26 January 2006 MEDI A CONVERTER AND TRANSM SSI ON SYSTEM USI NG THE SAME
BACKGROUND OF THE INVENTION 1. Field of the Invention TheZ2@demuant 2§08venti on
relates to a transnission system including at |east one nedia 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 media converter. 2. Description of the Related Art There has been a

l ot of talk recently about FTTH (Fi berlTo Thé Honme) allowi ng hi gh-speed
transm ssion of multinedia data 10 such as nusic, noving picture, and

medi cal data byEDI& CONVERTER izND aiRameMISSIoRi SesTel resing vk tdagmhone 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 cabl'e and a UTP cable, respectively.
For each of the ports; a physical-layer ,device is provided, which supports
M1 (Media | ndependent | nt BAEKER)UNE ¢¥f Gitild AYVENTEBRES02. 3 st andards. 20
In addition, since a nedia converter converts fromone type of nedia to

~another, it usual ly has a mssing-link 26 January 2006 2

1. Field of the Invention
The present invention relates to a transmission system
ihcluding at least one media converter for converting from one
. Lype of media to another, and in particular to a media converter
‘J) : 5 suitable for a link test system, and a control method of the media
converter.
- 2. Description of the Related Art ~
l'There has been a lot of talk recently about FTTH (Fiber
ToTheHome)allowinghigh—speedtransmissionofnwdtimédiadata
10 such as music,hmoving picture, and medical data by the
installation of bptical fiber-&irectly to the home or office.
In an era of FTTH, a media'converter is. an indispensable
communication device to connect a fiber-optic line to a computer
{;) .~ in the home or office. “ |
5. In general, a media converter:has a pair of ports.that
are torbe connected to a fiber-optic cable and a UTP cable,
respectively. Edr each_of-the ports, a physical—layer device
is provided, which supports MII (Media Independent Interface)
conforming to IEEE802.3 standards.
20 In addition, since a media converter converts from one

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



function such that, in case of disconnection in one link, the other link
is automatically disconnected. For exanple, in the event 26hknuame0Dénk on
the fiber-optic side has been di sconnected due to sone failure on the
fiber-optic cable, the nmedia converter 5 automatically disconnects the
other link on the UTP cable side. 1In thg 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 devi ce on a corresponding l'i nkr; 10 A conventi onal

di i, d - a l
function 1o capet L R thall I 3 rﬁar?ee T NN ghd kg Fhe ©"
t abl i shed. t t i ted b
T aht-em Lt GR d‘%‘ 15 i ol ad a6 4 B dnneb el AEE Sxptplen n thisen
proposed variLous: khok tth%silﬁlggﬂglh%%eﬁoero ﬁ%@%&%&ig%ge nggl)co%nec%%l ese

Pat ent Application Unexam ne |'1Cat 1,01 oses a 11 nk

test nethod mgd Rg %nﬁaoﬁgiﬂdrieﬂtt nl(ki%qe &3%1%%5]5?@(3‘3’1%&% 108ty rJ-l:tte

adj acent switches connecte € specl one

transmts a soninlicads Msé&%&iﬁé‘%f&héw&ﬁ‘e@ 1}>(1‘Hk% the U1 Oa I@@i@et S a

response nessage back to the source swtch e source switch detects the

presence or absengg e aagém@&éesuérpa&[{&iﬁoeéﬁ@ér@@ﬁ?cséugt,d !\@%%nh%%%' vi ng
the response nessage, analyzes it, to determ ne whether the |ink nor mal | y

functions. ZﬂquﬁablbhEOa’@H&efibéﬂ@dﬁitc aghri, q4e i§ HEE&sHratywor k

swtches and is fundanentally different in structure and 26 January 2006
perform a link test.to check whether each cablé is properly.
connected tO'an'opposife device on a corresponding link::

10 A conventional media converter is provided withpa
link-test switch by which a link test function is activated to
determine whether each link is properly established. The Link
statusforeachportisindicatedbyfalight—emittingdiodefﬂEDJ
provided for each port.

15 | There have been proposed various link test techniques-
of networks. For example, Japanese Patent Application
Unexamined Publication No. 8-331126 discloses a 1ink test method
using a special control code to be transmitted between two
adjacent switches connected by a link. More specifically, one

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

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

switches and is fundamentally different in structure and



3 function froma media converter designed to convert fromone type of
media to another with a missing-link function. As descri b&8 Jabeary 2086 nce a
conventional nedia converter is set to the test node by operating the
link-test swtch, it is inpossible to activate the link test from cable
side (UTP cable or fiber-optic cable) and therefore difficult to perform
the link test rapidly and easily. In ®ther words, the conventional nedia
converter is not designed to be controlled fromnetwork side. Further,
when the m ssing-1ink function of nedia converter is activated, the entire
transm sstBtdpst Eren 2 gediaoctnvisktedi devimmedt Foncamenthéret oime t he host

conput er GaNQk HPAI4 Yo ARYtnst %‘éﬁ Qfmis%n@e%ﬁkcm& ibgr, even if the
medi a converter operates nornmally. SUMVARY "OF THE | NVENTI ON One or nore

enbodi nent s prisvid¢Ecalbedidivesi vinasy st epnventicliadgredsy Wavestepn of

occur rencésofccachai dye ndnd weoperge%(% Ohd h%ﬁo{ew sfwh%chl Nk isacl uding the
medi a converter, One or nore enbodi men I’OVI de a nedi a converter sui tabl e

for a I|rﬂ@ﬂ?§§ﬁb§?s¥%ﬂﬂ9§FWéﬁfrﬁfaeéévkd%ﬁiﬁxﬁrﬁﬁ BRP e Aifee AR ¢2P1g failure

and the lacatibep-spereefabiB) thes lchakeFoed udisrgchbe topdiracepngrter. 26
January ﬁOOG 4 One or, nore enbodinents provide a transm ssion system a

nedi a co &FSHNEPE Y Yo BRE r A5 ¥t hoR AthedwiRgdsr rid$psResetigqral

media converter is not designed to be controlled from network
side,

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.

Cne 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.



to be activated fromcable side. One or nore enbodi nents provide a
transm ssion system a nedia converter and its control netthéhuahl 28Bng one
link froma nedia converter to an end device to be maintained even when
the other link is disconnected. According to a first aspect of the present-
invention, there is provided a transm ssion systemfor transmtting data
between a first conmunication point ahd 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 n@Ri ¥ Nare cihedinphiysidvidayertianseisaten tsysdenecand
transm sspom JRdhydte & JABNPEY SORREERLRRT WeeB. 1P élf 'rre%)oﬁ‘%@ 1gggond

ata to be transferred

physical -layer interfaces, for tenporarily storing
bet ween tHe 49 pstidneesdeondcgthesiséde- | ayer interfaces; and a nedia

converter contggl el g PRt okl REn 84k HAE: a WehaikEi G0&lystahgnal has been
recei ved, a response block of data corresponding to the trigger signal is

t ransni t tBRAM GRPBEERYT 88Pohtl mpréaelofetiae alilpeingfesééphdiron a

physi cal -heyier conteriaces Batkd QedisoUEEDHe HRRhthasd kaBsNmdednkhe -
trigger signal; and a test manager connected to one of the nedia

convert erS & npiPEi Hy:digFen %t ace to a network manager; and a test
manager contr @dd®@irdie@nid @l leipgt saghedthalr and rd:38eht SigRAtios, t fRdsM t t ed
to another nedi onverter, and a location of a failure is determ ned
dependi ng- bR REAEREr2 & IPESPLTRE HIFEEkeBf F Ut 2PEM Edioy 8a TR rfhgen

cor r espordi fig s dbAmaaiREe L &€ rpdiinfthizkAdaa P dfkie Eoiad daitiBn Peiritod.

along a link, comprising: a plurality 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 controlling 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
contrelling 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.




26 January 2006 5 The first communicati on point may be one of a plurality
of ports of a switch and the second comruni cati on poi nt pHyalera20q&er sonal
conput er, wherein the test nanager is connected to a nedia converter which
is directly connected to the switch. The first conmunication point my be
one of a plurality of ports of a swtch and the second conmuni cati on point
may be a personal conputer, wherein theStest manager is inplenented in a
programcontrol |l ed processor of the switch to control a nedia converter
which is directly connected to the switch. The test manager controller may
det ermi ne t hat & dillrgk ecorgpuicgtaen tmindonee spordiengf nedi lavredaverefer or a
| ocati on b;%l%eoftQesv?i?crcrhe%@8”9&@%@%%%%&%‘6%5‘25 1'1\/523%@11;0& %h?e f4 rst and
second physical -l ayer interfaces may support M I(f i'a 1 nd pené%nt

| nt er f ace) PREHPRGE nEAPUG Y/ | FEESOM Thet sadharthnagFhel sredinacctnderq ar

control | eryd@y 2eRFSScANGHREE PD&1%e ol PecdideStaNt, S8rORM; paYSI cal -1 ayer
interfaces to acquire link i1nformation fromthe other physical-Iayer

4

i nterface when Tife TifpF gemmuEiigaal om o iisdenay eteioped oand meragéhératt e the
response Q6K o@f 5 dalia §OLKESPANARYnk Ot htiiicak bAT YRt hQp. nL6 January

2006 6 The test manager controller may disable the m'ssing I1nk state when

a test is RY&ECPEY PR f sheerd doer Espbritinager phy sitbdrrrayRt imeer f ace
into transgidgrakl-8ost 18 eHOptb @It 0f the switch to control a media

converter which is directly connected to the switch.

The test manager controller may determine that a failure
occurs at 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
IEEEB02.3 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.




the bl ock of data to the Iink. The nedia converter controller may disable a
mssing link state when the trigger signal has been recep&dahuagn2bosay
transmt the response block of data to the source. When a received bl ock of
data is not a trigger signal under the mssing link state, the nedia
converter controller may disable the mssing link state to transfer the
received block of data to the other ome of the first and second

physi cal -l ayer interfaces. According to a third aspect of the invention,
there is provided the transm ssion system according to claim1, wherein
the |ink Thltgdésmandgarsconbav bl aromagr deraldreovhdenissing 1énkt chi ng of fice

and a secopttTRbeR LRI 18T sPLAULAGH I P £oSUBSET EDGT sB8HALGy the |ink
correspondi ng to each of subscriber |inés between a correspondi ng port of

a swi t ch RWPIg2alchbryes ponar hRcs uiser Fhepsmidpbée Srdieite EhenEiitt chi ng

of fice furtdenoernpsises kthechestinianager connected to the first nedia
converter, wherein the test manager controller controls the first nedia

converter, whet Mefha FRICTtRENGRRITCARE rBAY St sebher dIRiHadf 11%% nedi a

convert erssdtehwhBat tha triggeersisyr@Nahas HddnaReptid&d @t hgysecond nedi a
converter, and a location of a failure is determ ned dependi ng on whet her
a responSEBIGEKTRT FAPAPE RS $€d94 orht hBe sBXYIRE -nedi a converter
within a predetigiefi Bededd RAPBLLOM. o ACEOLE I Nhd0 aatboygdh sagpect of the

i nvention here is, rovided the transn ssion system according to claim1,
wher ei n %ﬁdtelreﬁg? ’Eﬁ%plé‘fz hRR g tatar i £ dredtBdFan BT F?nFﬁ?]tJ'r‘?gr 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.

