26 January 2006 1 MEDI A CONVERTER AND TRANSM SSI ON SYSTEM USI NG THE SAME
BACKGROUND OF THE I NVENTION 1. Field of the Invention Th&6peadan0&vention
relates to .a transm ssion system including at | east one nmedia converter
for converting fromone .type of nedia to.another, and. in particular to a
medi a converter suitable for a link test system and a control nethod of
the nmedia converter. -.2. Description of the Related Art. There has been a -
lot of.,talk recently about FTTH (Fi bér To The Home) allowi ng hi gh- speed
transm ssion of multinedia data -10 such as nusic, noving picture, and
medi cal dat a MEDTRcCONVEREER MNDOITRANSMISSToN EibHEEMOUsENd | ymt osAidee hone- or
office. In an-era of FTTH, a nedia converter is. an indispensable
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.each of the ports; a physical =l ayer device is provided, which supports
M| ‘(Medi a | ndependent | nt BREEEROUNI &¥F G ddVESITTERES02. 3 st andar ds.. 220
In.addition, since a nedia converter converts fromone type of nedia to

- another, it usually has a missing-lin.k 26 January 2006 2 function such

that, in cgsepol,disgonnection, g one Iink, the

The present invention relates to a transmission system
iﬁcluding at least one media converter-for.convertingﬁfrom.one
; . - type of media to another, and in particular to a media converter
‘-’} .+ 5. suitable for a link 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 multimédia datd

10 such as nusic, moving picture, and medical data by the

installation of optical 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 computexr

in the home or office.

15 . In general, a media converter-has a pair of ports that

“are to be'_co-nnected. to a fiber-optic cable and a UTP cable,

rre.specti'vely. Edr _éach'of the ports, a physical'—layer device

is provided, w}hich suppor_ts MII (Media Independent Interface)
,_COnforming to IEEE802.3 étandards.

20 ' In ‘additioﬁ, since a media converter converts from onej

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



A o

other link is automatically disconnected. For exanple, in the event that
the link on the fiber-optic side has been disconnected &6danyarggh® failure
on the fiber-optic cable, the nedia converter 5 automatically disconnects
the other link on the UTP cable side. 1In the case 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. to A
conventional -' nedi a converter is provided with. .a link-test switch by

which a I|@%_E@§5 f iéﬂ%é s%%cé%agteflé%%ca% %%géne mhethgﬂ ach.link is

properly establls e us for eac iCH e&h y a

light -enmit Gjrpg, di 1s(al|1§9)1at éﬁﬁf%ﬂsc%h SQE dpor or Qkad: n%f."ée a%ﬁ been

proposed various [1nk test te nique S. or exa apanese

Pat ent Appbb@ﬁ%'ﬂfét%@%ﬂ%@l EMQFEELF@E' Bgtﬂg sa.ﬁe‘?l'?ég'ggeg' g %ﬁﬁ%c@eh' nk

test nethod wusing a special control _cod be transmtted betwee

adj acent swibahesororaeehed RYVeide lfmgr-é/pﬁfc %as%f 'ﬁ?é h¥di @ eenve§%£c h
transmts a control-code to the other switch in turn transmts a

responsg nea&sRet Paski ¢ @ikBenAeHES L HIVbEREY hmeoﬁqmé@srmét% dehects the
presence or absence of a response to the control code and, when receiving

the response nessagle cakal Widse ehcht:pmdeierdennerw@etmﬁsbbecd &Bkn8eg mal |y
functions.. 25 However, the above link test technique is used on network

SwWi t ches atideiBTH unatsire rtcalchy diibbereptitncsblect il 6 antbotskaiuacy 2006 3
function froma nedia converter designed to convert from one
perform a link test. to check whether each cable is properly.
connected to an 'opposite device on a cotrespbnding link:r
10 A conventional media cohverter is provided w’ith,.ra
link-test switch by which a link test function is‘ activated to
d_ei:ermine whether each 1link is properly established. - The kink
status for each iport i-s_-in‘di.cated by a light-emitting diode ¢(LED)
provided for each port. | |
15 | There have been proposed various link test techniques:
of netwerks. For example, Japanese Patent Application
. Unexafined Publication No. 8-331126 discloses a 1ink test method
using a special control code to be transmitted betneen two
adjacent switches connected by a-link. Mo‘re specifically, one
20” ‘switch trensmit.s: a control code to the other switch, which in
ftur_n transmits a response message ‘back to the source switch.
“The source switch detects the. presence or absence of a response
_ to the cbntrol code and, when receiving the response nlessage,
.-.anéllyzes it, to determine whether the iink normally functio-ns.
; 25 o However, the above link test tec_hnique is used on network

switches and is fundamentally d-iffere.n.t in structure and



type of nedia to another with a mssing-link function. As described above,
since a conventional nedia converter is ...s.e.t.to.the26tJestanyddesby
operating the link-test switch, it is inpossible to activate the link test
fromcable side (UTP cable or fiber-optic cable) and therefore difficult
to performthe link test rapidly and easily. In other words, the
conventional nedia converter is not 3esigned to be controlled from network
side. Further, when the mssing-link function of media converter is
activated, the entire transm ssion systemis set to |link disconnection and
t her ef orf@ncRé&oRobiomc enpedtr wmvsoterois tismednyo emmtexrs Sfomhenaredi a

conver t ghypee¥enddi s Re ORGSR .COAVAT Lok s ARSI LS ARIMbLLY. SUMMARY OF THE
| NVENTI One or nore enbodi nents provide a.transm ssion system all ow ng.

easy detecti &% 8£SeERfAY eheEe of Skngdenial grevelHdophé medbatdopverheref in the

link ingledipgeidiadBRdh8dE A Yple@htitNHY 19RKE &I RBAL S; PriQvi de a nedia
converter suitable for a link test systemall ow ng easy detection of

occur r ed@BOBFPLL Ly PGEEVETRI Wise i BE ¥ TERBr 3319 $idge (PTRKcabd€l udi ng t he

nedi a CoRVELbEeF-opdl cJaaNBE Y aHHD@hdrOnerO1aiFRl 8u BT ERRL S PRV de a
system, a nedia converter and its control nethod allow ng a

transm ssion

respons 1PgsFe t F AR di¥t FRAIBEF Y onf R BN TsFaEDS Ofdeo CORBRE Esddi nent s
provi demadt & aBGHN<ITe®Ni s ViS¢ tE Mesadgn8R Ut A HROBYRE &1 AN ErbhSnéQRIr0l  net hod
al I owi n e link froma nedia converter to an end device to be naintained

.Qn
even wh ﬁg?he
Further, when the missing-link function of media converter
is activated, the entire transmission system is set to link
disconnection and therefore the host computer cannot monitor any

status of the media converter, even if the media converter

operates normally.
SUMMARY OF THE INVENTION

One or more embodiments provide a transmission system
allowing easy detection of occurrence of a failure and the
location thereof in the link including the media converter.

One or more embodiments provide a media converter suitable
for a link test system allowing easy detection of occurrence of
‘a failure and the location thereof in the link including the

media converter.



other link is disconnected. According to a first aspect of the present
invention, there .is provided a transnission system for 2§ danmain2408g dat a
between a first connunlcatlon poi nt and a second conmuni cati on poi nt
along a link, conprising: a plurality of nmedia converters included in the
i nk, each of which includes: a first physical- layer interface to a first
transm ssi on mediunm a second physichl-layer interface to a second -
transm ssion nmedium a nmenory connected between the first and second
physi cal -layer interfaces, for tenporarily storing data to be transferred
bet ween t he Oneser aﬁ*fd—’esé’é‘éﬁ@lmﬁfﬁ PEPVidger tnsnemiashan ivdeR. 2nedi a

CONVErt Qleds ANt Rldr@erCoRd rald idgesUchndhidle 2 MER Ry 1o i-8985nsSinal has been
recei ved, a response block of data corresponding to the trigger signal is

transmtttoeaef'i"%vétégrff%%’bd??éilﬁgséﬁ% of the first and.second

physi cal - | ay@hel 8t affr2CEbbBaCKedt® BroQUaSE dlhabmDasidd aRsHekl egd t he
trigger signal; and a test manager _connected to, one of _the nedia

conver t 8FELR OTPFISEIERY: 256 1q%ﬂ9@PF5€% RGP dnat ot hergg el 2k akif™ %t est

manager meafhr bdwirte@0otd ral |dndig dsuese thatbeambih @g8Te s egBal when tansni tt ed
to anotheg diia.co verter, and a location of a failure is determ ned
dependi 9§"6R Hér SEYYNGIHTEE bl ock of data is received froma

cor r espondi ngcregiing Qv ar Eefswviatsliiel&taoﬁrﬁchatpere@bﬁedmx}mloper théeke 26

Janua 2008 % Ihe af i ShaSOIUR S5 90 £9L T, B ng el g plali Ly, of
conput er, fmhemexmmthcafiﬁnlpmnageandSaannﬁdtemhmunnmatﬁedlpahﬂmverter whi ch
IS d'reCE'X Coq. iﬁegoﬁﬁgfg¥%gsm% pihrallty of media converters
included in the link, each of which includes: a first physical-
layer interface to a first transmission medium; a second
physical-layer interface to a second 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 contreolling such that, when 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 interfaces back to a source
- that has transmitted the trigger signal; and 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 signal is transmitted to another
media converter, and a location of a failure is determined
depending on whether a response block of data is received from a
corresponding media converter within a predetermined time

period.



The first communi cation point nmay be one of a plurality of ports of a
switch and the second communi cation point may be a pers@galanGai2008r ,
wherein the test nanager is inplenented in a- programcontrolled processor
of the switch to control a nedia converter which is directly connected to
the switch. The test manager controller may determne that a failure
occurs at the corresponding media conveiter or a location before the
correspondi ng nedia converter. Each of the first and second

physi cal -l ayer.interfaces may support M1 (Media | ndependent Interface)
conformi ng t o TheEEEBSR Prgandatiisn Mhetnedy abeomeerifen pbwtaldltyert may

access KIS 020P Altcchepd O ARduacEaN KRRl ol AT Ler{aces 1o

acquire I'ink rnformation fromthe ot sica ace when the
trigger $iegaarahaempednrr evenid abg ﬁayt gereggireis h@orrrees;:;t@riseo ®l ock of

data cor rRaRaNEh e iR t t}ﬁlkhnﬁs | QI @&'Q&I}e%@eéagb'algﬁ’e 20064 The test

manager controller may di sable the m sSing state when a test is
started and ndjef et LEBINESPHRAN r@lnﬁhgﬁ?,lfc@ -drgyef Rnpbyrfaldeyi afo

transmttabke St al &uWli®chr 8BASMHe JBnh! OGHnRfi 92k 8n {918 ik The nedi a

converter controll'er may disable a mssing link state when the trigger
si gnal hE@STHRRH rEENed, WhRridy ther Apshinanagerr &8s pomslensnser bt aata to

the sour geogVheechtiretebMegrdb el 0b rdatd d4us cRat +8 ééﬁ’&gﬁr aSh@hal  under
the mssing link state, the nedia converter controller may disable the

m ssi ng IPAKSEESR &Pi6ht i andFeactife cPBRRFVEH 51 6BR ®fit@ata to the other one
of the first andesesonchaphyeirCabnt @ Bler may determine that a failure

occurs at the corresponding media converter or a location before
the corresponding media converter.

Each of the first and second physical—layer.interfaces may
support MII (Media Independent Interface) conforming to
IEEE802.3 standards.

