1 line loopback mode.

Figure 15 is a simplified block diagram of portions of the multiplexer

device of Figure 1, showing a DSX-1 equipment loopback mode.
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speed tel econmuni cation circuits and the at |east one relatively higher

speed wo g9p28Bkecomuni cation circuit. The ppegRRbsAJAYLNLI ON
is also directed to a nultiplexer device for t el econmuni cat i1 ons

eiroui 15 T0r Mokt o o bIOCR i B BBlche & helELBRAD! | 10

froma pluralit r 'ower s econmmuni cat1 on circuits
and from at, | east_ one rel ativel | r s d, tel ecomuni cation

clrout o eV of e . Shovie's HeR Lnr e dapPREsR TR ERPabl e by an

ext er nal controller on a congut er network to which it may be

connect ed. The ddgure17 is a simplified eiock diagranpiof pertiensiofthel mulinlexerof
interface circuits interfacing between 10 the plurality of relatively

| over  speedidvide6PFIGURE A25hOWir & DB 3l dobback mode.mul ti pl exer and
between the at | east one relatively higher speed t el econmuni cati on

circuitzand the gultl - | G2y I RC) -] nal
cont rol Per comminbbts FRJE & smPlfied BlodRbity I Rt Blins mutgiEkdc
interface circuits_and an external_connector connected to the internal 15
control | er dgviceshhigiran shewinga Rerphavpad deqrRackinode: he ext er nal
controller being a part of the conputer network, the external connector

al l owi ng t he extEigued 18dsta sifvipdified dlackndiagramtof partibng béthenmedtipiéxer

controller
device of Figure 1, showing a DS-3 equipment loopback mode.
Figure 20 is a simplified block diagram of portions of the multiplexer
10  device of Figure 1, showing one of multiple DSX-1 test modes.
Figure 21 is a simplified block diagram of portions of the multiplexer
device of Figure 1, showing one of multiple DS-3 test modes.
Figure 22 is a simplified block diagram of portions of the multiplexer
device of Figure 1, showing a complete self-test mode.
15 Figure 23 is a simplified block diagram of portions of the multiplexer
device of Figure 1, showing a DS-1 NIU loopback mode.
Figure 24 is a front elevational view of the removable front panel of
Figure 8, showing a plurality of alarm indicators appearing therethrough.
Figure 25 is a simplified block diagram of portions of the multiplexer
20 device of Figure 1, showing the power distribution and sharing arrangement.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figure 1, a multiplexer device 20 is used to interface

between a slow-speed network 22 (such as twenty-eight transmit/receive

18
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t hrough the conmputer network. The external controller can indirectly
control w099/223776he nul ti pl exer and interface circuits throegirusg2iaternal

controller. 20 The conputer network may include an Ethernet
connection. pajrs of sz 1 signBl® dHEaHighispeeatidtivorie 2a! it a8t dne a

mul ti pl exer device for tel econmuni cations circuits for multiplexing
and denul ti e I f

o el RO GRA0R Bl ot s SBHUEE @ e P BROIc 26 hidivof

13 SUBSTI TUTE SHEET ( RULE 26)

circuits andPaWemiram Preef beteot aPain Qfgpgwer Wpe§€<§e€“@ @8ecB®uni cati on

circuit. The nmultipl exer device includes a device housing and a dual

backpl ane conuttiptexkrtdevidee20 ¢ bptiohaliyscornedtablediosd compyieanetwarkl3di ng t wo
separ ate backpl anes, an internal backplane and an external backpl ane, which

5 are cenneghéd, E@Q%ﬁ%q&%PtéﬁﬁaFﬁ@f&ﬁ&t@ﬁ%ﬁ AP a Bf‘or'rﬂoﬁlttgﬁﬁq?‘bf fle and

j uxt aposed rel at1 onsh Ice also includes a plurality nterface

circuit cards, vi.n lurality of relatively |ower speed interface
circuits Itlp?exer é‘ewcegZS P y y p

The multiplexer device 20 includes a DSX-1 I/O circuit 40 for
interfacing the multiplexer device 20 to the low speed network 22, as shown
in Figures 2A and 2B. A separate DSX-1 I/O circuit 40 is provided for each of

10 the DSX-1 signals in the low-speed network 22. Also, in the multiplexer
device 20 are a pair of controller cards 68 and 70, each having multiplexer
circuits 42 which convert between the DSX-1 signals from the DSX-1 /O
circuits 40 and the DS-3 signals of the high-speed network 24. Each
multiplexer circuit 42 includes an M1-2 multiplexer 44 which converts between

15 DSX-1 and DS-2 signals and an M2-3 multiplexer 46 which converts between
DS-2 and DS-3 signals. The multiplexer circuits 42 include framers 48 to
place and retrieve the DS-2 data into and out of DS-3 frames of data. The
framers 48 are attached to a transceiver 50 which receives and transmits the
DS-3 signal to the high-speed network 24. A pair of microprocessors 52 are

20 provided, one for each multiplexer circuit 42, for control thereof. The two
microprocessors 52 are in communication with each other so as to determine
which of the pair of contrc;ller cards 68 and 70 are receiving and transmitting

data to and from the high-speed network 24 at any given time. Each of the
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thereon to interface with the relatively | ower speed tel econmunication

circuit éterface circuit cards being receivable w tlm % usi ng
and 10%%5% i ot %4323“9

el ng nechanically and el ectrically connectable t ual
backpl ane, t | ' .t ' rd that
can be sel%ogﬂfovl%lfr;?ag%sf g%t‘%@ 1655 Bﬁ gqearrfef%fn;acl&g ¢ ngfgfe &?g@?ﬁ%ﬁ | r‘fﬁ}t e@ace
circuit cards w thout physically vin . the spare_ca Th evi ce
al so i ncl UGeSTIMBFS ﬁﬁr?‘%ﬁ%ﬂ?ﬁ%&rg?pﬂjél’% the micropfioce F%rx%i gdarcs'uﬁefttgﬁar d,
each having conmponents thereon for performng the 15 nultiplexing and

denul ti pl econtplleraandsBBtand 28 alsacimcildesi aagowec conwditer 96 thereonfor  t he
housi ng and bei ng nechanically and electrically connectable to the dual

backpl ane, Cmrgggagg\}w%gfp&pgrmi.wﬁ O gdwersecondary mul tipl exer

circuit can be selected to performthe nultiplexing and

demul tipl exi ng. ;The . interface circuit rds. an LRl exer
cards £ e connegpﬁtwglt'ﬂﬁ’@r[c% ' IS é@usedog‘cigpg%@%a l?‘ﬁé%%%#g%f rom
the plurality of relatively |ower speed t el econmuni cation circuits
and the atin s abettos mamkenbhhghing sigesfprmed therean agrAIRHEIRSI on
circuit are connectable to the dual backpl ane, the internal

backpl ane bgvéags4atiienfigadver the botions mdmbét §2 andrattichdstthetdte tont er f ace
14 SUBSTI TUTE SHEET (RULE 26)
complete the housing enclosure 60. As can be seen in the exploded view of
Figure 3, the housing enclosure 60 encloses a dual backplane 66, the pair of
10  controller cards 68 and 70, and eight DSX-1 interface cards 72, 74, 76, 78,
80, 82, 84, and 86 therein.
The dual backplane 66 includes two separate backplanes, an external
backplane 80 and an internal backplane 92, as shown in Figures 3 and 6.
The external backplane 90, also known as the connector plane, is preferably
15  a six-layer circuit board with three large mating connectors 94, 86, and 98, for
electrically and mechanically connecting to the internal backplane. These
connectors 94, 96, and 98 to the internal backplane 92 are located on an
interior side 100 of the external backplane 90. Each of the connectors 94, 96,
and 98 have pins associated therewith which extend through holes in the
20 external backplane 90 to mate with various leads in the six-layer board of the
external backplane 90.

On an exterior side 102 of the external backplane 90 are a plurality of |

external connectors for connecting to equipment external to the multiplexer

20

SUBSTITUTE SHEET (RULE 26)



circuit cards, to the multiplexer card, and to the external backpl ane, the
exter na%(%@ﬁé.p;sane bei ng nmechanically and electrically connected to_the
i nt ernal backpl'ane and to the cabling fromthe plurality SETER34E) y

| ower speed te|lecomunication_cifcuit t he at | east one

rel ativel f@(i"%ngg LHBEH seen %ﬁ@%‘ﬁ#uré%ﬁ*%ﬁﬁgﬁ%.ﬂ% connector 104is  The
present invention is also directed to a nultiplexer device for

t el econmuirevidedrier Ethernet sommectivityt iffaipiy alamn cemnectqr 408 isg si gnal s
between a plurality of relatively |ower speed tel ecomrunication circuits

and at providedsbr externgl abhiteting &f Ber aRE PMinbe bRFRTERHRIZESD byhei rcui t,
wherein the 10 relatively |ower speed tel ecomrunication circuits carry

data whic el I . est i refl.ection back
of atr an%ﬁ@Bfoé&ér% f id%ﬁfégfzq ﬁre\d fBPBB&ﬁgpéfﬁié\?‘z:f'éﬁgM&‘%ggéﬁgﬁ%ﬁ)‘eé‘b’f’rﬂ‘ﬁ r??cat i on
circui%, as, viewed by the circuit, into . a receive portion of the

rel ati vel Y4Bt erst HI& e IS are: providad tagiattachment of the king apdl Hrer
device includes a nmultiplexer and a plurality of interface circuits, 15
each i nt erléads of thecDSX-th dompectons froabtre loav-speedingtWweripbr alg y  of
relatively | ower speed tel ecommuni cation circuits and for supplying

and recei \WoMhectors 108 ShdU1BArY df _osﬁ@f’g{éﬁd&?t ﬁfﬂﬁgﬂ%ﬁg drd ginpr om the

mul ti pl exer, each interface I rcui ncl udi et ect 0 detect

I k |0 i i '
oopbac Cc%g\%séc{or 1 (553 bgl%tgaofp ma eegender and the receive or incoming connector

110 being of female gender. A pair of three-pin power input connectors 112
10 and 114 are provided for attachment to the external power sources 26 and
28, respectively. A pair of BNC connectors 116 and 118 are provided for
attachment to the coaxial cables of the T-3 line coming from the high-speed
network 24. The BNC connectors 116 and 118 are for attachment for the
primary T-3 line from the high speed network 24, while another pair of BNC
15  connectors 120 and 122 are for attachment to a secondary T-3 line which
may be available from the high-speed network 24. BNC connectors 116 and
120 are input or receive connectors for receiving DS-3 signals from the high-
speed network 24, while connectors 118 and 122 are output or transmit
connectors for outputting DS-3 signals to the high-speed network 24. Another
20  BNC connector 124 is provided for attachment to an external 44 megahertz
(MHz) clock which may be provided. A 9-pin standard RS-232 Async serial
computer connector 126 is provided. A 25-pin standard computer connector

is provided as a sync port. The external backplane 90 also includes a variety
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through the relatively | ower speed tel econmunications circuit and including
a 20 |oopback circuit that can be selectively swtched in to reflect the
transm tw099/23775portion fromthe relatively | ower speed tebPetmspizsicati ons

circuit back to the receive portion of the relatively | ower speed
t el ecomunigfadlectnonicidompdndrs mountedrdiaatingieetednt iechdasd esdistons, of a
| oopback code. 15

SUBSTI TUTE ¢ Wrﬁﬁ%g%l%gé diodes, lnductors capa cAt%Ysogtq pisnterface circuits

may switch in 1ts circul ependen ofS the remaini ng

I nterface CIrCUI The | oo ck _.cod | 00

| oop- down codes éopﬁ?gwggg gﬁr éﬂgtsgé '&Iytg‘ﬁ 'H’ﬂ”?ﬂﬁ%ﬁane ars H’% Ifaegbﬂﬁack
code generator to generate | oopback codes as desired to cause 5 | oopbacks
to be creat@deceptanie pertans/thieyedfonbichgpataiwitbirealerpantionadAon142, and
circuits to reflect data back toward the nmultipl exer device.

BRI EF DESCH| 44 bthefintbriralRRbiA=. Together, thesemneetmgm@m@a ghh awi ngs,

whi ch are incorporated in and forma part of the specification,

Tustrate (e DESILLL G SHBAMEBRLSNOEctbik®1 6 &89 tand 144, when properly

aligned with the receptacle connectors 94, 96, and 98 can be carefully
inserted therein. The connector pair 94 and 140 is a 120-pin connector, the
connector pair 96 and 142 is a 90-pin connector, and the connector pair 98

10 and 144 is a 20-pin connector. The internal backplane 92 has the
aforementioned connectors 140, 142, and 144 on an exterior side 146 thereof
along with several discrete components including resistors, capacitors,
inductors, and diodes. On an interior side 148 of the internal backplane 92
there are provided a pair of 270-pin female connectors 150 and 152 for

15  connection of the two controller cards 68 and 70. Also located on the interior
side 148 of the internal backplane 92 are eight 90-pin female connectors 156,
158, 160, 162, 164, 166, 168, and 170 for connection to the eight DSX-1
cards 72, 74, 76, 78, 80, 82, 84, and 86.

Preferably, the internal backplane 92 is a sixteen-layer circuit board.

20 As can be appreciated, by separating the backplane 66 into two separate
backplanes 90 and 92, the connectivity to the external equipment and to the
internal components such as the controller cards 68 and 70 and the DSX-1

cards 72, 74, 76, 78, 80, 82, 84, and 86 can be achieved with a minimum of
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10 invention and together with the descriptions serve to explain the

pri nC| 9‘&5 the i nvention. In the Draw ngs:

Fi gure @ bl ock diagram of a mnultipl exer device of tﬁgﬁ%’g@ﬁ‘f"

i nvention. 15 Figures 2a and 2b are nmor.e. det ai | ed bI ock di agram
of the mima- gqn@s@?lonal spaceg g EeR4Cing g@ﬁ gvgrall height oftt?we mugt @F%r 3 ,g a

perspective expl oded view of the nultiplexer device of Figure 1.
Fi gure 4 device 2Or Becdusecswiface ofount wonhestars @be nobd Bvailaklesnipis 20
encl osure of the nultiplexer device of Figure 1, showing a dual backpl ane

installe I f an
oxornal SEREFARS ey g oS8 g ol cnmh e

16 the backplane 66, it would no ?ISJ-Ie-l JoUsTsEblel_tlgll:’: v(e%JEF\g@ )oackplane with the

5 connectors to the controlier cards and DSX-1 cards on one side and
connectors to the external equipment at a corresponding position on the other
side thereof. For this reason, with a single backplane it would be necessary
to have a much larger two-dimensional area for the backplane, thus
increasing the height and/or width of the multiplexer device 20.

10 The bottom member 62 of the housing enclosure 60 inc.lu.des guide
rails formed thereon to support and guide the controller cards 68 and 70 and
the DSX-1 cards 72, 74, 76, 78, 80, 82, 84, and 86 in to mating relationship
with the aforementioned connectors, 150, 152, 156, 158, 160, 162, 164, 166,
168, and 170.

