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BACKGROUND OF THE INVENTION Field of the Invention The present invention
relates to a node search method, node, a mobile communication system, and a
computer program product. 2. Description of the Related Art 15 As a
conventional method whereby a particular nods searches a group formed of a
plurality of nodes for the nearest located node, there is a method
utilizing an anycast address
(http://www.ietf.org/rfc/rfa2373.txt?number~2373). The anycast address is
an address that makes it possible to select 20 the nearest located node
from among a plurality of nodes and access the node. The anycast address
has been introduced in Internet Protocol version 6 (IPv6). On the other
hand, in the Internet Protocol (IP) network, there is a mobility management
nods, which effects management 25 so as to deliver a packet to a mobile
node even if the mobile node moves . The mobility management node conducts,
for example, transfer and buffering of a packet directed to a mobile node.
Therefore, the mobile node needs to search fox a mobility management node
that exists in the neighborhood. Accordingly, 30 in an access router to
which the mobile node is connected, a mobility management node in the
neighborhood of the access router is previously set . Further, the mobile
node causes the access router connected thereto to notify the preset
mobility management node, and detects a neighbor node. Such a method is
conducted 35 (http://www.ietf.org/Internet-drafts/draft-ietf-mobileip-hmi 1
t pv6-08.txt). However, the method of searching for a neighbor node by
using the anycast address has the following problems. Since the anycast
address has been introduced in zPv6, it cannot be used 5 in networks using
ZPv4. Furthermore, it is necessary to conduct a setting :for adding an
entry of the anycast address to the routing table of every router in a
network for which it is desired to validate the anycast address.
Furthermore, in the anycast address, the criterion for a decision as to
whether the distance 10 between nodes is short depends upon the routing
protocol adopted fox the network. Therefore, the node itself cannot search
for a neighbor node on the basis of its own decision criterion.
Furthermore, in the anycast address, anode itself belonging to a group
cannot detect a node in the group that is located nearest 15 the node
itself except the node itself. Furthermore, in the anycast address, in the
case Where the nearest node cannot be used for soma reason, such as for
reasons of security or a contract , a neighbor node that takes the place of
the nearest: node cannot be detected. In other words ) a neighbor node
cannot be detected 20 according to the situation in some cases. On the
other hand, in the method in which a mobile node causes an access router to
notify a neighbor mobility management node) the neighbor mobility
management node la previously set in the access router in order to cause
the access router to notify 



Z5 the neighbor mobility management node. Therefore, the method has the
following problems. A fixed relation is formed between the access router
and the mobility management node by the setting. In the ease where there
has been a change of situation, such as addition) deletion ox a failure, of
a mobility management node, 30 it is necessary to alter the fitted relation
in order to make it possible to suitably detect a neighbor mode. In other
words, it is necessary to alter the setting in all neighbor access routers
. 1n addition, if there is an access router for which amobility management
node has not been set , then a mobile node connected 35 to the access
router cannot detest a mobility management node. 2   Even in the case where
a large number of mobile nodes are connected to an access router, a mobile
node can detect only the sat mobility management node. Therefore. the
mobility management node is congested. Even if congestion occurs, the
mobile node cannot 5 detect other mobility management nodes. BRIEF SUMMARY
OF THE INVENTION An object of the present invention is to provide a node
search method, node, a mobile coumnication system, and a computer to
program product whereby a service nods for providing a service to a mobile
node and the mobile node can search for the service node autonomously and
easily according to the circumstances. A node search method according to
the present invention is a node search method for searching for a service
node for 15 providing a service to a mobile node, in a mobile communisation
system including a plurality of service nodes and the mobile node, each of
the service nodes and the mobile node having a node storage unit aonfigured
to store addresses of service nodes. The node search method comprises
transmitting a node search packet for 2D searching for the service nods
from a nods, which searches for the service node (hereafter referred to as
search node) to an address stored in the node storage unit of the search
node, returning a node notice packet from at least one of a service node,
which has received the node search packet (hereafter 25 referred to as
search packet reception node ) , and a service node other than the search
packet reception node (hereafter referred to as peripheral node)) to the
search node in response to the node search packet, detecting the service
node on a basis of a returned node notice packet by the search node, and
updating the 30 node storage unit of the search node on a basis of a
detected service node by the search node) The peripheral node is a service
node other than the search packet reception node. Therefore, all service
nodes other than the search packet reception node included in the mobile 



35 communication system can become peripheral nodes. According to 3    such
a node search method, the search node, which wants to search for a service
node, oan autoriomously search for a service node by transmitting a node
search packet. By simply transmitting a node search packet, the search node
can receive a node notice 5 packet from the search packet reception node or
the peripheral node in response to the node search packet. Further, the
search nods can detect a service node on the basis of the node notice
packet. Therefore, the search node can easily detect other service nodes
included in the mobile communication system. 10 In addition, the search
node can receive a node notice packet , which meets the situation at the
time of transmission of the node search packet . Therefore . the search
node can detect a service node) which meets the situation at that time. The
search node updates the node storage unit on the basis of the detected
service 15 node. Therefore, the search node can dynamically hold nodes,
which meets the situation at that time. A node according to the present
invention comprises a node storage unit configured to store addresses of
service nodes, a search packet creation unit configured to create a node
search 20 packet to be transmitted to an address stored in the node storage
unit. in order to search for the service node, a communication unit
configured to communicate, transmit the node search packet created by the
search packet creation unit , and receive a node notice packet returned
from at least one of the search packet 25 reception node and the peripheral
node in response to a transmitted node search packet, a detection unit
configured to detect the service node on a basis of the node notice packet
received by the communication unit, and an update unit configured to update
the node storage unit on a basis of the service node detected 30 by the
detection unit. According to the node of the present invention, the search
packet creation unit creates a node search packet to be transmitted to an
address stored in the node storage unit. The communication unit transmi,ta
the node search packet and receives a node notice 35 packet in xesponse to
the node search packet . The detection unit    detects the service node on
the basis of the node notice packet . Therefore, the node can autonomously
search for the service node. The node can receive a node notice packet from
the search packet reception node or the peripheral. node. Further, the node
can 5 detect the service node on the basis of the node notice packet .
Therefore, the node can easily detect service nodes included in the mobile
communication system. In addition, the node can receive a node notice
packet, which meets the situation at the time of transmission of the node
10 search packet. Therefore, the node can detect the service node, which
meats the situation at that time. The update unit updates the node storage
unit on the basis of the detected service node. Therefore, the node can
dynamically hold service nodes, which meets the situation at that time. 15
A mobile communication system according to the present invention comprises
the search node configured to search for the service node by transmitting a
node search packet in order to search for the service nods, the search
packet reception node configured to receive the node search packet
transmitted from 20 the search node, arid the peripheral node, wherein the
search node comprises a node storage unit configured to store addresses of
service nodes, a search packet creation unit configured to create a node
search packet to be transmitted to an address stored in the node storage
unit, a communication unit configured to 25 communicate, transmit the node
search packet created by the search packet creation unit, and receive a
node notice packet returned from at least one of the search packet
reception node and the peripheral node in response to a transmitted node
search packet a detection unit configured to detect the service node on a
basis 30 of the node notice packet received by the communication unit, and
an update unit configured to update the node storage unit on a basis of the
service node detected by the detection unit . 



A computer program product according to the present invention is a computer
program product for causing a computer 35 to function 8s a node. The
computer program product Comprises 5   a first computer program code for
causing the computer to store addresses of service nodes, a second computer
program code for pausing the computer to create a node search packet to be
transmitted to a stored address , in order to search for the service 5
node, a third computer program code for causing the computer to
communicate, transmit the node search packet created, and receive a nods
notice packet returned from at least one of the search packet reception
node and the peripheral node in response to a transmitted node search
packet, a fourth computer program code 10 for causing the computer to
detect the service node on a basis of the node notice packet received) and
a fifth computer program code for causing the Computer to update the
addresses on a basis of a detected service node. 1, 5 BRIEF DESCRIPTION OF
THE SEVERAL VIEWS OF THE DRAWINGS Fig. I is a diagram showing a
configuration of a mobile communication system according to a first
embodiment of the present invention; Fig. 2 is a block diagram showing a
configuration of a MAP 20 according to a first embodiment of the present
invention; Fig. 3 ,is a diagram showing a neighbor MAP table and a second
table in a MAP(k) according to a first embodiment of the present invention;
Fig. 4 is a block diagram showing a configuration of a MN 25 according to a
first embodiment of the present invention; Fig. 5 is a diagram showing a
neighbor MAP table and a second table in a MN(a) according to a first
embodiment of the present invention; Fig. 6 is a diagram showing a search
for a MAP conducted ~0 by another MAP according to a first embodiment of
the present invention: Fig. 7 is a diagram showing a MAP search packet
according to a first embodiment of the present invention; Figs. 8A and 8H
are diagrams showing a MAP notice request 35 packet according to a first
embodiment of the present invention; 6 



r Figs 9A and 9H are diagrams showing MAP notice packets according to a
first embodiment of the present invention; Fig. 10 ire a diagram showing a
neighbor MAP table and a second table of a MAP(k) when receiving a MAP
notice packet from 5 aMAP ( i) , according to a first embodiment of the
present invention; Fig. 11 is a diagram showing a neighbor MAP table and a
second table of a MAP(k) when receiving a MAP notice packet from a MAP ( ~
) , according to a first embodiment of the present invention; Fig. 12 is a
diagram showing a neighbor MAP registration 10 request packet according to
a first embodiment of the present invention: Fig. 13 is a diagram showing a
neighbor MAP table and a second table of a MAP ( f ) according to a f fret
embodiment of the present invention: 15 Fig. 14 is a diagram showing a
neighbor MAP registration acknowledgement packet according to a first
embodiment of the present invention; Fig. 15 is a diagram showing a mobiles
communication system at the time when a MAP(o) is newly arranged) according
to a first 20 embodiment of the present invention; Fig. 16 is a diagram
showing how a MAP(o) searches for a more neighboring MAP, according to a
first embodiment of the present invention: Fig. 17 is a diagram showing the
state after a registration 25 request issued by a MAP(v)) according to a
first embodiment of the present invention; Fig. 18 is a diagram showing a
mobile communication system of ter arrangement of a MAP ( o ) , according
to a first embodiment of the present invention; 30 Fig. 19 iss a diagram
showing a search for a MAP Conducted by a MN, according to a first
embodiment of the present invention; Fig. 20 is a diagram showing a
neighbor MAP table and a second table of a MAP(k) according to a first
embodiment of the present invention; 35 Fig. 21 is a diagram showing a
neighbor MAP table and a 7    second table in a MN acccording to a second
embodiment of the present 



invention; Fig. 22 is a diagram showing a search for a MAP conducted by
another MAP, according to a second embodiment of the present 5 invention;
Fig. 23 is a diagram showing a MAP search packet according to a second
embodiment of the present invention; Figs. 24A and 24H are diagrams showing
encapsulated MAP notice Rackets according to a second embodiment of the
present 10 invention: Fig. 25 is a diagram showing a MAP notice packet
transmitted by a MAP(i), according to a second embodiment of the present
invention; Fig. 26 is a diagram showing a neighbor MAP table and a 15
second table of a MAP(k) when receiving a MAP notice packet from a MAP(i),
according to a second embodiment of the present invention: Fig. 27 is a
diagram showing a MAP notice packet transmitted by et MAP(j), according to
a second embodiment of the present 20 invention: Fig. 28 is a diagram
showing a search for a MAP conducted by a MN, according to a second
embodiment of the present invention; Fig. 29 is a block diagram showing a
configuration of a MAP according to a variation of the present invention;
and 25 Fig. 30 is a block diagram showing a configuration of a MN according
to a variation of the present invention. DETAILED DESCRIPTION OF THE
INVENTION [First Embodiment] 3Q Mobile Communication System (General
Configuration of Mobile Communication System) The mobile communication
system uses a mobility management scheme called HMIP ( Hierarchical Mobile
IPv6 ) . The HMIP has been obtained by expanding Mobile IPv6. The HMIP is a
mobility 35 management scheme for transferring a packet transmitted toward
8   a home address of a mobile node (hereafter referred to as MN) to the MN
via nodes called home agent (hereafter referred to as HA) and mobility
anchor point (hereafter referred to as MAP). As shown in Fig . 1, the
mobile communication system compr~,se a 5 a plurality of nodes, such as
MAP(a) la to MAP(n) 1n) MN(a) 2a, and MN(b) 2b. A plurality of nodes MAP(a)
1a to MAP(n) In form a group . MAP ( a ) la to MAP ( n ) 1n each grasp a
MAP located in its own neighborhood (hereafter referred to as neighbor MAP)
by searching f or another MAPS . The MAP ( a ) 7.a to MAP ( n ) in accept
10 registration of the home address and care of address from the MN(a) 2a
and MN(b) 2b. Further, the MAP(a) la toMAP(n) ln receive packets
transmitted toward home addressee of the MN(a) 2a and MN(b) 2b) via the HA,
and conduct buffering of the packets and transfer of the packets to the
acre of address . M,AP ( a ) la to MAP ( n ) 



15 In are service nodes for providing a service to MN ( a) 2a and MN ( b )
. This service by MAP ( a) 1a to MAP ( n ) 1n is a mobility management .
The MN( a) 2a and MN(b) 2b search for MAPs, and grasp neighbor MAPa. MN(a)
2a and MN(b) 2b each select a neighbor MAP to be used, and register the
home address and care of address in the 20 neighbor MAP. Furthermore,
theMN(a) 2aandMN(b) 2 beechregister the home address and an address of the
neighbor MAP to be used, in the HA . There are a plurality of nodes MAP(a)
la to MAP(ri) ln, MN(a) 2a, and MN(b) 2b. In the ensuing description,
therefore, an 25 alphabetic i,etter in parentheses is used as a MAP symbol
or a MN symbol for discriminating aMAP or aMN. information concerning a
node, such as a MAP or a MN) ie hereafter referred to as node information.
In the node information, there is information concerning the node itself
(hereafter referred to ae own-node 30 information) and information
eonaerning the relation between the node and another node (hereafter
referred to as intsr-node information) . rn the own-node information) there
is i.riformati.on concerning the characteristics and state of the node
itself , such as the processing capability of the node, tra~fxc voJ.ume in
the 35 node, the number of nodes using the node, transmiss~.on power value
9   of the node, and reliability of the node. In the inter-node
information, there is information concerning the delay value, the number of
hops and the coat in packet transmission between the node and another node,
and information concerning the lank 5 capacity and propagation path. There
are various criteria for making a decision as to whether the distance
between nodes is short. Therefore, the neighbor MAP means a nearby MAP but
it differs depending upon the decision criterion. For example, there are
various decision 10 criteria as to whether the distance between nodes is
short , such as a shorter delay value in packet transmission between nodes,
a smaller number of hops bettyen nodes ) a lower cost in packet
transmission between nodes, a larger link capacity between nodes a better
propagation path between nodes, a larger processing 15 capability of the
node, a smaller traffic volume in the nude, a smaller number of nodes using
the node, and a lower transmission power of the node, a11 of which indicate
a shorter distance. Ae for the decision criterion, a plurality of decision
criterion parameters may also be combined. As the decision criterion, a 20
suitable criterion can be used for each node. Furthermore) as to the
decision criterion as to whether the distance is short, various decision
oriteria can be used depending upon the routing protocol adopted by the
mobile communication system. Since there are various decision criteria as
to whether 25 the distance between nodes is shoat, there are various kinds
of information required for the decision as to whether the distance between
nodes is short (hereafter referred to as remoteness/nearness decision
information). For example, in the remotaness/nenrness decision information,
there era the delay 30 value in packet transmission between nodes , the
number of hops between nodes, the cost in packet transmission between
nodes, the link capacity between nodes, the propagation path information
between nodes) the node procsssing capability, tha traffiavolume, the
number of nodes using the node, the node transmission power. 35 and the
reliability. In the present embodiment, a decision 10 