According to a third aspect of the invention, there is
provided the transmission system according to claim 1, wherein
the 1link includes a first media converter provided in a
switching office and a second media converter provided in a
subscriber device, the 1link 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, 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.

According to a fourth aspect of the invention, there is
provided the transmission system according to claim 1, wherein
at least @ne of the plurality of media converts further

_comprises:




conprises: 26 January 2006 7 The link may include a first media converter
provided in a switching office and a second nedi a conver 2@dampraow2@®d in a
subscri ber device, the link corresponding to each of subscriber 1lines

bet ween a corresponding port of a switch and a correspondi ng subscri ber
~device, wherein the switching office further conprises the test nanager
connected to the first nedia converter,7wherein the test manager
controller controls the first nedia converter, wherein the test nanager
controller controls the first media converter such that a trigger signal
is transmitted fhe thekseegndnobdiea acdivert eedia andivartecatdnideti anfailure
is determ n n ther a esponse bl ock of data recei ved
fromthe s‘gékglgﬁcgﬁ%gdgjaﬁqggnve er W rhin mg%%%d@f’%‘( i ed Iflf%d%glri]djd.a%
January 209 ®:rifer| dasicaneiaf lihe pbnr@&pdrgdmfg redeacle oo esttssarapet ur t her
conprise: & f t.staqri d bl ock of data, e|n he_nedi a
converter 42101%%‘; ol é{wgggnt %ol s%%sﬁ%%p 9}]&1{1‘8 \%{%% aolfl nk oﬁwﬁe of *¥he First
and secondepiipsiceatiihqymibsciraber faavese) swlk@;(ﬁiri n connection state and a

bl ock of data qp&? h r red in the buffer.
According to a E%?rv\di%glsl%g%t C%hﬁu%lh\r%g:ntcglgﬁrlf%eﬁtg |g65tpfﬂ§\?| detd a nedia
converter FUMessadere ity fiont orsliy genvériredi aherein the test manager

controllier controls 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.




to another, conprising: a first physical-layer interface to a first

transm ssion nedium a second physical -layer interface t®Glaeaqrifds
transm ssion mediunm a nmenory connected between the first and second
physi cal - layer interfaces, for tenporarily storing data to be transferred
between the first and second physical -layer interfaces; a nedia converter
controller controlling the first and secend physical -layer interfaces and

the first ry. and st n r connected to the nedia gonverter
cont ol 1 erit Teght A o LR L I S o P b e AU F A I 26 yanuary
2006 9 a d¢wmgtrimanager controller controlling such that a trigger signal is

transmtted to di_ia converter, .an | ocat.i of a failure is
det erm ned depéﬁgﬁﬁgggnﬁﬁhéﬁﬁé%n%.%éf%@ﬁgg bggb% O%fg%%?a is received from
a correspondi ngrheediia tlonwerdtier contdriter aopteddtcer ppmechbls mechethad,

wherein t t heg . .. .conyerter . e Vi r .ved rigger
si gnal , tpgﬁgh?tglgﬁgggﬁggségi%1og&rg?f%g?%eggg?égggﬁggggi%ié{he trigger
si gnal bl cgketrdacte isredra tomeeneetiodhetatedirad corbieckept ndgts urt her

compr i se:. 238600k MRMEY chAcluledoh & 1east pneaf el i Tt and  second

physi cal -l'ayer interfaces, for storing data received through a
correspondi ng dwEogflinted jiar secomdl asweshdophiisi davention, there is

provided a media converter for converting from one type of media
to ancther, 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 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




| ayer interfaces; wherein the nedia converter controller controls the first
and second physical-layer interfaces such that, when a |ik Japuarpnreosf the
first and second physical -layer interfaces is disconnected, another |ink 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 nennry Each of the first and9second physi cal - | ayer interfaces

supports M I I endent rface form.n | EEE802
st andar ds. o'\éeggegcl Ig%%p s CtoﬁafOJE e cont F% ?ng SuClqf %I?Eﬁer %ac ss t he
one of t heSqunaét 1anblras7@mmde@h1ycs|am@rthbayre¢dnantcenfra;ctssr,t andagglnaatibnnk

| nf or mat | of andaTRY:d [ANSELL ke LokoLBl el T LDy, hroughoblie, ohiner one of

the first and secon yS|ca aces. Iso dirscPosed 1S at the
controlIerOﬁnﬁ@tﬁur%rnﬂcea&@éséromIaecsece$mbnﬂmmgrye@narqnnyetherSWInhad dat a

when, the 14 plt AR AR ncOne 0L b dd ! 3he P00, S6CODELERYRLAY! chayr it or faces

has been restored ansm’'t th e stored ata roug e onhe of
the first vdsa §é€€@ﬁiHﬂ?FSV@éIth%nﬁaiggﬁre$19naés tram%mmhﬁrdane%pwnaﬁh athird

aspect of #ihey2Bs JANUAIY 20000 dd) nd RYCPAL HbicBefonld r\%] %@EQerhé Qhed Medi a

converter for converting fromone type to anot erein the nedia
convert er %aSHpr Feweertgr-first physical -1 ayer |nterface to a first

transnm ssi on mMBdjeURkdia converter may further comprise:

a second memory included in at least one of the first and
second physical-layer interfaces, for storing data received
through a corresponding one of the first and 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.

Bach of the first and second physical-layer interfaces
supports MII (Media Independent Interface) conforming to
IEEE802.3 standards.

Also disclosed is that the controller 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 is 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



a second physical-layer interface to a second transm ssion nedium a first
menory connected between the first and second physical -| @elanuay@df@ces,
for tenporarily storing data to be transferred between the first and
second physical -l ayer interfaces; and a second nenory included in at |east
one of the first and second physical-layer interfaces, for storing data
recei ved through a correspondi ng one of,the first and second
physi cal -l ayer interfaces, the control nethod conprising the steps of: a)
moni t ori ngittratiprsta gadtwdconthqshysk calmelday egonivatesf deesconvgraet®er mi ne
whet her a kigikohe djcennachads, RheWhEDN thel hdi 080008 tf cdulpeiféd sty and
second physical -l ayer interfaces is disconnected, keeping another |ink on
the ot her bhetoPPYHE | 3¥eraRtSEE6Rd° &h%?%‘élt-r%’@f@rssilﬁfle‘?el’d&&%'s in a
connecti on st at&;seepbnh@tysdai B-lagser heerrieceiovedsddvhaugiudshesaidaer |ink on
t he ot her ogﬁ_of the first and second physical-layer interfaces, storing

the received data in the second menory; d) transmtting a trigger signal

to another ned@aﬂ@@nwenﬂep gwnmheédﬂ$¢@ﬁﬂ@dﬂedfiimkﬁndheﬁ@hd the_other
medi a conglg;stiggl-ﬂﬁ@ having-cecelyed, te 111 09eb flgnat. {Japsmts a

response bl ock of data corresponding to the trigger signal back to the
medi a- convEfAeferegd RREVEHD theshdiseard segerf \REY SEFHMIBKET GtEFFa9Rédi a
converter sadhin a predeterm ned time period, determning that a failure
occurs at the other Hgdia conyertgr or a,location efore _the other nedia

converter. Al so® diCSePRSEErY YHAPtAec8ht 1R N8t hod M %Jﬁrsghaé”r i ncl ude

second physical-layer interfaces, for storing data receiwved through
a corresponding one of the first and second physical-layer
interfaces,

‘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 memory; 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
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 1s 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
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the steps of: d) accessing the one of the first and second physical-Iayer
interfaces to acquire link information in response to a RB6dkniay@08@ti on
request received fromoutside; and e) transmtting the link information in
a predeterm ned signal format through 26 January 2006 10a the other one
of the first and second physical-layer interfaces. Al so disclosed is that
the steps of: f) when the Iink on the ieae of the first and second

physi cal - | nterfaces ha en_.restore acce econd menory
Do Fead  hore et T SF TS Sy DRe e h e e a5 ough ¢ ne
one of the fi rsﬁl%dlsgbmddlwﬂ}'@tcm@— Isapes dfnt &r f‘ret@esthwlsokdwrséh@sed is,

a transm sghonsyst qmrls@céﬁmgémﬁa %ﬁysfm -18em %t@mc@gcwb@@,q devi ce
whi ch are connected to each ot her i nk throug@er " plurality of nedia
tefs

convert er sTERHREFE rP%teSFJei%tthén%eCOBP TR e t? &°86n et GApri B¢ a
packet buf §El’trfa€il%m5ﬁtﬁ.l’nl;ngq@. stbegeiqved packeh,tnsheneidr the fackeinduffer

di vi des t he % h itlflrst coII|S|on donain of the first end device and
a second cocfci O%Slfa o1 llt“:he 88tond end device. Also disclosed is that
t he | east one oﬁlézdﬁellnebhsaedcmﬂver texssmigayord wyshen ingéhdrde dicontendl | er

control |'i ngeﬁ%haﬁglasieco}{\@%dadéél% wﬂ):n:}‘pgge p@JrPneEb@cE et%f eéxé'l %‘tﬁQPrH}e%t ed,

another link on the other port is kept in a connection state anda packet
recei ved t htBufhro e asetdifd pvraf F‘§d§t GradeT e rehe ekt 2h drePER . OTA so

di scl osed b5 ﬂntéameam@o@mt@frstmp&u@g aapdc;s@ﬁ@nelfelcqbki Sid2Angodrai ns

becones Inré%éfvg pac egprﬁﬁgiEQQ gﬂéaégékéfh%u%%er divides the link into a
first collision domain of the first end device and a second.
collision domain of the second end device.

Also 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 connecticn state and a packet received through the
second port is stored in the packet buffer.

Also disclosed 1s that when one cof 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 correspeonding end device in the other one of
the first and second collision domains.

