US 20050073965A1

a9 United States
a2 Patent Application Publication (o) Pub. No.: US 2005/0073965 A1l

Yamauchi

43) Pub. Date: Apr. 7, 2005

(549) AUTO-NEGOTIATION MONITOR SYSTEM,

Publication Classification

REPEATING-TRANSMISSION APPARATUS,

AND AUTO-NEGOTIATION MONITOR (51)  Int. CL7 o H04B 3/36
METHOD USED THEREFOR (52)  US. Cli e vnevesevecenees 370/293
(75) Inventor: Toshiro Yamauchi, Tokyo (JP)
57 ABSTRACT
Correspondence Address:
gf()%fll’léggsl\%gl}NI;kI;g’ENUE N.W. Where each of switches opposed to each other detects
SUITE 800 o optical-signal shutoff or optical-signal deterioration on the
WASHINGTON, DC 20037 (US) reception side of its port, the SW.ltC.h brings a hnk. of the port
down and outputs an auto-negotiation configuration code, as
(73) Assignee: NEC CORPORATION an LAN signal. Upon receiving the LAN signal transmitted
’ from the switch, a repeating-transmission apparatus trans-
(21) Appl. No.: 10/952,879 mits the transmitted signal to an auto-negotiation monitor.
The auto-negotiation monitor performs code analysis for the
(22) Filed: Sep. 30, 2004 transmitted LAN signal. Where the auto-negotiation monitor
detects that the transmitted LAN signal is the auto-negotia-
(30) Foreign Application Priority Data tion configuration code, it notifies a monitor apparatus that
“The switch detects a failure and the link is down.”, as an
Oct. 1, 2003 (IP) ceevveeecerecrerrerrenecnne 342750/2003 alarm.
___________ o) CMONITOR | s,
: | APPARATUS |~ i
; K |
f’ | L | ‘s‘
SWITCH |REPEATING-TRANSMISSION REP}E&NG-T’RANSMFSSION i SWITCH
‘ 1APPARATUS . ‘ APPARATUS i
31 | i 4§1
' ; , i ‘ : PO
PORT S == auTo- [T AN fT - J"‘AN - a0 b Y ORT,
101 NEGOTIATION | ¢  SIGNAL - SIGNAL ‘NEGOTIATION |
S i} MONITOR |, _.[REPEATERy, _ _ ‘REEEATE‘:R L] MONITOR | __ 2(531
102 ) ) ) )
11 12 ;22 21 202

IPR2024-00954

Cisco Systems, Inc. v. Portsmouth Network Corp.
Cisco's Exhibit 1009

EX1009, Page 1



US 2005/0073965 A1

Patent Application Publication Apr. 7,2005 Sheet 1 of 6

AV

L 'Ol

102

L¥0d

)
W

HOLIMS

)

L4

z oz Ll
w § L

""" HOLINOW ,---wxmzﬁmm - Tl douNOW [T L0l

zo:.m_m@wmz“, ézww NOIS | i zo_ﬁ,,_%‘om_z w

. v fe-- W e - - z<._ | el - _ e - - 140d
w m b
" SNdyHvady © SNIVYYddY!
| NOISSINSNYL-ONILYI4TY zo_mm_zmzéh@z_ﬁ&mm HOLIMS
! Z ! m €
! M !
T L

: HOLINOW |

EX1009, Page 2



US 2005/0073965 A1

Patent Application Publication Apr. 7,2005 Sheet 2 of 6

2Ol

ZlL ¥31v3d3y _
TYNOIS-NV1INOYA * € HOLIMS OL
HOLYNINNOSIa| |
34090
; cLl
S SNIVVddY LN _ |
HOLINOW OL ™ T Waviy | w
. ] | ! w )
Cldd HOLYNIAIMOSIa
.w i 3000 |
21 Y¥3lvy3ad3y _ )
IVNOIS-NY10OL | ¢ € HOLIMS INOY4
HOLINOW NOLYILODAN-OLNY
| . L

EX1009, Page 3



US 2005/0073965 A1

Patent Application Publication Apr. 7,2005 Sheet 3 of 6

¥ HOLIMS WOy

€ Old

> ¢C d3d1vid3ay

G SNIVHvddV

HOLINOW OL™

..__
NOLYNHANOSIA| |

3009

Tz

LINN

e

| b ﬂm
the HOLVNINROSIal |
m 3005 | |
0L+ —

TVNDIS-NV1 OL

Z¢ Y¥3Lvaday

¥ HOLIMS OL =

IN-OLNV

HOLINOW NOLLYLLOD:

TYNDIS-NVT INOH4

EX1009, Page 4



US 2005/0073965 A1

Apr. 7,2005 Sheet 4 of 6

Patent Application Publication

'Ol

i
| — LINNNEYTY Ag
- - B~ , . y s
Gle~ LINY WYY A8 81 B 340443 NOILYE3dO ON
@3NH0-43d NOLYY3dO ON — I .
— TYNY 3
SISATYNY 3000 A8 3002 L1e™ NON6INGD LbALaa gLe
7187 NOILYHNOIANOD 103130 dLe : j
AL ) - 73000 NOILVEN9IINOD
N TYNOIS 1 NOLVILOO3N-OLNY
NOISSHASNVXIL |
300D NOILVINOIANOD OISSIASNY i
NOILYILODAN-OLNY ONILY3d3d| i
A oLe | |
NMOG %NIT LHOd ONINE |~—| LB ) “ e
WY )
o SISATYNY 300D A8 3009 RV ,
ge 6 NOILYHNOIANOD .Gm_mg ge~] SISATVNY 340048 3000 |
) NO é:w_"_zou 103130 |
3000 zo:é:@_u_zoo ! | pe
NOILYILOD3AN-OLNY ] - mm__w_\,_wm_méb : )
Ge 300JNOILVENSIEANOD
“ONILYId3H |~ NOLVILO93N-OLNY
m ce~] NMO@ NI 140d ONIuE |
! [ NoiLwgorda13a wNDIS
| ze—~| ~T¥OlLdO HO 340 LNHS
| WNOIS-3ILdO 103130
Le~iT8und%0 wmmJ._.,m ...... :
“ [ L L T T Y 4 llllllllllllllll
¥ HOLIMS Z SNLVHYddY G SNLYHYAY 1 SNLYEYAdY € HOLIMS
NOISSINSNYL YOLINOW * NOISSINSNVYL
“ONILY3da -ONLLYIda