criterion "a shorter delay value in paoket transmission between nodes
indicates a shorter distance" is used as the decision criterion for
determining whether the distance between nodes is short. Furthermore, ae
for the remoteness/nearness decision 5 information, the delay value in
packet transmission between nodes is used. (Configuration of MAp) MAP ( a )
la to MAP ( n ) in eaoh have a configuration sim~.lar 10 to that of MAP 1
shown in Fig. 2. As shown in Fig. Z, the MAP 1 comprises an application
unit 11, a TCP/UDP (Transmission Control Protocol/ User Data gram protocol)
unit 12) an TP layer unit 13, a mobility management unit 14, an NMDP
(Neighbor MAP Discovery Protocol) unit 15, a neighbor MAP table 16, s
second 15 table 17, a link layer unit 18, and an interface 19. The
application unit 11 has various applications installed therein. The
application unit il ie connected to the TCP/UDP unit 12. The application
unit 11 suppiis data to the TCP/UDP unit 12, and acquires data from the
TCP/UDP unit 12. The TCP/UDP 20 unit 12 conducts control of the TCP/UDP
level. The TCP/UDP unit 12 is connected to the application unit 11 and the
IP layer unit 13 . The TCP/UDP unit 12 adds a TCP/UDP header to the data
acquixed from the application unit il, and supplies resui.tant data to the
IP layer unit 13. The TCP/UDP unit 12 removes a TCP/UCP header 25 from data
acquired from the IP layer unit 13, and supplies resultant data to a
suitable application in the application unit 11. The IP layer un~,t 13
conducts control of the IP level. The IP layer unit 13 is connecte4 to the
TCP/UDP unit 12, the mobility management unit 14, and the NMDP unit 15. Tha
IP layer unit 13 30 adds an IP header to the data with the TCP/UDP header
added thereto acquired from the TCP/UDP unit 12, arid supplies resultant
data to the link layer unit 18. The IP layer unit 13 removes ari IP header
from the data aoquired from the link layer unit 18, and supplies resultant
data to the TCp/UDP unit lz) 35 Ifi the IP layer unit 7.3 has acquired a
packet for mobility 11   management, such as a packet for ret~uesting
reg~.stration of a home address and a care of address, which is~ called
Binding Update Packet) from MN to MAP, or a packet directed to a home
address of a MN, from the link layer unit 18, then the IP layer unit 13 5
supplies the packet to the mobility management unit 14. Furthermore, the IP
layer unit 13 acquires a packet for mobility management, such as a response
to the home address and care of address registration request, which is
called binding update ACK packet, from MAP to MN, or a packet directed to a
care of address 20 of a MN, from the mobility management unit 14, and
supplies the packet to the link layer unit 18. If the IP layer unit 13 has
acquired a packet concerning a search for a MAP from the link layer unit
18, then the IP layer unit 13 supplies it to the NMDP unit 15. Furthermore,
the IP 15 layer unit 13 acquires a packet concerning a search for a MAP
from the NMDp unit 15, and supplies it to the link layer unit 18. As
packets concerning a search for a MAP, there are a MAP search packet for
searching for a MAP, a MAP notice packet returned in response to a MAP
search packet, a MAP notice request packet 20 for requesting return of a
MAP notice packet, a neighbor MAP registration request packet for
requesting registration in another MAP, and a neighbor MAP registration
acknowledgement packet returned in response tv a neighbor MAP registration
request packet. Indidentally, the MAP search packet corresponds to a 25
node search packet in claims . The MAP notive packet corresponds to a node
notice packet in claims . The MAP notice request packt Corresponds to a
node notice request packet in claims. The neighbor MAP registration request
packet corresponds to a node registration request packet in claims. 30 The
mobility management unit 14 conducts mobility management. In other words,
the mobility management unit 14 conducts processing concerning mobility
management conducted by the MAP 1 in the IiMIP scheme. The mobility
management unit i4 is connected to the IP layer unit 13 . Specif ioally,
the mobility 



35 management unit 14 conducts creation and processing of packets ~z
required for the mobility management. For example, the mobility management
unit 14 acquires a home address and a care of address of a MN from the
binding update packet directed from a MN to a MAP acquitd from the ZP layer
unit 13. The mobility management 5 unit 14 conducts binding control for
controlling the acquired home address and pare of address of the MN in
association with each other. The mobility management unit 14 creates a
binding update ACK packet from a MAP to a N~1 in response to the binding
update packet, and supplies it to the IP layer unit 13. In addition, 10 the
mob311ty management unit 14 conducts decapsulation or encapsulation of a
packet directed to a MN. For ex~unpla, the mobility management unit 14
encapsulates a packet directed to the home address of the MN and acquired
from the IP layer unit 13, by using a care of address corresponding to the
home address, 15 and supplies the encapsulated packet to the IP layer unit
13. The NMDP unit 15 conducts control on the search for a MAP . zn other
words, the NMDP unit 15 conducts processing concerning the search for a MAP
performed by the MAP 1. The NMDP unit 15 is connected to the IP layer unit
13, the neighbor MAP table 16, 20 and the second table 17. Specifically,
the NMDP unit 15 conducts a processing and a creation of a packet
concerning the search for a MAP. For example, from the MAP search packet,
MAP notice packet. MAP notice request packet, neighbor MAP registration
request packet, and neighbor MAP registration acknowledgement 25 packet
acquired from the IP layer unit 13, the NMDP unit 15 acquires information
included in these packets. The NMDP unit 15 creates a MAP search packet ( a
MAP notice packet ) a MAP notice request packet , a neighbor MAP
registration request packet, and a neighbor MAp registration
acknowledgement 30 packet by accessing the neighbor MAP table 16 and the
second table 17, and supplies them to the IP layer unit 13. In other words,
the NMDP unit 15 functions as a search packet creation unit configured to
create a node search packet , a notice packet creation unit configured to
create a node notice packet, a request packet 35 creation unit configured
to create a node notice request packet, 13   a request packet creation unit
configured to create a node registration request packet, and an
acknowledgement packet creation unit configured to create a node
registration acknowledgement packet. 5 In addition, the NMDP unit 15
conducts MAP detection, determination of inter-node information between the
MAP and another MAP, and update of the neighbor MAP table 16 and the second
table 17 vn the basis of information acquired from a packet concerning a
search for aMAP , or information stored in the neighbor l0 MAP table 16 and
the second table 17. In other words, the NMDP unit 15 functions as a
detection un~.t Configured to detect the service node, a determination unit
configured to determine inter-node information between the node and another
node, and an update unit configured to update the neighbor MAP table 16 15
and the second table 17. The neighbor MAP table 16 is a node storage unit
configured 



to store addresses of service nodes. As a general rule, the neighbor MAP
table 16 stores information concerning a plurality of neighbor MAPS. The
neighbor MAP table 16 stores the lifetime 20 of information concerning the
neighbor MAPs as well . The neighbor MAP table 16 is connected to the
IV~I~P unit 15. 8y taking a neighbor MAP table 16k of a MAP(k) lk shown in
Fig. 1 as an example, the neighbor MAP table 16 Will now be deaoribad. As
shown ix~ Fig. 3, the neighbor MAP table 16k holds 25 information
concerning a predetermined fixes! number of neighbor MAPs (hereafter
referred to as maximum number of node entries ) . In the neighbor MAP table
16 , the maximum number of node entries is set to "5 . " Hy thus setting
the maximum number of node entxies , pressure on the storage capacity in
the MAP 1 can be prevented. 30 zn the neighbor MAP table 16k ) the MAF ( k
) 1k itself is also included as a neighbor MAP. As a result) it is not
necasaary to oonBuct exception processing for removing the MAP(k) 1k
itself) whicri has the neighbor MAP table 16k) from the neighbor MAP table
16k, resulting in convenience. In order to prevent pressure on the 35
storage capacity in the MAP 1) however, it is also possible to 14   conduct
setting so as not to register the MAP(k) ik itself, which has the neighbor
MAP table 16k, in the neighbor MAP table 16k. With respect to each neighbor
MAP, the neighbor MAP table 1fik stores an IP address, a delay value (in
msec.)) processing 5 capability, a lifetime (in sec.), a sequence number 1,
forced registration lifetime (in sec.), and a aequer~Ce number 2. In Fig.
3, a MAP symbol is used as the IP address in order to simplify the
description. Hereafter, the IP address is represented by using a MAP symbol
and a MN symbol. 10 As the delay value, a one-way transmission delay value
between the MAP(k) 1k itself having the neighbor MAp table 16k and each
neighbor MAP is used. Zn this way, the neighbor MAP table 16k stores the
delay value, which is inter-node information andwhi,ch can be used as
remotenes s /nearness decision information . Z5 As a general rule, the
neighbor MAP table 16k stores information concerning neighbor MAPS
according to a criterion "five neighbor MAPS having sho~ctest delay values
are stored in the order of increasing delay value. " Thu, owing to the
neighbor MAP table 16k, which stores ZP addresses and node information of
MAPs 20 e.ccording to the predetermined criterion, the MAP can easily
conduct the work of controlling, updating and using the stored information.
The processing capability is the processing capab~.lity of each neighbor
MAP as a MAP . Zn this way, the neighbor MAP table 25 16k stores the
processing Capability) which is own-node information representing the
ahar8ateristia of the MAP itself . The processing capability is represented
by the height of processing Capability divided into four steps, highest
(represented by "00"), high (represented by "01"), medium 30 ( represented
by ' 10" ) , and low ( represented by "1l" ) . The height of the processing
capability of the MAP is judged on the basis of the processing speed in the
MAP, the number of MNs using the MAP, and hardware specifications such as
the storage capacity and the CPU speed of the MAP. 35 The lifetime is the
lifetime of information concerning each 15   



neighbor MAP in th neighbor MAP table 16k. The lifetime is decremented by'
the NMDP unit 15 every second. If the lifetime arrives at 0 (sec.), then as
a general rule the information concerning the neighbor MAP is erased from
the neighbor MAP table 5 16k by the NMDP unit 15. The forced registration
lifetime is the lifetime for which information concerning each neighbor MAP
oan be farcibly registered in the neighborMAptablel6k. Therefore, the
neighbor MAP table 16k continues to store information Concerning neighbor
10 MAPs that are not 0 (sec.) in forced registration lifetime irrespective
of the delay value and the lifetime . In other words , information
concerning neighbor MAPs that are not 0 (sec.) in forced registration
lifetime ie not erased exoeptivnally by the NMDP unit 15 even if the
lifetime becomes 0 (sec. ) or the delay 15 value becomes large.
Incidentally, the forced registration lifetime ~.s also dearemented by the
NMDP unit 15 every second. After the forced registration lifetime has
arrived at 0 (sec. ) , the information Concerning the neighbor MAP is not
handled exceptionally. The forced registration lifetime is set to 0 20
(sea.) in initialization. The sequence number 1 is a sequence number of a
MAP notice packet that serves as a reference for updating the delay value,
processing capabi~.ity, and lifietime Concerning each neighbor MAP. The
sequence number 2 is a sequence number of a neighbor MAP 25 registration
request packet that serves as a reference for updating the forced
registration lifetime concerning each neighbor MAP. The second table 17 is
a storage unit configured to store own-node information. Specifically, the
second table 17 stores 30 the own-node ~.nformation concerning the MAP 1
itself, and information required for the MAP 1 to effeot a search for a MAP
or update the neighbor MAP table 16. The second table 17 ie connected to
the NMDP unit 15. 8y taking the second table 17k of the MAP(k) lk shown in
35 ~'ig. 1 as an example, the second table 17 will noW be described. lb
As shown in Fig. 3) the second table 17k stox'es a sequence number 3 , an
initial lifetime ( in sec . ) , a search lifetime ( in sea . ) a sequence
number 4, a forced segiatration initial lifetime (in sec. ) , time of a
forced registration request transmission timer 5 (in sec. ) , prooessirig
capability, time in a timer (in sea. ) , and a smoothing factor a . The
sequence number 3 is a sequence number of a MAP search packet last
transmitted by the MAP(k) 1k. The sequence number 3 is incremented bx the
NMDP unit 15 when creating a MAP search 10 packet. The initial. lifetime is
a lifetime that is set when updating the lifetime in the neighbor MAP table
16k. The search lifetime is time that becomes a reference for starting the
search for a MAP. If the lifetime of the neighbor MAP table 16k arrives at
the search lifetime in the second table 17k, then a search 15 for a
neighbor MAP is started by the NMDP unit 15. The sequence number 4 is a
sequence number of a neighbor MAP registration request packet last
transmitted by the MAP(k) lk. The sequence number 4 is incremented by the
NMDP unit 15 when creating a neighbor MAP registration request packet. The
ZO forced regi9tration initial lifetime is an initial value of the forced
registration lifetime forcibly registered in neighbor MAP tables Z6 in
another MAP. The time of the forced registration request transmission timer
is time that serves as a reference for starting a request for registration
in another MAP. The time 



25 of the forced registration request transmission timer is decremented by
the NMDP unit 15 every second. If the time o~ the forced registration
request transmission timer has arrived at 0, then a request for
registration in another MAp is started by the NMDP unit 15. 30 The
processing capability is the processing capability of the MAP(k) J.k itself
serving as a MAP. In the same way as the neighbor MAP table 16k, the
processing capability ie indicated by fihe height of the Drocessing
capability divided into four steps . The time of the timer is time of a
timer used by the MAP(k) 1k 35 to measure a delay value. Tn order to
improve the precision of 17   delay value measurement, it is desirable that
the time of the timer is updated by the NMDB unit 15 by taking a msec. as
the unit. The smoothing factor a is used to smooth a measured delay value
and previous delay value when determining a delay value. 5 As for the
smoothing factor c~ ( an arbitrary value in the range of 0 to 1 can be set
. The smoothing factor a for the MAP ( a ) la to MAP(n) 1n is set to 0.5.
Referring back to Fig. 2, the link layer unit 18 conducts control of the
data link level . The link layer unit 18 is connected 10 to the IP layer
unit 13 and the interface 19. The link layer unit 18 adds a header o~ data
link level to data having an IP header acquired from tha IP layer unit 13,
and supplies resultant data to the interface 19. The link layer unit 18
removes a header of data link level from data 4cquired from the intrface
19, and 15 supplies resultant data to the IP layer unit 13. The interface
19 ~.s a communication unit configured to communicate with another node.
The interface 19 communicates with another MAP, a MN or the HA.
Specifically, the interface 19 transmits a packet concerning mobility
management acquired 20 from the link layer unit 1,8, a packet directed to a
MN, and a packt concerning a search for a MAP, to another MAP or the MN.
Furthermore, the interface ~.9 receives a packet concerning mobility
management, a packet directed to a t~l, and a packet concerning a search
for a MAP, from another MAP, a MN or the HA. 25 The interface 19 supplies
the received packet to the link layer unit 18. (Configuration of MN) MN(a)
2a and MN(b) 2b each have a configuration similar 30 to that of MN 2 shown
in Fig. 4. As shown in Fig. 9~) the MN 2 comprises an application unit 21,
a TCP/UDP unit 22, an IP layer unit 23 , a mobility management unit 24 , an
NMDP unit 25, a neighbor' MAP table 26) a second table 27, a link layer
unit 28, an interface 29, and a MAP selection policy holding unit 30. 35
The application unit 21 is connected to the MAP selection 18   policy
holding unit 30. The application unit 21 conducts the setting of a MAP
selection policy. The MAP selection policy is a selection criterion for
selecting a MAP to be used by the MN 2. The application unit 21 sets the
MAF selection policy so that 5 a MAP that can be most suitably used blr the
MN 2 may be selected. The MAP selection policy can be set freely according
to the application and situation. For example, the MAP selection policy can
be determined with respect to paxameters of the MAP, such as the
reliability, 10 prosasing capability, traffic volume, the number of nodes
using the node, transmission power value, a degree of the
rernotenesa/nearness (where the decision criterion for the degree of the
remote/nearness differs depending upon the remoteneas/nearness decision
criterion), a delay value in packet 15 transmission between the MAP and the
MN 2) the number of hops between the MAP and the MN 2, the post in packet
transmission between the MAP and the MN 2, a link capacity between the MAP
and the MN 2, and propagation path information between the MAP and the MN
2. The MAP selection policy can also be determined 20 with respect to a
single p~rarneter. The MA,P selection policy can also be determined by
combining a plurality of parameters. The degrees of these parameters can be
detexmined freely. The application unit 21 stores the determined MAP
selection policy in the MAP selection policy holding unit 30 and sate ~.t .
25 If the application unit 21 has newly determined a MAP selection policy,
then the application unit 21 updates the MAP selection policy stored in the
MAP selection policy holding unit 30 , and re-sets it . The MAP selection
policy may be set by the user or the system designer. Except for setting
the MAP selection policy, 30 the application unit 21 is substantially the
same as the application unit 11 in the MAP 2 shown in Fig. 2. 



