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USI NG THE SAME BACKGROUND OF THE I NVENTION 1. Field of the [nvention The
present invention relates to a transm ssion -system includi ngd{a4 &m&gﬁ%one
medi a converter for converting fromone .type of nedia to another, in
particular to a nedia converter 5- suitable for a link test system and a
control.nethod of the nmedia converter.1. .2 . Description of the Related
Art. There has been a lot of talk recently about FTTH (Fi ber To The Hone)

al | owi ng_ i gh- Spghela ! Rl Md TRANSMIBEELR S9bfme P BETRE dRif C.
novi ng picture, angAne |ca}ﬁ§%ta by t eh?nstaﬁla?%on o} optigg? I ber
directly to the hone* or office. 1In an era of FTTH, a .nedia converter is.
an i ndi spensabl e comuni cation device to connect a fiber-optic line to a

conputer in the hone or office. 15 In general, a nedia converter has a
pair of ports that are to be connected to a fiber-optic cable and a UTP

cable, respectively. For eaghcrREROIED 5 IHE INVENTITON - | ayer device is
provi ded, which supports MI (Media |Independent Interface) conformng to
| EEE802. 3 standards. 20 In addition, since a-nedia converter converts from
one type of nedia to another, it usually has a m ssing-Ilink
1. Field of the Invention
- The present invention relates to a transmission system
ihcluding at least one media converter for converting from one
. type of media to another, and in particular to a media converter

- 5- suitable for a 1link test system, and a control method of the media

converter.
-2. Description of the Related Art -~ -

" There has been a lot of talk recently about FTTH (Fiber
To The Home) allowing high—-speed transmission of multimedia datai

10 such as music, moving picture, and medical data by the
installation of 6ptica1 fiber.directly to the home or office.
In an era of FTTH, a media converter is. an indispensable
communication device to connect a fiber-optic line to a computer
in the home or office. “

15 In general, a media converter has a pair of ports.that
are to be connected to a fiber-optic cable and a UTP cable,
respectively. For each of the ports, a physical—layer device
is provided, which supports MII (Media Independent Interface)
conforming to IEEEB02.3 standards.

20 In addition, since a media converter converts from one

type of media to another, it usually has a missing-link



2 function such that, in case of disconnection in one |link, the other
link is automatically di sconnected. For exanple, in the event that the
link on the fiber-optic side has been disconnected due to sone failure on
the fiber-optic cable, the nedia converter 5 autonatically disconnects the
other link on the UTP cable side. in theZase where such a nedia converter
Is used to connect the UTP cable to the fiber-optic cable, it is necessary
to performa link test. to. check whether each cable is properly.
connected to*an opposite device on a corresponding link. 10 A

convent . i onal fumeticen carvkethek, i $nprase ddd dischnnactiomkin exte diinkehthy
which a link test function is activated to- determ ne whether each link is
properly est apthenddnkThe autmmatsically toscerrectris ForiexAnaked ibythe
light-emtting diode (:LED:) provided for each port. 15 There have been
proposed var i event thrtitds 1ink phitreEiber-optip pkde hagrbesmappeonnepgtedse
Pat ent Application Unexam ned Publication No. 8-331126 discloses a |link
‘test nethod @3¢ &g sPpEeibrre ontths Lo et ecabifis Hhetrf iR CARERL E9H

adj acent switches connected by a-link. Mre specifically, one 20 switch
transnits %a cRRETRACR % Glf"ﬁ%n%?‘ﬁ%‘i" thi PERST WAPEHCR Fhe U R cabAgsHi e a

response nessage b k to the source switch., The sogrce SW t detects _the

presence or absenc nothe crgg SpGh A CORVEEEHE LSS RO PR i ng
he 1 e5POnss TESSPAE carllRLER kipht GELELTLARLANSLNS She bl gl

perform a link test. to check whether each cable is properly.
connected to an opposife device on a corresponding link:s

10 A conventional .media converter is provided with;a
link-test switch by which a lihk test function is activated to
determine whether each link is properly established. The kink
status for each port is indicated by a light-emitting diode (LED)
provided for each port.

15 There have been proposed various link test techniques-
of networks. For example, Japanese Patent Application
Unexamined Publication No. 8-331126 discloses a link test method
using a special céntrol code to be transmitted betﬁeen two
adjacent switches connected by a link. More specifically, one

20 switch transmits a control code to the other switch, which in
turn transmits a response message back to the source switch.
The source switch detects the presence or absence of a response
to the control code and, when receiving the :esponse.message,
analyzes it, to determine whether the link normally functions.

25 However, the above link test technique is used on network

switches and is fundamentally different in structure and



Ssw tches and is fundanmentally different in structure and 3 function froma
nedi a converter designed to convert fromone type of nedia to another with
a mssing-link function. As described above, since a conventional nedia
converter is.set to the test node by operating the link-test- switch, it 5
is inpossible to activate the link test fgomcable side (UTP cable or
fiber-optic cable) and therefore difficult to perform the |ink test
rapidly and easily. In other words, the conventional nedia converter is
not. designed to be controlled fromnetwrk side. :10 Further, when the

m ssing-1ink gEyRetion MonmBdhed Lot erl 8edtgh¥ates cdiRANtfiddn one
transm ssion systemis set to link disconnection and therefore the-host -

conput er canneypeDBift lediantoStaiothed With redibssonyentienk Rueftidnt he
medi a converter operates normally. .15 SUMVARY OF THE | NVENTI ON An obj ect
of the present inveyst describddapboy| deirce br@nsverssicarals yetdm abhost ey easy
detection of occurrence of a failure and the location thereof in.the |ink
i ncludi ng thesnsel doctheetésr male Brodtperatninediheoflinketpsessnitchyent i on
is to provide a nmedia converter suitable for a link test system all ow ng
easy detetti ba bipootilrlcetoecaotivaté dilauddndndeshiefiromatabhet fitdeofUTR n
the link including the nedia converter. 4
cable or fiber-optic cable) and therefore difficult to perform
the link test rapidly and'easily. In other words, the
conventional media converter is not designed to be controlled
from network side.
SN { Further, when the missing~link function of media converter
-..is activated, the entire transmission system is set to link
. disconnection and therefore the'host-compﬁter cannot monitor

any status of the media converter, ‘even if the media converter

operates normally.

- 15 SUMMARY OF THE INVENTION

An object of the present invention is to provide a
transmission system allowing easy detection of occurrence of
a failure and the location thereof in.the link including.
the media converter.
20 Another object of the present invention is éo provide
a media converter suitable for a link test system allowing easy
detection of occurrence of a failuré and the location thereof

in the link including the media converter.



Still -another object of the present invention is to provide a transm ssion
system a nedia converter and its control nmethod allow ng a response test
to be activated fromcable side. Further another object of the present
invention is to 5 provide a transm ssion system a nedia converter and its
control nethod allowng one link froma nedia converter to an end device to
be. - mai nt ai ned even when the other. link is disconnected..... According -to
the present invention, a transm ssion system 10 for transmtting data
between a first conmunicat-ibn-.p:oint and a second conmuni cati on poi nt

along a link, incluf§y1 afbthePblidbi by tHd pr@stmt EADYRELSH 35/ 0budedgen
the link, each of which includes a first physical-layer interface to a

first transm gsgQhsMB@Esibh sPs 5,08 tndds b6AVe - B¥LTandt €5 fRGR A AcEREQN
15 transm ssion nmedium a nenory connected between the first and second

physi cal - | ayer1i6lefid af Sfesgdifset €RROr 861 by S¢O1varedatom tcatie tgiapsferred
between the first and second physical-layer interfaces; and d-a nedia

converter control | eurttetr ahbthgr seishect et thsh@redenti ggeensignaishes been
recei ved, a response block 20 of data corresponding to the trigger signal
is transmitedrbvide @ toanrsadpeidnngyshempfa timsdia rednwdteseamald its
physi cal -1 ayer interfaces back to a source that has transmtted-the
trigger signabntaml metthest akhowieg aonddakefrom amedia deaveetiea to an
converters, includes: an interface to a network manager; and 25 a test
manager contrehiledevciors iyl bengadothinpdt even rvhgrerthsd qidler ildni dssnitt ed
to anot her nedia converter, and a | ocation of
disconnected.. ..
According to the present invention, a transmission system
10 for transmitting -data between a first communication point and
a second communication point along a link, includes: arplurality
of media converters included in the 1ink, each of which includes:
a first physical-layer interface to a first transmission medium;
a second physical-~layer interface to a second
15 transmission medium.; a memory connected between the first and
second physical-layer interfaces, for temporarily storing data
to be transferred between the first and second physical-layer
interfaces; and a media converter controller controlling such
that, when a trigger signal has been received, a response block
20 of data corresponding to the trigger signal is transmitted from
a corresponding one of the first and second physical-layer
interfaces back to a source that has transmitted.the trigger
signal; and a test manager connected to one of the media
converters, includes: an interface to a network manager; and

25 a test manager controller controlling such that a trigger signal

is transmitted to another media converter, and a location of



‘5 a failure-is deternined depending on whether a response block of data
is received froma correspondi ng nedia converter within a predeterm ned
time period. The first communi cation point nay be one of a plurality .5 of
ports of a switch and the second conmuni cation point may be a personal
computer, wherein the test nmanager is congected to a media converter which
is directly connected to the swwtch. The first comrunication point may. be
one of a plurality of ports of a switch and the second. - comuni cati on
point may be a personal 10 conputer, wherein the test-nmanager is

ot o, convel (BRI A, SRRl (BERRATRG on Menitalan ikt EpRS AR O 2

medi a. converter ITec e Swt

manager controf Lery reegﬁwarﬁoﬂdﬂétc&xfe%ygﬂ&ggg%&a&é c%vertlgggg{(ieggndata

beyond t he correspondi ng nedia converter a response

i s-not receiw@%*@g@@é%mgggaegﬁﬁgdb@gigggia converter within a predeterm ned
time period. Each of the first and second physical -l ayer interfaces my

support M| (Medi aphadepesdimdtiehtaes) p Pt Ghdy e bae28s! ERFBOR Bty
standards. The nedia converter controller may access another one of the

first. andssecmngorBySbal shayeh aid &ifedgesont Ccafiih it idik poher i@ iven
fromthe other physical-layer interface when the trigger signal has been .

recei ved and arpersganeradbmpliter | edpeaesa bhectest nthalagyerotikesponetitgd tta t he
link 25 information. o :

: a media converter which is directly connected to the switch.
The fj:rst communication point may be one of a plurality of ports
of a switch and the second.communication point may be a personal

- 10 computer, wherein the tesf-manaqer is implemented in a
program—controiled processor of the switch to control a media.
converter which is directly connected to the switch.

The test manager controller may determine that a failure

occurs at a location beYond the corresponding media converter

I5 when a response block of data is not received from a
corresponding media converter within a predetermined time
period.

Each of the first and second physical-layer interfaces may

support MII (Media Independent Interface) conforming to

20 IEEE802.3 standards. The media converter controller may access
another one of the first and second ﬁhysical-layer'interfaces
to acquire link information from the other physical-layer
interface when the trigger signal has been received and ﬁay
generate thé response block of data corresponding to the link

25 information.

The test manager controller may disable the missing link



The test manager controller may disable the mssing link 6 state when a -
test is started and nay force a corresponding physical-layer interface
into transmttable state to transmt the block of data to the |ink. The
medi a converter controller may disable a mssing link 5 state when the
trigger signal has been received, and maygtransnit the response block of
data to the source. Wen a received block of data is not a trigger signa
under the mssing link state, the nmedia converter controller-nmay disable
the mssing link state to transfer the-. -received block 10 of data to .the

other one of Liiedifial, ande3pcoRdsPhYELEalng ifPTeoddl & (AEE2AEGANAENG 1O

anot her aspec e present-.1nvention, a transm ssion syst

roa . ok b f Ol v of
transmitting e@ga&q&ﬁ@&g&&g@%ﬁ&@qn& Eksﬁsxgﬂéta%@f@ Ratd BbUEAAALR©

subscri ber d ces, In 1 e swmtching office conprises a swtch

havi ng a-pl urgld Wik J20uLsaCcebl esR0NHhing to respective ones of the
subscri ber devices, wherein :the switching office further includes-:.a

pluraliity of  firsthaaddLOBNEEEEES conReB1E M ¢ BikEbTENNREE8EnE0L Bnk
different port of the switch at one end thereof through a netal cable and

20 i s connrectsothtdwiRenlichbaitiigedéigradl BablRecat rddwi vidjeanendy traigelit and
a test manager connected to each of the first media converters; and each

of the subscriterraiponsesbibekudesdata pertdonalowamut er; and a second
medi a converter which is connected to the personal conputer at one end
t her eof through When a received block of data is not a trigger signal under
the missing link state, the media converter cont-réller.may
disable the missing link state to transfer the: received block
10 of data. to the other one of the first and second physical-layer
interfaces.