15 As can be appreciated in Figures 7-9, the controller cards and DSX-1
cards can be easily accessed and removed or replaced from and into the
multiplexer device 20 through a removable front panel 176. The controller
cards 68 and 70 are located side-by-side in the upper portion of the
multiplexer device 20 while the seven primary DSX-1 cards 72, 74, 76, 78, 80,

20 82, and 84 are located side-by-side along the bottom of the multiplexer device
20 below the controller card 68 and 70. The spare DSX-1 card 86 is located
at the same level as the controller card 68 and 70 and above the last primary

DSX-1 card 84. Each of the DSX-1 cards 72, 74, 76, 78, 80, 82, 84, and 86
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Figure 6 is a perspective view of the dual backplane of Figure 4

showi ng an internal backpl ane disconnected fromthe external backpl ane.
Fi gur e WOPI%2¥7Ber spective view of the nultiplexer device BFVESHHANT
Figure 8 is a perspective view of the nultiplexer device of Figure 1, 5

showi ng a anshennimiter cepds 681ande’ @ eashdavarcardieder latpnes 4y Broydedsx- 1

cards partially renoved fromthe device. Figure 9 is a

per spect i i dicomer thebsofrfot tomvenient renovs arfd Btching of the card fremaanichg a
removabl e front plate renoved and one of a plurality of controller

cards part} r e device. 10 Figure 10 is a bl ock
di agram O?b%é%@gﬁﬁ?ﬁgéggﬁ ?Qfe mul ti pl exer device of Figure 1 to a
conput er network and to ext%&nal

] copput er. t Lna

Flgure 1115 a AP PPM Ba BHGLENIPEGH ST DSUI-!59eS 02 £ Re /T899 &Rer
device of Figure 1 show ng an el ectronics protection node. 15

Fi gur e512 84; andsBEhiavei auiadling inteifage devisespAd thesaen csuamas miWadi4xer
device of Figure 1 showi ng an el ectronics and network protection node.

Fi gure 1]? QE)S%'(,fHR)dnfaE@f_rahpPMGiS@éﬁ@,ﬂﬂ/@ﬁcmetr,i Briisl Cdllrabiul Each quad
(0}

devi ce Figure 1 show ng another electronics and network protection node.
LOE L e PR 48 BRGHRP T of i g etz cxer - 20
therein, to act as a transceiver and convert between line-encoded signals and
TTL DS-1 bit streams. Each of the DSX-1 cards also has four relays provided
10 thereon. Card 72 has relays 180, 182, 184, and 186 which correspond to T-1
lines T1-1, T1-2, T1-3, and T1-4, respectively. Card 74 has relays 188, 190,
192, and 194 which corresponds to T-1 lines T1-5, T1-6, T1-7, and T1-8,
respectively. Card 76 has relays 196, 198, 200, and 202 which correspond to
T-1 lines T1-9, T1-10, T1-11, and T1-12, respectively. Card 78 has relays
15 204, 206, 208, and 210 which corresponds to T-1 lines T1-13, T1 -14, T1-15,
and T1-16, respectively. Card 80 has relays 212, 214, 216, and 218 which
corresponds to T-1 lines T1-17, T1-18, T1-19, and T1-20, respectively. Card
82 has relays 220, 222, 224, and 226 which corresponds to T-1 lines T1-21,
T1-22, T1-23, and T1-24, respectively. Card 84 has relays 228, 230, 232,
20 and 234 which corresponds to T-1 lines T1-25, T1-26, T1-27, and T1-28,
respectively. The spare card includes four relays 236, 238, 240, and 242
thereon. The first relays 180, 188, 196, 204, 212, 220, 228, and 236 of each

card is connected together by a control line 252. Similarly, the second relays
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Figure 15 is a sinplified block diagram of portions of the multiplexer
devi ce Qfpohbasse 1, showi ng a DSX-1 equi pnent | oopback nod
17 SUBSTI TUTE SHEET (RULE 26) ?m%@ét} 53775

ot one o827 190, 198, 206 214 B3 b 4a 338! [ Wiy 18s UEHTAR O

portions of Ice O

netallic | gopba el?is fled bl ock di agram
of port | ond08 Sike 5284 232/ 9G240, and oG Ybaa ialars JgBe 194, SHOUR TG 415, 3

| i ne | oopback node. 5 Figure 18 is a sinplified block diagram of
porti ons of22d4h23dubhd@42<are connectdevogethef bifirgspective cdraveldiges 232 3

payl oad | oopback node. Figure 19 is a sinplified bl ock diagram
of “portion B4 & T QY4 EarfbeS- 3

equi prrent %oégo %e%cﬁggﬁg orifie é‘véﬁngo %aadss??rp |1&|$bed bl ock

207! Rt 08 el Bt Shes Ao S, GSHES o R L0
i agram of [?é))r(hI (sjlrg];\a(l)sf tot Qlﬁhenru tlhglﬂeel)r(wteerrface electronics 250 on the cards 72 - 84
or to the respective control lines 252. On the spare card 86, the relays 236,
238, 240, and 242 can be used to selectively and alternatively connect the
respective control lines 252 either to loopback circuits 254 or to line interface
10 electronics 250 on the spare card 86.
In the normal operating mode, each of the relays 180 - 234 is selected
to connect the T-1 lines to the line interface electronics 250 on the cards 72 -
84. The line interface electronics 250 convert the signals as described above
and they are then connected through the internal backplane 92 to the
15 controller cards 68 and 70. If, however, it is determined that any of the line
interface electronics 250 on the cards 72 - 84 is malfunctioning, then any one
of or a combination of the relays 180 - 234 can be selected to connect the
respective T-1 lines to the respective control lines 252 so as to utilize the line
interface electronics 250 on the spare card 86. In this case, the signals are
20 similarly conditioned by the line interface electronics 250 of the spare card 86
and routed to the controller cards 68 and 70 through the internal béckplane

92. If it is desired to perform testing and/or fault isolation of the components

of the low-speed network 22, the appropriate ones of the relays 180 - 234 can
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device of Figure 1, showi ng one of nmultiple DS-3 test nodes.

Fi gure i i mplified block diagram of portions of the nultiplexer -
devi ce gﬁoﬁ?@%@ 1, showing a conplete self-test node. 15PCTUSHIHT e 23
is a sinplified bl ock diagram of portions of the nultiplexer ~ device
of Figure be saletieAgoLansect Nesaspeshye d-hbaes to the respective qonggl bnest i s a
front elevational view of the renpvable front panel of Fi gure 8,
showi ng a E5@rand toutefthamatontherspiatatoard 88ppesre the ddiectet formasodf.the

Figure 25 is a sinplified block diagram of portions of the nultiplexer 20

det o o SRSt R AR AU ol Bl el oAl B hggnoeren’
e RS G50 o ) B Pt ool

18 SUBSTI TUTE SHEET ( RULE 26) pairs
of DSX-3 sicihbé sparandasd 86 gihedoepdback nincuits2254ame meraty metaltic one
transmt/receive pair of DS-3 signals. The nultipl exer device 20 receives

connections of the tip and ring members to each other so that the T-1 lines

from the low-speed network 252 have the tip signal reflected back to the ring
signal for fault isolation of the components of the low-speed network 22.
Each of the controlier cards 68 and 70 are identical, so for ease of

10 explanation, only one of the controller cards will be explained in detail, with
reference to Figures 2A and 2B. The controller card 68 is provided with a
power converter 260 thereon which receives external power from one of the
power sources 26 and 28 through one of the power input connectors 112 and
114 on the external backplane 80, as is also shown in Figure 25. The power

15 is passed from the external backplane 90 through the internal backplane 92
to the controller card 68 where it is routed to the power converter 260
thereon. The power converter 260 is operative to convert -48 Volt DC power
to +5 Volt DC power. From the power converter 260, 5 Volt pawer is
distributed to all the components of the controlier card 68. In addition, power

20 is provided back through diodes and through the connectors 150 and 152 into
the internal backplane 92 and to the DSX-1 card 72 - 86 via connectors 156 -
170 and to the other controller card if necessary. If either of the controlier

cards 68 and 70 are missing, the power converter 260 of the other card can
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power fromone or both of a pair of power sources 26 and 28. The

mul ti pl Qyeses49vd ce 20 is optionally connectable to a conmpuiefy;
and/or to a conputer termnal 32 for external control and/or non

K 30 5
oring of

[

t he

I ncl udes awg aﬁﬁ‘é{"@ hl&t% rﬁ% tpgrcard tself %ﬂde{b?a@gpgé é%?lscye%T ége
device 20 to the | ow speed network 22, as _shown Fi_gures 2A and 2B.
A separ at e TD8ROWeY @%\feﬁﬁil%%@'spénﬁ‘ﬁﬁﬁﬁd'é"&uftb’r thegeen 8? pr e eV el

signals in

mul ti pl exer C rcw

bet wee
convert b
i ncl ude fr

50 which r
network 24
mul ti pl exe

52 are in
the pair o

10

15

20

t he | ow speed network 22. Also, in the multiplexer deV| ce
20 are a paver vbltagatetddtion 262,dS Uditamtier oltage ldetestiorg2@4) overl exer
circuits 42 which convert between the DSX-1 signals fromthe DSX-1 1/0O

circuits 4Q@ erétbtﬁ‘e 4§re%t@b@e§%ssas%en%% -D,BQ%IFPﬁ&Qr wafev% %@t.oﬁ%ma

I NC exer

an ML-2 multip onverts

DSX- 1 naI s and an M2-3 nul tipl exer 46 which

DS-
(},\ggwerfal lte e§t| d DS-3 signals. The nultiplexer circuits 42

aners 48 to place and retrieve the DS-2 data into and out
of DS-3 frames ofhelaentroligid8 includes a setacion87@mhich inelldas fovir Alteranscei ver
eceives and transmts the DS-3 signal to the high-speed

7084neRips 27 22T A0RTOCAE 278 for séfe@:tlnﬁ@vhléh folrdsitheQRRtyHOFo each

r CIrCUIt 42, for control thereof

M Cr opr ocessors

SR 1RO LA Te P AR M ey

multiplexer circuit (deselected), since only twenty-eight DSX-1 signals can be
multiplexed. | The first selector chip 272 allows for deselection of one of T1-1
from card 72, T1-5 from card 74, T1-8 from card 76, T1-13 from card 78, T1-
17 from card 80, T1-21 from card 82, T1-25 from card 84, and spare 1 from
the spare card 86. In a similar fashion the other three selector chips 274,
276, and 278 allow for the deselection of one of the respective T-1 and spare
lines of each of the cards 72 - 86. The output of the selector 270 is provided
to the M1-3 multiplexer circuit 42 such as a PM8313 D3MX,, as is available
from PMC Sierra in Vancouver, British Columbia. The M1-3 multiplexer 42
includes seven M1-2 multiplexers 44. The outputs of the seven M1-2
multiplexers 44 are provided to the M2-3 muitiplexer 46. Of course, each of
the multiplexers 44 and 46 accomplish multiplexing in one direction and
demultiplexing in the opposite direction. The M2-3 multiplexer 46 is attached
to the framers 48, including a DS-3 transmit framer 284 and a DS-3 receive

framer 286. From these framers 284 and 286 of the multiplexer circuit 42,

27

SUBSTITUTE SHEET (RULE 26)



data to and fromthe high-speed network 24 at any given tine. Each of the

19 SUBSTI TUTE SHEET (RULE 26)

control P4 ts 68 and 70 are primarily made up of the r’rﬁﬁrf‘fﬁgw70| rcuit
42, the framers 48, the transceiver 50, and the mcroprocessor 52.
Each of t helectrical copReeten is mageds tbe trangcelyerbIjoiast PSR ESGRIYRRAN a
converter 56 thereon for converting -48 Volt DC power to +5 VoIt DC
power. 5 transmittdihte regelviedatadrom @nddearddnit slatotstd highssgeadshetyorkc| osur e
60 which i ncl udes a bottom nenber 62 having sides forned thereon and

a housing o4 ThEGYRS é?éer"‘é?lﬁ%g bé%noé(tﬁfarfc% @Qtﬁlg"fsﬂ’??@é‘élv@@tréﬁ&nﬁféraches

thereto to conp et e ousi ng encl osur e can be seen In the
| oded f t he 6 dual

ke Wi Shendad feafh Such gk WA ARTE PRS00 A SR BiR S ot Dok 1

interface cards 72, 74, 76, 78, _ 80, 82, 84, and 86 therein.
The dudl bdcapswiteh BeShaitomdeennerticsbpar at e backpl anes, an ext er nal

The transceiver 50 includes transmitter I/O control 290 and receiver |/O
contro! 292. A PRBS generator 294 is attached to the transmit /O control
290. The transceiver 50 also includes a PRBS analyzer 296 attached to the
receive I/O control 292. Loopback control 298 is provided for commanding
10 the transmit I/O control 290 and receive 1/0 control 292 to create a loopback.
Also in the transceiver 50 is a Bipolar 3-zero Substitution (B3ZS) encoder 300
which receives the signal from the transmit 1/O control 290 and provides the
signal to an output control circuit 302. The received signal from the high-
speed network 24 is provided to an adaptive equalizer/automatic gain control
15  (AGC) which provides its output to a clock recovery circuit 306 which in turn
supplies a signal to a B3ZS decoder 308 supplies the signal to the received
1/0 control 292. A DS-3 alarm indication signal (AlS) generator 310 which
generates AlS signals as desired for both transmission and reception and
supplies the same to the B3ZS encoder 300 in the receiver I/0 control 292. '
20 An auxiliary loopback 312 is provided between the B3ZS encoder 300 and
the clock recovery circuit 306. A loss of signal detector 314 is connected to

the adaptive equalizer/AGC 304 to detect when no signal is being received.
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backpl ane 90 and an internal backplane 92, as shown in Figures 3 and 6.
The extmmhgckpl ane 90, also known as the connector pl @oruseszpneferably
15 a six-layer circuit board with three | arge mati ng connectors 94, 96,

and 98, for The I68bF 78! the ﬁﬂﬂkéﬂ@ﬁé}aélmﬁd 4y SpRCtrangcdigertS®atat er nal
backpl ane. These connectors 94, 96, and 98 to the internal backpl ane

92 are | ocated on, an c 1O S 0 r backpl ane 90.
Each of ¢ ral CORMALEDpy 2micrgprocassdr 52 o ottt e, Cfhe /25 V1o e ¢
whi ch extend through holes in the 20 external backplane 90 to nate with
vari ous | eEdroprogessosimay kea Matarcda MCBEN302 procegi%’ r EsosiRRE M 0.

On an exterior side 102 of the external backplane 90 are a plurality of
external cgqEgRi¢repsodersor BPiecn addiessdis PP andex datanbils 822 whichmallowpl exer
20 SUBSTI TUTE SHEET (RULE 26)

devi ce 20, | | ; ; [
provi de§d f%@égﬁﬁ@&)ﬁé?g%gﬁn%g;o%rﬁﬁ n&?g{?ﬂ@?ﬁ&nég are%ﬁ-(?g(r?ggﬁckfe gpml%%%sl >

adi BT B
provi ded {gr G 552l M4 Pk Ol 355, LohSlraBl RO S5 3hE% Y 1e

static RAM 330. The microprocessor 52 also communicates through its data

lines with a 373 latch 332 which is attached to the alarm and mode indicator
lights 334 on the controlier card 68 and to a relay configuration circuit 336.

10 The microprocessor 52 also includes an Ethernet connection 338 for
connection to a computer network, as shown in Figure 10. An serial input
port 340 for connection to an RS-485 serial I/O driver 342 which is provided to
the RJ-45 external connector 104 and a serial input port 344 connected to an
RS-232 serial /0 driver 346 which is connected to the RS-232 external

15 connector 126. The controller card 68 also includes logic 350 distributed
thereon for arbitrating between the two controller cards 68 and 70 to
determine which shall be the card used and which shall be the backup card at
any given time. The logic is described functionally in further detail below in
the redundancy section.