" Also disclosed is, a transmission system includes: a first
redia 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.




one of the first and second collision donmains may be kept in a |link
connection state and normal comruni cation is perforned be?@é@mﬂﬁy2W¥Hla
converter and a correspondi ng end device in the other one of the first and
second col lision donmains. Also disclosed is, a transnission system
includes: a first nedia converter installed in a subscriber house; and a
second nedia converter installed in a switching office, wherein the second
media converter is connected to the fiygd media converter by an optica

fi ber cable, wherein the first nmedia converter conprises a packet buffer
for storing a received packet;, wherein a mssing link function is released
to keep a link to the svBrRmEr pgscffigeN OFaras PRARELE®N State regardl ess of
a state of a 'ﬁé Ho t he b%crlber house. 26 January 2006 10b BRI EF
DESCRI PTI ON OZ# E “DRA I@S Bragran SQOBFB%ktbtﬁ agFamahsiFRYLE he i nternal
circuit 26 January 2006 11 of a nedia converter according to a first

enbodi nent of the present invention; Fig. 2 is a diagram show ng a format
of a trigger packet used in the first enbodinent; 5 Fig. 3 is a block

di agram showi ng the internal circuit of a test-nmanager-equi pped nedi a
converter according to a second enbodinent of the present invention; Fig.
4 is a schematic diagram show ng a network system -




t he test-manager-equi pped nedia converter of Fig;.3 for 10 expl anation. of
a failure detection operation; Fig. 5 is a diagram show ng6daseguadite of
response test operation in the network systemof Fig. 4, Fig. 6 is a
flomchart showing a test control operation of the test-nanager-equi pped
medi a converter in the network 15 systemof Fig. 4; Fig. 7 is a flowhart
showi ng a test control operation of the Yest manager in the network system
of Fig. 4, Fig. 8 is a flowhart showing a triggered operation of a nedia
converter in the network systemof Fig. 4; 26 January 2006 12 Fig. 9 is a
bl ock di agram showing the internal circuit of a test-nanager-equipped
medi a conver PErd RYAIICRYVELL &L t FFFAH Vb S Reht r8f PHROG toqﬁ tion;
Fig. 10 is a block di %%raglrpgshovm ng a swtching system 5 including the

t est - manager PEGUT Pped Ntonverter of Fig. 9; Fig. 11 is a bl ock diagram

show ng anot her swi tching system having the test manger function simlar
to the test-nmanager-equi pped nmedia converter of Fig. 9; Fig. 12 is a block
‘diagram showing the internal .circuit. . 10 of acket - buf.f er - equi medi a
converter accordi né‘gf{)géfs ?o%lrét‘%raemrrﬁ(%l&i“'rlrgﬁtag%cprt aléc B;e%etrﬁlqgﬁ\%e glgg%t Fi g.

13 is a schepmid G, diadr 80 sPOVNG, £ Jf@nsm ssion _system using the
packet - buf f er-equi pped nedia. converter 'of Fig. 12;
5 Fig. 3 is a block diagram showing the internal circuit
of a test-manager—-equipped media converter according to a second

{ﬁ) embodiment of the preéent invention;
¥

Fig. 4 is a schematic diagram showing a network-system
the test-manager—-equipped media converter of Fig.. 37 for

10 explanation:of ‘a failure detection operation;

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

operation in the network system of Fig. 4;

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

15 system of Fig. 4;

Fig. 7 is a flowchart showing a test control opeéeration

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;




15 Fig. 14A is a schematic diagram showi ng a conmuni cat i on operation of

the transm ssion systemas shown in Fig. 13 when a persodéllacmmpiddes 201
is operating; Fig. 14B is a schematic di agram showi ng a conmuni cati on
operation of the transm ssion systemas shown in Fig. 13 when 26 January
2006 13 a personal conputer 201 is powered off; and Fig. 14Cis a
schemati ¢ di agram showi ng a communi cat i dR operation of a conventional
transm ssion system DESCRIPTI ON OF THE PREFERRED EMBODI MENTS. 5 Fir st
enbodi mrent Referring to Fig. 1, a nedia converter .(MC)- 10. according to
a first enbodi nent of the present invention is.-connected to a host
conput er or managenent switch 20 through.|.0. OBASE-TX: UTP cable and to the

ot her host conputer, or nana nt swi tch 30 10, t hrqugh 100BASE- EX: opti cal
cabl e. Needl ess t & 8ay? tHi e‘ﬁ;’ﬁ%ﬁﬁafﬁa’%m‘f}%t&% ntbedrg FérF‘dft

inmplicity. 1.1), Medi t Th di t 10 L. of
oL de B U8 OO St L IR UGS A0 e RBRIEL L,

which 15 ar onnect.ed .t o, UTP. _cabl e .and tical cable, respectively. As
described berB e e pitySPEPETLYLr BUTPEREN101 and 102 support M|

(Medi a | ndependent Interface) conformng to | EEE802. 3 standards. The nedi a

)
\‘_'-‘ .

converter 10 is further provided with a FIFO 20 (First-in-first-out)
menory 103 that Iﬁiﬁpnf@0£§H% QQBW%GHiSQEhm showing a switching system

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

Fig. 11l is ablock diagramshowing another switching system
having the test manger function similar to the

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

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

fourth embodiment of the present invention;

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

12;

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

a personal computer 201 is operating;

Fig. 14B is a schematic diagram showing a communication

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



physi cal -l ayer devices 101 and 102 to absorb frequency devi ati ons between
transm ssion and reception. Data received 26 January 2006 264aatarp2606
physi cal -1 ayer device are sequentially witten into the FIFO nenory 103
and then read out fromthe FIFO nenory 103 in the same sequence to be
output to the other physical-Iayer devicg? 5 1In addition, the FIFO nenory
103 i's connected to a PLD (programmabl e 1ogic device) 104 that has been
programmed to provide a predeterm ned.. logical function. The PLD 104, as
described |l ater, is. designed to check data stored in the FIFO nenory 103

at a predet ebmhBedohl M AT 281P3CkEL, Sy 10 hean g ecei ved and,

onl y: when the data of the FIFO nenory mat ches predeternined data, to
out put an enable signal Eie to a mcroprocessor 105.. ... ... The
m croprocessor 105, when receiving the enable signal E. fromthe PLD 104,

generates a predetigigri nad i§@%@m9@§5%i%&ca@rﬂ%h€%ﬁh@%fsccﬁmrﬁﬂ{irc%%ﬁggdi ng

physi cal -l ayer device to send it as a reply to the réceived packet back to

the source. bpetdieion td® AMHARHOEESSD! t A PanCiady 1RECRSSthnt er nal ., .
registers including farEF (far End Fault) register and Force Link register

incorporated in the physical-layer devices 101 20 and 102 according to
| EEE802. 3-standard M. Accordingly, Ilink information indicating |ink
establishment status and/or half/full duplex can be acquired from each

physi cal -l ayer device. f
DESCRIPTION OF THE PREFERRED EMBODIMENTS

PR 5 FEirst embodiment
‘Referring to Fig. 1, a media converterp(MC#‘iO“accordiﬁg
to-a first embodiment of the-present invention.is:connectéd to
a host computer or management switch 20 through 100BASE-TX:UTP
- cable and to the other host computer or ranagement ‘switch 30
.10 throughIOOBASEnFX:opticalcabie. Needless to say, this system
is shown just as an example for simplicity. |
1.1) Media t
‘The media converter 10 has a pair of ports,.which are
provided.with physical-layer devices (PHYs) 101 and 102, which
15 are connected to UTP cable and.optical cable, respectively. As
- describedbefore,thephysiéal—layerdevices101and1028upport
.MII (Media Independent Interface) conforming to IEEEBOZ2.3
standards.
The media converter 10 is further provided with a FIFO
20‘ (First-in-first-out) memory 103 that is connected between the
physical-layer deviées 101 and 102 to absorb frequency

deviations between transmission and reception. Data received



Furthernore, it is possible to force the physical-layer device being in

| i nk di sconnection status into transmittable state by 25 28claessiyr2§06he
Force Link register thereof. The management switch 20 is provided with a
physical | 15 [ ayer device 201 that supports M1 conformng to | EEES802. 3

st andards, MAC (Media Access Control) |ayer device 202, and a

m croprocessor (CPU) 203. The physical -1dyer device 201 is connected to

t he physical -1 ayer device 101 of the nedia converter 10 through the UTP
cable. The m croprocessor 203 can access internal registers incorporated in
t he physical -1 ayer device 201 according to | EEES02. 3-standard M. :
Accor di ngl y, at |[9ngkPhy rtatliageri deiViea pig $edierdsivdlli whkehen sodouthean be
acquired fromthe physical -layer device 2.01.:. Furthernore, it 10 is

possi bl e to FHC@emeeyph{3iardl thaeperead\aute f20m pae ngl TG memaic vdildé ohect i on
status into transmttable state by accessing the .Force Link register
thereof . . TH® fESySREHENEHI EXHPSOWRYtate] FhAi PtReF RANFICHHAYEE to the

management swit.ch 20. Its physical -layer device is 15. connected to the
physi cal -1 a;/%‘gr‘”d’&/i ce 102.of the media converter 10 through the optical

Ca . iE PRV SR LRI clo o Rl onsuBRorkay U coontormng, L LEFESC2 3
el 8, OnY! 3SR B R0l TR ToEh B HY b lR o
provide a predetermined. logical function. The PLD 104, as
described later, is designed to check data stored in the
.) : FIFO memory 103 at a predetermined timing after a packet has
10 been received and, only:when the data of the FIFO memory
103 matches predetermined‘dafa, to ocutput an enable signal Ep,
to a microprocessor 105.
The microprocessor 105, when_receivihgrt@e enable signal -
Es from{the PLD 104, generates a predeterﬁined response packet
15 and controls a corresﬁonding physical~-layer device to send it
as a reply to the received packet back to the-source.
Furthef, the microprocessor.105 can access intéfnal-,
- registers including farEF (far End Fault) register and Force
Link regisfer incorporated in the physical-layer devices 101
26 - ‘and 102 according to IEEE802.3~standard MII. Accordingly, link
information indicating link establishment status and/or
half/fullduplexcanbeacquiredfromeachphysical—layefdevice.
Furthermore, it is possible to force the ph;sical—layer device
'being in link disconnection status into transmittable state by

25 accessing the Force Link register thereof.

The management switch 20 is provided with a physical-



t he managenent switch 20 is converted into optical data by the nedia :
converter 10 and the optical data is transmtted to the @8shnueyi2006 host .
conput er or managenent switch 30 through the optical cable. Contrarily,
normal optical data received 25 fromthe managenent switch 30 is converted
into normal Ethernet packet by the nedig converter 10 and the nornal

Et her net packet 26 January 2006 16 is sefnt to the nmanagenent sw tch 20
through UTP cable. 1In the case where a response test is activated, the
managenent switch 20 generates a special Ethernet packet including

predet o1 ey} s, ek (o LA b BoLE 051 PREKSE 21T ond

transmts it t he nedi a Converter Tri gger

Packet Rl sLagdiad Sac2oabil A0 SO0 ELDSLISLPROA B T 00S

packet is conposed of 8-byte prea i hatTon ess field,

6- byt e sour cg paddigsschibghe, {cﬁﬂt 303.f ic@{éj p‘i’lgrségéiiii’%}z%% ?ﬁi@é‘%‘i‘? te FCS

field. In the case.-.of the trigger packet edeter I gger "data is

witten, in céhiesseur ¢8 eﬂ@rﬁﬁsiéﬁqaﬁ&edgehageioﬂaz%]ﬁ éf%el% £ ably
t he . NU

uni que data such as 15 identification nunber. Here, _ er .assi gned
to a circuidobeatdr 1¢@hreughathd BrbheayRdl argoaN erbplodBsksrUiRdcanas the

trigger data because the circuit board nunber is.a.. --unique-nunber
assi gned to ddwessi iaueindDarslintdie ivesedpbratdin the physical-layer

device 201 according to IEEESQ'2.3—standard MII. Accordingly,
link information indicating link establishment status can be
{) - racquired from the physical-layer device 201 Furthermore, it
10+~ "."is::possible to force the physical-layer device 201 being in link
-disconnection status into transmittable state by aécéséing “the
. Force Link register thereof.
" The management switch 30 has a circuit structure similar
to the management switch 20. Its physical-layer device 1s
15. conntected to the physical-layer device 102 .of the media |
converter 10 through the optical cable. The physical-layer
device also supports MII conforming to IEEES802.3 standards.
i In the case where a normal Ethernet packet is transferred,
"\"‘) the media converter 10 performs only nomal media éonversibn.
 20 More specifically, a normal Ethernet packet receiveci from
the management switch 20 is converted into optical data by
the media converter 107 and the optical data is transmitted to
the destination host computer or management switch 30 through
the optical cable. Contrarily, normal optical data received