- - According to another aspect of the present-invention, a
transmission system for transmitting data between a switching
office and each of a plurality of subscriber devices, wherein

15 the switching office comprises a switch having a-plurality of
ports corresponding to respective ones of the subscriber devices,
wherein 'the switching office further inclucies-: .a plurality of
first media converters, each of which is connected to a different
porf of the switch at one end thereof through a metal cable and

20 is connected to a different optical cable at the other end
thereof; énd a test manager connected to each of the first media

" converters; and each of the subscriber devices includes: a
personal computer; and a second media converter which is
connected to the personal computer at one end thereof through

25 ametal cable and is connected to a corresponding optical cable

at the other end thereof, wherein the test manager includes:



25 a netal cable and is connected to a corresponding optical cable at the"
other end thereof, wherein the test manager includes: 7 an interface to a
net wor k manager; and a test nmanager controller controlling each of the
first media .converters such that a -trigger signal is transmitted to a
correspondi ng second nedia converter, ang a location of a failure is

det erm ned depending 5 on whether a response block of data is received from
the corresponding second nedia converter within a predetermined tine
period, and each of the second nedia converters includes: a first

physi cal - | ayepni iR & ahdBicHk RaRhGer A an8GORM st FR chbAYSbller
iriterface:to.an optical cable; a nenory connected 10 between the first

and-s. econd pByateal iy Hadie ftdeesirbor med BANGSRFdHie s Qudig tthalkas to be
transferred between the first and second physical-layer interfaces; and a

nmedi a convert eriggOntdidr-ar ieontadmitited $uch ¢dhvtespdiriindieetbhagredsa gnal
has. - been received, a response bl ock of data corresponding to the 15
trigger signatonsetteémn,s End &d datd odnOof £ @atidspenis niptdridhededepesdivwegrt er
that has transmtted the trigger signal. According to still another aspect
of the presentniwhetiieny respoagicabionkeof edataris oramyitvieny firoomtbee t ype
of media to another, includes: first. and second ports which are connected
20 to t he onecoypespdndigdi Hemend meddahepnygpenfwitdding a2 preciedetrimisky; a
packet buffer for storing a received packet; and a controller controlling
such that, whting Reniledonandeagly of thrysecoaddredin revedtegfoinetudesk on

t he second port is kept . .
a first physical-layer interface to a metal cable; a second.

physical-layer interface to.an optical cable; a memory connected
10 between the first and 'second .physical—layer interfaces, for
temporarily storing data: to be transferred between the first -
-and second physical-layer interfaces; and a media converter
controller contrelling such that, when the trigger signal has-
been received, a response block of data corresponding to the
15 trigger signal is transmitted back to a corresponding
first media converter that has transmitted the trigger sigﬁal.
According to still another aspect of the present inventj.on, .
a media converter for converfing from one fype of media to
another, includes: first and second ports which ére connected
20 to the one type of media and the other type of med.ia,
respectively; a packet buffer for storing a received packet;
-and a controller controlling such that, when a 1ink én the first
port is disc.onnected, another link on the second port is kept
in a connection state and a packet received through the second
25 - port is stored in the pécket buffer.

According to an embodiment of the present invention,



In a connection state and a packet received through the second 25- port is
stored in the packet buffer. According to an enbodi nent of the present

i nvention, 8 a nedia converter for converting fromone type of nedia to
anot her, includes: a first physical-layer interface to a first

transm ssion nedi um a second physical-lager interface to a second

transm ssion nmedium a first nenory connected between 5 the first and
second physical -l ayer interfaces, for tenporarily storing data to be
transferred between the first and second physical-layer interfaces; a
second nenor yaimedimezbriverdter dast converping hecdn ate dnypesedomgdia to
physi cal -1 ayer interfaces, for storing data received through a

corr espondi nganokkenf inkdufipssta fhrshphydcwid L tatertyee timacfinskes;
and.-.:-a: controller controlling such that, when a link on one of the
first and s ecbpnsiaAsi ana medd yimy 2nserond hysi ailsdaneac iagerfanst keral i nk

on'the other one of the first and secondﬁgdy3|cal-layer interfaces is
kept in a confReINDFLATRNE SEAQN JREF Vet &t SFhFSESHYtﬁ%nB?ﬁE?d hetweeik s

stored in the second nmenpry. The_ control]er % further access t he. one of
the first 3 anthe f%§é*6rﬂi‘%ﬁ?%‘?’&%¥’h¥§§r%?lu3rﬂ3é?rfé EsrERceRqdiore Ceqpgrarily

Lol on S0 T RIS N L D LILPUELL L ougih bhe, oL er gne o
[t her accesa i SO BRI 8o, SIS SLRLSY L BaHo o ddate o
restored, and oh& Yo £ the first and second physical-layer interfaces, for
. storing data received through a corresponding.one of the first
10:- --and-second physical-layer interfaces;'and:atcontroller

" ‘controlling such fhat, when a 1ink en one of the first and second

~ . physical-layer interfaces is disconnected; .another link on the

- ~other one of the first and second physical-layer interfaces is

kept in a connection state and data received through the other

_15 link is stored in the second memory.

- The coﬁtroller may further access the .one of the first
and second physical-layer interfaces to acquire link
information and may transmit the link information through the
other one of the first and second physical-layer interfaces.

20 The controller may further access the second memory to
read the stored data when the link on the one of the first and
second physical-layeér interfaces has been restored, and may
transmit the stored data through the one of the first and second
physical-layer interfaces.

25 According to ehe present invention, a control method for

the media converter includes the steps of: a) monitoring the



transmt the stored data through the one of the first and second
physi cal -1 ayer interfaces. 25 According to the present invention, a control
met hod for the media converter includes the steps of: a) nonitoring the 9
first and second physical -layer interfaces to determne whether a link is
di sconnected; b) when a link on one of theg first and second physical-I|ayer
I nterfaces is disconnected, keeping another |ink on the other one of the
first and second 5. physical-layer interfaces in a connection state; c)
when data has been received through the other link on the other one of

the first andeesoptdRiReHneRbhy A1 11k Avesr Faddy toddtReminecRaabsat a
i n the second nenory. The control nmethod may further include the steps

of :::-.-d)- 19 1360€38 Afsédnedtiri; BY Whéen fd nihkasd &es ol tpBysieat -drmyer
interfaces to acquire link information in response t-oa-l.ink information

request - r ecei ¥&sbrid PRSI d@ayandig)et fadsdriid idigconnieke el nkekpiagmat i on
in a predeterm ned signal. format.-through the other one of the first and
second physi catotlmerlink ehf ahesotAér Tdwee contiuhd fimetthatdmagcbudt her
include, the steps of:.--:f) when the link on the one of the first and
second physsi galiydisnsdr-1ayetrelibeefadwss ibeancomse¢otrissh sdatesschgwhémr dedeond
menory-.to. read the stored data; and g) transmtting the stored

dat a. t hr ough hashéesme refetimedf thseugind e cdig rphjskcah- thgepthen emfeaces. 20
According to the present invention, a transm ssion system includes: first
end devi ce. anfhes &d and gegprd whyeicakelayer interfaces, storing the

received daté in the second memofy.
| The control method may further include the steps of:=d)

10 accessing the one of “the first:and second physical-layer
interfaces to acquire link information in reSponse-to-a"link
information request received from outside; and e) transmitﬁingu.
the link information in a bredetermined signal format. throagh
the other one of the firét and second physical-layer interfaces.

15 The control method may further include the steps of:-f)
when the link on the one of the first and second physical-layer
interféces has been .restored, éccessing the second memory.to -
read the stored data_; and g) trénsmittiﬁg the stored data.through
the one of the firsf and second physicél—layer interfaces.

20 According to the present invention, a transmission system
includes: first end device. and.second gnd.device which are
connected to each other by a link through a plurality of media
'conﬁerters, wherein at least one of the media converters
comprises a packet buffer for storing a received packet, wherein

25 the pécket buffer divides the link into a first collision domain

of the first end device and a second collision ‘domain of the



connected to each other by a link through a plurality of nedia converters,
wherein at | east one of the nedia converters conprises a packet buffer for
storing a received packet, wherein 25 the packet buffer divides the link
into a first collision domain of the first end device and a second

col lision domain of the 10 second end de¥ce. The |east one of the nedia
converters may further include a controller controlling such that, when a
link on one port thereof is disconnected, another |ink on the other port
is kept 5 in a connection state and a packet recei ved t hrough the second
port is storegefandhendAKeiceuffer. Wien one of the first and second

col lision domains becones in a lLink dlsconnectlon state, the other. one of
the first and secdh® ¢8RFF SMEnOHdiha Medid\CHSEERES PAY L£Yrther dRAdEde on
state :10- and normal_ comrunicatiqQn is gerforned bet ween a nedi a converter

.and a corresBoﬁB?FEP%&ﬂFcﬁﬂﬂgﬁ? AAPENEUGRhER b TR thel ¥ QP Ry P&Eond

[11isi d di th t t a transpi ssion
Sost om el uBhBReqt i afSEAAed O ahOEnBE R pn R LibEy ot f AaTRERE
house; and a second nediia _co rter |nstaII in

h
wher of n the <3 dhoRBSE lean% A2 dettikst SCFﬂsV?ﬁAet‘%r‘l?‘f‘-’g%%‘ﬁeﬁ??“d
converter ggﬁ % dre Q%rt %bkgckg@eggfpeghe first nmedia ponverper

conpri ses a pac recerved packet, wherein a mssing

link function isr %Jh%%s&% %9 E}Qe %EEBt Arld DhcdiRa LS 13Wh bEMUIME 19 bEEahds @

connection state .
.in a link disconnection state, the other.one of the first and

second collision domains may be kept:in.a link connection state

10 - ~and normal communication is performed between a media converter

.and a corresponding end device in the.other one of the first
and second collision domains... .. .-

According to the present invention, a transmission system

includes: a first media converter installed in a subscriber

I5 : house; and a second media converter installed in a switching

office, wherein the second media converter is connepted to the

first media converter by an optical .fiber cable, whefein the

" first media canverter comprises a packet buffer for storing a

received packet, wherein a missing link function is released

20 to keep a link to the switching office in a connection state

regardless of a state of a link to the subscriber house.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the internal circuit



regardl ess of a state of --a link to the subscriber house. BRIEF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a block diagramshow ng the internal circuit i1l
of a nmedia converter according to a first enbodi ment of the present
invention; Fig. 2 is a diiagramshowing a format of a trigger packet used
inthe first enbodinent; 5 Fig. 3 is a blgck diagram show ng the internal
circuit of a test-nmanager-equi pped nedia converter according to a second
enbodiment... of .'the present invention; Fig.. 4.is.a schematic di agram
showi ng a netwo.rk-system the test-nanager-equi pped nmedi a converter of

Fig....3-:forodQ eaddlianaion9ertal- actdtding et dtiiryt epdbatimeAt 5EJthé . is a
di agram showi ng a sequence of response test operation in the network

system of Fi gporéserfti dnv@ntiond flowchart showi ng a test control operation
of the test-nanager-equi pped nmedia converter in the network 15 system of
Fig. 4, Fig. 7 is a flowhart showing a test control operation of the test
manager in the network systemof Fig. 4, Fig. 8 is a flowhart show ng a
triggered operati oFigf 2 aismedddagoawesHoeringnat Herneet wii k sys¢ger gfadieg. 4,
12 Fig. 9 is a block diagramshowing the internal circuit of a

t est - manager -wspd ppedheediastoambodmersccording to a third

5 Fig. 3 is a block diagram showing the internal circuit
of a test-manager-equipped media converter according to a second

embodiment. of ‘the preéent invention;

Fig. 4 is a schematic diagram showing a network-system
the test-manager—-equipped media converter of Fig:. 3 for

10 explanation:of -a failure detection operation;

Fig. 5 is a diagram showing a sequence of response test

operation in the network system of Fig. 4;

Fig. 6 is a flowchart showing a test control operation
of the test-manager-equipped media converter in the network

15 system of Fig. 4;

Fig. 7 is a flowchart showing a test control operation

of the test manager in the network system of Fig. 4;

Fig. 8 is a flowchart showing a triggered operation of

a media converter in the network system of Fig. 4;



enbodi nent of the present invention; Fig. 10 is a block diagram show ng a
switching. system 5 including the test-nmanager-equi pped nedi a.converter of
Fig. 9; Fig. 11 is a block di agram show ng anot her swi tching system
having the test manger function simlar to the test-nmanager-equi pped

medi a--converter of Fig. 9; Fig. 12 is a 1d ock diagram show ng the
internal circuit 10 of a packet-buffer-equi pped nedia converter according
to a fourth enbodi nent of the present invention; Fig. 13 is a schematic

di agram showi ng a transm ssion system using the packet-buffer-.equipped
medi a converter of Fig. 12; 15 Fig. 14A is a schematic di agram show ng a
communi cation operation of the transm ssion systemas shown in Fig. 13
when a personal carput Or i204 blocpetiaigragy shoging4Bhesiatschelntircutitagr am
showi ng a conmuni cati on operation of the transm ssion systemas shown in
Fig. 13 when 48 a tepersamjercequibped2@tiascpover eelr ectordadgRiga Wixds a
schemati ¢ di agram show ng a. communi cati on operation of a conventi onal
transmi ssi on eysedimerBESCRILEE| DeOPNT H VRRARRRED EMBODI MENTS. 5 First.
enbodi nent Referring to Fig. 1, a nedia converter .(MC )- 1:0O_ according
to--a first enbodi ment of the present invention .-i-s::connected to a host

conputer or managenent switch 20 throu-gh.-i.0.0. BASE-TX; UTP, _
Fig. 10 is a block diagram showing a switching system

5 including the test-manager-equipped media converter of Fig. 9;

Fig. 1l is ablock diagramshowing another switching system
having the test manger function similar to the

test-manager-equipped media -converter of Fig. 9;

Fig. 12 is a block diagram showing the internal circuit
10 of a packet-buffer-equipped media converter according to a

fourth embodiment of the present invention;

Fig. 13 is a schematic diagram showing a transmission
system using the packet-buffer-equipped media converter of Fig.