20 ' The receiver and transmitter ports of the transceiver 50 on each of the
controller cards 68 and 70 attach to a group of relays for selective attachment
to either one of the T-3 lines and to dummy loads. A first relay 351 is used to

selectively and alternatively connect the receive port of the primary controller
28

SUBSTITUTE SHEET (RULE 26)



mul ti pl exer device 20 and for additional functionality related thereto. A

pai r ofy, SAzpin connectors 108 and 110 are provided f@c@pgdoaphypnt of
the ri ngo?%/é tlsp | eads of the DSX-1 connections fromthe | ow speed

net wor k ZC%Nar%E? gt8iergt61er?r9@?§c9éi\% fe%ﬁﬁaqﬁgh%iﬁq@ér&ﬁ%ﬁg%%h Geg&pder, the

transmt connec gender and the

recei ve or incom ng connector ) 10 bei of nmal ender. A pair of

t hr ee- pi n tpERIBRl Pﬁglﬁ seealidagy drd "Fl“i-Z%‘ §§f0 'ayliéﬁpsff(érfgﬁgééamﬁ
attachnent to the external power sources 26 and 28, respectively. A
pai r of BNGhctiomfarttheseddive pudt dfithessesopdany centrdller card 70. s thikdhreday to t he
coaxial cables of the T-3 line com ng fromthe high-speed net wor k24.

The BNC conpee Qgﬁnewﬁeg%dlé@em%ﬁb@w%é@éaW@Jéﬁmrrba%;or to grobRE@ry T-3

line fromt speed network 24, Il e another pair of BNC 15

connectors_ 120 an 22 are for .attach . - | I ch
may be avaﬁqréﬁ?lewﬁf’ ﬁ?ﬁ [FRETYE GRS ﬁi@%cﬁeé)? 332)% gr@fﬁ%ﬁgds?(;&éﬁégfyoéﬂ%f@?and
120 are input or receive connectors for receiving DS-3 signals fromthe
hi gh- cardp&&damad 7o rA fourth taay asémne&,etlwtyeinenfaﬁéiemagw&.%mefm%t or
transmt connectors for outputting DS-3 signals to the high-speed

net wor k 24neAraridifit pollof tREGrieayassrtrolidRdaidse® touiffitdrelay 357 bathaent to an
external 44 negahertz (MHz) clock which nay be provided. A 9-pin

standard Ras rial ; t | EinBliyfsied. A
25-pin st gﬁ%@?‘ﬁ‘ ﬁ%ﬁ%&t@‘? gt@f\nndéc{\osrmﬁqgw :!55;8 gggmg{eas aesync port. The
external bt?\%ktpr)zl:lﬁsnn% it %%rtaclafst%el srga(i:lo%gg?y gor\wlt?orlfe?tc\érd 70. The fifth relay 357 is

10 operative to selectively and alternatively connect the output of the fourth relay
356 to the transmit terminal of the primary T-3 link and the output of the sixth
relay 358 to the transmit terminal of the secondary T-3 link or connect the
output of the fourth relay 356 to the transmit terminal of the secondary T-3 link
and the output of the sixth relay 358 to the transmit terminal of the brimary T-

15 3 link. All of the relays 351, 352, 354, 356, 357, and 358 are controlied by the
arbitration logic 350 distributed on the controller cards 350.

Redundancy Discussion
The muitiplexer device 20 can be seen to have redundancy for the
controller card 68 (via standby controller card 70) in a mode known as

20 electronics protection mode. Additionally, the multiplexer device 20 can
operate in an electronics and network protection mode in which there is both
a backup controller card 70 and a backup T-3 link to the high-speed network

24. Additionally, it may be possible to provide a network protection mode in
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21 of electronic conponents nounted directly thereon such as
resi sWEr%/23775 transforners, relays, diodes, inductor PCHEIH8LB418r s, and
LEDs. The connectors 94, 96, and 98 to the internal backpl ane
ar e t he whichltbere is a spare €& pnaddorecqaunadtionstotthe regi-speedmetwoek 24t h nal e
portions 140, 142, and 5 144 on the internal backpl ane. Together, these

connect g5 st Béélk’u;Pantroller ceﬁan r@éér%ﬁth%%etrhaaeé Ol Benfis@lsse@nnect or s

140, 142, and 144, when properly aligned with the receptacle
connecto s,.94,. 96 d 98 can be careful l'y i nserted therein. The
connect ot rtﬁ'&lrldeg%" 8%8‘”140 s a 120-pi n connector, the connector pair

96 and 142 is a 90-pin connector, _and the connector pair 98 10 and 144 is
a 20-pin connA&tsgen Wit refereneaito Emrmunéheglecé@m%protecﬂoramd@rmnt i oned
connectors 140, 142, and 144 on an exterior side 146 thereof al ong

Wi t h 5sevigatliresi t9ey ecbmmwrmmsa aritt Y 0 diHioh @es aitearativebapad iselectively
I nductors, and diodes. On an interior si de 148 of the internal backplane 92

connect | SRATPRa0 G Ptfard - BSeRirL ARERR RIS SAPRGr 2PRIR" 1

connecti on er card on the
nterior _
! ! combination of relays 356, 357, and 358 described above. When it is desired

for the first controller card 68 to be the active controller, a receive enable
signal is provided to the controller card 68 and a disable signal is provided to

10  the controlier card 70 to tri-state the output from the receiver to the 28 DSX-1
signals. In addition, the relay is actuated to connect the transmit section of
the controller card 68 to the transmit coaxial cable of the T-3 line. Similarly,
the other relay is actuated to disconnect the transmit section of the controller
card 70 from the transmit coaxial cable of the T-3 line. In this manner, the

15  controller card 68 is operating as the controller in the multiplexer device 20
and the back-up or secondary controller card 70 is not acting as the operating
controller card but is fully framed up with transmit and receive data and is
ready to begin functioning as the primary controller card when the receiver
enable signal is provided and the relays are actuated to connect the controller

20 card 70 to the transmit coaxial cable of the T-3 line. As can be appreciated
this approach provides controller card redundancy and allows the controller
cards 68 and 70 to be switched based upon the logical state of an enable

signal. In the receive direction, the transition time is only dependent on the
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side 148 of the internal backplane 92 are eight 90-pin fenmal e connectors

156 K33 160, 162, 164, 166, 168, and 170 for con Lo the
. ! 99 ! 1 1 1 1
eight DS 1 cards 72, 74, 76, 78, 80, 82, 84, and gé%lswz-“?’

Preferably, t nt.ernal backplang 92 is a sixtee a U|t board. 20
ns can-be- eppmBridt S A g 8BRS RN, rad s BR T e BdR 58V separ at o
backpl anes 90 and 92, the connectivity to the external equipnment and to the
internal coApeSRIANsIssARthnaLlames aensetol Indhe fransmitdiregiiony thesrrlaysaredsx- 1
cards 72, 74, 76, 78, 80, 82, 84, and 86 can be achieved with a m ni mum of

22 actuatewtalcomnedtane ltrarsaniesedtionofitag wtaribyt dunteolier 8 thévei ght  of
the multipl exer devi ce 20. Because surface nount connectors are not
avai |l abl e | I ause of the need to locate electronic
conponent si ap%@gﬁoaxml éé%bt %'Eﬁfane 66, it would not be possible to
have a single b Iaevmth connectors_to the controller cards and
DSX- 1 grds on %@fp g SgRB wrhrefe%'}q:ﬁete{%ggre( -ttﬁ@ leGtaHes aBdui prent at a
correspondi ng position on the other side thereof. For this reason,

with a si ngebvdragkptentien mode ihclutes hethesaritralier cards 68 and 70 and two T-
3 connections. In this mode, the primary controller card 68 is connected to
the primary T-3 line and the secondary controller card 70 is connected to the
secondary T-3 line. The signals from the DSX-1 cards are multiplexed,

10 framed, and simultaneously transmitted on both the primary and secondary T-
3 lines, thus transmitting the identical data to the high-speed network 24.
Additionally, the receiver on each controller card 68 and 70 is framed up to its
respective T-3 line and the controller select signal determines whether the
primary controller card 68 or secondary controller card 70 has access to the

15 DSX-1 cards and thus carries the service. In this mode, the system is
protected against a controlier card failure and a T-3 line failure. During a
switchover, the multiplexer device 20 selects the demultiplexed DSX-1 data
streams from the secondary controiler card 70 by inverting the controlier
select (enable) signal. The time for transition in the receive direction is on the

20 order of several nanoseconds, whereas the transmission of data on the
coaxial cable is continuous.

As can be seen by reference to Figure 13, an electronics and network

protection mode can be provided which is similar to the previously described
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to have a much | arger two-di nensional area for the backpl ane, thus
I ncr easi w® g9p371%ei ght and/ or width of the nultipl exer devi peTANk9823417
The bottom nmenber 62 of the housing enclosure 60 includes guide rails

formed thergefréMics PRI AR B ok RFodOBLE Withdhe &Iy t&8crREvEly and
the DSX-1 cards 72, 74, 76, 738, 80, 82, 84, and 86 in t0 mating

rel ati onshi with the orenenti oned connectors 0 156, 158,
160, 162, TBHtE E%%,S'g”aps to %@Tfroghgﬁq%q Rig.contrbiier Ciédscé‘ﬁaﬁ‘gﬁﬁﬁ ¥ied in

Figures 7-9, the controller_cards and DSX-1 cards can be easily
accessed arhe ehithecli-blingsspllBysdnithisthade. if ene aftibe controllenpardspiascer
device 20 through a renovable front panel 176. The controller cards

68 and 70 caited @i Aflssihgcany tisé a3 line Idmewhichehepanidiningdr prineary
mul ti pl exer device 20 while the seven primary DSX-1 cards 72, 74, 76, 78,

il 1 pl Sxer Rl es Cafd a5 nRng o iekeRi oA (18 BEVSIIHN BT, (oo
oo 70206, Sesifoks 3 Ehetsretsnfhindlin iRats s Bigl BB A Find s,
cards 72, 74, 76, 78, 80, 82, 84, and 86
23 358) can switch to route theUBS™3 Jigha!sIHERIGH fRid se@i)dary T-3 line. As

can be appreciated, if only one of the controller cards 68 and 70 is installed,

then essentially this mode is a network protection mode where either one of

10 the T-3 links can be connected to the remaining controller card so that there
is redundancy for the T-3 link but not for the controller card.
Of course, it is also possible to continue to operate the system with
only one controller card 68 or 70 operating and only one of the T-3 lines
operating. Clearly, there is no redundancy available for the controller cards or

15 T-3 lines when in this mode and if a malfunction occurs it is likely that all of

the users whose telephone calls are being routed through the multiplexer

device 20 will lose service.
There are several categories of events which can cause the
processors 52 and the system control arbitration logic 350 therein to switch
20 (or inhibit switching) between the different controller cards 68 and 70 and the
different T-3 lines. These event categories include: (1) catastrophic
equipment failures; (2) forced manual switching; (3) lockout: (4) DS-3 line or

path failures or defects; (5) a wait-to-restore period; and (6) a bit error rate
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and controller cards 68 and 70 each have card ejector |atches 178 provided

on a conp@keiteseof for convenient renoval and | atching ofpcirligsegadsgy from
and to the housing encl osure 60. As shown in Figure 2A,

cach of ! NABRRY that 8kEaedind dser'delediRd sy, Each obthestif have duad

line interface devices 4 ereon, such as a QDSX, avai l abl e
fromPMC Sierra, Van er riti.sh Col unbia. Each quad l'ine

i nterface W‘t‘:%seﬁgmﬁﬁaﬁﬁaggg‘"&ﬁb\get s of line interface el ectronics 250
therein, to act as a transceiver and convert between |ine-encoded signals
and TTL DSCatastropiic eguipmentdailgestaie apsypead trgethkerdregausashey @
relays provided 10 thereon. Card 72 has relays 180, 182, 184, and 186

whi ch corr gspanthd poténlial of disruptimgsthélpekiphétalg hahgirdy offiodthe dxternal bus
respectively. Card 74 has relays 188, 190, 192, and 194 which

Cotpect vergs 8y st 8RR 8 o s ey teldg druplier before the

respectively. sre
T-1lines T1,-9, T1 -10 -11, .and T1 -12, respectively. rd 78 has
Teiays 15 SSHRITDOBAE0 TargsIhl GNF dR G SR BIRS SetT. Toneneertr. 13

T1-14, T1-15, and T1-16, respectively. Card 80 has relays 212, 214,
216, and 218wiith tthe standbymontrefiendsrd acclird akianesult bf g catestroplic T1-1 9,
and T1 -20, respectively. Card 82 has relays 220, 222, 224, and 226

whi ch corr egg@pfteritdailurd, iHd'®S XL -cEkds 72 - 84 are reinitialized, and the DS-3

path configuration and alarm relays are set. The following events constitute a

10 catastrophic failure switch event: (1) the active controller card is physically
pulled from the system (this catastrophic equipment failure can be prevented
by first manually switching control to the standby controller card); (2) a reset
signal is asserted on the active controller card by a “watch dog" circuit which
may set the reset for voltage sags or the time out of a “watch dog” timer

15  which indicates the ill health of the microprocessor 52 or the code therein;
and/or (3) the microprocessor 52 on the active controller card detects a bus
error on its own card or in the connection to one of the DSX-1 cards 72 - 86.
Catastrophic failures supersede all other failures, and will invoke a switch
event regardless of all other settings.

20 A manual switch can be initiated by using the switch command via the
command line interface through either the Ethernet connection 338 or the RS-
232 input. This can be commanded as follows: “Widebank (A:

Active)>switch.” If the other controller card is deemed fully functional, the
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T1-22, Twoddn3miad T1l-24, respectively. Card 84 has rel ays ggﬁq, 382%“ 3
20 and 234 whi ch corresponds to T-1 lines T1 -25, T1 -26 S A

and 229 REPETRHRIVbe IRBRTRRAERECY. 20 WD e LSeHRamys 15

gég gln% ﬁgg\y'@gh f%&%gm&opﬁgggséardcﬁﬁgﬁ %haet con?r%?‘iterh germP 1\31 d%e oné rol i

- 28,
240,

24
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190, 198, 2aanfupthonalidyy tresmictapraz@ssorn H2, thiei uservell besprosipted &8, 10200,
208, 216, 224, 232, and 240, and the fourth relays 186, 194, 202, 210, 218,

224, 234, opRelet tﬁégmﬁgﬁlwebﬁmqa@gﬁttw dbxhdi%ﬁags‘éIta@owtthelswuﬂcﬁqmlﬁ

Each of the relays 1

sel ecti
of the

0-234 on the seven primary cards 72 - 84 can

& ybg%%ﬁf Btilbo $nGB0R F bofihi< (R siieh) tbécsﬁﬂﬂcnf%%z
the cards 72 - or to the respective control lines 252. On the
spare card mateﬁ@rpwnayéhewer controligggargisonotaxperigpcingna satasiaphic

selectively and alternatively connect the respective control |ines
252 either faiur@opback circuits 254 or to line interface

10

15

20

The event category of a lockout occurs when a command is entered by
a user to inhibit switching as is described further below.

DS-3 line or path defects are also switch event categories. This switch
event category is only valid when the multiplexer device 20 is used in the
network protection mode. If a near end line or path defect such as loss of
signal (LOS) as detected by the LOS detector 314 detects 175+ 75
consecutive zeros, an out-of-frame (OOF) condition occurs (which is defined
as the occurrence of at least three F-bit errors out of sixteen consecutive
frame bits or at least one M-bit error in three out of four consecutive M
frames), an alarm indication signal (AlS) wherein the AlS pattern itself is
received with a BER of better than 10'3— received for 2.23 milliseconds. If any
of the above is detected, a switch event will be initiated provided each of the
following conditions are rﬁet: (1) DS-3 network protection is selected; (2) the
link between the microprocessors 52 indicates that the other controller card is

in standby mode; (3) the defect count for the standby controller card is equal
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2,
nd T1

220,
ne

182,

52.