The MAP selection policy holding unit 30 is a selection criterion holding
unit configured to hold a selection criterion fox selecting a service node
to be used by a MN. The MAP selection 35 pvliay holding unit 30 holds a MAP
selection policy that serves 19   as a selection criterion for selecting a
MAP to be used by the MN 2. The MAP selection policy holding unit 30 i.s
connected to the application unit 21 and the NMDP unit 25. The MAP
selection policy holding unit 30 hods a MAP selection policy set by the 5
application unit 21. Incidentally, the MAP selection policy holding unit 30
may previously hold a MAP selection policy set by the user or the system
designer. The MAP selection policy holding unit 30 of MN(a) 2a and MN(b) 2b
each hold a MAP selection policy represented as a MAP 10 located nearest
and included in MAPs hav~.ng high processing capability of at least "01  .
" In the present embodiment , a decision criterion represented se "a
sma~.ler delay value in packet transmission between nodes indicates a
shorter distance. Therefore, a node located nearost" means "a node having a
minimum 15 delay value in packet transmission between nodes." The TCP/UDP
unit 22 is substantially the same as the TCP/UDP unit ~2. The IP layer unit
23 acquires a packet for mobility management ) such as a binding update ACR
packEt from MAP to MN, and a respone to a registration request for the home
address 20 and an address of a neighbor MAP to be used, which is aalied
binding update ACK packet, from FtA to MN, or a packet directed to a care
of address of the MN, from the link layer unit 28, and supplies the packet
to the mobility management unit 24 . The IP layer unit 23 acquires a packet
for mobility management, such as a binding 25 update packet from MN to MAP,
and a packet for reguesting registration of a home address and an address
of a neighbor MAP to be used, which is called binding update packet, from
MN to HA, or a packet directed to the MN, from the mobi~.ity management
unit 24, and supplies the packet to the link layer unit 28. 30 The IP layer
unit 23 acquires a packt concerning a search for a MAP, such as a MAP
notice packet, from the link layer unit 28) and supplies the packet to the
MNDP unit 25. The IP layer unit 23 acquires a packet concerning a search
for a MAP, such as a MAP search packet ) from the NMDP unit 25, and
supplies the 35 packet to the link layer unit 28. Except for these points,
the 20   IP layer unit 23 is substantially the same as the IP layer unit 13
in the MAP 2 shown in Fig. 2. The mobility management unit 24 conducts
mobility management, tn other words, the mobility management unit 24 5
coriduets processing concerning mobl,lity management conducted by the MN 2
in the HI~iTP scheme, The mobility management unit 24 is connected to the
IP layer unit 23 and the N1~P unit 25. Specifieaily,the mobility management
unit 24conductsprocessing and creation of packets required for the mobility
management. 10 For example, the mobility management unit24 recognizes
completion of registration of the home addres and care of address in a MAP
on the basis of a binding update ACK packet sent from a MAP or the HA and
acquired from the IP layer unit 23. The mobility management unit 24 creates
a binding update 15 packet to be supplied to a MAP or the HA, and supplies
it to the IP layer unit 23 . First, the mobility management unit 24
receives a notice of an address of a neighbor MAP that is the most suitable
for use fxom the NMDP unit 25. And the mobility management unit 24 creates
a binding update packet for registering the home address 20 and care of
address in the neighbor MAP notif:i.ad by the NMDP unit 25. The mobility
management unit 24 creates a binding update packet for registering the home
address and an address of a neighbor MAP notified by the NMDP unit 25 in
the HA. In addition, the mobility management unit 24 conducts decapsulativn
or 25 encapsulation on a gacket directed to a MN. ~'or e~campla, the
mobility management unit 24 decapauZates a packet directed to the care of
address of the MN 2 and acquired from the IP layer unit 23, arid supplies
the decapulated packet tv the IP layer unit 23. 30 The NMDP unit 25
conducts control on the search for a MAP. In other words, the NMDP unit 25
conducts processing concerning the search for a MAP performed by the MN 2.
The NMDP unit 25 is connected to the IP layer unit 23, the mobility
management unit 24, the neighbor MAP table 26, the second table 27, and the
35 MAP selection policy holding unit 30. 21   Specifically, the NMDP unit
25 conducts processing and creation of a packet concerning the search for
aMAP. For example, from the MAP notice packet acquired from the IP layer
unit 23, the NMDP unit 25 acquires information included in the packet. 5
The NI~DP unit 25 creates a MAP search packet by accessing the neighbor MAP
table 26 and the second table 27. Further, the NMDP unit 25 supplies the
created MAP search packet to the IP layer unit 23. in other words, the NMDP
unit 25 functions as a search packet creation unit. 



10 The NMDP unit 25 conducts MAP detection, determination of inter-node
info~rrnation between the MN 2 and the MAP, and update of the neighbor MAP
table 26 and the second table 27 on the basis of information acquired from
a packet concerning a seaxch for a MAP, or information stored in the
neighbor MAP table 26 and 15 the second table 27 . In other words , the
NMDP unit 25 functions as a detection unit configured to detect the service
node, a determination unit configured to determine inter-node informati.ori
between the MAP and the MN 2, and an update unit configured to update the
neighbor I~Ap table~26 and the second 20 table 27. In addition, the NMDP
unit 25 also functions as a selection unit configured to select a service
node to be used. The NMDP unit 25 selects a MAP that is the optimum for the
use of the NM Z. The NMDP unit 25 accesses the neighbor MAP table 26 s.nd
selECts 25 an optimum neighbor MAP on the basis of the MAP selection
po~.icy held in the MAP selection policy holding unit 30. In other words,
the NMDP unit 25 selects an optimum neighbor MAP by collating the MAP
selection policy held in the MAP selection policy holding unit 30 with the
information stored iri the neighbor MAP table 30 26. The NMDP unit 25
notifies the mobility management unit 24 of an address of the selected
neighbor MAP, The neighbor MAP table 26 is a node storage unit configured
to store node addresses of service nodes. The neighbor MAP table 26 stores
information concerning a plurality of neighbor MAPs. 35 The neighbor MAP
table 26 stores the lifetime of information 22   concerning the neighbor
MAPs as well. The ne~.ghbor MAP table 26 is connected to the NMDP unit 25.
Hy taking a neighbor MAP table 26a of the MN ( a ) 2a shown in Fig. 1 as an
ex~ple, the neighbor MAP table 26 will now be 5 described. As shown in Fig.
5, the neighbor MAP table 26a stores information conaerr~ing neighbor MAPs
corresponding to the maximum number of node entries . In the neighbor MAP
table 26, the maximum number of node entries is sat to "5 . " Hy thus
setting the maximum number of node entries ) pressure on the storage
capacity is the to MN 2 can be prevented. With respect to es.ch neighbor
MAP, the neighbor MAP table 26a stores an IP address, a delay value (in
msec.), processing capability, a lifetime (in sec.), end a sequence number
1. As the delay value, a one-Way transmission delay value between the 15
MN(a) 2a and each neighbor MAp is used. In this way, the neighbor MAP table
26a stores the delay value, which is inter-nods information and which can
be used as remoteness/nearnesa decision information. As a general rule, the
neighbor MAP table 26a stores information concerning neighbor MAPS
according to a criterion 20 "five neighbor MAPs having shortest delay
values are stored in the order of increasing delay value . " Thus ( owing
to the neighbor MAP table 26a, which stores IP ad9resses and node
information of MAPS according to the predetermined criterion, the MN can
easily conduct the work of controlling, updating and using the stored 25
information. The processing capability, lifetime, and the sequence number 1
are substantially the same as those in the neighbor MAP table 16k of the
MAp(k) ik shown in Fig. 3. If the lifetime in the neighbor MAP table 26a of
the MN arrives at 0 sec. ) , however, 30 then information concerning the
neighbor MAp is erased from the neighbor MAP table 26a without exception by
the NMDp unit 25) The second table 27 is a storage unit aon~igured to store
information required for the MN 2 to affect a search for a i~Ap and update
the neighbor MAP table Z6. The second table 27 is 35 connected to the NMDP
unit 25. By taking a second table 27a of 23   the MN(a) 2a shown in Fig. 1
as an example, the second table 27 will now be described. As shown in Fig.
5, the second table 27a stores a sequence number 3, an ,initial lifetime
(in sec. ), a search lifetime ( ~.n sec . ) , time in a timer ( in sea . )
, and a smoothing 5 factor p . The9e are sub8tantially the same as those in
the second table 17k of the MAP(k) lk shown in Fig. 3. xn the second table
27a in the ~T, however) the initial lifetime i set ao as to become shorter
as compared with the second table 17k i.n the MAP. Tt is desirable to also
sat the search 10 lifetime to a shorter value accordingly. As a result. the
MN 2 can ffeot a search for a MAP with high frequencies . Therefore, the MN
2 can update the information concerning the neighbor MAPS, which changes
according to the movement, with high frequencies. As a result) the MN 2 can
suitably grasp information concerning 15 the MAPs according to the
movement. In addition, it is desirable to set the smoothing factor Q of the
second table 27a in the 



MN so as to become smaller than the smoothing factor a of the eeCOnd table
17k in the MAP. As a result, the MN2 can suitably grasp the delay value
between the MN2 and a neighbor MAP, which 20 changes according to the
movement. The smoothing factor of the MN(a) 2a and MN(b) 2b is set to 0.
The MN 2 is not requested to conduct registration by a MAP. Therefore, the
neighbor MAP table 27a does riot have the fields of the forced registration
lifetime and the sequence number 2 25 of the neighbor MAP table 16k shown
in Fig. 3. The second table 27b does not have the fields of the seguence
number 4, the forced registration initial lifetime, and the time of the
forced registration request transmission timer of the second table 17k
shown ~.n Fig. 3. Since the MN 2 need not ~.nform a MAP or another 30 MN of
the processing capability of itself, the second table 27b does not have the
field of the processing capability. Referring back to Fig. 4, the link
layer unit Z8 is substantially the same as the link layer unit 18 of the
MAP 1 shown in Fig. 2. Tk~e interface 29 is a communication unit 35
configured to communicate With another node. The interface 29 24
communicates with a MAP or the HA. Except for this point, the ~,nterface 19
18 sub9~tantial,ly the same as the interface 19 of the MAP 1. 5 Method for
searching far node] A method for searching for a service node ( MAP ) in
the mobile communication system will now be described. (Search for MAP
effected by MAP) A search for a MAP effected by a MAP will now be described
10 wi th ref erenoe to Figa . 6 to 11 and Pig . 3 . In Fig . 6 , the MN ( a
) 2a andMN(b) 2b included ~.n the mobile communication system shown in
F~,g. 1 are omitted in the 11.1uetration. Zn Fig. 6, neighbor MAP tables
16a to 16n respectively of the MAP(a) la to MAP(a) 1 n are shown together
wi th the MAP ( a ) 1 a to MAP ( n ) 1n . For brevity 15 of description,
however, only IP addresses stored in the neighbor MAP tables lba to 16n,
and delay values between the MAp(a) 1a to MAP(n) In themselves respectively
having the na~.ghbor MAP 20 Z5 30 35 tables 16a to 16n and neighbor MAPs
are shown. As for the delay values, decimals are omitted. As shown in Fig.
6, the neighbor MAP tables 16a to 16n ars formed in the MAP ( a ) la to MAP
( n ) 11~, respsatively. A search for a MAP Will now be described by taking
the case where the neighbor MAP table 16k of the MAP(1t) lk is in a state
shown i.n Fig. 3, as an example. The search lifetime in the second table
1'7k is set to 60 ( sec . ) . The current lifetime for the MAP ( n ) In
registered in the neighbor MAP table 16k as a neighbor MAP is 61 (sea.) as
shown in Fig. 3. The lifetime is deoremented every second. One second
later, therefore, the lifetime for the MAP(n) In in the neighbor MAP table
16k ar=ive at 60 (saC.)) which ins the search lifetime, and the lifetime
coincides with the search lifetime. Thereupon, the MAP(k) 1k starts a
search for a MAP with respect to the MAP(n) in. 1. Transmission and
reception of ~1AP search packet, MAP notice 



request packet, and MAP notice packet 25   First, as shown in Fig. 6, the
MAP(k) lk transmits a MAP search packet to the MAP(n) in, and the MAP(n) in
receives it as represented by a solid line arrow in Fig. 6. In thls case,
therefore, the MAP ( k ) lk becomes a search node, and the MAP ( n ) 5 In
becomes a search paakat reception node. Spcifioal.ly, the NMDP unit 15 in
the MAP ( k ) ik creates a MAP search packet 3 shown in Fig. 7, and the
interface 19 transmits it. As shown in Fig. 7, the MAP search packet 3
ina~ludes an IPv6 header 31 and a destination option header 32. A version
10 for indicating the version of IP, a source address for indicating the
transmission source of the MAP search packet 3. and a destination address
for indicating the destination of the MAP search packet 3 axe stored in the
rPv6 header 31. Although only information relating to the present invention
will now be 15 described. various other kinds of information are also
stored in the IPv6 header. Tha destination option header 32 is one of the
extended headers in the option of the IPv6. A type for ,indicating the kind
of the packet, a sequence number for controlling tl~e MAP 20 search packet
3, search start time for indicating the time at which a search for a MAP is
started, and a delay value in packet transmission between the search node
and the search packet reception node are stored in the destination option
header 32. As de9cribed above, the type indicates the packet kind. 25 Hy
using the type, it is possible to indicate and determine whether a packet
ie a MAP search packet, a MAP notice request packet, a MAP notice packet, a
neighbor MAP registration request packet, or a neighbor MAP registration
acknowledgement packet. Tn the prersent embodiment, a type "31" indicates
the MAP search packet 30 3. As the search start time) the time at which the
MAP search packet 3 is transmitted is used. The IdMDP unit 15 in the MAP(k)
lk sets the source address in the IPv6 header 31 to the IP address "k" of
the MAP(k) lk, and sets the destination address in the IPv6 header 31 to
the 35 IP address "n" of the MAP ( n ) In . The NMDP unit Z 5 iri the MAP (
k ) 25   lk sets the type in the destination option header 32 to "31". The
NMDP unit 15 in the MAP(k) 1k seta the sequence number in the destination
header 3a to "1.654" , which is obtained by adding 1 to the value "1653" of
the saQuerice number 3 in the second table 5 17k shown in Fig . 3 . At this
time , the NMDP unit 15 in the MAP ( k ) lk also updates the value of the
sequence number 3 in the second table 17k to set it to "i654." The NMDP
unit 15 in the MAP (k) ik copies the time of creation of the MAP search
packet 3, 112.5265 (sec. ) in the timer of the 10 second table 17k, and
sets the search start time in the destination option header 32 to the
copied time. The reason why the time of creation becomes 7.12.5265 (sec. )
is that the search for a MAP is started one second after the state 111.5265
(sea.) as shown in Fig. 3. In addition, the NMDP unit 15 in the MAP (k) lk
sets 15 the delay value in the destination option header 32 to a delay
value between the MAP(k) lk serving as the aearah node and the MAP(n) in
serving as the search packet reception node. 5peaificail.y, the NMDP unit
15 ~.n the MAP (k) 1k copies a delay value 7.3 (msec.) between it and the
MAP(n) in in the neighbor 20 MAP table lbk, and sate the delay value in the
destination option header 32 to the copied delay value. xn this way) the
NMDP unit 15 in the MAP ( k ) ik creates the MAP searvh packet 3 , and
functions as the search packet creation un~.t. 



Upon receiving the MAP search packet 3, the MAP(n) 1n 25 transmits a MAP
notice request packet to each of the neighbor MAPS stored in the neighbor
MAP table 16n i.n the MAP ( n ) 1n, i . a . , th MAP(n) in, MAP(i) li,
MAP(k) lk, MAP(1) 11 and I~P(~) l~ as represented by a dot-dash line in
fig. b. In this way, the MAP(n) ln, which has become the search packet
reception node, transmits 30 the MAP notice request packet to the MAP ( i )
li to MAP ( 1 ) 11 other than the MAP(n) in itself. Therefore, the Ma~P(i)
li to MAP(1) 11, become psriphexai nodes) As described above, the MAP(n) In
transmits a MAP notice request packet uniformly to all neighbor MAPs stored
in the 35 neighbor MAP table 16n. As a result, operation of the MAP(n) 27
1n serving ae the searoh packet reception node can be simplified. In this
case, however, the MAP(n) 1n also transmits the MAP notice request packet
to the MAP(n) 1n itself and the MAP(k) lk, which is the transmiseivn source
of the MAP search packet 3 . Therefore, 5 the MAP(n) 1n rna~y exceptionally
remove the MAP(k) ik serving as the e~earah node ) and the MAP ( n ) 1n
serving as the searoh packet reception nods, from destinations of the MAP
notice request packet . As a result, it is possible to prevent extra packet
transmission. Specifically) the NMDP unit 15 in the MAP(n) 1n creates 10 a
MAP notice request packet . and the interface 19 transmits the MAP notice
request packet. Hereafter, this operation will be described,by taking the
transmission of aMAP notice request packet to eaoh of MAP ( i ) li and MAP
( ~ ) 1,~ as an example . Fig . 8A shows a MAP notice request packet 41 to
be transmitted to the MAP ( i ) 15 li, and Fig. 8H shows a MAP notice
request packet 4,~ to be transmitted to the MAP(j) lj. As shown ~.n Figs.
8A and eH, the MAP notice request paokets 41 and 4~ include IPV6 headers
411 and 41 j , and destination option headers 42i and 42~, respectively.
Versions for indicating the 20 IP version, source addresses for indice.ting
sources of the MAP notice request packets 41 and 4~ ) and destination
addresses for indicating destinations of the MAP notice request packets 41
and 4~ are stored in the IPv6 headers 411 and 41j, respectively. A type, a
search source address for indicating the search node, 25 a sequence number
for controlling the MAP notice request packet 41 or 4 j , searoh start
time, a delay value 1 in packet transmission between the search node and
the ses.xch pavket reception node) and a delay value 2 in packet
transmission between the search packet reception node and a peripheral node
are stored in each 30 of the destination option headers 421 and 42j. As
shown in Fig. 8A, the NMDP unit 15 in the MAP(n) In sets the source address
in the IPv6 header 413 to the IP addres~e "n" of the MAP(n) ln, and sets
the destination address in the IPV6 header 41i to the IP address "i" of the
MAP(i) 11. The NMDP unit 35 15 in the MAP(n) 1n sets the type in the
destination option header 28   42i to "32 . " Tn the present embodiment the
type "32" indicates a MAP notice request packet . The NMDP unit 15 in the
MAP ( n ) 1n copies the IP address "k" of the MAP (k) ik serving as the
sourve address in the received MAP search paoket 3 shown in Fig. ~ ) and 5
sets the searoh source address in the destination option header 42i to the
copied IP address "k." The NMDP unit 15 in the MAP(n) In copies the value
1654" of the sequence number and the value 112. 5265 (sea. ) of the search
start time in the received MAP search packet 3 shown in Fig. 7( 10 and sets
the sequence number and the search start time in the destination option
header 42i to the copied values, respectively. In addition, the NMDP unit
15 in the MAP(n) In sets the delay value 1 in the destination option header
42i to the delay value between the MAP (k) lk serving as the search node
arid the MAP 15 ( n ) In serving as the search packet reception node .
Speaifiaally. the N1~P unit 1S in the MAP ( n ) 1n copies the delay value 7
. 3 (msec . ) of the MAP search packet 3 shown in Fig. 7) and seta the
delay value 1 in the destination option header 421 to the copied delay
value. 