25 f_rom the management switch 30 is converted into normal Ethernet

packet by the media converter 10 and the nomél Ethernet packet




a circuit board nunber is used as the trigger data to generate 20 a _
trigger packet having the circuit 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 nunber stored in the sg%rg%n%gggnggogleld
thereof, the media converter 10 switches into response test e and
generates a response 25 packet to send ¥% back to the management switch 20.
When receiving a packet having data other than its own circuit 26 January
2006 17 board nunber stored in the source address field thereof, the nedia
converter 10 passes the packet as a normal packet through. Second

enbodi ment & Fept ?@sFhﬁaﬁaﬁége%ﬁﬁﬁxﬁﬁ}qﬁhﬁaﬁ dbmpashePTR melila- convert er
according to a second enbodi rent of the present invention will be
described in detall “hereditt di1ereRer &FPPRRSEOCEPY. 18, agtivated,

t est - manager.- e ed onverter 300 is conposed of a nedia converter
301 and a- IFbﬂF BeWﬁﬁgg%VrggﬁQ%h@?“ﬁ§a58ﬁn€cﬁﬁﬂc%%lt%%h%ﬁ%?bﬁ@@5€§sor 105
.of the nedia.converter gl t hrough .a..dedi ¢ q : 303 Si nce t he nedi a
converter §6TJH 1n9h8r§ﬁ% ?QWVF% 1995 ﬁctﬁﬁeea ESEheCHEHEH Tonvert er

10 as sho iJcC Iocks r to those previoys
descri blegdwv]\ﬁljt ger ré%%% E{T’%fl;l CP 5“13‘?‘“&? ﬁb‘? &%%Ve?hap%%err er8nce
nuner al s aQ§u%ﬁ§hd€ﬁ8erﬁ'§%il mnll be onltted. The test manager 302

i ncl udes a m croprocessor
1.2} Tri Pa

Refefring'to Fig..2, similar to a normal Ethernet packet,
a trigger paeket is composed of 8-byte preamble, 6-byte -

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

The trigger data is preferably unique data sucﬁ as;

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 board number is.a

———unique number assigned to the circuit board by the vendor. - Such
a circuit board number is used as the trigger data to generate

_20 a trigger packet having the circuit board number stored in the
source address field to transmit it to the media converter 10.
Whenreceivingeapackethavingits(Nﬂlcircuitboardnumber
stored in the source address field thereof, the media converier
10 switches into‘response test mode and generates a response

25 pecket to send it back to the management switch 20. When

receiving a packet having data other than its own circuit



a network interface card (NIC) 305. The m croprocessor 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 witHh% Jfet4aik 4 agenent
t ool (not shown) through a 10M'UTP cable: As will be described |later, the
test manager 302 nonitors the link status, instructs test startup, and
anal yze and. judge 25 the collected information. Though the
above-descri bed nedi a 26 January 2006 18 converter 301 works in a basically

sanme manner as the converter the difference exists in exchanging
control signal t cropr GeSSor nd th
i cr opr ocessor 33@ %& %t898&2§§2%%26%¥1 ughf%ﬁggd% Tat'ed bus 303.

5 An operatjn r{tgdlt h% g\%‘é&té 1@%#%?419 e P2 ?(%%t §QH€ g;l’il aD(B{eq: medi a

converter 300 w | escrl win uence As
shown in. Rifkouyh Jt |s assuned for sinplicity that the 10
t est - manager . - equi pped nedi a converter 300 is connected with the
managenent swi tch 20 through UTP cabl e UTPland withiithe other media
converter 40 through the optic fiber cable FO. and the nedia converter 40
i s further seuneciedowihbnJTP cabl e=UTP2. It is further assuned that a
failure has occurred on the 15 UTP cable UTP2. In this case, since the
m ssi ngsl i nk2f unctéan-mdrs :| wters 301 and 40, the
entire link isin a dlsconnectlon status

C A media converter according to a second embodiment of the

‘present invention will be described in detail hereafter.
Referring to Fig. 3, a test-manager-equipped media
i'converter 360 is composed of a media converter 3017and a .
10 test managef 302 that is connectedjtﬁ”the microprocesédr 105
.of the media converfer 301 throﬁgh»aldedicated.bus 303. Since
“the media converter 301 has the substantially same structure
as the media converter 10 as shown in Fig. 1, ciréuit blocks
similar to those previously described with reference to Fig.
15-- 1 are denoted by the same reference numerals and the descriptions
~will be omitted.
The'tést managerx 302 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
is connected with a network management tool {not shown) through
a 10M UTP cable.
As will be desc;ibed later, the test manager 302 monitors
the link status, instructs test startup, and analyze and.juage

25 the collected information. Though the above-described media




Referring. to Fig. 5, the test'nanager 302 nonitors _the |link status

through the media converter .301, and when it detect® J2BueR¥ EPRR

di sconnection (step S501), the test nanager 302 notifies the network
managenment toeol of the link disconnection status (step S502). When the
net wor k managenent tool receives the nqgtification of |ink disconnecti.on,
it instructs the test manager 302 to art the test program (step 25
5503). When instructed by the network managenent tool, the 26 January 2006
19 test manager 302 starts the test node (step 5504) and causes the nedia

ter 301 to.the test tep S505). _Then, the nedi
Conver tor J0TRERS) 8L MR Canae PRI MACRPoR S 85 SSDBPRVERRSEw t ches
the physicajg | deyi 02.ta. F i nk. Enabl t tep, §507) t
ranem t o PP ERes Bkl P ERERU I SR Test 20Ptens Hebiace ¢

A et’, e vedi a

converter 40. After transmtting the trigger pac convert 301

di'sabl es. t ho\FOLceLiplal sk off S8 dugtARANALL L83k N8, ofdy manager 10 302

of the link information.:: Thereafter, the nedia converter 301 returns to

the norgal node £5t&HHR0Vn 3dhBeRelRi L5sEah -usde t§@ responding response
packet to the trigger packet to be received. On the other hand, when

havi ng r eceickedmbiggt F89eIphar kildial 2ohk-aptthesped) a1 coverdLen-;8Q4 the
medi a convérter 40 is switched to the test node (step 5510) and di sabl es
t he nissingfabnkin detail.
12.2) Test Sequence
As shown in.Fig. 4, it is assumed for simplicity-that the
1¢ ~test-manager-equipped media converter 300 is connected-With
the managemént switch 20 through UTP cable UTP1l 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 occurred on the
15 UTP cable UTPZ. 1In this case, since the missing link function
‘is active at both media converters 301 and 40, the entire link
is in a disconnection status. |
Referring. to Fig. 5, the test manager 302 monitors the
‘link status _1_:hrough the media converter 301, and when it déte'cts
20 - the link disconnection (step S501), the test-manager
302 notifies the network management tool of the link
disconnection status (step S502).. When the network;nanagement
tool receives the notification of link disconnection, it
iPstructs the test manager 302 to start the test program (step
25 3503).

When instructed by the network management tool, the




~-functi-on-to-transmt a response packet back-to.the nedia . converter.301
(step 5511). Thereafter, the nedia converter 40 returns £6Jamearn2déal node
(step 5512) . Wen the nmedia converter 20 301 receives the response packet
fromthe nmedia converter 40, the nedia converter 301 reads the |ink
information fromthe response packet angh notifies the test nmanager 302.
The test manager 302 analyzes the Iink information received fromthe nedia
converters 301 and 40 to judge the 25 location of a failure (step 5513),
and notifies the network nmanagenent tool of the test result. 2.3) Test
control "of nedbt mamgt G023681aRes etlié n@g:ombhg. (Srephevdhadeshuaagager
302 starts the test node (YES at step 5601), the m croprocessor 105 of
nedi a convethemsUk dowabites Bhe 10 ssiinghlidnkhé unsd ABAEST £RS683%) .5 and
swi tches the physical-layer device 102 to ForcelLink Enable status to
transnmit a tFhggethpawikdde cantdreare3tl nedanl conveniiars im0l {5k Epn2693) .
After transmtting the trigger packet addressed to the next-nedia

conver ter 40(3&¢RpPEB04) anthewhi cheop ridee phys i caD5l avé s adddescd-arae lhionk
status (step_5605) and then acquires the 10 link information from each
physi cal -1 ayErr ehinde Eagbiepss606) . (stHpe SHOE) ope otessemi i Ghadtrifdges t he
test manager..302 of the acquired. link information -through the

dedi cat ed. bREFERE paty thegnzyue momber afkhemedbpcserssterlbwret tems t 0
t he nor mal -_n,nd% 15 ‘gstep 5608) and waits for the response packet to the
transmtted *1 M§gRIUIR REATERS Hel ¢t Ehorert siepheans)ia wrarverternto .

m Cr opr oces 105 receives t response packet.(YES at ste
pro WWeer %ransm:lLttlsng q:%e trggger ;F))acket, he media cgnvert 301

l) | disables the ForceLink (step 5508) and notifies the test manager
o100 0302 of the link information;::‘Th’ereéfter, the media converter
301 returns to the normal mode {step S509} and then waifs for.
the corresponding response packet to the trigger packet to be
‘received.
On the other ha_nd, when having received the trigger packe't
15 from the media converter 301, the media converter 40 is switched
to the test mode (step $510) and disables the missing limk
function to transmit a response packet back to the medi'a‘
converter 301 (step S511). Thereafter, the media conv_erter 40
returns to the normal mode {step 8512). When the media converter
20 301 recéives the response packet from the media converter 40,
the media converter 301 reads the link information from the
response packet and notifies the test manager 302.
The test manager 302 analyzes the link information
received from the media converters 301 and 40 to judge thé
25 chation of a failure (step $513), and notifies

" the network management tool of the test result.