I nes

0 on



10 electronics 250 on the spare card 86. In the normal .
operatlwg%gay,s each of the relays 180 - 234 is selected l’CT’US%FE’)“Zonnect
the T-1 lines to the line interface el ectronics 250 on the cards 72 -

84. The |itRe28rat éhrartematisaretacties sydigh m&fwe@héngu(ghm%O Fdescri bed
above and they are then connected through the internal backplane 92
to the 15comtroileraardis nef elpedeneing &@atdstrophimdailers. it is determ ned that
any of the line interface el ectronics 250 on the cards 72 - 84 is

mal functi oni ng, V\?m%nth%%&)’éeevent condRtfonqs ndt FRegied boer Binet e rel ays 180 -

234 can be selected to connect the respective T-1 lines to the
respectiv

ontrol [ine l,.ze t terface
el ect r oni CEO%??}’('Y'%HV?HECM n tsa'lnge Pequ V%’H\"%e gigdﬂpﬁl&' thaﬁgﬁbpar e
simlarly conditioned by the Iine interface el ectronics 250 of the spare
card 86  conditiandccors Eanyefthe livewrpsth defests deswibesdhabon® persisty fert he
I nternal backpl ane 92. If it is desired to performtesting and/or

faul t isol gibegthadf 2.Be. 0@ wsdissand the follolingfeut csnditions anesatisfied?2, the
appropriate ones of the relays 180 - 234 can

22 pect 1 ve DUPERPUTERER s ERISELei b pSagEaidstbal bhaF ool
where the gglrdelcst lgdthgns%asnggy ;[nrclbde (2) the defect count for the standby controller
card is equal to zero; (3) automatic protection switching is armed; and (4) the

10  other controller card is not experiencing a catastrophic failure. Please note
that it is not required for this type of failure that DS-3 network protection be
selected.

A wait-to-restore period is provided which prevents constant switching
to force a hysteresis, as is described in further detail below.

18 Another switch event category is a BER that exceeds a selected
threshold. A count of the line coding violations detected by the receiver of
transceiver 50 of the selected controller card is used to calculate a bit error
rate (BER) for the DS-3 signal. The BéR switching threshold is selected
using the DS-3 threshold command through either of the external computer

20 inputs. The command is “Widebank (A: Active)>ds3 threshold N." In
correspondence to the bit error rate threshold as in, for exampie, if N=6 the bit

error rate must be greater than 10%, which may take up to 10 seconds to

detect. When N=5 the bit error rate must be greater than 10° which may take
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rel ays 236, 238, 240, and 242 can be selected to connect the control |ines
252 t o WR8R¥EPback circuits 254 rather than to the |ine RQIesSBaA3H7

el ectronic 250 5 of the spare card 86. The | oopback circuits 254 are

mer el y netpltd iicsecond tocdeteetctlt ovay iné asisenall @s 4nih whitlp casebthesbit erreach ot her
so that the T-1 |ines fromthe | owspeed network 252 have the tip

signal refdigth@st agkedter tam 10-"@hich may $aKké'as rh@éh fa§LE'I|dCOhrin Eée%dn‘é@ tgf the

conponents of the | Oow speed network 22 of the controller

he contrOPiest 3 i S6TA OF. g iseblar TER Shitgia, JHE Fr8ndil, 2707 2"5

Fi gures 2A and 2B. The controller card 68 is provided with a power
conver t er selggtachby 8us Ugar distates the maximuar deteciendime asdessabed t he
power sources 26 and 28 through one of the power input connectors 112 and

114 orp t habevé eOride theCBBRaNResHdId has ibeenl @etided thenswitchieoeRbwilllhe power
15 is passed fromthe external backplane 90 through the internal backpl ane

92 irﬁ@%thﬁepr%i'&te?ﬁh%gg% )_Cﬁ'{Fﬂier@Sbéﬁ’GFere‘F\ the rh[%éfraﬁrg%ggs&% 5?%4?%%& ‘o

converter power conver 'S opera
convert -48 Volt DC power . . to +5 Vol t we From t he power
conver t er thadhe HtRgy EOFHER”@I' ig i the stangtgu gtqqeﬁ?ﬁ@'et éEBI gI;"'Irt?l"%S@ﬂ%’g’dnent s of
the controller card 68. In addition, power 20 is provided back through
di odes andontrobergh apesatimgate BizfS tar Gmescdttest thandhat for the abtive nt er nal
backpl ane 92 and to the DSX-1 card 72 - 86 via connectors 156 - 170
and to theoRirBfér; ¢3fheiefaEt el forf tHeeR8REBY Yontrblier ¢Araris @quiah® £&dt rol | er
10  (4) automatic protection switching is armed; (5) the controller card is not in a
wait-to-recover period; and (6) the other controller card is not experiencing a
catastrophic failure.
The time required for the completion of a switch between controller
card 68 and 70 or between T-3 lines is dependent upon the operational
15 mode. Such switching is known as protection switching. When operating in
electronics protection mode, once the criteria for a switch event has been
met, the switch will be initiated within 50 milliseconds in the worst case, and
25 milliseconds in the average case. Once a switch is initiated, the physical
relay switch operation will be completed within 4.5 milliseconds in the worst
20 case (4 milliseconds to set the relay and 0.5 milliseconds of switch bounce),
with 3 milliseconds as the average case. When operating in network

protection mode, once a hard DS-3 line or path defect (such as an LOS,

OOF, or AIS) or catastrophic equipment failure is detected, a protection
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cards 68 and 70 are m ssing,

26

cards 72 - 86. The power converter 260 also includes circuitry

t he power converter 260 of the other card .can

w0 99/23775pr ovi de adequate power for the card itsel fperydsispzgisne DSX- 1

thereon 1t gpidhviigne 51:%1138 within 10@Vr?dno‘é%&ﬁg§lrfiﬁkeﬂ%f's@‘ca°s@21anﬁ5 Vol t under

vol t age detection 264, over enperature detection 266 as well

Vol t_under_ vologe, el et LR B Sy AS BOPL. 81 TN 526! LA e

ton

7064 chips 272, 274, 276, and 278 for selectin mhlch four of the
t hi r t y- t wperiod to mansition ismdue te the fars tmeixhe coatralierrcard merely musstberapped
t hrough to the mul tiplexer circuit (deselected), since only

twenty- ei gdriablekby crsgiging trastabe of 2A enabld earhmeed. After thier ddtestidreef or chip

272 allows for deselection of one of T1-1

card 7

T1-21

rom card

d 86.
g% and 2P§ S&Y'F%va”d?et féateawﬂge OJH"'eﬁeceﬁesm ’ieh\é‘OF% ,.%135 1 and

spare

10

15

20

romca spa e

In a siml ar her .t hree sel ector ch 274

milliseconds in the average case. Once a switch is initiated, the switch
operation will be completed within 9 nanoseconds in the worse case.

The multiplexer device 20 is provided with the functionality to operate
in a reverting mode or in a non-reverting mode. The nonreverting mode
complies with regulatory specifications which states that automatic protection
switching should not be operating in a reverting mode. A reverting mode
allows a piece of telecommunications equipment such as the multiplexer
device 22 to place back into service a card such as the initial primary
controller card which had previously been determined to be malfunctioning.
For exampile, if the controller card 68 is initially the primary card and the
controller card 70 is the secondary card and, due to one of the conditions
discussed above, an automatic switch takes place to place the secondary
controller card 70 as the in-service controller card, if an error then occurs in
the secondary controller card 70 control can switch back to the initial primary
controller card 68 if that controller card 68 is functioning properly at the time.
A non-reverting mode would not allow this last switch to occur. Part of the

logic behind not allowing a reverting mode is that it may be undesirable for a
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fromcard 72, T1-5 from
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15 Ilines of each of the cards 72 - 86. The output of the selector 270 is
provi ded¥0 237751 5 the ML-3 nultipl exer circuit 42 such aPCI/¥E983387D3IMX.
as is avail able fromPMC Sierra in Vancouver, British Col unbi a. The
ML- 3 rul t i piasecef eguipment suctm@sabesnlslﬁpleuewtneziceﬂ&iqod:sm’lmte betwe&he out puts
of the seven M-2 mul ti pl exers 44 are provided to the M2-3

nul ti pl exediffdrentint&mial é@mp@ﬁéhtsofSu&Oosémgndwbéh Wa@éfﬁrﬁlrﬁlﬂacﬂnd 46
acconplish multiplexing in one direction and dermul tiplexing in the

opposi te di [, t.o the
PFoner s g hEHohal i BIdEumIHEA B FEert, FRe i REREhdt nas plitaly
framer 286. Fromthese franers 284 and 286 of the nultiplexer circuit 42,
27 been prohibited. Because mmgemvgm@w dig)e and because

el ectrical connection is nade to the transceiver 50 to act as a receiver

and a 5 usersawamt greatet fiexibitii inethdatsysfenos) koweveraageverthgtmotie i§ he
hi gh- speed net wor k 24. The transceiver 50 may be an advanced

2%_ %/ %T(g é i’\%ﬁﬁb%\%ﬁ fl'gég‘ﬂ\g’[qptléfér device 28sbithsih ¢REFEah GRIdL FEVENRG @S an
mode if they so desire. The defauit setting will be the non-reverting mode, so
that the user will have to take an overt action to leave the non-reverting mode
and place the device 20 into the reverting mode.

10 The automatic protection switching for the device 20 can be user
selected to operate in the revertive and non-revertive mode by using the
revertive command: "Widebank (A: Active)>revertive off” places the device 20
in the non-revertive mode while “Widebank (A: Active)>revertive on” places
the device 20 in the revertive mode.

15 In the non-revertive switching mode, if an automatic protection switch -
event occurs while protection switching is armed, the traffic is switched to the
other controller on a one-shot basis. The load will continue to be carried by
the protection line until a manual switch is effected, or a switch event occurs
after the automatic protection switching has been rearmed using the armed

20 command. “Widebank (A: Active)>arm off" disables automatic protection

switching when in non-revertive mode while “Widebank (A: Active)>arm on”

enables one-shot automatic protection switching when in non-revertive mode.

39

SUBSTITUTE SHEET (RULE 26)



5 Transwitch in Shelton, Connecticut. The transceiver 50

I ncl udeWaP@3gW i tter 1/0O control 290 and receiver 1/0 PCT/USISIB3917 292. A
PRBS generator 294 is attached to the transmt |1/0O control 290. The
transcei vemhile aperatingahude noa-reRBiivenabiie cautdtiatiat pratutidnt switdring will
receive 1/0O control 292. Loopback control 298 is provided for commandi ng

10 the ”ﬁé‘tséﬂ&/&llf/tﬂe‘iiﬁ%%ebo@ﬂofiﬁﬁnéé’ SR idiSlssyeigol 292 to create a

| oopback transcei ver | pol ar 3-zero Substi tut i on

(B3ZS) encoder . {1 rece s the signal fromthe transmt 1/0O
control 290 and BFﬁlﬁcHQQ"tstﬁro ection ’EP ﬁare"?ﬁt"’fns%'ﬁﬁrbntﬂs VFEP”E?FQ%M 302.
The received signal fromthe high- speed network 24 is provided to an
adapti ve egutamatsr protection $witehing aftenarwait-ta-sestomgriathotfiveminiigss its
output to a clock recovery circuit 306 which in turn supplies a
signal go thm fAERAHET cANR SRR sordctdd! I esddiRel 841§ Wehtho- 110

control 292. A DS-3 alarmindication signal (Al'S) generat or 310 which

generates b pt i on and
supplies t S§° WEP@V%%@% fégf %bgstgf?%?%m &BC%&@ gont rol 292.
20 An auxi I | ary | oopback 312 is_provided between the B3ZS encoder 300 and
the cl ock Pecibatigns B?Y'BGl%t'@G@er!@q ¢fdgspihan igndninwdesaranobrassiBlec onnect ed
to t he adaptive equalizer/AGC 304 to detect when no signal is being
recei ved. For network protection mode, however, the traffic will be returned to the

primary working line or equipment after a wait-to-restore period of five

10  minutes provided the following conditions are all met: (1) revertive switching
as selected; (2) the link between the microprocessors 52 indicates that the
other controller is in standby mode; (3) the working line has a BER ten times
better than the selective switching threshold; (4) the defect count for the
standby controller card is equal to zero; (5) the controller card is not in a wait

15 to restore period; and (6) the other controller is not experiencing a
catastrophic failure.

The wait-to-restore period will be overruled if at any time during this
period the traffic will be switched back to the primary card provided that the
following four conditions are all met. (1)revertive s_witching is selected; (2) the

20 link betwe;an the microprocessors 52 indicates that the other controllel_' is in
the standby mode; (3) the defect count for the standby controlier card is equal
to zero; and (4) the other controller cord is not experiencing a catastrophic

failure.
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28 y ; SUBSTI TUTE SHEET (RULE 26)
The selvggtgglrzyﬁo, the nultiplexer circuit 42, and the tr difSEE$BE34IB0 are
all controlled a nm.croprocessor 52 on the controller card 68. The

mi croprocessor MHPPRIGPIBRHA] WieRineRaoLelosked suit byssiedting the non-h

the mcroprocessor 52 is an address bus 320 and a data bus 322 which allow
5 the ni or¥pRtYegROde & Dpesatiomandideatrming the systemelitis ties c3mnande
mul ti pl exer circuits 42, a bus gate 324, an EEPROM 326, a program ROM

328, and aj e BANE Te ; g,;qg,- I I.cates
t hr ough if‘islsgi%stsae&é@évél [ nes'g\?vi%tsrgla égﬁlg%&fsg{ggﬁ&g \AAliS%nhlglio?egtF?ac edgto t he

al arm and L ndi r. Jights 334 on.the controller, card 68 and to
a rel ay coér:?%ﬂ@%gﬁi&i‘r"mﬁ’}‘ f%'h’gg Oﬁﬁ”éé“ng IS W%'W'&‘b?tﬁ%ssor 52 al so

i ncl udes an Ethernet connection 338 for connection to a conputer
networR, as sholWheminmlgelrenics pratectien mads, spitching the PSe3 traffit ihours
connection to an RS-485 serial |1/Odriver 342 which is provided to

the RI-45 @xteanhb nﬁﬂheeﬁh@(rginltﬁé vadTdt 8aserbse of Batd. PRistwildde@ngected to
an RS-232 serial I/Odriver 346 which is connected to the RS-232

ext er nal ecgjﬁsic%}%%:ﬁﬂﬁ\b%?%f effBfs 6AME Bahhittdd BLE Fysd. VIReNES 091 ¢ 350

di stri but
network protection mode, a fast switching procedure is used at the DSX-1
logic signal level. This switch may introduce extra bits into the demultiplexed
10 bit stream inducing an OOF defect in the terminating equipment.

The automatic protection switching discussed above utilizes the link
between the microprocessors 52 in order to conduct the comparison of
performance and status information. If at any point, the link is not deemed
fully functional, automatic protection switching is inhibited until the link is

15 reestablished.

