1 DESCRI PTION TI TLE OF THE | NVENTI ON | P ADDRESS DELI VERY SYSTEM AND | P
ADDRESS DELI VERY METHOD 5 Field [0001] The present invention relates to an

| P address delivery systemand an | P address delivery method. Background
[0002] TCP/ 1P is well known as a communi chtion protocol 10 on an Ethernet
(registered trademark). In the TCP/IP, an I P address is used as information
for identifying a termnal apparatus on the Ethernet (registered
trademark). The | P address is uniquei3Critboat ed to each term nal

apparatus. 15[ 0003] As a nethod _of determ ning |P_addresses of term nal
apparatuses on a network, thegé%ﬂ@ §%ngﬁﬁoﬁN%f3NaF8Hti ng | P addresses to the

termnal appargbpsess ot i e:ey efy S ey gt NESprRESE afEti NG i hed Ri@dddr esses
in recording devices in the term nal apparatuses, and reading 20 out the

recorded | P addresses when the term nal apparatuses are started. [0004] As a
met hod gf determmining an I P address of an own term nal apparatus, there is
a nethod of using a reverse address resolution protocol (RARP). The RARP is
a 25 protocpdodbr i ndtig ipgesdoutiaredR addrss orirespondi ngide: s MAC
addressysi cal address of the Ethernet (regic.LcLl trciueittalLR)) ufterm nal
appaldLu-.ié%llvery system and an IP address delivery method.
Background
[(0002] TCP/IP is well known as a communication protocol
10 on an Ethernet (registered trademark). In the TCP/IP, an
IP address is used as information for identifying a
terminal apparatus on the Ethernet (registered trademark).
The IP address is uniquely allocated to each terminal
apparatus.
15 100037 As a method of determining IP addresses of
terminal apparatuses on a network, there is a method of
granting IP addresses to the terminal apparatuses not to
overlap one another, recording the IP addresses in
recording devices in the terminal apparatuses, and reading
20  out the recorded IP addresses when the terminal apparatuses
are started.
[0004] As a method of determining an IP address of an
own terminal apparatus, there is a method of using a
reverse address resclution protocol (RARP). The RARP is a
25 protocol for ingquiring about an IP address corresponding to
a MAC address (a physical address of the Ethernet
(registered trademark); of the ocwn terminal apparatus. In
the RARP, when the MAC address of the own terminal
apparatus is broadcasted, an IP address is returned by an
30 RARP server on a network.
[0005] As an IP address delivery method different from
the RARP, BOOTP (BOOTstrap Protocol), DHCP (Dynamic Host

Configuration Protocol), or the like is sometimes used (Non



t he RARP, when the MAC address of the own term nal apparatus is
broadcasted, an IP address is returned by an 30 RARP server on a network.

[ 0005] As an | P address delivery nethod dlfferent fromthe RARP, BOOTP
(BOOTstrap Protocol), DHCP (Dynanic HostZ Configuration Protocol), or the
like is sonmetinmes used (Non 2 Patent Literature 1). Citation List Non
Patent Literature [0006] Non Patent Literature 1. Network Establishnent by 5

TCP/ I P Vol . pAtd&ourth-&dithosn BEdjted by Dougl as E. Coner (Kyoritsu Shuppan
Co., Ltd.) Summary Techni cal Probl em 10[ 0007] A network in which an

appar at us cohf#gtratibht i s designed in advance i s considered. Specifically,

a network ig,whbch.te prLangement of apparatuses included in the network
is fixed and a physical pathway is also fixed is considered. In the network

oper at ed |n @O(ﬁﬁi}xed rmmmeﬁ’aﬁefnﬂ&imzsaw\aya it Nestwmrivel:‘mtemmmrmrsto gyx IP
addr ess s Ilgi tg}fp@é tuses. A;r Cﬂgg Qvg nJ'a tFS _
appar at ]S b ca Yo & ¥ iaas @r%bl e, in
terns of opg{@@imut%m@dﬁ @h, | Pagldress same as that before the
repl acenent to the term nal
Summary
Technical Problem
10 [0007] A network in which an apparatus configuration is
designed in advance 1s considered. Specifically, a network
in which the arrangement of apparatuses included in the
network is fixed and a physical pathway is also fixed is
considered. In the network operated in a fixed manner in
15 this way, it is convenient to also fix IP addresses granted
to terminal apparatuses. Further, when a terminal
apparatus is replaced because of a failure or the 1like, it
is desirable, in terms of operation, to grant an IP address
same as that before the replacement to the terminal
20 apparatus after the replacement. Such granting of the IP
address can be manually performed during the replacement of
the terminal apparatus. However, 1f the IP address same as
that before the replacement is automatically granted to the
terminal apparatus after the replacement without the
25 intervention of human operation, the convenience in
operation is remarkably improved. However, In the related
art, the 1P address same as that before the replacement
cannot ke automatically delivered during the replacement of
the terminal apparatus.
30 [0008] The present inventiocn has been devised in view of
the above and it is an obiject of the present invention to
provide an IP address delivery apparatus and an IP address

delivery method that can automatically deliver, during



20 apparatus after the replacenent. Such granting of the |IP address can be
manual | y perforned during the replacenent of the term nal apparatus.
However, if the I P address sane as that before the replacenent is
automatically granted to the terninal apparatus after the repl acenent

w thout the 25 intervention of human operation, the convenience in
operation is remarkably inproved. However, in the related art, the IP

addr ess samepsaddatnbefOre tdeniiepl agerendteannota beomui-omedd cah | y
delivered during the replacenment of the term nal apparatus. 30[ 0008] The
present i nVERtToON had? b&erﬁ%‘?ﬁ?%‘éoﬂ% Viewr bt tef o Vid e 2 et obj ect
of the present,+4isyenti®nto,provide an | P address delivery apparatus and
an | P address delivery nethod that can automatically deliver, during 3
repl acement [{@#0% t er Mmalrdpparatusl on Ghe onfharrdreat i omaretworkk] eran, |4h
address sa aésc%#]hat before the replacenent.. Solution to Proble 0009] I'n

f . |
order t6 solve tHe &t of ementi briot probt enst T 559 P RIS deth VIS syst em

accordi ng tpranenaspeednofort hienPneseit dmventd erdHicldgtesieap | P address
del i very apparatus including a path-information reading unit configured to
read, from#P3 P deiress hegiest & ighaln L pEeat $9if orgrdiioh Wil

communi cat i g¥}, i t.endi n egues j ) a S, an
| P address cor rgjs%%l&deﬁe t abl gfglér:%n \?ﬁ#%ﬂ;a cdr%seszg%%l(%genégge ?lrel%r{a%’o&g%@?meen
t he pat h i nifrofavetd oimrand tshecdrPnadidrasison siategisit ersddsndindy aio |P- addr ess

deter nggl ng unit confiqured. to (rjggée%{g ne, based.on %ﬂtge¥at h i nformation
obt ai nad f riomAE t K& Hath-T gt neit i Pt g urhi t*HHPThe | P addr ess |
cor r espondenite-d gl fierfit |Rmddriassydelti vered-togheidepiest; sou,ce; and a
path-information granting unit configured to grant the path information to
the IP addrké:"stswer%quéﬁq B tgndln £ 20fp01@] Furd Hére Tdh adeinsitr éss del i very
met ho.d accar ir}ﬂiér%cﬁn%{[rn?ranaSIPEE—Cédanfeszshe(jte%eersn%lnrbnﬁvennfﬂ Ocnor{@i%urdee - a
pat h-i nf ormation grarting unit granting, to an ress requ Signal ,
pat h i nf or nat idetaafmian ot atri arhenetanor kirefdendi ingh tdbtas requestorsour ce
of an HE aqﬁquess; a pat h- ' , ,
e path-information reading unit and the IP address
correspondence table, an IP address delivered to the
request source; and a path-information granting unit
configured to grant the path information to the IP address
request signal.
20 [0010] Further, an IP address delivery method according
to another aspect of the present invention includes: a
path~information granting unit granting, to an IP address
request signal, path information of a communication network
extending to a reqguest source of an IP address; a path-
25  information reading unit of an IP address delivery
apparatus reading the path informaticn from the 1P address
reguest signal; an iP-address determining unit oi the IP
address delivery apparatus determining, by referring to an
1P address correspondence table in which a correspondence
30  relation between the path information and the IP address is
registered, an IP address corresponding to the read path
information; and the IP-address determining unit delivering

the determined IP address to the request source.



25 information reading unit of an I P address delivery apparatus reading the
path information fromthe |IP address request signal; an-address determ ning
unit of the I P address delivery apparatus determ ning, by referring to an

| P address correspondence table in whicha correspondence 30 rel ation
between the path information and the I P address is registered, an IP
address corresponding to the read path information; and the |P-address
determning unit delivering the determined I P address to the request

source. 4 Advantageous Effects of Invention [0011] According to the present
invention, there is an 5 effect that it is possible to automatically

del i ver, gﬁé+igéééﬁ%5“§”E¥%eégs fs&g%ggégﬂfparatus on a communi cation

net wor k, ess same as tha he repl acenent. Brief

Descri pti on[ @81 D aw ryscd0fdod 2]d-lGe pissantbl ockerdi agramiofra schamati c
configuration. of | P address delivery systemaccording to a first,

enbodi mént . S1 F6Ct aﬁﬁbl‘f—z 15 RO Hytantof %Wwalrfﬁle%@%lwg\f@sﬁry B of an
| P address r@guesinstgnat dsedyd thd P Astaerdad ocoimningationidh the first
enbodi nment . FIG 3 is a diagramof an exanple of contents of an IP

addr ess coriegpondente TRbiEigss reand rat dndod? ¢ the repHGmenis a
di agram of an operation during |IP address delivery by an | P address
delivery apparatus in the first 20 enbodi nent.

Brief Description of Drawings

10 [0012] FIG. 1 is a block diagram of a schematic
configuration of an IP address delivery éystem according to
a first embodiment.

FIG. 2 is a diagram of an example of the structure of

an IP address request signal used in IP network
15 communication in the first embodiment.

FIG. 3 is a diagram of an example of contents of an IP
address correspondence table in the first embodiment.

FIG. 4 is a diagram of an operation during IP address
delivery by an IP address delivery apparatus in the first

20  embodiment.

FIG. 5 is a block diagram of a schematic configuration
of an IP address delivery system according to a second
embodiment.

FIG. 6 is & diagram of an example of the structure of

25 an IP address request signal used in IP network
communication in the second embodiment.

FiG. 7 1s a diagram ol an example of contents of an 1P
address correspondence table in the second embodiment.

FIG. 8 is a diagram cf an operation during IP address

30  delivery by the IP address delivery apparatus in the second
embodiment,

PIG. 2 is a block diagram of a schematic configuration

of an IP address delivery system according to a third



FIG 5 is a block diagramof a schematic configuration of an |IP address
delivery system according to a second enbodi nent. FIG 6 is a
di agram of an exanple of the structure of 25 an |IP address request signal
used in IP network cormhnication in the>second enbodinent. FIG 7 Is a

di agram of an exanple of contents of an |IF address correspondence table in
the second enbodinent. FIG 8 is a diagramof an operation during IP
address 30 debbaerynby the | P address delivery apparatus in the second
enbodi nent . FIG 9 is a block diagramof a schematic configuration
of an | P addressFHel i ¥@ryS systervaeeorHidy eo2mrthi ¢l conepbbdi pEnd2 FI G
10 is a dia t o) I P.a esg correspondence
tabl e shommgfﬂ£%§%§§%.é%%%%%égﬁéiﬁggd?§%$%n%%?H% g%n g%hr%tion exanple in 5
whi ch a PC for nBi®tehance & sdtconnactell &ieoahi @hbherhet €xagpst eied
tradena%k) 5M§é§rg PC for maintenance is connected via an Ethernet

(registered trademark) switch.

Description of Embodiments

[0013] Embodiments of an IP address delivery system and
10 an IP address delivery method according to the present

invention are explained in detail below based on the

drawings. The present invention is not limited by the

embodiments.
(0014] First Embodiment.
15 FIG. 1 is a block diagram of a schematic configuration

of an IP address delivery system according to a first
embodiment. As shown in FIG. 1, the IP address delivery
system according to this embodiment includes an IP address
delivery apparatus 1, a switch unit 2 connected to the IP
20 address delivery apparatus 1, and, for example, four
terminal apparatuses Tl to T4 connected to the switch unit
2.
[0015] The IP address delivery apparatus 1 is cconnected
to a port PO of the switch unit 2. The terminal
25 apparatuses T1 to 74 are respectively connected to ports PI1
te P4 of the switch unit 2. A pathway of a communication
network in this embodiment 1s constructed Lo include such a
switch unit 2. As the comnmunication network, for example,
an Ethernet (registered trademark) that adopts TCP/IP as a
30 communication protocol can be used.
[0016] The switch unit 2 can operate as a switching hub
on a network and discriminate in which of the ports P to

P4 a signal passing through the switch unit 2 is received.



Description of Enbodi nents [0013] Enbodi ments of an | P address delivery
systemand 10 an | P address delivery nethod according to the present
invention are explained in detail bel ow based on the draw ngs. The present
invention is not linmted by the enbodi mehts. [0014]First Embodi ment. 15FI G
1 is a block diagramof a schematic configuration of an | P address delivery
system according to a first enbodinent. As shown in FIG 1, the I P address

del i very systefmaggeofé ngwioch hinsi enbodh demded ngl pgtes- ans b Pnaddsess
delivery apparatus 1, a switch unit 2 connected to the IP 20 address

del i very appaiatisg 1unbhdl 6 f or ek apdtle; 19 bokns ek ¢ nar 2 aippad atusesl§i to 14
connected t s\ t.ch, uni . [ 0015] The L P S Lvery: rat us

is connecte@r%Q@% %%%% %ﬁ?%#m %é%m#?c%gu%%taéﬁE%%% f%&%%%glyﬁﬁgggparatuses
Ti to T4 arerazespectédefyoconnesqedst osports & 40 P4 afdtdesswikFeh unit 2.