EX1009, Page 5



US 2005/0073965 A1

Apr. 7,2005 Sheet 5 of 6

Patent Application Publication

G Ol

r Jn w
- i
WYY ._mozsw ww M
SISKTYNY 3000 A8 QORI | WEYIVIZONYD
S1 3000 Vivd 4O 3800 u m_w5<z< moﬁo A8 QOI¥3d -
019~ 31v1S-310! LvHL 103130 INILLAININYELIQT™d YOS

_ G3AIZ0Z™ ATIVNNLLNOD

_ SI' 3000 ¥1¥Q ¥O 300D

mwg L9~ avis37al EE 10313a

3009 YLYa H0 . _. qq
30090 3lvls-37al ) % ,ﬂ _ )
99 ¥l 3000 Yiva ¥0
: _ .ozEmnmm | 2009 3wis-31al
[ LdodivdmiNT 19 €4~ 1MOd ¥ dNXNIT
NOIYILODAN-OLY |  (
[AS)
Lq~{ AYZA003Y FUNTIVH |
o T [
¥ HOLIMS Z SNLYHvddy | § SN1VHVddY | SNIVHYEAdY € HOLIMS
NOISSINSNYRIL ¥OLINOW NOISSINSNYYL
-ONILY3d -ONILY3d3Y

EX1009, Page 6



US 2005/0073965 A1

Patent Application Publication Apr. 7,2005 Sheet 6 of 6

!
rommmmmmmmmmm e nnmooo oo s oo HOIYNIINOSIO
| emmme- A & N (¢[00
202 L LA | 20}
\ e W %9 {
-----._mt.._--o.l ..... = =
| m | yFEnany
§0d| 1oz m M IYNOIS-NYT Lol |Ld0d
N A S ] A y w
) i | @ )
K% N HOLYNINIOSIA 2>
Ny [ o ]| 3000
“ w L [
| | . SNIvdvddy )

HOLIMS | 29 NOISSINSNVHL-ONIYITY 19 HOLIMS
) R ) )
b m f 9 €

¥ : .
SNLYHVddY
¥OLINOW

EX1009, Page 7



US 2005/0073965 Al

AUTO-NEGOTIATION MONITOR SYSTEM,
REPEATING-TRANSMISSION APPARATUS, AND
AUTO-NEGOTIATION MONITOR METHOD USED
THEREFOR

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This application claims priority to prior application
JP 2003-342750, the disclosure of which is incorporated
herein by reference

[0003] The present invention relates to an auto-negotiation
monitor system, a repeating-transmission apparatus, and an
auto-negotiation monitor method used therefor, and particu-
larly relates to a technology for detecting a failure that
occurs in a network for transferring an LAN (local arca
network) signal between switches via the repeating-trans-
mission apparatus and determining the failure point.

[0004] 2. Description of the Related Art

[0005] Usually, in a known network including Ethernet (a
registered trademark) switches (hereinafter referred to as
LAN switches) connected to each other with a long distance
therebetween, a repeating-transmission apparatus is pro-
vided between the LAN switches for increasing the LAN-
signal propagation distance (refer to Japanese Unexamined
Patent Publication (JP-A) No. 2003-110585, for example).

[0006] In general, the repeating-transmission apparatus
and the LAN switches are monitored by a monitor apparatus,
so0 as to detect a failure and determine the failure point in the
event of failure. However, where a failure occurs in an
optical fiber on the reception side of the LAN switch, the
failure can be detected only by the LAN switch, not by the
repeating-transmission apparatus. That is to say, where a
failure occurs in an optical fiber on the transmission side of
the repeating-transmission apparatus, signal deterioration or
optical-signal shutoff in the optical fiber can be detected only
by the LAN switch. Though the repeating-transmission
apparatus cannot monitor the signal deterioration, the opti-
cal-signal shutoff, and the link state of the LAN switches,
this configuration presents no problem, as long as the
monitor apparatus monitors the LAN switches and the
repeating-transmission apparatus.

[0007] However, a problem may arise in the case where
the LAN switches are not monitored by the monitor appa-
ratus for some reason that the administrator or the monitor
system for the LAN switches is different from that of the
repeating-transmission apparatus. Where the administrator
of the LAN switches is different from that of the repeating-
transmission apparatus, the repeating-transmission appara-
tus is owned by a carrier for leasing lines and the LAN
switch is owned by a customer of the carrier, for example.
According to the above-described configuration, the monitor
apparatus cannot monitor the LAN switch. Subsequently, the
monitor apparatus cannot detect the failure in the reception-
side optical fiber of the LAN switch and determine the
failure point. Therefore, where a failure occurs in the recep-
tion-side optical fiber of the LAN switch, it takes much time
to detect the failure, determine the failure point, and put the
system back in order.

SUMMARY OF THE INVENTION

[0008] Accordingly, it is an object of the present invention
to provide an auto-negotiation monitor system that can
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monitor the link state of LAN switches opposed to each
other and determine which of the opposing LAN switches
brought its link down.