12;

15 ' Fig. 14A is a schematic diagram showing a communication
operation of the transmission system as shown in Fig. 13 when

a personal computer 201 is operating;

Fig. 14B is a schematic diagram showing a communication

operation of the transmission system as shown in Fig. 13 when



cable and to the other host conputer-or managenent-swi tch 30 10 t hrough
100BASE- FX: opti cal cable. Needless to say, this system is shown just as an
exanple for sinplicity. 1.1) Media converter The nedia converter 10 has a
pair of ports,-.:-which are provided with physical-layer devices (PHYs)
101 and 102, which 15 are connected to UPP cable and optical cable,
respectively. As described before, the physical-layer devices 101 and 102
support M1 (Media Independent Interface) conformng to | EEE802. 3
standards. The nmedia converter 10 is further provided with a FIFO 20
(First-in-firateengonate aorputes A4t 1sspe tff ‘béfdeen t he
physi cal -1 ayer devices 101 and 102 to absorb frequency devi ati ons between
transm ssion and reception. Data received 14 at one physical -1ayer device
are sequentially mmltten into the  FIFO nmeno 10gpand t hen read, out, from
the FIFO menory 1051ifn f%e‘-%é‘nﬁ%@ﬁ}ﬁ%h‘&e‘iﬁg BiPIt 3 THRRIRATion
physi cal -1 ayer devi ce. addition,. the FI FO nenor 03 is connected to
a PLD (progropfiradiion 6§|€ &89 gBT19pal ¢ ?Eﬁnﬁﬂ%§ﬁﬁ8@nS§F%8Panned to provide
a predeterm ned..logical function. The PLD 104, as described later, is
designed to check data stored in the FIFO nenory 103 at a predeterm ned
timng after a packet has 10 been received and, -only. when -the data of

t he FIFO nenory 103 nmat ches predet er m ned- data to out put an enabl e signal

Er:.B DESCRIPTION OF THE PREFERRED EMBODIMENTS

5 [Eirst embodiment
‘Referring to Fig. 1, a media converter'(MC#'iﬂ;accordihg
to-a first embodiment of the present invention:isrconnectéd to
a host computer or management switch 20 through. 100BASE-TX:UTP
cable and to the other host computer or management-switch 30
10 through 100BASE-FX:optical cable. Needless to say, this system
is shown just as an example for simplicity.
1.1) Media converter
‘'The media converter 10 has a pair of ports,:which are
brovided'with physical-layer devices (PHYs) 101 and 102, which
15 are connected to UTP cable and optical cable, respectively. As
describéd before, the physidal-layer devices 101 and 102 support
MII (Media independent Interface) conforming to IEEE802.3
standards.
| The media converter 10 is further provided with a FIFO
20 (First-in-first-out) memory 103 that is connected between the
physical-layer devices 101 and 102 to absorb frequency

deviations between transmission and reception. Data received



to a mcroprocessor 105.. The m-croprocessor --105-, when receiving the
enabl e signal ELB fron1the PLD 104, generates-a predeterm ned response
packet 15 and controls a correspondi ng physical-layer device to send it

as areply to the received packet back to the source.- Further, the

m croprocessor 105 can access internal. 1sgisters including farEF (far End
Fault) register and Force Link register incorporated in the physical-Iayer
devi ces 101 20 and 102 according to | EEEB02. 3-standard M. Accordingly,
link information indicating |ink establishment status and/or hal f/ful

dupl ex can bea@cd Eﬁ GsicOMBARdY BBYSEERIrd 8%¥8LeALYALly whlWHILiARb&hd 1S
possible to force the physical-|ayer device Dbeing- in |ink disconnection

status into transmdricy eostaie® then?reaacessi fitom hd¥IEF® hiebrieud Stal

t hereof . The managenent switch 20 is provided with a physical 15 |ayer

devi ce 201 t hette Ssynporderiudnlcec a6f be nbigputo dEHRODthers payddcds ~-1MEer ( Medi a
Access Control) layer device 202, and a m croprocessor (CPU) 203. The
physi cal - | ayedewdsse ce 201 is ..connected.to the physical-layer device 101
of the media 5 converter 10 through the UTP cable. The m croprocessor 203
can access interndh méditiems tihe dkor akmdriynl0Beiphgsnuettédyer a dBL ce

201 according to | EEE802. 3-standard MI. Accordingly, Ilink information
indicating li fskrmaarmaibdlenéngigtdemcet)arwﬂe thatadgqw be¢nf pyrgthamed to
physi cal -l ayer device 2.0:1.: Furthernore, it 10~ : is:possible to force .

the physical -REgerleld Predepermined nkPgird) function. The PLD 104, as

described later, is designed to check data stored in the

FIFO memory 103 at a predetermined timing after a packet has
10 been received and, 'only:when the data of the FIFO memory

103 matches predetermined-data, to output anlenable signal Ej

to a microprocessor 105.

The microprocessor 105, when receiving:the enable signal -
E;ps fromithe PLD 104, generates a predeterﬁined response packet

15 and controls a corresponding physical-layer device to send it
as a reply to the received packet back to the-source‘

Further, the microprocessor 105 can access intérnal-_
registers including farEF (far End Fault) register and Force - -
Link regisfer incorporated in the physical-layer devices 101

20 and 102 according to IEEE802.3~standard MII. Accordingly, link
information indicating link establishment status and/ér
half/full duplex canbe acquired from each physical-layer device.
Furthermore, it is possible to force the ph;éical—layer device
being in link disconnection status into transmittable state by

25 accessing the Force Link register thereof.

The management switch 20 is provided with a physical-



-di sconnection status into transmttable state by accessinng the Force Link
register thereof. . :. .. The .mnagenent switch 30 has a circuit.

structure simlar to the managenent switch 20. 'Its physi.cal -l ayer device
is 15. connected to the physical-layer device 102.of the nedia converter

10 through the optical cable. The. physicgl-layer -device also supports

M1 conformng to | EEES02. 3 standards. In the case where a nornal Ethernet-
packet is transferred, the nedia converter 10 performs only normal nedia
conversion. 20 More specifically, a normal Ethernet packet received from

B e e PR R

converter 10 a ata i ransmtte tinatiron host
conputer or Y, FACt ¢led? tﬂé@é%' cdli& ARt 163k rCableceCoBb! 4L Y,
normal optical data recelveg 55 Trom t he nanageﬂent§§®itch §0 I's converted

into normal B heliebroBaskst RYPﬁ)hQO@Qdi'ﬁu&%‘ﬂ%’i&:%rl—lggédeé{?fcéoid‘Plis :
Et hernet packet 16 "is sent to the managenent "switch 20 through UTP cabl e.

In the case VAR AcHCEBOBRE bESEiES] ad yardiREsideha onBBEIEABNhegYAt Ch 20
generates a speci al -Et hernet packet  including predeterm ned trigger data

(hereaftes, cadwedtarSit HhggeghpasketrpRIaile andhemainarogroddssior 208 cardi a
converter 10 through the UTP cable. 1.2) Trigger Packet Referring to
Fig..2, sinladcdss dnnernmal Hdqistwts dacieporatadt Lhoges plaekirial-layer
.i:s."..conposed of 8-byte preanble, 6-byte _ .
. device 201 according to IEEEBQZ.B—standard MII. Accordingly,
link information indicating link establishment status can be
- racquired from the physical-layer device-ZQi;l Furthermore, it
10 -* is.possible to force the physical-layer device:201 béing in link
' .disconnection status into transmittable staté by'aécéséihg"the
.. Force Link register thereof.
'The management switch 30 has a circuit-structuré-similar
to the management switch 20. Its physical-layer device ig
15. connected to the physical-layer device 102 .of the media
converter 10 through the optical cable. The.physical—layér
'device also supports MII conforming to IEEE802.3 stahdérds.
| In the case where a normal Ethernet packet is tra-nsfelr'red,
the media converter 10 performs only normal media conversion.
20 More specifically, a normal Ethernet packet receiveé from
the management switch 20 is converted into optical data by
the media converter 10 and the optical data is transmitted to
the destination host computer or management switch 30 through
the optical cable. Contrarily, normal optical data received

25 from the management switch 30 is converted into normal Ethernet

packet by the media converter 10 and the normal Ethernet packet



10 destination address field, 6-byte source address field-,-.:data. field
of 48-1502 bytes; and 4-byte FCS field. In the c.as-.e.,:!of the trigger
packet, --predeterm ned-trigger data is witten, in. the source
addr-ess.-field. The trigger data is preferably unique data such as 15
identification nunber. Here, the ID nunbers assigned to a. circuit board
incorporated in the nedia converter 10 is used.- as the trigger data
because the circuit board nunber is..-a.-.. unique nunber assigned to the
circuit board by the vendor. Such a circuit board nunber is used as the

trigger data i9 gaierat eh20manhgen@et paciet Atawhigughe UePr esblieboar d
nunber stored in the source address field to transmt it to the nedia
converter 10. \Wednrehei gasg whaxacketrelsponag testown acttwtedoard numnber
stored in the source address field thereof, the nedia converter 10

swi t ches i nt othesporgeneast swbteh a2l grereardess aaspes pahsit hednegiagheatketo
send it back to the managenent switch 20. Wien receiving a packet having
dat a ot her thamciudingwpredeterningd toggemgater (beseadten,t haliedrae
address field thereof, the nedia converter 10 passes the packet as a

nor mal padkettriggesughcksbcind andddiansmits 2tijo T mediageeneriiiopdd
medi a converter A nedia converter according to a second enbodi nent of'.the
present i nventhesah (thep8THesePi®ed in detail hereafter. Referring to Fig.

3, a test-qan%g%g-equjgged medi a
Refefring to Fig..2, similar to a normal Ethernet packet,
a trigger paéket is’' composed of 8-byte preamble, 6-byte :

10 " destination address field, 6-byte source address field, :data. -
field of 48;1502 bytes; and 4-byte FCS field. In the ‘c.as:e.'?of
the trigger packet, predetermined trigger data is written.in.
the source address.field.

The trigger data is preferably unique data sucﬁ asd

15 identification number. Here, the ID number assigned to a -
circuit board incorporated in the media converter 10 is @sed;
as the trigger data because the circuit boérd number isx#-.
unique number assigned to the circuit board by the vendor. - Such
a circuit board number is used as the trigger data to generate

20 a trigger packet having the circuit board number stored in the
source address field to transmit it to the media converter 10.