A pathway of a communi catjion network in thjs enbodinent is copstructed to
includggﬁuc%x%m% tcﬁh%%iTh%.E9@@¥¢EFCBﬁ%Qﬁﬁ?§E? nC RS K fH7 &5@fpl e, an

Et hernet (regdsiefesh tadenar k) é@@éi@&@pﬂgf AERL AL @Se B0, communi cation

protocol can be used. [0016] The switch unit 2 can operate as a sw tching
hub on a netwopknapdoni geanidinatenith Whith ot Eheeport s(PQiotPded signal

passing t hroughthe, SWLLLh i ty 2 Lo fecelyefl, 0 Further, the switch unit
2 includes a pa? -|nforna ion graﬁ%lng unlq B The pa&h-lﬁ?ornatlon
granting unitfdfrgt aot sgpatted nbwr i i ot i-oiato ik adlst egsat eugstn st gnal
tr ansmltot Edlé rc?a[?’l abeg,eqfuggteggryggfee, Oa]: g?c?ril Pnuargk()j(g.gsgf alfo};gort where the
IP address request sighai is received.
(00173 The IP address delivery apparatus 1 includes a
path~informaticn reading unit 4a, an IP address
correspondence table 4b, and an IP-address determining unit
15 4c. The path-information reading unit 4a reads, from the
IP address request signal, the path information of the
communication network extending to the request source of
the IP address. The IP address correspondence table 4b
registers a correspondence relation between the path
20  information and the IP address. The IP-address determining
unit 4c determines, based on the path information obtained
from the path~information reading unit 4a and the IP
address correspondence table 4b, an IP address that should
be delivered to the request source. In FIG. 1, the request
25 source of the IP address is any one of the terminal
apparatuses Tl to T4 thalt has transmitted the 1P address
reguest signad.
[0018] FIG. 2 is a diagram of an example of the
structure of an IP address reguest signal used in IP
30  network communication in this embodiment. As shown in FIG.
2, the IP address request signal includes areas where
transmission destination information, transmission socurce

information, information type information, path information,



5 exanpl e, when the Ethernet (registered trademark) is used, the switch
unit 2 is obtained by adding the path- information granting unit 16 to an
Et hernet (registered trademark) switch. As explained |ater on, the path
information granted by the path-informatfon granting unit 10 16 can be, for
exanple, a port nunber of a port where the I P address request signal is
received. [0017] The I P address delivery apparatus 1 includes a

pat h-i nf or mathoohteadkBgaudi bt 4aedanant Paaddr gsse sorvesppagencent abl e 4b,
and an | P-address determ ning unit 15 4c. The path-information reading unit
4a reads, fFéﬁPFHéSﬁPOadaPé§§eréa§%§®a§%@%a}$ %%Eoﬁﬁﬁhl?%f@?ﬁ%%%@ﬁ Bf the

communi cat | 9RCNELYRS Kaexhendin0uL0s 1P LSUHRSLLLUSCE Pl LRCAD pgdr eSS,

The | P address correspon ce ta regi sters a“correspondence rel ation
bet ween t heagdths20reéaghestationaanand hes | Phaddresson Theed PEaddr ess

determ ning.unit.4c termnes, . based on the th information obtained from
Che:pat 12 1 o Btk A 5RT FeanPHa T i RO 2 S ar e tRENFE dnareeliaor By pbnakhoe
table 4b, apslPuaddigssrihatoshopbd beadel b yvened tQatbesseauesbogobice. In
FIG 1, the request 25 source of the IF address is any one of the term nal

appar at usest 1 the Tarmhae!happrerahgnest Bl tneld RaAdpesyse@quedt shgnal ,
[0018] FIG 2yl §d§r%é QQE(?@;g%t ag; %é‘g}" }§r8£d£§§1€ SiL ”&Eé‘{ 1 Qf.@n, L P addre
in net wor

ss
request signal use comuni cation in i's embodi ment. As
shown in FlGa2smibeidP addr esst tequesfosngbabn i acd utheso ameasomher e
transm_ssion destinpation inforqgtion, transm ssi on. source i nformnation,

i nf or met ontRYPES FhESr hBEi oh, 2P REF nFornatF oft 9N and ¥R | #ketRP e stored

and al so a {gBEF¥Ee: fE8A:yJhei hF@RRaM 8§ ONn source information is information
peculiar to the term nal apparatuses Ti to T4 that generated the |IP address

request si gh@Plahd i siWhem oblnait $ioht elsedntor? sreéeel veeuahe yI Bpeddfysng t he
addr csses o Toa b 18 Ehe T i ha Chpphrat et 71t o TaTEA e used. 1n
the | P addressorestiest stgnade dreadsasthd sIvesignasedragudhe &1qnsn ssion
destination infornmation and information
1 information {e.g., a port number) of a port where the IP
address request signal is received. Specifically, for
example, the switch unit 2 stores a port number "1" in the
path information storage area when the switch unit 2
recelves the IP address request signal in the port Pl., The
20  switch unit 2 stores a port number "2" in the path
information storage area when the switch unit 2 receives
the IP address reguest signal in the port P2. The switch
unit 2 stores a port number "3" in the path information
storage area when the switch unit 2 receives the 1P address
25 reguest signal in the port P3. The switch unit 2 stores a
port number 4% in the path informaticn storage area when
the switch unit Z recelives the 1P address reguest signal in
the port P4. The switch unit 2 stores a port number "5"
when the switch unit 2 receives the IP address request
30 signal in a port P5. After granting the reception port
information to the IP address request signal in this way,
the switch unit 2 sends the IP address request signal from

all the ports except the recepition port.



10 indicating the I P address request signal is used as the information type
information. [0019] When the switch unit 2 receives the |IP address request
signal, the switch unit 2 stores, in the path informati on storage area of
the | P address request signal, 15 inforn&tion (e.g., a port nunber) of a
port where the I P address request signal is received. Specifically, for
exanple, the switch unit 2 stores a port nunber "1" in the path information

storage areaowpen therswmi t ghi sinhtdagesei yesah hexdfh pelds essok eguestosi gnal
in the port PI. The 20 switch unit 2 stores a port nunber "2" in the path
i nfor mat i ontg?oFEg@dfé?%%tb WHeR e PrROBGRREh Ui te 29% ebei Vieks t EL oL BRIYF es s

request sigpglpia. the poriadZ Jhe swrehouni b2, st0res, g por topunber - 3"

in the path information storage area e swtch unit receives the IP
address 25 requesersaigml tha Iheapords23codhesswdahce umibl Sbores a port
nunber "4" in |nformat|on storage area enth'e ,$W|tc ynit

recelveéathﬁe?ﬁo§t Hﬁ e s?%n%ﬁ iR T he BBt 24. L The® vﬁtch %ﬁlt 2

stores a poft NYNBErqgedt WAeR the. sw tgh pdi dx 2ek @08k VeSod hend P addr ess
request 30 signal in a port 25. After granting the receptlo ort

i nfor mat i onteamimel | PR esse? chiuebt Bi gitalthe thiaddesss téelsweeh unit 2

sends the I e S ro ceptlon
Sort B[ GOBRT R ol FANEShe SLONRC L ALEL dnd N6 A LM XSORE L AFD
addr ess corIPEsmn}elen@ﬁ tlaé)lsmambcm mmmiemmmreu:iﬁe It eddtzss8, |F
addressg different fromone another, are reg_ister din the |F address

nd

cor r espdndetite YabY e ibR 135 5° rjes‘b%%?lr‘(/%? Yot &3 T oF THES Port L Hitfirber s

1" to "4". o ib Agqevidemd1 iy Spadat Pathsy&xiendi ngh from the, termi nal
apparatuses Tl to T4 to the IF a dress delivery apparatus 1 can be uni quely

desi gnat ed byfekeatpbrn rembers PLLE oldP4 dfpate Swieomitidn Stoen the | F

address 10 deli ve Yy 8 at [ ecei ves, an. | F addr SS, T vest.,signal, the
| F address deli ve£ry a%Bgﬁra?égrcissre%e SN t%lqrha]a Dﬁh PRS2 90 d

or "4" is stored in the paih information storage area, the
15 IP address delivery apparatus 1 delivers an IP address
corresponding to the number. Specificalily, the IP address
delivery apparatus 1 can allocate, in response to a request
from the terminal apparatus Tl connected to the port P1
having the port number "1", an IP address '192.168.1.1' to
20 the terminal apparatus T1l. The IP address delivery
apparatus 1 can allocate, in response to a request from the
terminal apparatus T2 connected to the port P2 having the
port number 2", an IP address '192.168.1.2' to the
terminal apparatus T2. The 1P address delivery apparatus 1
25  can allocate, in response to a reguest from The ferminal
apparatus T3 connected to the port PI having the port
number Y37, an 1P agadress T192.160.1.37 o the terminal
apparatus T3. The IP address delivery apparatus 1 can
allocate, in response to a request from the terminal
30 apparatus T4 connected to the port P4 having the port
number "4", an IP address '192.168.1.4"' to the terminal
apparatus T4.
[0021) This embodiment is applied mainly to a



information reading unit 4a, a path information storage area of the IF
address request signal. Wen "1", "2", "3", or "4" is stored in the path
information storage area, the 15 I F address delivery apparatus 1 delivers
an | F address corresponding to the numbef. Specifically, the |F address
delivery apparatus 1 can allocate, in response to a request fromthe

term nal apparatus Ti connected to the port P1 having the port nunber "1",
an | F addr essmmi®2ch680d. detlor20ithent enminghyappal apusndky Therkkeaddress
delivery apparatus 1 can allocate, in response to a request fromthe
ternminal appafafusoTPusdrnéépadrebht he peerraPedhavi agfinedpBrinabnbetn” 2",
an IF addre%%helg%o%ég-lf%r Eg ﬁgﬁeEGEB‘EQ'nSPPQré H8i{20on THE £Ei§ddress
del i very apparatus 5 ¢an alfo ate, I'nresponse tfo a request fromthe
term nal appabatiisefhic tonnbetgd bhontheopartol38ihavangohhéopor Eonunber " 3",
an Li ? address 1%92.%68"1.3 to the termnal ,apparatus T3. The |F address
del i very’ apfar3Pus- 19Ban 4| PBEAEEICTn FREPINSE foPA PEGUesTt FTOAIENR

ternm nal 30nappayatus Eﬂieoaﬂ§0&sﬁné@tih§ 90£érﬁ%n39vaﬁ?a£3@u90£a ppgber
"4", an | F address '192.168.1.4" to the term nal apparatus T1. [0021] This
embodi ment B1lApPl Pedteai Ahgnt suah gophangecal s opehePWoER, i @ AMWpthnals
physi cal pa I |.xed icatio is.op din a fixed
maaner 1 h Stnarsherds e BRPERE SPETHP SR eRah e S PPERELE s

enbodi ment Letehangkia aebwoikeconisgadapteniéoto fochdnexanplke, fduring
operation, changing a pathway or adding a new switch unit and connecting a
terninéﬁ}apﬁé?ﬁgbéftﬁugh%gs teheuAtte, VReRNSaeh"a @hangea+ sEpeefothed, a
systemis recnstryetgd: behonsr RPELALE ON- nEOVENE nd B8y eXREabned-| ater, this
enbodi nent is adaptable to a change for, for 10 exanple, during

mai nt enanceinfonnetidngynanvrngl WEl hel hetnd (ceghsteied &rddefmekyosait ch
not including th th-infornation grantin nit 16 and connecting a PC
(per sonal C%%%% g???fg?rn%?ﬁ Rane go?rt%%glrk%etéotﬁ%esﬁf% %b‘Therefore,
in this enbpdirentyegomunhcat &@bod smPet f ot sedud bk hidn coaf haurathea in
whi ch the arrangenent of network configuration apparatuses In a network is
fixed drd alpat Ryt GRERT bR ngn ash bk obtin? BB T 9P Pt hof snalserki xed.

Ther ef ore, &(}]%if?%&%wf@ﬁg%%pwaﬁ@gg@ ph OPRLALLOR 10 £1R0qThxg! £ addresses

granted to t rm na arat uses Ti
pathway functioning as a communication path is also fixed.

Therefore, it is convenient in terms of operation to also
fix IP addresses granted to the terminal apparatuses Tl to

20 T4. Specifically, in this embodiment, fixed IP addresses
are respectively associated with the paths extending from
the terminal apparatuses Tl to T4 to the IP address
delivery apparatus 1. A correspondence relation between
the paths and the IP addresses is registered in the IP

25 address correspondence table 4b. In this way, in the IP
address correspondence table 4b, the IP addresses are
assocliated with the paths {in FIG. 3, poirt numbers
equivalent to the paths). Therefore, for example, when the
terminal apparatus Tl connected to the port Pl is replaced

30 with an apparatus of the same type because of a failure or
the like, an IP address allocated to the apparatus after
the replacement ig an IP address same as that befcore the

replacement. Examples cf such a communication network



20 T4. Specifically, in this enbodiment, fixed |IP addresses are
respectively associated with the paths extending fromthe term nal
apparatuses Ti to T4 to the | P address delivery apparatus 1. A
correspondence rel ati on between the pathd and the | P addresses is
registered in the IP 25 address correspondence table 4b. In this way, in
the I P address correspondence table 4h, the I P addresses are associ ated
with the pathsl{ie El Gomdunpektibunbetsceruiyakentictedt hg, pabhsxample,
Therefore, for exanple, when the term nal apparatus Ti connected to the
port Pl is fepficed 30t#RiR- anlAppht &t 68sef EH@ §Bnedeypes bdedusersf a

failure or the,lLKgs @néépaﬁggrﬁé§n€é&089tgﬁ-teakhe §QQ§§8&“§héf£§é§Ehe
repl acenent 1s an | P address sane as that efore fhe repl acenent . ahpl es
of such a cbhmaneémhtiddnenet wor klsdOapptivdela tomaundwathbdoahnibmor k

constructed_in, for exanpl a.car of a train. In this case, ,the |P address
deIiver&sap%g?g?ﬂscﬁn?gggFg%dnbﬁn?e%oghl?h%oﬁﬁr.aBﬁgwﬁEEl%ﬁgl??a?ﬁ?x?%is

enbodi ment gsnat seceppl icabl eatecay coANUNERAtE OR=5 system constructed in a
nobi | e body, a conmmuni cation systemconstructed in a factory, and the |iKke.