20 In addition, the NMDP unit 15 in the MAP(n) 1n sets the delay value 2 in
the destination option header 42i to a delay value between the MAP ( n ) 1n
serving as the search packet reception node and the MAP(i) li serving as a
peripheral nods. The NMDP unit 15 in the MAP ( n ) l.n copies the delay
value between the MAP ( n ) 25 In and the MAP(i) li in the neighbor MAP
table 16n shown in Fig. 6, and sets the delay vs.lue 2 in the destination
option header 4zi to the copied delay value. In Fig. 6, decimals are
omitted. However, the delay value between the MAP(n) 1n and the MAP(i) li
is actually 6.3 (msec.). Zn this way, the NMDP unit 15 in 30 the MAP(n) 1n
creates the MAP notice request packet 4i, and functions as the request
packet creation unit. Iri the same way, the NMDP unit 15 in the MAP(n) 1n
creates the MAP notice request packet 4 j to be sent to the MAP ( ~ ) 1 j
shown in Fig. 8B. The NMDP unit 15 in the MAP(n) 1n sets the destination 35
address in the IPv6 header 41j to the TP address "~" of the MAP( ~ ) 29
lj. The NMDP unit Z5 in the MAP(n) 1n copies the delay value between the
MAP ( n ) 1n and the MAP ( ,~ ) 1 j in the neighbor MAP table 16n shown in
Fig . 6 , s.nd seta the delay value 2 in the destination option header ~ 2
~ to the copied delay value . in, Fig . 6 , decimals 5 are omitted. However
) the delay value between the MAP ( n ) In and the MAp(~) 1~ is actually
8.3 (msev.). Subsequently, upon receiving the MAP notice request packet,
the MAP ( i ) li to MAP ( 1 ), 11 and the MAP ( n ) 1n each transmit a MAP
notice packet to the MAP(k) lk as represented, by a dot line arrow 10 in
Fig . 6 . Tn this way, the MAp ( i ) li to MAP ( Z ) 11 serving as the
peripheral nodes and the MAP ( n ) In serving as the search packet
reception node each return a MAP notice packet to the MAP ( k ) ik serving
as the search node. Ass dESOribed above ) the MAP ( n ) in transmits a MAP
notice 15 request packet uniform~.y to a11 ne~.ghbor MAps stored in the
neighbor MAP table 16n. Therefore, the MAP(k) 1k serving as the search node
also receives the MAP notice request packet. As a result, the MAP(k) lk
a7.so transmits a MAP notice packet. specifically, the N'MDP unit 15 in
each of MAP ( i ) li to MAP ( 1 ) 20 11 and MAp(n) in creates a MAP notice
packet, and the interFace 19 transmits the MAP notice packet. I~ereafter,
this operation will be described by taking the return of a MAP notice
pavkat from each of MAp ( i ) 1 i and MAP ( j ) 1 ~ as an example . Fig .
9A shows a MAP notice packet 51 to be returned from the MAP(i) 11) and 25
Fig. 9H shows a MAP notice packet 5 j to be returned from the MAP ( ~ ) 1~.
As shown in Figs . 9A and 9H, the MAP notice packets 51 and 5 j include
IPv6 headaxs 51i and 51~ , and destination opt ion headers
521and52~,raspectiveiy. VerelonsforindicatingtheTPversion, 30 source
addresses for indicating sources of the MAP notice packets 51 and 5~ , and
destination addressee for indicating destinations of the MAP notice packets
51 and 5 j are stored in the ZPV6 headers 511 and 51~, respectively. A
type, a ~sequenae number for controlling the MAP notice packet 5i or 5 j ,
search start time, 35 a delay value 1 in packet transmission between the
search node 30   and the search packet reception node, a delay value 2 in
packet transmission between the search packet reception node and a
peripheral node, and processing capability of the peripheral node are
stored in each of the destination option headers 52i and 52~ . 5 As shown
in Fig. 9A, the NMDP unit 15 in the MAP(i) li sets the eouroe address in
the IPv6 header 51i to the IP address "i" of the MAP ( i ) 7.i . The NMDP
unit 15 in the MAP ( i ) 1i copies the IP address "k" of theMAP(k) lk
serving sg the search source address in the received MAP notice request
packet 41 shown in Fig. 8A) 10 and ~9ets the destination address in the
IPv6 header 51i to the copied IP address "k." The NMDP unit Z5 in the
MAP(i) li sets the type in the destination option header 52i to "33." Tn
the present embodiment the type "33' indicates a MAP notice packet . 



The NMDP unit 15 in the MAP(i) li copies the value "1654" 15 of the
sequence number and tk~e value 112.5265 (sec. ) of the search start time in
the received MAP notice request packet 41 shown in Fig. 8A, and sets the
seguence number and the search start time in the destination option header
52i to the copied values, respectively. The NMDp unit 15 in the MAP(i) li
sets the delay 20 value 1 in the destination option header 52i to the delay
value between the MAP (k) lk serving as the search node and the MAP (n) In
serving as the search packet reaeptionnode. Specifically, the NMDP unit 15
in the MAP ( n ) iri copies the delay value 7 . 3 (msec . ) of the MAP
notice request paoket 4i shown in Fig. 8A, and sets 25 the delay value 1
i.n the destination option header 52i to the copied delay value . The NMDP
unit 15 in the MAP ( i ) li sets the delay value 2 in the destination
option header 52i to a delay value between the MAp ( n) In serving as the
search packet reception node and the MAP ( i ) 11 s erving as a peripheral
node . The NMDP 30 unit 15 in the MAP(i) li oopies the delay value 2, "6.3
(mesa. ) in the MAP notice request packet 41 shown in Fig. 8A, and sets the
delay value 2 in the destination option header 52i to the copied delay
value. zn addition) the NMDP unit 15 in the MAP(i) li sets the 35
processing capability in the destination option header 52i to 31   the
processing capabl.~.~.ty of the MAP(i) li itself serving as a peripheral
node. The NMDP unit 15 in the MAP(i) li copies the processing capability in
the second tabl of the MAP ( i ) li , and sets the processing capability in
the destination option header 5 52i to the copied processing capability.
The processing capability of the MAP(i) li is '01" (high). In this way) the
BTMDP unit Z5 in the M,AP(i) li creates the MAP notice packet 51, and
functions as the notioe packet creation unit. In the same way, the NMnP
unit 15 in the MAP ( j ) 1 j areatas 10 the MAP notice paoket 5 j to be
returned from the MAP ( j ) 1 j shown in Fig. 9H. The NMDP unit 15 in the
MAP( j ) 1 j seta the destination address in the IPv6 header 51 j to the IP
address " j " of the MAP ( j ) ij. The NMDP unit 15 in the MAP(j) lj copies
the delay value 2, '8.3 (msec.)" in the MAP notice request packet 4j shown
in 15 Fig. 8H, and sets the delay value 2 in the destination option headsr
52j to the copied delay value. The NMDP unit 15 in the MAP( j ) 1 j copies
the processing capability in the second table of the MAP(j) ij, and sets
the processing capability in the destination option header 52jtvthe oopied
prooessing capability. 20 The processing capability of the MAP(j) 1j is
"01" (high). 2. Inter-node information determination, MAP detection, and
neighbor MAP table update Upon receiving the MAP notice packet , the MAP (
k ) 1k serving Z5 as the search node conducts inter-node information
detarminat~.on. MAP detection, and neighbor MAP table updo~te on the basis
of the returned MAP notice packet. Hereafter, this operation will ba
described by taking MAP notice packets returned from the MAP ( i ) li
andMAP ( j ) 1 j as an example ) Fig. 10 shows states of the neighbor 30
MAP table 16k and the second table 17k at the time when the MAP(k) lk has
received the MAP notice packet 51 returned from the MAP ( i ) 11. Fig. il
shows states of the neighbor MAP table 16k and the second table 17k at the
time when the MAP(k) lk has received the MAP notice packet 5 j returned
from the MAP( j ) 1 j . In the neighbor 35 MAP table 16k and the second
table 17k shown in Figs . 10 and 11 32   some items have already been
updated, as compared with the state immediately preceding the start of the
search for a MAP shown in Fig. 3. First) the Case where the interface 19 in
the MAP(k) ik 5 has received the MAp notice packet 51 returned from the
MAP( i ) ix will now ba described. Upon receiving the MAP notice packet 51,
the MAP(k) ik serving as the search node first measures a delay value
between the MAP ( k ) lk serving as the search node and the MAP(i) 11
serving as a peripheral node. Specifically, the 10 NMDP unit ~.5 in the
MAP(k) ik refers to the time of the timer in the second table 17k (Fig. 10)
at the time when the MAP notice packet 51 has been received, and thereby
acquires the arrival time 17.2. 5465 ( sec. ) of the MAP notice packet 51.
Subsequently, the NMDP unit 15 in the MAP(k) 1k acquires the search start
time Z5 112. S265 ( sec . ) , the delay value 1 between the search node and
the search packet reception node. "7.3 (msec. )", and the delay value 2
between the search packet reception node and the peripheral nods, "6.3
(mace. )" from the received MAP notice packet 51 (Fig. 9A). 



ZO Further, the NMDP unit 15 in the MAP(k) lk conducts a calculation of
subtracting the search start time, the delay value 1 and the delay value 2
from the arrival time, arid thereby obtains the delay value between the
MAP(k) ik arid the MAP(i) 11. The calculation result becomes 1l2.5465 -
(112.5Zb5 + 0.0073 * 0.0063) 25  0.0064. In this way, the delay value
between the MAP(k) 1k and the MAP ( i ) li newly rnea~sured in the MAP ( k
) ik becomes 0 . 0064 (sec.), i.e., 6.4 (msec.). Subsequently, the NMpP
unit 15 in the MAP(k) 1k conducts a retrieval to determine whether the
source address "i" in the 30 MAP notice packet 51 (Fig. 9A) is included in
the IP addressss in the neighbor MAP table 1.6k (Fig. 10) . If the source
address "i" in the newlyreoeived MAp notice packet 5i exists in the
neighbor MAP table 16k, then the NMDP unit Z5 in the MAP(k) 1k judges the
MAP ( i) li serving as the transmission source of the MAP notice 35 packet
51 to be an already detected MAP. In this case, therefore, 33   the NMDP
unit 15 in the MAP ( k ) 1k judges that the MAP notice packet 51 should be
used to update the information concerning the MAP ( i ) 11 already
registered a a neighbor MAP. In the case of Fig. 10, the source address "i"
is included in the IP addresses in 5 the neighbor MAP table 16k. Therefvrs,
the NMDP unit 15 In the MAP(k) 1k judges that the MAP notice packet 51
should be used to upde~te the information concerning the MAP(1) 1i.
Subsequently, the NMDP unit 15 in the MAP(k) lk detexmines whether update
of existing information Concerning the MAP ( i ) li 10 in the neighbor MAP
table 16k based on the received MAF notice packet 5,1 should be executed.
Specifically, the NMDP unit 15 ~Ln the MAP(k) lk first compares the
sequence number "1654" in the received MAP not~.ce packet 5i with the
sequence number 1 "1650" of the MAP ( i ) l i in the neighbor MAP table 16k
( Fig. 10 ) at the 15 time when the MAP notice packet 51 is received. If
the sequence number in the MAP notice packet 51. is higher, then the NMDP
unit 15 in the MAP ( k ) 1k fudges that the information based on the MAP
notice packet 51 is the latest information and update of the information
should be executed. In the case of Fig. Z0, the 20 sequence number in the
MAP notice packet 5i is higher. Therefore) the Nt~P unit 15 in the MAP(k)
lk judges that update of the informat~.on should be executed. On the other
hand, in some cases, a MAP notice packet corresponding to a MAP search
packet transmitted before a MAP Z5 notice packet corresponding tv a MAP
search packet used when updating the neighbor MAP table 16k the last time,
arxives at the MAP(k) lk late for some reason. If the sequence number in
the MAP notice packet 51 is lower than the sequence number 1 for the MAP (
i) li in the neighbor MAP table 16k, therefore, then there 30 is a
possibility that information included in the MAP notice packet 51 is not
the latest information or suitable information. In this case, therefore,
the NMDP unit 15 in the MAP(k) 1k ~udge~a that update of the information
should riot be executed. Subsequently) the NMDP unit 15 in the MAP(k) lk
executes 35 update of information concerning the MAP(i) li in the neighbor
34   MAP table 16k. First, the NNmP unit 15 in the MAP(k) 1k conducts
smoothing on measured delay values . Specifically, the NMDP unit 15 in the
MAP ( k ) lk accesses the neighbor MAP table 16k and the second table at
the time of the reception of the MAP notice packet 5 5i ( Fig. 10 ) , and
thereby acquires an existing delay value "6 . 8 (rnseC. )" and an existing
Smoothing factor ~ "0.5" for theMAP(i) 11. Further, the NMDP unit 15 in the
MAP(k) lk substitutes the measured delay values, and the existing delay
value and smoothing factor C~ in the following expression ( 1 ) , and
tk~ereby smoothes 



10 the delay value. The result of substitution is represented by expression
(2). Existing delay value X ~ + measured delay value x ( 1 - a ) ( 1 ) 6.8
X 0.5 + 6.9. X (1 - 0.5) ~ 6.6 (2) 15 Tn this way, the smoothed delay value
becomes 6.6 (msec. ) . The NMDP unit 15 in the MAP ( k ) ik thus functions
as the determination unit configured to determine inter~node information by
measuring and smoothing the delay value between the MAP ( k ) lk serving as
20 the search node acrd the MAP(i) li. serving as the peripheral node,
thereby determining a de7.ay value. Zncideritally, smoothing of the delay
value need not neoessar~.ly be conducted. Subsequently, the NMDP unit 15 in
the MAP(k) ik acquires the prooessirig capability "01" (high) and the
sequence number 25 "1654" from the MAP notice packet 5i (Fig. 9A) . The
NMDP unit 15 in the MAP ( k ) lk acquires the initial lifetime 900 ( sec .
) from the second table 1.7k ( Fig . 10 ) . The NMDP unit 15 in the MAP ( k
l lk conduate updating so as to have the latest information conaex'ning the
MAP ( i ) 11 in the neighbor MAP table 16k ( Fig . 10 ) 30 by replacing the
existing delay value 6.B (msea.) with the determined delay value 6.6
(msec.), replacing the existing processing capability "01" (high) with the
aaqu~.red processing capability "O1" (high) , replacing the existing
lifetime 1,22 ( sec. ) with the acquired initial lifetime 900 (sea. ) , end
replacing the 35 existing sequence number 1 1650" with the acquired
sequence 35   number "1654." As s result of such an updating operation, the
Information concerning the MAP ( i ) li in the neighbor MAP table 16k
becomes the latest information concerning the MAP ( i ) li in the neighbor
5 MAP table 16k shown in Fig. 11. In this way, the NMDP unit 15 in the
MAP(k) ik updates the neighbor MAP table 16k, and functions as the update
unit. The case where the interface 19 in the MAP(k) lk has received the MAP
notice packet 5j returned from the MAP(j) 1~ will now 10 be described. Upon
receiving the MAP notice packet 5 j , the MAP ( k ) ik serving as the
searoh node first measures a delay value between the MAP ( k ) 1k serving
as the search node and the MAP ( j ) 1 j serving as a peripheral node .
Specifically, the NMDP unit I5 in the MAP ( k ) 1k refers to the time of
the timer in the second table 17k (Fig. 15 il ) at the time When the MAP
notice packet 5 j has been received, and, thereby acquires the arrival time
112.5554 (sea. ) of the MAP notide packet 5,~. Subsequently) the NMDP unit
15 in the MAP(k) ik acquires the search start time 11Z . 5265 ( sec. ) ,
the delay value 1 between the search node and the search packet reception
node, 20 ' 7 . 3 ( msec . ) " , arid the delay Value 2 between the search
packet reception node and the peripheral node, "8.3 (msec. )" from the
reoeived MAP notice packet 5j (Fig. 9H). Further, the NMDP unit 15 in the
MAP(k) lk conducts a calculation in the same way as the MAP notioe packet
51) and thereby 25 obtain9 the delay value between the MAP(k) ik and MAP( j
) 1,~ . The calculation result becomes 112 . 5554 - ( 112 . 5265 + 0 . 0073
+ 0 . 0083 ) - 0.0133. In this way, th delay value between the MAP(k) Ik
arid the MAP ( ~ ) 1 j newly measured in the MAP ( k ) 1k becomes 0 . 0133
(sec.), i.e., 13.3 (msec.). 30 Subsequently, the NMDP unit 15 in th MAP(k)
lk conduots a retrieval to determine whether the source address "j" in the
MAP notice packet 5j (Fig. 9H) is included in the IP addresses in the
neighbor MAP table 16k (Fig. 11) . If the source address "~" in the newly
received MAP notice packet 5j does not exist 35 in the neighbor MAP table
16k (Fig. 11), then the NMDP unit Z5 36   in the MAP ( k ) 1k fudges the
MAP ( j ) 1 j serving as the transmission gourae of the MAP notice packet 5
j to be a newly detected MAP . 