When reéeiving apacket having its own circuit board number
stored in the source address field thereof, the media converter
10 switches into'response test mode and generates a response
25 pécket to send it back to the management switch 20. When

receiving a packet having data other than its own circuit



_-converter 300 is conposed of a.nedia converter 301 and a -.test nanager -

302 that is connected..,: to -the microprocessor 105 of the nedia
converter 301 through- -a.dedicated bus 303. Since 7=the medi a converter
301 has the. substantially same structure as the nedia converter 10 as
shown in Fig. 1, circuit blocks simlar ¥ those previously described with
reference to Fig. 15 1 are denoted by the sane reference nunerals and the
descripti.ons wll be' omtted. . The test manager 302

i ncl udes. a. -m croprocessor 304 and a network interface card (NIC) 305. The
m cr opr ocessdpo@td nisnbeppmiteceddinothdéesmmremdshessofitd8 thermedfa
converter 301 20 through the dedi cated bus 303. The network interface card
305 is connetheduedich convemrberklfapagea®rithe geickeatorss honayrmahr pagketa 10M
UTP cable. As will be described |ater, the test manager 302 nonitors the
link status, tmeewqlets test startup, and analyze and. judge 25 the
col l ected information. Though the above-described nedia 18 converter 301
works in a basically sane manner as the. converter 10, the difference

exi sts in exchanging control signals and data between the m croprocessor
105 and the n¥RESptsamboddmens,s of . the'test manager 302 through the

dedi cat ed bus %03 5 An o-eratlon Qf t e test systemusing the

\'t est - manager - P o) LRGSR = testribed elow in
detail.

\2, 2) Test Seqcl*llla converter accordlng to a second embodlment of the
.present invention will be described in detail hereafter.
Referring to Fig. 3, a test-manager-equipped media
iconverter 360 is EOmposed of a media converter 301.and_a{.
210+ - test managef 302 that is connected:tﬁ"the microproceséér 105
.of the media converfer 301 through-a.dedicated bus 303. Since
 the media converter 301 has thé.substantially same Sstructure
as the media converter 10 as shown in Fig. 1, ciréuit blo:'cks
similar to those previously described with reference to Fig.
15 1 are denoted by the same reference numerals and the des¢riptions
~will be omitted. |
The'tést manager 302 includes . a. microprocessor 304 and
‘a network interface card (NIC) 305. The microprocessor 304 is
connected to the microprocessor 105 of media converter 361
20 through the dedicated bus 303. The network interface card 305
is connected with a network management tool (not shown) through
a 10M UTP cable.
As will be desc;ibed later, the test manager 302 monitors
the link status, instructs test startup, and analyze and.judge

25 the collected information. Though the above-described media



-As -shown:'in.Fig. 4, it-is-assumed for sinplticity-that. the - 10. -

-t est - manager - equi pped nedi a converter 300 is connected :faith the
managenent switch 20 through UTP cable UTP1 and:'with.the other nedia
converter 40 through the optic fiber cable-"FO - and the nmedia converter
40 is further connected with UTP cab'le.:18TP2. It is further assuned that a
failure has occurred on '"the 15 UTP cable UTP2. In this case, since the
mssing link function is active at both nedia converters 301 and 40, the
entire fink is in a disconnection status. Referring.to Fig. 5, the test
manager 302 noontertexr 8BHe worlak iatabasichildyglandmamadraas aheecderesddr and
when it detects 20- the link disconnection (step S501), the test nanager
302 notifies 1lhethetdidrfie nemcagexisits fnaxablanghegl okt rali stgmaks bindrdastzat us
(step S502). Wien the network managenent tool receives the notification of
| i nk di sconneketiwgen itthe miscroprosesser t EE1 amghdder m3¢2Zopvoseasort 34 tast
program (step 25 S503). Wen instructed by the network managenent tool,
the 19 test ‘theidpat Iomagesr 892t hhroegh whrlidqdiagiesbdms 3Ad.causes the
medi a converter 301 to switch to the test node (step S505). Then, the

nmedi a converter 302ndPB&BERELOR Hef Hihssitash |Sﬂi$t?@néﬁwﬁ thatep S506), and
swi tches the, physical-la device 102 to 5 ForceLink Enable status (step
S507) to trahg W‘WQH§9FFy&&EFPPEQCR%@1%39??KF§qﬁ¥lﬁﬂ OqtfdLhukBefleserihednedi a
converter 40 \A/ritten dn tge source address field thereof to. the rredla
converter 40.%8i0W in det

\2.2) Test Sequence
As shown-in.Fig. 4, it is assumed for simplicity-that the
10 - test-manager-equipped media converter 300 is connected:with
the manégemént switch 20 through UTP cable UTP1 and:with:the
other media converter 40 through the optic fiber cable FO. and
" the media converter 40 is further connected with UTP cable :YTP2.
It is further assumed that a failure has oécurreci on '.'the
15 UTP cable UTP2. In this case, since the missing link funcfion
is active at both media converters 301 and 40, the entire link
is in a disconnection status. o
Referring. to Fig. 5, the test manager 362 monitors the
link status _1;hi:ough the media converter 301, and when it détects
20 - the link disconnection (step S501), the test.manager
302 notifies the network management tool of the_link
disconnection status (step S502). When the network management
tool receives the notification of link disconnection, it
ipstructs the test manager 302 to start the test program (step
25 S503).

When instructed by the network management tool, the



~After.transmtting the trigger packet, the nedia convert -301--di sables the -
ForceLink (step S508..).-and notifies the test manager 10 302 of the |ink
information::: Thereafter, the nedia converter 301 returns to the nornal
node. -. (step S509) and then waits for. the corresponding response
packet-to the trigger packet to be receil®ed. On the other hand, when

havi ng received the trigger packet 15 fromthe nedia converter 301, the
medi a converter 40 is switched to the test node (step S510) and. di sabl es
the. missing link function to transmt a response. packet back to the

medi a converttext 3@hagetreP0B54tartsihdreedber motibe ( sieep 8 2WV ericercadBes
returns to the normal node (step 5512) . Wen the media converter 20 301
recei ves t he tthespedsa quacieattefrr 39 tHoeswiticla toohbertast m@de {seepnsdoD) .
converter 3QL reads the link information fromthe response packet and
notifies the Thest, temagdia3gmveriert3th diswbalrs tBemigming dink Hangtikn

i nfarmation received fromthe nedia converters 301 and 40 to judge the 25
| ocation of afSt#pP §686) st apd SsuBychemdheophyisésathdarer wdekias Meht t ool
of the test result. 20 2.3) Test control of nedia converter 301 Referring
to Fig. 65" mﬁ&?qeﬁén#egﬂah’hﬂaﬁ'é?t%z(%e&r £30¢hetor EEEnABle tvESBIIIRp
S601), the mcropraocessor 105 of nmedia converter 301 di sables the m ssing

link functi oP3Ckedationg the ughgue HyPrEL: Hae pridacanyenf&T 4R wrdetes2 to
ESLSEH 2Ir< .I:Enabl %heséo%yc?e L (c)i Eaggst[?elc?tElrelrg,ggrtg%%kee}ne}i:?atgoenyeelzg:termi(al-a
“ After transmitting the trigger packet, the med1a convert 301
disables the ForceLink (step $508)..and notifies the test manager
A {14 '302 of the link information:rimereéfter, the media convgrter
301 returns to the normal mode - (step S509) and then wéité'for.-
the correéponding response packet -to the trigger packet to be
;received.
On the other hand, whén having received the t’riggef pacicet
15 from the media converter 301, the media converter 40 is switched
to the test mode (step S510) and disables the missing link
function to transmit a response packet back to the media-
. convertér 301 (step S511). Thereafter, the media converter 40
returns to the normal mode (step S512). When the media converter
20 301 receives the response packet from the media converter 40,
the media converter 301 reads the link information from the
response packet and notifies the test manager 302.
The test manager 302 analyzes the link information
received from the media converters 301 and 40 to judge thé

25 location of a failure (step 8513), and notifies

' the network management tool of the test result.



40 (step-.S603).. -After transmtting-the trigger packet. addressed to the - -
next.nedia converter 40 (step S604), the" mcroprocessor 105 ..disables
ForcelLi nk status (step S605) and then !.acquires the 10 lin.k information

from each physical -l ayer device:.:(.s.tep S606) . The m croprocessor 105
notifies. the test. nmanage-r-.302 of the2oacquired. link information
t hrough the dedicated--.bus.303 (step :..S607)...... . Then, the

m croprocessor 105 returns to the nornmal node 15 (step S608) and waits for
t he response packet to the transmtted trlgger packet to be received (step
S609). When . .2.3herdBic raapyis 3 d SRS I esponse packet :(YES
-at step S609)-, it reads the Iink |nforrrat|on stored in.the response
packet to notify t Ref ¢singreinaliisy . 80 2whés ttdye 66s1 Manaddean30 stwerts the

m croprocessor 105 receives any packet other than the response-packet (NO
at step S609)tesitt mpdst (YBRrdf sitepi $6Qkt efheSeityopeassoe 1&stohmedias not
started (NO at step S601), the m croprocessor 105 determ nes whether the
trigger packewnvesthas3bbeh sabdeisvtteonisming diaf Sencyionheatarh&60R) gger
packet has not been received (NO at_step S612), the control goes to 21 the
step S6083 Spad sVikehss thiwephyHcaphnlaven dﬁag@ 192 teefaxmeligik Epaple -
recei ves a packet, the PLD 104 determ nes whether the data stored in the.
FI FO nmenory s43tus End rpreddti négioprgRackdata thmeesbired e foprrEger

n r h n n n,thi se, the conte of FI.FO
rrgrrnngy) 185 ;[ é E@edet gé%n t ﬁgf%eg‘tr nsmlttlglg t?leci?rfgger packet. agdressed

to the next.media converter 40 (step S604), the microprocessor
105 disables ForceLink status (step S605) and then:acquires the
10 -link information from each physical-layer device:. i{step $606).
?The :.mi"croprocessor 105 notifies the test. managerr'.'.-3'02 of the
acquired. link information\through the dedicated:'bus.303 (step
-§607) . . '
Then, the microprocessor 105 returns to the normal miode
15 {step S608) and waits for the response packet to the transmitted
| trigger packet to be received (step S609). When
the microp-rocessor 105 receives the response packet (YES at s-tep
S609), it reads the link information stored in.the response
packet to notify the test manager 302 (step S610). When
20 the in_icroprocessor 105 receiveé ény packet other than the
response packet (NO at step S609), it just transfers it (step
S611).
When the test mode is not started (NO at step S601),
the microprocessor 105 determines whether the trigger packet -
25 has been received or not (step S$612). When the trigger packet

has not been received (NO af step S612), the_ control goes to



timng. of the source address field thereof as shown in Fig. 2. Wen the
trigger data addressed to itself is found in the source address. field, it
is determ ned that the trigger packet has been "received. 10 Wen the
-‘trigger packet- is received (YES at step S612:).,: the mcroprocessor-105
.of -nmedi a converter' 301 di sables the m s<ing |ink function step S613) and
acquires the link.1 information fromeach physical-|ayer device (step
S614). As described above, -the microprocessor 105 generates the response
15 packet having.the acquired link information witten in the

pr edet er m nedth®saep®@608andhacd finhiliy| whieh thephpatlcelslagendeviiciedddr
packet (step S615). After transmtting the response , packet, the control
goe-s. to theostH2 SEO8ives4y JdasketrortheoPLdf 104sdetanaiees 2hddiar rihey to
Fig. 7, unless instructed to start the test fromthe network nanagenent
tool (No at sdate StPred thethe rIRG oemosyr 19641isf thaepredel ingdhduri ey
nmonitors the link ,status through the m croprocessor 105 of nedia
converter 301da‘(%t(ébe§ﬁj2‘-)‘i&1ﬁé}téi%ié‘ﬂ mAvmke iihat Hére phedptakniseditsigtimeect ed
25 - or not (step 5703) . Wien the link status is normal (NO at step

S703), stéps Brdhisngasyother ecrbpebtadd FEFO reppey 11t i shegpegat the

I nstruction has been received. Wien the m croprocessor 304 detects the link
di sconnect i ontifiEs 04t the Seusee33dareRs FlelGpFReEeRbra3FRoWs: £1i BT - t4he

network managanent L% oder 8ed b4 S5 SSIVPEELE s 43! EBuna in the source

address field, it is determined that the trigger packet has been
received. | |
10 Whén the trigger packet is received (YES at step S612).,
the microproceséor‘iOS.of"media éonverter'301 disables
the missing link function'tsfep S613) and acquires the link:
' informatién from each-physicalQlayer devige.(step S5614). As
déscribed. .above, the microproc_essor -105 generates the response
15 packet having the acduired link information written in the
pitedetermined location, and transmits it to the source side of
trigger packet (step S615). After transmitting the response : : -
packet, the control goes. to the step SGOé.
2.4) Ieﬂ_mn_t.rgl_gf_x_e&t_manag_e;
20 - : Referring to Fig; 7, unless instructéd to start the test
from the network managemeﬁt tool (No at step S701),
-th:e microprocessor 304 of the test manager 302 monitors the link
;st;tus through the microprocessor 105 of meaia converter 301
(step S702) and determines whether the link is-disconnected
25 . or not (étep 5703) . When the link status is normal (NO at step