[0009] Another object of the present invention is to pro-
vide a repeating-transmission apparatus suitable for the
above-described auto-negotiation monitor system.

[0010] Still another object of the present invention is to
provide an auto-negotiation monitor method used for the
above-described repeating-transmission apparatus.

[0011] An auto-negotiation monitor system according to
the present invention transfers local-area-network signals
between opposing switches via at least one of repeating-
transmission apparatus and monitors the repeating-transmis-
sion apparatus and the opposing switches by a monitor
apparatus.

[0012] According to an aspect of the present invention, the
repeating-transmission apparatus comprises a code discrimi-
nation block that receives the local-area-network signal
transmitted from each of the opposing switches and that
determines whether or not a predetermined code for auto-
negotiation exists by monitoring the local-area-network sig-
nal, where the auto-negotiation is performed for establishing
connection between the opposing switches. The repeating-
transmission apparatus further comprises an alarm unit for
determining which of the switches transmitted the predeter-
mined auto-negotiation code that arrived earlier than the
other, where the code discrimination unit determines that the
predetermined auto-negotiation code exists, and notifying
the monitor apparatus of the determination result, as an
alarm.

[0013] According to another aspect of the present inven-
tion, a repeating-transmission apparatus is provided between
opposing switches opposed to each other for repeating and
transferring a local-area-network signal. The repeating-
transmission apparatus is monitored by a monitor apparatus,
with the opposing switches.

[0014] The repeating-transmission apparatus includes a
code discrimination block that receives the local-area-net-
work signal transmitted from each of the opposing switches
and that determines whether or not a predetermined code for
auto-negotiation exists by monitoring the local-area-net-
work signal, where the auto-negotiation is performed for
establishing connection between the opposing switches. The
repeating-transmission apparatus further includes an alarm
unit for determining which of the opposing switches trans-
mitted the predetermined auto-negotiation code that arrived
earlier than the other, where the code discrimination unit
determines that the predetermined auto-negotiation code
exists, and notifying the monitor apparatus of the determi-
nation result, as an alarm.

[0015] According to still another aspect of the present
invention, an auto-negotiation monitor method is provided
for transferring local-area-network signals between oppos-
ing switches opposed to each other via at least one repeating-
transmission apparatus and monitoring the repeating-trans-
mission apparatus and the opposing switches by a monitor
apparatus.

[0016] The auto-negotiation monitor method comprises
the steps of receiving the local-area-network signal trans-
mitted from each of the opposing switches and determining
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whether or not a predetermined code for auto-negotiation
performed for establishing connection between the opposing
switches exists by monitoring the transmitted local-area-
network signal. The auto-negotiation monitor method fur-
ther comprises the steps of determining which of the oppos-
ing switches transmitted the predetermined auto-negotiation
code that arrived earlier than the other, where the existence
of the predetermined auto-negotiation code is determined,
and notifying the monitor apparatus of the determination
result, as an alarm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block diagram illustrating the configu-
ration of an auto-negotiation monitor system according to a
first embodiment of the present invention;

[0018] FIG. 2 is a block diagram illustrating the configu-
ration of one of two auto-negotiation monitors shown in
FIG. 1;

[0019] FIG. 3 is a block diagram illustrating the configu-
ration of the other auto-negotiation monitor shown in FIG.
1

[0020] FIG. 4 is a sequence chart illustrating operations
performed, where a failure occurs therein, in the auto-
negotiation monitor system of the first embodiment;

[0021] FIG. 5 is a sequence chart illustrating operations
performed, at the time of failure recovery, in the auto-
negotiation monitor system of the first embodiment; and

[0022] FIG. 6 is a block diagram illustrating the configu-
ration of an auto-negotiation monitor system according to a
second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] The concepts of the present invention will be
described prior to embodiments of the present invention.

[0024] An auto-negotiation monitor system of the present
invention has the function of monitoring auto-negotiation
configuration codes that are output from opposing LAN
switches by an apparatus for repeating and transmitting an
Ethernet (a registered trademark) (hereinafter referred to as
LAN) signal without terminating an MAC (media access
control) layer. Here, an MAC switch may be used as a
substitute for the LAN switch. Hereinafter, the above-
described switches will be referred to as switches.

[0025] The auto-negotiation function is defined in IEEE
802.3 “3. Media access control frame, structure” (hereinafter
referred to as Document 1) and IEEE 802.3 “36. Physical
Coding Sublayer (PCS) and Physical Medium Attachment
(PMA) sublayer, type 1000BASE-X" (hereinafter referred
to as Document 2). The switch used for the present invention
has the above-described auto-negotiation function.

[0026] Where a failure occurs, the switch detects the
failure, brings the link of its port down, and transmits the
auto-negotiation configuration code.

[0027] Here, where the 1000BASE-X auto-negotiation is
performed, the auto-negotiation configuration code (/C/Or-
dered set) is transmitted, in place of a link-test pulse signal
used for auto-negotiation performed for automatically
switching between 10BASE and 100BASE. Accordingly, it
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becomes possible to determine that the opposing switches
are normally connected to each other.

[0028] That is to say, according to the 1000BASE-X
auto-negotiation defined in Documents 1 and 2, two network
apparatuses transmit information about an operable mode to
each other before starting data transmission and reception
therebetween so that a predetermined operation mode suit-
able for each of the two network apparatuses can be selected.

[0029] The 1000BASE-X auto-negotiation is performed
by exchanging the auto-negotiation configuration code (/C/
Ordered set) between the two network apparatuses. Where
the auto-negotiation is finished, linkup is established
between the two network apparatuses so that data transmis-
sion and reception can be performed therebetween. In a
link_ok (linkup) state, the network apparatuses do not trans-
mit the configuration code (/C/Ordered set).