In other words, the NMDP un~,t 19 in the MAP(k) ik judges that there is a
possibility that the MAP(j) 1~ is newly registered 5 in the neighbor MAP
table 16k as a neighbor MAP f or the MAP ( k ) ik. Tn the case of Fig. 11,
the source address ",j" is not included in the IP addresses ~.n the
neighbor MAP table 16k. Therefore, the MMDP unit 15 in the MAP ( k) lk
fudges the MAP ( j ) 1 j to be a newly detected MAP. 10 Subsequently, the
NMDP unit 15 in the MAP ( k ) ik determines whether the detected MAP ( ~ )
1 j should be newly registered in the neighbor MAP table 16k as a neighbor
MAP for the MAP (k) 1k. First, the NMDP unit 15 in the MAP (k) ik Conducts
a comparison to determine whether the delay value of the MAP( j ) 1 j
measured on the basis 15 of the MAP notice packet 5 j is shorter than any
of deJ.ny values of the na~,ghbor MAPs stored in the neighbor MAP table 16k
( Fig . 11 ) at the time when the MAP notice packet 5 j has been received.
At this time, the neighbor MAP table 16k stores information ooncerning the
neighbor MAPs in the order of increasing delay 2o value. Therefore, the
NMDP unit 15 should start a comparison with the delay value of the last
neighbor MAP having the largest delay valuE in the neighbor MAP table 16k.
If the delay value of the MAP(j) lj is greater than all delay va.luea in
the neighbor MAP table 16k, then the NMDp unit 25 15 iri the MAP(k) 1k
judges that the MAP( j) lj should not be newly registered in the neighbor
MAP table 16k as a neighbor MAP for the MAP(k) lk. Tn the oase of Fig. 11,
the measured delay value Z3.3 (msec.) of the MAP(j) 1j is greater than a11
delay values in the neighbor MAP table 16k. Therefore, the NMDP unit 15 in
30 the MAP(k) lk judges that the MAP(j) lj should not be newly registered
in the neighbor MAP table 16k. In this case, theMAP(k) 1k does net conduct
update of the neighbor MAP table 16k based on the MAP notice packet 5,~. On
the other hand, if the delay value of the MAP( j ) lj is 35 shorter than
any of delay values in the neighbor MAP table 16k 37   at the time when the
MAP notice packet 5~ ha been received, then the NMDP unit 15 in the MA)? (
k ) lk determines whether the forced registration lifetime of a neighbor
MAP having a delay value greater than the delay value of the MAP(j) 1~ is 0
(sea.). 5 If the forced registration lifetime of all neighbor MAPs having a
delay value greater than the delay value of the MAP ( ~ ) 1 ~ is not 0 (
sec . ) , then the NMDP unit 15 in the MAP ( k ) ik judges that the MAP ( j
) 1~ should not be newly registered in the neighbor MAP table 16k as a
neighbor MAP for the MAP(k) 1k. Tn this case. 10 the MAP ( k ) ik does not
conduot update of the neighbor MAP table 16k based on the MAP notice packet
5j. On the other hand, if there is a neighbor MAP that is greater in delay
value than the MAP ( ,~ ) 1 j and that is 0 ( sec . ) in forces
registration time, then the NMDP unit 15 in the MAP(k) lk judges 15 that
the MAP(j) lj should be newly registered in the neighbor MAP table 16k as a
neighbor MAP for the MAP(k) lk. Further, the NMDP unit 15 in the MAP ( k )
1k executes registration of the MAP ( y ) 1j in the neighbor MAP table 16k.
In this case, the NMDP unit 15 in the MAP(k) lk erases 20 information
concerning a neighbor MAP having the greatest de7.ay value among neighbor
MAPs that ere greater in delay value than the MAP( j ) l~ and that are 0 (
sec. ) in forced registration time. Further, the NMDP unit 15 in the MAP(k)
1k updates the neighbor MAP table 16k on the basis of the MAP notice packet
5j. As a 25 result. the NMDP unit 15 in the MAP(k) 1k registers the MAP()
1j in the neighbor MAP table 16k as a new neighbor MAP. Specifically, since
the MAP(j) l~ is a newly registered MAP, the NMDP unit 15 in the MAP(k) 1k
decides to store the measured delay value as it is iri the neighbor MAP
table 16k. The NMDp 30 unit 15 in theMAP ( k ) 1k acquires the source
address , the processing capability, and the sequence number from the MAP
notice packet 5,~, and acquires the initial lifetime from the second table
17k. The NMDP unit 15 in the MAP(k) lk stores information concerning the
MAP( ~ ) 1~ in such a location in the neighbor MAP table 16k. 35 as to
satisfy the criterion, "information aonaerning neighbor 38  



MAPs is stored in the order of i.ncreaaing delay value.' The NMDP unit 15
in the MAP ( k ) lk Stores the determined delay value , the acguired source
address,proceasing capability,initial lifetime and sequence number, and the
initial value 0 of the forced 5 registration lifetime in the neighbor MAP
table lbk as information concerning the MAP(j) 1~. Zn this way, it is
possible to register the newly detected MAP() 1~ in the neighbor MAP table
16k as a neighbor MAP for the MAP(k) lk. Except neighbor MAPe that are not
0 (sec.) in 10 forced registration lifetime, a fixed number of neighbor
MAP~s can be stored in the neighbor MAP table 16k in the order of
increasing delay time. Zn this way, the NMDP unit 15 in the MAP(k) lk
detects a new MAP on the basis of the node notice packet 5 j , and
functions 15 as the detection unit. The NMDP unit 15 in the MAP(k) lk
updates the neighbor MAP table 16k on the basi of the determined 4elay
value and a newly detected MAP, and functions as the update unit. 3.
Neighbor MAP erasing 20 In response to a MAP Search packet transmitted by
the MAP(k) lk) a MAP notice packet is returned from the MAP(n) In serving
as the ~aearch packet reception node as shown in Fig. 6. rf the I~AP(n) in
malfunctions or is removed due to a failure, than the MAP notice packet is
not returned from the MAP(n) In in reponse 25 to the MAP se$rch packet
transmitted by the MAP(k) lk. As described above, a search for a MAP is
started when the lifetime of the information concerning a neighbor MAP has
becorte short like the lifetime for the MAP(n) In in the neighbor MAP table
16k shown in Fig. 3. The lifetime is decrernented every 30 second. If a MAP
notice packet is not returned from the MAP(n) 1n) then the information
concerning the MAP ( n ) In in the neighbor MAP table 16k is not updated,
and the lifetime is not updated, either. As a result, the lifetime of the
infoxxnation concerning the MAP ( n ) 1n in the neighbor MAP table lbk
arrives at 0 ( sec . ) . 35 In this case, the NMDP unit 15 in the MAP(k) lk
erases the 39   information concerning the MAP ( n) in from the neighbor
MAP table 16k, as e~ general rule. Additionally, as described above, in the
case where the sequence number in the MAP notice packet returned from the
MAP ( n ) 5 In is lower than the sequence number 1 for the MAP ( n ) 1n in
the neighbor MAP table 16k, update of the information based on the MAP
notice packet is not conducted, and the lifetime is not updated, either. In
this case too, therefore, the lifetime of the information concerning the
MAP ( n ) 1n in the neighbor MAP table 10 16k arrives at 0 (sea.) in the
same way', and the NMDP unit 15 in the MAP(k) 1k erases the information
concerning the MAP(n) In from the na~ghbor MAP table 16k, as a general
rule. =n any case, however, there is an exception. If the forced
registration lifetime of the information concerning the MAP(n) 15 in is not
0 ( seC . ) , then the NMDP unit 15 in the MAP ( k ) 1k does not erase the
information concerning the MAP ( n ) In even in the case where the lifetime
of the information concerning the MAP ( n ) 1n has arrived at 0 (sec.). 20
(Registration Request) A request from a MAP for registration in a neighbor
MAP table in another MAP Will now be described with reference to Figs . iZ
tv 14 and Fig. 3. The operation will be described bx taking the case where
the neighbor MAP table 16k of the MAP(k) lk is 25 in the state shown iri
Fig. 3 as an example. The time of the forced registration request
transmission timer in the second table 17k is decremented from l163 (sec. )
every second. When the time of the forced registration request transmission
timer has arrived at 0 ( sec . ) , the MAP ( k ) ik starts a request for
registration in 30 another MAP. First, the MAP(k) lk transmits a neighbor
MAP registration request packet to the MAP ( f ) if , which is located
nearest , i. e. , which has the least delay value iri the neighbor MAP
table 16k except the MAP(k) 1k itself . SpeaifiCally, the NMDP unit 15 in
35 the MAP(k) lk creates a neighbor MAP registration request packet 40 



6 shown in Fig. 12, and the interface 19 transmits the neighbor MAP
registration request packet 6. The MAP(k) lk may transmit neighbor MAP
registration request packets to the MAP( i) 11, which is relatively small
in delay value in the neighbor MAP table 16k, 5 instead of the nearest MAP.
The MAP(k) lk rna~r transmit neighbor MAP registration request packets to a
p7.urality of MAPS in the neighbor MAP table 16k, and oause registration in
the MAPs. As shown in Fig. 12, the neighbor MAP registration request packet
6 includes an IPv6 header 61 and a destination option header 10 62. A
version for indicating the version of IP) a source address for indicating
the transmission source of the neighbor MAP registration request Dackat 6,
and a destination address for indicating the destination of the neighbor
MAP registration request packet 6 are stored in the IPV6 header 61. A type,
an 15 ACK request flag (hereafter represented as A-flag) , a sequenoe
number for controlling the neighbor MAP reg~.stre~tion request packet 6,
and forced registration lifetime are stored in the destination option
header 62. The NMDP unit 15 in the MAP(k) Zk sets the source address 20 in
the IPv6 header G1 to the IP address "k' of the MAP(k) lk, and sets the
destination address in the IPv6 header 61, to tha ZP address ' f" of the
MAP ( f ) if . The NMDP unit 15 in the MAP ( k ) 1k sets the type in the
destination option header 62 to '35". In the present embodiment , the type
35 indicat a neighbor MAP 25 registration request packet. The N1~P unit 15
in the MAF(k) lk sets the A-flag in the destination option header 62. The
A-flag indicate8 whether a return of a neighbor MAP registration
acknowledgement packet in response to a neighbor MAP registration request
packet is 30 requested. The neighbor MAP registration acknowledgement
packet is a packet used by the MAP ( k ) 1k, which has transmitted the
neighbor MAP registration request packet 6, to acknowledge whether
registration in the neighbor MAP table 16f caused by the neighbor MAP
registration request packet 6 is completed. The state having 35 the A-flag
sat indicates that return of the neighbor MAP 41   registration
acknowledgement packet is requested. The NMDP unit 15 in the MAP(k) 1k sets
the sequence number in the destination header 62 to ' 2233" , which is
obtained by adding 1 to the value "2232" of the sequence number 4 in the
second table 5 17k shown in Fig . 3 . At this time , the NMDP unit 15 in
the MAP ( k ) 1k also updates the value of the seguence number 4 in the
second tabJ.e 17k to become "2233. " The NMDP unit 15 in the MAP (k) 1k
copies the forced registration initial lifetime 1800 ( sea . ) in the
second table 17k, and seta the foxced registration lifetime 10 in the
destination option header 62 to the copied lifetime. In this way, the NMDP
unit 15 in the MAP (k) ik creates the neighbor MAP registration request
packet 6 for requesting registration in a neighbor MAP table of another
MAP, and functions as the request packet creation unit. 15 Upon receiving
the neighbor MAP registration request packet 6 from the MAP (k) ik, the
NMDP unit 15 in the MAP (f) if conducts a retrieval to determine Whether
the source address "k" in the neighbor MAP registration request packet 6 i9
included in the IP addresses in a neighbor MAP table 16f shown in Fig. 13.
Fig. 20 13 shows the neighbor MAP table 16f and a second table 17f in the
MAP ( f ) 1f . If the source address "k" in the received neighbor MAP
registration request packet 6 exists in the neighbor MAP table 16f , then
the NMDP unit 15 in the I~AP ( f ) 1f fudges that the neighbor MAP
registration request packet 6 should be used to update the 



25 information concerning the MAP(k) ik already registered as a neighbor
MAP for the MAP (f) if. In the case of Fig. 13) the source address "k" is
included in the TP addresses in the neighbor MAP table 16f . Therefore ,
the NMDP unit 15 in the MAP ( f ) if fudges that the neighbor MAP
registration request packet 6 should be 30 used to update the information
concerning the MAP(k) 1k. Subsequently, the NMDP unit 15 in the MAP ( f )
if determines whether update of existing information concerning the MAP(k)
ik in the neighbor MAP table 16f based on the received neighbor MAP
registration request packet 6 should be executed. Specifically, 35 tl~e
NMDP unit 15 in the MAP( f ) if compars the sequence number ~2   '2233" in
the received neighbor MAP registration request packet 6 with the sequanGe
number 2 for the MAP(k) lk in the neighbor MAP table 16f at the time when
the neighbor MAP registration request packet 6 has been received. 5 If the
sequence number in the neighbor MAP xegi9tration request packet 6 ie
higher, then the NMDP unit 15 in the MAP(f ) if fudges that update of the
information based on the neighbor MAP registration request packet 6 should
be executed. On the other hand, it the sequence number in the neighbor MAP
registration 10 request packet 6 i9 lower than sequence number 2 for the
MAP(k) ik in the neighbor MAP table 16f, then the NMDP unit 15 in the
MAP(f) if judges that update of the information based on the neighbor MAP
registration request packet b should not be executed. If the sequence
number in the neighbor MAP registration 15 request packet 6 i9 high and the
NMDP unit 15 in the MAP(f) if fudges that update of the ~.nformation should
be executed, then the NMDP unit 15 in the MAP(f ) if exeGUtes update of
information aonaerning the MAP(k) 1k is the neighbor MAP table 16f . The
NMDP unit 15 in the MAP ( f ) if acquires the forced registration lifetime
20 1,B00 (sec.) and the sequence number "2233" from th neighbor MAP
registration request packet 6 . The NNmP unit 15 in the MAP ( f ) 1f
updates the existing forced registration lifetime concerning the MAP ( k )
1k in the neighbor MAP table 16f and the existing sequence number 2 to set
them to the acquired 1, 80A (sec. ) and the acquired 25 sequence number
"2233," respectively. As a result of such an updating operation, the
information concerning the MAP(k) lk in the neighbor MAP table 16f becomes
a portion enclosed with a circle in Fig. 13. When the interface 19 has
received the neighbor MAP registration request packet 6, the NMDP unit 15
thus updates the 30 neighborMAP table 16f on the basis of the neighbor MAP
registration request packet 6, and functions as the update unit. If the
neighbor MAP registration request packet 6 received by the MAP(f) 1f has
the A-flag in the set state, and update of the information based on the
neighbor MAP registration request 35 packet 6 has been executed, then the
MAP ( f ) if transmits a neighbor 43   MAP registration acknowledgement
packet to the MAP ( k) lk, which is the registration request source.
Specifically, the NMDP unit 15 in the MAP(f) if creates a neighbor MAP
registration acknowledgement packet 7 shown in Fig. 14, and the interface
19 5 transmits the neighbor MAP registration acknowledgement packet 7. As
shown in fig. 14) the neighbor MAP registration 