..5609),:.i.t .reads._the link . information stored in.the response packet to =
notify the test nmanager 302 (step 5610). Wen 20 the m cr @prianesgao06L05
receives any-packet other than the response packet (NO at step 5609), it
just transfers it (step 5611). Wien the test nbde is not started (NO at
step 5601), the microprocessor 105 detepni nes whether the trigger packet
25 has been received or not (step 5612). Wen the trigger packet has not
been received (NO at step 5612), the control goes to 26 January 2006 21 the
step 5608. Specifically, when the phyS|caI-Iayer device 101 or 10.2
receives a pagkey, Té! 4 4 103 Nesnyhetidersgihe data stored in the-
FI FO nenory 103 is the predeflned trlgger data (the self-identified nunber)
at the predeternm RefetiMidi@o Fig) &, fihén hSCeshan=RGeNt0DIstBES, ti@nory
103 is checked at the timng of the source address field t her eof as shown
in Fig. 2. tWmnmbHe (YEYOES sttapaseditl espedmieropsetésdsr 1OGNALi med e
source address field, it is determ ned,that the trigger packet has been

recei ved. ]ibdﬂvartehe301|¢gﬁﬂblpackbé mfssmm@eﬂuﬁd £ iadn Ysepp56dQ2)), , the_

m croprocessor 105 of -nmedi a converter 301 disables . the nissing link
functi on 5( stapl 58i8Fhendhacysssi-Hayerndtevicd d0Rat ¢ dloHaedingaiable
physi cal -1 ayer device (step S614). As described above, the m croprocessor
105 gener at ed-athie tedponsails paduger lparkeg thdhecyekt eddiangonvémtemt i on
written in tﬂ) (step 5603). After transmitting the trigger packet addressed
to the next media converter 40 (step S604), t.he microprocessor
{) : _ 105 disables ForceLink status {step S605) and then:acquires the
10 link information from each physical-layer device i(step S606).
" The _'microprocessor 105 notifies the test manager 302 of the
acquired. 1ink information\through 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
the micropiocessor 105 receives the response packet (YES at step
) 5609), it reads the link information stored in.the response
' ) " packet to notify ther test manager 302 ('step'SG'lo) .. When
20 the inicrdprocessor 105 receiveé ény packet other than the
response packet (NO at step S5609), it just transfers it (step
S611).
When the test mode is not started (NO at step S601),
the microprocessor 105 determines whether the trigger packet

25 has been received or notk (step S612). When the trigger packet

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



e

predeterm ned | ocation, and transmts it to the source side bf trigger
packet (step 5615). After transmitting the response packef Jankasy&866 r ol
goes. to the step 5608. 2.4) Test control of test manager Referring to Fig.

-7, unless instructed to start the test fromthe network managenent t ool

(No at step 5701), the m croprocessor 304 of the test manager 302 nonitors
the link status through the mcroprocessor 105 of nedia converter 301 (step
5702) and determ nes whether the link is disconnected 25 or not (step
5703). Wien the . link status is normal (NO at step 5703), steps 5701 and -
5702 are reperé eded®siol .t et csl By} WheRGhbaphgs Yo DGR deévsicaitdl on has
been received. When the m croprocessor 304 detects the |ink disconnection
(YES at st epoS70®) ,rdcke vakCs O cieasSahe30UDNDO4 fdese tnhimease tvivet kematlagement
tool of the |ink disconnection (step 5 S704) and waits for the test startup
instructi on datdbesticred vadthé rEivGt hemneywbd X handyemeredafdoked trigger

Whent he' mi croprocessor 304 is instructed to start the test.by the network
management tdata ((YBES sl fstidpn7019d numbest aatt $het predettrmiosl biniedi a
converter 301 (step.,S705) and waits for .10 link:information to be

recei ved ¥ r obn ridbdisacaseorber centerfthefe FIREIGmand 108405 ehadkasd at the
predeterm ned tinme-out period (steps 57:06-5708). Upon recejpt of |ink

i nf or mati on {ekaofetia seonveraddraseESial dsthgr SHOEP, Shaen fitt FdFr otessor

304 arranges the link _ . _ _
- - When the trigger data addressed to itself is found in the source

address field, it is determined that the trigger packet has been

&. ) received.

10 Whén the trigger packet is received (YES at step 5612).,
the microprocessor 105 of media converter 301 disables
the missing link function tsteb S613) and acquires the link:
informatiqn from each-physicalQlaye; devi;é.(step S614). As
déscribaiébove, the microprocessor 105 generates the response

15 packet having the acquired link information written in the
predetermined location, and tranémits if to the source side of
trigger packet (step S615). After transmitting the response : -

packet, the control goes to the step S5608.

) : 2.4) Test control of test man ager

20 - ',: Ref'erring to Fig. 7, unless inétructéd to start the test
from the network managemerit tool (No at step S701),
"th_'e microprocessor 304 of the test manager 302 monitors the link
,‘Stl;';ltu"s through the microprocessor 105 of me’éiia converter 301
(step S702) and determines whether the link is disconnected
25 . or not (étep S703) . When the link status is normal (NO at step

5703), steps S701 and S702 are i‘epeated until the test startup



215 information. (step 5707) and, after an. el apse of the.predeterm.ned tine,
determ nes a test result based on the acquired |ink |nfOQaabh@ﬂstmEp
5709). For.exanple, if the m croprocessor 304 does not acquire |ink
information from the nmedia converter 40 within the predeterm ned tinme but
from 20 the nedia converter 301, it can be determ ned that a failure
occurs in the nedia converter 40 or the 8ptic fi ber cable connected

bet ween the nedia converters 301 and 40. In the case where the

m croprocessor 304 receives the notification within the predetermned tine

from both nedlqﬂronvertgrs 301 and 40 5it can be determ ned fromthe
link infor mett o CedePvRaStPoM 198 IWeS-a converter 40 mhether a failure

ranager ‘302 ot 11 R R S e ST
5710). A dgsgs Lhed  ahousos| enn%sggggﬁgggyg Sy idtin

paciket S are

converters, trirgg ransmitted 5 to pl ural
medi a conver heef %et Brksm ér\g ttg:o(ie%%%tdé §fﬁ W& clned 108 RQE&%
response packets. Since above-descri be ure detection can be nmade
by usi ng son'MdE%déﬁd %&%@rf&f 320 o ¥ %*EQchu?%s%%'cfthBHaéo bfeuf@ééﬂfé?i to
managenment switch 20, the.... systemstructure is :sinpl |f|ed 10 2.5)
Test controle,Qh WRAi AcEROVETHAladiReRel e6bLNY to Fig.

8-,...the. mcroprocessor 403 det'erm nes whether the trigger packethas: been

received (step S8fddn teRnbReprbebsgsr Farckel ihasrubeen tecstyed héES at
step 5801),
test.by the network management tool (YES at step.S701), it starts
2'3 : . the test mode of media converter 301 {(step.$705) and waité for
10 ‘link-information to be received from media converters (here,
“M6801‘and MC40) within a predetermiﬁed time-out period (steps
. 8706-8708) .
Upon receipt of link information from a media converter
(YES at step S706), the microprocessor 304 arranges the link
15 information (step S707) and, after an elapse of the

predetermined time, determines a test result based on the

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

the microprocessor 304 does not acguire link information from

"~ the media converter 40 within the predetermined time but from

- . 20 the media converter 301, it can be determined that a failure
| occurs in the media converter 40 or the optic fiber cable
" connected between the media'conveﬁters 301 and 40. In the case
where the microprocessor 304 receives the notification within
the predetermined time from béth media converters 301 and 40,
25 it can be detérmined from the link information received from

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



the m croprocessor 405 disables the mssing link function (step 15 5802)
and then accesses internal resistors of each physical-| ayérladesy@e06 o
acquire link information (step 5803). As described before,

t he. mi croprocessor 405 generates a response packet PRPL having the
acquired link information witten.in the3 source address field thereof,
and transmts it to the source 20 (step 5804). After that, the

m croprocessor 405 returns to the normal node (step 5805). When the
trigger packet is not received (No at step 5801), the mcroprocessor 405
al so returnsUTPD (dwe ndogmak) nodihe sfesp B8AGYer T2 chanbbidisnent 25 A

t est - manager - equi pped nedi a converter according to a. 26 January 2006 24
third enbodi keatneifwarke mpnegement nvemt ion thid kelbé desoltbeéstep RFlding to
Fig. 9, a test-manager-equi pped media converter 300 has a port P. connected
to the network naAdg@sssibedgdiovandiNthaineswot kpompoRied andlPgal medid, 2,
3, ..., N corresponding to N nmedia converters MC1 to MCN, respectively.
The test manBYRETerises  ndheldsisgey packeles raei acaopvetably tvehsndtiMsl as
descri bed apove. Referring to Fig. 10, a switching office 500 is_provided
“with the % est? FeHEgéretif FRBYSKEEFS: donderpeysBUe deddatewk chaibire 501

i ncluding a centyal E ocessing, unit (CPU) 502 for switch .control. The
swi t chi ng of$3%%¢ 880 hﬁ%rN’?e“( 59 PIGkeEger Hies dhe @heyeryestbseed ber
subect i por " ook e Sa 4 O CRE Bk h2ab 'Ky TBTAS oriYMEGL S comveteed S04 T OO

without any additional functions to management switch 20, the. .

{- ) system structure is simplified.

B

10 2.5)
Referring to Fig. 8,.the microprocessor 403 determines wheit‘-:her--a'
the trigger packet ‘has:been received (step S801). When.the

- trigger packet has been received (YES at ',step 5801), .
the microprocessor 405 disables the missing link function (step

15 S802) and then accesses internal resistors of each
physical—;ayer device to acquire link information (step S803).
As described before, themicroprocessor 405 generates a response -

) packet Pep, having the acquired link information written in-the -

““) . source address field thereof, and transmits it to the source

20 (step 5804). After fhat, the microprocessor 405 réturns-to
the normal mode (step S805). When the trigger packet is not
received (No at step 5801), the microprocessdr 405 also returns

to the normal mode (step S805).

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




cable. 15 The UTP-side ports of the N nmedia converters MCl1 to MCN . are
connected to input/output ports of the switch 501 through2sUERizcpRd@Es
UTP1-UTPN, respectively. .The.test manager .302 nmanages the nedia
converters MCl.to MCN as descri bed above. The test nanagenent function of
the test manager 302 is 20 substantiall y29erformed by the processor 304 as
descri bed before (see Fig. 3). Accordingly, the sane function can be

i npl enented by the CPU 502 of the switch 501, which will be described with
reference to Fig. 11. As shown in Fig. 11, a nodified exanple of the
switching 2%hérfli embadignaniclofdéebe apxdresdi dnfedtiounwell e [ietshe ibedi. a
converters MC1 to MCN and a switch 601 including a CPU 602. 26 January 2006
25 The CPU 602 is Befsrgdranteohidold-ed frestensbagen-siriatpeda megiitach cont r ol
function 603 and a test manger function 604 corresponding to the test

manger 302 aFBRYV&pFeheNlelrs phrort & tcamegdeds tmditieonebodr knsagosmens nedi a
converters 1 &\%Pg MC', as in the case _of the test nana?e'r 302. Since the
CPU 602 of t hBOSRPEHPHEAS ABPOSHIRr: @8R Frof 5=tlhe? 3wi-t cHi prFesPanddnganages

t he rrediasco verters MC, to MCN. the CPU 602 can be efficiently used. In
addi tion,” si ﬁ%i“.r‘,“e‘?lrf"ePBhYErE%r%B‘EdtBMCn«héfetSé’«?Ft&Hﬁéger Theotesthwanagast of

har dwar e: cagy, 10 _he reduced q_i:hi eving mniaturization, As described
CATEEEANS RoBhE SB topy HGGHRMGAT FSEFARERL ti ng

above, accordi nénatnggfeﬁe pr
trigger packgis, 4o plural nedia 7

Referring to Fig. 10, a switching office 500 is provided
{\ J ~o.with the test—mf‘anager~equipped media converter 300 and a switch
, -,_::;:'}1-0‘_;-:-'-'i5-01_ including a ¢entral processing,unit (CPU) 502 for switch
“.eontrol. The switching officé 500 haé"N:(N is an integer greétér
»than 1) subscriber lines, each of which.‘is connected to the media
: converté_r 10 of a different subscriber 503 by an optical fiber
cable. |
"15' The UTP-side ports of the N media converters MC, to MC,
are connected to input/output ports of the switch 501 rthro'ugh
Urp cables. UTP,-UTP,, respectively.- The test manager
302 manages the media converters MC, to MC, as described abox.re.
D .~ - The test management. function of the test manager 302 ié
20 substantially performed by the processor 304 as described befdre
(see Fig. 3) - Accordingly, the same function can be implemented
'by the CPU 502 of the switch 501, which will be des.cribed with
_'i:elfer'ence to Fig. 11. | |
As shown in Fig. 11, a modified example of the switching