[0022] Wien {HB2EP addiess Heei vBryddpparatesiterecervesaans| P addeeses
t signal t i i th t]
request sigpa z?”%dérggé r8gg§§§0é§?ﬁ9fegﬁd'9 %ngegu%$%§;5? 589e§£°fage

area of the I'P address requ srgnal “or a han to "4"
is stored ia paehpathoindbl omt s00rster agea asathte her| £daddsessaeget et m ni ng

unit 4 deterninfs that this is information of "others" and, for exanple,
i I

del i verd anStddefi Obr 2d"MRPGHAP ALY Al TP atidr edsedS 989748811 Bhet o

"192.168. 1. 250h 1@f@¢&§t16ﬁn§ﬂ$§§?@na§@yrcehéFtﬁiaéare§§r§etébﬁiﬁ§§§ in
whi ch a port nunber is absent in the path information storage area of the

| P addr ess weguest degpanines thatekanpl s whéarnakloP afddfeskerefuesd,
signal isr i jat normal _ Et hernet (register trademar k). swi tch
£6F %ggﬁ%i%atﬁgll Eh - undeleéreg fﬁ aﬁgye%ﬁ TRt ARy hand,

not including t rnformation grantinhg unit
t he case i naaitedséde' napbees ot her than1dd)16®. 142505 stoxed in the path
information storage area of the | P address request signal is, for exanple,

when, i t he" PoPPr BB bt SPRr e (F5C prdli dedeTdr t Hee siReehinufiRicl2, 2
term nal apparatysnder (P9tabsent in the path information storage area
of the IP address request signal is, for example, when the
IP address reguest signal is received via the normal
Ethernet (registered trademark) switch not including the
20  path-information granting unit 16. On the other hand, the
case in which the number cther than "1" to "4" is stored in
the path information storage area of the IP address request
signal is, for example, when, if the port P5 not in use is
provided in the switch unit 2, a terminal apparatus T5 (not
25  shown) is connected to the port P5 during maintenance and
the IP address delivery apparatus 1 receives an IP address
reguest signal from the terminal apparatus T5. ALl ol
these cases could occur when a change or an addition is
applied to a network configuration in operation and when
30  the network configuration is different from that assumed in
operation. However, in this embodiment, it is possible to
cope with the cases by preparing an IP address

corresponding to "others™ in the IP address correspondence



25 shown) is connected to the port P5 during maintenance and the | P address
delivery apparatus 1 receives an |P address request signal fromthe

term nal apparatus T5. ALl of these cases could occur when a change or an
addition is applied to a network configuriation in operation and when 30 the
network configuration is different fromthat assuned in operation. However,
in this enbodinent, it is possible to cope with the cases by preparing an

| F address cantesppnding to "others” in the 19 address correspondence 1]
table 4b. [0023]FIG 4_is a diagramof an operation during |F address
delivery by [PRESIF adlfEssidéFi deflyadppir af udn1oPATERI SN eRBBARAEAE.

Speci fical | ygqac-RL0886ure.-f,0fdeter pini n LYEri ddress of
t he term nal ap%aratus T?r;sbghg&ﬁ.ﬁFoégg %ggsﬁgagbéﬁﬁF%g?ag?tPEegtg%ninaI
appar at us Tkhper fobpdimpntF afdeessicedligst a(Biaredlhe EPraddresminégyest

is transmtted to,the switch it as _an_l F 10 _address request signal. In
the | & ahdr 858 PEANMSF L Pnan| ElatPEeser BGubkE SEgmat ot bRaRerHEL od i h
broadcast. Asbrpadgast address is set in a delivery destination address of

the | F address request signal. The MAC address of the term nal apparatus Ti
is set in alldBFfVery BoupBewaddreEsG- 15f 0b2s] Wasninhe pFPaddiessTiequest

signal fro 1L hala S_TL..LS+I kved t i unit 2, the
swi tch uniFbéggg%g%g%ﬁegpiﬁgakgéﬁ gghFﬁgtpggﬁgyPl %engtﬁéh%éggddress
request signatiuestrésetvedsmTheegath- théoswatcbnugianti ag ani 1P16 of the

switch it stores 20 the port_nunber "1"_of the port Pl in a path
inforn&#?onaégﬁ?ﬁaerﬁgﬁﬁsts ARt F ggarEEE ngﬁggfegﬁgﬁﬁﬁu?ﬁtthEB%b§Pgrant
port infornmathoRsser¥yNgsasspahh1i nEorpRhbANctaqt he bFoaddress rgquest

si gnal (812%. Subsequently, the switch unit 2 sends the IF address request
signal granPedadiaftt Addpsspois Batoinmei dalivenvaiestheapornsa®irepz, P3,

ond Pecroent LB, BT Lol CODSOUE Lyouhle | Epadiiesg peaestsignal sent

| F address teguéstlfapprtbeuseri pal sappanatuseIlveeachesrtbealifraddr ess

delivery ,

) [0025] When the IP address request signal from the
terminal apparatus T1 is received by the switch unit 2, the
switch unit 2 determines in which of the ports Pl to P4 the
IP address request signal i1s received. The path-
information granting unit 16 of the switch unit 2 stores

20  the port number "1" of the port Pl in a path information
storage area of the IP address request signal to thereby
grant port informaticn serving as path information to¢ the
1P address request signal {$512). Subseguently, the switch
unit 2 sends the IP address request signal granted with the

25 pert information from all the ports PO, P2, P3, and P4
except the port PL. Conseguently, the IP address reqguest
signal sent
address delivery apparatus 1. The IP address request from
the terminal apparatus Tl reaches the IP address delivery

30 apparatus 1 through the switch unit 2 (813).

[G026] Subsequently, when the IP address request signal
is received by the IP address delivery apparatus 1, the

path~information reading unit 4a reads the path information



30 apparatus 1 through the switch unit 2 (513). [0026] Subsequently, when
the I F address request signal is received by the |IF address delivery
apparatus 1, the path-infornmation reading unit 4a reads the path
information 12 fromthe |P address request signal. Specifically, the
pat h-i nformati on reading unit 4a reads the port nunber stored in the path
informati on storage area. The | Paddress determ ning unit 4c specifies, by

referring terbhethel Praddressscoeraspondenaglt abkgedbebasedyonchhe port
information obtained fromthe path-information reading unit 4a, the |IP
address ' 19p2ibginfermapipaspending talthdapseadpukber Poxt nypeerpladdr ess
det er m ni ngupi-t.54¢detergipes.; oy N d? s a n-LE address

t hat shouldsbe 10 ggliver B?oléﬁgrﬁggggétgggkggg E%%). Fnéfrh

[ 0027] Subsegudntky, deherhPnaddr esstdéti vpeyidppar abusrdéeirvéng thethe

determ ned address to the termnal apparatus Ti that js the request
Source (B15)° FHOFRESdEFUERYOGReTHE FPoaddABsGa A PP Al BSECdel | very
nessage 15 ksfbr@aRsbht 68thinyAl €ash. the BadBLiMerymdesbhnathgnnaddress of
the I F address delivery nessage, the MAC address of the term nal "apparatus

Ti is set. FAsatHeliVergdsearcéldddle8slel 't AerrPsaadresy Hel Frerponessage,
a MAC addregs, gf t he«l P address Q8£E¥Srﬁe§$EﬂE§%H§ &nh? §8tge¥hgﬁiﬁgg IF 20
i e address, the’l ad

address delivery apparatus 1 delrverst ress

del i very appheatpsciliseadr &8, atidrasnobsshownrstadiragsunhkt ahpath Hport) and
a MAC gggre s.of a term nal aggaratus to which the IP address is delivered.
[ 0028] seaﬁ%ﬁY?§?thB tREnFREreapparafas TPifhat receives 25 the delivery

of the IF addness frogmbbheqhéntddr eefedebi ¥8hYeaPPAERI WS} 8BDRLPESs 1
delivered I P address as an I P address of its own te.flitimal apparatus TI1.
Ther ehfter, dehévees nihal dapparanad TP eddrpesf benikenhanictation by using

the I'F address. Lg% AT LR the L F addrgss, corfgspondipg torfhe, port number

delivery of the IP address, an IP address delivery message

15 is transmitted in unicast. In a delivery destination
address of the IP address delivery message, the MAC address
of the terminal apparatus T1 is set. In a delivery source
address of the IP address delivery message, a MAC address
of the IP address delivery apparatus 1 is set. When the IP

20 address delivery apparatus 1 delivers the IP address, the
IP address delivery apparatus 1 stores, in a not-shown
storing unit, a path {port} and a MAC address of a terminal
apparatus to which the IP address is delivered.

[0028]) Subsequently, the terminal apparatus Tl that receives

)
U

the delivery of the IP address from the IP address delivery
apparatus L sets the delivered 1P address as an 1P address of
its own terminal apparatus T1. Thereafter, the terminal
apparatus T1 can perform communication by using the TP address.
[0029] After the IP address corresponding to the port number
30 "1" of the port Pl is delivered, when an IP address request

signal is received again through the port Pl of the



30"1" of the port Pi.is delivered, when an | F address request signal is
recei ved again through the port Pl of the 13 switch unit 2, the |P-address
determ ning unit 4c determ nes whether a MAC address of a transm ssion
source included in the | F address request3 signal received again and a MAC
address of a transm ssion source to which an IF 5 address was al ready
delivered are the sane. [0030] When the | F-address determ ning unit 4c

determ nes ghatchhanMACoaddressrofiatbheskransatashengsedieesincl uded in the
| F address request signal received again and the MAC address of the
transni ssi offe§6tréBeovAFBATt AeMAD pRdBHEFeSE Ratransehdyidel #oered are

the same. the ) BqoAddresaodeperahniog Moilo4r SEL3.1 e MBC, addiess,of the

transm ssion source as a fransm ssion destination address an ivers
agai n an | FaaddeeEaCsaderasst hé hFtaddeesssabneadyrdel tvewedchFon eranpl e,

after t | F gddress 15' 92.%?8.111' maa delivered in response to an |IF
addr ess T eqB8St CPPoHPPhR  FRFAY ndf APpAFaAt 35S TP WAdH®an | F address request

fromthe terpbsal appgrahusnhdi 160RAgeLEEY HOrtheiRoRy RAiefathe switch unit
2 is received again, the IF address '192.168.1.1' iS delivered to the

term nal 20dappananas Thahghhe. MPOOBdficasshef other thangniaheant heurce
| F-address dgteroLni g pRLt gc,dgLeLm nes,Lhat s1 08, M address. gt fhe

and the MAC address of the transmission source to which the

10 IP address was already delivered are the same, the IP-
address determining'unit 4c sets the MAC address of the
transmission source as a transmigsion destination address
and delivers again an IP address same as the IP address
already delivered. For example, after the IP address

15 '192.168.1.1"' was delivered in response to an IP address
reguest from the terminal apparatus T1, when an IP address
regquest from the terminal apparatus T1 connected to the
port Pl of the switch unit 2 is received again, the IP
address '192.168.1.1" is delivered to the terminal

20 apparatus T1 again.
[0031] On the other hand, when the IP-address
determining unit 4c¢ determines that the MAC address of the
transmission source included in the IP address request
signal received again and the MAC address of the

25 transmission source to which the IP address was already
delivered are different, the IP-address determining unit 4o
ciiecks wihether the terminal apparatus TI1 is connected on
the communication network. For example, the IP-address
determining unit 4c can transmit a connection check signal

30 to the IP address '192.168.1.1"' already delivered and check
presence or absence of ithe connection according to whether
a rcgponse to the check signal is returned within a

predetermined time.



transm ssion source included in the |IF address request signal received
again and the MAC address of the 25 transm ssion source to which the IF
address was already delivered are different, the |IP-address determ ning
unit checks whether the terninal apparatlds Ti is connected on the

communi cation network. For exanple, the |F-address determ ning unit 4c can
transmt a connection check signal 30 to the IF address '192.168.1. 1

al ready del ijgered andaghgckeptesencRe0raabsepeesefitheoeonaecthon according
to whether a response to the check signal is returned within a
predet er mi nBYEPi fethe1rrpdoBOTASNEC r o5t andheh &S respbhseedstipt et urned

wihin the peedehel mhpsd Lge 20dikinoe CORLLIE bRALnLNEhREMOA jon

apparatus Ti Is not cohnected on the conmuni cati on networ
det er m ni ngnahwtric skets]Pasdardssraasarssnong desitnati sataddasss, the MAC

address of the transm ssion source included in t P_address [equest

S anal  rocer CERPRYST ROANHCHEINVEre FORERSStr GRGnAS| MOSHET cBF RS I P
address saneragshihesibhaddness ahreagdyqdehivesety Foirexanpbguebt 1S
assuned that, after the IP 10 address delivery apparatus 1 delivered the IP

address ' 1921988l 1r¢ceiied edpahseatd Anlivenddressthequestshi oedohe

term nal appar. s Ti,-th 1N ppar ST I I I ith the

t erm nal apgg?g %é %%.Iéﬁg%&?%gétgéﬁgng g%%a%%tﬁgéﬁégge$¥§€%§§an | P
addr ess requesiyetbe. | Praddeessplld, det i verysappad atust 1 détevetise 1o the

term nal apparatus T5,.the IP address 192 168.1.1' delivered to the
t er mi nai’ apggﬁiﬁ?% Gf?ll’[’%MTW%ﬁaﬁu?e%p%%lsbv%e‘?e*f%‘? ned W‘gﬁ‘?%st he

predeterm nedopi egandy i tihsreghbhsaed, that 1pheqd e ad nal 20 appasAtuse Ti 1S
connected on the comunication network, the |P address délivery apparatus 1
sel ects an uausedal Pappldr @siss olit , ofhe ot hemsria bf apheraPuaddt ess

correspondence tablewﬁghagﬁ d@éégeﬁgltge IF% 9dr@§§ Fﬁhthe téa@gg%fgéfn

sour ce, Thige%%%?% occur en-a ¢ ange PR T het udéd i n 25 tesign I's applied

to the comupberatOn NEtperKoansd an nep wadkreosmueineast pnthe di fideneass from
that shown in FIG |. For exanple,_ this could occurs when, as shown in FIG
11, thé>t erAfhaYSEPpAPREAIRL TP tofPeEi @85t ot ? hEpoF e TPl Nt dpReI?BWDVER: and,

thereafter, g0 Hhes9el-{reghst 6891 11 gelivered to the terminal
apparatus T1.