Loopbacks/Alarms/Self-Tests

The muitiplexer device 20 provides the ability to verify transmission
data paths therethrough. The line interface electronics 250 on the DSX-1
cards 72 - 86 include a PRBS generator 360, a PRBS detector 362, and a bit

20  error counter (not shown). These test components can be placed in either the
receive or transmit DSX-1 data stream so that several BER test modes are
available. Individual T-1 BER testing may be conducted toward the T-1

equipment (the “drop”), toward the T-3 line, or internally to the multiplexer
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thereon for arbitrating between the two controller cards 68 and 70 to
det er m meo 99m3eys shall be the card used and which shall bepttvestsgip card
at any given tine. The logic is described functionally in further

detai | Dbel gu(itd 20. Beford BBtiVAMY HRIBRESCGEMEtar 3D, the operdtBFehgbRis\$r and
transmtter p‘orts of the tr'anscei ver 50 ©On eacoh of 'the P controller

cards 68 and 70 attach.to a up. of relays for selectjve at hnent

T e thor BopbarR e B5esds it SRR, so8hdRid BhnSRriS redvd: BRIGVER | o
used to - sel ectivelé and alternatively connect the receive port of
t he pri mar gclixationodfitee PRBS pattern generation, the received pattern

29 SUBSTI TUTE SHEET (RULE 26) card

68 to eit hgynéHrenTz@ﬁOh\@dtspﬂ%?édaéloﬁb witteBER eaunts Todthel D8Xet intbdacecei ve
term nal of the secondary T-3 link. A second relay 352 perforns the sane

functi f | ] r I d 70. Athird
rel ay s Bhgéﬂéggﬁggg%%?é@@é%iﬁe %Wé’?ﬁa ’i\%{/%gy-gégcéée’;eﬁg ohm resi stor
to ground in 5 parallel _with the receive Ports of eacr of the primary and
secondary cont r 815 E1own in Figuge 44, gdPafd! e (oRPPaeK Mede [ogPs3BE can

selectively and alternatively connect
received DSX-1 signal back to the DSX-1 transmit. This is accomplished

within the DSX-1 transceiver by the command “ds1 n line m” where n is the
DSX-1 interface under test. This loopback is used by the operator to detect

10  malfunctions in the low speed network, as opposed to malfunctions in the
multiplexer.

As seen in Figure 15, a DSX-1 equipment loopback mode loops the -
transmitted DSX-1 signal back to the DSX-1 receive. In this mode, the
multiplexer device 20 or a device connected to a device in the high-speed

15 network 24 can test the functionality of the DSX-1 cards 72 - 86.

As seen in Figure 16, a DSX-1 metallic loopback mode loops the
received DSX-1 signal back to the DSX-1 transmit using relays on the
respective DSX-1 cards 72 - 84 to route the signal to the spare card 86 where
the metallic loopback circuits 254 are selected. This loopback mode provides

20 “point-of-entry” fault-isolation between the multiplexer device 20 and the low-
speed network 22 to detect malfunctions in the low-speed network 22 and
connections thereto. The DSX-1 metallic loopback mode may not be

available if the spare channels are in use to replace selected ones of the
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the transmt port of the primary controller card 68 to a fifth relay 357 or
toa WOIMBIEhmresistor to ground. A sixth relay 358 p®CTrarses2ifiz sane
function for the transmt port of the secondary controller card 70.

The fifth [rpedsce eledt®nidd250partatiDSXi0carisert 1 88 Waadhat ther retdys/ehy
connect the output of the fourth relay 356 to the transmt term nal

f th : 8 h
o o, P M BSF o 200 B Bl o B o 5 1
the f th | 356 to the t t ot I h d T-3 1ink
e LT et 15 A5 P 5 SEAle i

primary T- 15 3 link. Al of the relays 351, 352, 354, 356, 357, and 358
are contr orelags loy theespare card 86tdreradsa olmsbdgiTmi§51thd)dto|f Ulsiu'tgednelset bé

control | er cards 350. Redundancy Di scussion The
mul ti p'fxeFeBgy't&ge%rmwobmnEﬁ@ﬁs heeb?éwerrmgﬁa@ﬁaws fHéemult ltiplexer
controller ca (via standby controller card 70) 1n a own as 20

el ectronics ﬁr gﬁ 8 node. Additionally, the multiplexer deV| ce 20 can
operate in98N'G @ ﬁlregrea?ﬁfnﬂgﬁl\ork protection nmode in which there is

bot h a backup controller card 70 and a backup T-3 link to the
hi gh- speed net wdrhe mU|tlplexq4ﬂeVA@RJ29|C@ma$|59 monitar@nchdetest Nietwerk o provi de a
network protection node in

30 Interface Unit (NIU) loopback codes originating from the high-speed network
24. A standard five-second integration time to declare loop-up or loop-down
10 codes is used. Upon detecting an NIU loop-up code on a T-1 channel of the
DS-3 signal, a DSX-1 equipment loopback mode will be entered by the
multiplexer device 20 for that particular channel. This provides for standard
loop testing from the high-speed network 24, as if a physical T-1 NIU ("Smart
Jack”") was connected to each of the 28 T-1 lines. In addition to loopbacks,
15 the line interface electronics 250 on the DSX-1 card 72 - 86 continuously
monitor the incoming physical T-1 line quality for excess zeros, loss of signal,
and bipolar violations.
As seen in Figure 17, a DS-3 line loopback mode returns the received
DS-3 signal from the transceiver back to the transceiver output, without being
20 processed by the M1-3 framer. This loopback is accomplished via the
loopback control 298 in the transceiver 50.
As shown in Figure 18, a DS-3 payload loopback mode returns the

received DS-3 signal from the transceiver through the framer and back to the
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which there is a spare T-3 line for connection to the high-speed network 24
but not wo Sk controller card. Each of these nodes w | pclraisdg/ssagssed in
further detail bel ow As seen with reference to Figure 11, the

el ectroni Cﬁaﬂé&i@éﬁd&?uff%mrﬁng the@ FSIBeighAIreé R iftrakl¢ Byds 68 and 70
which are alternatively and sel ectively connected to the primary T-3

356, 057, AMEIRARGRE MethaiTA SRR TR renalved BRSNS 7 FUT

controller card 68 to be the active controller, a receive enable
signal is piosgsaed bydhedd1ddframer dhicciarascempiished Ry enanlinaspayiand| s
provided to 10 the controller card 70 to tri-state the output fromthe

recei ver tioopbackoEaeH DS-2 streanmpgwithin theriadlimiltiplexéh42r el ay is act uat ed
to connect the transmt section of the controller card 68 to the

transmg coaxi ajgGaHN Be Sbeh s Flgute! 19% D§L37Eg§fdn¥ent lgcralgt)t?%t",lbﬁ':dae"er relay is

actuated to disconnect the transmt sectlon the ¢ [ er card 70
fromthe t regnsm' coaxi al cabl manne

control | er "4 tf@%@?%%ﬁ?%itr{%h@' {-éffﬁlfbgreéﬁld?ﬁg pi}érqﬁﬁ“f‘?ci)fs@bgf dé\?i ce
20 and the back-up or secondary controller card 70 is not acting as
t he oper at baigpg sent to the M 1-3iframer; aeplaging the sighalyreteweddrap thetinet r ansmi t
and receive data and is ready to begin functioning as the prinmary
control | er TRy equibaient soptReRiiy performed by the DS-3 transceiver and validates
a full internal DS-3 path through the multiplexer device 20. This loopback is
10 used to send PRBS test patterns back to the DSX-1 transceivers during the
self-test mode of the multiplexer device 20.
The muitiplexer device 20 follows regulatory standards for M1-3
multiplexer devices by responding to C-bit out-of-band messages on the T-3
line, including loop-up and loop-down. Microprocessor and memory data
15 paths are tested within the multiplexer device 20 by self-tests. A complete
self-test is run when power is turned on. Individual self-tests can be run as
desired.
The multiplexer device 20 is capable of monitoring DS-3 alarms and
performance parameters. The DS-3 alarm signals it can monitor include
20 alarm indication signals (AlS), loss of signal (LOS), out of frame (OOF), and
idle sequences. The errors it can monitor include line code violations,

excessive zeros, P-bit parity errors, C-bit parity errors, far end block errors,

and framing bit errors.
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enabl e si ggnal is provided and the relays are actuated to connect the

control WOI%23YS card 70 to the transmt coaxial cable of PERESH/2B417T ne. As
can be appreciated this approach provides controller card redundancy
and al | ows t he Testansd ptatus indicatomarssvie®letiyorgh the rrMokpbleHeentranel upon
the | ogical state of an enable signal. In the receive direction, the
transi ti om78 okthesmuitiplexemdevies 20pas shewn in Figure 24. An LED 370 labeled

31 SUBSTI TUTE SHEET ( RULE 26)

enabl enent iyt sl Rt for $3Kh S thé BnirBIglaeal Bel iy 78NS LD oW

nanoseconds and no B are set. e transmt I rection, e rel ays

are uated to connect .the transmt section of .the standb

cont r ol | er ST@ MtigAtes tné SRR RS oy SEPBGHTE s FearRetyBEanRler Lard.

As can be seen with reference to Figure 12, the el ectronics and

net wor I6 prAtgreen stateudeans thepoweb stipplyds fundtiomal, cayellové 8tatedndicatesd two T-
3 connections. In this node, the primary controller card 68 is connected to

E Eg pri mar ghelindk lof B adAstifitich YBREGE FroRP tHe Ad ¥bit Gaibfly’ @ndsa peBRtéed to

indicates that the power supply has failed. Each of the controller cards 68
and 70 also have a pair of LEDs 370 and 372 labeled critical alarm LED 372
and non-critical alarm LED 374. The alarm LEDs 372 and 374 are off if none

10  of the applicable alarms have been set. The critical alarm LED 372 is in the
red state when a critical alarm is set, meaning that a traffic-affecting fauit
exists. The non-critical alarm LED 374 indicates yellow when a non-critical
alarm exists which indicates that a potentially traffic-affecting fault exists or
that the standby equipment has detected a fault. Each of the controller cards

15 68 and 70 also has a controller status LED 376 which in the green state
means normal operation, in the red state means an alarm condition, in the
flashing red state means a self-test has failed, and in the yellow state means
a network loopback mode exists. Each of the controiler cards 68 and 70 also
has a DS-3 line condition LED 378 which in the green state means normal

20 operation, in the red state means loss of signal (LOS), in the flashing red
state means LOF and/or AIS has been received, in the yellow state means
RAI, and in the flashing yellow state means line code violations received or

frame bit or parity errors.
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secondary T-3 line. The signals fromthe DSX-1 cards are nultipl exed, 10
framed, Wm@®/27Tul t aneously transnmitted on both the primarpPCanisssesandary T-
3 lines, thus transmtting the identical data to the high-speed network 24.

Addi tional ly, trﬁecheccfaheerua@rosmhcafznrzolaeahcmeobtéﬁrsaLnEDéaaScsfdrreamd up

toits respective -3 line and the controller select signal

det er m nes 4 b I QTlimEls

controll er card %( %a(!%e%esrgt }e\nﬁlﬁe@ qut%ggkﬁé%ﬁﬁ{ﬁo%qt‘ us car rrée{s t he
servi ce. this rmd t he syste protected a ar nst controller
card Tai 1 i BiRerhSipts madns G peratinn, dge ed staie TedE kA af S0AL

mul tipl exer device 20 selects the denultipl exed DSX-1 dat a streans

fromthe s¢cORJathe flashindmradstateanmears seif-iast fail, tng yehew cbater vickes
sel ect (enable) signal. The tinme for transition in the receive direction is

on the 520 00sHtR! tHY fl8SHARG FellORRRCABESS rm@%@r@%él@@rohéansm ssion of data

onfthe coaxi al cable’is continuous. can be seendby
F

et erence 1o Bt R0, EOTE ARG MBS PR e

32 SUBSTI TUTE SHEET (RULE 26

generates a PRBS signal which is routed into the received Irrzre (with the
transceiver in equipment loopback), passed through to the controller cards 68
and 70, and looped back for detection by the PRBS detector 362 in the

10 interface electronics 250 of the quad DSX-1 cards.

Figure 21 shows a DS-3 test mode in which the DS-3 transceiver loops
back the transmit signal to the received signal so that the frame synchronizer
in the M1-3 multiplexer can determine whether appropriate frames are being
received.

15 Figure 22 shows a complete self-test mode in which combines the
other two test modes into a more comprehensive test. Note that one of the
loopbacks from Fig. 20 is missing so that the signal generated on the DSX-1
card goes further through the device 20. The generation and detection occur
at the same location as in Fig. 20.

20 Advantages

As can be appreciated from the above description of the preferred
embodiment, the multiplexer device 20 of the present invention provides an

M1-3 multiplexer in a package significantly reduced in size and volume while
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el ectronics and network protection node but with the ability to selectively

route t\bSﬁ)ﬁﬁ/%' s to and fromeither of the controller caﬁéif/égg?@ﬂ%m to

ei t her e of the T-3 lines. Thus, in this node, if on

control |l er cards has failed or s jssi nd.the T-3 || n whi ch
the remai RIAYIEID ‘B&l‘%ﬁp fe@tureéoqﬂfgﬁdumdgggyd@‘%gc?f}c%llghﬁet rini"ét'da{ﬁ)ger?ecei vi ng
also fails, the relays (which are sinplified to a functional

conbi nat i sievise 2@ thrpsighsts uss of tresaovelgiial bgekplang architectys®is can switch to
route the DS-3 signals through the secondary T-3 line. As can be

appr eci at gfhckhbedth ¥ StAAdaFd ftk molhtablé aniteatics iHB9awitier andsl -BAsttalll ed,
then essentially this node is a network protection node where either one of

10 the T- L Rk | 3 Fd,Ss0 t hat
there | ColgPrg R (ESRIRIRE RESe M Ry EIBR G SRISkad uifliflace L1
O course, it is also possible to continue to operate, the syst i th

only obe cHastierediction ip size FPMyeuLER lé?Yﬁ'babj%HPﬁﬁE}% Bdé%&i'\éh/ﬁaqﬁ@ l'i nes
operating. Cearly, there is no redundancy available for the controller

cards or thfs redlicHohiis dsewbémprovechsslectior ofindmiponantsainfparttibutin occurs it
is likely that all of t he users whose tel ephone calls are being

et S AUl koA GRS bebpres e
g\rMpf gﬁsor Sar?yzbgglgplgrqg asrgﬁigeec%rceo\%lrc%l pl’aOI;IP.é[Sr o% irnouqti;lnlg%ia%kf’)?a%et Qgrtfgé@s,t 0
such as a triple backplane architecture, may achieve the desired effect.

10 The spare DSX-1 card 86 is available for replacing any of the primary
cards 72 - 84 by the actuation of the appropriate relays. Alternatively,
circuitry on the spare card 86 can be used to replace selected ones of the
circuits on the primary card 72 - 84. In addition, actuation of the appropriate
relays also allows loopback testing to be performed by looping back the tip

15 and ring leads on the T-1 line.

The multiplexer device 20 also provides redundancy for the controller
card, the card in which the actual multiplexing is performed. In addition, the
multiplexer device provides redundancy for transmitting and receiving the DS
signal from either of two different T-3 lines. The two controller cards 68 and

20 70 are constantly operating so that if it is necessary to switch to another card,
the delays and consequent loss of data can be minimized.