acknowledgement packet 7 intsludes an IPv6 header 71 and a destination
option header 72. A version fox indicating the 10 version of IP, a source
address for indicating the transmission source of the neighbor MAP
registration ecknowiedgement packet 7 , and a destination address or
indicating the destination of the neighbor MAP registration acknowledgement
packet 7 are stored in the IPv6 header 71. A type, and a sequence number
for 15 controlling the neighbor MAP registration aGknow7.edgement packet 7
are stoned in the destination option header 72. As shown in Fig . 14 , the
NMDP unit 15 in the MAP ( f ) if sets the source address in the ZPv6 header
71 to the IP address "f" of the MAP ( f ) 1f . The NMDP unit 15 in the MAP
( f ) 1f copies the 20 iP address "k" of the MAP(k) lk, which is the source
address in the received neighbor MAP registration request packet 6 (Fig.
12), and sets the destination address in the IPv6 header 71 to the copied
IP e~ddx~e&s "k." The NMDP unit 15 is the MAP(f) if sets the type in the 25
detination option header 72 to "36" . In the present embodiment, the type
36 indicates a neighbor MAP registration aaknowiedgemerit packet . The NMDF
unit 15 in the MAP ( f ) 1f copies the value "2233' of the sequence number
in the received neighbor MAP registration request packet 6 ( Fig . 12 ) ,
and seta the sequence number in the 30 destination option header 7z to the
copied value "2233.' In this way, the NMDP unit 15 in the MAP ( f ) if
creates the neighbor MAP registration acknowledgement packet 7, and
functions as the acknowledgement packet creation unit. If the MAP (k) 1k
has received the neighbor MAP registration 35 acknowledgement packet 7 from
the MAP ( f ) 1f , then the MAP ( k ) 44   lk acknowledges that regitration
in the neighbor MAP table 16f caused by the neighbor MAP registration
request packet 6 transmitted by itself ha~9 been completed. Specifically,
the NMDP unit 15 in the MAP (k) 1k determines whether the sequence number 5
"2233"in the received neighbor MAP registration acknowledgement packet 7
coincida with the seguence number 4 in the neighbor MAP table 16k at the
time of reception of the neighbor MAP registration acknowledgement packet
7. If they coincide with each other, then the NMDP unit 15 in the MAP (k)
ik can acknowledge 10 that the neighbor MAP registration acknowledgement
packet 7 in response to the neighbor MAP registration request packet 6
transmitted by itself has arrived. Therefore, the NMDP unit 15 in the MAP (
k) lk can acknowledge that registration in the neighbor MAP table 16f has
bean completed. After the NMDP unit 15 in the 15 MAP (k) ik has
acknowledged the completion of the registration in the neighbor MAP table
16f, the NMDP unit 15 3.n the MAP (k) 1k restores the forced registration
request transmission tl.mer to its initial value. On the other hand. if the
neighbor MAP registration 20 acknowledgement packet 7 cannot be received
from the MAP (f) 1f within s predetermined time after transmission of the
neighbor MAP registration requet packet 5, or if the neighbor MAP
registration acknowledgement packet 9 has been reveived, but its sequence
number does not coincide with the sequence number 4 in 25 the neighbor MAP
table 16k, the MAP (k) ik cannot acknowledge that registration in the
neighbor MAP table 16f has been completed. Therefore, the MAP (k) 1k
retransmits the neighbor MAP registration request packet 6. Tt oan be
determined whether the reception is within the predetermined time by
referring to, for 



30 example, the time of the forced registration request transmission timer.
By thus transmitting the neighbor MAP registration request packet 6 , the
MAP ( k ) 1k can register itself in the neighbor MAP table 16f of the MAP
(f) if as a neighbor MAP as shown in Fig. 35 13. Unless the forces
registration lifetime becomes 0 (sec. ) 45   the information of the MAP (k)
lk continues to be maintained exceptionally in the neighbor MAP table 16k
irrespective of the delay value and the lifetime. As a result, the MAP (k)
lk can always make itself detectable by another MAP and thus prevent 5
itself from becoming undetected by another MAP . 7:n the same way, by
transmitting the neighbor MAP registration request packet 6 to each other.
each MAP is registered in the neighbor MAP table of some MAP) and the MAPS
can be detected by each other. For example, in some cases, there is a MAP
that ie distant 7.0 from other MAPs and which cannot be detected by other
MAPS due to the relation of the network topology. 8ven such a map can be
detected by transmitting the ne~.ghbor MAP registration request packet.
Even a MAP having another MAP in the neighborhood is not detected by other
MAPs if the MAP ie not stored in the neighbor I5 MAP table When searching
for the MAP and updating the neighbor MAP table. By transmitting the
neighbor MAP registration request packet, such a situation can be
prevented. In addition, ae described above, the MAP(k) lk periodically
transmits the neighbor MAP registration ragaest packet 6 to the 20 MAP( f )
if every time the foroed registration request transmission timer i.n the
second table 17k becomes 0 (see. ) . Therefore, the MAP(f ) if periodically
receives the neighbor MAP registration request packet 6 from the MAP(k) lk,
and updates the forced registration lifetime. As a result, the forced
registration 25 lifetime of the MAP(k) 1k does not become 0 (sea.), and the
information conoerning the MAP(k) lk oontinues to be maintained
exceptionally in the neighbor MAP table 16f. If the MAP ( k ) lk
malfunctions due to a failure or is removed, then the MAP(f ) 1f dose not
rece~.ve the neighbor MAP registration 30 request packet 6 from the MAP(k)
lk. Therefore, the foroed registration lifetime fpr the MAP(k) 1k in the
neighbor MAP table 16f is not updated. In addition, the forced registration
lifetime is not decremented every second. As a result, the forced
registration lifetime for the MAP(k) 7.1t in the neighbor MAP table 35 7.6f
arrives at 0 ( sec. ) ( and thereafter the information concerning 



46   the MAP(k) 1k is not handled exceptionally. Therefore, it is possible
to prevent the MAP(f) if from continuing to maintain the information
concerning the MAP(k) lk that malfunotions due to a failur or is rmoved. 5
In the same way, as described above, in the case where the sequence number
in the neighbor MAP registration request packet 6 transmitted from the
MAP(k) lk is lower than the sequence number Z for the MAP(k) lk in the
neighbor MAP table 16f, update of the forced registration lifetime based on
the neighbor MAP 10 registration request packet 6 is not conducted. In the
same way in this case as well, the forced registration lifetime for the MAP
( k ) 1k in the neighbor MAP table 16f arrives at 0 ( a ec . ) , arid
thereafter the information concerning the MAP(k) 1k is not handled
exceptionally. 15 If a MAP that has already received a registration request
from another MAP has nEwly received the neighbor MAP registration request
packet 6 from still another MAP, then the MAP may not register this MAP
that has newly requested registration in the neighbor MAP table ) but
trane~mits the neighbor MAP registration 20 acknowledgement packet 7 . As a
result, it is possible to prevent the neighbor MAP table from storing only
MAPS that are not 0 ( sec. ) in forces registration lifetime and to prevent
the number of regitered original neighbox MAPs that have a short delay
value from decreasing. However, if a MAP is high in processing 25
capability and storage capacity and the maximum number of registered
neighbor MAPS in the neighbor MAP table can be mad8 large for the MAP, then
the MAP may receive registration requests from a large number of MAPs. If
the MAP (k) lk cannot receive the neighbor MAP registration 30
acknowledgement packet 7 even though the MAP(k) lk retransmits the neighbor
MAP registration request packet 6 a predetermined number of times ( there
is a high possibility that there is some problem) such as a failure,
removal, or previous reception of a rEgistration request from another MAP)
in the MAP(f) 1f. 35 Therefore, the MAP(k) ik may transmit the neighbor MAP
47   ragi~stration request packet 6 to a MAP other than the MAP( f ) if .
zn addition, in order to prevent information concerning a MAP that is
distant from other MAPs and that cannot be detected by other MAPs, due to
the relation of the network topology, from 5 being erased from the neighbor
MAP table) it is also possible, in the neighbor MAP table of registration
destination, to make the forced registration lifetime concerning the MAP
very long, or set a field for indicating that it is pxohibitd to erase the
information concerning thaMAP. This can be implemented by making 10 the
forced, registration lifetime included in the neighbor MAP registration
request packet 6 very long, or setting a flag for requesting erasing
prohibition of the information concerning the MAP in the neighbor MAP
registration request packet 6. Or it can be implemented by previously
registering the MAP in the 15 neighbor MAP table with a lengthened forced
registration lifetime or a Meld set to indicate the erasing prohibition)
(Arrangement of new MAP) Arrangement of a newMA,P will now be described
with reference 20 to Figs . 6 , and 15 to 18 . The case where a MAP ( o )
is newly arranged in the mobile aommunicatioa system having the state shown
in Fig. 6 will now be described. At this time, in a neighbor MAP table 16o
of the newly arranged MAP(o) lo, IP addresser and delay values of the
MAP(o) to and a MAP(e) la other than the MAP(o) 1o are 



25 previously set. If the lifetime for the MAP(e) 1e in the neighbor MAP
table 16o has arrived at the search lifetime , then the MAP ( o ) 1o
transmits a MAP search packet to the MAP(e) le as represented by a solid
line arrow in Fig. 15. Upon receiving the MAP search pavket, 30 the MAP(e)
le then transmits a MAP not~.ce request packet to eaoh of the neighbor MAPS
stored in a neighbor MAP table 16e of the MAP(e) 7.e, i.e., the MAP(e) Vie,
MAP(1) 11, MAP(d) 1d, MAP(n) In and MAP(k) ~k as represented by a dot-dash
line arrow in Fig. 15 . Upon receiving the MAP notice request packet , each
o MAP ( a ) 35 1e, MAP(1) 11,, MAP(d) 1d) MAP(n) in and MAP(k) ik returns a
MAP 48   notice packet to the MAP ( o ) 1o as represented by a dot line
arrow in Fig. 15. As a result, the MAP(o) io detects a new MAP other than
the previously set MAP(e) le on the basis of the received MAP 5 notice
packet , and updates the neighbor MAP table 16o . The MAP ( o ) io
registers information concerning five neighbor MAPS having the hortest
delay values in the neighbor MAP table 16o. As a result, information
concerning the MAP(o) lo, MAP(k) Ik, MAP(n) in, MAP(1) 11 and MAP(e) 1s is
registered in the neighbor MAP 10 table 16o. If the time elapses thereafter
and the lifetime for the MAP(k) 1k in the neighbor MAP table 16o arrives at
the search lifetime, then the MAP(o) to transmits a MAP search packet to
the MAP(k) lk as represented by a solid line arrow in Fig. 16. 15 Upon
receiving the MAP search packet, the MAP(k) 1k transmits a MAP notice
request packet to each of the neighbor MAPs stored in the neighbor MAP
table 16k of MAP ( k) lk, i . a . , the MAP ( k ) lk, MAP(f) if) MAP(i) li,
MAP(r~) 1n and MAP(g) ig as represented by a dot-dash line arrow in Fig.
16. Upan receiving the MAP notice 20 requestpaoket, eaahof theMAF(k) 1k,
MAP(f) 1f, MAP(i) li, MAP(n) In and MAP(g) lg xeturns et MAP notice paoket
to the MAP(o) to as represented by a dot line arrow in Fig. 16. Aa a
result, the MAP(o) 1o detests a new MAP) aoqui.res the latestinformation
concerning existing neighbor MAPs,and updates 25 the neighbor MAP table
16o, on the basis of the received MAP notioe packet. At this time, the
MAP(o) 1o erases the information concerning the MAP ( 1 ) 11 and MAP ( a )
1.e each having a long delay value and newly registers information
concerning the MAP ( g ) lg and MAP ( i ) li each having a short delay
value so as to register 30 information concerning five neighbor MAPS in the
order of increasing delay value. As a result, information concerning the
MAP(o) 10, MAP(g) 1g, MAP(i) li, MAP(k) lk and M14P(n) 1n, each of whioh
has a shorter delay value and ie located in the neighborhood ) is
registered in the neighbor MAP table 16o as shown in Fig. 17. 35 In
addition, if the time of the foroed registration request 49   transmission
t~.mer in the second table etrrive9 at 0 ( sea . ) , then the MAP ( o ) 1o
transmits a neighbor MAP registration requet packet to the MAP ( g ) lg ,
which is located nearest , i . a . , Which has the shortest delay value in
the neighbor MAP table 16o except the 5 MAP(o) 1o itself as represented by
a double line arrow in Fig. i7. Further, the MAP(g) lg updates the neighbor
MAP table 16g on the basis of the received neighbor MAP registration
request packet. Specifically. the NMDP unit in the MAP(g) ig oonduots a 10
retrieval to determine whether the souroe address "o" in the neighbor MAP
registration request packet is included in IP addresses in the neighbor MAP
table 16g (Fig. 16) at the time of reception of the neighbor MAP
registration request packet. Since "o' is riot found in the IP addresses in
the neighbor MAP 15 table 16g ( Fig. 16 ) , the NMDP unit in the MAP ( g)
lg judges the MAP(o) io to be aMAP that has newly issued a registration
request. 



Subsequently, the NMDP unit in the MAP(g) 1g erases information concerning
the MAP(k) ik, which has the longest delay value, in the neighbor MAP table
16g (Fig. 16). It is supposed that the 20 forced registration l.ifatime for
the MAP(k) ik is 0 (sec. ) . The NMDP unit in the MAP(g) ig newly registers
the information concerning the biAP(o) to in the neighbor MAP table 16g as
represented by a portion enclosed with a circle in Fig. 17. Tn this way,
information concerning the MAP(o) 1o is 25 registered in the neighbor MAP
table 16g of the MAP(g) ig. Theref ore , each of MAP ( h ) ih and MAP ( c )
1c transmits a MAP search packet to the MAP ( g) ig as represented by a
solid line arrow in Fig. 17. Upon receiving the MAP search packet, the
MAP(g) 1g transmits a MAP notice request paoket to the MAP(o) 1o stored 30
in the neighbor MAF table 16g of the MAP(g) ig as represented by a dot-dash
line arrow in Fig. 17 . Upon receiving the MAP notice request packet , the
MAP ( o ) 1.o returns a MAP notice packet to both of MAP(h) ih and MAP(c)
1c as represented by a dot line arrow in Fig . 17 . As a result , the
existence of the MAP ( o ) 1o is known 35 to MAPS , such as the MAP ( h )
1h and the MAP ( c ) 1c ( located in the 50   neighborhood of the MAP(o) to
other than the MAP(g) 1g, which has issued the registration request.
Thereaftr, the MAP search between MAPs is repeated. Finally, the group of
the MAP(a) la to the MAP(o) 1o including 5 the newly arranged MAP(o) to
settles down 1,n a stable state including stationary neighbor MAP tables
16a to 16o. In this way, by merely previously setting at least one address
of another MAP(e) 1e in the neighbor MAP table of the MAP(o) to newly
arranged in the mobile communication system, the 10 MAP(a) to can transmit
a MAP search packet to at least MAP(a) 1e and start a MAP search. As a
result, the newly arranged MAP(o) to can detect a new MAP other than the
first set MAP ( a ) le . Hy repeating the MAP search, the MAP(o) 1o can
hold information concerning neighbor MAPs having shorter delay values in
the I5 neighbor MAP table 16o. In addition, by transmitting a neighbor MAP
registration request packet to the MAP(g) 1g) which is a neighbor MAP of
the MAP ( o ) lo, the newly arranged MAP ( o ) to can make its own
existence known to the MAP(g) lg. Further the MAP(o) to can make itself ZO
registered in the neighbor MAP table 16o of the MAP(g) ig. As a result, the
MAP(o) 1o can make itself detectable by the MAP(h) lh and the MAP ( o ) ic,
which era other neighbor MAPa . Therefore, a new MAP can be easily arranged
in the mobile communication system . 25 (Search for MAP effected by MN) A
search for a MAP effected by a MN will now be described with reference to
Pigs. 19 and 5. Fig. 19 shows a mobile communication system obtained by
newly arranging the MAP ( o ) to in the mobile communication system shown
in Fig. 1 as described 30 above. Tn Fig. 19, neighbor MAP tables 26a and
26b respectively of the MN ( a ) 2a and MN ( b ) 2b are shown together with
the MN ( a ) 2a and MN(b) 2b. For brevity of 4escription, however, only IP
addresses stored in the nighbor MAP tables 26a and 26b, and delay values
between the MN ( a ) 2a and MN ( b ) 2b and neighbor MAPa are 35 shown. As
for the delay values, decimals are omitted. 51   1. Seaxch for MAP First,
as to how the MN(b) 2b searches for a MAP while moving on a travel route
indicated by an arrow D in Fig. 19 will now 5 be described. In the same war
as the search for a MAP effected by a MAP ( the MN ( b ) 2b searches f or a
MAP , xn other words , the NMDP unit 25 in the MN(b ) 2b functions as the
search packet creation unit configured to create a MAP search packet , the
detection unit configured to detect a MAP on the basis of a MAP notice
packet, to the determination unit configured to determine a delay value, 