[0030] Thus, in the auto-negotiation monitor system, the
repeating-transmission apparatus confirms LAN signals
transmitted from the switches and monitors the auto-nego-
tiation configuration code transmitted from the switches,
whereby the above-described objects are achieved.

[0031] More specifically, where a failure occurs in an
optical fiber on the reception side of one of the switches, the
switch brings the link of its port down according to the
definition described in Documents 1 and 2, and transmits the
auto-negotiation configuration code (/C/Ordered set).

[0032] Upon receiving the auto-negotiation configuration
code transmitted from the switch, the other switch brings the
link of a reception port down and transmits the auto-
negotiation configuration code.

[0033] The repeating-transmission apparatus monitors the
LAN signal transmitted from one of the switches and the
other LAN signal transmitted from the other switch, and
determines which of the two switches transmitted the auto-
negotiation configuration code that arrived earlier than the
other. According to the determination result, the auto-nego-
tiation monitor system can determine which of the two
switches detected the failure and brought the port link down.

[0034] The repeating-transmission apparatus notifies a
monitor apparatus of the determination result, as an alarm.
For example, upon receiving the auto-negotiation configu-
ration code that was transmitted from one of the two
switches and that arrived earlier than the other, the repeat-
ing-transmission apparatus determines that the switch
detected a failure and brought the link of its port down, and
notifies the monitor apparatus of information about the
determination.

[0035] Thus, in the auto-negotiation monitor system, the
repeating-transmission apparatus monitors the auto-negotia-
tion configuration codes transmitted from the opposing
switches. The repeating-transmission apparatus determines
which of the two switches transmitted the auto-negotiation
configuration code earlier than the other switch, thereby
determining which of the two switches detected a failure. As
a result, where a failure occurs in an optical fiber on the
transmission side of the repeating-transmission apparatus,
the repeating-transmission apparatus can detect the failure
occurrence.

[0036] Accordingly, in the auto-negotiation monitor sys-
tem, the repeating-transmission apparatus monitors the auto-
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negotiation configuration codes transmitted from the LAN
switches. That is to say, the repeating-transmission appara-
tus can monitor the link state of two LAN switches and
which of the LAN switches transmitted the auto-negotiation
configuration code earlier than the other switch. Subse-
quently, the repeating-transmission apparatus can detect a
failure that cannot be detected by a known repeating-
transmission apparatus, such as a failure occurs in an optical
fiber on the reception side of the LAN switch.

[0037] The reasons why it is possible to monitor the link
state of the LAN switch by monitoring the auto-negotiation
configuration codes will be described. As defined in Docu-
ments 1 and 2, the LAN switch performs LAN-frame
transmission (transmission of /D/Code group, /S/Ordered
set, and /T/Ordered set), or transmission of a code indicating
the idle state (transmission of /I/Ordered set), where the port
of the LAN switch is in the link_ok state. Where a failure is
detected, the LAN switch brings the link of its port down and
transmits the auto-negotiation configuration code (/C/Or-
dered set).

[0038] Referring to FIG. 1, an embodiment of the auto-
negotiation monitor system according to the present inven-
tion will be described. FIG. 1 is a block diagram illustrating
the configuration of an auto-negotiation monitor system
according to a first embodiment of the present invention.

[0039] In FIG. 1, the auto-negotiation monitor system
includes repeating-transmission apparatuses 1 and 2,
switches 3 and 4, and a monitor apparatus 5. The repeating-
transmission apparatus 1 and the switch 3 are connected to
each other by optical fibers 101 and 102, and the repeating-
transmission apparatus 2 and the switch 4 are connected to
each other by optical fibers 201 and 202. The switches 3 and
4 are connected to each other via the repeating-transmission
apparatuses 1 and 2.

[0040] Each of the switches 3 and 4 is formed as the LAN
switch such as the Ethernet (a registered trademark) switch,
or the MAC switch. Each of the switches 3 and 4 has the
function of transferring a frame and the auto-negotiation
function that is defined in Documents 1 and 2. The switch 3
includes a port 31 and the switch 4 includes a port 42.

[0041] The repeating-transmission apparatus 1 includes an
auto-negotiation monitor 11 and an LAN-signal repeater 12,
so as to repeat and transmit an LAN signal without termi-
nating an MAC layer. The repeating-transmission apparatus
2 includes an auto-negotiation monitor 21 and an LAN-
signal repeater 22, so as to repeat and transmit the LAN
signal without terminating the MAC layer.

[0042] The LAN signal output from the port 31 is input to
the repeating-transmission apparatus 1. The auto-negotiation
monitor 11 performs code analysis for the LAN signal input
to the repeating-transmission apparatus 1. The LAN signal is
converted by the LLAN-signal repeater 12 for repeating-
transmission and transmitted to the repeating-transmission
apparatus 2. The signal input to the repeating-transmission
apparatus 2 is converted back to the LAN signal by the
LAN-signal repeater 22, subjected to code analysis by the
auto-negotiation monitor 21, and transmitted to the switch 4.

[0043] The LAN signal output from the port 41 is input to
the repeating-transmission apparatus 2. The input LAN
signal is subjected to code analysis by the auto-negotiation
monitor 21, converted for repeating-transmission by the

Apr. 7, 2005

LAN-signal repeater 22, and transmitted to the repeating-
transmission apparatus 1. The signal input to the repeating-
transmission apparatus 1 is converted back to the LAN
signal by the LAN-signal repeater 12, subjected to code
analysis by the auto-negotiation monitor 11, and transmitted
to the switch 3.