[0033] When a response is returned within the
predetermined time and it is confirmed that the terminal

20  apparatus T1 is connected on the communication network, the
IP address delivery apparatus 1 selects an unused IP
address out of "others™ of the IP address correspondence
table 4b and delivers the IP address to the transmission
source. This could occur when a change not included in

25 design is applied to the communication network and a
network communication is different from that shown in FIG.
1. For exanpie, thils could occurs when, as shown in FIG.
11, the terminal apparatus Tl connected to the port Pl is
once removed and, thereafter, an Ethernet {registered

30 trademark} switch 50 not including the path~information
granting unit 16 is connected to the port Pl and the
terminal apparatus T1 and a PC (personal computer) for

maintenance 51 are further connected to the Ethernet



30 trademark) switch 50 not including the path-information granting unit 16
is connected to the port 21 and the term nal apparatus T1l and a PC
(personal computer) for maintenance Si are further connected to the

Et hernet 15 (registered trademark) sw tléh 50. [0034] As expl ai ned above,
according to this enbodinent, after the IP address '192.168.1.1" was
allocated to the term nal apparatus Ti connected to, for exanple, the port

5 P1 of the gwhyteheuBit t2advhenkanskPraddsgss of the term nal apparatus Ti
is set again, it is also possible to allocate the |IF address '192.168. 1.1

in a fixed weRAG!. [0B35pFRteherd akeBPdi AGCPEdthY stenbolf neRPodareRt t he
| F address é%%%g%@ﬁeli%Ia&@?ﬁgéLofgée c01tne &sén&g9$c&9e§998feﬁgs T

connected to, exanpl e, ort Pl of the switch unit when t he
term nal apparatuosl Teppsraepsateédcanbhacandt hey fernenahpappacrheusodd, it is

al so possi b t locate an | F address '192, 168.1.1" sa as that .
o Tocn ey TBT hD PhpoeRiFeRnanl o e R pLP Lot fiar “aPrtS tePkEnal (1 a
fixed nanneép?&Qggﬁkﬁﬁlexgl@éﬂeggab@yeitiDst£i§oeﬁ@§giﬁﬁ@ttodyxi@gate

replacenment of the term nal apparatuses Ti to T4 on the conmunication
network, itthg pBsafd@dresso’ abtohdti tall yideri Vexednt3maddress sane as that

before {he §ptapement, 20LO0S/LTp) . egdod JEnt Lsnsuliabl e tben. o east

during operation, a conmunication a pat conmunr cati on
network i s frxeddandst heo? el 68 nal 1 appas at Usesafedt vo Tdheotmeniedlto t he
communi_cati on gath are al so fixed. However, because |F addres

es
cor r espdndi AGPEH3 T BF her sCORPEEEEC pf @pat @8 FFAHIRES 1 P-RAdPREs BorPeshbfdence

table 4b, eygpiéf @nchapgehsnappli €drhon a1 NELMOTL &t ¢ONt1 gUE abb o, degi gned
in advance, it is possible to deliver IL addresses that do not overlap one
anot her. Thetrelfioreotihde openatibnapsanatuhi hdered. 130§ DO38TheilrFe atdr ess

delivery apgf{gég elagaPPbgdgéggs '192.,168.1.1"' same as that allocated

to the terminal apparatus Tl to the terminal apparatus TS5

15  din a fixed manner.
[0036] As explained above, in this embodiment, during
replacement of the terminal apparatuses Tl to T4 on the
communication network, it is possible to automatically
deliver an 1P address same as that before the replacement.

20 [0037] This embodiment is suitable when, at least during
operation, a communication path (a pathway) of the
communication network is fixed and the terminal apparatuses
T1 to T4 connected to the communication path are also fixed.
However, because [P addresses corresponding to "others”™ are

25  prepared in the IP address correspondence table 4b, even if
& change is applied to a network configuration designed in

advance, 1t is possible to deliver 1P addresses thal do not

overlap ocne another. Therefore, the operation is not
hindered.
30 [0038] The IP address delivery apparatus 1 can be used

instead of a DHCP server and the terminals Tl to T4 can bhe
caused Lo operate using a format same as a format of DHCFP

clients.



instead of a DHCP server and the termnals Ti to T4 can be caused to
operate using a format sane as a format of DHCP clients. 16 [0039] Second
Enmbodiment. FIG 5 is a block diagramof a schematic configuration of an IP
address delivery systemaccording to a sécond enbodinent. In FIG 5, the IP
address delivery apparatus 1, 5 switch units 2, 5, and 6, and term nal
apparatuses Ti to T10 are provided on a comruni cation network. The IP
address del ijgenygappasatbsdlrinboa@npgeted to the term nal apparatuses Ti to
T4 sequentially via the switch units 2 and 5, connected to the term nal
appar atuses T5 t 81%8 2018equbhPFil fyavramt fé swPEkfnahi esconbhdusatand
connected tQe.t rm p S -and ia t i nit 2. As
t he connuniggt?%nE%eg§g?E?§f§§ig§§§ IggggﬁﬁE?%égﬁééggrggi%r%%ggn?radenark)
can be usedemp0040kithe | Pnaiitess, deheverPyadppasatdslivesyceppeeheds1lh,to

t he port. PO ot_tge smﬁtcg upit 2. A port PO of the switch unit % IS
connect e t 8"thERpBRL P12 of 21 he"dwPt cANUNFETBINAL p3PPa bR BFCEhELstPt ch unit
6 is connected Loet PEoPOREGPEN0E EBRMSMELENIYAI heluodRe terdl nal
apparatuses T9 and T10 are respectively connected to the ports P3 and 24 20
of the switeéfdunps delivervepnbpabtappar abusesndited T4 hhe tespécaivel y
connected t Pl.to,P4 _of ,t i if.5. e_t 1 nal . appar at uses
TS5 to T8 argpggg%ggfése?§ g%nn%c?§%§¥%£%%%yg %i§t%ggus%?£$%eu%ﬁ?€c% unit 6.
[ 0041] The swmntich, uabhsel2ie8/ tanthé tamuiespespbyetyuldbsoperaberas swtching
hubs on a network, The switch units 2, 5, and 6 can_discrinmnate in which
of the ‘Yort EPEERbioAlEi Yhal ENPaseihgh t Wrbligh? ¢ wdshi t eRdurPRRegred to
recei ved. Fupthetrmihe) Sﬁ\%ﬁcﬁf‘aﬁ'@éés 2pbnghydesy the, pakb- Lpf orgatjpp granting
unit 16, the switch unit includes a path- 30 information granting unit

17, and thefAswrhehconhtnbcahtdudestaopht hfonfexanplieon gnabthiagnenit 18. As
explained in_the first enbodinent, th ath-informati on granting units 16,
17 and 18 GFARCTpaERi BfQIRRE | Bh 6 aRe 13 el

[0040] The IP address delivery apparatus 1 is connected
15 to the port PO of the switch unit 2. A port PO of the
switch unit 5 is connected to the port Pl of the switch
unit 2. A port PO of the switch unit 6 is connected to the
port P2 of the switch unit 2. The terminal apparatuses T9
and T10 are respectively connected to the ports P3 and P4
20 of the switch unit 2. The terminal apparatuses Tl to T4
are respectively connected to ports PL to P4 of the switch
unit 5. The terminal apparatuses TS to T8 are respectively

connected to ports Pl to P4 of the switch unit 6.

(0041 The switch units 2, 5, and 6 can respectively
25 operate as switching hubs on a network. The switch units 2,
5, and 6 can discriminate in which of the ports PO to P4

signals passing through the switch units are received,
Further, the switch unit 2 includes the path-information
granting unit 16, the switch unit 5 includes a path-

30 informaticon granting unit 17, and the switch unit 6
includes a path-informaticn granting unit 18. As explained
in the first embodiment, the path-information granting

units 16, 17, and 18 grant path information to an IP



17 address request signal transmtted froma request source of an IP
address. The path information granted by the path-information granting
units 16, 17, and 18 is, for exanple, a port nunber of a port where the IF
address request signal 5 was received. [10042]As in the first enbodi ment,
the I F address delivery apparatus 1 includes the path-information readlng
unit 4a, the IF address correspondence table 4b, and the |F-address

det er m ni ngadakts4credbespathghal ocpmahkantL8ar eadhng vehtic4a Eeadse Hrom
the I F address_request signal, the path information of the comunication

net wor k ext 8RdF Ag2B8reRe- reﬁh@s?a§6u%ééoémaih@nlFfQEH?@s§Y The PFtRddress
correspondenge, -3kt oﬂb8£§9£§§§rén§t§° gesgqndgg éehét'98rb8%§ﬁ§ﬂethe

pat h i nformation an ress ress determning Gnit 4c
det er m nes, abased onmbhe path pufbrwhérentbbtaPneddfeea1rhquest signal

pat h-i nf rnation readigg unit 4a and the I F address correspondence table
4b, an I'F alidreSS§“Fhit%shoul d be delivered to the request source. In FIG

5, the requesb4sourcengf ihhenbFraddressnbaiabytonenef 120a488et8r m nal
apparatuses Ti to T10 that transmtted the IF addr ess request signal.

[ 0043] FI G éeiévarmuaaﬁaﬁﬁbﬁSah enahpiies of heheathrief armabioanr ¢E3addr ess
request Slggghgg§g? Efe| Fpnshups ks coOmUOLEaLLancLN L 8 #ODOGhIERE, AS

shown in Fl ress request signal rnclrudes’ areas
transnissiotheéﬁteaSid@Lén&Dnhn@ionitt&ansnﬂssipatEemnﬁermmtD@ﬂation,

i nfor on e information, firs ath i nformati on and second, path
inforgg{%on %ﬁﬂn?hﬁnFFkﬁaaF%agforéﬁ Anth g ?Es@?9€e§?eéeq?ﬁ§tt?é&%ﬁ%ssion

source 30 i Bk6r PRER ODn F 8 rhBE O6HRF OPL REEUkhah 1 £0r 1 B8 HeribPRl -2PPaRahYSes
Ti to T10 that generated the |IF address request signal and is informafion

used for |nH©vFH@ar®9U%®bcb®yrﬂg vhether i natldappar at UkesiNi atdrF18. As

such infor for MAC. addr esses _al | ocat ed to th ernlna
oot uoeelyk fRenadfeh Ol FXBIR £ MG, BE0LESseRo e 008N atnt0 HORLS
br oadcast |ﬁeﬂﬁéegnah@dpaﬁhthﬁféfﬁ@ﬁﬂbﬁsaﬁ@ ﬂﬁétIBa&ﬁ@ﬂeﬁﬁforﬂﬂéIDP and

information indicating the |P 5 address request signal is used as the
i nf or Onag 6%8Fn@%g%ﬁ@}%hng unit 4c determines, "based on the path

information obtained from the path-information reading unit
4a and the IP address correspondence table 4b, an IP
address that should be delivered to the reguest source. In
FIG., 5, the request source of the IP address is any one of

20 the terminal apparatuses Tl to T10 that transmitted the 1P
address regquest signal.
0043} FIG. & i1s a diagram of an example of the
structure of an IP address request signal used in IP
network communication in this embodiment. As shown in FIG.

25 6, the IP address request signal includes areas where
transmission destination information, transmission source
information, information type information, first path
information and second path information, and the like are
stored and a reserve area. The transmission source

30 information is information peculiar to the terminal
apparatuses Tl te T10 that generated the 1P address request
signal and is informaetion used for individually specifying

the terminal apparatuses Tl to T10. As such information,



[ 0044] When the switch units 2, 5, and 6 receive the | P address request
signal, the switch units 2, 5, and 6 check the first path information
storage area of the I P address 10 request signal. Wen the first path
informati on storage area is enpty, the sMitch units 2, 5, and 6 store, in
the first path information storage area, information (e.g., a port nunber)
of a port where the | P address request signal was received. \Wen

informati onfbs akeepdy¥, skacedabpetBes1i1ibestepath tpboraphLigRI St Oorage area
and the second path information storage area is enpty, the switch units 2,
5, and 6 stB8PR2rpRUERE SécbAdTphat iennPer waeHen §P2E59e18ré§§r@ﬁé

i nformation : rt of _t _\Whe

request sigﬁgﬁuggg %gggggéd?gggggégargﬁtgﬁaggég%%g %gcgggiggéggﬁgggfon

i nformat i ondtetihetiPnaddfessatequeshdsighalpat henswntithauhhyystBe 5p and 6
send the IF éadress reguest siﬁn?l_fron1 Il the por%s excegt t he reception
port. [ObDASFEUFERRr FeHBFSExaMBIR WhelSERe®SwWFPRh BAPFTB &Rl VEE, in the
port Pl, anihFoagddress.request signal from 25 the term nal apparatus T5,
after storing the port nunber "1" in a first path information storage area
of the IP a@gﬁééé reqtieer thgnaviteheusisch, ubi t aBdsendscehee| PhaddPess

request sig f ris an 2.t . swteh uniit -2 receives
the IP addrggér%éggéé S%?gné g?%hthgh%OS%£F$ﬁ25gE§%cgtsg’i%?%rﬁa??%%ﬁis
al ready stotkd fhrthephthsinpathathbor gadbragestpeageratea 0P theréfsaddress

request. signal, after storing the port nunber "2" of the reception port in
a second pafﬁqFﬁ?Brﬁﬁ??%%'st@?%@et FebirsiorphlR &0t PERALHPR %Egéﬁﬁ§ the IP

address reqysst skgpabe{lomihe,portsuPBsPl, B3, aA8dePéroTberefofg, the
port nunber "1" is stored in the first path informati on storage area of the

| P address feéeysiespashghaforeeeivedsbyrehe aPeaddiefsrBatiedinvéeygappar at us

Ereae e FEESSiphg | S5ooPSEy ab e ER6°R9 BELDLL PLIBLLEN, 2Lptpe
was received. When informaticon is already stored in the
15 first path information storage area and the second path
information storage area is empty, the switch units 2, 5,
and & store, in the second path information storage area,
the information (e.g., the port number) of the port where
the IP address request signal was received. After granting
20  the reception port information to the IP address request
signal, the switch units 2, 5, and 6 send the IP address
request signal from all the ports except the reception port.
[0045] Further, for example, when the switch unit 6
receives, in the port Pl, an IP address request signal from
25 the terminal apparatus ThH, after storing the port number
"1% in a first path information storage area of the IP
acdress reguest signal, the switch unit ¢ sends the 1P
address request signal from the ports PO and P2 to P4. The
switch unit 2 receives the IP address reguest signal in the
30 port P2. Because information is already stored in the
first path information storage area cof the IP address
regquest signal, after storing the port number "2" of the

reception port in a second path information storage area,



[ 0046] For exanple, when the switch unit 2 receives, in the port P3, an IP
address request signal fromthe termnal 10 apparatus T9, after storing the
port nunber "3" in a first path informati on storage area of the |IP address
request signal, the switch unit 2 sends the | P address request signal from
the ports PO, Pl, P2, and P4. Therefore, the port nunber "3" is stored in
the first path information 15 storage area of the | P address request signal

recei ved by thhke shRiaddiess dekbuekyrapparabdardssNechnbotmtbenli srehored
in the second path informati on storage area of the |IP address request

signal . [0047F POFFe FP/i §la dPagrah Bf - anTeRERBPECOf thENPEAESNBRLENE | P
addr ess Corm%$pgﬁd%%%§e539heFﬂQ E?r&@'ﬁ EHngEH§H5t'bH EES&a e 8rea of
p i an é pa I'n

conbi nation of first path informaiion secon ornation " 1"
correspondsﬁh@ ar kRdaddsessgnequestgsbgnabcsentdf bpnm:hbeIfendiinaks

apparatu Q the 25 I P address delivery apparatys,1.through the port Pl
Port 183 Bret nabRGrE ch2