S703), steps S701 and S702 are iepeated until the test startup



5.S704). and. waits.for the test startup instruction to-be recei-ved -fromthe
net wor kK managenent tool. Wen'the' m croprocessor 304 is instructed to start

the test.by the network nmanagenent tool (YES at step S701) , it starts
the test node of nedia converter 301 -(step...S7.05) and waits for .10 :
li:nk:: information to be received from-,nedia.' :converters (here, MZ301

and MC40) within a predeterm ned tine-out period (steps 5106-S708) . Upon
receipt of link information froma media converter (YES at step S706), the
nlcroprocessor 304 arranges the link 15 information (step S707) and, after

an el apse- of rE%Jﬂé%I%SeE nggeﬁsgggﬁgﬁ%frnlnes a test result based on the
0

acquired Ilnk ormation r.exanple, if the m croprocessor

304 does not acqui yfoh K AOLAIIIEABOLIA Al eI tha 1GUNETd it et 1

t he predeterm ned medi a converter can
det er m ned thé?Eéiata'EQE6596§PrStﬁ@ hilerSPd R sG¥RV 8hUCho P PEs L he optic

fi ber cable connecte etween the nedia converters 301 and 40. In the case

where the m GiRPRESDIR mdR4gERERE VESoT Nx Nl f1iiRt H9BCWAhABER  oft NEstep
predeterm ned tine fromboth nedia converters 301 and 40, 25 it can be

determ ned from4)handivik donkeraid e8st antines LA ruttiton®dl Be GR¥eaRer 40
whet her a failure occurs on the UTP cable 23 UTP2 (see Fig. 4). The test

manager 302. f¥n fhes nkliRopRt Men&gemstagadoylt. t ool of the test result (step
S710). As described above, in the network conposed of plural media
When the microprocessor 304 is instructed to start the
test.by the network management tool (YES at step.8701), it starts
the test mode of media converter 301 (step¢8205) and waité for
..10:;linkuinformation to be received from-media converters (here,
: 'MCSOI and MC40) within a pfedetermiﬁed time-out period (steps
.. 5706-3708) .
Upon receipt of link information from a media converter
(YES at step S706), the microprocessor 304 arranges the link
15 . information (step S707) and, after an elapse of the
predetermined time, determines a test result based on the
acquired link information (step S709). For.example, if
the microprocessor 304 does not acquire link information from
" the media converter 40 within the predetermined time but from
20 the media converter 301, it can be determined that a failure
.occurs in the media converter 40 or the optic fiber cable
connected between thelnedia'converters 301 and 40. In the case
where the microprocessor 304 receives the notification'within
the predetermlned time from both media converters 301 and 40,

25 it can be determined from the link 1nformatlon received from

the media converter 40 whether a failure occurs on the UTP cable



converters, when trigger packets are sequentially transmtted 5 to plural
medi a converters, it is possible to detect a failure based on their
response packets. Since the above-described failure detection can be nade
by using only nedia converter 300 w thout any additional. functions to

managenent switch 20, the_-.. systemstrpgture:.is-.sinplified. 10 2.5)
Test control-.of; ;'nedia converter 40 Referring to.Fig..S8;
-...the. mcroprocessor 403 determ nes whettier..:' the trigger packet

1. has :-been received (step S801). Wen.--the trigger packet has.
been-recei veduf¥ES(gde Stp. I01) The t sty 3D0Mot@Fidssabl es the

m ssing link function (step 15 S802) and then accesses internal resistors
of each physthel néttyerk detieenicntacgolr ofl thk taforredulon (sdegp $3803). As
descri bed before, th.e.m croprocessor 405 generates a response .packet
PRPL havi ng the ac@s descitibdd abdws mhhitdre netwdrncomposed lof-plussdunedia
address field thereof, and transmts it to the source 20 (step S804). After
that, the m ccoprvecesss wheh treiggens peaketiseanersajuenddal(ist epaf8dbitedhen
the trigger packet is not received (No at step S801), the m croprocessor
405 al so r¥et utaplumlt hedharemivenmicdes|sibpl6FOF)sible td detaati meheilsré

t est - manager - equi pped nedi a converter according to a. 24 third enbodi ment
of the presenbPasedern ey |nespengespafrlietis - RSLace ket abprg-described

t est - manager - equi pped nedia converter 300 has a' port PO connected tobthe

net wor k nmanag re detection can be made by using only media converter 30
without any additional functions to management switch 20, the..

system structure is-simplified.

10 2.5)
-Referring to Fig. 8,.the microprocessor 403 determines whe?’t‘;:l:ler---:'
the trigger packet :has:been received (step $S801). When.the
. trigger packet has been received (YES at'step s801), .
the microprocessor 405 disables the missing link function (step

15 S802) and then accesses internal resistors of each
physical-layer device to acqui.re link information (step S803).
As described before, themicroprocessor 405 generates a response -
-packet Ppp, having the acquired link information written in-the -
source address field thereof, and transmits it to the source

20 (step S804). After that, the microprocessor 405 réturns~£o

| the normal mode (step S805). When the trigger packet is not
received (No at step S801), the microprocessor 405 also returns

to the normal mode (step S805).

I] s ! 1 !l !

25 A test-manager—-equipped media converter according to a.



tool and N pairs of port Pil and Pie (i =1, 2, 3, ... , N) corresponding 5
to N nedia converters MCl to MCN, respectively. The test manager 302
manages each of the nedia converters MCL to MCN as descri bed above.
Referring to Fig. 10, a switching office 500 is provided wth the

t est - manager - equi pped nedi a converter 30®4and a switch :1'C:"' :501
including a central processing-., unit--::(CPU 502 for switch ..control.
The switching office 500- has'N. (Nis an integer greater than 1)

subscri ber lines, each.of which is connected to the nedia converter 10 of
a different siHiser icadodifiénbyofintloptgrealentti haventadh ewiltlloe dEseribRdsi de
ports of the N nedia converters MCL to MCN are connected to input/output
ports of the sw tcRebOirityg oty tFidJTR,cabltest thftiadHP quigyest edklay .

.. The.test manager .302 nmanages the nedia converters MCL..to MCN as

descri bed abaoxnvertlee Be8thamagymne®; dammected of thieenébedrhmang@er@d? i s
20 substantially performed by the processor 304 as described before (see
Fig. 3) . Acderdi amd § pailvs ehpert FacaidRi.chin=Be 3Pt eneNl eprusppondioByu 502
of the switch 501, which will be described with reference to Fig. 11. As
shown in Fi g.tqm,me@lmmv%@@@aﬂﬁi BodiCnt HesPRICLdNPAY- Theotesamangger
includes a chassis 600 nmounted with the nmedia converters MCl 'to MCN and a
switch 601 i tdANARgYes Gaghed thrsmedia qmyeshersMe bP dYnats descrdbred

processor on. Whl ch a switch control function 603 and a test manger function
604 . above. '

Referring to Fig. 10, a switching office 500 is provided
~.with the test-manager-equipped media converter 300 and a switch
+.190::501 including :;1 central processing,unit -:1(0150) 502 for switch
“.control. Thé switching officé 500 haé"N.'(N is an integer <._:;rlea‘t.er
= than 1) subscriber lines, each of which'is connected to the media
. conver_tér 10 of a different subscriber 503 by ah optical fiber
caﬁle. |
15 .- The UTP-side ports of the N media converters MC, to MC,
.are connected to input/output ports of the switch 501 _thro'ugh
TP cables' UTP,-UTP,, respectively.:.The test managér
| '.-302 manages the media converters MC, to MCy as described aBofre.
i:['kl1e test management function of the test manager 302 is
éO substantially performed by the processor 304 as described befbre
(see Fig. 3). Accqrdingly, the same function can be implemented
'by the CPU 502 of the s_witch 501, which will be descriised with
.'J':elference to Fig. 11. | |
As shown in Fig. 11, a modified example of the switching
25 office 500 includes a chassis 600 mounted with the media

converters MC, to MCy and a switch 601 including a CPU 602.



corresponding to the test manger 302 are inplenented. The test manger
function 604 manages the nedia converters MCL to 5 MCN as in the case of
the test manager 302. Since the CPU 602 of the switch 601 not only
controls- the swtching but al so nanages the nedia converters MClL to MCN
the CPU 602 can be efficiently used. Ingddition, since..-there is no
need of..the test manager 30.2, the anpunt of "hardware- can 10 be
reduced, -: achi eving miniaturization. As described .above, according to the
present -.inv-entLon, by sequentially. transmtting trigger packets to

plural media CONVEpLeEsy. eof 4d W S.A5kant LoRcEa be pdeolasebPlgl T

response packets. Particul ar e response p een
received fro i i dh arGONVESd YoIWahAi B 88t RER .efdﬂ'ét%%r{i , it
can be deter %?\sevﬁ&{ atclagq?a;ll ure. -has ocgur I‘Ed-IQn- nor eg%:’: stant fromthis

medi a convert&ely RIRfiAGC to ERE OESURIYS B022aka1 LHpEehBniedi! Mhe
i ncl udi ng nedi a converters can be easily detected and the |ocation of the

failure can bgest?GhaiRRE Fugdtion SONE mRfds thaCheBBE 8oRPB¥EELEMEARO
discrimnate a trigger packet addressed thereto fromother trigger packets

and normals paekehs. inAEROTSHIYIof theetbestmamslge£a¥0be activated by
receiving the trigger packet and the response packet in response to the

trigger. 25 packet sancédeireOPUBIK ofothid@wiachce0l THuar ehayecdiierdlinkhiest
can be started fromcable side and it can be verified by receiving 26 the
response packstitdeiingnbtt arilsp nhpagenikhreemetis ienveadiers MC; to MCy, the
| CPU 602 can be efficiently used. In addition, since..theére
is no need of the test manager 302, the amount of hardware can
10 be reduced, achieving miniaturization.

As described above, according to the present inwention,
by sequentially transmitting trigger packets to plural media
converters,. failure detection can be made 'based on theixr: _
response packets. Particularly, when the response packet

. 15 has not been received from a certain media converter within the
predetermiried time, it can be determined that a failure. has
occurred in more distant from this media converter. Therefore,
the occurrenée of a failure in a link including media converters
can be easily detected and the location of the failure can be

20 specified to some extent. |

Each media converter can discriminate a trigger packet
addressed thereto from other trigger packets and normal packets.
Accordingly, the tes;t mode can be activated by receiving the
trigger packet and the response packet in response to the trigger

25 packet can be sent back to the source. Therefore the link test

can be started fromcable side and it can be verified by receiving



converter. but this nedia converter itself are normally operating. Further,
when each nedi a converter receives any trigger 5 packet other than the
trigger packet addressed thereto in the status of missing link, the nedia
~converter is switched to the normal node to pass this received packet
through. Therefore, since a packet whichdoes not target this nedia '
converter for -the response test is passed through, the link test can be i0
performed nore distant fromthere:..- - . According to. the

t est - manger - equi pped nedi a-converter, when a |ink disconnection

i 5: detected, (e JHloIGLRef! Lot GullyARHE b ibhe LLEAOER: BaRkst ;and

can performt ure tect|on fest by recelving t fe response pac

Si nce no 15 a@&k&ébﬂféal] bfu‘én%h? Téé?lé é@rﬂfeﬂ}iﬁﬁnnbgﬁl rlreffﬁarlesnﬁﬁﬁléiwd the

system structure beconmes sinplitied. Fourth e
Packet - buf f erg medi a converter Referring to Fig. 12 a
packet - buffer-eqU|pped media 20 converter 700 according to a fourth

enbodi ment of the puesgat, WHMERLICANME@Sa &diRidrielr REEESVES and Ag g}w
are connected to a UTP cable and an optical fiber cable, respective The

port Pl ofs t Heagiaakethbuf £64n et RREGgEE dhat e eekires sed0fhé Se b OMi d;eié with
a physical -1 ayer device (PHY) 701, which 25 is connected to a FILFO

(First-in-firsfatoig ofmmiesynd0Binka tthe iediackehveutber i£028watches &4 |
interface 703 conformng to
the normal mode to pass this received packet through. Therefore,
-since a packet which does not target this media converter for
.the response test is passed through, the link test can be
'116: performed more distant from there.: -

According to the test-manger-equipped media  converter,
when a 1link disconnection is.detected, the tést mode is started
to transmit the trigger packet ‘and can perform the failure
detection test by receiving the response packet. Since no

++ 15 additional function to a management switch is required, the

system structure becomes simplified.