[0044] Here, the LAN-signal repeaters 12 and 22 may
have any configurations so long as they can repeat and
transmit an LAN signal. That is to say, any system can be
used for the LAN-signal repeaters 12 and 22. For example,
an SONET/SDH (Synchronous Optical NETwork/Synchro-
nous Digital Hierarchy) system, a WDM (Wavelength Divi-
sion Multiplexing) system, and so forth, may be used.

[0045] FIG. 2 is a block diagram illustrating the configu-
ration of the auto-negotiation monitor 11 shown in FIG. 1.
In this drawing, the auto-negotiation monitor 11 has a code
discriminator 111 (a first code discriminator) for discrimi-
nating a code defined in Documents 1 and 2 from a signal
that is input thereto, a code discriminator 112 (a second code
discriminator) for discriminating a code defined in Docu-
ments 1 and 2 from a signal that is output therefrom, and an
alarm unit 113 connected to the code discriminators 111 and
112. The code discriminators 111 and 112 collectively serve
as a code discrimination block 110.

[0046] The code discriminator 111 performs code analysis
for the input signal and transmits a notification to the alarm
unit 113 upon receiving the auto-negotiation configuration
code (/C/Ordered set). Upon receiving the code indicating
the idle state (/I/Ordered set), or a code indicating data
(/D/Code group, /S/Ordered set, and /T/Ordered set) for a
time period longer than predetermined time period T1, the
code discriminator 111 cancels the alarm notification trans-
mitted to the alarm unit 113.

[0047] The code discriminator 112 per forms code analysis
for an output signal and transmits a notification to the alarm
unit 113, where the auto-negotiation configuration code
(/C/ordered set) is transmitted thereto. Upon receiving the
code indicating the idle state (/I/Ordered set), or the code
indicating data (/D/Code group, /S/Ordered set, and /T/Or-
dered set) for a time, period longer the predetermined time
period T1, the code discriminator 112 cancels the alarm
notification transmitted to the alarm unit 113.

[0048] Upon receiving the notification from the code
discriminator 111, the alarm unit 113 issues an alarm for
notifying the monitor apparatus 5 that the switch 3 opposed
to the repeating-transmission apparatus 1 detected a failure
and the link is down. Upon receiving the notification from
the code discriminator 112, the alarm unit 113 issues an
alarm for notifying the monitor apparatus 5 that the switch
4 opposed to the repeating-transmission apparatus 2 detected
a failure and the link is down.

[0049] However, where the alarm unit 113 receives the
notifications transmitted from both the code discriminators
111 and 112, the alarm unit 113 places a higher priority on
the notification that arrived earlier than the other. That is to
say, where the alarm unit 113 receives the notification
transmitted from the code discriminator 112 after receiving
the notification transmitted from the code discriminator 111,
the alarm unit 113 does not perform anything.

[0050] Where the notification, which caused the alarm unit
113 to issue the alarm for the monitor apparatus 5 and is
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transmitted from either the code discriminator 111 or the
code discriminator 112, is canceled, the alarm unit 113
cancels the alarm issued to the monitor apparatus 5 after
predetermined time period T2 elapses. Further, during the
predetermined time period T2 after the above-described
notification transmitted from the code discriminator 111 or
the code discriminator 112 is cancelled until the alarm issued
to the monitor apparatus 5 is cancelled, the alarm unit 113
does not issue an alarm to the monitor apparatus 5 upon
receiving another notification transmitted from either the
code discriminator 111 or the code discriminator 112.

[0051] FIG. 3 is a block diagram illustrating the configu-
ration of the auto-negotiation monitor 21 shown in FIG. 1.
In this drawing, the configuration of the auto-negotiation
monitor 21 is the same as that of the auto-negotiation
monitor 11 shown in FIG. 2. The auto-negotiation monitor
21 has a code discriminator (second code discriminator) 211
for discriminating the code defined in Documents 1 and 2
from an input signal, a code discriminator (first code dis-
criminator) 212 for discriminating the code defined in Docu-
ments 1 and 2 from an output signal, and an alarm unit 213.
The code discriminators 211 and 212 collectively serve as a
code discrimination block 210.

[0052] Since the functions of the code discriminators 211
and 212, and the alarm unit 213 are the same as those shown
in FIG. 2, the description thereof is omitted here.

[0053] FIG. 4 is a sequence chart for illustrating opera-
tions performed, where a failure occurs in the auto-negotia-
tion monitor system according to this embodiment.

[0054] Referring to FIGS. 1 to 4, operations performed,
where a failure occurs in the optical fiber 102 on the
reception side of the switch 3 in the auto-negotiation moni-
tor system, will now be described.

[0055] Where the failure occurs in the optical fiber 102 (al
in FIG. 4), the switch 3 detects optical-signal shutoff or
optical-signal deterioration on the reception side of the port
31 (a2 in FIG. 4), brings the link of the port 31 down (a3 in
FIG. 4), and outputs an auto-negotiation configuration code
(/C/Ordered set), as an LAN signal (a4 in FIG. 4).

[0056] Upon receiving the LAN signal transmitted from
the switch 3, the repeating-transmission apparatus 1 trans-
mits the LAN signal to the auto-negotiation monitor 11. The
auto-negotiation monitor 11 transmits the input LAN signal
to the code discriminator 111 and the LLAN-signal repeater
12.

[0057] The code discriminator 111 performs code analysis
for the input LAN signal. Then, where the code discrimi-
nator 111 detects that the input LAN signal is the auto-
negotiation configuration code (a6 in FIG. 4), the code
discriminator 111 transmits a notification to the alarm unit
113. Upon receiving the notification transmitted from the
code discriminator 111, the alarm, unit 113 issues an alarm
to the monitor apparatus 5, where the alarm indicates that
“the switch 3 detected a failure and the link is down” (a7 in
FIG. 4).