The media converter controller may access another one of

- the first and second physical-layer interfaces to acquire link
information from the other physical-layer interface when the

trigger signal has been received and may generate the response

block of data corresponding to the link information.



interfaces. 26 January 2006 7 The link may include a first media converter
provided in a switching office and a second medi a converZ&danpagv?edd in a
subscri ber device, the link corresponding to each of subscriber |ines
bet ween a corresponding port of a switch and a correspondi ng subscri ber
device, wherein the switching office further conprises the test manager
connected to the first nedia converter, wherein the test manager
controller controls the first nedia converter, wherein the test nanager
control | gfconty Qls, irst . ia converter _such that _a trigger signal
is transmtted to t ﬁégge{':%{n%orlre ?ama n\}eslﬂ%é?,tﬁ%ﬁﬁsélpgcﬁ‘?]bn of a failure
i's deter At#eRl Wesendiagt ove witerhed and meypdnsee ki aslerebpeotadimg S recei ved
fromthe ﬁg:pgg%'g-mrreei | t.hi : termned time period. 26
January 2006 8 At gj"(ieeaét one of ¢t he pat?lrsgllliegégg? Sr%é-“&ieaggo Sray furt her
- conpri sethe hgakeptf datatlor ithg himlecei ved bl ock of data, wherein the nedia

converter coneholh&y; LeBhiobteSUsRetbMer MNER:2abi DK, QN Q08 of, the first
and second physical -layer interfaces 1s kept Tn 2onnectrsiigt 5 and a
bl ock of StR%% eRethedttirasaghigml drasebeenereceistedy ednd mashe buf f er .
Accor di ngrimsnd tSeaeNde ARG pbcit NEr IJALENEL Ofh e thehe s provided a nedia
converter for converting fromone type of nedia 10 another, conprising: a
first physical "reR & rereévedhiddocs affdatsy itsr antnd stiigger signal

_ ‘under the missing link state, the media converter controller may

disable the missing link state to transfer the received block of
data to the other one of the first and second physical~layer

interfaces.



medi um a second physical -layer interface to a second transm ssion nedium
a menory connected. between the first and second physi cabg-Jah@§r006
interfaces, for tenporarily storing data to be transferred between the
first and second physical -layer interfaces; a nedia converter controller
controlling the first and second physical-layer interfaces and the first
menory; and a test manager connected t¢o the nedia converter controller,
conprising: an-interface to a network nmanager; and 26 January 2006 9 a test
manager controller controlling such that a trigger signal is transmtted
to another nediie qdnkemt@rindndied a GGakioRedn @ohairkdfepisydriena ped
dependi ng, (?Lr%cWi'gt herf a relzggnse bl ock., of data is received froma
corresponding wedi &TESAVePEr i PRFNY alBrEve CEPRERET t PRRVIRAT ot dherein
t he ot hersubedir dbeondevritcer,, thwheankavbpgeswariivgd tbheathi §9€5115d GNBer
transmt i%‘e%es%g@%génbl gck of data gorrespondi ng to the trigger signal
bl ock to the  nmedia convert SPIEiROTEA%a E0RYer PEr Any Fdrcher 2B8npfi se: a
second memgrgspondigedubacatbdeakrtiviedé wfetdia first and second
physi cal - | ayer,,i.nterfaces, far stori data received _through a
cor r espondi ng tgr?e%g’#%hleggf iorfg%c%n & 5n3°83’§ﬂs‘°iec,salt%el L8t 1HeSFfaces:;
wher.ei n tchangetiéd tworther férsicomtdial benventdy,oOlvetin files ttesangamapand
Phys! cal cbayeey 1y Gikacass SUEh A3k nlRRl 00D i2Qf 0 ddy st and
manager controller contrels the first media converter such that

a trigger signal is transmitted to the second media converter,
) and a location of a failure is determined depending on whether a
response block of data is received from the second media

converter within a predetermined time period.



di sconnected, another link on the other one of the first and second
physi cal -l ayer interfaces is kept in a connection state 2&dardans2008cei ved
through the other link is stored in the second nenory. Each of the first
and second physical -l ayer interfaces supports MI (Media |Independent
Interface) conformng to |EEE802.3 standards. Al so disclosed is that the
controller may further access the one ofg the first and second
physical -l ayer interfaces to, acquire_link information and may transmt the
Pink i nf QEnEErsh OhPouGRe tRETRINEY BREPTHLA REMTFTSE MaWd EBEY
physi cal doapeisei nterfaces. Al so disclosed is that the controller may
further access bt ?f seéond menory to 'readdtérfp toreg data when the |ink on
the one of tHRe P F8t Hd SE8ESRY HHVSEEPS I YRS Ot 8#F3ces has been
restored, andwhmyein artsimnfedibecetivsmerdatattdirieugkohbeonesueh thhe, fir st
and secon hysjcal -1 ayer ipterfaces, In accordance with a third aspect of
the 26 Jz‘fgﬁgri% %ﬁ%ofogn?n%gn%ieo%}rgtc%ﬁ rsglcoﬂgtﬁ%mfc@ “4%¥8ti a converter
for convemtienfacds dm Gaptt ypecdrmeanddhestatwhandi a e kredi daconvert er
compri Segi. 8; LA NS RIYSL£R! sdiaxerolnt erface ! o add rpledransm ssi on
medi um a second physrcal-Tayer i Atertace 16 secont?utraném' ssion medi um
~a first menorypccontiott enb betwreend tampelcicr st @red isweondon phyfsirealis| ayer '
interfac te .ar | ri d tQ. fe t he
firar andaeiasy SIS b i M PR LRRG chERUELEE SFtaRAY

to another, comprising:

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

a second physicalwlayerrinterface'to a second transmission
medium;

a memory connected between the fifst and second physical~
layer interfaces, for temporarily storing data to be transferred
between the first and second physical-layer interfaces;

a media converter controller controlling the first and
second physical-layer interfaces and the first memory; and

a test manager connected to the media converter controller,
comprising:

an interface to a network manager; and



a second nmenory included in at |east one of the first and second
physical -l ayer interfaces, for storing data received thr @églanuary 2006
correspondi ng one of the first and second physical-layer interfaces, the
control nethod conprising the steps of: a) nonitoring the first and second
physical --layer interfaces to determ ne whether a link is disconnected; b)
when a link on one of the first and secédnd physical -layer interfaces is

di sconnected, 5 keepi Rgh Q%Etkbi&%f3%ohhﬁoﬁﬁiﬁﬁ A Qﬁa£h§1££5§&rand
second physical -l1ayer interfaces in a connection state;, c) when data has

been recél@éélth?o‘i@ﬁl%éteﬂ hed amiohkesredic CORERPTERR o Reld¢atdon and

second physkcaki]@yerid a@eéiﬁm d@b@ﬁaﬂq;{ th?xewh@‘éﬁéﬁ/QQ r@b@n.‘sé‘ pifg second
nmenory, d) transn1tt|ng a tr| anot her medi a converter on

the di scoHn8eEadis isReeixRdr %Win tahé%fﬁ%ﬁwmgameebﬁv@m@rtemww| ng

recei ved & Beebist @GRy gnat, pélrla;raﬁ MihSr&in eePORAEr DiQsk ebndatir,
correspondlng to the trigger nal back to_ the nedia converter; e) when

no respoffEn |§3Y%Rﬁﬂﬁﬁ9§lVF6n¥QQ1 regREF SiARfila EBADERYET AWFERPORSE

predet er m1oed &f NEBafReHdo@desSQi@NG BbNthe thidlygarf 3i dhH € AGUT 8o &thd he ot her
nedi a converter or a location before the other nedia. converter. Al so

di scl osed®d3t FARVEHEcont rol nethod may further include the steps of: d)

accessi ng t he Taremedis heordviergbr attl SRGOREr PhiMsiiGal:-1ayer interfaces to
acquire |ink |n%g%ggélon in response, to a link information request

recei ved fromPo REROF Yo Rt PGt it A e He InREi hPOrivettoA™?n a

pr edet er menefd spigndlcafionapir idveaughbe2p fanuabyir§0fatDaecckhe-o®t her one of

the flrSthanggﬁquggT%gggi f%élgﬁéegf {he gfgg%sand second physical-
layer interfaces; '

wherein the media converter controller controls the first
and second physical-layer interfaces such that, when a link on
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 link is stored in the second
memory.

' Each of the first and second physical-layer interfaces
supports MII (Media Independent Interface) conforming to
IEEEB02.3 standards.

Also disclosed is that the controlier-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. '

Also disclosed i1s that 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-layer interfaces has been
restored, and may transmit the stored data through the one of
the first and second physical-layer interfaces.

In accordance with a third aspect of the



Al so disclosed is that the steps of: f) when the link on the one of the
first and second physical -l ayer interfaces has been rest2f sshuaac2esi ng
the second nenory to read the stored data; and g) transmitting the stored
data through the one of the first and second physical-layer interfaces-.-
Al so disclosed is, a transm ssion systemincludes: first end device and
second end device which are connected tg, each other by a |I|ink through a
plurality of nedia converters, wherein at |east one of the nedia

convert er’vEsRpRI s @scantpd kethodl fer o medse oranvgrier rfocetwmcbniabiet |

‘wherei n thempaskalyphUid emodhdi desetdf lthakpddit0 cBnvditest c&Rdilsskon, domai n
of the first end dgblce and a second collision domain of the second end
devi ce. APSG IPREI G816t HRtSTHTRES | east TORRE JFFapfBLIRdaP Mt érters  may
further include sacemdiphgkledsl-capér didteRgasdicld khédgoraheraramikBkon ON one
port thereof Is disconnected, another Iink on the other port 1is kept in a
connection state and a packet received, through the second port is stored in
t he packet bufd dirsilmsmody seiroseted dettivaen vilhen fongt ehdt$mednidr st and second

col I'i si 0N, 4QABANS HEEORE ikl | 10K AhRCRRPLLS 1528, BiALELa L Lt her  one of
the first and second collision domains may be kept 1'Th a [ink connection

stat e and5orherrCohftificCattofirst paid serped RAvRéent 22 YRBdid¢6A%RYt er and
a correspaiadi ng end device in the other one of the first and second
collision domains, Al so discloigg‘%s, a tgan nissigﬂ Ezs_enkincludes: a
first media converter TRsY dMFedTh 1§ 8hustihale If5useS Hfdta®@cond nedia
conver t ersdcest atlyedcar lzyew irgleirfigcod,f ifoe, swhemgi dattaheesetend thedhgh
convert ota I8cONNRaLA ke bAGId bot Ml COMELhaLi b aR apti cal | T ber

.cable, wherein the first nmedia converter conpri t buffer for
storing a&7%€EESRSd packet, wherein a missing link

the control method comprising the steps of:

a) monitoring the first and second physical~layer interfaces
to determine whether a link is disconnected; b) when a link on one
of the first and second physical-layer interfaces is disconnected,
keeping another link on the other one of the first and second
physical-layer interfaces in a connection state; ¢) when data has
been received through the other link on the other one of the first
and second physical-layer interfaces, storing the received data in
the second memeory; d) transmitting a trigger signal to another
media converter on the disconnected link, wherein the other media
converter, when having received the trigger signal, transmits a

-7§ response block of data corresponding to the trigger signal back to
. the media converter; e) when no response is received from the other
media converter within a predetermined time period, determining
that a failure occurs at the other media converter or a location
before the other media converter.

Also disclosed is that the control method may further include
the steps of: 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}
transmitting the link information in a predetermined signal format

through



function is released to keep a link to the swtching office in a
connection state regardless of a state of a |link to the Sfasmsuehe?006house.
26 January 2006 10b BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block

di agram showi ng the internal circuit 26 January 2006 11 of a nedia

converter according to a first enbodi nrent of the present invention;, Fig. 2

Is a diagram showing a format of a triigger packet used in the first
enbodi nent; 5 Fig. 3 i bl ock di agram showi ng the interpal_circuit of a
oot - mmnadis SEATT 5BEe” hehea "o @PEor RO PR Y o ¥ Be BRAF 6ifBodi mrent .

of the presentalisoveéntdlonedH g thad the-stapschfomdl il 4 ahirghown Ate a
NetWor k- oty Skeffle 1Pyl Gl BOARPLLGOL ARy IR R LRINAT hEL flepHl 0- 3 Tor 10
expl anation--. - -a ?a_l ure detecCtion oper%tlon; Fig. 51s a di agram

show ng areséqaetic @c6psePpbhsesqcesd mIpavatp oitdidnthtetivsrdotatasy 3eém of

Fig. 4, .gFitganéuitsifgfdRneharda shew fg-agheste cantsoltreperadd @ag of the
t est - manager - equi pedlmedi a converter i,n the network 15 systemof Fig. 4;
Fig. 7 is Of’fig‘?/%“ﬁféf? SHORE N T 85E5cont rol operation of the test manager

in the networkaispstibmiekedi s, 4; tFhgemilsisn asykkanwchantdshowiingtaedd i gger ed

gggg?t | O ce AP LB, P INGT &1 JeNwh Dén NEEVRS K0 3YEE &8 ekl Senet 190, January .

link through a plurality of media converters, wherein at least one
of the media converters comprises a packet buffer for storing a
received packet, wherein the packet buffer divides the link into a
first collision domain of the first end device and a second
collision domain of the second end device.