25 | office 500. includes a chassis 600 mounted with the media

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



converters,. failure detection can be nmade based on their. response
packets. Particularly, when the response packet 15 has nobsasimary eces ved
froma certain nedia converter within the predetermned tinme, it can be
determned that a failure. has occurred in nore distant fromthis nedia
converter. Therefore, the occurrence of _a failure in a link including

nmedi a converters can be easily det ect ed®and the location of the failure
can be 20 specified to sone extent. Each nedia converter can discrimnate a
trigger packet addressed thereto fromother trigger packets and norma

packets. Accordi Iy 1 h est node can be ated b receiving . t.he

trigger packet an 8 &e@%%ﬂ§%apQEﬁ@FaFnC?%éﬁﬁhggiﬁ%oFﬁgspflSBeV 581 hacket

can be sent back t the fSouree. Ther re t.he I| k test

from cabl e std& af BEERT bR R A 8gb gecelvﬁh ?ﬂ??fanuﬁFggﬁﬁoﬁéée t he
y g y

response pacgc?}ré%b%qgggree'yhé hﬁge A 1o23CHObNL 8o TRl An SAET g, DL T i

medi a conver normal Ty operati ing &n ‘each nedia

converter 1 eCaly Gy (hhJORn SAAHEEE Igtsh% N @@1%%34 A5 pReked

addressed thereto | i'a converter is

swi t ched st 0 ¢ hgsng_)ﬁngl] mode L PASSHLM %g%y%zpacket t hr ough.

Therefore, ‘si'nce a pac et which goes not target this nedia converter for
the response test giscPa$eedpl Hoough tiHd 8wl tBK d@Shotathbe cLAtRenkoEn®@d nore

distant fromthere.. According to the test-nanger-equi pped nedi a converter,
sw:Ltchlng but-also manages the media converters MC, to MC;, the :
CPU 602 can be efficiently used. In addition, since..thére
{u'_f) 7 ~ is no need of the test manager 302, the amount of hardware can
10 Ybe reduced, achieving miniaturization.
As described above, according to the present inwvention,
| by sequentially transmitting trigger packets-to plural media
converters, failure detection can be made _based on their:
‘response packets. Particularly, when the response packet
15 has not been received from a certain media converter within the
predetermined time, it can be determined that a failure. has
occurred inmore 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
720 specified to some extent. |
Bach media converter can discriminate a trigger packet
addressed thereto from other trigger packets and normal packets.
Accordingly, the t_eét mode can be activated by receiving the
| trigger packet and the response packet in response to the trigger

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

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




.
I3

when a |ink disconnection is:detected, the test node is started . to
transmt the trigger packet and can performthe failure detieaidrppodsest by
receiving the response packet. Since no 15 additional function to a .
managenment switch is required, the system structure becones sinplified.
Fourth enbodi nent. 4. 1) Packet-buffer-qukpped medi a converter Referring to
Fig. 12, a packet-buffer-equi pped nedia® 20 converter 700 according to a
fourth enbodi ment of the present invention has a pair of ports P1 and P2,
whi ch are connected to a UTP cable and an optical fiber cable,

i vel Th Pl h ket - byffer- i d i
eSPect el e s ok ah B S L e B U gy
ted t i sin-first- . i : 2006
comeet o0 1 AL ER BESLRLe HLAS] L, BRIDLY 08 g R ddgnuary 2

st andar ds. T%?%fgg%ﬁ$ port P2 of the packet- buffer-equipped nedia converter
700 is provided w ‘a physical -1ayer device (PHY) 705, which is connected

to the FIFO menogy, 704, Vi aneMh hdief 366e£08r J%%i@e%oagfggpf:tx%ggé

al l ows frequency deviations between transm ssion and recept

absorbed.s A pd QIAPLLARES SHar/ Qﬂeoérié{kfeﬁ%c%eﬁoga&féé‘éecf Q. G3% AERCHR
internal registers including farEF ar End Fault.) register and 10 Force

Li nk regi st eg_taiﬁu‘sowomggﬂn%mirh@ RM¥Sheakal aygre st Gas swh@kheadto
7.05..according to | EEE802. 3-standard M1:-. Accordingly,

the normal mode to pass this received packet through. Therefore,

-since a packet which does not target this media converter for

{”) - the response test is passed through, the link test can be
\, . .

.10 performed more distant from there.

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

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

system structure becomes simplified.

Fourth embodiment
4.1) P ~buffer— i media v
Referring to Fig. 12; a packet—buffer—equipped media
20 converter 700 according to a fourth embodiméﬁt of the present

invention has a pair of ports Pl and ?2,_which are connected
to a UTP cable and an optical fiber cable, respectively.

The port P1 of the packet—buffer-equipped media converter
700 is provided with a physical-layer device (PHY)} 701, which

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




link. information indicating |ink establishnment.. status and/or half/full
dupl ex can be acquired from each physical -l1ayer device. 26 Janudrh@e0st he

m croprocessor 707, when a received packet has been stored in the FIFO
menory 704, determines the type of the received packet fromits header
information. For exanple, it is determaed which one of an ordinary data
packet and a control packet requiring predeterm ned information has been
20 received; Furthernore, the mcroprocessor 707 controls input/output of
t he packet buffer 702. As described later, even when a |ink disconnection
occurs -on onpaoket hieuffdt a2l eandndn ke Dpide@lcd iM08r conlbbemitdiersuch

i nput/output control allows 25 packets received fromthe other cable to be-

stored in t h@EBE8R2t3 mifdretardg2. e bamear po200B2 28f Thiee packet-

packet - buf f er - equi pped nedi a converter 700 normally perforns only nedia
conver si on. . bhbfersppdiffredamediawhenvéhieepi dal prayetedevitie 01 has
recei ved an Ethernet packet from the UTP cable at the port P1, it is

transferred PRYsheals-Iavesi davitay éPHERVI®e FOSchhrisughnthet&d RO riwory 704
and is converted into optical data to be transmtted to the optical - fiber
cabl e from t hEFpaamopy. 7¢britiampehn Y11 vinderfhce ph§si Thle- FAY@ megeniyc@0405 has
received optical data fromthe optical fiber cable at.the. -port P2, it is

converted i ntblYF foeaveRenEevhatkers hptwrengmaisussispeandeecept Y05 and

h
the to be absorbed.

A microprocessor 707 of the media converter 700 can access

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

.
e

10 Force Link register incorporated in the physical=layer devices
7’.01:and“7‘.05.-according to IEEESQZ. 3-standard MIT.. Accordingly,
link information indi_cating link establishment.status and/or"
half/full duplex can be acquired from each physical-layer
device.

15 - Further, thel microprocessor 707, when a received packét
has been stored in the FIFO memory 704, determines the type of
the received packet from its header information. - For example,

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

control packet réquiring predetermined information has been
20 received.

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

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

buffer 702.



Et her net packet is output to: the physical-1ayer device 701 through the
FIFO nenory. 7.04 to be transnmitted to the UTP cable fro26t/heumpp006 . H.
In the prior art, when a link disconnection occurs on the 15 UTP cabl e,
the mssing link function is activated to set the physical-layer device
705 to the link disconnection status. égcording to the present enbodi nent,
however, it is possible to set the nedi“d converter 700 so as not to
‘activate the mssing link function. Accordingly, even when a link
di sconnection 20 occurs on the UTP cable, the physical-layer device 705 is
kept in an ordin active tus, allow ng rece tlon and, . trans si on of
packets at the. pothRB kA aa T B HEPB TR CPPESFEERcIoS PRSPALRRmp o

t he nlcroprocegéj 107 .can_access _int.ernal qglsters cﬁﬁgrporﬁted in the

physi cal - | ay®F" cém‘}?s’ 75 l?oc%%"etﬁsrlé”’l | T RIHITE S asa FPaRsMT it to
the optical 2183 fcﬁeo i %O?rom %%celgggr d% %ZQ}EC‘& nfp&\{' ng 26

January 2006° recelv a pdc I'ca such a
status  that,;g, | oppe rs;qn;the
nlcroproce553?3[%?ksggigsg?hgﬂégﬂgﬁge pé%ke% %Hgfﬁépépac etebuffer 702
And when 4 h 30118,/ BRSALPEQY Sf 0 (BT Or B Uk PAOHIER0R 08! BhiS1 s e
recei ved pa?ﬁ g'storg ?ndtﬁgg%aéﬁgf EBQP 702 can 3ﬁt to theliWP

cable. 4. 2)colansRiSshes Sysi&am Bekar tbNbe ! Ordhdni tidd ltto keaspuieal f or
simplicity that a. subscriber line systemis conposed of a subscri ber

house 800  fiber cable from the port P2. Contrarily, when the

‘physical-layer device 705 has received optical data from the

f“) optical fiber cable at. the port P2, it is converted into an

10 Ethernet packet by the physical-layer device 705 and the
-Etherﬁet packet is output to- the physicalflayer‘device 701
through the FIFO memory. 704 to be transmitted to the UTP cable
from the port Pl;

In the prior art, when a link diséonnection,occurs on the

15 ﬁTP cable, the missing link function is activated to set fhe

‘ physical-layer device 705 €o the link disconnection status.
According to the present“embddiment, however, it is possib;e-
to setrfhelnedia converter 700 so as not to activate the missing
1ink function. Accordingly, even when a link disconnection

720 occurs on.the UTP cable, the physical-layer device 705 is kept

| in an ordinary active status, allowing reception and
transmiésion,of'packets at the port P2 connected to the optical
fiber dable. For example, the microprocessor 107 can access
internal registers incorporated in the physical-layer device