Referring to Fig. 12, a packet-buffer-equipped media
20 converter 700 according to a fourth embodimeﬁt of the present
invention has a pair of ports Pl and P2, which are connected
to a UTP cable and an optical fiber cable, respectively.
The port P1 of the packet-buffer-equipped media converter
700 is provided with a physical-layer device (PHY) 701, which

25 is connected to a FIFO (First-in-first-out) memory 704 via a



| EEE802. 3 standards. The other port P2 of the packet- buffer-equipped nedia
converter 700 is provided with a physical-Ilayer device (PHY) 705, which is
connected to the 5° FIFO nenory 704 via an M| interface 706. The FI FO
menory 704 allows frequency devi ations between transm ssion and reception
to be absorbed. A mcroprocessor 707 of tZie nedia converter 700 can access
internal registers including farEF (far End Fault.)-- register and 10
Force Link register incorporated in the physical-layer devices 701- and-
7.0.5. %according to | EEE 802. 3-standard M1-: _.-.Accordingly,

| i nk. i nf or matpasrkeitnduddeirng0ri arkd ezt AT sirbetfaces 78B8usonfidtminghtd f / f ul |
dupl ex can be acquired fromeach physical -1ayer device. 15 Further, the

m cr opr ocessciEER¥D2 .whetandardsi v&bepatker pouk Beerf sthy aihdkett-he FI FO
menory 704, determines -,the type of the received packet fromits header

i nfor mat.i on. Fdifeaxgapiippedi nedsa dqeensreritead "W d8 prevédednwibtli dary data
packet and a control packet requiring predeterm ned informati on has-been
20 recei ved. Bsisadmdpyert devise r ofocddor Whdrhcdst FeRBeCEARUEP othDuUt of
t he packet buffer 702. As described |ater, even_ when a Link di sconnection
occurs onJond G0 pgEoEYP (hpie aRdMIt HOtEEERES 799 befPEaBTED ReROTINS

i nput / out put ntrol allows 25 packets r%cei ved fromthe ot hgr cable to be
stored in t hé (Y’I?e#’re%‘ﬁﬁrfcé\f % gtﬁ%ns between transmission an L reception

to be absorbed.

A microprocessor 707 of the media converter 700 can access
internal registers in.cluding farEF (far End Fault) register and

10 Force Link register incorporated in the physical=layer devices
701 and 705:according to IEEE802.3—stand'ard MI"I'-;-_.-'Ac;cor.dingly,
link information indicating link establishment.status and/or
half/full dupléx can be acquired from each phfysica‘l—layer
device.

15 Fufther, the. microprocessor 707, when a received packet
has been st.ored in the FIFO memory 704, determines ;t_.he type of
the received packet from its header information.  For example,
it is determined which one of an ordinary data packet and a
qontrol packet réquiring predetermined information has been

20 received.

Furthermore, the microprocessor 707 controis
input/output 01_‘. the packet buffer 702. As described later, even
whén a link disconnection occurs on one of the UTP cable and
the optical fiber cable, the such input/output control allows

25 péckets received from the other cable to be stored in the packet

buffer 702.



The packet - buffer-equi pped nedia converter 700 normally perforns only nedia
conversion.. Mre specifically, when the physical-layer device 701 has
recei ved an Ethernet packet from the UTP cable at the port Pi, it is
transferred to the 5 physical-layer device 705 through the FIFO nmenory 704
and is converted into optical data to be fransmtted to the optical fiber
cable fromthe port P2. Contrarily, when the physical-|ayer device 705-has
recei ved- optical data fromthe optical fiber cable -at. the.-port P2, it
is.converted into an 10 Et hernet packet by the physical-layer device 705

' to,- ical -l ayer deyice 701
houg. cha 1S IR s P PRG0S S B
o ' i SCO |
Pobl e ihe m Sertorfi Bhiy #ORls RAdVEEARCONMEE GBS Wity the

device 705 toghR@ibhikdiesUnat 901 S H%f:gi%ﬁo‘{rgiﬁ%egsﬂterﬁg?%%]ﬁta from

present - --enbodi nent, however, it is possi to set

converter 700the 95PNetble AEtindtRAtheini 3% By 'tEaKsEEPEE&OEkR #Aggcordingly,
even when a link disconnection 20 occurs on the UTP cable, the

physi cal - | ayephgeicat-T8pet sddscitie 70% @Rrondhnehy BERO Mferid Al UD4 AoWsng
reception and transm ssion of packets at the port P2 connected to the _
optical fibeconabkreedFoiit@xaptiloal datanter Ber 0££56RI t ddy tARMRCEPSTcal
internal registers incorporated in the physical-layer device 25 701 to
acquire link ifaberneabbe frwh trhengoirtt PR .t cCditeranfitliygalwhen the
-physical-layer device 705 has received optical data from the
optical fiber cable at.the port P2, it is converted into an
10 Etherpet packet by the physical-layer device 705 and the
Etherhet packet is output to.the physical—laYer device 701-
through the FIFO memory. 704 to be transmitted to the UTP cable
from the port Pl!
In the prior art, when a link.diséonnection occurs on the
15 ﬁTP cable, the missing link function is activated to sef the
physical-layer device 705 to the link disconnection étatus.
According to the present“embodiment, however, it is péssib;e-
to set '1-:he media converter 700 so as not to activate the missing
link function. Accordingly, even when a link disconnection
20 occurs on the UTP cable, the physical-layer device 705 is kept
| in an ordinary active status,'allowing reception and
transmiésion.of’packets at the port P2 connected to the optical
fiber cable. For example, the microprocessor 107 can access
internal registers incorporated in the physical-layer device

25 701 to acquire link information and transmit it to the optical

fiber cable from the physical-layer device 705. When having



fiber cable fromthe physical-1ayer device 705. Wen having 29 received a
packet fromthe optical fiber cable in such a status that a |link

di sconnection occurs on.the UTP cable, the m croprocessor 107 stores the
recei ved packet into the packet buffer 702. And when the UTP cabl e has
recovered from 5 a disconnection status, 2b6he received packets stored in

t he packet buffer 702 can be sent to the UTP cable. .4.2) Transnission
system,.-Referring to Fig. 13, it is assunmed for sinplicity that
a:.subscriber line systemis conposed of a subscriber house 800 10 .:.and-
a. switching akkietec8® padikie€hf ot theospt Bed e €dbelbycabltibacsudiera sthtae
.that is an optical fiber cable. The. subscriber house 800 has..a personal
conmput er 801 ahdtt helpakkeisdorirdeartiequioppadsnedi the COT® exdkele,700 t herei n,
whi ch are connected-by a UTP cable 802. The packet - buffer-equi pped nedi a
converter 700thse minneptrecessod S0 rskdirascbheereeei vdd prckete igwid diieng

of fice 900 through the optical fiber cable. The switching office 900 is
provi ded wit hpagkepl bvEfér y70F. nded avheondet BTE ¢akl eidiamy relsoveredi from
converter 901, which each correspond to different. subscribers, and a
switch 9023 Tﬁedsﬁppehegwomegtam@,udf@enﬁﬁc%vgdtmke% Heddm the
subscri ber lines. The nedia converter 901 may be a conventional one, may
be connected Packrt PukferpHigrambe S§§tsﬁemfﬁh?nuﬁgcaklj€? or may be

controlled by the test nmanager function 604 in the switch 601 as shown in
Fig. 11. As des%T3bé%35§¥%ﬁg%99h§¥§E?§ a possibility that the
~‘Referring to Fig. 13, it is assumed for simplicity that
.a:subscriber line system is composed of a subscriber house 800
107 sand-a-switching office 900, which are connected:by a subscriber
. - .line that is an optical fiber cable. The subscriber house 800
. has.a personal computer 801 and the packet-buffer-equipped media
converter 700 therein, which are connected by a UTP céble 802.
The packet—buffer-—equipped medi'a_ converter 700 is connected to
15 amedia converter 901 of the switching office 900 through the’
| 6ptical fiber cable. The switching office 900 is provided with
q:'plurality of media converters including the media converter
. 901, which each correspond to different. subscribers, and a
switch 902. The switch 902 may include monitors that
.20  each monitor subscriber lines. The media converter 901 may be
a conventional one, may be connected to the test manager 302
as shown in Fig. 10, or may be controlled by the test manager
function 604 in the switch 601 as shown in Fig. 11.
As described béfore, there is a possibility that the
25 personal computer 801 used in the subscriber house 800 is

frequently powered on and off. Every time the personal computer



25 persaonal conputer 801 used..in the. subscriber house 800 is frequently
powered on and off. Every tine the personal conputer 30 801 is powered
of f, the UTP cable 802 becones in a link disconnection state. Wen the UTP
cable 802 is in a link disconnection state, however, the

packet - buf fer-equi pped nmedia converter 700 according to the present

enbodi nent can use the 5 packet buffer 7 to keep the optical fiber cable
active. More specifically, the switch 902 of the switching office 900 can
send data to the packet-buffer-equi pped nedia converter 700 through the

optical -fi bersgf\b.l e an%rré%niol;fgr £$Ign@1§1tl%%lof éd}epe%%%tlé%t ;RQutf 4T rﬁglr:; pped

. ow
medi a converter fﬁ)%y acqul ri hg Inrormati on ereor. .

anot her Vi -e. 4n0idtnccAS ANAMICED Fidn 1o biB' cabianah sed o systam from

t he personal conputer subscri ouse e swtch 902

of the sw tchj i i Lyide kel < i
nmedi a conver'P%irwciOSrfH 6:5' l?%tsotqét)%o' %% Yi?’oghgébn%a%’]%s 1001 ggg&%%gggaql\/%%ead

speci fi Ca! | _y’coﬂxr@rt_%c‘?@b' Qéﬁéﬁin%o%odkﬂé%éé}?c Teh@a%%i%éﬁitoeaﬁylﬁérﬂﬂé“ 0
the <collision domain 1001-directed to the swtch 902 and the. collision

donai n 1002 did@edeButeet NRPEHIQY tROGPH RIa18@iber - carh3hcORobal iM¥Fe20

Referring to Fig. 14A, when the personal conputer is powered. on and
normal |y opersje&srildad 19ackne - dud e -o02qwirpRred BRdtancrgVer £ de b Rl |y

perfornms nedia conversion as described before. Accordingly, packet
transfer is nosmildata to the packet-buffer-equipped media converter 700
| through the optical.fiber cable and monitor the status of the
packet-buffer-equipped media converter 700 by acquiring .link
10 information thereof.-

From another - viewpoint, as shown in Fig. 13, the .
transmission system. from the personél computer 801 of the
subscriber house 800 to the switch 902 of the switching . office
900 is divided by the packet—buffer—eqﬁipped media converter

15 500intotwocollisiondomainleOlaﬁlebZ. More specifically,
the packet buffer 702 divides the ﬁransmissipn_system into the -
collision domain 1001 directed to the switch 902 and the .
collision domain 1002 directed to the personal computer 801..

4.3) Operation

20 Referring to Fig. 14A, when the personal computer is
powered on and normally operates, the packét-buffer—
equipped media converter 700 normally performs media conversion
as described before. Accordingly, packet transfer is normally
performed between the personal computer 801 and the switch 902.

25 As shown in Fig. 14B, when the personal computer 801 is

powered off, the collision domain 1002 becomes in link



performed between the personal conputer 801 and the switch 902. 25 As shown
in Fig. 14B, when the personal conputer 801 is powered off, the collision
dormai n 1002 becones in link 31 disconnection state but the physical-I|ayer
device 705 is kept active. Accordingly, the nedia converter 901 of the
switching office 900 is also kept activel resulting in nornmal

communi cation maintained in the collision domain 1001. 5 For exanple, when
the switching office 900 has received a packet of data addressed to the
subscri ber house 800, the switch 902 forwards it to the subscriber house
800 t hrough tdigsconplectabnfsbete taltd eheVPleys iE@tieiddyey deeipacked i kepta

fromthe .:switch 902, the nedia converter 7Q Q :tenporarily stores it in
10 the packetaduifvieer Addbnditriydyt, thansfdbra cogvetrtén ddleofietsormiitching
--conputer 801 during power-down. -Thereafter, when the personal .conputer

801 i s power effiijgea®@0stiar a$se okeptatagigivegr melsint tinghén npumw&Et of data
stored in the packet-buffer 702 is sent to the personal conputer 801
t hrough t he. UiPneablcetios maivtatned cly theheoddastion domaimntl@k. t he
subscriber line .(optical fiber cable) installed in the swtch 902 may
send a .PBink infoFeatempleguebenstipavitehing pEfigecOV draerersd ved
:regular intervals to nmaintain_the normal” conmuni cation state of the

col i si on dofaPacket1of| Aataspdiresses (49 $hej srbseTiResr Aeesd B Qg

signal, the m.croprocessor 707 accesses the internal regjsters of the
physi cal - | ay SWiF&hi 282 APrwagdsadfufe &her REPP PRk hf TS 985. %%&Qea

response pac_lg%ttifé%\ii Pﬁoérhgable-. When receiving the packet of data from the
:switch 902, the media converter 700_$emporarily stores it in
10" .= -the packet buffer 702 without trénsferrrng it to the personal
~computer 801 duriﬁg'power—down. -Thereafter, when the personal
ccomputer 801 is powered up and starts operating nqrmally,'the
-.packet of data stored in the packet-buffei 702 is sent to the

1personél computer 801 through the. UTP cable.