VAlso disclosed is that the least one of the media converters
may further include 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.

Also disclosed is that when one of the first and second
collision domains becomes in a link disconnection state, the other
one of the first and second collision domains may be kept in a link
connection state 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.

" Also disclosed is, a transmission system includes: a first
media converter installed in a subscriber house; and a second media
converter installed in a switching office, wherein the second media
converter is connected to the first media converter‘by an optical
fiber cable, wherein the first media converter comprises a packet
buffer for storing a received packet, wherein a missing link
function is released to keep a link to the‘switching office in a
connection state regardless of a state of a link to the subscriber

house.



- 12-Fig. 9 is a block diagramshowi ng the internal circuit of a

" test--manager - equi pped nmedi a converter according to a thi6édanearpadigrent of
the present invention; Fig. 10 is a block di agram showing a switching

- system 5 including the test-nanager-equi pped nmedia converter of Fig. 9;
Fig. 11 is a block diagram show ng another. sw tching system having the
test manger function simlar to the test-manager-equi pped nedi a=converter
of Fig. 9; Fig. 12 is a block diagram,ghowi ng the internal circuit .10 of
a packet - buffer-equi pped nedi a converter according to a fourth enbodi nent
of the present-invention; Fig.:13 is a schematic diagramshowng a .
~transm ssion system ugRifirt BEsREFE by L& f8fe | medi a converter of
Fig. 12; 15 Fig. 14Ais a sgﬁénaticb§i§%f§%§§ﬁ§ﬁfﬁ§9a comuni cati on
operation of ffRe trih$nderkndkygraamshewsthwine anFegnall Fiwesat a per sona
conputer 201 is operating;. Fig. 14B is a schematic di agram show ng a
comruni cation operation of the transnission systemas shown, in Fig. 13
when 26 January 2006 13 a personal conputer 201 is powered off; and Fig.
14C is a schematic di agram showi ng a. comruni cati on operation of a
conventional transm ssion system DESCRIPTION OF THE PREFERRED EMBCDI MENTS.
5 First. enbodinent : Referring.to Fig. 1, a nedia converter .(M3' 111
according to -a first enbodi nent of the present invention .is: connected
to



‘a host. conputer or. managenent switch 20 through. --1-_0, Q BASE-TX. UT P
‘cabl e-and to the other host conputer or managenent - swi t c#63@ne@y29P6ugh
100BASE- FX: optical cable. Needless to say, this system is shown just as an
exanple for sinplicity. 1.1) Media converter The nmedi a converter 10 has
a"pair of ports,-which are provided wi th physical-1ayer devi.ces (PHYs) 101
and 102, which 15 are connected. to, cabl e and optical cable, _
-respectively. As described before, the physical-layer devices 101 and 102
support M1 (Media Independent'Interface) conformng to | EEES802. 3 -
standards. The nedi.a converter 10 is. further Qvided wi.th a Fl 20
'(First-in--:$f§f¥%t CﬁgﬁnFéeEO%c??ﬁﬁlq%'%%ﬁ%g%fg& ﬁgPﬁgéﬂe?ﬁeOE({he'
physi cal - | Vi and 102 to absorb frequency devi ati ons between
transm ssi n'éﬁ%ﬁ?é%S%P%gé?'Data recei ved 26 January 2006 14 at one
physi cal -l ayer device are sequentially witten into the FIFO nenory 103
and then read out fromthe FIFO nenory,103 in the sanme sequence to be

output to the otpegs PhuS Gahid v SHOUIGS o Polfh @ bl O gddie gRR@LTeNDrY

103 is connected to a PLD (programmabl e "ogi c device at "has been

progr amred \is@d ALOYhderdrPE ed@isiimdgd. . | ogi cal function.- The PLD 104, as
described |l ater, is designed to check data stored in the FIFO nenory 103

at a predetermned timng after a-packet has 10 been received and,
~ "only:when-the data of the FIFO menory 103 matches predeternined-data, to
out put - an enabl ersg gralisEla Blob® aiatesapsReRss®rtHdSinternal circuit

of 4 test-manager—-equipped media convertér according to-a second

f?)f embodiment. of the present invention;
N

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

10 explanationvﬁf'a failufe detection operation:

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

operation in the network system of Fig. 4;

| ;j Fig. 6 is a flowchart showing a test control operation
) ' ' ‘

Qf the test-manager-equipped media converter in the network

15 system of Fig. 4;

Fig. 7 is a flowchart showing a test control cpération

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;



The -m croprocessor -105-, when receiving the enable signal EL, fronthe
PLD 104, generates a predeternlned response packet 15 a#dJaauary @066 a
correspondi ng physical -1ayer device to send it as a reply to the received
packet back to the source. Further, the m croprocessor 105 can access
internal,- registers including farEF (fg End Fault) register and Force
Link register incorporated in the phyS| al -1 ayer devices 101 20 and 102
according to | EEE802. 3-standard M T. Accordingly, link information
indicating link establishnent status and/or half/full duplex can be
acquired fromeach physical-1ayer device . f Furthernore, it is possible to
force the physical-layer device being in link disconnection status into
transm ttabl e stﬁt Es g the Force u€£§ rgglste t hereof . The
management switchi20 1 st pro ﬂ A PR FEGAPG - 2668°15T ayer
devi ce 201 R fo to | EEES802 .andards, . MAC (Medi a
Access Cont ﬁfgﬁttﬁ%gyg@héés q'%%g) C{ gga A TR (J)%re (]):c‘aécscsoorrdt %)’ 513 %h

phyS|caI-I%%ﬁbdgﬁghgei§0%ﬁé§)Eﬁg&ﬁe§b$gn he physi cal -1 ayer device 101 of

the media converter €. The microprocessor. 203 can
access internal registers |ncorporated in the physical -l ayer device 201
according to | EEE802. 3-standard Mi. Accordingly, [link information

indi cating |ink esfablg %@”ﬁnﬁlééﬁi&Eéétht§h0w1nga%q%h&@ghiﬁgnéﬁg€e
physi cal -1 ayer device 2.0:1 Furthernore, it 10°. is: possible to force the

physica - | ageludend e Qe-@@—r&ﬁié&ﬂ%qluhﬂbeﬁ'rﬁm%ﬁhbeﬂtéis JgipNte;

transmttable state by accessing the -. Force Link. reglster t her eof .

“)I . ' Fig.11isziblodeiagramshowinganotherswitchingsystem
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.
S -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



The managenent switch 30 has a circuit structure simlar _to the nmanagenent

switch 20. Its physical-layer- device is 15. connected to28Hanyayg08&l -1 ayer

- .devi ce 102-of the media converter 10 through the optical cable. The.
physi cal : -1 ayer device-al so supports M| conform ng to | EEES802. 3 _
standards. I'n the case where a normal Hzernet packet is transferred, the
nmedi a converter 10 .perfornms only normal nedia conversion. 20 Mre
specifically, a nornmal Ethernet packet received .fromthe management sw tch
20 is converted into optical data by the nmedia converter 10 and the
optical data perdomis@oimpedet-0201 hes dRsitd it 0¥ hgaly conput er-or nmanagenent
switch 30 through the optical cable. Contrarily, normal optical data o
received 25 fromthe managenent switch 30 is converted into normal Ethernet
packet by the nedia converter 1-0 and the normal Ethernet packet 26 January
2006 16 is sent Fbgt hedCraagensehémstdd tia@ahsROGINY TR cablthvi catiohhe case
where a response test is activated, the managenent switch 20 generates a
speci al Et hrarsttipackét a- coolreni gl ddeinemiiseednt si7ggem. data (hereafter,
called a 5 trigger packet PTRc) and transmts it to the nedi-a converter 10
through the UTP cable. 1.2) Trigger Packet Referring to Fig.. 2, simlar to

a nornmal Ethernet packet., a trigger packet .is.:-conposed of 8-byte
preanbl e, 6-byte 10 destination address field, 6-byte source address
field-,:.:data. field of 48-1502 bytes, and 4-byte FCS field. In the
cas:e.:of the triggEﬁSQﬁ%ﬁ&QQN-OET$§EtBRﬁfEﬁREQrE%RﬂQiMﬁﬂﬂﬁ-is witten. in.

the source address.-field.

)
S
"--/)}

‘Referring to Fig. 1, a media converter .(MC) 10. accordiﬁg

to-a first embodiment of the present invention :i'sA:-.'connected to
: a host computer or management switch 20 through 10OBASE~TX:UTP
~ cable and to the other host computer or management -switch 30

10 through 100BASE-FX:optical cable. Needless to say, this sy_stem

is shown just as an example for simplicity.
1.1) Media converter
‘The media converter 10 has a pair of ports, :which are
ST i)rovided- with physical-layer devices (PHYs) 101 and 102, which
\\3 15 'are.conne'cted._to‘UTP cable and optical cable, ‘respéctively. ‘As
o ' . Qescr:ibe-d' before, the physiéalﬂlayer devices 101 and 102 sup.'port
‘MII-I (Média independent' Interface) conforming to 'IEE_EB(:)2.3
standards-' ' | |
| The media éonverter 10 is further provided Qit’h a FIFO
_20' (Firét—in-first—out)‘ memory 103 that is connected between .tlzle
physical-layer deviées 101 énd 102 to absorb frequency

deviations between transmission and reception. Data received



The trigger data is preferably unique data such as 15 identification ]
number. Here, the ID nunmber assigned to a. - circuit boar 6 JangepctdBed in
the nedi a 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 to
generate 20 a trigger packet having thd4circuit board nunber stored in the
source address field to transmt it to the nedia converter 10. \Wen
receiving a packet having its own circuit board nunmber stored in the source
address field thereof, the nedia converter 10 swi tches into response test
node and g%Pa?@Yaﬁmeépéﬁyer davigecREe Fesiuaidaklpyektientitnihagenent

switch 20, \Men receivij acket having data other than its own ¢ircuit
26 January E é‘d’é’emﬁf?oma%f’g ﬁm‘gghegtﬁ%q trems b cBL B drer st il€Pd1R her eof |
-the nmedi a converter asses the packet as._a normal packet _ through.
Second enb enéﬁFeSS%qﬁ NeRAt2 M &YEPYEeligi b B%dOFE%Fd%&ﬁﬂﬁﬁ¥e§aW§ medi a
converter 2@§0rd|ng to a second enbodi nent of' .the present invention wll
be descri béd ifidetail hereafter. Referring to Fig 3, a

o R, v S| DR s, peg 2
Gt N O Sl S
o TR A I T Byl Vb bR 04 8
described later, is designed to check data stored in the '
) o FIFO memory 103 at a _predetermined timing after a packet has
10 'be'efl received and, 'only:when the data of the FIFO me_inory
103 matches predetermined -data, to output an- enable signal Eq
to a microprocessor 105. | |
The .milcroproceséorr 105, when receivihg the enable signal -
E,p from the PLD 104, generates a predeterﬁined response pacik_et
15 and controls a corresleondin'g physical-layer de_viﬁe to send it
as a reply to the received packet back to theAsource‘

Further, the microprocessor 105 can access internal -

registers including farEF (far End Fault) register and Force - -

Link register incorporated in the physical-layer devices '101"
26 - ‘and 102 according to IEEE802. 3-standard MIT, Ac,co}:dingly, link
information indicating link establish—ment. status and/or
half/fuli duplex can be acquired from each phy_sical-_-layer device.
‘_F_urther;nore, it is possible to force the ph;sical—layer device
'being in link disconnection s'tétus into transmittable state by
: 25 accessing the Force Link register 'thereo‘f.