which is inter-node information, on the basis of a MAP notice packet, and
the update unit configured to update the neighbor MAP table 26b, and
searches for a MAP. If the lifetime of the information concerning any of
MAPS 15 registered in the neighbor MAP table 26b in the MN( b ) 2b arrives
at the search lifetime when the MN ( b ) 2b is in a position indicated by
an arrow A in Fig. 19, then the Mr1(b) 2b starts a search for a MAp. First,
the NMDP unit 25 ~.n the MN(b) 2b transmits a MAP search packet to the MAP.
Subsequently, the NMDP unit 25 in the 2Q MN(b) 2b receives a MAP notice
packet in response to the MAP search packet returned from a MAP that has
become a peripheral nods. The NMDP unit 25 in the MN(b) 2b detects a new
MAP acguires latest information concerning existing neighbor MAPS, and
updates the neighbor MAP table 26b, on the basis of the received MAP notice
25 packet. As a result, as shown in Fig. 19, information concerning the
MAP(o) 10, MAP(g) 1g, MAB(i) ii, MAP(k) lk and MAP(h) lh, which are
neighbor MAPS having short delay values with respect to the MN(b) 2b
located in the position indicated by the arrow 30 A in Fig. 19, is
registered in the neighbor MAP table 26b. As shown in Fig. 5, the initiet~.
lifetime and search lifetime of the MN are set to short time values in the
second table of the MN. While the MN(b) 2b moves on the travel route
indicated by the arrow D from the position indicated by the arrow A to a 35
position indicated by an arrow C via a position indicated by an 52   arrow
H, the lifetime values for information concerning MAPs registered i.n the
neighbor MAP table 26b arrives at the search Zifatime one after another,
and the MN(b) 2b effects a search for a MAP repetitively. 5 In the position
indicated by the arrow a in Fig . 19 ( therefore . information concerning
the MAP ( k ) 1k, MAP ( i ) li , MAP ( o ) to ) MAP ( n ) in and MAP ( h )
ih, which are neighbor MAPS having short delay values with respect to the
MN(b) 2b located in the position indicated by the arrow B, is registered in
the neighbor MAP table Z6b. Tn 10 the position indicated by the arrow C in
Fig. 19, information concerning the MAP(n) 1n, MAP(k) ik. MAP(i) 11, MAP(1)
11 and MAP( e) le, which are neighbor MAPs having short delay values with
respect to the MN(b) 2b located in the position indicated by the arrow C,
is registered in the neighbor MAP table 26b. 15 Incidentally, it ~.s
desirable to previ.ouely set an address and a delay value of at least one
MAP included in the mobile Communication system in the neighbor MAP table
o~ the MN ( b ) 2b as initialization. As a result( the MN(b) 2b can
transmit a MAP search packet to at least one MAP) and start a aeaxch for a
MAP. 20 As for the address of the set MAP, it is desirable to set the
address of a MAP that exists in an area where the user of the MN uses the
mobile communication system. Of course) the MAP address to be set may be an
address o:f an arbitrary MAP. 



25 2. Selection of MAP Selection of a MAP effected by a MN will now be
described by taking the case where the MN(a) 2a selects a MAP that is the
most suitable for use) as an example. As described above, the MN(a) 2a has
tha neighbor MAP table 26a shown in F.ig. 5. The 30 MAP selection policy
holding unit 30 of the MN(a) 2a holds a MAP selection policy represented as
"a MAP located nearest, i.e., a MAP having a minimum de~.ay value in packet
transmission between nodes, and included in MAPs having high processing
capabill,ty of at least "01"." 35 Therefore, the NMDP unit 25 in the MN(a)
2a collates 53   information concerning neighbor MAPa stored in the
neighbor MAP table 26a shown in Fig. 5 with the MAP selection policy held
in the MAP selection policy holding unit 30) and selects an optimum
neighbor MAP. Asaresuit, thaNMDPunit 251n theMN(a) 2a selects 5 the MAP(b)
ib as the neighbor MAP to be used. In this way, the NMDP unit 25 iz~ the
MN(a) 2a functions as the se~.ection unit configured to access the neighbor
MAP table 26a and select a MAP to be used, on the basis of the MAP
selection policy. Tha NMDP unit 25 in the MN(a) 2a notifies the mobility
management unit 1o z4 of the address of the MAP(b) 1b, which is the
selected ne~.ghbor MAP. The Mr1( a) 2a registers the home address and a
care of address now in use in the MAP(b) ib. The MN(a) 2a registers the
home address and an address of the MAP(b) ib to be usced) in the HA. 15
8peoificai.ly, the mobility management unit 24 in the MN(a) 2a creates a
binding update packet for registering the home address and the cars of
address in the MAP ( b ) lb . The mobility management unit 24 in the MN(a)
2a creates a bin~i.ng update packet for xegistering the home address and
the address of the MAP(b) 1b 20 in the HA. Ths interface 29 in the MAP(a)
2a transmits those binding update packets to the MAP(b) 1b and the HA. In
this way, the MN(a) Za can be provided for the transfer service for a
packet transml.tted to the home address of the MN ( a) 2a, which l.s
conducted by the HA and the MAP(b) 1b. 25 Computer program product) The MAP
1 can be implemented by making a computer execute a computer program
product for causing a computer to function as a service node. The computer
program product comprises a 30 computer program code for causing the
computer to store addresses and node information of service nodes, a
computer program code for pausing the computer to create a node Search
packet, a computer program code for pausing the computer to create a node
notioe request packet ) a computer program code for causing the 35 computer
to create a node notice packet, a computer program code 54 



for causing the computer to create a node registration request packet , a
computer program code for causing the computer to create a registration
acknowledgement packet, a computer program code for causing the computer to
communicate, a computer program node 5 for causing the computer to detect
the service node, a computer program code for causing the computer to
determine inter-nude information, and a computer pxogram coda fur causing
the computer to update the stored addresses and stored node information.
The MN 2 can be implemented by making a computer execute ZO a computer
program p=oduct for causing a computer to function as a mobile node . The
computer program product comprises a computer program code for causing the
computer to store addresses and node information of service nodes , a
computer program code for causing the computer to create a node search
packet, a computer 15 program code for aausirig the computer to
communicate, a computer program code for cauing the computer to detect the
service node, a computer program code for causing the computer to determine
inter-node information, a computer program code for causing the computer to
update the stored addresses and stored node 20 information, a computer
program code for causing the computer to hold a aeleotion criterion for
selecting a service node to be used, and a computer program code for
causing the computer to select the service node to be used. The computer
program products can be recorded in a recording 25 medium that is a
computer readable medium, such as a removable medium like a CD-ROM, a CD-R,
a MO or a floppy disk, a memory like a ROM or a RAM, or a hard disk, The
MAP 1 or the MN 2 can be implemented by a computer that reads a computer
program product from the recording medium and executes the computer program
30 product. According to the mobile communication system, the MAPs, the MNs
, the node search method, and the computer program product , a node itself
that is inaZuded in the MAP(k) 1k to MAP(o) lo. the MN(a) 2a and MN(b) 2b,
and that wants to search for a MAP 35 becomes a search node and transmits a
MAP search packet 3, and 55   it can searvh for a MAP autonomously. gy
transmitting only the MAP search packet 3 , the search node in the MAP ( a
) 1 a to MAP ( o ) lo, the MN(a) 2a and MN(b) 2b can receive a MAP notice
packet in response to the MAP search packet 3 from a search packet
reception 5 node or a peripheral node in the MAP(a) 1a to MAP(o) lo. Tha
search node in the MAP(a) la to MAP(o) l.o, the MN(a) 2a and MN(b) 2b can
detect a MAP on the basis of the MAP notice packet. Hy receiving
information from another node (MAP), therefore, the MAP(e~) la to MAP(o)
10, the MN(a) 2a and MN(b) 2b can detect a 10 MAP easily. Own-node
information and inter-node information, such as 



the processing capability and delay value, era included in the MAP notice
packet. The7Cefore, the search node in the MAP(a) la to N~A,P ( o ) lo, the
MN ( a ) 2a and MN ( b ) zb can grasp various kinds 15 of node information
concerning MAPS that are nodes other than the search node itself, from the
MAP notice packet. Therefore, the MAP(a) 1a to MAP(o) 10, the MN(a) 2a and
MN(b) 2b can ut~e various kinds of node information concerning MAPs as
judgment materials at the time of updating the neighbor MAP table and as 20
judgment materials at the time of selecting a MAP to be used. In addition,
the MAP(a) 1a to MAP(o) lo, the MN(a) za and MN(b) 2b can recive s MAp
notice packet depending upon the situation at the time of transmission of
the MAP search packet 3. Therefore, the MAP(a) 1a to MAP(o) lo, the MN(a)
2a and MN(b) 25 2b can detect a MAP depending upon the situation at that
time, and grasp inter-node information such as the delay value and own-node
information such ae processing capability, depending upon the situation at
that time. The MAP(a) 1 to MAP(o) lo. the ~IN(a) 2a and MN(b) 2b update 30
the neighbor MAP tables 16a to 160, 26a and 26b on the basis of the
returned MAP notice packet . For example, the MAP ( a ) la to MAP(o} lo,
theMN(a) 2a andMN(b) 2b newlyregisteranewlydeteatad MAP, and update the
delay value and proCessirig capability of the already registered MAPs.
Therefore, the MAP(a) la to MAP(o) lo, 35 theMN(a) 2a andMN(b) 2b can hold
thelatastinformationdepending 56   upon the situation at that time,
dynamically and autonomously. By autonomously grasping information
depending upon the situation change, such as arrangement of a new MAP or
removal or failure of an existing MAP, therefore, the MAP(a) la to MAP(o) 5
10 , the MN ( a) Za and MN ( b ) 2b can, detect a MAP and hold the latest
information. 8y autonomously grasping information depending upon the
movement without relying on a notice from an access router. theMN(a) 2a
andMN(b) 2b can detect aneighborMAP for the positions of the MN(a) Za an4
MN(b) 2b at that time, and hold the latest 10 information of the neighbor
MAP. Therefore, this method of searching for a MAP can be utilized in the
mob~.lity management of the MN. In addition, setting the access router
located between the MN and the MAP is not required at all. Of course, the
MN(a) 28 and MN(b) Zb can grasp information depending upon a change 7.5 of
the situation concerning the MAP, such as not only the movement but also
arrangement of a new MAP, removal of an existing MAp, or a failure, and
detect a MAP. zn this way, each of MAp ( a ) la to MAP ( o ) 10 , MN( a )
2a and MN(b) 2b can thus conduct autonomous distributed control for 20
autonomously detecting aMAP. As a result, the failure resistance can be
enhanced, and arrangement of a new MAP, removal of a MAP, and alteration of
the MAP arrangement Can also be conducted easily. The search node in the
MAP(a) 1a to MAP(o) io) the MN(a) 2a and MN ( b ) 2b determines a delay
value ( inter-node information ) 25 between the MAP erving ae the see~rch
nods and a MAP serving as a peripheral node, according to a delay value
(inter-node information) between the search node itself and a MAP serving
ae a search packet reception node, and a delay value (inter-Mode
information) between the MAP serving as the search yacket 30 reception node
and the MAp serving as the peripheral node, on the basis of the MAP notice
packet . The search node iri the MAP ( a ) is to MAP(o) lo, the MN(a) 2a
and MN(b) Zb updates the neighbor MAP table, on the basis of determined
inter-node information between the MAP or MN serving as the sEarch node and
the MAP serving 35 ass the peripheral. node . 57   Therefore, the aearoh
node in the MAP ( a ) 1a to MAP ( o ) lo, the MN(a) 2a and MN(b) 2b can
easily grasp the inter-node information between itself and the MAP serving
as the pe~ciyheral 



node. In addition, it becomes unnecessary to attain 5 synchronisation
between the MAPS in the MAP ( a ) la to MAP ( o ) lo, or between the MN(a)
2a and MN(b) 2b and the MAP(a) la to MAP(o) 10. The neighbor MAP table
stores the own-node information such as the processing capability, and the
inter-node information suoh l0 as the delay value . Therefore , the MAP ( a
) 1a to MAP ( o ) to , the MN(a) 2a and MN(b) 2b can hold the node
information, and grasp node information concerning the neighbor MAPs by
accessing the neighbor MAP table . Therefore ( the MAP ( a ) la to MAP ( o
) 10, the MN ( a ) Za and MN ( b ) 2b can use various kinds of node
information 15 ooncerning MAPS as ,judgment materials at the time of
updating the neighbor MAP table, and as judgment materials at the time of
selecting a MAP to be used. In addition, the neighbor MAP table stores five
neighbor MAPS having shortest delay values in the order of increasing delay
20 value. The search node in the MAP(a) 1a to MAP(o) to, the MN(a) 2a and
MN(b) 2b transmits a node search packet to a neighbor MAP having an address
stored in the neighbor MAP table in the search node . Upon receiving the
node search paoket , a MAP serving as the search packet reception node also
transmits a node notice 25 request paoket to a neighbor MAP having an
address stored in the neighbor MAP table in the search packet reception
node, Upon receiving the node notice request packet, a MAP serving as a
peripheral nade returns a node notice packet to the searoh node. As a
result, the aearoh node in the MAP(a) la to MAP(o) 30 lo, theMN(a) 2a
andMN(b) 2b canreeei.veMAPnoticepacketsreturned from a large number of MAPS
serving as peripheral nodes . Therefore , the search node in the MAP(a) la
to MAP(o) lo, the MN(a) 2a and MN(b) 2b can obtain information
concerningMAPslocatedrelatively in the neighborhood, and effiaiently detect
neighbor MAPs having 35 short delay values. 58   The MAP ( a) la to MAP ( o
) ~.o include the NDMP unit 15 , the neighbor MAP tables 16a to 160, and
the interface 19 ( respectively. Therefore, the MAP(a) is to MAP(o) to can
access the neighbor MAP tables 16a to 16o, create a MAP notice packet on
the basis 5 of the storeQ information, and transmit the MAP notice packet
to another MAPs . Therefore, the MAP ( a ) la to MAP ( o ) to can become a
searoh packet reveption node or a pEripheral node, and supply information
grasped by itself to another MAPs. In a4dition, the MAP(a) la to MAP(o) to
can oreate a MAP notice request packet 10 to be transmitted to neighbor
MAPs having addressee stored in the neighbor MAP tables 16a to 16o, and
transmit the MAP notice segues t packs t . Theref ore , the MAP ( a ) Z a
to MAP ( o ) 1 o can reques t the neighbor MAPa etoreG in the neighbor MAP
tables 16a to 16o to return a MAP rioticg packet. 15 Each of MN(a) 2a and
MN(b) 2b includes the NDMP unit 25 and the MAP aeleation policy ho~.cling
unit 30. Therefore, the MN(a) 2a and MN(b) 2b aan access the neighbor MAP
tables 26a and 26b and select s neighbor MaP to be used, on the basis of
the MAP selection policy. Therefore, the MN(a) 2a and MN(b) 2b can 20
autonomously select an optimum neighbor MAP meeting the MAP selection
policy from the neighbor MAp tables 26a and 26b, respectively. In addition,
the MN(a) 2a and MN(b) 2b use the delay value as one of the parameters for
the MAP selection policy. The delay 25 value is determined under the
influence of various parameters, such as the link capacity between MAPs,
the number of hops, the processing Capability of the MAP ~.t~self, and the
traffio volume. Therefore, the MN(8) 2a and MN(b) 2b can select the optimum
MAP by using the delay value as one of the parameters of the MAP 30
selection policy. The MN(a) 2a and MN(b) 2b use the processing 



capability, whioh is information other than the remoteness/nearness
decision information , as one of the parameters of the MAP selection
policy. Therefore, the MN(a) 2a and MN(b) 2b aan select the optimum MAP by
considering not 35 only the remoteness/nearness condition but also the
state of the 59   MAP .itself . Five neighbor MAPS having shortest delay
values are registered in the neighbor MAP table in the order of increasing
delay value. Therefore, the MN(a) 2a and MN(b) 2b can esaiZy 5 select o~
neighbor MAP meeting the MAP selection policy without using the anycast
address. [Second Embodiment] (Mob~tla Communication System 10 (General
Configuration of Mobile Communication System) The mobile communication
system uses the I~1ZP, and includes a plurality of MAPS and a pxurality of
MNs. In the present embodiment ) a decision criterion "a smaller number of
hops between nodes indicates a shorter distance" is used as the decision 15
criterion for determining whether the distance between nodes is short. As
for the remoteness/nearness devision information, the number of hops
between nodes is used. (Configuration of MAP) 20 $xcept that the processing
concerning the search for a MAP conducted by the NMDP unit 15, and the
neighbor MAP table and the second table of the MAP are different , the MAP
is substantially the same as the MAP 1 shown in Fig. 2. The neighbor MAP
table and the second table of the MAP of the present embodiment Will 25 now
be deecribe8 bx taking a neighbor MAP table 17.6k and a second table 117k
of the MAP of the gresent embodiment and shown in Fig. 20 as e~.n example.
As shown in Fig. 20, the neighbor MAP table 116k ~storas an IP address, the
number of hops, lifetime (in sec. ) , a sequence number 1, forced
registration lifetime (in sec. ), and 30 a sequence number 2 for each
neighbor MAP. The maximum number of node entries in the neighbor MAP table
116k is set to "5." The number of hops ie the number of hops between the
MAP (k ) itself having the neighbor MAP table 116k and each neighbor MAP .
As a general rule, the neighbor MAP table 116k stores information 35
concerning the neighbor MAPs according to the criterion, "dive 60
neighbor MAPS having smallest number of hops are stored in the order of
increasing number of hops . " The lifetime, the sequence number 1, the
forced registration lifetime and the sequenoe number z are imilar to those
in the neighbor MAP table 16k shown in 5 Fig. 3. The second table 117k
stores a sequence number 3, ini.t~.al lifetime (in sec. ), search lifetime
(in sec. ), sequence number 4, forced registration initial lifetime (in
sea. ) , time o~ forced registration request tranamiss~.on timr ( in sec .
) , and an initial 