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

fiber cable from the physical-layer device 7ﬁ5. When having




10. :and a: swtching of fi ce 900, which are, connected. - by a subscri ber
line that is an optical fiber cable. The subscriber house2808nuary B@36 a
personal conputer 801 and the packet-buffer-equi pped nedia converter 700

therein, which are connected by a UTP cable 802. The

packet - buffer eqU|pped medi a converter 780 is connected to 15 a nedia
converter 901 of the switching office 900 through the optical fiber cable.
The switching office 900 is provided with a:plurality of media converters
including the: nedia converter 901, which each correspond to different..
subscri ber s, randiaed swpacketdF2omTtige pithich 190 dmyabnel rdeuanni t@kasukhat 20
each nonitor subscriber lines. The nedia converter 901 may be a

convent i onal tbag, anhinibelicapnectetlohootderd est thendger c3PPe, as shown in.
Fig. 10, or may be controlled by the test nmanager function 604 in the
switch 601 athsheinrdprdéiegsotll0Asstieses itied deedrved pheketidnio passi bility
that the 25 personal conputer 801 used,in the subscriber house 800 is
frequent|y pbaeked wiffemd762f. ABdewyen tige (U pebienbms(xﬂqnﬁaﬂedQﬁrdanuary
2006 30 801 is powered off, the UTP cable 802 becones in a |ink

di sconnect i o 4igERNaWEEANt ABAUTP, Clli areBBR.vies! pACKeLS nitai et chinadtd on’
state, however, the packet-buffer-equipped nedia converter 700 according to
the present RAPERE fdfifeganOdsean e serjadicettbsuPTBrcaipbet o keep the opti cal

fi ber cable actlve More specifically, the switch 902 of the sw tching
of fi ce 900 caff-2s Eﬁﬁ%ﬁﬁ%ﬁﬁk99kﬁ§§§§§ket buf f er - equi pped medi a converter 700

t hrough the optic fiber cable a nitor the status of _the
9 pti. -%e_ferr:l?ng to Fig Pg m) is assumeg for snnpllc:lty that

(f"'_) : a:subscriber line system is composed of a subscriber house 800
- 10 -and a-switching office 900, which are connectedrby a subscriber
.- .line that is an optical fiber cable. The subscriber house 800
has.a persbnal computer 801 and the packet-buffer-equipped media
converter 700 therein, which are connected by a UTP céble 802.
‘fhe 'paCket—buffer—equipped media converter 700 is connected to
15 amedia converter 901 of the switching office 900 through the
optical fibér cable. The switching office 900 is provided with
g:'p‘lurality of media converters including the media converter
. 9‘-(-).1, which each correspond to different. subscribers, and a
j - switch 902. The switch 902 may include monitors that
20 each monitor subscriber lines. The media converter 901 may be
d conventional one, may be connected to the test manager 302
as shown in Fig. 10, or may be controlled by the test manager
function 604 in the switch 601 as shown in Fig. 11.
As described before, there is a possibility that thé

25  personal computer 801 used in the subscriber house 800 is

frequently powered on and of£. Every time the personal coniputer



packet - buf f er - equi pped nedi a converter 700 by acquiring link 10
i nformation thereof.: From another viewpoint, as shown i n26ilgnhuafy3?006he
transm ssion systemfromthe personal conputer 801 of the: subscriber
house 800 to the switch 902 of the switching. office 900 is divided by the
packet - buf f er - equi pped nedi a converter ég 700 into two collision donains
1001 and- 1002. More specifically, the cket buffer 702 divides the
transm ssion systeminto the collision domain 1001 directed to the switch
902 and the collision domain 1002 directed to the personal conputer 801...

poner o on afl! ks HEFech BEAr cEhe A let 8061 PEPSRERuT B it &
Accor di nly, SHACRE A PRt Ts NEPRarrS UEert o Horaodh Endoper sonal
computerS0Lap0e KISl 61 80%nad e, BROWLAR Filr heBiqlated feaper o
panuar . 2000k BSOTOBAL O L 6P LIRS AL UEC SEVGE 0RS 12,
TR L5 TV APy JORL O L DT PO B O R 0B I
recei ved - .a packel Hf 19at gnhaddr 885G 050 oEhens UbsLE dibalg RAYSE8000 Lthe
switch 902 forwards it fo the subscriber house 800 through the

send data to the packet-buffer-equipped media converter 700

through the optical. fiber cable and monitor the status of the
() packet-buffer-equipped media converter 700 by acquiring.link

10 information thereof.:

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

15 700 into two collisiondomains 1001 aﬁd 10‘02 . More specilficalrly,-
the packet buffer 702 divides the transmissipnAsystem.into the .
‘collision domain 1061'directed to the switch 902 and the
collision domain 1002 directed to the personal computer 801..

4.3) Operation

20 .Referring-to Fig. 147, when the personal computer is
powered on and normally operates, the packétnbuffer—
equippedn@diaconverter700normallyperformsnediaconversion
as described before. Accordingly, packet transfer is normally
performed between the personal computer 801 and the switch 902.

_25‘ ' As shown in Fig. 14B, when the personal computer 801 is

powered off, the collision domain 1002 becomes in link




optical fiber cable. \Wen receiving the packet of data fromthe swtch
902, the nedia converter 700-tenporarily stores it in TO Phgapackeooduf fer
702 without transferring it to the personal conputer 801 during power-down.
Thereafter, when the personal :conputer 801 is powered up and starts
operating normally, - the packet of datg stored in the packet buffer 702
is sent to the personal conputer 801 through the UTP cable. Alternatively,
the nonitor circuit for the subscriber line (optical fiber cable)
installed in the switch 902 may send a link information request signal to

. the nedi a comvetbrfiedbilstat@IBLAcHbRLYAES 1L Pa P8 iR et H5 NAY HRL
communi cation state of the collision domain 1001.” In response to this link

information eeqiest aicgBalingDe, MH ALAOLRINe r {8 G6LSISERe LA thAher nal
regi sters of the physical-layer device 701 to acquire the link information
and sends a péspoaseoPpainkeilshakepy hbeivsduidRd diindk innharmRi i on back to
the switch 902. Wien having received the response packet fromthe
subscri-ber hooseu8stid?b riaiatamnelofn citi€ Wdl 1detiennyeesihhadot he |ine

bet ween the nedia converter 700 of the subscriber house 800 and the

swi t chi ng® 26 Janud&loy 2886pB2, oftferc €h808wi ischiaigralfify cepeoatliaig randii-be
UTP-cabl e side of the nedia converter 700 is in a |ink disconnection
status. 4.43 Gunpdr icfodahdvaddagesedfta hhepaoketrhbétehoespigomed tiedi a

converter 5 are apparently found by conparing to the prior art as shown in
switch 802 forwards it to the subscriber house 800 through the

~.optical fiber qable-. When recreiving the packet of data from the
i) 'switch 902, the media converter 7OQ”temporarily stores it in

10" .= -the packet buffer 702 without transferring it to the personal

computer 801 durihg'power—downJ -Ihereafter, wheﬁ the personal
computer 801 is powered up and starts eperating normally, -the
" packet of data stored in the packet-buffeﬁ 702 is sent torfhe
‘personal computer 801 through the UTP cable.

15 Alternatively,themonitorcircuitforthesubscriberline
A{optical fiber cable) installed in fhe'switch 902 méy send a
~link informatibn-request signal to the media cbnverter 700 at

) regular intervals to maintain the normal communication state
:} : . of the collision domaih 1061. In response to.this-link‘

- 20 information;equeétsignal,thendcroprocessor?O?accessesthe
internal registers of the physical-layer device 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 circuit determines that the line between the media

converter 700 of the subscriber house 800 and the switching



Fig. 14C. According to the prior art, the transm ssion systemfrom the
switch 902 to the. personal conputer 801 consists of a singbdangal 083 on
domai n 1-003 -as shown in Fig. 14C. Accordingly-i when 10 a link

di sconnection of the UTP cable within the subscriber house occurs,

t he. medi a converters 803 and 901 activatsp them ssing 1ink function,. which
causes the entire collision domaim 1003 to be automatically set to the
di sconnection status.:... During such disconnection, the nonitor circuit

~of the switch 902 15 cannot nonitor the optical fiber cable and the nedia
converters afffatk. 9G0rideaiorraheysvbéeh H2 Hanndle sepdcdaia $04ad her
subscri ber until the personal conputer 801 has been powered up. In
contrast, actbedinedid ccemeeyieesend esbheli aEnink diecopacket obuEf£rug 02 of
the nedia converter 700 divides the 20 transm ssion systeminto two
col i sion donmed s T@@bazmdon002. When the UTP cable within the subscriber
house is in a link disconnection state, the packet-buffer-equi pped nedia
converter can use Advenpacketofhili¢ packetkbepfshes@pipreal médbeconvakhker
active, allow ng data transm ssion fromthe switch 902 25 of the sw tching
of fice 90D t8re mPOFaEélybieynd byqudmpedime dicathe gmient ert 799 showaudgh t he
optical fiber cable and further 26 January 2006 33 allow ng nonitoring of
the status ofi¥hel4ubscri ber house. 26 January 2006 34 d ai ns:

According to.the prior art, the transmission system from
the switch 902 to the personal computer 801 consists of a single
ff)' '-collision domain-1003 as shown in Fig. 14C. AcCordinglyw.when
10 alink disconnection of the UTP cable within the subscriber house
occurs, the media converters 803 and 901 activate the'missing
link function, which causes the entire collision domaim~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 personal computer 801 has been powered up.
) In contrast, according to the present embodiment, the
:@) packet buffer 702 of‘the media converter 700 divides the
20 transmission system into two collision domains 1001 and 1602.
When the UTP cablenwitﬁin the subscriber house is in a link
disconnection state, the packet~buffer—equipped media
converter can use the packet buffer to keep the optical fiber
| cable active, allowing data transmission from the switch 902
25 . of the switching office 900 to the packet-buffer-equipped media

- converter 700 through the optical fiber cable and further



1. Atransm ssion systemfor transmtting data between a first

communi cation point and a second comruni cation point al o2 JankarmRj06
conprising: a plurality of nmedia converters included in the link, each of
whi ch conprises: a first physical-layer interface to a first transm ssion
medi um a secand .physical -layer interfacg to a second transm ssion nedium
a menory connected between the first and~second physical - |ayer interfaces,
for tenporarily storing data to be transferred between the first and
second physical -layer interfaces; and a nedia converter controller
controllin that . when.a trigger signal been received, a response -
o ook of | dot PRt M montieR Ag S| B0 s CHd o Ahe R EP e PRy Chau T oo o
correspondi ng one of the first and second physical -layer interfaces back
to a source that has transmtted the trigger signal; and a test nanager
connected to one of the nedia converters,. conprising: an interface to a
networ k manager; and a test manager controller controlling such that a
trigger signal is transmtted to another nedia converter, and a |ocation
of a failure is determ ned dependi ng on whether a response bl ock of data
is received froma corresponding nmedia converter wthin a predeterm ned
time period. _ :




2. The transm ssion systemaccording to claim11, wherein the first

comuni cation point is one of a plurality of 26 January 206Qaldfarpoté of a
switch and the second comunication point is a personal conputer, wherein
the test manager is connected to a nedia converter which is directly
connected to the switch. 3. The transm ssion systemaccording to claim1,
wherein the first comrunication point i® one of a plurality of ports of a
swi tch and the second communi cation point is a personal conputer, wherein
t he test ngna er is inmplenented in a programcontrolled processor of the
switch to“¢Bmf¥ol a media converter which is directly connected to the
swtch. 4. The transm ssion systemaccording to claim1,2 or 3, wherein,
when a response block of data is not received from a corresponding nedia
converter within a preflet érgnaadseioe pgsled, the t dgnmidgengconietel | er
det ermi negothaty af @ LUE ecoARGHI S, Alod NS GO respondlng, pdi dupanvertier or a
| ocation before the correspondi ng nedi'a converter. 5. e transm ssion
syst em acpoidf nglemg anyl orle afomptrieipgecedi ng cl ai ms, wherein each of the
first and second hysical -1 ayer. interfaces su rts, M1l .(Mdi.a |ndependent
|t or f ace) cont PRI Y G 1¥Emo0as SoPARALF oS T REDHIES 1 1Areh skirdh &7 ehorm
accor di ngofowhiwh oftenmfi sddre precedi ng cl ai ns, wherein the nedia converter
controller acceises anot her one of the first and second physi cal - ayer

interfaces to Acquffk PPYRLFALOFABET on"FFBRF ThetBt Rerf Pif)si tnsmission

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 Dbetween the first and second physical-layer

interfaces; and

a media coenverter controller controlling such that, when a
trigger signal has been received, a response block of data
corresponding to the trigger signal 1s 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 triggex
signalr is transmitted to another media converter, and a
location of a failure 1is determined depending on whether a
response block of data is received from a corresponding media

converter within a predetermined time period.