[0058] The LAN-signal repeater 12 converts the transmit-
ted LAN signal into a repeating-transmission signal to be
repeated and transmitted to the repeating-transmission appa-
ratus 2, and transmits the repeating-transmission signal to
the repeating-transmission apparatus 2 (a5 in FIG. 4).

Apr. 7, 2005

[0059] In the repeating-transmission apparatus 2, the
LAN-signal repeater 22 converts the signal transmitted from
the repeating-transmission apparatus 1 to the LAN signal
and transmits the LAN signal to the auto-negotiation moni-
tor 21. The auto-negotiation monitor 21 transmits the LAN
signal to the code discriminator 211 and the switch 4 (a8 in
FIG. 4).

[0060] The code discriminator 211 performs code analysis
for the input LAN signal. Then, where the code discrimi-
nator 211 detects that the input LAN signal is the auto-
negotiation configuration code (a9 in FIG. 4), the code
discriminator 211 transmits a notification to the alarm unit
213. Upon receiving the notification transmitted from the
code discriminator 211, the alarm unit 213 issues an alarm
to the monitor apparatus 5, where the alarm indicates that
“the switch 3 detected a failure and the link is down” (al0
in FIG. 4).

[0061] Upon receiving the auto-negotiation configuration
code, the switch 4 brings the link of the port 41 down (all
in FIG. 4) and outputs the auto-negotiation configuration
code, as the LAN signal (al2 in FIG. 4)

[0062] Upon receiving the LAN signal transmitted from
the switch 4, the repeating-transmission apparatus 2 trans-
mits the LAN signal to the auto-negotiation monitor 21. The
auto-negotiation monitor 21 transmits the LAN signal to the
code discriminator 212 and the LAN-signal repeater 22. The
code discriminator 212 performs code analysis for the
transmitted LAN signal. Then, where the code discriminator
212 detects that the transmitted LAN signal is the auto-
negotiation configuration code (al4 in FIG. 4), the code
discriminator 212 transmits a notification to the alarm unit
213. Since the alarm unit 213 had received the notification
from the code discriminator 211, the alarms unit 213 does
not perform anything upon receiving the notification trans-
mitted from the code discriminator 212 (al5 in FIG. 4).

[0063] The LAN-signal repeater 22 converts the transmit-
ted LAN signal into a repeating-transmission signal to be
repeated and transmitted to the repeating-transmission appa-
ratus 1, and transmits the repeating-transmission signal to
the repeating-transmission apparatus 1 (al3 in FIG. 4).

[0064] In the repeating-transmission apparatus 1, the
LAN-signal repeater 12 converts the repeating-transmission
signal transmitted from the repeating-transmission apparatus
2 back to the LAN signal and transmits the LAN signal to
the auto-negotiation monitor 11. In the auto-negotiation
monitor 11, the transmitted LAN signal is transmitted to the
code discriminator 112 and the switch 3 (al6 in FIG. 4).

[0065] The code discriminator 112 performs code analysis
for the transmitted LAN signal. Then, where the code
discriminator 112 detects that the transmitted LAN signal is
the auto-negotiation configuration code (al7 in FIG. 4), the
code discriminator 112 transmits a notification to the alarm
unit 113. Though the notification is transmitted from the
code discriminator 112, the alarm unit 113 does not perform
any operations, since it had received the notification trans-
mitted from the code discriminator 111 (a18 in FIG. 4).

[0066] Thus, where a failure occurs in the optical fiber
102, the repeating-transmission apparatuses 1 and 2 detect
the failure, based on the auto-negotiation configuration code
transmitted from the switch 3, and an alarm is issued for
notifying the monitor apparatus 5 of the failure.
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[0067] FIG. 5 is a sequence chart illustrating operations
performed at the time of failure recovery in the auto-
negotiation monitor system of this embodiment. Operations
performed, where the optical fiber 102 recovers from a
failure, will now be described with reference to FIGS. 1 to
3 and S.

[0068] In this embodiment, where the optical fiber 102
recovers from the failure (b1 in FIG. 5), auto negotiation is
performed between the switches 3 and 4 (b2 in FIG. 5), and
the port 31 of the switch 3 links up with the port 41 of the
switch 4 (b3 and b4 in FIG. 5). Then, the switches 3 and 4
start transmitting the code indicating the idle state (I/Or-
dered set), or the code indicating data (/D/Code group,
/S/Ordered set, and /T/Ordered set) (b5 in FIG. 5).

[0069] Upon receiving the LAN signal transmitted from
the switch 3, the repeating-transmission apparatus 1 trans-
mits the LAN signal to the auto-negotiation monitor 11. The
auto-negotiation monitor 11 transmits the LAN signal to the
code discriminator 111 and the L AN-signal repeater 12.

[0070] The code discriminator 111 performs code analysis
for the transmitted LAN signal. Where the code discrimi-
nator 111 detects that it received the idle-state code, or the
data code for a time period longer than the predetermined
time period T1 (b7 in FIG. 5), the code discriminator 111
transmits data to the alarm unit 113 for canceling the alarm
notification. Upon receiving the alarm notification, the alarm
unit 113 cancels the alarm issued to the monitor apparatus 5
after the predetermined time period T2 elapses (b8 in FIG.
5).

[0071] Where the repeating-transmission apparatus 1
transmits the repeating-transmission signal to the repeating-
transmission apparatus 2 (b6 in FIG. 5), the LAN-signal
repeater 22 converts the transmitted repeating-transmission
signal back to the LAN signal and transmits the LAN signal
to the auto-negotiation monitor 21. The auto-negotiation
monitor 21 transmits the LAN signal, that is, the idle-state
code or the data code to the code discriminator 211 and the
switch 4 (b9 in FIG. 5).