Ti
of the mﬁgﬁhlﬁﬁFV BPRAGALHE port 1PE BPT AREcheunif 8t°FR%tRelGor ds,

the first pakBohaf gamBt iaRcrkELi8Adstheagecapdapathehaf ppmabhenssl”
respectively represent port nunbers. In the I P address correspondence table

4b, for exarmpliecsans3onPladdress '192.168.1.11' is associated with an IP

addr ess reﬂ3%556§1gna%?Egg%ggg%gﬁeLhéﬁttggtkagégrgggkﬁg %éée?@g t he_second

path i nformation "1". ss’I's al'l oca ernlnaﬁ’aﬁﬁaratus
Ti . A conbi nati porof p320afi 18t apatbskntegmationiyRsl andomhehsecendipat h
information "1" corresgonds to an | F address request signal sent fromthe

terninéﬁ}apBQPéfégu?zT 0.?ﬁEeFPSEBHFEQStH%IP9EFy?3§B%¥atég ATt fir 6LGATL he
port P2 of LhenSWhiEPmdPEbnS5s888age area of the IP address request

signal, the switch unit 2 sends the IP address request
signal from the ports PO, Pl, P2, and P4. Therefore, the
port number "3" is stored in the first path informaticn

15 storage area of the IP address request signal received by
the IP address delivery apparatus 1. No information is
stored in the second path information storage area of the
IP address reguest signal.
[0047]

20 FIG. 7 is a diagram of an example of contents of the
IP address correspondence table 4b in this embodiment. In
FIG. 7, a combination of first path information "1" and
second path information "1" corresponds to an IP address
request signal sent from the terminal apparatus T1 Lo the

25 1P address delivery apparatus 1 through the port Pl of the
switch unit 5 and the port P1 of the switch unit 2. In
other words, the L[irst path information 1Y and Lhe second
path information "1" respectively represent port numbers.
In the IP address correspondence table 4b, for example, an

30 IP address '192.168.1.11"7 is associated with an IP address
request signal having the first path information "1" and
the second path informaticon "1%. The IP address is

allocated to the terminal apparatus Tl. A combination of



5 the port P1 of the switch unit 2. For exanple, an |F address
'192.168.1.21" is allocated to the term nal apparatus T2. A conbi nation of
first path information "3" and the second path information "1" corresponds
to an | F address request signal sent freifithe termnal apparatus T3 10 to
the I F address delivery apparatus 1 through the port P3 of the switch unit
5 and the port Pl of the switch unit 2. For exanple, an |P address
'192.168. 1. 31rskSpakhocatednhoibherber ghaathapparahdspdBn M eopbipabhon of
first path information "4" and the second path information "1" 15
corresponds "0 8RATIPSREAflEsECr equeBt adfighar serrest ofd ghelt 8¢Rt nhrom
apparatus T4,tLo0 - a | iye ar gt r port P4 of
the switch ﬁﬁ%ttéggﬁhgghggggﬁétgg E? F%eéggﬁighggﬁg?gg.ggggvéggnple, an I P
address ' 192pf68atudll itkralibbcabedptotthe dErthaabtwapparatius T4an@0[ 0048] A
conbi nati on ﬁf the first pghh information 1" End second path information
"2" correspbhdsPPbtant| Bfabbf e8¥+ FEQUBRE st gnal “Eer¥ e oft t A2 f8r i nal
apparat us TaaheetBe'hbraddpessodel ivery: gppacatus dnéhioughnthe port Pl of
the switch unit 6 and the port P2 of the switch. unit 2. 25For exanple, an
| P address epnarabEp1T22f Rscanbbeatedntoft herserpdbial iappanrat ugn 15A"

conbi nati on i p i Lon_"R.an h d, path
infornationagé"£§§r%%éééﬁd§gpg gﬁgégﬁééﬁggsslre%%%5%5§$%%glt@e%? ?on1the
term nal appadatss Tégtestheidkaaddeesssdehi vesytappanal uspB@rdtthrosgh the
port P2 of the switch unit 6 and the port P2 of the switch unit 2. For
exanpl €0 antPFtAAdt 858991995 1881 4vosy ¢RParpbeat edtheordd toe paar 3

apparatus Tge H€08R:paki ORi T sthgqfinstppat ipinbermii opitdh @pdcthe 21
second path information "2" corresponds ?o an | P address request signal
sent from thHertexaipat, appaf Bt addigsso’ 1 He. 166 atldibssidedi verytapparat us 1

t hrough the, port P3.0of .the switch it and the port P2.of the swtch unit
2 For's exilipl b RRTTE gl Sest 153 168, 09 VT 5 PRH | Beat ST OO ERE (o nal

apparatus Tinfédve@obbnationaed the &éestdpgdbhi nhosmitosn 4i»and the
second path information "2" corresponds to an | P address request signal
sent frlom t R TRFAPAAF BPpar at Bsad8reds t hedyys hddt #33l detilyef yomppas at us 10

Lot U5 DEcROELL PAGRE LIS, S0 LED, U041y, ALl BOLL PR oLt eyt 1
term nal appatltosgi8thé¢ 00481 Ap¢onDhi niadi swiothtimeifi ¥ sanpatiheimbot mati on
"3 of the switch unit 2. For example, an IP address
'192.168.1.41"' is allocated to the terminal apparatus T4.
20 [0048] A combinaticn of the first path information "1"
and second path information "2" corresponds to an IP
address request signal sent from the terminal apparatus T5
to the IP address delivery apparatus 1 through the port P1
of the switch unit 6 and the port P2 of the switch unit 2.
25  For example, an IP address '192.168.1.12" is alliocated to
the terminal apparatus Th. A combination of the first path
information 27 and the second path information 727
corresponds to an IP address request signal sent from the
terminal apparatus T6 to the IP address delivery apparatus
30 1 through the port P2 of the switch unit 6 and the port P2
of the switch unit 2. For example, an IP address
192.168.1.22" is allocated to the terminal apparatus TE.

A combination of the first path information "3" and the



and second path information "none" corresponds to an |IP 15 address request
signal sent fromthe term nal apparatus T9 to the I P address delivery
apparatus 1 through the port P3 of the switch unit 2. For exanple, an IP
address '192.168.1.30' is allocated to the termninal apparatus T9. A

conbi nation of the first path information "4" and the 20 second path

i nformati on "none" corresponds to an | P address request signal sent from

the term nakeappar ghus TA@okRathen! P2addresssgehivery appapatyardsihrough
the port P4 of the switch unit 2. For exanple, an I P address '192.168.1. 40

i s all ocat edetigechesterailnaFNApparEt i TLOrM2BRD0OSDPASaERP| AV nkd BbBve, the
| P addr essesC ngj t i pat r I n t
infornation§grgaég§?§tg%ggv%%yt%gp%téggarngh%8?§gsg§%d§§£§ gb?? Egg When
the | P addresstdel iueérycappdr ahuspdrteeei véstha bRiaddresstrequesbrsi gnal,
the IP address delivery arat y reads first path information and
second.ggthe?ﬁWBEﬁat?BnﬁgfaaﬁgeF@ azageéggrzqgéstl§i@iQPcﬁﬁﬂddE?eFﬁ?nes, by
referring teethenhP aggrnessusornespandsnsentabbg 4b, 88 FP-addrgss _
delivered to a 22 termnal apparatus that is a request source. [0051]As in

the first ewbédirmentont HiS enBotihrenecpsdapptiednfainiyien Cafmunication by
a network ip phieh asRathway b5 Lhxed, TheLgLore,; g5.5houn. i P LRe R

addr ess
terminal apparatus T8 to the IP address delivery apparatus

10 1 through the port P4 of the switch unit 6 and the port P2
of the switch unit 2. For exanple, an IP address
'192.,168.1.34" is allocated to the terminal apparatus 78.
[0049] A combination of the first path information "3"
and second path information "none"™ corresponds to an IP

15 address reguest signal sent from the terminal apparatus TS
to the IP address delivery apparatus 1 through the port P3
of the switch unit 2. For example, an IP address
'192.168.1.30" is allocated to the terminal apparatus T9.
A combination of the first path information "4" and the

20  second path information "none" corresponds to an 1P address
reguest signal sent from the terminal apparatus T1C to the
IP address delivery apparatus 1 through the port P4 of the
switch unit 2. For example, an IP address '192.168.1.40"
is allocated to the terminal apparatus T10.

25 F0050] As explained above, the IP addresses
correspending to the first path information and the second
patihr infcrmation are registered in the 1P address
correspondence table 4b. When the IP address delivery
apparatus 1 receives an IP address request signal, the IP

30 address delivery apparatus 1 reads first path information
and second path information of the IP address reguest
signal and determines, by referring to the IP address

correspondence table 4b, an IP address delivered Lo a



5 correspondence table 4b shown in FIG 7, the fixed |IF addresses are
respectively associated with the kinds of path information (i.e., the

conbi nations of the first path information and the second path information)
extending fromthe terminal apparatuses 2B to T10 to the |F address 10
delivery apparatus 1. In this way, in the |IP address correspondence table
4b, the |IF address is associated with each of the paths. Therefore, for

exanmpl e, wherrkheaterphbAakrappanatussTh eegnestedotipcéhe port Pl of the
swtch unit 5 is replaced with an apparatus of the sanme 15 type because of

a failure orl0PRélli kefsahn| Fhadéiess arbedamedtt othhs apparainsnbfier the
replacenenta#§&§@d|5a§g§%e§8 égﬂﬁﬁﬁfﬁégﬁgnbﬁ%ﬁ%enéPQOEEplﬂcﬁﬂ?gﬁ-aExa”p'es

of such a co nicat1 on networ c co ni cation network constructed
in, for exapplktbpag car foked.tr@harefor2p &shi shcaseint biee| FPaddiesssdel i very

appar at 1 is also unted on the car. Besi the traip, this_enbodi nent
is aIso%ipprééﬁﬁgOngﬁcﬁoﬁﬁﬂﬂ?cg?i6ﬁ0§95%%n$§%ns?ruE?%dP?ﬁeg nbbi | e body,

a comuni cahhaRes¥steAe0RsEpHEt €dal P As5361 9FYd @DEht A8e | kKEus 25F 0052] Wien
the I F address delivery apparatus 1 receives an | P address request signal

and no i nf opaabi dnfpsmpresentiegt hekhencanpingtipas hof ntloe nhiron seorage

area or a s n Eh i r i r a F SS request
ool PnotiROEnBRL0y' RARTIRL SRCShATBE0, AL SRafhat [6n| [ HAAEPR, (FANS
informati onthé tethens! apparfivpnsexanpl e, deldivershanibnaelirvesed | F
addr ess annngélF addresses ' 192.168.1. 50 23 to '192.168.1.240' to a

transmi‘shi oACSOUPER PRPETATYS {0058 viRAS t ey FradHresst deff4eFs appar at us

1 receives ap }E-pddhesser eqyest 45l opal and.aqreabi nation, of - pogt, pugbers
respectively stored in a first path information 5 storage area and a second

pat h i nf or maatbno§t bhageadhea ofhehef¢Feadtivessxarpglest wisegnbheis a
conbi nati on no%igegistergd &n %ge IEﬁadd&gsi c9$rgsggnd§fce Lg?[e 4b, the
| F- addr ess detst nl%%p%n?¥ AT det BT Res  t hat "t Ri BT s |nf%F Ton of
"others" angyifen exapp$eisdebpvetSdamith an apparatus of the same

15 type because of a failure or the like, an IP address
allocated to an apparatus after the replacement is an IP
address same as that before the replacement. Examples of
such a communication neiwork include a communication
network constructed in, for example, a car of a train. In

20 this case, the IP address delivery apparatus 1 is also
mounted on the car. Besides the train, this embodiment is
also applicable to a communication system constructed in a
mobile body, a communication system consitructed in a
factory, and the like.

25 (0052] When the IP address delivery apparatus 1 receives
an IP address rveguest signal and no information is present
either in & first path information storage area or a second
path information storage area of the IP address request
signal, the IP-address determining unit 4c determines that

30 this is information of "others" and, for example, delivers

an undelivered IP address among TP addresses '192.168.1.50"



10 undelivered |IF address anong the | P addresses '192.168.1.50" to
'192.168.1.240' to a transm ssion source (FIG 7). [0054]Wien the IF
address delivery apparatus 1 receives an | P address request signal, a
conbi nation of port numbers 15 respectively stored in a first path
information storage area and a second path information storage area of the
| F address request signal is a conbination registered in the |IF address
correspondence 't.3bl.ecdbl.and anol b addnesssikscal keadyedekiivered to a
termnal apparatus that is a request 20 source of the |IF address connected
to a comunil€8fPen paWﬁe§p§B?fﬂgdaB9f?ﬁé E6ABIVRAYI ORPEFatHE porecrunbers,
an operationni $pp d..a | at b W. > F-address
deterniningaGn?F %ghggggrﬁ?ﬁggéghggﬁgglaghﬁcaagggggéggﬁog ??a ggﬁssion
source incl ndebeiras 2BsphetliFedgddsessereduest f3irghabatbcényedmagabn and a
MAC addr§ss gf a transm ssi,on sourcg to Eh“igh th%,IP aggress was al r eady
del i vered aP&°FRECsHAMES FOU58] WiEREhBaFB- aBdPESS tdePePiPRRAG ARFE 2¢
deterni nes that rbhaghhesaddegsssef sthaatr agshi sshonnseyhgend® i ncluded in
the | F address request signal received again and the MAC address of the
transm ssi of¢§bareEcfolnhteh {Reafifragdr essraascoariraady tdbllpvébedthee t he
same, the |Paddugss.debetmial ngnynLhifCageha Lig, NG pddiess, of jLne 24
transm ssion sOUrce as a transm ssion déestination addre§s and délivers
agai n an | Finddressisanmefa8otherkF addyessrakreagyedebiverveds Ear exanpl e,

ater P | B,adtt 850198 103:0. 11,085 deLi g syl reponse to an 1P
'192.168.1.50" to '192.168.1.240' to a transmission source
(FIG. 7).
[0054] When the IP address delivery apparatus 1 receives

an IP address request signal, a combination of port numbers
15  respectively stored in a first path information storage
area and a second path information storage area of the IP
address request signal is a combination registered in the
IP address correspondence table 4b, and an IP address is
already delivered to a terminal apparatus that is a request
20  source of the IP address connected to a communication path
specified by the combination of the port numbers, an
operation is performed as explained below.
[0055] The IP~address determining unit 4c¢ determines
whether a MAC address of a transmission source inciluded in
25 the IP address request signal received again and a MAC

ddress of a transmissicn source to which the IP address

Qi

was aiready delivered are Lhe same.