15 Alternatively,themohitorcircuitforthesubscriberline
{optical fiber cable) installed in fhe-switch 902 méy send a
--link information'request signal to the media converter 700 at
regular intervals to maintain the normal communication state
of the collision domaiﬁ 1001. .In response to this linkf

20 information request signal, the microprocessor 707 accesses the
internal registers of the physical-layer device 701 to.acquire
the link information and sends a response packet having the
acquired link information back to the switch 902. When having
recéived the response packet from the subscriber house 800,

25 the monitor circuit determines that the line between the media

converter 700 of the subscriber house 800 and the switching



acquired link information back to the switch 902. Wen having received the
response packet fromthe subscriber house 800, 25 the nonitor circuit
determnes that the |line between the nedia converter 700 of the subscri ber
house 800 and the switching 32 office 900 is normally operating and the
UTP-cabl e side of the nedia converter 7082 is in a |link disconnection .
status. 4.4) Conparison Advantages of the packet-buffer-equi pped nedia
converter 5 are apparently found by conparing to the prior art as shown in
Fig. 14C. According to. the prior art, the transm ssion systemfrom the

switch 902 t cotficepoial noeHall ¢roB&dattions iftic thle UT®-shbgkesiael bEsi on
domai n- 1003 as shown in Fig. 14C. Accordi:ng.y, when 10 a |ink’

di sconnect i ontigd nidwid/tAnvaliterwrodi his tire &5 dhisk idieconhegtéonostedtas.t he.
medi a converters 803 and 901 activate the-.-.mssing |ink function,. which
causes the ent é4rd)cobiparisomionai n: -1003 to be automatically set to the '
di sconnection status.;..-..-Dlring such disconnection, the nonitor
circuit of the sw RAdhafdagds ofanmdipaskattbuffée-opripred fiedén eubtertan t he
medi a converters at all. Further, the switch 902 cannot send data to the-
subscri bes um¥e apparpakiyntduchByucerpBOinNhie bherPpoweleed- ap. shewn in
contrast, according to the present enbodi nent, the packet buffer 702 of
the medi a contdF+ drdCZ00 divi des-the 20 transmi ssion systeminto two

col lision domai ns 1001 and 1002, Wen the UTP cable within the subscriber
house is in a |inkAccording to.the prior art, the transmission system from

the switch 902 to the personal computer 801 consists of a single
‘collision domain 1003 as shown in Fig. 14C. Accordinglyy .when

10 alink disconnection of the UTP cable within the subscriber house
occurs, the media converters 803 and 901 activate the.missing
link function,. which causes the entire collision domain:1003
to be automatically set to the disconnectj;on status. - .Buring
such disconnection, the monitor circuit of the switch 902

15 cannot monitor the optical fiber cable and the media converters
at all. Further, the switch 902 cannot send data to the
subscriber until the personal computer 801 has been powered-up.

In contrast, according to the present embodiment, the

packet buffer 702 of the media converter 700 divides the

20 transmission system into two collision domains 1001 and 1002.
When the UTP cable witﬁin the subscriber house is in a.link
disconnection state, the packet-buffer-equipped media
converter can use the packet buffer to keep the optical fiber
cable active, allowing data transmission from the switch 902

25 of the switching office 900 to the packet-buffer-equipped media

converter 700 through the optical fiber cable and further



~di sconnecti.on state, the packet-buffer-equi pped nedia converter can use -
t he packet buffer to keep the optical fiber cable active, allow ng data
transm ssion fromthe switch 902 25 of the switching office 900 to the
packet - buf f er - equi pped nmedia converter 700 through the optical fiber cable
and further 33.. .allow ng nonitoring of thg status of the subscriber house.
34 Cains: 1. Atransm ssion systemfor transmtting data between a first
conmruni cation point and a second conmmuni cation point along a link,
conprising: a plurality of nmedia converters included in.the link, 5 each
of which. CO’H%Jl'o%Q%Zg ﬁlo‘}ﬁ"tﬁﬁsiﬂgyéf é'sacyaeﬁ'ué %ffefth%‘?%uhgcéi{a&sﬁoase.
transm ssion:. nediun a --s-ectond physical-layer interface to a second-.

t ransm.ss ion:: -nedium 10 -a nenory connected between the first
and-..second physical-layer interfaces, for tenporarily storing data to be
transferred--between the first and second physical -layer interfaces; .and
a nedia converter controller controlling -such. that, when 15 a trigger
signal has been received, a response block of data corresponding to the
trigger signal is transmtted froma corresponding one of the first and
second physi cal - | ayer : '



interfaces back to a source that has transmtted the trigger signal; and
20 a test nmanager connected.. to one of the nedia converters, conprising:
an interface to a network manager; and a test nanager controller .
controlling such that a trigger 111111111211211 Il1ji 11112 Il IN* CS 35
signal is transmtted to another nedia copverter, and a location of a
failure is determ ned dependi ng on whet her a response block of data is
received .froma corresponding nedia converter within a predeterm ned tine
period. 5 2. The transm ssion system according to claiml., wherein the
first' comuniktgiion point, is one of a plurality of ports of a swtch,
and the second communi cation point is a personal conputer, wherein-:the
test manager is connected to a nedia .converter which::is. directly
connected to the switch;.. 10 3. The transm sssion.system according to
claiml, wherein the first' comunication point -is one of a plurality of.
- ports of a switch and the second conmmunication point is a personal
conputer, wherein flhe. tZsransmbgeion Systih ot eshsnni ttai gy dgtamavddml | ed
processor of the switch to control a nmedia 15 converter which is.directly
connected to &hfims tceimmudicdhbod rpoistd asidon sgebdrth ecamwdicetion @adint i, 2
or 3, wherein the test- manager controller determnes that a failure
along a link, comprising:

apluralityofn@diaconvertérsincludediJLthelink,

5 each of which comprises:

a first physical-layer interface to a first- -
transmission medium;

a ‘second physical-layer interface to a second
transmission. medium;

10 ‘a memory connected between the first and second.
physical-layer interfaces, for temporarily storing data to be
transferfedfbetween the first and second physical=-layer
interfaces; .and

" a media converter controller controlling“such.that, when

15 a trigger'signal has been received, a response block of data
corresponding to the trigger signal is transmitted from a
corresponding one of the first and second physical-layer
intexrfaces back to a source that has transmitted the trigger
signal; and

20 'a test manager connected. to one of the media
converters, comprising:

an interface to a network manager; and

a test manager controller controlling such that a trigger

R



occurs at a-location beyond the correspondi ng nedia converter when a
response bl ock of data is not received froma 20 correspondi ng. nedi a
converter within a predetermned tine period. S. --]1 trarsroasirn sysban
ai di-ng tr any ae of the pzeoeding claiaEk, . 1111111 1122(2Fiii 21111 |

1111 C L S 36 wherein each of the first aggl second physical -1 ayer
interfaces supports M| (Media |Independent Interface) conformng to

| EEE802. 3 standards. 6. "li t ra''SSiai syst~en to ark me cif the ao6dir~g.
c lai. , 5 wherein the nedia converter controller- accesses another one of

the first.'and; $@A00 tRANSG RheliAPanbbhE: hREES EohASHEF CahliK 1ocation

i nformation fromthe other physical-layer interface when t'he trigger

signal has begs s ¢&8i1\8e ﬁé‘@i&%&ﬁﬁﬁ%@sdéﬂ&d ﬁ@geﬁ%ethexbaq@%p&{séisiack
corresponding to the Iink infoxmat ion. I cxz sSystan aooo0 ng

to-aiy cmcif geh@aes i¥ pacdabay fr‘%ﬁé%dtﬂé@oh@ih 'REQDE 'cotRfirtld Rithin

di sables- the mssing link -state when a test is started and forces a

correspondi nga Ebﬁ&ég@kmhﬁgartiﬁéepéﬁ£&djntO transmttable state to
transmt the .block of data to the link., 15 8 I'ha txaSxds i msyst n ax

ing to axy mae oE' the p nosdirlg claim wherein the nedia converter

controller disables a mssing link state when the trigger signal has been

recei ved, &nd -trarasm t sThehéransmpsaten $ysiodm cicaatding ticheslsdmr-dg.
wherein the first communication point is one of a plurality of
ports of a switch and the 'second communication point is a

personal computer, wherein the test manager is connected to

a media .converter which:is.directly connected to ‘the switch..

10 ' 3. The trsh.smission. system according to claim _1,
wherein the first communication pc;int -'J'.s one of a plurality of.-
ports of a switch and the second communlcatlon point is a
personal comlguter, whereln the test manager is J.mplemented in
a program—controelled processor of the switch to control a media

15 converter which is.directly cennected to the switch.

4. . The transmission systeﬁ accerding ts'elsﬁn 1, 2 or 3,
wherein -the test manager controller .'determines that a failure
occurs at a location beyond the corresponding media converter
when a response block of data is not'received from a |

20 corresponding media converter within a predetermined time

period.
5. . ' Ite trensmission system accomding to ary ene ef the precading claits,
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9. -The transm ssion system according to claim8, 20 wherein when a received
bl ock of data is not a trigger signal wunder the mssing I'ink state, the
medi a converter controller disables the mssing link state to transfer the
received block | 1111111111111 HE 31111 IN* CL S 37 of data to the other
one of the first and second physical - Iayer i nterfaces. 10. A transm ssion
systemfor transmtting data between \ﬁtcﬁnng office and each of a
plurality of subscriber devices, 5 whereln the switching office conprises
a switch having a plurality of ports corresponding to respective. ones of

t he subscrlbe | ces mntchl of f,i ¢ urther conprises:
Lol ural ity Bheein@acialatht fidstorad decamd pndmicni-1aver inferPRceLy

to a different ort of end_t thrao nme cabl e
and is connec?B 3.%$£fg%% !%ﬁaéﬂ? et %BE ?Cfﬁec8pﬁgfgéﬁg %Rereof '
and a test ma onn each of the first media converters; and 15
each of the sgggﬁé?% $ %’é cgaérs corrprl ses: a personal conputer; and a
second nedi a converter which is connected to the personal conputer at one -
end thereof through a netal cable and is connected to a correspondlng

optical - cable at the Otﬁﬁﬁr&@%ﬁhaxqg&mz jing to any ane of the Sing clains,
- 5 - wherein the media converter controller accesses another one of
- the first 'and.second phys:.cel—layer interfaces to acqu1re link .
-inf_ormation from the other physical—layer interface when the'
.krigger signal_ has been received and generates the response

..black -of data corresponding to the 1ink.infornletion.

1.0 ' 7. metta'smsﬂlmsystanaooord:ngtomymeoftheprededmgclams,
-wherein the test menager controller disables the mis'sino: link
state when a test is started-and forces a corresponding
physical-layer interface into transmittable state to transmit

the block of data to the link.

. 15 : 8. The transmission’ systam ammfdjngm ay ae of the precading clains,
wherein the media converter controller disables a missing link
stat.e.wh_en the trigger signal has been received, and transmits

the. response. block of data to the source.