Another advantage of the multiplexer device 20 of the present

invention is the ability to have either of the controller cards 68 and 70
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20 (or inhibit switching) between the different controller cards 68 and 70

and the different T-3 lines. These event categories include: (1)

cat ast r 9EH9@3775 equi prent failures; (2) forced nmanual PERUSEHEMY? (3)

| ockout: (4) DS-3 line or pat h failures or defects; (5) a

wai t - t o- r eshtroleq andfot; pragraniGeddbiban exteroal canteoller such as a computer

33 SUBSTI TUTE SHEET (RULE 26) (BER)
that excegdgy PQFO ?% ?&sﬁéoﬁ\%@&?(ﬂrﬂa cBAfsutef nblvsik sudH aden

di scussed 1n urt et al el ow. Cat ast rophi ¢ equi pnent

failures et.her t hey all have the potential of
di srupti n$lﬁwg;‘ﬁruf '}B‘ﬁgﬁ §°ﬂé(|’ﬁg&ﬁ'ber§%‘ of the external bus 5 as a result
of bogus wite cycles performed by the failed controller before the

arbitration | offuttssrdateil ebout the Huliilexassiavicr 281is gisdesedinsthenVidgenever

a switch to the standby controller card occurs as a result of the

cat ast 50pfRgnk 28 DS-SoAEIEY Wultidldxerdnstaliatid?SE- Users Guide, whith iar e
reinitialized, and the DS-3 path configuration and alarmrel ays are

set. The fchJJ%\Mr&%dq\’é?% by PEreHAdH €TRe foregoing description is considered as

illustrative only of the principles of the invention. Furthermore, since
numerous modifications and changes will readily occur to those skilled in the
art, it is not desired to limit the invention to the exact construction and process
10  shown as described above. Accordingly, all suitable modifications and
equivalents may be resorted to falling within the scope of the invention as

defined by the claims which follow.
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10 catastrophic failure switch event: (1) the active controller card is
physi calWw@ee2sz7s pulled fromthe system (this catastrophi gofgyeg ¥Rt

failure can be prevented by first manually switching control to the
standby controller card); (2) a reset CLAIMGINal is asserted on the
active controller card by a "watch dog" circurt which may set the

reset for | t.age sags or the tinme out of a "watch dog" tinmer 15  which
i ndi cates t Q'Pg?“%gFHWSF '¥-he ni croprocessor 52 or the code therein;

and/or (3) the mcroprocessor 52 on the active controller card detects a
bus errorl.on A sdtiplexer deviceifer tetrcaromusigationsteircyits fof t he DSX- 1
cards 72 - 86. Catastrophic failures supersede all other failures,

and wil | iW@Kﬁle&ir@/\éﬁé_f@]emultiplexﬁgeﬂ@né@wﬂbéﬁsa_ pluraiity oftrbRtiveltibwegs. 20
A manual switch can be initiated by using the switch command via the

re s GebBiglcrml Aol FLighnt iR RS R SR g R e,

Active)>switch.” If the other controller card is deened fully functional,
t he telecommunication circuit, the multiplexer device comprisingz4
SUBSTI TUTE SHEET (RULE 26) switch event will be initiated

i medi ately. |f,ahuiplexer;t he user attenpts to

a plurality of in-use cards, each card including a plurality of interface

circuits, each interface circuit being connectable to one of the plurality of
10 . relatively lower speed telecommunication circuits and for supplying and
receiving relatively lower speed data signals to and from the multiplexer,

a spare card including a plurality of interface circuits, with each of the
plurality of interface circuits being connectable to the plurality of in-use cards
for selective replacement of selected ones of the interface circuits of selected

15 ones of the in-use cards with selected ones of the interface circuits of the
spare cards, at the same time that others of the interface circuits of the spare
card are connectable to the plurality of in-use cards for selective replacement
of selected ones of the interface circuits of selected other ones of the in-use
cards with selected ones of the interface circuits of the spare cards, for

20 supplying and receiving relatively lower speed data signals to and from the
multiplexer when the spare card is selected.

2. A multiplexer device as defined in claim 1, wherein there are
seven in-use cards with each having four interface circuits thereon, and

* c L M S *
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switch to the other controller card when that controller card is deened
nonfuncti onal by the m croprocessor 52, the user will be pronpted as to
whet her MOWZ3W3sh to continue. If they do not choose to dgcg SOPRIT i t ch
will 5 be aborted. If they do choose to _continue (a forced svvitcgi), t he
swi t ch wi Iwherein the spane eargihas fousyitadace ircuith thereahwith the Sparcard not
experienci ng a catastrophic failure. The event category
of a | ockosnraseted fo teeim-ase oardsnslidhsthabties spateycard can eongdetetyo i nhi bi t
switching as is described further below 10 DS-3 line or path

defects arr%p?;éc\jﬁ?oﬁé"iotf ik e céﬂise&oﬂhieﬁﬁter?zagesci?dﬁiﬁs%h the spare¥ddicdip! egor y

I's only vall en the nul t1plexer device Is used in the net wor k

Gl gnal (Lcpae ableaet BES by T ntelRod byt o SR rob B 4 58 clhas.

consecutive zeros, an out-of-frame (OOF) condition occurs (which is defined
15 a$ t he occlrr endemuitiplexaraiavice as defirediin claimot swbereinthe spagen

consecuti ve _ frame bits or at | east one Mbit_erro_r in three out of_
four conseggid Ngs Mopback circliRgprdvidéd tiférabn) tHelioopbiaek circoitelbefry S) wherein
the AIS pattern itself is received wth a BER of better than 10[err]

ived f 2 i || : f ' t ect ed,
cui toh evenpleRiae fhplaRiTaREI el tasBalsuts on 5P witE S8 Bl g T
conditions are met: (1) DS-3 network protection is select ed'.éﬁ%ttg?e
link betweéglectrd anes opthrtaiatiraly ipvenspead telecRIUNiRAtINSTIrCliS PR er

card is
looped back onto themselves.

10 4, A multiplexer device as defined in claim 3, wherein the loopback
circuits include metallic loopback circuits.

5. A multiplexer device for telecommunications circuits for
multiplexing and demultiplexing signals between a plurality of relatively lower
speed telecommunication circuits and a relatively higher speed

15 telecommunication circuit, the relatively higher speed telecommunication
circuit being connectable to the multiplexer device through one or more
telecommunications links, the multiplexer device comprising:

a primary multiplexer circuit that can be selectively electronically
enébled or disabled to place the circuit in or out of an operational

20 configuration;
a secondary multiplexer circuit that can be selectively electronically

enabled or disabled to place the circuit in or out of an operational

configuration ) )
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i n standby node; (3) the defect count for the standby controller card is

equal  wo 99123775
to zero; (4) automatic protection switching is arned; and i("55./%?%%23("3["her

Cort 0L LT 521 o PSR e R P BELPABIL S ey o

follow ng event condition is integrated over tinme. Specifically, the event
5 condit CBRYEBANS if any of the line or path defects described above

persists for a length of 2.5 [err] 0.5 seconds and the follow ng four
conditions are saintdrfamk to at least dne ohéne telkcdramurdcatidrelimks betwesretigors 52
I ndi cates that the other controller card is in the standby node; (2)

the defect neqiiplexbPhnkifife FoRACEY rﬁ@ﬁéﬂﬂééﬁé;%gelec%[nmig%ﬁe&m Efieat, 1o zero:

(3) automatic protection swtchfng is and i ot her
Chat 11515 not MEIRIPRLUG GYIGEE RORErSAe ARCRUIA S Of tHEWBrRY
protection be sel ect ed. A wait-to-restore period is
provi ded wandregnondany sultimiexemeircuilst and aglectively electronically enables one
of the primary and secondary multiplexer circuits and disables the other of the
primary and secondary multiplexer circuits based on the monitoring.
6. A multiplexer device as defined in claim 5, wherein there are two

10 telecommunications links, each one attached to a different one of the primary
and secondary multiplexer circuits.

7. A multiplexer device as defined in claim 6, wherein a given one
of the two telecommunication links can be selectively and alternatively
attached to either one of the primary and secondary muitiplexer circuits.

15 8. A multiplexer device for telecommunications circuits for
multiplexing and demuiltiplexing signals between a plurality of relatively lower
speed telecommunication circuits and a relatively higher speed
telecommunication circuit, the relatively higher speed telecommunication
circuit being connectable to the multiplexer device through one or more

20 telecommunications links, the multiplexer device comprising:

a primary multiplexer circuit that can be selected or deselected to place

the circuit in or out of an operational configuration;

* c L M S *

31

SUBSTITUTE SHEET (RULE 26)



to force a hysteresis, as is described in further detail below 15
Anot her switch event category is a BER that exceeds a sel ected
t hr eshoMR 9M3FBunt of the line coding violations detectedPoT/usss23acei ver

of transceiver 50 of the selected controller card is used to
cal cul ate a bitasecondary multipléie? diidbRthatocart be sefecliediogtitselebied BER
switching threshold is sel ected using the DS-3 threshold command

throudh el ik 156 clrbdit FXbPBILr 89 BBt Afona?Bonfiglidtisn; The comand s

W debank ctlve cbrrespondence to the
bit error ratethre?mﬂld as in, .1 f N=6, the

Cate must be g BACBNONRRAOROr Hiirgtha B By ma S sty sudhialexet
detect. When N=5 the bit error rate nust be greater than 10[err] which may

t ake circuits; and 36

SUBSTI TUTE SHEET (RULE 26) up to 1 second to detect. It may be
as smalg as 4, bR m@r@'&eqa%ﬁ? Iéé‘& d@ietoﬁhé(télecommuﬁﬁ:bﬁomﬁﬁkslb%t\ﬂééﬁ‘tl‘?é than
10[err] which may take as nmuch as 100 m|liseconds to detect. If Nis

IR IE R < ST T e
wherein the controller monitors the operational status of the primary
and secondary mulitiplexer circuits and selects one of the primary and
secondary multiplexer circuits and deselects the other of the primary and
10 secondary multiplexer circuits based on the monitoring, the transition time
between one of the multiplexer circuits being in an operational configuration
and the other of the multiplexer circuits being in an operational configuration
being sufficiently small to be a hitless transition.
9. A multiplexer device for telecommunications circuits for
15  muitipiexing and demuitipiexing signals between a plurality of relatively lower
speed telecommunication circuits and a relatively higher speed
telecommunication circuit, the relatively higher speed telecommunication
circuit being connectable to the multiplexer device through at least two
different telecommunications links, the multiplexer device comprising:
20 a primary multiplexer circuit that can be selected or deselected to place
the circuit in or out of an operational configuration;
a secondary multiplexer circuit that can be selected or deselected to

place the circuit in or out of an operational configuration;

e
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5 above. Once the BER threshold has been exceeded, the switch event wl|

be LRbbiaLked provided that: (1) the |ink between the _m croprocessors
52 i ndi Cvg{)ggﬁiﬁg that the other controller is in the staﬁ%@%ﬂ@a@V(Z)

the BER for the stand ontroller is operating at a BER ten tines
better than thata'?5}e’?ﬁgeé%fri‘?/ﬁ”oEeleco@mﬂq'ﬁﬁﬁ@?jﬁ”%%%ef‘ﬁﬁeﬁélﬂ%ct count for
the standby controller card is equal to zero; 10 (4) autonmatic protection
swi t chi ng imuliipiexer are) thehrelatiyely bigher speed telecooiminication circuit, the
wait-to-recover period; and (6) the other controller card is not

exper i enci rgteiface allowingasésieptidcCoidbf tHeemultiplexer circuits tH6e toARe& o €d
for the conpletion of a swtch between control card 68 and 70 or

| er
e g, 12 SRS S0l CHRB R ROl R e Koy B ST

el ectronics protection node, once the criteria for a swtch event has been
met, thé svkkiplewaricileaits &p begannestedinthsothariaf see dplesommenisationst case,
and 25 mlliseconds in the average case. Once a switch is initiated,

t he physicdinks;and relay switch operation will be conpleted within 4.5
mlliseconds in the worst 20 case (4 mlliseconds to set the relay and

0.5 mlli Secondsa%Bn?&lép&ﬁﬁiﬁm@étgn\ﬂ)w(th the‘ﬁrﬁﬂ%&ogé Ebéﬁﬁaé}gﬁnﬁgiﬁgéfeg har d

aver age case. \Wen operating in ne ection node,
cat ast r ophi SrOQSHIEHE NATARE |5 detected, a proteciion o o
wherein the controller monitors the operational status of the primary

10 and secondary multiplexer circuits and the two telecommunications links and
selects one of the primary and secondary multiplexer circuits and one of the
telecommunication links and deselects the other of the primary and
secondary multiplexer circuits and the telecommunications links based on the
monitoring.

15 10. A multiplexer device for telecommunications circuits for
multiplexing and demultiplexing signals between cabling from a plurality of
relatively lower speed telecommunication circuits and from at least one
relatively higher speed telecommunication circuit, the multiplexer device
comprising:

20 a plurality of interface circuit cards, each having a plurality of relatively
lower speed interface circuits thereon to interface with the relatively lower

L

speed telecommunication circuits;
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swi tch Wyplgghgy7sni tiated within 100 nanoseconds in the worggy RJ@? 34ﬂ,nd
conpleted within 9 nanoseconds in the worst case. This relatively short
tinme perio ﬂtﬁ’ﬁﬁ t er card
merely nust be grﬁﬂltnéf&%f'ch‘b@?ch ﬂéﬁrqg%[ Eﬂtc])%%tgr? fgﬁg% e}ﬁc‘g{

After the detect hon of fail ur (such as exceedi ng a BER

@é@x'ewap@rperaaﬁciqug. and t(he switch will be initiated

t hreshol d)

within 50 mlliseconds in the worse case, and 25 mlliseconds in the
average case. Onadackpldnecassamblyi intcawbith thedntesiacercircuit cardp@nakthen wil |
be conpl et ed mﬁthin 9 nanoseconds in the worse case. The

mul ti pl exer rl@tidlERerEards 76 Qonfedtal|é fénahﬁtd‘ WREEH tRBalablikg forARBE @hﬁam%p in
a reverting node or in a non-reverting node. The nonreverting node

o1 0t oct T BPFJ'SWW%?’ S SR Ry St 4 aQRRR TR e

reverting nod 9% ece of tel econmuni cati ons equi pnent such as
the mul ti pl E@Jéﬁwe‘y h'QtheﬁHQ?@t qanmLRicatipRGircuitiase senpestallecied such as
the initial primry

backplane assembly including at least two separate backplanes, including an
internal backplane and an external backplane, which are connected together
so that the two backplanes are in a parallel and juxtaposed relationship, the
10 internal backplane being mechanically and electrically connected to the
interface circuit cards, to the multiplexer card, and to the external backplane,
the external backplane being mechanically and electrically connected to the
internal backpiane and to the cabling from the plurality of relatively lower
speed telecommunication circuits and the at least one relatively higher speed
15 telecommunication circuit.