[0056} When the IP-address determining unit 4c

determines that the MAC address of the transmission source
30 included in the IP address request signal received again

and the MAC address of the transmission socurce to which the

IP address was already delivered are the same, Lthe IP-

address determining unit 4c¢ sets the MAC address of the



5 request fromthe term nal apparatus Ti, when an |IF address request from
the term nal apparatus Ti connected to the port Pl of the switch unit 5 1is
received again, the IF address '192.168.1.11" is delivered to the term nal
apparatus Ti again. 10[ 0057] On the ot her?thand, when the |P-address
determning unit 4c determ nes that the MAC address of the transm ssion
source included in the |IF address request signal received again and the MAC

address of thanbraBsAbsskenrseureeat ervhkshsthen! Feaddnessonasdakeeady 15
delivered are different, the |IF-address determ ning unit _4c checks whether
the term naPREpP&aravassTRIRINcERNEEL BHIBRSEhECBENAEINFBEL FBnaHEr®EFK. For

exanpl e, theg;LEzaddpess.det.ar m ping j C r ! ction check
signal to the IE gdgresg '%§2.16%?1?%%hﬁééfeggge%eﬁﬂégngggﬁgggg check
presence or 'abgenceé.of liheweondett.venedctor dengoheewhet her 1& rddpense to

t he che signal is_returpned within a predetermned tinme. [Q058] As a
osult, o CHCPEEporcl FEEnsE PonAl neHPR EhER Fhe. BPBReRBr nfnetEPRe and
it is confirpmgdetbatrrbher3s terminal apparatus Fh bsnpetce@npgctgd on the
comuni cati on network, the |IP-address determ ning unit dc delivers, to the

request souP€&L BhA TP hHdrewstshnenat Phés| FeaddredsaapibadyhdelFvered. For
le, it_] ; , .th - i . 1
exanpl e 'tahﬁﬁgggun§g2tg§5 &;i%gg%%_ﬁihfvéggaeﬁé ggg|¥8£%lﬁggaratus

delivers the dr ess 1 Inresponse to an addr ess
request froappheatesnirhakgapparatus Ti, the term nal apparatus Ti is

[Pl acq, W (g3 Ler g2l pRpaLRLUS TN, VIER, IRt efngl ggearatus 111
determining unit 4c determines that the MAC address of the
transmission source included in the IP address request
signal received again and the MAC address of the
transmission scurce to which the IP address was already

15 delivered are different, the IP-address determining unit 4c
checks whether the terminal apparatus Tl is connected on
the communication network. For example, the IP-address
determining unit 4c can transmit a connecticn check signal
to the IP address '192.168.1.11' already delivered and

20 check presence or absence of the connection according to
whether a response o the check signal is returned within a
predetermined time.

[0058] As a result, when & response is not returned
within the predetermined time and it is confirmed that the

25 terminal apparatus T1 is not connected on the communication
network, the IP-address determining unit 4o delivers, to
Lhe request source, an iP address same as the 1P address
already delivered. For example, it is assumed that, aflfter
the IP address delivery apparatus 1 delivers the IP address

30 '192.168.1.11" in response to an IP address reguest from
the terminal apparatus T1, the terminal apparatus T1 is
replaced with a terminal apparatus T1ll. When the terminal

apparatus T1l performs an IP address request, the IP



address delivery apparatus 1 delivers, to the term nal apparatus T11, the

| P address '192.168.1.11'" delivered to the term nal apparatus Ti.

[ 0059] When a response is returned within the 5 predeternmined tinme and it is
confirnmed that the term nal apparatus TiZ3s connected on the comunication
netmork, the I P address delivery apparatus 1 selects an unused |IP address
out of "others" of the |IP address correspondence table 4b and delivers the

| P address kadtBesr aquestr§0HpEeratlsThi §e0¢6HES WagnNtBeChapgenpot incl uded
in design is applied to the conmuni cation networ k. Such an exanple is

expl ai ned whPRaFaferehité t BhFI & addrasehelPiribSehbbddi nénlivefed6bPFIG 8

is a diagra f a 1| P address delivery by the IP address
delivery apgggagggm Qi %Eggﬁgg&% dinent. Specifically, a procedure for

det erm ni ngl aaa9ael|vﬁhengaanehﬁoaddrESSretuthedtemﬂhmaltﬁpparatus T2 is
shown. [pO61£A§ shown | first, the_termnal Earatus T2 perforns
an | F adtr eBs® 853@@%”? E}meTﬁBdl#taﬂﬁrgggf?ém?gqhaﬁ¥ qet bgpeiieted to

the switch HﬁF5r§t§§ an tp @9Hﬁ§§§eﬁegﬁeﬁﬁeSbgﬁﬁﬁnl&ﬁtibﬁ hEtﬁggkesghe
request, the |F address request signal is transmtted in broadcast.

broadcast adlreddrigsséelineayderbveryudest fndeibn addressedf IPhe IF

address requastcsional oTe MG, addessol 1hne. a5 Ler ipal BpRALALUS T2 i

set in a de Ivery source ad ress ress requeg? Si gnal
fromthe tetabhal 4appatatiusiTerssthecebveddbystheoswhéchegnéttSsotiheeswi tch
unit 5 q§tern1nes in which of the ports P1 to P4 the | F address request

si gnal % r&eéFveacuTRe"Barne SBRPHF PRt BRI GFERAL FRgIERT 7175 of PPReCdui t ch

unit 5 stores the PORLLAYEREIonZnefliolRe PORLnPLy MRLGP1LSia LeLeRihon
port, in a first path information storage area of the TF address request

signal to thetebyefeamrcpott FhForihtiontRé (irsstepacfiiahbr mation) to the
| P address ESHHS?t SIQ?&[ éSZZ)a diagram of an operation during IP

address delivery by the IP address delivery apparatus 1 in

15 this embodiment. Specifically, a procedure for determining
and delivering an IP address of the terminal apparatus T2
is shown.
[0Ce1] As shown in FIG. 8, first, the terminal apparatus
T2 performs an IP address request {(S21). The IP address

20  reguest is transmitted to the switch unit 5 as an IP
address request signal. In the IP address reguest, the IP
address request signal is transmitted in broadcast. A
broadcast address is set in a delivery destination address
of the IP address request signal. The MAC address of the

25  terminal apparatus T2 is set in a delivery source address.
[0062) When the IP address request signal from the
terminal apparatus TZ 1s received by the switch unit 5, the
switch unit 5 determines in which of the ports Pl toe P4 the
IP address request signal is received. The path-

30 information granting unit 17 of the switch unit 5 stores
the port number "2" of the port P2, which is a reception
port, in a first path information storage area of the IP

address request signal to thereby grant port information



[ 0063] Subsequently, the switch unit 5 sends the |IP address request signal
granted with the port information 5 fromall the ports PO PI, P3, and P4
except the port P2. Consequently, the |IP address request signal sent from
the port POis transnmtted to the switcR@Qnit 2 (S23). [0064] When the IP
address request signal sent through the switch unit 5 is received by the
swtch unit 2, the 10 switch unit 2 determnes in which of the ports Pl to

24 the | P addiess %ﬁﬁgueﬁfj@m@@iomswe@ﬁévgpl-a%@e@@tf@@ﬁ@@t NBY &A1
granting unit 16 of the switch unit 2 stores the port nunber "1" of the

port P1, whii€hZis the reception port, in a second path information storage

area of the add signa ' Ye g p formation
(second pat fgbﬁﬁégr natlég}?l?e@gg#ﬁjséh Pt}g%d%"éégcéglg{ljggtf)s%%g% ?%4;9
[ 0065] Subseguentty, reédee s $ Chnani gr2nseadsi theth® pddr esstoequesdn si gnal

granted with the rt.information 20 fromall the ports PO P2, P3, and P4
except the EB?IP @ff Eonskotent ¥y, Yhe o adfifiess ¢ ﬁ%]%gtt]%?gﬁﬁ‘é?ts%%t from

the port PQrbgstgapsm il egdhtorbheqdP.addregse-4el i vehy appaF at Hey 1 S25) -
[ 0066] Subsequent 'y, when the I P address request signal 25 is received by
the | P addresstdeliveryrapparbtes 19 the pathchnforieti 6B2Pkadi ng unit 4a

reads the f ath | roati 0 pat h_inf atjon fromthe

| F address tg(?q%;ﬁegt si‘gﬁ% .L pe§?f$@§ %%g J?%gu%%f h-g%g?%?n%%nhrlre%%?kﬁg uni t
4a reads thehpostinembernit 2 5toredeivethiey30héissitpatiminfoy mtéon
storage Oar ea and the port nunber "1" stored in_the second gath i nformation
st or age Yar eBW1 R Ypllhgar @& HBL R Fi HR nER AR t OBt RpaeeFiest byorét et ng to

the I'F address,g9rsespendence & abhe APabaseds pRetihe POLt a2~

information granting unit 16 of the switch unit 2 stores
the port number "1" of the port Pl, which is the reception
port, in a second path information storage area of the IP

15 address request signal to thereby grant port information
{seceond path information) to the IP address reguest signal
(524).
[0065] Subsequently, the switch unit 2 sends the IP
address request signal granted with the port information

20  from all the ports PO, P2, P3, and P4 except the port Pl.
Conseqguently, the IP address request signal sent from the
port PO is transmitted to the IP address delivery apparatus
1 (825).
(00667 Subsegquently, when the IP address request signal

2b is received by the IP address delivery apparatus 1, the
path-infcrmation reading unit 4a reads the {irst path
information and the second path information from the I[P
address request signal. Specifically, the path-infeormation
reading unit 4a reads the port number "2" stored in the

30  first path information storage area and the port number "1"
stored in the second path information storage area. The
IP-address determining unit 4c¢ specifies, by referring to

the IP address correspondence table 4b based on the port



i nformati on obtained fromthe path-information reading unit 4a, the IF
address '192.168.1.21"' corresponding to a conbination of the port nunber
112" of the first path information and the port nunmber "1" of the second
path 5 information. The 12-address deterdvning unit 4c determ nes the
specified I F address as an | P address that should be delivered to the
request source (526). [0067] Subsequently, the |IF address delivery apparatus

1 delivers theodetershnedthinaddress tRetpetherAFrfahaloappasatyg d2ithat
is the request source (S27). In the dellvery of the IP address, an IP

address del f9er P fresBagddrgser andai t6@dli Al UnPeasesprendandelpvery
desti nation.agdr gss; 9f, %getﬂg ggﬁeﬁﬁmggk'V?“yoﬁﬁ§ﬁ§9§ii§@e%%@§ addr ess of
: addres

the term nal apparatus IS s I'n"a delivery source s of the IF
addr ess del ivéecymabssagendatMAGadtr essbet the &F addressodel pyeny
apparatQ§ 1.i% sett,V%en ége #?_aggress eIiverx,agparatu 1 delivers the

| P addr ess, “PhBTPE-A00r ess el F vRTY GPpparat GE™A SR8 BRI T ACa RbE I B hDRA
storing uni thénspheitPeaddpessadebsvesyaappar ahiseds anpRat bh20{popt) and a
MAC address of a term nal apparatus to which the IP address is delivered.

[ 0068] Subseg@thteyedt he teentaakeappaparas T22f6hat recei ves the delivery of
the | F addr omt S iver a : ets the deliyered
| Foaddress L0an IF 25 ader et tET T R LF i aPeee i S e e b [T

t he term naicapparat tise T2e canupesd oI M gdtimuns cabi dhebyernisay the ir
addres§%%[0069%lt goes W t hout sa ing that this enbodinent is al so

appl i catl e WRBATEH SnE%mb?%tcbﬁfF%%r EAORSShBWRCFR FPE/) 30 Bnjkhe

O Sui 1oh UaT T bl e ol a Sanmny et on ot €xtoRt! b Ff oM TRe E
addr ess del i ¥ekyanppirbedsin @@i@@$h1nalna@pgehim$eg @@Sbgmauiuun1of N (N
I's address of the IP address delivery message, the MAC address
of the terminal apparatus T2 is set. 1In a delivery source
15 address of the IP address delivery message, a MAC address
of the IP address delivery apparatus 1 is set. When the IP
address delivery apparatus 1 delivers the IP address, the
IP address delivery apparatus 1 stores, in a not-shown
storing unit in the IP address delivery apparatus 1, a path
20 {port) and a MAC address of a terminal apparatus to which
the IP address is delivered.
[0068] Subsequently, the terminal apparatus T2 that
receives the delivery of the IP address from the IP address

delivery apparatus 1 sets the delivered IP address as an IP

25 address of the terminal apparatus T2. Thereafter, the

i

terminal apparatus TZ can perform communication by using

¢

the IP address.

[0069] It goes without saying that this embodiment is

also applicable when the network configuration shown in FIG.
30 5 is generalized. Specifically, in a network configuration

in which the number of switch units included on a

communication path extending from the IP address delivery

apparatus 1 to terminal apparatuses is a maximum of N (N is



28 an integer equal to or larger than 1), it will be enough if first to Nth
path information storage areas where first path information to Nth path
information are respectively stored are provided in an | P address request
signal and 5 also if the |IP address corrd&spondence table shown in FIG 7 is
formed to register |IP addresses in association with conbinations of the
first path information to the Nth path information. FIG 5 corresponds to
an | P address detiyeryesWstemibrthergasec9inNER;, Pathiinfios natdegn gr anting
units 10 in the switch units store, in a predeterm ned area anong first to
Nth path infoFfhat FenVskopalle hpéasnafian $Pondde esserequestesigpal passing
t hrough the |t Lts, rt. . Ss
request sig%gﬁhiggﬁgg%%gﬁga g%rﬁgggﬁgfg,9%%§r%§§%9¥ﬂ§%§n%$$%%ggfg%¥?ng 15
units storestbeeposte nunbetded am @nply adéscappeatiagtfsigtal nawdder from
an areafyavigg thg smal | est nunber of the first to hih ath ipformation

st or age “ar eas>C[ BO7OPActor ATAEEED AT EC PR ERt talhsei phowe PG 7
enbodi nent, ; dugépgef epb apeyedt o 8f 1 b heqli£EHE DRI § RPPRLRLUSESoR0, MRt o T10 on
t he conmuni cation network, it is possible to automatically deliver an IP
addr ess sanecilginhatopef of etidel i ept apebienin{Theabitrertef fleetStbfpa bl s
enbodi nent sanme a he.effects of ,the first_ e dipent .. [0071] Third
embodi ment . TR 58S ST EFock 0t RGTSRTOT aScHenbt | (BTt gUr ktTOR o an
|t address sebtaerynsyst egraecor diag. t opat i hi fifo eabodbmeqt anésnghewnt & n
FiG 9, a train includes one or nore cars, specifically, cars KL to KM (M
is an ifMteget BABaFWibCRrurEFgeftohan 1y .2 TheCRPtalptele ePd var9dyst em 30
according tp;thi scgnpodi gRAL {ScHFRYEASY Lo f08 gxaupl &s M hrgNis an

i nteger equal to or larger than 1 and equal to or smaller than M car in
the train faddatsonre@@O7R] ThendP padsess detover ytlapparatas dnithe switch

port number of a port where the IP address request signal
is received. For example, the path-information granting
15 units store the port number in an empty area appearing
first in order from an area having the smallest number of
the first to Nth path information storage areas.
[G070] According to this embodiment, as in the first
embodiment, during replacement of the terminal apparatuses
20 Tl to T10 or the communication network, it is possible to
automatically deliver an IP address same as that before the
replacement. The other effects of this embodiment are the

same as the effects of the first embodiment.