2. The tfransmissicn system according to claim 1,

wherein the first communication point is one of a plurality of



| ayer interface when the trigger signal has been received and generates

t he response bl ock of data corresponding to the |ink infosuahi20d6 The
transm ssion system according to any one of 26 January 2006 36 the
precedi ng clains, wherein the test manager controller disables the. m ssing

link state when a test is started and forces a correspondi ng

physi cal -l ayer interface into transmtimble state to transmt the bl ock of
data to the link. 8. The transm ssion system according to any one of the
precedi ng clai ms, wherein the nedia converter controller disables a

m ssing | PRELEt tfe Wnew%?él t FRGgéhesi ypePnhasopBBRICrBER} vEGLNENDIS &

transmtsp Ebgoﬁ%p@%ﬁ?u%PCkwﬁéré‘fﬂ achO tDer RQHLGEr 9s IBEnLLABSMSSLON

system according to ¢

aim 8 wherein when a received block of data is not

a triggermefignatonyenerr tieiah dsi Bgrechkystatescté edite corvehter
controller disables the mssing link state to transfer the received bl ock

of data to the other one of the first and second physical -1 ayer

interfaces. 103.The trahenisﬁamnmﬂﬂﬂﬂnanagsoéﬂirqudrdﬂm@intd cwhier eiln t he

link i | fi d t ded in a tchi n
bocond eliereEavEhe of Thfbor SR Tt i Bl iR o di o o it

tficefand a

correspongbhgst afeagh afi tsmbsgsd bene |sé‘@@ncbetc\b@ﬁﬁnQCQthh@S@@ﬂﬂﬂ:ngi:‘ﬁoét of

a switch and a correspondlnglsubscrlber devi ce, wherein
personal computer,

erein 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, wherein, when a response block of data is notrreceived from

a corresponding media converter -within a predetermined time

period, the test manager controller determines that a failure

ocgurs 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 accéodrding to any

one of

the preceding claims, wherein the media converter controller

accesses ancther 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

generates the response block of data corresponding to the link

information.

7. The transmission system according to any one of




the switching office further conprises the test manager connected to the
first nedia converter, wherein the test nmanager control |26 Jauaty 2008 t he
first nmedia converter such that a trigger signal is transmtted to the
second nedi a converter, and a location of a failure is determ ned
dependi ng on whether a response block of data is received fromthe second
media converter within a predeterm ned3¢ine period. 26 January 2006 37 11.
The transm ssion systemaccording to claim1, wherein at |east one of the
plurality of media converts further conprises: a buffer for storing a
recei ved BPSckPEECHRRE HEAEEn tHeehelh a [dohvEFEEr BOMIVT | é‘ionc?ér‘i’tlgélfs

such that 4j swheBsa dhichky s 9ne efnkhechickstpand secand &*@/S%Egkté@y%d

interfaces i s di sconnected, another [ink on the other one o the first and
second phy$ire&k-| ayer catrcefpeeding kephyshcaldmyest i odrgteatfacand anbbock

of data regehyfd LUl Jhe O 16k, R18 LBSERLEH 0 NG RUTKRL 116 A
medi a converter foOr converting from one, type of " medie to anot her;
conprising: a first physical-layer interface to a first transmi ssion

medi um a secopd physi&gl-k&yer interface to a second transni ssion di um
a menmory connefted bet we8n HRESHLFELCRNGYSEEENGPRYEIBAl t9 &/&F PREeffaces,

for tenporaei Ipresic@ingyg ddatidst,0 B:rein the media converter controller
disables a missing link state when the trigger signal has been
received, and transmits the response block of data to the

source.

9. The transmission system according to claim .8,
wherein when a received block of data is not a trigger signal
under the missing link state, the media converter controller
disables the missing link state to transfer the 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
switching office and a second media converter provided in a
subscriber device, the link 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.



transferred between the first and second physical -layer interfaces; a
medi a converter controller controlling the first and sec@ddlapbygi2086 -1 ayer
interfaces and the first nenory; and a test manager connected to the nedia
converter controller, conprising: an interface to a network manager; and a
test manager controller controlling such that a trigger signal is
transmtted to another nedia converter,3and a |ocation of a failure is
determ ned dependi ng on whether a response block of data is received from

a correspondi ng_nedi a nverter within a predetermned tine period,
wherein the otﬁér 26 Jaﬁﬁﬁrf3§56§“§§lﬁ€dFﬂﬁgﬁﬁbe?FE?thﬂ%ntﬁhv?hb“?e&eived

the triggehesegnaht 1&4aNSHid o HIRSPANSA1RLOCKr Ohe gl acHBFdASPENGiRG L O
the trigger signal back to the nedia converter. 13. The nedia converter

accor di ng “C8PErLEaPHT 12, further conprising: a second nenory included in at

| east one of the first and second physical-layer interfaces, for storing
data received through a corresponding one of the first and second

physi cal - | ayer bnfeerf abes;stwhemel » trheepedi abtoriverf etateontrol | er control s

the first and n hysi cal -1 ayer _interfaces,such that,. when.a. .link on
one of the fi rgﬁgg%ﬁgs%é%nm (g%ayscf}%léﬁe-rlt§§eF°Pnf%%?%%e%oﬁl St sséic?rl?né:(l?ﬁie:d

anot her | whknom t héndt ker one aff t heef ifriststanthd second physical-layer
interfaces is disconnected, another link on the other one of
the first and second physical-layer interfaces is kept in
connection state and a block of data received through the other

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 stering data to be
transferred between the first and second physical-layer
interfaces;

a media converter controller controlling the first and
second physical—layer interfaées and the fi;st memory; and

a test manager connected to the media converter

~controller, comprising:

an interface to a network manager; and

a test manager controller controliing such that a trigger
signal 1is 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



second physical -layer interfaces is kept in a connection state and data
received through the other link is stored in the second raEsnanyary2@06The
medi a converter according to claim12 or 13, wherein each of the first and
second physical -l ayer interfaces supports MI (Media |Independent

I nterface) conformng to |EEE802.3 standards. 15. A control nethod for a
medi a converter for converting fromongtype of nmedia to another, wherein
the nedia .converter conprises: a first physical-layer interface to a first

transnissioH_ medi uny a second pg%sical-layer.interface to a secaqond
transm ssi6AT2medPUHT T % r SPRenBRYIRONMetITd 95kt WBEn EREITST st518RG lsecond

physi cal - kaygkmi pt esf 2E8Send Ot rAH Y SbekkBfof@l By 1 Ree trangkerred
between the first and second physical -layer 26 January 2006 39 interfaces,;
and a sec&aERARMBRGKI BRIl thrediedH aatcongastesne of the first and second
physi cal -l ayer interfaces, for storing data received through a
correspondi ng one of the first and second physical |ayer interfaces, the
control nethodlgonprisiChg t meddtepsoofreraprnoriccoridnggt heof i cdkimnd 18econd
physi cal -l.ayer _..interfaces to determ ne whether a link is disconnected;

a er Compristiig: :

a second memory included in at least one of the first and
second physical-layer interfaces, for storing data received
through a corresponding one of the first and 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 i1s kept in a connection state
and data received through the other link is stored in the

second memory.

14. The media converter accerding to glaim 12 or 13,
wherein each of the first and second vhysical-layer interfaces
supports MII (Media Independent Interface} conforming to
IEEEB802.3 standards.

15. A control method for a media converter for
converting from one type of media to another, wherein the media
converter comprises:

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

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

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

" transferred between the first and second physical-layer



b) when a link on one of the first and second physical- layer interfaces is
di sconnect ed, keeping another |link on the other one of t 26 Jahosty 2606
second physical -l1ayer interfaces in a connection state; c) 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’
menory. d) transmtting a trigger signat9to another nedia converter on the
‘di sconnected link, wherein the other nmedia converter, when having received
the trigger signal, trapsmts a response block of data corresponding to
the trigg&Pt&F§Rateh to the nedia converter; e) when no response is

recei ved from §hge@bMermémsh@ i ONRId e W hidh s Riredefrerianed tsith®ing
period, determ ning that _a failure occurs at the other nedia converter or

a | ocat i oR®CBRE o MHE AT hay S Redith ComAsrer for ABSTRAGT dAEDI A SCENVERTER
AND TRANSM@&%' YL EM: USLING JHESAME s Apkr %%%S%'n%n s?ééﬁgl?m%#sg}@aﬁg a

response test to be activated fromcable side and easy
occurrencéaptr mnfegfages, s disclosed. In a transm ssion system for

1, B8 BIYERD b LRITUOh gL hor PRl 2 second

a) monitoring the first and second physical-layer
interfaces to determine whether a link is disconnected:

b) wher a link on one of the first and second physical-
layer interfaces 1is disconnected, keeping another link on the
other one of the first and second physical~layer interfaces in
a connection state;

c) 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 memory.

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
response kblock of data corresponding to the trigger signal back
to the media converter;

e] when no response 1is 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.

|
J
5
|




transmts a trigger signal to a nedia converter on the link, and
determ nes.a | ocation of a failure depending on whet her aZ26rlespongeitl ock

of data is received froma corresponding media. converter within a
predeterm ned tine period. Wien a nedia converter has received the trigger

signal, a response packet corresponding to the trigger signal is
transmtted back to a source that has.transmitted the trigger signal. A
packet buffer is preferably provided i#%a nedia converter so that when one
link is disconnected; the other link can be used to transmt packets,

allowing a link test. Figure 1 ABSTRACT

MHHA(IﬁNERHﬁ?Nﬂ)TRNﬁiﬂSSHlJSYSH@&USHK;THEE%ME

A transmission systemrailowiﬁg a response test to be

activated from cable side and easy detection of occurrence of
a failure is- disclosed. 1In a transmission system for
transmitting data betwéen a first communication point and a

5 second communication point élong a link, a test manager

f’) transmits a triggertsignal to a media converter on the link;.

and determines a location ofré failure depending on whether:a. .
response block of data is received from a corresponding media
converter within a.predetermined time period. When a.media:

10 converter has received the trigéer signal, a respbnse packet -
corresponding to the trigger signal is transmitted back to a
source that has transmitted the trigger signal. A packet buffer
is preferably provided in a media converter so that when one
link is disconnected, the other link can be used to transmit

15 packets, allowing a link test.

Figure 1