11. A muitiplexer device for telecommunications circuits for
muitiplexing and demultiplexing signals between cabling from a plurality of
relatively lower speed telecommunication circuits and from at least one
relatively higher speed telecommunication circuit, the multiplexer device being

20 externally controllable by an external controller on a computer network to

which it may be connected, the device comprising:

a multplexer, AR O O DR
* c L | S *
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15 controller card which had previously been determ ned to be
mal f uncwioIw23g75 For exanple, if the controller car®di@usmnsqrtially
the primary card and the controller card 70 is the secondary card

and, due to one goplutdliy b etfac@sircuits intedasing ttweahare plaraliwbpnati c
SW tch takes place to place the secondary controller card 70 as the

d
o el e r&iake 1fer SBEC é%{%@?‘m"f“c’ﬁe% idry EPcfe Hhd the mdilpiehaf angeondary
t |1 d 6 h t t d 68 f t i | t
T P batien fnd gt ak8t eRBTRIAHEBLIGRET SPast telpFaRDA NGB TRHIt: h ¢ o

occur. Part of the | ogi ¢ behind not allowing a reverting node is
that it napnddhermdelipledgre for a

38 pi ece of equi pnent such as the nultiplexer device 20 to
oscillage betweegh internal ebﬁtfr@ueer&omrﬁa\wdﬁingcwmgﬂarﬁmrmtrsécI I'lation can
have an i npact hr oughout the tel ecommuni cations system For this
reason, it h |caII O ited. Because sonme error

scenari os &3y§p&%@ Fﬁée§ﬁﬁdﬁggéuggﬁs £Ilj1&)users mant greater flexibility in
their systems, however, a reverting node is ail abl e on the

mul ti pl exer devideer®raal eanmectorpannasied gém:mttir@aéﬁpnwg"er and nppde i f
they so desire. The default setting will be the non-reverting node, so

connectable to the computer network with the external controlier being a part
of the computer network, the external connector allowing the external

10 controller to communicate with the internal controller through the computer
network;

wherein the external controller can indirectly control the multiplexer and
interface circuits through the internal controlier.

12. A multiplexer device as defined in claim 11, wherein the

15 computer network includes an Ethernet connection.

13. A multiplexer device for telecommunications circuits for
multiplexing and demultiplexing signals between cabling from a plurality of
relatively lower speed telecommunication circuits and from at least one
relatively higher speed telecommunication circuit, the multiplexer device

20 comprising:
a device housing;
a dual backplane connected to the device housing, the dual backplane

including two separate backplanes, an internal backplane and an external

s (A
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that the user wll have to take an overt action to | eave the non-reverting
node 95?77QI ace the device 20 into the reverting node The
automati\gopgro ection switching for the device 20 can be usg?r/%ggm“ls.'el ected

to operate in the revertive and non:revertive e Si t he .
overt ve. dORHRRS WRGBIARICRECHE [CRE A HER foe Sp baskEianes are inayi ce
20 in the non-revertive node while "Wdebank (A: Active)>revertive
on" pl aces parailel an@ judapesedrElationstipr evertive node. 15 In the
non-revertive switching node, if an automatic protection switch

event occurs whi belialityest intstfsod Eiedlineards, aask tavingea plurbfityofirelativelyched

to the other controller on a one-shot basis. The load will continue
to be carri . A ' | ' ST | S
offocton | o Speed intertdte BARRINERRA (Jetfad WAnTRRanel (GWel 2 o,
swi tchi ng has been rearned u_sc{nr_lrg_ the armed 20 _co_rrrrag(%. "W debank (eiA:
Act i ve) Par nSR2ed telecpnidical rgwits thg iterfage circuit cardy peinggeaiMahle n
non-revertive node while "Wdebank (A: Active)>arm on" enabl es

g ge- shot auwihit the pougieg Bndrbaing eéchanicdlbnamnad etentricatlyasanneetatde éo the
dual backplane, one of the interface circuit cards being a spare card that can
be selectively selected to replace one of the other interface circuit cards
without physically moving the spare card; and

10 a primary and a secondary multiplexer circuit card, each having
components thereon for performing the multiplexing and demultiplexing, each
multiplexer card being receivable within the housing and being mechanically
and electrically connectable to the dual backplane, wherein either of the
primary or the secondary multiplexer circuit cards can be selected to perform

15 the multiplexing and demuiltiplexing;

wherein the interface circuit cards and the multiplexer cards are
connectable into the dual backpiane and the cabling from the plurality of
relatively lower speed telecommunication circuits and the at least one
relatively higher speed telecommunication circuit are connectable to the dual

20 backplane, the internal backplane being mechanically and electrically
connected to the interface circuit cards, to the multiplexer card, and to the

external backplane, the external backplane being mechanically and

electrically connected to the internal backplane and to the cabling from the

s |NRN AT AN R
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Whil e operating i the non-revertive node, automatic protection swtching
wll woo99r3mmat occur if the device 20 is not arned as direrusdgdiqabove.
For electronics protection node, revertive switching sinply rearns the

aut omat i C%IHFéﬂtf%tf'ré’IBt@é\qytIB bF‘g 8t§ ‘?éleéo?%ﬁ&m&ﬁﬁéﬁ%?r@ﬁﬁs BAHItAE é?fleéétve

m nut es ter the at caused the switch is corrected.
essence, this

d of e m nutes forces a
hystere3|9; ?ﬁel\gﬁee%}yggﬁf g%eed]geﬁec%m “QS%%H’} 3‘“&8 s having a time period of
| ess than ten m nutes are not possible. For network protection node,
however, the tA4ffi & mullipleger devies &er telpqamemunicatiopsiGiRgits feF ki ng 1i ne or
equi prent after a wait-to-restore period of five 10 m nut es provided the

fol | ow ngnﬁﬁﬂﬂekm@%dﬁdénﬂllﬂlplﬁﬁhﬁ didnals etweena phralithiofigelatively lower
selected; (2) the link between the m croprocessors 52 indicates that the

ot her 5C°ngf>8e%g%l{eer uﬁlE cﬁir%lrfﬁ?@sean&%l 14%3 oMY Q/ell QFQA*@%E% egER ten

tines e se rve swiching t res the defect
count for the standby controll er ard [ ual zero; (5) the
cont r ol | efeleeP@munication girguilgyhereystne e at@ge(ly) %N% I and (6) the other
controller is not experiencing a catastrophlc failure.

The wai t - talecesnuurdcaton citcuits tarne datewhidhedam inciideigophank ehdeasng t hi s
period the traffic will be swtched back to the primary card provided that
the a&%ét@qﬁe fePidELiSH BALK iof BstrarnRIbortiBH of fHe IISHRSIY loges Wi t chi ng
IS seIected

speed telecommunication circuit, as viewed by the circuit, into a receive
10  portion of the relatively lower speed telecommunication circuit, the multiplexer
device comprising:
a multiplexer;
a plurality of interface circuits, each interface circuit being connectable
to one of the plurality of relatively lower speed telecommunication circuits and
15  for supplying and receiving relatively lower speed data signals to and from the
multiplexer, each interface circuit including a detector to detect loopback
codes in the data passed through the relatively lower speed
telecommunications circuit and including a loopback circuit that can be
selectively switched in to reflect the transmit portion from the relatively lower
20 speed telecommunications circuit back to the receive portion of the relatively

lower speed telecommunications circuit in response to the detection of a

Ly
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20 |l i nk between the mcroprocessors 52 indicates that the other

controller..| n t he standby node; (3) the defect r.jhe-
standby‘w@gﬁ{z?gllsl er card is equal to zero; and (4) ?ﬁgﬂ’é?‘&g’r‘“}
controller cord.,is not e riencging a catastyrophic failure

40 15° " AP SrUte s GRITEN DRIy 1 4NNEES DA B8 by
sel ecting the non- revertive node of operation and dearm ng the

syst em wi t inteiface girnaiteisan switchdndisusopback oivevit independrety of thali t i ons,
swtching will only occur if there is a catastrophi c equi pnent
failure, oremeirisdirterfase®ouRd! y initiated. 5 When in

el ectronics protection node, swtching the DS-3 traffic incurs up to

a 4.5 mlliseco (i . ) . d hj Ll pnduce a
consi der abl e nunber %@ﬁ?é@gééﬂgﬁg %Jr‘g%@?#{ Pe@é%éjg' {sﬂi?‘ge\ral%'hth en in
network protection node, a fast switching procedure is used at the DSX-1
| ogi ¢ sP gndpopkagk codrs isckigetleAPrHR) aNH{PeRISWNSdas- bits into the

dermul tipl exed 10 bit streaminducing an OOF defect in the term nating

equi prent . 17. A mUitiplexet dewicecagpdefiresd iroclasmilid; ihegeit theussed above
utilizes the link bet ween the m croprocessors 52 in order to conduct

the conpar i@k circuits also include a loopback code generator to generate
loopback codes as desired to cause loopbacks to be created in the relatively

lower speed telecommunication circuits to reflect data back toward the

10  multiplexer device.

g gy
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5 wunder test, using the conmand line interface, via RS-232 or Tel net.

As showwonohsmgre 14, a DSX-1 line | oopback node | oops theg ei ved
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42 interface electronics 250 on the DSX-1 cards 72 - 84. Note
that theg, the DSX-1 cards 72-84 are used f OopcfiyGogpdhfoses:
(1) rmwngtra??lctothe spare c&/266; and (2) affectlngamatalllc
| oopback. I n the second case, the relays on the spare ﬁ,d 86
T ] de

al so cl osed? T pad-h.od. relays to r

y »
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1}

pllilce 20SEERRGaEB)
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and bi pol ar violations.

As seen in Figure 17, a DS-3 line

| oopbacky@esigset urns the recei ved DS- 3 signal frompgﬁLﬁ{%?gl?:ﬂzgel ver

back to the transceiver output, wthout being 20

framer. This Ioopback S accorrpl i shed via the

inthe tra 3)(26h0
| oopback n@e re'?gurns tﬁg cel ved DS-

process

| oopback control

SEI 2B o dieyer

t hrough t hg)frarer—and—baet—teo—the

43 trans ALEI_.auL.pu.L,__QALe.U.I_dJ.Jlg.JJle..DS_aLSJ.Q_aI CTE led

internally by CARD1
DS-3 sign @ i s B8i'Sl
acconplish 4 enabl 14

W
the Ml -3 nult]i PQs?eré%z 5

88 pl exi peagL RS

Thn

equi prment (Cp

.
franmer back to CARD I (&\A@J‘%ié 3,17, 21, e

{znvmr Th S IS
T CATTO .
r

298

(Uyed

Dr each L)b-é 5

N in Figure 19, T‘DS‘\%A)hIn

Wafrom
! o the ML 3framer

THARDSELEGTent | oop%c k

repl aci ngn@ge sogngl | fecei vé ¢TRR | e _
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Q) 1278
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D
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176 of the multiplexer device 20, as shown in Figure 24. An LED 370 | abel ed
"PONER' moowymvvgled for each of the controller cards 68 andpdfusésaalp7ED
370 indicates the status of the power supply on its respective controller

card. 5 A at e-nreans the p supply is functional,.a yell ow
state indicat g ggt,@é@ acléof osygbingifficient voltag_e'rf__nl" -48
Vol t suppl landL d|state |__. indicat that t powelp supply pa
fail ed. Ea hlf e cards 68 and 70f/al so hhave a paj r| of
LEDs 370 afd 372 lja Lical al 72 and_Man-criticafy
al arm LED 1 he i%n 374 far & of§ if\non of| t he™
red state @d] 4 dr s 4 meg nggakgﬁ:rm'i HELE A
fault géxis q. aialma_agl_mLIEf)v:’s‘"? LRdic es\{g: V\{vﬁen a
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érafficaafglt: g E F%} Ilmndﬁ dby qu)}lp‘g as
etected a%aqyl tj ntto r ca S as a
controller stdtus |L n t hesgree St a or gral
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means :#E et a-ds-l;?e- XDt g FHZ 5 tj e—coht ol | erLcards
68 and 70 al $q ! has| a |RSEB_Ili ne condisk| mp=| FD/3ASEHEl ch™i\n thie green
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RAI, and in the flashing yellow state neans |line code violations received
or bit or parity errors.
45 WOBJ/?JIWS Each of the quad DSX-1 card 72 - 86 PREYRER27 s
LEDs 380 for each of the Dgﬁé signals thereon. The off state means
the DSX-1 I{ne is off-line, _ Y&Re reen state nmeans noﬁgongi on,
the red st ® CETROLLER GAMD t he
means sel (c8 fjf al 1—%&9%—9\#—5-4 at3§3 mpbac the fl ashi ng
yel | ow st tﬁ@ ns Il ng codq rorlaly e gure 20 shows a
DSX-1 tes} | QA Mt hg R generato generates a PRBS
si gnal whj c(gE) e receivea I1i ne’m—rlar”t he transcei ver
in equip (FF} d t hr ough to tﬁ worii®ol | er cards 68 and
70, and | ﬁgg L 5 PRESTre1asct or 362 4sp the 10
i nterface| el ect|n —i—iaar ds. g}s@ Figure 21
shows a - 3 t dst—Tmode-Tmwi S-3J t r gnscei ver o back the
transnit ki TO T Tt g t he |f r afddsynchr oni zer
in the Mr3 mulTTPrexer jcan |defNONCRIZEICAL et hdr, apdT g frames are being
ALARM | PRIMARY
(SEE 75Q
FIG. 2C) 336 ~_
SYSTEM L—— N RELAY "~ e
CONTROL | =——————] CONFIG 51
(4J) —] | ARBITRATION ————>" p
LOGIC L350 |
%2 264 266 | ]
‘OVER ||'UNDER || OVER
VOLTAGE| |VOLTAGE|| TEMP
DETECT || DETECT || DETECT
-48V TO =5V
POWER CONVERTER
\_(KiO —
‘— ——————————————
H— ______________
/~ (LL— LEFT CONTROLLER CARD ==
(MM) — LATCH
(NN)L 342j 332
(PP)
(RR)
(S5) H_mr | [ CRITICAL
ALARM
(™
|_{ NON-CRITICAL —1
ALARM
FI(gEZED) ! e
) 6
SYSTEM _33:>\ RELAY | )
CONTROL | CONFIG.
(VW) ARBITRATION[ "
LOGIC L350 | 0
%2 264 266 | 0
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VOLTAGE| {VOLTAGE|| TEMP | 750
DETECT || DETECT || DETECT | / | L
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received. 15 . Figure 22 shows a conplete self-test node in which
conbi nesvoO99/23775 other two test nodes into a nore conpr | st.
Not e that one of the | oopbacks fromFig. 20 is m ss?ﬁgms%ggﬁ?ﬁ t he
signal generated on t SX= mgoes further through the device
20. The generation et ecti\on occu at the same location as in
Fig. 20. 20 Adva \ As can be appreciated fromthe above
description of the ed S enbodi ment, the nultiplexer device 20

of the presemx_i ovi dgs an 3 mul tiplexer in a package
significanthy r ang lu NS €2 '

46 © ed, feat yfes

the nmul tipl exg y 20 t | backpl ane

archi tecture

4 1 __ 2 /
19" wide ang/ 142 N ##

AIE SO b e
APPSRV AN
0 111 b

20

ig. 3
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this reduction is due to inproved sel ection of conmponents in part, but
primari | o0 the novel dual backplane architecture. | not ed
t hat oggzﬁg/-}ibackpl ane architecture which provides for ir;ﬁ?@igzﬁlfeh ackpl ane
sur f aces, such as a_triple backgyhage architecture, nmay achieve the
desired effect. 10 ~

repl aci ng any of the prj
appropriate relays. A}
be used to repl ace seygr
72 - 84. In addition
| oopback testi /

cards 72 - 84 by the actuation of the
circuitry on the spare card 86 can
& \ t he circuits on the primary card
n\;gﬁhpf \he appropriate rel ays al so al |l ows
JIomm’. oopi ng back the tip 15 and ring

| eads on the v ‘ \he mul tipl exer device 20 al so
provi des redundany AN opl er card, the card in which the
actual multi pl exj S0 AN adyli tion, the mul ti pl exer

ﬁ'ng and receiving the DS
{ nes. The two controller cards 68
if it is necessary to switch
\gquent | oss of data can be
the multipl exer device 20 of
have either of the

t o anot her
m ni m zed.