10071 Third Embodiment.

25 FIG. 9 is a block diagram of a schematic configuration
of an IP address delivery system according to a third
eibodiment. As shown in ¥FiG. %, a train includes one or

more cars, specifically, cars K1l to KM (M is an integer
equal to or larger than 1). The IP address delivery system

30  according to this embodiment is provided in, for example,
Nth (N is an integer equal to or larger than 1 and equal to
or smaller than M) car in the train formation.

[0072] The IP address delivery apparatus 1, the switch



29 unit 2, and the term nal apparatuses Ti to T4 are provided on a

communi cation network constructed in an Nth car KN. The I P address delivery
apparatus 1 is connected to the term nal apparatuses Ti to T4 via the
switch unit 2. As 5 the communi cation netSwrk, for exanple, an Ethernet
(registered tradenmark) can be used. As the term nal apparatuses Ti to T4 on
the car EN, apparatuses that operate based on a conmand signal fromthe

outside to gperabe the ¢ak ENrnfahiexappkerudedool epeningrand-ek9siRg 10
apparatus, a brake apparatus, an illumnation apparatus, or an air
condi ti oni ngrapp&rarusicatibe nsedorkfheonFtaddeedsidebnvBiy appakKdtus 1 is

connected t he .part, PO_o ] i Lt _ 2. ac h 1,nal ar at uses
T To T4 ar o Feaboali ey SShRdsldd P8 RE Bt S PEoB RIS P Bw fch 15
unit 2, wherebyiazpatbpayaohistbeTtonpunicat hophbekwhtkhi ancangtrugked.

[0073] I n_the | P address deliverg apparatus 1, the path- information reading
unit 4a,”t h&PPFCaddredsatoPreBpbhashcet PabfEamBley hat| EE488P88s det er ni ni ng

unit 4c, anqdrg@q;GaktzrEel kPEAEMBLLON ARAMLT |}BEguni hs9BEeREAYLded. The
pat h-i nformati on reading unit 4a reads, froman |F address request signal,

pat h i nf or mappenadfisascdimbini ¢4t Ponthet werkKidxt epdingtteca tbguest source
of an | F address, The carohnformmiion aeguiripg unit,o,gan;agauire car

i nf or mati on“B5"for specifyl'ng a positioninthe Forndt Ponof “a-Car where
the corcounbgaraoworkbsthucked. fArcamumbhépr satibon oBBAGHOYabAl E1321ihbat
manages the ear information is nounted on each_of the cars of the train.
The cart nf BPRAFREHSacfuPFfrkg BRPRTILEEquiReslinBiRAEL8D RRAPBFAREFONOFT om

the car-infghnat | oBoABORILAGYNLEpA2arIReCLE BEdnESS ConhespANdance,Labl e
4b can register a correspondence relation between the path I nformation of
t he comuni dal ivarpeeppekatnd anisFcaddeessddetetnenedrtoP0 of the
switch unit 2 and the terminal apparatuses Tl to T4 are
respectively connected to the ports Pl to P4 of the switch

15 unit 2, whereby a pathway of the communication network is
constructed.

[0073] In the IP address delivery apparatus 1, the path-
information reading unit 4a, the IP address correspondence
table 4b, the IP-address determining unit 4c, and a car-

20 information acquiring unit 9 are provided. The path-
information reading unit 4a reads, from an IP address
request signal, path information of a communication network
extending to a request source of an IP address. 'The car-
information acqguiring unit 9 can acquire car information

25 for specifying a position in the formation of a car where
the communication network is constructed. A Care
information managing unit 32 that manages the car
information is mounted on each of the cars of the ftrain.
The car-information acquiring unit 9 acquires the car

30 information from the car-information managing unit 32. The
IP address correspondence table 4b can register a
correspondence relation between the path information of the

communication network and an IP address determined to



30 correspond to the position in the formation of the car. The | P-address
determ ning unit 4c can determ ne, based on the path information of the
comuni cati on network obtained fromthe path-information reading unit 4a
and the car 5 information obtained fromihe car-information acquiring unit
9, an I P address delivered to the request source of the IP address.

[ 0074] The switch unit 2 can operate as a switching hub on a network and

di scri minat eci-Rewbbeh @b the peLisiBR ta %QePﬁogmgtgaﬁl oPagaing,through the
switch unit 2 is received. The switch unit 2 includes the pat h- 1 nf or mat i on
granting unfheldP- ¢ﬁérpashdﬁhéamma@ngnugnanﬂpnganndetiﬁmgnantbapaﬂhon

i nfornmation, I 8%, Leque nal tranpsmtte he re uest
source of S BESHaralE R obRnThe "t BN el CRRE ks heF HeE%( PhorPeReq
trademark) ifsomsede phenswhEchnubibn2readohtained by addlﬁgethgr

pat h-information granting unit 16 to an Ethernet (registered tradenarKk)

swi t ch. %helﬁg?ﬁm?hFBPnﬁgFéhnagaﬁF@H E?etﬁérpéFﬁOFWFgFﬁﬁtﬁ@ﬁugFaﬁglng uni t

16 is. for gxampbe. g PerLanuober 29:0b.8aPebl chbereqhibe: | Eopddress request

signal is received. [0075]FIG 10is a diragram of an~exanple of contents of
the | P addrébs éBraéSp@adence table 4b shown in FIG 9. FIG 10 |s an
exanpl e of address _correspondence table 4b forned mh

addr ess delﬁggﬁéFappaig?ugwi Fg g g ahgBd°PR the ﬁfhacﬁwl %BPt

nunbers of bheapaetsoPt £0dP4isbrifensvet ¢h Wnare bgsgﬁ@tpww I.Dot@o4 The
| P address includes information that is variable depending on car
i nf or métd onP4 sPpedifnedl Pyssipg BREAPPR, tRereptbsknvnhl & &ar ragabeed. | n

this way, i#nthe,lF-pdd §§5239n89ﬁ&§§p9ﬂgeﬂﬁﬁht§9k8r§9tléﬁ fddress

different fromone another to respectively correspond to th car §nbe N
of the car MMiantét heTperpahurbefsriatood grentégystetedl 6] §0Z6TAcpatHi ng

to the | P address corres onden 31 4b shown in FIG 1 the I P
addr ess del%9£?§m35b%?a? s*1S¢ iﬁ %ﬁ?ﬁ%ﬁ?ereﬂﬁg?bsﬁbﬁgﬁltBr%n?@hbb§@ from

t he terninafr@@p@ﬁ@tﬂéﬁaésﬁoﬂﬂﬁﬁéédofotﬁgelPoé&dfgsgav'ﬁgrtgﬁaﬁﬁié number
1, an | P address '192.168.N.1' to the term nal

15 when the Ethernet (registered trademark) is used, the
switch unit 2 is obtained by adding the path-information
granting unit 16 to an Ethernet {registered trademark)
switch. The path information granted by the path-
information granting unit 16 is, for example, a port number

20  of a port where the IP address request signal is received.
[GOT5] FIG. 10 is a diagram of an example of contents of
the IP address correspondence table 4b shown in FIG. 9.
FIG. 10 is an example of the IP address correspondence
table 4b formed when the IP address delivery apparatus 1 is

25 arranged in the Nth car KN and port numbers of the ports Pl
tao P4 of the switch unil 2 are respectively 1 to 4. The IP
address includes iniformation that is variable depending on
car information, specifically, for example, N representing
a car number. In this way, in the IP address

30 correspondence table 4b, IP addresses different from one
another to respectively correspond to the car number N of
the car KN and the port numbers 1 to 4 are registered.

[0076] According to the IP address correspondence table



5 apparatus Ti. The |IP address delivery apparatus 1 can allocate, in
response to a request fromthe termnal apparatus T2 connected to the port
P2 having the port nunmber 2, an |IP address '192.168.N.2' to the term nal
apparatus T2. The |F address delivery apparatus 1 can 10 allocate, in
response to a request fromthe term nal apparatus T3 connected to the port
P3 having the port nunber 3, an I P address '192.168.N. 3" to the term nal

apparatus T3p IhewhPiaddiessidel tyer yrappatatysqdi¢anr-al hesatgcukniresponse
to a request fromthe termnal 15 apparatus T4 connected to the port P4
havi ng the pértaaligbaked, ianrgPradderess a81929w68tNL4omt hehserwindhal

apparatus T { o] I ip_thi di is.e i . For
exanpl e, thépFégggﬁgﬁ@%pggbg%EgQQ1EBe£b§rﬁngnb?Eﬂéﬁkggdﬁgégbggguest.
First, whenncabernfipr aat ienaddrsent 'fiponithencar - taf ohaateonimanagi ng unit

32 to t car-information acquiring unit 9, an I P address corresponding to
the car 7 nf 8PREFPOHSI Slset TI'R the@PPraddar 8841 ¥6F Y c2pBAURHEE tabfB 4b for

each of the poptapunbers dshonde FQrae¥angnbe:r WheR 2ReitelmijAgsumed that an
| P address is delivered fromthe I P address delivery. apparatus | to the

conmuni cat i epPaseWoskTaf cohpechedKNp hdhel PoatldPésbacongespendiny to the car
nunber N of _t car, KN is.reqistered.j I ddress, correspondence table
L s SR T e R

4b for each 0 e po?? nunbers ] Subsequen e term nal

apparatus Thppaanstust$2an tReaddr essreeguest iségpakpparbtoadcagtn Wien the
| P address request signal fromthe term nal apparatus Tl is 32 received by
the switth @htpcater nensiFERANERI EC28dEEEHAPReST PHat "ENECTPLAdHr ess request

signal is rsﬁggygeugi@3tésn9@&£eﬁltoTbﬁepggbﬁig§g§g§%%ant9éagﬁkeg unit 16

of the switch unit 2 stores the port nunb port P1 in a path 5

i nf or mat i onnsrpeage, arral Bf atifiecsP alHPes68rBgiéstostgrater®heaswi tch unit
2 sends the_|P adgrgs 3req¥gstlgi%8g%eggagtig W th thgﬁgg&g infornation
fromall th8Bares"Po P2, *P3, *an Xcept Y heY poPrepr: can
allocate, in response to a request from the terminal
15 apparatus T4 connected to the port P4 having the port
number 4, an IP address '192.168.N.4' to the terminal
apparatus T4,
[0077] An operation in this embodiment is explained.
For example, the terminal apparatus Tl performs an IP
20 address request. First, when car information is sent from
the car-information managing unit 32 to the car-information
acguiring unit 9, an IP address corresponding to the car
information is set in the IP address correspondence table
4b for each of the port numbers 1 to 4. For example, when
25 it is assumed that an IP address is delivered from the IP
address delivery apparatus 1 to the communication network
of the car KN, an 1P address corresponding Lo the car
number N of the car KN is registered in an IP address
correspondence tabkle 4b for each of the port numbers 1 to 4.
30 [00T78] Subsequently, the terminal apparatus Tl transmits
an IP address request signal in broadcast. When the IP

address reguest signal from the terminal apparatus T1 is



[ 0079] Subsequently, when the I P address request signal 10 is received by
the I P address delivery apparatus 1, the path-information reading unit 4a
reads path information fromthe |IP address request signal. Specifically,
the path-information reading unit 4a reads the port number "1" stored in
the path informati on storage area. The I P- 15 address determ ning unit 4c
specifies, by referring to the I P address correspondence table 4b based on
the port interERyEgnpobtpbnediteamihbe pat hnknfermahi onit eadhnge Upi teda,
the I P address '192.168.N. 1' corresponding to the port nunber "1" and

det ermi nes thatspbei fFeddilPegddregseat ahdnPl 20s addressed hatashbal gobe
delivered tg+the q 8 . 008 u Vit a

delivery apgéfataéglgggﬁi§§?é9§ﬁ8£§gtg%%$§£§8Igﬂ%%d%gsggt%ﬁ%hggggéﬁinaI
appar atus Tinat hetcegueshespurcenuhbetheltlebiveny pbrthell Phaddsess, an

| P address delivery nessage is transm.tted 25 in unicast. In a delivery
dest i natd on+38aFBe51BE FPherfeeagbraser delfvef y2Agseager et Hes WAt Gudt ess of

the term narnappalatysSuticis sehasi Phd dpl LMRrYssouLGE-addLeg8,0f the IP
address delivery nmessage, a MAC address of the |IP address delivery

appar at us 1grsnted. wwhenthhepd Pt atdfessaBOodef Fyer §lhppaeapastd Heli vers
the IP addrE§s,atﬁeP%Pégddrgsghdel£¥gr¥1apparatus 1 stores, in a not-shown
storing unit In the 1 P*addr ess %e?lvery apparatus 1, 33 a port and a MAC

address of aovepm nal sappagatnslyp wheéchthbelbPaaddeessrefioasd Hegnal
delivered. [0081] Subsequently, the term nal_apparatus Ti that receives the
del i very? of 1B heSFP! Bdr REstRE oft t AT PS addp bE¥CLY dePPIER Y lappar BhEs 1 sets

the delivergdhPsAOERSE: 88 ADabImaddneesqgl Lhg. tSLMM AL APRALALYS T

Thereafter, the termnal apparatus Tl can perform'conmuni cati on by using
the | P addréssm [0O8R2FVedreéhe sefteht upigsadre Bpanetied]lfortlexanpl e,

path~information reading unit 4a reads the port number "1V
stored in the path information storage area. The IP-