9. The transmission syStem_according to claim 8,
20 wherein when a received block of data is not a trigger signal
under the missing link state,: the media converter controller

disables the missing link state to transfer the re_ceived block

* [ L M H *




20 thereof, wherein the test nmanager conprises: an interface to a network
manager; and a test manager controller controlling each of the first nedia
converters such that a trigger signal is transmtted 25 to a corresponding
second nmedi a converter, and a location of f fillill 212122 1 IIls LILIL Ti |
till * CL 14 S 38 a.failure is determ ngd dependi ng on whether a response
bl ock of data is received fromthe correspondi ng second nedia converter
wi thin a predetermned tine period, and each of the second nedia converters
conprises: 5 a first physical-layer interface to a netal cable; a second
physi cal - | ayesf idater £acehd othsrapie ofl thalfliest andermondcphinetdel-hetarween

the first and second .:physical-layer interfaces, for tenporarily storing
data to be .intemBiwys.ed between the first and.:seco: nd--physical -layer
-.10: interfaces; and a nedia converter controller controlling such
that," when .,:the trigger signal has been received,. a response bl ock of

data corresponding to the trigger signal is transmtted back to a
correspondi ng firstiOpediteansetseion systenaion Faanant tebng Hetals:twaegyer
signal. 11. A nedia.converter for converting fromone type ..of nediato
anot her, conp?syithghing office and each of a plurality of subscriber devices,

5 wherein the switching office comprises a switch having a
plurality of porté corresponding to respective ones of the
subscriber devices, .wherein

the switching office further comprises:
a pluraliﬁy.of.first media converters, each of whicﬁﬂis:

10 connected to a different port of the switch at one end thereof
through a metal cable and is connected to a different;optical-
cable at.the-other=endxthereof; and

a tesf manager connecfed to each of thé first.media
converters; and
15 each of the subscriber devices comprises:
‘a personal computer;'énd
a second media converter which is connected to the personal
computef at one end thereof through a mefal cable and is -
conneéted to a cbrresponding optical cable at the other end
20 thereof,
wherein the test manager comprises:
an interface to a network manager} and
a test manager controller controlling each of the

first media converters such that a trigger signal is transmitted

25 to a corresponding second media converter, and a location of

[



first and second ports which are connected to the one type of nedia and
the other type of nedia, respectively;, 20 a packet buffer for storing a
recei ved packet; and a controller controlling such that, when a |ink on

the first port is disconnected, another link on the second port is kept in
a connection state and a packet receivedasghrough the second port is stored
I n the packet buffer. - - - -------o---- FP~Fr~i et "1 1 39 12. A
medi a converter for converting fromone type of nedia to another,
conprising: a first physical-layer interface to a first transm ssion

nmedium 5 a seeandupbyss (@ tdiitled BEBEAADEY Idh ¥heeterRda éSPSHES Y1tk
medium a first nmenory connected between the first. and second

physi cal - | ayejf idafter iscescelipedt ergorald laprakspongingabacoha hedisans
ferred .;between the first and second physical =l ayer 10 interfaces;... a
second menor \edaneirtéedwinhah & gasédetiandmedhe ifer periadd sadond
physi cal -l ayer interfaces, for storing data received through a
..correspondi ng one of tRach pst thadssecmddngriys icoaverdpers icomprfiaess; and
15 a controller controlling such that, when a |-inrk on one of the first
and second physi cah-fiystr phitsdrdadcdeyes: interface to a metal cable;
a second physical-layer interface to an optical cable;
a memory conpected between the first and second
- :physical-layer interfaces, for temporarily storing data to be
.~transferred between the first and .:secb.-nd-physical—lajzer
- 10 . interfaces; and
a media converter controller controlling such that, ‘when
- 'the trigger signal has been received;. a response block of data
.corresponding to the trigger signal is transmitted back to a

corresponding first media converter that has transmitted the

15 trigger signal.

li. A media cbnver_te'r for converting from one type
. .of media to another, comprising:

first and second ports which are connected to the

one type of media and the other type of media, respectively;

20 a packet buffer for storing a received packet; and
a cont;coller controlling such that, when a link on

the first port .is disconnected, another l.ink on the second port

is kept in a connection state and a packet received .through the

second port is stored in the packet buffer.

—_—
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di sconnected.. -another link on the other one of the first:--and second
physi cal -l ayer interfaces is kept in a connection state and data received
through the other link is stored-in-the 20 second nenory. 13. The nedia
converter according to claim12, wherein each of the first and second
physi cal -l ayer interfaces supports M1 (I8edia I ndependent Interface)
conformng to | EEE802.3 standards. 11111211 2111211 Ilij1 11212 11 1111 c L
40 converter according to claim12 or 13, wherein 14. T nedia the
controller further accesses the one of the first and .second physical-Ilayer
interfaces to acquile.| i Bkmedfiar sahventanfor ransmirtingh€rbnbbnentgpant i on
t hrough the other one of the first 5 and second physical -l ayer interfaces.
15. The nedi a abmeeritetoasnotieng dompdimimgt2, 13 or 14, wherein the
controller further accesses the. second nmenory to read the  stored data
when the |link on :the =oer fécstf phheidak-siayenrd in¢ceafdcephpsaciirstyer

i nterfaces has.been restored, and transmts the 10 stored data through-the
one. of -t.he.transpissind medomel physical-layer interfaces.. 16. A

control -nethod for a nmedia converter for converting fromone type of nmedia
to. anotheP, wherein theanmggrand oyl layesr isgsrface to a second

transmission medium;

a first memory connected between the first.and
second physical—léyer interfaces, for temporarily storing data
to be transferred- between the first and second physi'c'al*la.yer

10 interfaces;: L

a second meméry included in at least one of the first
and second phj/si'cal-—layer interfaces, for storing ~dat'a'.re'ceived
through a .corresponding one of the first and second .-
physical~layer interfaces; and |

15 . .a controller céntrolling such that, when a link on;
one of the first and second physical-ldyer interfaces is-: .
disconnected-,.'anothef link on the other one of the first:and
second physical-layer interfaces is kept in a connection ét_ate
and data received through 't_he other link is stored-in-the

20 second memory.

13. The media converter according to claim 12, wherein
each of the first and second physical-layer interfaces supports
MII (Media Independent Interface) conforming to IEEE802.3

‘standards.

AR



15 a first physical-layer-interface to a first transm ssion nediunm a
second physical -layer interface to a second transm ssion nedium a first
menory connected between the first and second 20 physical-Iayer
interfaces, for tenporarily storing data to be transferred between
the-first and second physi cal - | ayer |nterfaces and a second nenory

i ncluded in at | east one of the fi.rst. and 0second physi cal - | ayer
interfaces, for storing data received ~111101 11 LLL FHELE ~10~1 1L 1111 S
41 through a correspond?ng one of the first and second physical-layer

I nterfaces, the control d_co r|5|n t t he
first and second p 1 ca Q%?*: ?rﬁer acggu%%%g ern1ne gﬁg%hgé a Plnk
S disconnectgg %ﬂ I|nk on one of the first and second
physi cal - | ayefPfrit ‘?’—é@g’se’% fugthepacsassgs kRe iy ofriehd & nstnrnd geaamst
ot her..one of %he fI%S# and se gg p si cal : -Iaée | nterfaces,.-in a
connect i on stg adoparapic &éﬁktﬁPgﬁﬁﬂaPh%nrﬁﬁﬁer
link on. e_ot her-.on of first a seco S|cal -1 aye

i nterfaces, - sf%’r}f‘lnjgt*‘f ﬁg ﬁe’&g‘l ﬁoﬂﬁtalqrhggﬁ%ugh tg‘@c‘g Pi/?'flr?ﬁe
control-. n@ ho&é“:&é’é&ié‘%m%i‘%:'aal'—'l‘ay%r in ergaces.

15. The media converter according to claim 12, 13 or 14, vherein
the controller furthér accesées the.second memory to read the
stored data when the link on:the:ome¢ of the first and second
'physical—layer interfacés has been restored, and transmits the

: 10  stored data through-the one.df-therfirst and secon&

physical-layer interfaces:

16. A control method for a media converter for
. convértin_g from one type of media to-another, Wherein the media
converter comprises:
15 o a first physical—layer'interfacé to a firs£
transmission medium;
a second'physical-layer interface to a second
transmission medium; |
a first memory connected between the first and second
20. physical—layer interfaces, for temporarily storing data to be
trangferred between the. first and second physical-layer
interfaces; and
a second memory included in at least one of the first and

. Second physiéal—layer interfaces, for storing data received

AR



conprising.-the steps of: : 15 d) accessing the one of the first and )
-second physical =layer interfaces to acquire link information in response
to a link information request received- .from outside; and e) ’
transmtting the link information in a 20 predetern ned signal format
through the other one of the first .and second physical-layer interfaces.
18. The anbnl t eth d axrithng to claim 18tcar 17, fishier conprising the
steps of: f) when the link on the one:' of the first and second JI11[ 1
[1ijl1 11111 it1 c 42 physical-layer interfaces has. been restored,
accessing the second nenory to read the stored data; and g) transmitting
the stored dathreughuyylranrespeadidng one efrtheafidirsbcand pegendal -| ayer
interfaces. 5 19.. A transm ssion system conprising: first end device and
second end dephysicgdi-diryere ingenfacedd to each other by a link through a

plurality of nmedia converters, wherein at feast-.one of the nedia
converters - conpri ses a Hicontyels Berhgd seEPrig§indr thei FEaPpaeket
wherein 10 the packet buffer.divides: the,_ ,link into a fjrst collision

domain of the first en®)d@grdtoxingathetiret AN isqndEvyiscot LRyer

second. end devi.ce._. _ o )
. inteérfaces to determine whether a link is disconnected;

b) when a 1ink on one of the firsf and secorid.
phys_icél—layer interfacés is disconnected, keeping another link
on the othex-r_ one of the first and second physical-layer
interfaces in a connection state;

10 ) " ©) when data has bgen receivéd through the other link
on- the othex: 6ne of the first and second physical=layer

. interfaces, storing the received data in the: second memory.

17. The control method according to claim 16, further
cé:i\prising. ‘the steps of:

- 15 : d) .acce'ssing the one of the first and second
phirsical.—'layer interfaces to acquire link information in
response to a link informgation request received. from outside;

" and |
e) transmitting the link information in a
20 predetermined signal format through the other one of the first

and second physical-layer interfaces.

18. Tre antrol method acoording to claim 16 or 17, further
- comprising the steps of:

f) when the link on the one of the first and second

.l ORI AR 1




20. The transm ssion- systemaccording to claim19, wherein said |east one
of the media converters further conprises 15 a controller _
controlling.-such that, when a link on one port thereof is disconnected,
another link on the other port is kept in a connection state and a packet
received through the second port is storeg,in the packet buffer. 21. The.
tririssicn systaan aoaandir to claim19 or 20, 20 wherein when one of the
first and second collisicon domains 'becones in a |ink disconnection state,
the other one of the first and second collision domains is kept in a Iink

converter 1 11 s GRLAAVER, A6SHTER6E8 h2D nSeRHAITA, HMBASRAL
device in the tc}b Sld Hiko q,lfy ttgerrabﬁs.{:heaggofgﬁoégt§pl%d§' on donmmins. 22. A

transm ssi on systen1conp st medra conver installed in a

subscriber 5 house; and g d%@ﬁgeﬂimhgra@w&% b28h A Rt theSBhbChE N

office,. wherein the sec Ia conv connecte t he

medi a Conve”%'hemfl.ac%toEBHCQEcBhQ%hyQ:E@&f*lw St i dos St medi

converter conprises a packet --"--buffer- for storing a received
packet, wherein a mssing link .functlon Is released to keep a link to.
the-switching office in a connection state regardless of a state of a -

link to the.. °~ 19. A transmission system comprising:
first end device and second end device which are
connected to each other by a'link through a plurality of media
converters, wherein at least:one of the media converters
comprises a packet buffer-for storing a received packet, w-herein"
10 the packet buffer_divides'.-t-he. 1link into a first collision domain -
of the first end device and a..second coliision_domain .of the:

second end device.

20. The transmissibn' system .accordi.'ng to cla‘iin 19,
wherein sald least one of the media converters further comprises
- 15 a controller controlling.such that, when a link on one port
thereof is disconnected, another link on the other port is kept
in a connection state and a packet received through the second

port is stored in the packet buffer.

21. _Itebamﬁssimsysbanaomrdﬁgtoclairﬁﬂcrl),
20 wherein when one of the first and second .collision.dox-nains
‘becomes in a link disconnection state, the other one of the first
and second collision domains is kept in a link connection state

¢

and normal communication is performed between a media converter
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subscriber house. [IITITILIEEELE"EEE VL L 1T MS

and a corresponding end device in the other one of the first

and second collision domains.

22. A transmission system éomprising:
a first media converter insfalled in a subscriber
5 housé; and - |
a8 second media converter installed in a switching
office, wherein the second media converter'isuconnected.tb the
.first media converter by an optical fiber- cable, |
wherein the first media converter comprises a packet
10.- -buaffer- for storing a received packet, wherein a missing link
~function is released to keep a link to-th¢=switching office in
' a connection state regardless of a state of a link to the.

subscriber house.

\'
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