AL LT
T ISSEmNSENEO”

Fig. 4
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control |l ed and/ or programmed by an external controller such as a conputer
term nedo ®w23aryy of various conputers on a conputer networgCTauSHaNRaf7aN

SNVP or Tel net session

mul ti pl exer device 20 is
Mul ti pl exer Installatio
by reference. The foreqq

only of the pringiples

nodi fi cati ons amg change

art, it is not Msired

process 10 shown as des

nodi fi cati ons and

106

V|a Et her net . Furt her detail about the
di ased | 9/2Be Wde b5 Bank 28 DS-3 Access

@ UserN$ CGuide, which is I ncor porated herein
g, 484dti ption is considered as illustrative
% 51 ention. Furthernore, since NUNer ous

4
ﬁ occur to those skilled in the

ntion to the exact construction and
gbove. Hhccordingly, all suitable

ts nay be resorted to falling within the
lefi ned by the clains which follow

a
104
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48

CLAI M5 The
I nventio 'sgﬁg I S: 1. A mul tipl exer devj for
tel ecomngjvn(?%:a lons circuits for mul ti pl exi ng and dentfc‘f’iuﬁ?s@?r‘ﬁg
signal s between a pluralj of relatjvely lower 5 speed
t el ecommuni cat jeRgCcEPSUI ts and> ‘

ond(/26at i vel y hi gher speed
teleconnunicaﬁ'

a mul tipl exer
i ncluding a pl
bei ng connect §

flof in-use cards, each card
circuits, each interface circuit

U

Fig. 6

90
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10 relatively l.ower speed tel econmunication circuits and for supplying and
recei vi ngwosloasrnsel y | ower speed data signals to and fromt p§ még%ﬁl _?xer;
a spare card including a plurality of interface circuits, w f df t he
plurality of interface circuits being connectable to the plurality of

I n-use cards for selective replacenehlﬂﬂﬁ sel ected ones of the
interface circuits of selected 15 ones of the in-use cards with sel ected
ones of the interface circuits of the spare cards, at the sane tine
that others of the interface circuits of the spare card are
connectable to the plurality of in-use cards for selective replacenent

of selected ones of the interface circuits of selected other ones of the

i n-use cards with selected ones of the interface circuits of the
spare cards, for 20 supplying and receiving relatively | ower speed data
signals to and fromthe mul ti pl exer when the spare card is sel ected.
2. A multiplexer device as defined in claiml, whgrein there are

seven in-use cards with each having four interface c§}cuits t hereon, and

49 wherein the spare card QUI interface circuits thereon
with the spare card
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connected to the in-use cards such that the spare card can conpletely
repl ace one of the in-use cards or the interface circuitpcqushlygssgpare card
can Wo?%ﬁ@%e at |east one of the interface circuits on up to four of

the in-use cards. 5 3. A mul tiplexer device as defined in claim
1, wherein the spare card has Ioopﬂ£$a60ircuits provi ded t hereon, the
| oopback circuits being sel ectable in place of the interface circuits
on the spare card, to allow sel ected ones of the relatively |ower
speed tel econmuni cations circuits to be | ooped back onto thensel ves.
10 4. A mul tiplexer device as defined in claim3, wherein the

| oopback circuits include netallic | oopback circuits. 5.

A mul tiplexer device for telecomunications circuits for
mul ti pl exi ng and demnul ti pN\S g signals between a plurality of relatively

| ower speed tel eco (\gation circuits and a relatively higher speed
15 tel ecommunication circuN\\\he relatively higher speed
t el ecommuni cati on ci r \OZNN\bei ng connectable to the multipl exer

devi ce through one or nore
devi ce conpri si ng:

sel ectively electronically
in or out of an operational
mul tiplexer circuit that

W\t el econmuni cations |inks, the multiplexer
primary nul tiplexer circuit that can be
abl ed or disabled to place the circuit
i guration; a secondary
(vely electronically
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enabl ed Woﬂifﬁ?ﬂ' ed to place the circuit i.n or out of an operational

50 a controller comrunicating with the pCrruseszzand
secondary nul ti pl exer circuits; and an interface to at

| east one of the tel ecommunication |inks bﬂ§ n the mul ti pl exer and
the relatively higher speed tel econmuni cati O circuit; 5 wherein
the controller nonitors the operational status of the primry and
secondary nul tiplexer circuits and selectively electronically enabl es one
of the primary and secondary nultiplexer circuits and di sables the other of
t he primary and secondary multiplexer circuits based on the

noni t or i ng. . A nul tipl exer device as defined in claimb,
wherein there are two 10 t{\&&onmuni cations |inks, each one attached to a
different one of the primry and secondary mnultiplexer circuits.

7. A mul tipl exer device as \ed in claim®6, wherein a given one

of the two tel econmunication |ig¥X\can be selectively and alternatively

ig. 9
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attached to either one of the primary and secondary nultiplexer circuits.

15 wo ®23775A nul ti pl exer device for tel ecommuni cati onBCEHUBSR3SY f or
mul ti pl exi ng and demul ti pl exi ng signals between a plurality of relatively
| ower speed tel econmuni cati on circqh%§ and a rel atively higher speed

tel ecommuni cation circuit, the relatively higher speed tel ecommunication
circuit being connectable to the nultiplexer device through one or nore 20
t el econmuni cations |inks, the nultiplexer device conprising: a
primary nultiplexer circuit that can be selected or deselected to pl ace

the circuit in or out of an operational configuration;

51 a secondary nultiplexer circuit that can be sel ected
or deselected to pl ace the circuit in or out of an operational
configuration; a.controller communicating with the primary and
secondary @ul tipl exer cdrcuits; and 5 E an interface to at
| east one ©F e teg?connuniq%tion | i nkg between g?@
Z O EE ulé
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mul ti pl exer §%ﬁ'the relatively higher speed tel ecommunication circuit;
wherein Pﬁ%99 f¥oller nonitors the operational status of tPCF/USBRMIY

and secondary nultiplexer circuits and sel ects one of the primary and
secondary nul ti pleg circuits and desel ectfgplge other of the primary and
10 secondary ircuits based on the nonitoring, the transition
tinme bet he nmultiplexer circuits being in an operationa
configuration e other of the nmultiplexer circuits being in an
operational confi oW [ being sufficiently small to be a hitless
transition. A mul tipl exer device for tel ecommunications
circuits for exi ng and demnul ti pl exi ng signhals between a

plurality of re | % Ifower speed tel econmuni cation circuits and a
relatively highg tel econmuni cation circuit, the relatively

hi gher speed te yi dati on circuit being connectable to the

mul tipl exer devkg @ at | east two different tel econmunications
links, the multifdl exer Wevice canprising. 20 a primary nul tipl exer
circuit that cang¢he selected or déselected to place the circuit in
or out of an ope | onal configuration; (5 a segondary

mul tiplexer circ that can be sg¢l ected eselected to pl ace the

circuit in or out\of an operationpl configulration;
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an interface to the two tel ecommuni cati on |inks between the

mul ti pl woeyerzamd t he rel atively higher speed tel econmuni ca‘EWHSw&Ul t, the
interface allowi ng a selected one of the multiplexer circuits to be
connected to a sel ested one ofl6f2@ tel eco sations |links and the

other of the 5 nmultyplexar circuits to be co ed to the other of the
t el ecomuni cati ons Bk, gr dr comruni cati ng
with the primary and sgqcon mul i pl exer ci@g ts ard the

i nterface; controller

DN tgﬂrs t he joper ati onal

ndary mul ti pliexer ui tls and the two
LMy and secondary

| i nks and

and seco {i pl exer circuits

status of the primary
t el ecomruni cati ons |i nKe
mul tiplexer circuits a

gconmuni cat i ons
ghal s between ca oma plurality of
nication circuits dnd frgm at |east one
nication circuit, jthe mjlti pl exer device

mul ti pl exi ng and demrul ti
relatively | ower speed tel
relatively higher speed tef|eco

conpri si ng:
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20 a plurality of interface circuit cards, each havin lurality

of rel adyotyTs | oner speed interface circuits ther &GF $9 18rf ace
with the relatively |ower speed tel econmuni cation circuits;

53 > t|plexer1¢ﬁZGU|t car g#7@aw ng conponents thereon
for perforn1ng , xi ng and denulti ; and

a backpl ane assenbl y |i nt agwphcl¥’tlhe i nterface sards and t he

mul ti pl exer cards ard cond and i nto whi @ cabliphg fromthe

plurality 5 of reI.tin{
at | east one re
connect abl e, the
backpl anes, i ncl udi ng\pre
backpl ane, which are cpnie i
are in a parallel and rel ati onshi p, D Djnt ernal backpl ane
bei ng nmechani cally andyg] e t‘“;lly connected t p I nterface
circuit cards, to the n | pgxer card, and to t?V backpl ane,

speed tel eco

assenbly incl ¢
ternal backpl & xterna

. 4 )
A
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the external backpl ane being nmechanically and electrically connected to the
i nt er naly,§3gkpl.ane and to the cabling fromthe plurality PeThodhiag! v

| ower speed tel econmunication circuits and the at |east one
relatively higher speed 15 teleco ation circuit. 11. A
mul ti pl exer device for tel ecomunica circuits for mul ti pl exi ng

and denul tipl exing signals between cabling froma plurality of

relatively | ower speed tel ecomrunication circuits and fromat |east one
rel atively higher speed tel econmunication circuit, the nultiplexer device
being 20 externally controllable by an exter@&al contgsller on a conputer

network to which it may be connected, tL're devi cé‘-’corrprl si ng:

a mul tipl exer; 54

a plurality of i terfac (anU|ts i nterfacing EetWEEn Ehe'TLnallty of
relatively Iomer speed t® ecommunication circutts I'tiplexer and
bet ween the aa.l ,:f at i vel y higher spejd t ¢l eC(immTJcat lon circuit

>
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and the nultiplexer; 5 an internal controller communicating with
and conP’Y%P?’?ﬁ(ﬁs t he mul ti pl exer and the interface ciPCINS98/2341md

an external connector connected to the internal controller and
connectable to the conputer network #8{26the external controller being a

part of the computer network, the external connector allow ng the
external 10 controller to communicate with the internal controller

t hrough t he conputer net wor k; wherein the externa
controller can indirectly control the nultiplexer and interface
circuits through the internal controller. 12. A nul tipl exer
device as defined in cIa|n111 wher ei n the 15 conputer network includes
an Et hernet connection. . A nmultiplexer device for

t el econmuni cations circuits EhultlpIeX|ng and denul ti pl exi ng
signal s between cabling fr urqi t relatively | ower speed
t el ecomruni cati on C|rCU|tsi3.d ast one relatively higher
speed tel econmuni cation cir the | exer device 20 conprising:

ckfl ane connected to the device

a devi ce housi ng;
di ng two separate backpl anes, an

housi ng, the dual backp
i nternal backplane and ap exter

]
T
.y -E
xz || %S
cn&g noH
ol CME
x Pou
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Fig. 16
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SUBSTI TUTE SHEET (RULE 26) backpl ane, which are connect ed

t oget herwg@ohsAs the two backpl anes are in a par al | ACTARIP8{2347 aposed
rel ati onshi p; a plurality of interface circuit cards, each
having a plurality of relatively op/feevwer speed interface circuits
thereon to interface with the relatively lower 5 speed tel econmuni cati on
circuits, the interface circuit cards being receivable within the
housi ng and bei ng nechanically and electrically connectable to the

dual backpl ane, one of the interface circuit cards being a spare card that
can be selectively selected to replace one of the other interface
circuit cards w t hout physically noving the spare card; and 10

a primary and aegecondary | tipl exer circuiat gard, each havi hg
conmponents there®n for perfgrm pg the nultipl e}i ng and denpl tilpl exi ng, each
mul ti pl exer cardjbeing receijvable within thg hqusi ng and gEing mechani cal |y
and electricallviconnectabla Lo e dual LAY Al LSaaaa e cit:pr of the
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primary or the secondary nultiplexer circuit cards can be selected to

per f or mygoleyasbse nul tipl exi ng and denul ti pl exing; PCT/USISR®nNEI N t he
interface circuit cards and the nultiplexer cards are connect abl e
into the dual backpl ane and the cabl4 éﬁwnnthe plurality of

relatively | ower speed tel ecommunicati’'on circuits and the at |east one
relatively higher speed tel econmunication circuit are connectable to the
dual 20 backpl ane, the internal backpl ane bei ng nechanically and

electrically connected to the interface circuit cards, to the
mul tipl exer card, and to the ext ernal backpl ane, the external
backpl ane bei ng nechani cally and electrically connected to the
i nternal backpl ane and to the cabling fromthe
56 plurality of relatively | ower speed tel econmunication
circuits and the at | east one relatively higher speed
t el ecomruni cation circuit. 14. A nul tipl exer device for
t el econmuni cations circuits for mul ti pl exi ng and demul ti pl exi ng
signals between a plurali T™Teratrvery romwer—15 speed
tel ecommuni cation circuitq apd at Least _one rel at]i vel y hi gher speed
t el ecomruni cation circuit, erein %%ral atively | ower speed
&
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tel ecormuwcgﬂ,; circuits carry data which can include | oopback codes
requesting t I ection back of a transmt portion of thepoehaloBisiy
| ower speed t el econmuni cation circuit, as viewed by the circuit, into

a receive 10 portion of the rel a%dég y Iovver speed teI econmuni cation
i 0

circuit, the nultiplexer dev npri si ng:
mul ti pl exer; a plurality of interface C|fEU|ts ééch I nterface
circuit being connectable to one of the uralifty of rehatively
| ower speed tel ecomunication circuits and 15| for sypplying jgn cei ving
relatively | ower speed data signals to and fro%1the mul i pl exer
each interface circuit including a detector tojdegmec ogpbac codes
in the data passed through the relatively we sgﬁe
t el econmuni cations circuit and including a )bﬁﬁk circuit tha c%n be
selectively switched in to reflect the trag?al gﬁ tfon fromthe rdlatively
| oner 20 speed tel ecomruni cations circu a 21c the receivpe pgqrtion of
the relatively E&der speed teIeconnﬂthatl circuit inf regponse to
the detection of ag £ 2 l—
T o< o
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SUBSTI TUTE SHEET (RULE 26) 15. A nultiplexer device. as

def i nedwgwerlsetsm 14, wherein any of the i nterface cPCTMSYS23aEM SWi t ch
in its |loopback circuit independently of the remai ning i nterface
circuits. 16. A nultiplexer device as defined in claim 14,
wherein the 5 | oopback codes i ncl g4¢2@ oop-up and | oop- down codes.

17. A multiplexer device as defined in claim14, wherein the

interface circuits also include a | oopback code generator to generate

| oopback codes as desired to cause | oopbacks to be created in the
relatively | ower speed=tel econmymi cation circuits to reflect data

back toward the 10 rmti pE_éxer devEe.
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58 :
WO 99/237715
SPARE DSX-
STATUSIFD's
CRITICAL ALARM
STATE MEANING
OFF NO ALARM
RED TRAEFIC-
AFFECTING FAULT
NON-CRITICAL ALARM
STATE MEANING
OFF NO ALARM
YELLOW| POTENTIAL TRAFFIC-
arrEcTING FAWLT Jfl
POWER/ALARM i o
STATUS LED's
ALARM CUT-OFF
SWITCH
DS-38 COORDINATOR
STATUS & MANAGEMENT LED's
ALARM CUTOFF (ACO)
STATE MEANING
OFF ALARM ACTIVE
YELLOW! ALARM SURPRESSED|}
POWER
STATE MEANING
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