The management switch 20 is provided with a physical-



15 .1 are denoted by the same reference nuneral s and the descriptions .will
be' omtted. The test manager. 302 includes. a. m croproces6rJaBArya2086 :a .
network interface card (NIC.) 305. The microprocessor 304 is connected to
the m croprocessor 105 of nedia converter 301 20 through the dedi cated bus
303. The network-interface card 305 is,connected with a "network
managenent tool (not shown) through a]IO\/I UTP cable. As wll be described
| ater, the test manager 302 nonitors the link status, instructs test
startup, and analyze and . | edge 25 the collected information. Though the

above: descr 4k Tl 285 JRUSLRAN, SANSLL S, 20 0E Kk Baabas! ol |

sane manner das the convertier

i Cr opr occesar Sag st ey (HOTLATREASE B 1aREE pRETa8aT RAr crdus s0

m croprocessor 304 of .the test nanager hf o

An operat i qn p@fcrly OE@§BO§YR§E§2] $9i3Ng Fiie &hg%ﬁ.gaﬂﬁggggggfigg%mdg a

converter 300 wi'll be describ elowind equence

sho, Lin-in.cdrimbetéd kb theassydmeh -0 & MRidvaikY 1bhabet P ]19%-%1? e

t est - manager - - equi pped nmedi a converter 300 is connected-. -

- managensnt cuiviette201d thedahh FH2 oabl @il and i dpbBessat-hes3 negi a
converter 40 through the optic fiber cable -:FO_ and .-the nedia converter

40 is furtkecessnheceedali tdyidbRreabheorbofRRed 14 tife foMyisieniagsyaed t hat
a failure has occurred on the 15 UTP cable UTP2. In this case, since the

mi ssing |i deviicrc2dbradce radhigveo Al EREH (P JRditandarvent e s a30branagdd, the
entire link 1is in a disconnection status. ' _ _
oL link information indicating link establishment status can be

S ‘
racquired from the physical-layer device 20%t. . Furthermore, it

10 ‘-f_ig::possible to ‘force the physical-layer device 201 béing in link
-disconnection status into transmittable stat‘é.by -'dl(;‘:VCéSS'iI‘lg ;the
- Force Link register thereof.
" The management switch 30 has a circuit stru-cture_si_inilar
to the management switch 20. Its physica,l—layér device lS
i5. conn:ected to the physical-layer device 102 .of the media |
converter 10 through the optical cable. The,physicéli—layér

'device also supports MII conforming to IEEE802.3 ‘star’ldafc_ls.

c) . =77 In the case where a normal Ethernet packet is _transfei"red,

the media converter 10 performs only normal media éonvefsibn.
20 More sp_e,cifically, a normal Ethernet packet r,eceived“ from
the management switch 20 is converted into optical data by
the media converter 10_ and the optical &a.ta is transmitted to
_the d‘esi‘:ination host computer or manégemen.t switch 30 through
the optical cable. Contrarily, normal optical data received
25 ifrom the ma'ﬁage_ment switch 30 is converted into nb_rmal Ethernet

packet by the media converter L0 and the _n'orrhél Ethernet packet



Referring. to Fig. 5., the test nmanager 302 nonitors.the |ink status
t hrough the nedia converter .301, and when it detects 20 the link
di sconnection (step 5501), the test nanager 302 notifies the network

~ managerent tool of the link - disconnection status (Zf%tei% %%3_2)_'20%” t he
net wor k nanagement tool receives the notification of I Nk di'sconnect i on,

it instructs the test manager 302 to ¥tart the test program (step 25
5503). Wien instructed by the network nanagenent tool, the 26 January 2006
19 test mmnager 302 starts the test nbde (step S504) and causes the nedia
converter 301 to switch to the test npde (step S505). Then, the nedia
convert er B Pits 461 BBt RaNFYYRSHy FWiHIcH Wit tthowuebt HFPSE@B)Le.and swit ches
t he physical -1 ayer _device 102 t ForceLi nk Enabl e status (step S507) to
transmt the trigget® PketheRsy PngeeRENGhRi §aBt nksbeet bYated, medi a
converter tzho, witten in ,th(il source address field thereof to. the nedia
converter “TFAnAIRRPRE R tah gerRE At ey gerrpatibt Bt ke dracksinver t
301 di-satt_JLI eﬁd%he Forc&Li nk (st R. S§508..).-.and notifies the_ test nmanager
10 ' 302 of ThEHPHKPTH %‘F?ﬁ&‘i’i‘b‘%ﬁ,: -LIAgS e SAter (Repeaftara eshdedier 301
returng taq. L o de, - ep_S5Q9) apd then waits for. the
corresgongirtﬁgaﬁg %‘%éeetn%%keﬁé$ét’{@aﬁgn?2isgb rt%gg?ef“efibab‘éon‘l‘%%%?’?/éld). On the
ot her hang, i r ived the trigger "packet 15 fromthe nedia
converter‘%lé:\iyflsﬁhgﬁarre w%goﬁ\?e'rter 40 is switched to the test node (step

5510) and gjigpb%%ng link function to transmt a response.
packet ‘back to the nedia converter 301 (step Sb511).. Thereafter, the nedia

converter 40 Refefring to Fig..2, similar to a normal Ethernet packet,

y
d !

a trigger paéket is composed of B-byte preamble, 6-byte :

10 "destination address field, 6-byte soeurce address fi-e];d',‘_-.adata. -
field of 48-1502 bytes; and 4-byte FCS field. In the case-of .
the trigger packet, predetermined trigger data is written. in-
the source address.field.

The trigger data is preferably unique data sucﬁ asli

15 identification number. Here, the ID number assigned to a -
circuit board incorporated in the media converter 10 is used.-
as the trigger data because the circuit boérd number is.-'_c;;r—.- :

tnique number assigned to the circuit board by the vendoi:. - Such
a circuit board number is used as the trigger. data to generate
200  a trigger packet having the circuit board number stored in the
source address field t;:a transmit it to the media converter 10.
When receiving a packet haviﬁg its own circuit board number
stored in the source address field thereof, the media converi:er
| 16 switches into Aresponse test méde and generates a response

25 packet to send it back fo the management switch 20. When

receiving a packet having data other than its own circuit



‘returns to the normal node (step 5512) . Wen the nedia converter 20 301
receives the response packet fromthe nedia converter_'40, _the nedia
converter 3QL reads the link information fromthe redpoh@eudaskid0tnd
- notifies the test manager 302. -The test manager 302 anal yzes the |ink
information received fromthe nedia égnverters 301 and 40 to judge the 25
| ocation of -a failure (step S513), notifies the network managenent
tool of the test result. 26 January 2006 20 2.3) Referring to Fig. 6, when
the test manager 302 starts the test node (YES at step 5601.), the

- m croproc erter 301 disa m ssing |ink
PantPon ?%%&H k%%B%% QEQEH% qg e€RE F %Féﬁl ?igthﬁE%?%99105 to

F Li nk | ri gge acket to th medi a

Cg;sgrlgrtﬁﬁﬁﬁlgﬁg;E§%g§§£é%“{@ﬂ§ f%ﬁ%n&t g% %?E a?r?gﬁetmigc@%ﬁ‘ﬂéddressed

to the nextiyedha converter 40 (step S604), the m croprocessor 10.5

. di sabl es ForceéeLink status (step S605) and then:acquires the 10 |ink
i nf or mat i on from each physical -1 ayer device: 4.(-.step 5606) . The

.mcroprocessor 105 notifies. the test. nanage.r-.'.3-02 of the acquired.
1-ink inf ge@ahioRmbba ke t he dedi cated--. bus.-303 (step --S-607),. Then

t he nicroprocessor 105 returns to the normal node 15 (step 5608) and waits
for the responseaacke : ' -drfd39% packet to be received
(step 5609). "Wen ... the ntcroprocessor 105 recelves the response
packet . (YES at miefiaStdidjertdrt abeadsindied & eddHOERBLY PReSE VedheN. . t he
response ' packet to notify the test nmanager 302 (step-S6' 10). Wen

.present invention will be described in detail hereafter.

S
- Referring to Fig. 3, a test-manager—equipped media

~;conﬁerter 300 is composed of a media converter 301 and a
fﬂdﬁ'test managef 302 that is Gonnected:te"the microproceseer 105
.of the medie converter 301 through a.dedicated bus 303. Since
“the media converter 301 has the substantially same structure
as the media converter 10 as shown in Fig. 1, ciréuit_bloéks
"similar to those previously described with reference to Fig.
15 - 1are dertoted by the same reference nu:nefalsand the des¢riptions
‘=fwili be:omitted. |
;¥*L . : The.test manager 362 includes a microprocessor 304 and
‘a network interface card (NIC) 305. The microprocessor 304 is
connected to the microprocessor 105 of media converter 3@1
.20 through the dedicated bus 303. The network interface card 305
Cis connected.witliafnetwork:management tool (not shown) through
‘a 10M UTP cable.
As will be described later, the test manager 302 monitors
the link status, instructs test startup, and analyze and.jd&ge

25 the collected information. Though the above-described media



. 20 the mcroprocessor 105 receives any packet other. than the response.
packet (NO at step 5609), it just transfers it (st&® JSBPEFY ¥ROR. ‘the test
node is not started (NO at step 5601), the m croprocessor 105 determ nes
whet her the trigger packet 25 has been received or not (step S612). Wen
the trigger packet has not been recei ‘5’1§d (NO at step S6.12), the control
goes to 26 January 2006 21 the step 08. Specifically, when the

physi cal -1 ayer device 101 or 102 receives a packet, the PLD 104 determ nes
whet her the data stored in the, FIFO nenory 103 is the predefined trigger
data (the, = ified, nunber) at the predetermined timng. 5 1In this
case, the ngk%gkggoﬁdkrﬁﬁkﬁe%Pygiﬁﬁc?]gl% REERSBPHCE RE i{'lil‘?’n’cﬁ’g."e&ﬂteﬁfhe
source addpe ' . sho in Fig. 2. en the trigger data
addr essedqg)és‘?ltés&el?%gleég%ﬁ% 1%1Est1}$e$’:g%f& o lrg%ﬁapggg%fﬁl&n&isi El‘n‘? af8t er mi ned

h h ' ' i . Wien the tri . ket - . i
that the priggeh eﬁggﬁ}s%lg%&%ggotr{]%%! 488 A0 MNE 10140080, packet- is

received (YES at ste € m Croprocessor

converter.t3Q1cdisapl 5,4 he3d4p sﬁlﬁgglﬁ;gﬁggpefi%gge%{e%‘?%g,&%§613) and acquires

the link.: information from eac ayer Step 5614). As

descrijed abovewn i MHGLRPHICERSOL05 PAGK Al £ hg, esponse 15 packet
havi ng the acquired Ii nkoi nfor mat i o?i wr? ten in ﬁ%{a Er edet er m ned

| ocat i on,\tase-hdmagdit teqifpded RRISO0UbAGSEEE 960 110 packal,(sStep
- 5615). After transmitting the response - packet, the control goes.to-the
step 56508%629‘4)iﬂ'&$étﬁqm rol of test manager
12.2) Test Seguence
As shown-in Fig. 4, it is assumed for simplicity-that the
10-:test*managerrequipped'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 witﬁ UTP cable.UTP2.
It is further assumed that a failure has oécurrea on the
15 UTP cable UTP2Z2. In this case, since the missing link funcfion
is active at both media converters 301 and 40, the entire link
ié in a disconnection status. o
Referring. to Fig. 5, the test manager 302 monitors the
‘link status through the media converter 301, and when it déte’cts
2¢ - the link disconnection (step S501), the test'manager
302 notifies the network management tool of the link
diéconnection 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  8503}).