[0072] The code discriminator 211 performs code analysis
for the transmitted LAN signal. Where the code discrimi-
nator 211 detects that it received the idle-state code, or the
data code for a time period longer than the predetermined
time period T1 (b10 in FIG. 5), the code discriminator 211
transmits data to the alarm unit 213 for canceling the alarm
notification. Upon receiving the alarm notification, the alarm
unit 213 cancels the alarm issued to the monitor apparatus 5
after the predetermined time period T2 elapses (b1l in FIG.
5).

[0073] Thus, according to this embodiment, the repeating-
transmission apparatuses 1 and 2 can detect the failure
recovery, based on the code of the LAN signal transmitted
from the switch 3. Further, where the optical fiber 102
recovers from the failure, the repeating-transmission appa-
ratuses 1 and 2 can cancel the alarm.

[0074] That is to say, in this embodiment, the repeating-
transmission apparatuses 1 and 2 monitor the auto-negotia-
tion configuration codes transmitted from the switches 3 and
4 opposed to each other. Therefore, the repeating-transmis-
sion apparatuses 1 and 2 can monitor the link state of the
opposing switches 3 and 4 at all times.
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[0075] Further, in this embodiment, since the repeating-
transmission apparatuses 1 and 2 monitor both the auto-
negotiation configuration code transmitted from the switch 3
and the auto-negotiation configuration code transmitted
from the switch 4, it becomes possible to determine which
of the switches 3 and 4 detected a failure and brought its link
down.

[0076] FIG. 6 is a block diagram illustrating the configu-
ration of an auto-negotiation monitor system according to a
second embodiment of the present invention. Unlike the
auto-negotiation monitor system of the first embodiment
shown in FIG. 1, the auto-negotiation monitor system of this
embodiment has one repeating-transmission apparatus.

[0077] A repeating-transmission apparatus 6 includes an
LAN-signal amplifier 63. The LAN-signal amplifier 63
amplifies an LAN signal transmitted from the switch 3 and
outputs the amplified LAN signal to the switch 4. Further,
the LAN-signal amplifier 63 amplifies the LAN signal
transmitted from the switch 4 and outputs the amplified
LAN signal to the switch 3. Subsequently, the repeating-
transmission apparatus 6 can increase an LAN-signal propa-
gation distance between the switches 3 and 4. The repeating-
transmission apparatus 6 further includes a code
discriminator 61 (first code discriminator) for receiving the
LAN signal transmitted from the switch 3, a code discrimi-
nator 64 (second code discriminator) for receiving the LAN
signal transmitted from the switch 4, and an alarm unit 62
connected to the code discriminators 61 and 64. The code
discriminators 61 and 64 may collectively called a code
discrimination block 60.

[0078] The LAN signal transmitted from the switch 3 to
the repeating-transmission apparatus 6 is input to the code
discriminator 61 and the LAN-signal amplifier 63. The LAN
signal is amplified and transmitted to the switch 4. The LAN
signal transmitted from the switch 4 to the repeating-
transmission apparatus 6 is input to the code discriminator
64 and the L.AN-signal amplifier 63. The amplified LAN
signal is transmitted to the switch 3.

[0079] The code discriminators 61 and 64 perform code
analysis for the transmitted LAN signal. As a result, where
the code of the LAN signal is determined to be the auto-
negotiation configuration code, the code discriminators 61
and 64 transmit a notification to the alarm unit 62. Upon
receiving the notification transmitted from the code dis-
criminator 61, the alarm unit 62 issues an alarm to a monitor
apparatus 7, where the alarm indicates that “the switch 3
detected a failure and brought its link down”. Where the
alarm unit 62 receives the notification transmitted from the
code discriminator 64, the alarm unit 62 issues an alarm to
the monitor apparatus 7, where the alarm indicates that “the
switch 4 detected a failure and brought its link down”. Here,
where both the code discriminators 61 and 64 transmit the
alarm to the alarm unit 62, the alarm unit 62 places a higher
priority on the notification that had been transmitted earlier
than the other.

[0080] Where the notification that caused the alarm unit 62
to issue the alarm for the monitor apparatus 7 and that was
transmitted from the code discriminator is canceled, the
alarm unit 62 cancels the alarm issued to the monitor
apparatus 7 after the predetermined time period T1 elapses.
Further, during the predetermined time period T2 after the
above-described notification transmitted from the code dis-
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criminator is cancelled until the alarm issued to the monitor
apparatus 7 is cancelled, the alarm unit 62 does not issue an
alarm to the monitor apparatus 7 upon receiving another
notification transmitted from the code discriminator.

[0081] Thus the auto-negotiation monitor system accord-
ing to the present invention can monitor the link state of
opposing switches at all times and determine which of the
switches detected a failure and brought its link down.

What is claimed is:

1. An auto-negotiation monitor system for transferring
local-area-network signals between opposing switches via at
least one repeating-transmission apparatus and monitoring
the at least one repeating-transmission apparatus and the
opposing switches by a monitor apparatus,

wherein the repeating-transmission apparatus comprises:

a code discrimination block that receives the local-area-
network signal transmitted from each of the opposing
switches and determines whether or not a predeter-
mined code for auto-negotiation exists by monitoring
the local-area-network signal, where the auto-negotia-
tion is performed for establishing connection between
the opposing switches; and

an alarm unit for determining which of the opposing
switches transmitted the predetermined auto-negotia-
tion code that arrived earlier than the other, where the
code discrimination block determines that the prede-
termined auto-negotiation code exists, and notifying
the monitor apparatus of the determination result, as an
alarm.