15 address determining unit 4c specifies, by referring to the
IP address correspondence table 4b based on the port
information obtained from the path-informaticon reading unit
4a, the IP address '192.168.N.1' corresponding te the port
number "1" and determines the specified IP address as an IP

20 address that should be delivered to the regquest source.
(00807 Subsequently, the IP address delivery apparatus 1
delivers the determined IP address to the terminal
apparatus T at the reguest source. In the delivery of the

IP address, an IP address delivery message is transmitted

25 in unicast. In a delivery destination address of the IP
aadress delivery message, the MAC addyress of the tewminal
apparatus T1 1s set. In & delivery source address ol the

IP address delivery message, a MAC address of the IP

address delivery apparatus 1 is set. When the TP address
30 delivery apparatus 1 delivers the IP address, the IP

address delivery apparatus 1 stores, in a not-shown storing

unit in the IP address delivery apparatus 1,



10 in a cascade shape as shown in FIG 5, delivery of an |IP address can be
performed as in the second enbodi nent. [0083] According to this enbodi nent,
it is possible to grant fixed |IP addresses to the term nal apparatuses Ti
to T4 set in the car of the train accordithg to a position in 15 the
formation of the car. The other effects of this enbodinent are the sane as
the effects of the first and second enbodi nents. Industrial Applicability

20[ 0084] As gxphatngdqaloMBe LHE-REESERt 21 PUERtHON h§p9§§£u£ @é AnikR
address delivery apparatus and an | P address delivery nethod for

aut omat i cal FyedéFPi gedragsashined pe dediesseduring setting of a term nal

apparatLs 2 B0 TE' S FepfBRTT AT P PREerm ERPREADI R DT

4b | P ADDRESS:cECRRESPOMDEANCEYIABLES 3046 1 P- ADDRESS PEJERMAI NG thliTe46, 17,
19 PATH- | NFORVATI ON GRANTI NG UNI TS 9 CAR- | NFORMATI ON_ ACQUI RING UNI T 32
CAR- | NFCRVATF ON RAKABPRES UNET 50 EFHERNETOE REGE BTERED TRADERARKY W TH

address of the terminal apparatus Tl. Thereafter, the
terminal apparatus T1 can perform communication by using
the IP address.
[0082] When the switch units are connected, for example,
10 in a cascade shape as shown in FIG. 5, delivery of an IP
address can be performéd as.in the second embodiment.
[0083] According to this embodiment, it is possible to
grant fixed IP? addresses to the terminal apparatuses T1 to
T4 set in the car of the train according to a position in
15  the formation of the car. The other effects of this
embodiment are the same as the effects of the first and

second embodiments.

Industrial Applicability

20 [0084] As explained above, the present invention is
useful as an IP address delivery apparatus and an IP
address delivery method for automatically delivering a
fixed IP address during setting of a terminal apparatus on
a network,

25 Reference Signs List
[0085] L IP ADDRESS DELIVERY APPARATUS

2y, 5, b  SWITCH UNITS

4a  PATH-INFORMATION READING URIT
4b TP ADPRESS CORRESPONDENCE TABLE

30 4¢c  IP-ADDRESS DETERMINING UNIT
16, 17, 18 PATH-INFORMATION GRANTING UNITS
9 CAR-INFORMATION ACQUIRING UNTT
32 CAR-INFORMATION MANAGING UNTT
50 ETHERNET (REGISTERED TRADEMARK) SWITCH

35



34 51 PC (PERSONAL COVMPUTER) FOR MAI NTENANCE PO to P4 PORTS Ti to T10

TERM NAL APPARATUSES 35 CLAIMS 1. An | P address delivery system

conpri si ng: an | P address delivery apparatus including a

pat h-i nformation reading unit configured4o read, froman IP 5 address
request signal, path information of a conmunication network extending to a
request source of an I P address, an | P address correspondence table in

whi ch a correspopdenge [ ekatbon: bepmeentkherpat Maintonsetkon and the IP
address is registered, and an | P-address determ ning unit configured 10 to
determ ne, based?®nt®hB4paPPRTHf or mati on obtained fromthe path-infornation
reading unit andpihe, P @ddfﬁﬁﬁlﬁﬂﬂaﬁﬁPﬁﬁﬂ§@§ﬁstab'e’ an | P address
delivered to the Teques% source; an a path-information granting
unit configured to grant 15 the path information to the |IP address request
signal. 2. The IP address delivery systemaccording to claim1, wherein
the communi cation network is operated with a conmuni cation path fixed
therein. 20 3. The |IF address delivery systemaccording to claim1 or 2,
wher ei n t he conmuni cation network includes a switch unit
configured to include a plurality of ports and function as 25 at |east a
switching hub, the switch unit. includes the path information granting



unit confiy.n.eed to store, as the path Thformation, in a path information
storage area of the |F address request signal, a port nunber of a port
where the I F address 30 request signal was recelved and in the | F address
correspondence table, a correspondence r8l ation betmeen t he port nunber of
the switch unit and the IF address is registered. 36 4. The |P address
delivery systemaccording to claim 3, wherein, when the path information is
not stored in the path information stalageisarea of the | P address request 5
signal or when a port nunber different fromthe port nunber registered in
the | F addréss c%Frégpéﬁﬂéﬁéé fahrBerY SYBFed FﬁmPﬁéSbagh i nf ormati on

storage area, thgn'&baggaﬁéésdﬁéﬁEGbenQ ?Qk&tQ§|hM§E§d1£§ 5hga[§quest
source of the | P address, an undelivered 1F address 10 different fromthe

| P addr ess ccfpegpbmdnngeadlnheupattcauﬁb@ureégtstee@d,iﬁr©meamFIaddress

d b The | P, add i di | ai
SOt AP enginb 80 SaapRae (0Eah i) A OOLERS  AER LN SE YR YR T SRR Ol Qg '

request sigpatwbekekyednbyntheol & adgness delryeryrapparnt yddrsskheagsane as
path information of.a path extending to a request source to which an IF
address is aFreddycasl FosFeaPandeaCKAERRdEr S8sWBECh 21 ARSHESRPBACEGE! ce

| ncluded i n.theeregelyedoLF adgdresenr egueshasignabad0uhs dbriguent.from a

MAC addr ess a transm ssi on source Inc In an | F address request
si gnal fronre@esteqaéstasduaneIPﬁauﬁreﬂSt@etéFMaddmgssnmascahfeadyed _

del d, dd det t . t
check Sgnal o1 82 EREN B adar 660 aF r oy OBl (Bl BB hieh G55 PESpbHES Lo the

check 5'gnathéspé@ﬁuiﬂﬁﬂrMhﬁhbﬂ Pephedet @n i ngdat e, 1dehideess to the
request source of the IF address, an undelivered |IP address different Iran

addr ess cor PeEBRRRIPRACEEC t hebbor t anukBerdf ByF§t @F edvERe heo | Fhaddr ess
correspondepgsuégplgouggg, when a response to

a path-information granting unit configured to grant

15 +the path information to the IP address request signal.

2. The IP address delivery system according to claim 1,
wherein the communication network is operated with a
communication path fixed therein.

20
3. The IP address delivery system according to claim 1 or
2, wherein
the communication network includes a switch unit
configured to include a plurality of ports and function as
25 at least a switching hub,
the switch unit includes the path-informaltion granting
unit configured to store, as the path information, in &
path information storage area of the IP address reqguest
signal, a port number of a port where the IP address
30 request signal was received, and
in the 1P address correspondence table, a
correspondence relation between the poft number of the

switch unit and the IP address is regilstered.



30 the check signal is not returned within the predeterm ned tine,
delivers, to the request source of the |IF address, the |IF address already
delivered. 37 6. The | P address deIiveﬂy system according to any one of
clains 3 to 5, wherein, when a number of3&wi tch units included on a

communi cation path extending fromthe | P address delivery apparatus to the
request source of the IP 5 address is a maximumof N (N is an integer equal
to or larger than 2), the path information storage area of the IP

addr ess reqyest signal includes first to Nth path information_storage areas
in which fifst pabh {hferfABREFBN E6I KERY pBYATED RRFEFIAEFORCaré® HBspecti vel y

stored, theyhEraddr eggeq0rnESpRPHENEE AR 8oregLShBESsEhraddigseRs i n
association with conbinations of the first path information to the Nth path

i nf or mat i onpabhdinhenteheohPshddressareguest théghll agdsses rhuoagh the 15

switch it,.the path-information granti nit of .the switch unit stores,
" o prodet 8 Hbdo hr BaSBnBngOF hen IPSE AT hOTRP B hhtToh St 6P e APER T o
the Nth pathejnéoepalli 0N sher agesanedsst Berpesponushes phblbeipostonbere
the I P address request signal was received. 20 7. The |IF address delivery
systen1acco%@iE@etﬁaﬁ%ylﬁg@r@FtEP%iﬁEO{ag% 8TCHherein the | P address

delivery apparatygei 9p0URLECS] Bofe CAINPAGAuh] 81 e BPE-L e SORRUNI cation
network is constructed in the can
reguest source of the IP address, an undelivered IP address
10 different from the IP address corresponding to the port

number registered in the IP address correspondence table.

5. The IP address delivery system according to ciaim 3 or
4, wherein, when the path information granted to the IP

15 address request signal received by the IP address delivery
apparatus 1s the same as path information of.a path
extending to a request scurce to which an IP address is
already delivered and a MAC address of a transmission
source included in the received IP address request signal

20 is different from a MAC address of a transmission source
included in an IP address request signal from the request
source to which the IP address was already delivered,

the IP-address determining unit transmits a connection

check signal to the IP address already delivered, when a

25  response to the check signal is returned within a
predetermined time, delivers, to the reguest source of the
IF address, an undelivered 1P address different Ifrom the IF
address corresponding to the port number registered in the
IP address correspondence table, and, when a response to

30  the check signal is not returned within the predetermined
time, delivers, to the request source of the IP address,

the IP address already delivered.



8. The It address delivery systemaccording to cl wherein the 1P
address delivery apparatus includes a car-information acquiring unit
configured to acquire car 30 information for specifying a position in
formati on of the car in which the commu#icati on network i s constructed,

in the IT address correspondence table, a correspondence rel ation between
the path information and an 38 I P address determ ned to correspond to t he

posi tion im.t he rher mat ixgiarek st BR 1686 riyS oL2YLA 8LE rdﬁmg the, E} gggr

determ ning unit determ nes, based on"thé path informtion o alned rom
t he pat h- |ﬁf@ﬁﬁﬁtﬂoﬁ055nea@ﬁﬁ@lnmlMh&ndathambéraddreﬂstchrue&pendence

table, the LR g gre%%.geEB%%E%QCgﬁlgﬁfgé ues eaﬁghglﬁﬁoﬁnl I P address

delivery netho risin ( gggnplng, to
an P 10 a@dﬁa&ssrd@uaybrglg@@bxa@@%htbn&ﬁéﬁabqgasﬁfs@u%@@”%@'%ﬁé'@@

net wor k. ext e dln% to a request source of an | P address;

pat h-i nf or AEEESH rééd@n@aﬁﬁﬁﬁmopfaﬁ |(p éédﬁ@sénﬁégﬁveﬁﬁuéépéﬁaPMS readi ng

the path inbtegert ikeanf Hem the | F address request signal;

the path information storage area of the IP address
request signal includes first to Nth path information
storage areas in which first path information to Nth path
10 information are respectively stored,
the IP address.corfespondence table registers Ip
addresses in association with combinations of the first
path information to the Nth path information, and
when the IP address request signal passes through the
15 switch unit, the path-information granting unit of the
switch unit stores, in a predetermined area among the first
path information storage area to the Nth path information
storage area, the port number of the port where the IP
address request signal was received.
20
7. The IP address delivery system according to any one of
claims 1 to 6, wherein the IP address delivery apparatus is
mounted in a car of a train, and the communication network
is constructed in the car.
25
. The 1P address delivery system according to claim 7,
wherain
the IP address delivery apparatus includes a car-
information acquiring unit configured to acquire car
30  information for specifying a position in formation of the
car in which the communication network is constructed,
in the IP address correspondence table, a

cerrespendence relation between the path information and an



15an | P-address determ ning unit of the |IF address delivery apparatus
determning, by referring to an | F address correspondence table in which a
correspondence rel ati on between the path information and the I P address is
regi stered, an I P address correspondi ng38o the read path 20 information;
and the 12-address determining unit delivering the determned IP
address to the request source. 10. The |F address delivery nethod according

to claim 9, 25 phesshl @’et'e@:nﬁlﬁ%dcQm@x%rs'p%@ldn%w\@wé pdsGeIMNi Gathan pat h
| east during operation of the comuni cation network and the request source

of the i P dddmeds. coomdedthed dea uﬁer@@nmm@m@ﬁbl@@dpath is also fixed. 30 11.
The IF.addyess g?ﬁbﬁsﬂ¥ﬁ%f%%%§ cordaﬁ t%ngkahgk% %% B@% %lgnthe

conmuni cation n Fnit con ure t6 |nclude a

plurality aeheperts: andfhactiionn omal&%datfrlo@as:meapsamt ¢hifegmatth on t he
swi tch unlt stores, as the path_information, in a path information storage
area of °t h& PP iaddrésd PEGuéde §|gﬁgﬁreéspﬁpﬁrﬁﬁﬁﬁéﬁeﬁFeaLﬁ&#@ wh8fe the I F

address 5 nequestr3i-0nal WS J£¢e Vol ARfest sourelhe | F address
correspondence table, a correspondence relation between the port number of

the switch unit and the IP address is registered.

9. An IP address delivery method comprising:

a path-information granting unit granting, to an IP

10 address request signal, path infermation of a communication
network'exteﬁding Lo a request scurce of an IP address:

a path-infermation reading unit of an IP address
delivery apparatus reading the path infermation from the IP
address request signal;

15 an IP-address determining unit of the IP address
delivery apparatus determining, by referring to an IP
address correspondence table in which a correspondence
relation between the path information and the IP address is
registered, an IP address corresponding to the read path

20 information; and

the IP-address determining unit delivering the

determined IP address to the request source,

10. The IP address delivery methed according to claim 9,
25  wherein, in the communication network, & communication path

is fizned at least during operation of the communication

network and the redquest source oi the 1P address connected

te the communication path is alsc fixed.

30 11. The IP address delivery method according to claim 2 or
10, wherein
the communication network includes a switch unit

configured to include a plurality of ports and function as
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at least a switching hub,

the switch unit stores, as the path information, in a
path information storage area of the IP address request
signal, a port number of a port where the IP address
request signal was received, and

in the IP address correspondence table, a
correspondence relation between the port number of the

switch unit and the IP address is registered.