When instructed by the network management tool, the



--20.--Ref-erring-to-Fig.. 7,-.unless..instiructed to.start.the test fromthe .
net wor k managenent tool (No at step S701), the microprocg28danuzz@200F t he
test manager 302 nonitors the link :status'through the m croprocessor 105
of media converter 301 (step 5702) and determi nes whether the link is
di sconnected . 25 . or not (step $703) 19 Wien the link status is normal (NO
at step S703), steps 5701 and S702 are repeated. until the test startup 26
January 2006 22 instruction has been received. Wen the m croprocessor 304
-detects the link disconnection (YES at step S703), the microprocessor 304
notifies theesetmntdgernsageseditd adle @esthRolbNks s COMACdRD LiseR 5
5704) and waits for the test startup instruction to be received fromthe
net wor k nmandgemedt at emvatten- 3O UG 6WOPERGRSERE B304 SdbNEdFdislsedsho start

the test-by the network managenent tool (YES at step.S701) , it starts
the test ndtiernnfthediediearmrerereer30l df{ stiePes 52 s iardl ¥ak ttsnkefohi nk
information to bé received fromnedia.| :converters (here, MZ301 and MZ40)

wi thin a pridereshioted andnevitodtepahieophfst eps—FaveDeddrS7H8)02 tdpon

.receipt of link information froma nedia. converter (YES at step 5706),
“the m cPoprtgEsddnk3Bnahie asliggsist hetiepn85015 tof oraménin isd epriSees) and,

after an el apse of the predetermned tine, determnes a test result based

on the -afgFke&dhaviqg the sphaes onmbsr @ STO8pdiakonveraep 4) wiritthe

m croprocessor 304 does not acquire link-information from the nedia

converter 48 hhenionndreagieers aisilfebhereet fit theomdip@onve rredi 40.

converter 3%% it can pe deternmined that a failure '
- - ATter transmitting the trigger packet, the media convert 301

: disables the Forcelink (step 5508} and notifies the test manager

W) 210 ' 302- of the link information;::-i[-‘hereéfter-, the media Conv_er_ter
301 returns to the normal mode {step S509) and then wéité for .
rthe corresponding response packet to the trigger packet to be
Treceived. | |

On the other haﬁnd, whe&n having received the t'rigge;: pac':icet

_ 15 from th‘é media converter 301, the media converter 40 is switched
to the testrmode (step S510) aﬁd disables the missing link
function to transmit a response .pack_et back to the med%a'

», ‘ _‘ ‘ . converter 301 (step S511). Thereafter, the media converte-r 40

{T"‘) . ~  returns to the normal I_nOde {step $512). When thé media converter

.20 301 receives the response packet from the media converter 40,

the media converter 301 reads the link information from the
re.s_por_is'e'- packet and notifies the test manager 302.
7 The test manager 302 analyies the link information
-J_:"eCeifred from the media converters 301 and 40 to judge th-e.
25 location of a failure (step 8513), and‘_nqtifi'es

'Vt‘he network management tool of the test result.



~-.-10-0ceuf-s--i-n-the-nedi-a- converter-40 or..the optic fiber cable connected..
bet ween the nedia converters 301 and 40. In the case .w2érlantdrg 2006
m croprocessor 304 receives the notification within the predeterm ned tine
fromboth nmedia converters 301 and 40, 25 it can be determ ned fromthe
link information received fromthe. nediza converter 40 whether a failure
occurs on the UTP cable 26 January 2006 23 UTP2 (see Fig. 4). The test
manager 302 notifies the network nanagenent tool of the test result (step
5710). As described above, in the network conposed of plural nedia
converters, hen Tesiggentpatkefsmatits sespedmticad [3pitransmtted 5 to plural
medi a converters, it is possible to detect a failure based on their
response packet skeStmdmg he Biipv €, dasar ithedtedtinanageded @2 tsteirtgavhde made
by using only nedia converter 300 w thout any additional. functions to
managenent tegtt @pdeO(YAShat. step 3/GH)emtder nitnoprodsssasilos ofi addid0 2-5)
Test r -. -converter Referring to.Fig,,8--t--the . mcroprocessor 403
det.er m nes cRREeREer tHY diisghdes phlekati ssiag: 1beknfuregsiored stspepeGBP,1) .
When-.the trigger packet has been- received (YES at step 5801),. the
ni cr opr dced8grSigB-heiss bhe ah e adi-devag denked dAet toForcsidpk BBaBBO2) and
~then accesses internal resistors of each physical-layer device to acquire
li nk infor #hEFBA YstEpnamRe takIgr: pricked beftbeenexh meddiaceepyerssor 405
. gener at e_s_?ore ponse _ packet PRpL having the acquired link infornmation
written. irfot4yEep S&ORrc AL LRIGFEIRSTHEL PG hBP d6R 998K PaTkatsiidses3ed o t he

source 20 \(:steﬁo 5804) . (f,fter_ t hat, tqrbe m cr oprocessor 405 returns-to
- o O thHe next’media converter (step 5604}, the microprocessor

1) (N CliréQ

) _ 105 disables ForceLink status (step S605) and then:acquires the

e

10 - link information from each physical~-layer device: {step 5606).

" ‘The ;microprocessor 105 notifies the test manager 302 of £he

. acquired. link informationlthrough the dedicated bus.303 (step

“§607).. . - |

Then, the microprocessor 105.returné to the normal mbde

15  {step S608) and waits for the response packet to the transmitted
| trigger packet to be received (step S609). When -

fhe microp“rocessor 105 receives the response packet (YES at s-tep

Lo $609), it reads the link information stored in.the response

C TN
{0

packet to notify the_ test manager 302 ('step'SGflO) .~ When
20 the in_icrciproce-ssor 105 receiveé ény packet other than the
reSponée-- packet (NO at step 5609), it just transfers it (s-tep‘
S611).
- | When the test mbde 1s no't started (NO at step 560'15,
the microprocessor 105 detémines whether the trigger packet
25 | hals' be,en received or notj (step S612). When the trigger packet

‘has not been received (NO at step S612), the control goes to

x



the normal node (step S805). When the trigger packet is not received (loo

. at step 5801) , the mcroprocessor 405 also returns to 2Adamay@df0tode
(step 5805). Third-_ enbodizrient 25 A test-nanager-equi pped nedi a

“converter according to a. 26 January 2006 24 third enbodi nent of the
present invention will be described. feferring to Fig. 9, a
t est - manager - equi pped nedi a converter 300 has a port Pfl connected to the.

‘net wor k managenment tool and N pairs of port Pal and Pie (i =1, 2, 3, ..

, N) corresponding to N nmedia converters MCl to MCN, respectively. The

test managehe 3% m@gespééfﬁﬁlwewﬁ@dtae@m@aar—aaw& deor iMaNL Gl

described above. Referring to Fig.” 10, a switching office 500 is provided
Wi th the @32 NBaGEIBFeLGLIpBREE L MREhS BION VKDY elet3itiard ahswhéchthd. 01

i ncl udi ng a central processin.g., unit ':1CPU) 502 for switch ".control.

- The swi tchid@igaofsfbﬁ@dmoﬁmﬂm(ﬁbﬁsryammtﬁgmhegmuerﬁned tnfaeggq:; ‘
subscriber |ines, each of which is .connected to the nmedia converter 10 of
a differ enﬁasabstafel bel f- B@ezsth‘yl@nopbenhlatf therpraddfieomis®d timheg UTP- si de

"ports of the N media converters MCl to MCN .are connected to |nput/out put

ports of the shis class)ltharougient. urpzmmmmomehesg@@c@tv g .

. The. test nmanager .302 nanages the nedia converters MC,.. to MCN as
descri bed &bmipg. offtrbet ssurcaageesst £ iehd tihereodt aﬁh%h‘?‘@stl%ﬁhage% 302 is
20 substantl ally perfornmed by the processor 304 as described before (see
.Fig. 3) . Hbeordienttiggendasarmddunseeidoro ddredd fafiosmehirEnsySPHECPU 502

of the svmtch 501, which ' will be described wth
. address field, it is determlned that the trigger packet has been

) ' received.
10 " When the trigger packet is received (YES at step S612).,
the microprocessor 105 of media converter 301 disables

the missing link function f{step $613) and acquires the link:

' infqmatibn from eaCh~physical¥layeJ; device (step 5614). As-

described above, the microprocessor 105 generates the response

15 packet having the acquired link information written in the

pﬁédetemined location, and transmits it to the source side of
trigger packet (I's-tep 561'5')'. After transmitting the response : . -
* " packet, the control goes. to the step SGOé.
O e |
o 20 -. | Referring to E‘lg 7, unless 1nstructed to start the test
fi:orﬁ the network ma_nagement tool (No at step 5701) '
| --'th:e microprocessor 304 of the test managér_302 monitors the link
,‘St%atu's'through the microprocessor 105 of me'aia converter 301
(step 8702) and ‘determines whether the 1link is disconnected
| . 25. or not (step S703). When the link status is normal (NO at step

$703), steps S701 and S702 are repeated until the test startup



...reference to Fig. 11. As shown . in_Fig...11, a nodified exanple of .the.
switching 25 . office 500 includes a chassis 600 nmount egdes\Whhdary Reocsred a
converters MCl1 to MCN and ‘a. switch 601 including a CPU 602. 26 January
2006 25 The CPU 602 is a programcontrolled processor on which a switch
control function. 603 and a test manger %Unction 604 corresponding to the
test manger 302 are inplenented. The fest manger function 604 manages the
medi a 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 sw tching but-

al so manages %he gedi;&%$q¥erters MCI to MCN, the CPU 602 can be

ef fici ent| yPGSEHCHAR M 1EC5E8Fhere is no need of ,the -test
manager 302, the_anmount of . hardware; 0 be .reduced: ::achi evin
nratur s 2ot i on MR Hie piepaHEtRoESE AR Retale SR R L et e I
1-on, b entially- nsm,ttin [ . -t | yural nedi a
‘convert e?/s ??ﬁgalgf Lgéee%eﬁ—&:ﬂi o nnéhg a%ﬁll ggﬁ}éggg%%‘ggﬁgni%%ﬁ? % res pon!s e

- packets. Papbigdlasly. a%eh ﬁt%ﬁgﬁﬁjgfﬁa@afﬁ%&%%c&h%c@?ﬁ?ﬂcggﬁg ved from

a certain nedia converte edetermn t1 e,

det er m yedgb g} shd ghlbl So'Bfe '&%%uéﬁgffgﬂ"gllg{t%u@itiBﬁrgo beomddiwdredi a

. converter. Therefore, the occurrence o ure 1n a.link 1ncluding

medi-a CONVerLRrShe GRL WG I FHNYflehECLEG and the [ ocation of the failure
can be 20 specified to some extent.. Each nedia converter can discrimnate

a trigger packeyhaddiessadctbgretasddomot her ihkageteackelita@nd.mror nal
packets. Accordingly, the test npde can be activated by receiving the

. test.by the network management tool (YES at step.§701), it starts
) . the test mode of media con"v-erte_r 301 {step.8510%) and waits; for
10 :link-information to be received from media wonverters (here,
: 'MG-301 ‘and MC40) within a predetermiﬁed time-out period (steps
. §706-8708) .