2. The auto-negotiation monitor system according to
claim 1, wherein each of the opposing switches brings a link
of its port down, where a failure occurs in an optical fiber on
a reception side, and outputs the predetermined auto-nego-
tiation code.

3. The auto-negotiation monitor system according to
claim 2, wherein the repeating-transmission apparatus
repeats and transfers the local-area-network signal without
terminating a media-access-control layer.

4. The auto-negotiation monitor system according to
claim 1, wherein the repeating-transmission apparatus is
provided for each of said opposing switches and wherein
each of the repeating-transmission apparatuses comprises an
auto-negotiation monitor that is connected to the switch
corresponding thereto via a reception-side optical fiber and
a transmission-side optical fiber and that includes the code
discrimination block and the alarm unit, and an LAN-signal
repeater for repeating the local-area-network signal between
the auto-negotiation monitor and the repeating-transmission
apparatus opposed thereto.

5. The auto-negotiation monitor system according to
claim 4, wherein the code discrimination block comprises:

a first code discriminator that receives the local-area-
network signal transmitted from one of the opposing
switches and that determines whether or not the pre-
determined auto-negotiation code exists by monitoring
the transmitted local-area-network signal; and

a second code discriminator that receives the local-area-
network signal transmitted from the other of the oppos-
ing switches and that determines whether or not the
predetermined auto-negotiation code exists by moni-
toring the transmitted local-area-network signal.
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6. The auto-negotiation monitor system according to
claim 1, wherein the repeating-transmission apparatus is
provided between the opposing switches, connected to one
of the opposing switches via reception-side and transmis-
sion-side optical fibers, and connected to the other of the
opposing switches via reception-side and transmission-side
optical fibers,

wherein the code discrimination block comprises:

a first code discriminator that receives the local-area-
network signal transmitted from one of the opposing
switches and that determines whether or not the pre-
determined auto-negotiation code exists by monitoring
the transmitted local-area-network signal; and

a second code discriminator that receives the local-area-
network signal transmitted from the other of the oppos-
ing switches and that determines whether or not the
predetermined auto-negotiation code exists by moni-
toring the transmitted local-area-network signal;

wherein the alarm unit determines which of the switches
transmitted the predetermined auto-negotiation code
that arrived earlier than the other, where one of the first
and second code discriminators determines that the
predetermined auto-negotiation code exists, and noti-
fies the monitor apparatus of the determination result,
as the alarm, and

wherein the repeating-transmission apparatus further
comprises an LAN-signal amplifier that amplifies the
local-area-network signal transmitted from one of the
opposing switches and outputs the amplified signal to
the other of the opposing switches, and that amplifies
the local-area-network signal transmitted from the
other of the opposing switches and outputs the ampli-
fied signal to said one of the opposing switches.

7. A repeating-transmission apparatus that is provided
between opposing switches for repeating and transferring a
local-area-network signal and that is monitored by a monitor
apparatus, with the opposing switches, the repeating-trans-
mission apparatus comprising:

a code discrimination block that receives the local-area-
network signal transmitted from each of the opposing
switches and determines whether or not a predeter-
mined code for auto-negotiation exists by monitoring
the local-area-network signal, where the auto-negotia-
tion is performed for establishing connection between
the opposing switches, and

an alarm unit for determining which of the switches
transmitted the predetermined auto-negotiation code
that arrived earlier than the other, where the code
discrimination block determines that the predetermined
auto-negotiation code exists, and notifying the monitor
apparatus of the determination result, as an alarm.

8. The repeating-transmission apparatus according to
claim 7, wherein each of the opposing switches brings a link
of its port down, where a failure occurs in an optical fiber on
the reception side, and outputs the predetermined auto-
negotiation code.

9. The repeating-transmission apparatus according to
claim 8, wherein the repeating-transmission apparatus
repeats and transfers the local-area-network signal without
terminating a media-access-control layer.
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10. The repeating-transmission apparatus according to
claim 7, wherein the code discrimination block comprises:

a first code discriminator that receives the local-area-
network signal transmitted from one of the opposing
switches and that determines whether or not the pre-
determined auto-negotiation code exists by monitoring
the transmitted local-area-network signal; and

a second code discriminator that receives the local-area-
network signal transmitted from the other of the oppos-
ing switches and that determines whether or not the
predetermined auto-negotiation code exists by moni-
toring the transmitted local-area-network signal.

11. The repeating-transmission apparatus according to
claim 10, wherein the repeating-transmission apparatus fur-
ther comprises an LAN-signal amplifier that amplifies the
local-area-network signal transmitted from one of the oppos-
ing switches and outputs the amplified signal to the other of
the opposing switches, and that amplifies the local-area-
network signal transmitted from the other of the opposing
switches and outputs the amplified signal to said one of the
opposing switches.

12. An auto-negotiation monitor method for transferring
local-area-network signals between opposing switches
opposed to each other via at least one repeating-transmission
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apparatus and monitoring the repeating-transmission appa-
ratus and the opposing switches by a monitor apparatus, the
auto-negotiation monitor method comprising the steps of:

receiving the local-area-network signal transmitted from
each of the opposing switches,

determining whether or not a predetermined code for
auto-negotiation performed for establishing connection
between the opposing switches exists by monitoring
the transmitted local-area-network signal,

determining which of the opposing switches transmitted
the predetermined auto-negotiation code that arrived
earlier than the other, where the existence of the pre-
determined auto-negotiation code is determined, and

notifying the monitor apparatus of the determination

result, as an alarm.

13. The auto-negotiation monitor method according to
claim 12, wherein each of the opposing switches brings a
link of its port down, where a failure occurs in an optical
fiber on the reception side, and outputs the predetermined
auto-negotiation code.
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