Upon receipt of link information from a media converter
-(YES at step S706), ‘the microprocessor 304 arranges the llink

15 . information (step S707) and., after an elapse of the 7

predetermined time, determines a test result based on the

acquired link infofmation (step S709). "For.example, if

the microprocessor 304 does not acquire link-information from

. (‘“:;

- the media converter 40 within the predetermined time but from
-_2'0 . the media converter 361, it can be determined that a failure
occurs in the media converter 40 or the optic fiber cablé
- connected rbetween the media‘convei:ters 301 and 40. In the case
where ﬁhe mi‘cj:opro,cessér 304 receives the noti’fication within
the predetermined time from béth media converters 301 and 40,
Y25 it can be detéi:mined from the link information received from .

the media conirerte;: 40 whether a failure occurs on the UTP cable

-
1



trigger packet and the response packet in response to the trigger .25
packet can be sent back to the source. Therefore the |inké ksiuary@nosbe
started fromcable side and it can be verified by receiving 26 January 2006
26 the response packet that not only the link reach this nedia converter
but this nedia converter itself are noragally operating. --1 Further, when
each nedi a converter receives any trigger packet other than the trigger
packet addressed thereto in the status.of mssing |ink, the nedia
converter is switched to the norrmal node to pass this received packet
t hrough. THEIRZ disee Fdgmcé) a FTheké&bsuhmehadees3tbdtndtaifjets t hi s nedi a
converter for the response test is passed through, the link-test can be 10
per for med rdre ndgityeakt nfnatenetiereool Adtdidi gstoreheltesstampngetolequi pped
medi a- converter, when a link disconnection is: detected, the test node is
started to trandfideschébed phgae, jackee netyorkrcqwosednef héutal medéa
detection test by receiving the response packet. Since no 15 additi onal
function t FRVEEREGEmBHes Wit gHer sPR Skl s @de shauerybabhy dtmansmitseiecones
sinplified. Fourth enbodinent 4.1) Packet-buffer---equipped nedia converter
Referring (1§ Riiral Fedia ceReerink s erltodqi Ppeeitkaite debeebm datdnre00
accordi ng #%sa fourth enbodi nent of the present invention has a pair of

al-

ports. Pl BY, ORnFRAE HERBFeORES 0 S1Pe Citn ebavg-dRsepibedl fiber.
cabre. TeSREiLYE dereloR%dn Be Rlad 'l RATKE SR fEhi SULARSTIPEhE
without any additional.functions to management switch 20, the. .

) o system structure is:simplified.

;o'_ . 2.5)
Referring to Fig. 8, .the microprocessoxr 403 determines whefheq:--:‘
the trigger packet:has:been received (step S801). When.the .. .

- trigger packet has been received (YES at --_s‘tep 5801), .

the microprocessor 405 disables the missing link function (step

15 5802) and then accesses internal resistors of each

physical-layer device to acquire link information {step S803). .

As described before, themicroprocessor 405 generates a response -
i -packet Pper. having the acquired link information written .in“'the'. '
‘J '_ o source address field thereof, and transmits it to the source
20 {step 8804). After fha.t, tﬁe microprocessor 405 réturnsrt.:o‘

the normal mode (step S805). When the trigger packet is not

received (No at step 880_1)} the microprocessor 405 also returns

to the normal mode (step SBOS) .

Third embodiment;

25 ' A test-manager-equipped media Coni’re_rter according to a.



700 is provided with a physical-layer device (PHY) 701, which 25 is
connected to a FIFO. (First-in-first-out) menory 704 vi a26 dadfaryacaery 2006
27 packet buffer 702 and an M1 interface 703 conform ng to |EEE802.3
standards. The ot-her .port P2 of the packet- buffer-equi pped nedia converter
700 i's provided with a physical -1ayer dvice (PHY)-705, which is connected
to the FIFO nenory 704 via an M| interface 706. The FI FO nenory 704
al l ows frequency devi ati ons between transm ssion. and reception to be
absorbed. A microprocessor 707 of the media converter 700 can access
i nt er nal - - ridtist emborlinenti of the Ergdeat Enderbidn . yiklediesdescaitied) Force
-Link- register-_incorporated.in the phy.s-ical-layer devices 701-.and-
7.0..5.:.accordi RgFeeriEEEs 9.3 % spakgatdnarader—equicemddimegliy, | i nk.
: information indicating |ink establishnent-..status and/or, hhalf/full

dupl ex can %?é‘véeﬁﬁi‘fr%‘go hesn? R Bnyenagciedyier theaweiteork Banagemeher, t he
nicroprocestsor 70 when a_received £apke_t_ has been stored in the FIFO
menory 704, o8t B RELE S\ HePPY P B d Pheliradeidredr packbcorrespradingader |
inforrragi on. & Fﬁ{i exa IE:, it is determ ned which one of an ordinary data -
packet .and & " & Féﬁong%df S5 EquE? e prERBEEIRPHEd ThEJFSR MBR2HAE been
20 recei ve%.o‘2 ljfféjrgé herggrg, Ofehgﬁem crpprocessor 707 controls input/output of
the packet “bafFer I 268 YedlPiBEd T SLBYSTEFER Mreh MevashRearsibatect i on
occurs on-gpg.of the UTP cable and the optical fiber cable, the such
i nput/ out put control allows 25 packets received fromthe other cable to be

stored.-in-the pagkehing to Fig. 10, a switching office 500 is provided

s

). werowith the test—manager-equippéd media converter 300 and a switch
-‘_;:;:2-1-0'::-:-"555-01, including a ¢entral processing, unit --:{CPU} 502 for switch
- .control. The switching orffic':é 500 ha.:{'N:(N is an integer Qreétér
B t'hah 1) subscriber Jines, ‘each of wh:Lch.'is_ connected to the media
- coqvér_té_r 10 of a different subscriber 503 by an optical fiber
- cable. | |
T The UTP-side ports of the N media converters MC, to MC,
are connected to input/output ports of the switch 501 rthro'ugh
_ UTP cables UTP,-UTP,, respectively.-.The.test manager
. 302 manages the media converters MC, to MC, as described abo{re.
‘j-)» T The test man_agemenf function of the test manager 302 is
: 20 substantially perfonﬁed by the processor 304 as described befére
(see Fig. 3) - Accq_rdi_n-gly, the same function can be implemented
by the CPU 502_ of the switch 501, which will be des,c'ribed with
;ﬁre_ference to Fig. 11. | |
As shown in Fig. 11, a modified e-xampié of the switching -
| .25 .._office 500 includes a ch‘ass’is 600 mounted with the media

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



buffer 702. 26 January 2006 28 The packet--buffer--equi pped nedia converter-
700 normally perforns only nedia conversion.. Mre speci2biJaabdry 200hen t he
physi-cal -1 ayer device 701 has received an Ethernet packet from the UTP
“cable at the port P1, it is transferred to the 5 physical-layer device 705

t hrough-the FI FO nenory 704 and is coQgerted into optical data to be
transmtied to the optical fiber cabl& fromthe port P2. Contrarily, when
the  -physical -l ayer device 705 has received optical data fromthe optical
fiber cable -at.the. -port P2, it is converted into an 10 Ethernet packet

by t he- physi cal - _devj 05 and. th h ket | © th
e el by Upd pp2 4] B pE RS o R PSS horooBe e tred
to the UTP caple . f E8H%£{Eﬁeﬂl%%i§#bslggb%zg§ P ?Ja%ﬁge‘ﬁ]ffgﬁéﬁbﬂkem

di sconnecti on OCcursS 0N he  m ssi unction is

sconec e, The m oSG Tk §
Catue.  ACCEaPRE ard S PR e halfhr B0 e Sl B e TR bl e o

set the ne%gtcglgﬁg{ewfurw&oaﬁ Y ﬁagaéesaeﬂévlaé&ié Neor¥atidid Md, ko

function. Accor y, even en a |1 nk disconnection 20 occurs oOn the UTP

‘cable, sheyphysi cal Jray e sdeyiCend Ofdts defflged 3020 Or dinary active status,
all owi ng reception and transm ssion of pacKets at the port P2 connected to

the optical fihkeind&abhe chokoeXaMine sirhechi a1I0RbeCERSEPIcob® Folantiae Cess.
internal registers incorporated in the physical-layer device 25 .701 to

acqui re i giit8hongahitoa1adthddrpsmthe iledia thavepteealMc,. £o ey, cat e from
the physical -l ayer device 705. \Wen havi ng _
"CPU 602 can be efficiently used. In addition, since. 'thére
is no need of the test manager 302, the amount of hardware: can
10 be reduced; -achieving miniaturization.
As described above, according‘to the'preseﬁttinMEDtion,
| by sequentiélly:transmitting trigger packets to plural media
converters,. failure detection can be made based on-their-
‘response packets. Particularly, when the response packet
_71.5' has not been received from a certain média converter within fhe
predeterﬁined time, it can be determined that a failure has

occurred in more distant from this media converter. Therefore,

the occurrence of a failure in a link including media converters

-can be easily detected and the location of the failure can be
'-7 20 specifie& to some extent. - |
Each media converter can discriminate a trigger packet
addressed thereto from other trigger packets and normal packets.
Accordingly, t.‘t"xe teét mode can be activated by receiving the
. trigger packet and the response packet in response to the trigger
| . 25 | packet can be sent‘béck to the source. Therefore the link te.st

‘can be started from cable side and it can be verified by receiving



26  January 2006 29.received a. packet fromthe optical fiber.cable in such a
status that a link disconnection occurs on the UTP cabl €6 Jaheary 2606

m croprocessor 107 stores the received packet into the packet buffer 702.
And when the UTP cable has recovered from a disconnection status, the

.received packets, stored in the packet huffer 702 can be sent to the UTP

cable. :4.2) Transm ssionsystem Referring to Fig. 13, it is assuned for
sinplicity that ..a:.subscriber line systemis.conposed of a subscriber
house 800 10: - .:.and a-switching office 900, which are connected..- by a
subscriber ., . L] - that i optical fiber.cabl The .subscri ber. house
300 has_a S ATPOEsIRreRe B0T At i kBB Bafker SR et e
converter 7 rei j 8 .C -b P ﬁg%. The

packet - buf fég)?{‘{eggﬁl pggam@n%%?an?%%ﬁv?raﬁgr%&?gﬁf |¥§ggg%nae%?te)&cf% 0 ]5y a-medi a
converter r%@ih@? switching office 900 through the optical fiber cable.
The switching office 900 is provided with a,-.:plurality of nedia

converters incl UgiPghet NgneRELhdh GRAMES LBhveRPdr WELHLACHLCRLEG5RRN O
di fferent. subscribers, and a switch 902. The swtch. 902 may I nclude

moni tors thakkde 88Rdr MM @he SUPSFFdDYadkRCaddF8Ss 88 dirfe et 8R! €he 901 May
be -a conventional one, nay be connected to-the test manager 302 as shown

in. Fig. 1@ta@usnBY ResEDNY ralnkgdchy hbaihesbni@pegeris fdmialdnyu 64 in the

- switch 601 as shown in Fig. 11. As described before, there is a possibility

that the 2%hpeicad mednpopass 8Bl suskibilved hecketbshfroligh . hatieee800e) S
frequently powered on and off. Every tinme the personal conputer
-since a packet which does not target this media converter for
jthe response test is passed through, the link test can be
';"710j performed more distant from there. .
According to the testfmangerhequipped'media-converter,
when a 1ink disconnection is:detected, the test 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 simplifi.ed.

Referrix_ag to Fig. 127, a packet—bufferFe_quibped media
20 converter 700 accordirig to.a fourth embodiméﬁt of the present
'invention has a pair of ports Pl and ‘P‘Z,_ which. are connected
-to a U{{".P cable and an opticél fiber cable, respectively.
The port P1 of 1;__'he packet-buf fer,—equipped media converter
'_7OO is provided with a physical-layer device ('PHY). 701, which

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



26 January 2006 30 801 is powered off, the UTP cable 802 becomes in a |link
di sconnection state. When the UTP cable 802°is in a |ink26dasemBedt i on
state, however, the packet-buffer-equi pped nedia converter 700 according to
t he present enbodi nent can use the packet buffer 702 to keep the optical
fiber cable active. Mre specificallyz2the switch 902 of the switching
office 900 can send data to the packet-buffer-equi pped nedia converter 700
through the optical. fiber cable -and nonitor the status.of the

packet - buf f er - equi pped nedi a converter 700 by acquiring.|xnk- information

t hereof .: MFaokesnbulier - V02 emdPamtvl AInskeackn7 B JcodBortidi®y to

.transm ssion system from the personal conputer 801 of the: subscriber
house 800 tIEEERE2s® stin@DX0f The sbhéchpoup B fdftaheOPacketdi vi ded by the
packet - buf f er - equi pped nedi a converter 15 700 into two collision donmains
1001 and 1beffexbeguipeed mahld yGonveriterpdORel sbpfdetdgd I iditviades t he
transm ssion systeminto the collision domain 1001 directed to the swtch
902 and t h®hysdcab-tayer sl atond@HY)1002, divhéch edls t contestpet donaheconput er
80-1... 4. B)E operation Referring-to Fig. 14A, when the personal conputer
is poweredlFBnremRrihdiOdariy apdtd: dsterfiecpatidet - Bue fRFFQ qemopyd?Medi a
converter 700 normally. perforns nedia conversion as described before.
Accor di ngl §11p48 Keiedieargrdsviat irgisbetyeen drrssnibgs bepvidth reaerbtes onal
conput er 881 snd the swjtch 902. As shown in Fig. 14B, when the personal
conput er 86% Pg absorbed.:

- Amicroprocessor 707 of the media 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 785:according to IEEE802. 3-standard MTI:.-Accordingly,

. link information indicating link establishment.status and/or-

half/full dupléx can be acquired from each phﬁrsica‘l-—layer

device.

15 - ‘ Fuﬁther, ‘the- microprocessor 707, when a received packet
has been stored in the FIFO memory 704, determines ;'ohe type of
the received packet from its hoader information. © For example,

it is determined which one of an ordinary data packet and a

~control packet roquiring- prodetermi—néd information has bé_en
20 received. |
Furthermore, the microprocessor 707 controis '
input/output of the pac_ket_buffer 702. As des_.cribed later, even
whén a 'link disoonnect-ion occurs on one of the UTP cable and
the optical fiber :cable, the 'suc_h input/outpuf control rallows
o 25 : ‘péckets received from the other cable to be stored in the packet

buffer 702.



powered of f, the collision domain 1002 becones in link 26 January 2006 31
di sconnection state but the physical-layer device 705 is2Rdptuarpfide.

Accordingly, the media converter 901 of the switching office 900 is also
kept active, resulting in normal conmunication maintained in the collision
domain 1001. .5 For exanple, when the ?%n tching office 900 has-received a
packet of data addressed to the subscri'ber house 800, the sw tch 902

forwards it to the subscriber house 800 through the optical fiber cable..

~ When receiving the packet of data fromthe :switch 902, the nedia

L AR AT b e S
Ther eaf t er 8§k g rl'ﬁ? OJ].L‘aat conQr%.pr%& 88/?011(?2 rf%% H't %lelen the |

starts: -opgra 'ng- not pac ef ore

packet - buf (g0 102 1 5, ,ferrrt]jewcghm e pgal comul 6,8 %tejcrgﬁ?g@&gg%rpi o

the. QJTP, c atively, circurttor °t

line . (0Pkheabrhi gn £ahl Phd ?,%g%'negd o iQeefaM £0:802 ggvpiRend a1 nk

i nfor mati on request signa Ia converter regul ar intervals

to maingaig %QEc&‘PII?QeLCQiEM@eC%BOEh%@&I? i FhR %élrddx%g' 904dgnBI fis 1001.

In response to this I'ink 20 information.” request signal, "the m croprocessor
707 access@sniéfred MR ptiealstets €6 Bda Rhesiiddled %erth@e&pegcgpl to
acquire the link information and sends a response packet having the

acquired | enket dy 1AM BReK pbett P2, S\Wontha28dy, eBBnhaweng recei ved the
response packet. fromthe subscriber house 800, 25 the nonitor circuit

~det er m nesphjeicdlha dviaie deetiveenos. meaﬂmhcaemwe:rﬁtﬁfcaloelaué Fhemstiscri ber

,house 800 and the sw tching

~ optical fiber cable at.the port P2, it is converted into an
10 Ethérpet packet by the physical-layer device 705 and the
-Et‘herhet packet is output to-the phy.sical—lajrerr device 701
'_through the FIFO memory. 704 to be transmitted to the UTP cabler
from the port Plé |
| In the prior art, when a link di‘sc.onnection occurs on the
15 .U'-I‘P cable, the missing link function is activated to set fhe
o physical-layer device 705 to the link disconnection étatus.

i Ac:cordingT to the present'“embddiment, however, it is péssible -

\ .. to set the media converter 700 so as not to activate the missing

link function. Accordingly, even when a link disconnection
: 20 :occui:s on‘ the UTP cable,A_the physica-lulayer device 705 is kept
| in an ordinary active status,r allowing reception and
transmission of packets at the port P2 c;)nnecfed to the optical
fiber ,c;,able; For example, the microprocessor 107 can access,
internal registers incorporated in the physical-layer device
25 .. 701 to acquire link information and transmit it tolthe optical

fiber cable from the physical-layer device 705 When having
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26 January 2006 32 office 900 is normally operating and the UTP-cabl e side
-of the nmedia converter 700 is in a link disconnection s@&tiasuary 2009
Conpari son Advant ages of the packet-buffer-equi pped nedia converter are
apparently found by conparing to the prior art as showmn in Fig. 14C
According to-the prior art, the transm®sion systemfrom the swtch 902 to
t he -personal conputer 801 consists of a single collision domain-1-003 as
shown in Fig. 14C. Accordingly., when a link disconnection of the UTP
cable within the subscriber house occurs, the. nedia converters 803 and
901 acti vatmeddiered a.pacisitngrohittie bpriéthdntibevhicableairs euchhe Atduse
collision domain:: 1003 to be automatically set to the disconnection
status.:. -thatDig rliim§g dsschndéestivmestdury drheheomiTPorcableguit of the
switch 902 cannot nonitor the optical fiber cable and the nedia converters
at all. Furtlifemiqriepreoneseshr 007 carmots dded mdated vied- pheket sivscrtter unti |
t he personal conputer 801 has been powered.-up. In contrast, according to
the presentPasiisddbrifer T0R. padkebenuftie UTF2abf et has meetievamd diroer 700
di vides-the 10 transm ssion. systeminto two collision domains 1001 and
1002. ‘Whert tHeéagnpeskbre shatis e qwesdrviedepanbate storedainithe ' 25
di sconnection _state, the_ packet-buffer-equi pped nedia .converter can use
t he packet PAGHREr PrEfeRedy tFr1 ARt iSeAIt ftichéne BAB| eakdei ve, . al | owi ng data
transm ssion fromthe switch 902 of the swtching office 900 to-the
packet - buf f et - Ui EiLSsdeB-—sYabser t er 700 through the optical fiber

‘Cabl e and furt b%éferring to Fig. 13, it is assumed for simplicity that
y ..a'.:subscriber line system is composed of a subscriber house 800
'1.0:'" -and a-switching office 900, which are connectedrby a subscriber
L ..l;:i'ne that is an optical fiber cable. The subscriber houée 800
. has.a persbnal computer 801 and the packet~buffer-equipped media
converter 700 therein, whi’ch are connected-by a UTP céble 802.
| The paCket—buffer—-equipped media converter 700 is connected to
15 a-media converter 901 of the switching office 900 through the
- optical fiber cable. The switching office 900 is provided with
'-g::p‘lurality of media converters including the media ‘converter

| 9{:3‘1, which each correspond to different. subscribers, and a

J L switch 902. The swit_:ch 902 may include monitor.s that
7. 20 .'e-ach monitor subscribef lines_. The media converter 901 may be
| a conventional one, may be connected to.the test manager 302
. asl shown in Fig. 10, or may be‘,cont'roliecri by the test manager
function 604.in the switch 601 as shown in Fig. 11.
As described before, there is a possibility that the
: 25 - personal éoﬁputer 801 used in the subscriber house 800 is

frequently powered on and off. Evéry‘ time the personal coniputer



26 January 2006 33 allow.ng_nonitoring of the status .of the subscri.ber
house. 26 January 2006 34 Clainms: 1. A transmi ssion sysZ@gdarugry 2006 -
transmtting data between a first communication point ‘and a second
communi cation .point along a link, conprisingis a plurality of nedia
converters included in the link, each f. which conprises: a first
physi cal -l ayer interface to a first tréﬁsnission medi um a second
physi cal -l ayer- interface to a second transm ssion nediunm a nmenory
connected between the first and second physical- |ayer interfaces, for

tenporarily,stqring datg tp.be , tr ferred tween the,. fiyst, and second
physi cal - | ayer *5 ggﬁfggeg?faﬁg“ﬁ(ﬁgaffxéﬁh§g?t§§c88ﬁ?r%?l%ri%%%troIIing
such that, en. a Li.gge I gn has, b r | V pQn | ock of
datn | cort SiSERaRestiBATREaS: T BheR Eng 6P| E8FLY ¥z B4 330 A0TT AR

di . first ' ' back
o b ey BBl s b S el n AN ATOPRE AR Bl 8K Sbqul SHEA G o2

to a source a S| gna est nmanager

connect ed tCQ,n%%tg% dw@' JRDRAIGGNE LR Sre AP LlBbAImeAL 4 tdAtRet O @

net wor kK manager
5 = packet buffer 702 to keep the optical fiber cable active. More

specifically, the-switch 902 of the switching office 900 can
send data to the packet-buffer-equipped media converter 700
through the optical.fiber cable and monit_or t-h'e‘ status of the
g) ' | p‘acket-—buffer-equipp—ed‘média converter 700 by acquiring .link
10 information thereof.:
From another wviewpoint, as shown in Fig. .13, the .-
_transmission system from the personél computer 801 of the-
" subscriber hoﬁse 800 to the switch 902 of the switching.office
900 is divided by the paciket—buffer—eqﬁipped media converter
- 15'. : !700 into two collisiondomains 1001 aﬁd 10102. More ‘spéci'ficalhly,-
the packet buffer 702 divides the ltransmissi.on_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 ‘ ‘RefAerri_ng-to Fig. 14A, when the personal computer is

powered. on 'aﬁd' normally operates, the packét—buffer—

equipped media converter 700 normally performs media conversion

| as deséribed before. Accordingly, packet transfer is normally

‘performed between the personal computer 801 and the switch 90.2.

.‘._ 25 ' | As .shown in Fig. 14B, when the personal computer 801 is

powered off, the collision domain 1002 becomes in-link



a test manager controller controlling such that a trigger signal is
transmtted to another nedia converter, and a | ocation 28 Jantdaay P@0Ge. is
det er mi ned dependi ng on whether a. response block of data is. received from
a correspondi ng nedia converter within a predeterm ned tine period. 2. The
transm ssion systemaccording to claimsi, =~ wherein the first communication
point is one of a plurality of 26 January 2006 35 ports of a switch and the

..second comuni cation point is a personal conputer, wherein the test

manager is connected to a nedia converter which is directly connected to
the swit ch.didcofhectiansstSisd Wuts ¥ hbeph et 1dilng drogekaka 1o5 i\@%?kn the
first conmmunication point is one of a plurality of ports of a switch and
the second atriweni Gaidcamlip@ilyt, the dnedi®l 86RMEr EONPMICHE YHE QiR chifgt est
manager is inplemented in a programcontrolled processor of the swtch to
control a mwédige 00vVEs telsahitabt isctdiviegctrkyutoingcigdnéemihe switch. 4.
The transm ssion systemaccording to cJaim1,2 or 3, wherein, when a
response blcoghunicdblien imaimtaireskiivedhlr eni 1 As ton rdspaii Tapinedi a
converter within a predetermned time period, the test nanager controller
det er ni hes that Eprf gixempde,ovbenstle swicchdngespbick pnidisarecaveeder or a
| ocati on before the correspondi ng nedi'a converter. 5. The transm ssion

system accér Bflet ;hmatehaddrassedptec e ngukdaiitser Wierss B0faclthef t he

first and second EH:‘physi cal -layer interfaces supports M1 (Media |Independent
| nt er f ace) SEshFR AT §Orvaresrsp tp. Shetahiardder house 800 through the

. optical fiber cable. When receiving the packet of data from the
) . - switch 902, the media converter 700Jtemp§rarily stores it in
.wdﬂ'ﬂ-thefpacket.buffer 702 without trénéferrrng it to the personal
" rcomputer 801 dUrihg'power-den. ~$hereafter, when the personal
- ecomputer 801 is powered up and,startSTGperating normally, -the
"~ packet of data stored.in the packet;buffe% 702 is sent torthe
',ipersonél computer 801 through,the.UTP,cable.
15 - Altérnatively,thenmﬁitorcircuitforthesubscriberline
(optical fiber cable) installed in Ehe'switch 902 méy send a
. -'link informatibn'request signal Eo.the-media cénverter 700 at
-y S - regular intervals to maintain the normal communication state
of the collision domain 1001. In response to this link
20 informationrequéétsignal,thenﬁéroprocessor?O?accessesthe
internal registers of the physical-layer deVige 701 to . acquire-
the link information and sends a respdnse packet having the
écquired link information back to the switch 902. When having
received the response packet‘from,the-SubScriber house 800,
'25 ‘the monitor cifcuit determines that the line between the media

converter 700 of the subscriber house 800 and the switching



6. The transm ssion system according to any one of the preceding clains,
wherei'n the nmedi.a converter controller accesses anot her 26dangdry 26@6 f i r st
and second physical -layer interfaces to acquire link information fromthe
ot her physi-cal- layer interface when the trigger signal has been received
and generates the response block of dapa corresponding to the link

“information. 7. The transm ssion system according to any one of 26 January
- 2006 36 the preceding clains, wherein the test manager controller disables

the mssing link state when a test is started and forces a correspondi ng
physi cal - | ayffident9®of dgenbrihally réksratiinplagids ke utre-EaBNS NE1dd here bl ock of
data to the link. 8. The transm ssion system according to any one of the
precedi ng ditei medivhevevartbe Tedliis denventiek eqstepahkbetiodi sedtes. a

m ssing link state when the trigger signal has been received, and

transmts thé-4esomsaridaick of data to the source. 9. The transm ssion
system according to claim8, wherein when a received block of data is not

“a trigger signal Advarieagehefnitsspagkéeiritusiat-equippatbdedi g aoneetceer

controller disables the mssing link state to transfer the received bl ock
of dat aSt o aseappatenbhe fsfunchby feomngiardmg tecome phywi eak-asaydown in _
interfaces. 10. The transm ssion system according to claim1, wherein the
link includdd-alffrst nedia converter provided in a swtching office and a

- second nedia converter provided in a

According to.the prior art, the transmission system from

‘the switch 902 to the personal computer 801 consists of a single

5 ‘ . ' -collision domain-1003 as shown in Fig. 14C. Accordinglyy; when

10 alink disconnection of the UTP cable within the subscriberhouse
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 disconnection 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 i)ersonal computer 801 has been powered-up.

e R In contrast, according to the present embodiment, the

it ~ packet buffer 702 of the media converter 700 divides ‘the

20 transmission system into two collision domains 1001.an_d 1002.
- .When the UTP cable.-witt.lin the subscriber houlse' is in a link

: .disconnection state, the -paCketwbuffer—e_:quipped media
corniverter 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 theé packet-buffer-equipped media

- ‘converter 700 through the dptical fiber cable and further



- subscriber device, the link corresponding to each of subscriber lines.
bet ween a corresponding port of a switch and a correspo@@iJagusydeds i ber
device, wherein the switching office further conprises the test manager
connected to the first nedia converter, wherein the test nanager
controller: controls the first nmedia cogéerter such that a trigger sigha
is transmtted to the second nedia converter, and a location of a failure
i s determ ned dependi ng on whether a response block of data is received
fromthe second nmedia converter within a predeterm ned tinme period. 26
January 2006.37.11. The transm ssion temaccording to,claiml wherein
ot | onst ol LBMPRmGREFaFFES B SRR Sk L uRver: LhruPRRerifs it o
buffer for storing a received block of data, wherein the media converter
controller controls such that, when a link on one of the first and second
physi cal -l ayer interfaces is disconnected, another link on the other one
of. ‘the first "and second physical -1ayer interfaces is kept in connection

~state and a bl ock of data received through the other one is stored in the

- buffer. 12. A nedia converter for converting fromone type of nedia to
anot her, .conprisi.ng: a first physical-layer interface to a first:

& transm ssion nedium a second physical-layer interface to a second

= transmission nmedium a nmenory connected between the first and second

physi cal - : ' :

S
{ g




| ayer interfaces, for tenporarily storing data to be transferred between
the first and second physical -layer interfaces; a nedi a2édaneartyc006
controller controlling the first and second physical -l ayer interfaces and
the first nmenory; and a test manager connected to the nedia converter
controller, conprising: an interface to a network manager; and a test
manager controller controlling such thed a trigger signal is transmtted to
-anot her media converter, and a location of a failure is determ ned
dependi ng on whether a response block of data is received froma

corresp Y redia converter within a predeternmined tine period, wherein
the other 26 January 2006 38 nedi a converter, when having received the
trigger signal, transmts a response block of data corresponding to the
trigger signlal back 2o thengedsaiennvewsépn 1FOrThel FATHIM tddmBer t@3ta

accordin j m:: . nprising Aa,.$eco ' sded in at

| east o%%?eeﬂ]:é Plkjl}é ta%%%%%%aﬁ%%gél%gi f?’écf}e% ?%%gi?@g%%@@%r st‘odf i'ng .
dat a r egedived aldrough imk;oreppasdngg one of the first and second

physi cal - |ayer jnterfaces; erein the nmedia_converter controller cgntrols
PRt st ot R iyt B ray R YEAEBFF a BETRHER. That To vhetka T10k on
one .of tdhe dHrat «ndbsieeend physical -l ayer interfaces is disconnected,

another link on_the other one of the first and secqu ghysical-]a er
interfaces i & kEpFSFnPAYESRALTLRVRE stafgrface to a first transmission

medium; '
 a second physical-layer interface to a second transmission
médium; -

a memory connected between the first and second physical-
layer interfaces, for temporarily storing data to be
transferred Dbetween 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 of data
corresponding to the trigger signal is transmitted from a
correéponding one of the first and. second physical-layer
interfaces back to a source that has transmitted the trigger
signal; and |
i a test manager connected tc one of the media converters,
| comprising:

an interface to a network manager; and

a tesﬁ manager controller controlling such that a trigger
signal‘ is transmitted to another media converter, and a
iocation. of a failure is determined depending on whether a
response block of data is received from a corresponding media

converter within a predetermined.time period.

2. The transmission system according to- claim 1,

‘wherein the first communication point is ohe of a plurality of



and data received through the other link is stored in the second nenory.

14. The nedia converter according to claim 12 or 13, wh26damizen2006bf the
first and second physical -l ayer interfaces supports MI (Media I ndependent
Interface) conformng to |EEE802.3 standards. 15. A control nethod for a
medi a converter for converting fromone type of nedia to another,. wherein
the nedia converter conprises: a first physical-layer interface to a first
transni ssion nedium a second physical-layer interface to a second

transm ssion -nedium a first nmenory connected between the first, and

second PPRysi 8Bl A ajeiteht @éhfack’s FSECOREPEPRRHIYCt 61 n§Cd8Fa 1D Be

transf erf.8d Retiwegpdfie | e and seeondphygisaiet aVer céfndafi@r ¥o2806 39
interfaces; and a second nenory included in at |least one of the first and

second piegdiac slonvayseri whéchatesdifert kY ordmpdach teddicveditehr ough a

correspondi ng one of the first and second physical- |ayer interfaces, the
control nethod conprising the steps of, a) nonitoring the first and second
physi cal -l ayér. i nt erflecesrhosdéseionnes ywhetthercadridikgi stdi stlorinectled; b)

when a link gn qQne aof. the first .and.second _physical - |.ayer .interfac i's
disconné@F@@}nkggﬁi%grfﬁofﬁ@PunFFﬁ 8k Pﬁén%0¥ﬁ39n8n8f0 P%@rﬁﬁ%gy ot
and..secgrd-tphystcal - kayeehi ey f 86€S ddtond communication point is a

personal computer, wherein the test manager is implemented in a
program-controlled processor of the switch to control a media

converter which is directly connected to the switch.

4. The transmission system according to claim 1,2 or
3, wheréin, when a response block of data is not received from
a corresponding media converter within a predetermined time
period, the test manager controller determines that a failure
occurs at the corresponding media converter or a location

before the corresponding media converter.

5. The transmission system according to any one of
the preceding claims, wherein each of the first and second
physical-layer interfaces supports MII (Media Independent
Interface) conforming to IEEE802.3 standards.

6. The transmission system according to any one of
the preceding claims, wherein fhe media converter controller
accesses another one of the first and second physical-layer
interfaces to acqguire link information from the other physical-
layer interface when the trigger signal has been received and
generates the response block of data corresponding to the link

information.

7. The transmission system‘according to any one of



a connection state; c) when data has been received through the other |ink
on the other one of the first and second physical -1 ayer26 Jartuanf 2006s,
storing the received data in the second nenory. d) transmtting a trigger
signal to another media converter on the disconnected |ink, wherein the
ot her nedia converter, when having received the trigger signal, transmts
a response block of data correspondirg to the trigger signal back to the
medi a converter; e) when no response is received fromthe other nedia
converter within a _predetermned tinme period, determning that a_failure
occurs dthq h@IECREANFedF i tBiweMIGT R a th§cat Poh PRI t (KOG eT

medi a- coPVEenRls 20 J@RUAN %52006,140 ABSTRAGELVED AcOWER ER:a AN and
TRANSM SSI ON SYSTEM USI NG quIE SAME A transm ssion systemallow ng a

responsefdmests t 0 e @etieapardlificom adbisicrildd aved eadyteatacei on ko
occurre Creanosfm&tt%afbﬁ'el ‘értgt'estg: ?g%ﬁ’grﬁf‘t 10 6&#5@1@%’@ Y &%; %g%mlfiﬁ'k

transm tting a between a ‘conmuni catTon point an second
comuni cation point along a link, a test manager transmits a trigger.

::s.ignal to a nedia converter on the link-.i% agd detterm' nes, a ¢
-location of % fail ure*depEAdF IS S WhEY REFRa 2CCOF88BEndE bIbEK®BF Gat a- .
Is.. recgieegrétediig cethesnppndinegeiadi the meaiNechaventeh rraytrlder
determned tine period. Wien a..nedia -. 10 converter hasr{jéc ived the

e

trigger Eigphdies @ MEsomse @Kkt ads mbeioridien g9 %5ke Stid a$i GiFaR i s

transm tted hack t9,a -SUHEA thatnbas sl t bedekhed rbagar s gnak A
packet buf f er : '
source.

9. The transmission system according to claim 8,
whérein 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 received block
of data to the other one of the first and second physical-layer

interfaces.

10. The transmission system according to claim 1,
wherein the link includes a first media converter provided in a
7 switching office and a second media converter provided in a
subscriber device, the link c¢corresponding to each of subscriber
lines between a corresponding port of a switch and a
corresponding subscriber device, wherein
the switching office ‘further comprises the test manager
"connected to the first media converter, wherein the test
manager controller controls the first media converter such that
a trigger signal is transmitted to the second media converter,
and a location of a failure is determined depending on whether
a response block of data is received from the second media

converter within a predetermined time period.



S preferébly provided in a nedia converter so that when one Ilink is
di sconnected, the other link can be used-to transmt 15 2galakety,20861 ow ng
alink test - Figure 1 '
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11. The transmission system according to claim 1,
wherein at least one of the plurality of media converts further

comprises:

a buffer for storing a réceived block of data,

wherein the media converter controller controls such that,
when a 1link on one of the first and second physical-layer
interfaces is disconnected, anothef link on the other one of
the first and second physical-layer interfaces 1is kept in
connection state and a block of data received through the other

L one is stored in the buffer.

12. A media‘ converter for converting from one type of
media to another, comprising:

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

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

a memory connected between the first and second physical-
layer interfaces, for temporarily .storing data teoe be
transferred between the first and second physical-layer
interfaces; |

a media converter controller controlling the first and

second physical-layer interfaces and the first memory; and
a  test manager <connected to the media converter

controller, comprising:

an interface to a network manager; and

a test manager controller controlling such that a trigger

signal is transmitted to another media converter, and a

location of a failure is determined depending on whether a
response block of data is received from a corresponding media

converter within a predetermined time period, wherein the other