10 HL (Hop Limit ) . The sequence number 3, initial lifetime, Search
lifetime ) sequence number 4, forced ragistrat~.on initial lifetime, time
of forced registration reguest transmission timer are similar to those in
the second table 17k shown in F~.g. 3. The value of the initial HL is the
number of hops that becomes 15 a reference value for determining the number
of hops between the MAP(k) 1k itself and another MAP. The initial HL is set
to the initial value of HL in the MAP notice packet. The initial HL of the
MAP is set to the maximum value in the number of hope for each neighbor MAP
stored in the neighbor MAP table 116k. If the ZO neighbor MAP table 116k is
in the state shown in F~.g. 20, therefore, the second table 117k stores the
number of hops "13" between the MAP ( k ) lk and the MAP ( g ) ig as the
initial IiL . The initial HL may not be set to the maximum value in the
number of hops for each neighbor MAP stored in the neighbor MAP table 116k,
but the 25 initial HL may be previously set to a constant value in the
second table 117k. Dr, the initial HL may be set to a, value obtained by
adding a preset constant value to the maximum value in the number of hops
for each neighbor MAP stored in the neighbor MAP table 116k. 30 (
Configuration of MN ) Except that the prooessing concerning the MAP search
Conducted by the NMDP unit 25, and the neighbor MAP table) the second table
and the MAP selection policy included in the MN are 35 different, the MN is
substantially the same as the MN 2 shown 6I   in Fig . 4 . The neighbor MAP
table and the second table of the MN of the present embodiment will now be
described by taking a neighbor MAP table 126a and a seoan~d table 127a of
the MN(a) shown in Fig. 21. As shown in Fig. 21, the neighbor MAP table
126a 5 stores an IP address, the number of hope, lifetime (in sec.), and a
sequence number 1. The maximum number of node entries in the neighbor MAP
table 126a is set to "5." Tha number of hops is the number of hops between
the MN and each neighbor MAP. The neighbor MAP table 126a stores 7.0
information ooncarning neighbor MAPS according to the critezion) 'five
neighbor MApa having smallest number of hops are stored in the order of
inaraasing number of hops." The Z~.fetime and the sequence number 1 are
similar to those shown in the neighbor MAP table 26a shown 1.n Fig. 5. Z5
As shown in Fig. 21, the second table 127a stores a sequence number 3, an
initial lifetime (in sec. ) , a search lifEtime (in sec.)) and an initial
HL. The Sequence number 3, the initial lifetime and the search lifetime are
substantially the same as those in the second table 27a shown in Fig. 5 .
The initial lifetime 20 is set to a short value. It is desirable to also
set the searoh lifet5.me to a shorter value acoordingly. As a result) the
MN can effect a eearah for a MAP with high frequencies. Therefore, the MN
can update the information concerning the neighbor MAPS, which changes
according to the movement, with high frequencies. 25 As a result, the MN
can Suitably grasp information concerning the neighbor MAPs according to
the movement. The initial HL is the number of hops that becomes a reference
value f or determining the number of hops between the MN ( a. ) and a MAP.
Tha initial ILL is set to the initial value of HL in the 30 MAP notice
packet. The initial HL of the MN is a sufficiently large value. In the case
where the number of hops between the MN and a neighbor MAP has varied
largely according to a movement, therefore, the situation that MAP notice
packets do not arrive at the MN at all can be prevented. The initial HL of
the IAN can 35 be set to a previously determined constant value. 62   The
MAP selection policy holding unit 30 in the MN according to the present
embodiment holds a MAP selection policy, "a MAP located nearest." In the
present embodiment, a decision criterion "a smaller number of hops between
nodes indicates a 5 shorter distance" is used as the decision criterion for
determining whether the distance between nodes is short. Therefore, "a node
boated nearest" means "a node having a minimum number of hops between
nodes." 10 (Method for searching for node A method for searching for a node
(MAP) in the mobile communication system will now be described. 



(Search for MAP effected by MAP) A search for a MAP effected by a MAP w111
now be described 15 with reference to Figs. 22 and 20. Fig. 22 shows how a
plurality of MABs, MAP(a) ipla to MAP(n) 101n included in the mobile
communication system form a group . In Fig. 22 , the MNs are omitted in the
illustration. In Fig. 22, neighbor MAP tables 116a to 116n raspectivel.y of
the MAP(a) 101a to MAP(n) 101n are shown 20 together with the MAP(a) 101a
to MAP(n) 101n. For brevity of description, however) only ZP addressee
stored In the neighbor MAP tables 116a to 116n, and the number of hops
between each of MAP(a) 101a to MAP(n) 101n respectively including the
neighbor MAP tables 116a to 116n and each neighbor MAP are shown. As shown
25 in Fig. 22, the neighbor MAP tables 116a to 115n are formed in MAP(a)
101a to MAP(n) 101n, respectively. A search for a MAP will now be described
by taking the case where the neighbor MAP table 116k of the MAP(k) 101k is
in a state shown in Fig. 20 as an example. The search lifetime in the
second 30 table 117k is set to fi0 (sec.). The current lifetime for the MAP
( n ) 116n registered in the neighbor MAP table 116k as a neighbor MAP is
61 ( sec. ) . The lifetime is decremented every second. One second later,
therefore, the lifetime for the MAP(n) 116n in the neighbor MAP table 116k
arrives at 60 ( sec . ) , which is the search 35 lifetime, and the lifetime
coincides with the search lifetime) 63   Thereupon, the MAP(k) 101k starts
a search for a MAP with respect to the MAP(n) lDln. 1. Transmission and
reception of MAP search packet and MAP notice 5 paoket First, the MAP(k)
10,k transmits a MAP search packet to the MAP ( n ) 101n , and the MAP ( n
) 101n receives it as repreHented by a solid line arrow in Fig. 22. In this
case) therefore, the MAP(k) 101k becomes a searoh node) and the MAP(n) 101n
becomes 10 a search paoket reception node. Specifically, the NMDP unit 7.5
in the MAP(k) 101k creates a MAP searoh packet 103 shown in Fig. 23, and
the interface 19 transmits it. As shown in Fig. 23, the MAP search packet
103 includes an IPv6 header 131 and a destination option header 13Z. A
version 15 for indicating the version of IP, a souroe address for
indicating the transmission souroe of the MAP search packet 103, and a
destination address for indicating the destination of the MAP searvh packet
103 are stored in the IPv6 header 131. A type, a seguence number for
controlling the MAP search packet 103, and 20 an initial HL are stored in
the destination option header 132. The NMDP unit 15 in the MAP(k) 101k sets
the ~eource addrgsa in the IPv6 header 131 to the IP address "k' of the MAP
( k ) 101k, anrl sets the destination address in the IPv6 header 131 to the
IP address "n" of the MAP ( n ) 106n . The N1~P unit 15 in the MAP ( k ) 25
101k sets the type in the destination option header l32 to "41" . Iri the
present embodiment, the type "41" indioates the MAP search paoket Z03. The
NMDP unit 15 in the MAP(k) 101k sets the sequence number in the destination
header 132 to "1654", whioh ~.s obtained by adding 1 to the value "1b53" of
the sequence number 3 in the 30 second table 117k shown in Fig. 20. At this
time, the I~1MDP unit 15 in the MAP ( k ) 101k also updates the value of
the sequence number 3 in the second table 117k to set it to ' 1654 . " The
I~MDP unit 



15 in the MAP ( k ) 101k oopies the initial HL  13" in the second table
117k, and sets the initial HL in the destination option 35 header i.32 to
the oopied initial HL "13." 64   Upon receiving the MAP search packet 103 ,
the MAP ( n ) 101n transmits an encapsulated MAP notice packet to each of
the neighbor MAPS stored in the neighbox MAP table 116n in the MAP(n) 101n,
i.e~., the MAP(n) lplri) MAP(i) 1011. MAP(1~) 101k, MAP(1) 1011 and 5
MAP(j) 101,j as represented by a dot-dash line in Fig. 22. The
encapsu~.ated MAP notice packet means a pavket obtained by encapsulating a
MAP notice packet returned from the MAP ( n ) 101n serving as a search
packet reception node to the MAP ( k ) 101k serving as a search node. In
other words, the MAP(n) 101n serving as 10 the search packet reception node
encapsulates the MAP notice packet with a header directed to the MAP ( i )
101i to MAP ( 1 ) 1011 neighboring the MAP(n) 101n itself, and transmits a
resultant encapsulated MAP notice packet. Therefore, the MAP(i) 101i to
MAP(1) 1011 become peripheral nodes. 15 Specifiaaliy) the NMDP unit 15 in
the MAP(n) 101n creates an encapsulated MAP notice packet, and the
interface 19 transmits the errcapsul.ated MA,P notice request packet.
Hereafter, this operation will be dosaribed by taking the transmission of
an encapsulated MAP notice packet to each of the MAP(i) 10l1 and 20 the MAP
( j ) 101 j as an example. Fig. 24A shows an encapsulated MAP notice packet
10 4 i to be transmitted to the MAP ( i ) 101i , and Fig. 24H shows a MAP
notice packet l04 j to be transmitted to the MAP(j) 101. As shown in Figs.
24A and 24H, the encapsulated MAP notice 25 packets 1.04i and 104,j Include
IPv6 headers 1.411 and 141j, and MAP notice packets 105i and 105 j,
respectively. The Ipv6 headers 141i and 141 j are headers respectively for
enoapsulatlng the MAP notice packets 105i and 105j to be returned from the
MAP(n) 101n serving as the search packet reception node to the MAP(k) 101k
30 serving as the search node . Versions for i.ndicati.ng the IP version ,
ssouroe addresses for indicating sources of the encapsulated MAP notice
packets 104i and 104j, and destinat~.on addresses for indicating
destinations of the encapsulated MAP notice packets 104i and 104j are
stored in the TPV6 headers 141i and 1413, 35 respectively. 65   The MAP
notice paakete 105i and 105 j includes ZPV6 headers 151i and 151j and
destination option headers 152i and 152j, respectively. A version for
indicating the IP version, an HL) a source address for indicating the
source of the MAP notice peaket , 5 and a destination address for
indicating a destination Of the MAP notice packet are stored in each of the
IPv6 headers 151i and 151 j . A type, an intermediate MAP address, a
sequence number for controlling the MAP notice packet 105i or 105 j , and
an initial HL axe stored in each of the destination option headers 152i and
10 152 j . The intermediate MAP address is an address of a peripheral node
through which the MAP notice packet 105i or 105 j is passed. As shown in
F~,g . 2 4A, the NMDP unit 15 in the MAP ( n ) l O In sets the svurae
address in the IPv6 header 141i to the IP address n" of the MAP(n) 101n,
and sets the destination address in the 15 IPv6 header 141i to the TP
address "i" of the MAP(i) 101i. The NMDP unit 15 in the MAP(n) 101n copies
the initial HL "13" in the received MAP search packet 103 shown in Fig. 23,
and sets the HL in the IPv6 header 151i to the copied initial HL "13." The
NMDP unit 15 in the MAP ( n ) 101n seta the sourve address in 20 the IPv6
header 151i to the IP address n" of the MAP(n) 101n, and sets the
destination address in the IPv6 header 151i to the IP address "k" Of the
MAP(k) 101k. 



The NMDP unit 15 in the MAP(n) 1.01n sets the type in the destination
option header ,1521 to "42 . " Tn the present embodiment , 25 the type "42
indicates a MAP notice packet. The NMDP unit 15 in the MAP(n) 101n copies
the destination address "i" iri the IPv6 header 141i, Which is the
transmission destination of the packet obtained by encapsulating the MAP
notice packet 105i, and sets the intermediate MAP address in the
destination option header 30 152i to the oopied destination address i." The
NMDP unit 15 in the MAP(n) 101n copies the value "1654" of the sequence
number and the value "13" of the initial. HL in the received MAP search
packet 103 shown in Fig. 23, and sets the sequence number and the initial
HL in the destination option header 152i to the copied 35 values,
respsatively. 66   In the same way, the NMDP unit 15 in the MAP ( n ) 101n
creates the encapsulated MAP notice packet 104 j to be sent to the MAP( j )
101j shown in Fig. 24g. The NMDP unit 15 in the MAP(n) 101n sets the
destination a4dress in the IPv6 header 141,j to the IP address 5 " j " of
the MAP ( ~ ) 101 ~ . The NMDP unit 15 i.n the MAP ( n ) 101n copies the
destination address "j in the IPv6 header 141j, Which is the transmission
destination of the packet obtained by encapsulating the MAP notice packet
105j, and sets the intermediate MAP address iri the destination option
header 152 10 to the copied destination address "j." Upon receiving the
encapsulated MAP notice packet, each of MAP(i) 101i to MAP(1) 101l and
MAP(n) 101n conducts decapeulation for removing the outermost IPv6 header,
and takes out a MAP notice packet to be returned from the MAP (n ) 101n
serving 15 as the search packet reception node to the MAP(k) 101k serving
as the search node . Saah of MAP ( i ) 1011 to MAP ( 1 ) l011 and MAP ( n )
101n transmits the MAP notice packet to the MAP(k) 101k as represented by a
dot line arrow in Fig. 22. Specifically the ZP layer unit 13 in sash of MAP
( i ) 101i to MAP ( 1 ) 101l and MAP ( n ) 20 101n decapsulates the
encapsulated MAP not~.ce packet, arid the interface 19 trapmits the MAP
notice packet taken out. Thus, MAP(n) 101n serving as the search packet
reception node returns the MAP notice packet to the MAP(k) 107.k serving as
the search node via the MAP(i) 101i to MAP(1) 101l serving as peripheral 25
nodes. Thus , the MAP ( n ) 101n serving as the search packet reception
node encapsulates the MAP notice packet with the IPv6 header having an
address of a neighbor MAP stored in the neighbor MAP table 116a as its
destination, and conducts tunnel txansfer of the 30 encapsulated MAP notice
packet. As a result, the MAP(n) 101n serving as the search peckt reception
node can return the MAP notice packet to the MAP(k) 101k serving as the
search node via the MAP(i) 101i to MAP(1) 101l serving as peripheral nodes.
Heeides such tunnel transfer, the MAP sex"ving as the search packet 35
reception node can return the MAP notice packet to the MAP serving 67   as
the search node via MAPs serving as periphral nodes , by using a route
control header, which is an extnaion header of an option of IPv6. 5 2.
Inter-node ,information determination, MAP detection, and neighbor MAP
table update Vpon receiving the MAP not ~.ce packet ( the MAP ( k ) lk
serving asthe search node conductsinter-node information determination, MAP
detection, and neighbor MAP table update on the basis of the 10 returned
MAP notice packet. lTereafter) this operation Will be described by taking
MAP notice packets transmitted by the MAP ( i ) 1011 and MAP(j) 101 ae an
example. Firs t , the ease where the interface 19 in the MAP ( i ) 101i has
transmitted the MAP notice packet 105i will now be described. 15 The MAP(k)
101k serving as the search node receives the MAP notice packet 105i shown
in Fig. 25. The MAP(k) 101k determines the number of hops between the
MAP(k) 101k itself serving as the search node and the MAP(i) 101.i serving
as a peripheral node through which the MAP notice packet 105i is passed. A
MAP having the 20 intermediate MAP address included in the MAP notice
packet 1051 as its aQdress is the peripheral node through which the MAP
notice packt 1051 is passed. Specifically ) the 1~MDP unit 15 in the MAP (
k ) 101k acquires a value "7 ^ of the HL included in the IPv6 header 7.511
and a value 25 "13" of the initial HL included in the destination header
7.52i from the received MAP notice packet 105i. The value of HL in the MAP
notice packet 1051. which is taken out by decapsulation to remove the zPv6
header 1411 from the encapsulated MAP notice packet 105i received by the
MAP(i) 101i, is "13" as shown in Fig. 30 24A. ~n the other hand, the value
of HL in the MAP notice packet 105i received by the MAP(k) 101k is "7" as
encircled in Fig. 25) because the value of HI, in the MAP notice packet
105i is decreased by "1" every transfer while the MAP notice packet 1a51 is
transmitted from the MAP(i) 101i to the MAP(k) 101k. 35 The NMDP unit 15 in
the MAP ( k ) 101k conducts a calculation 



68   for subtracting the value "7" of HL from the value "13" of the
acquired in~.tiaJ. HL, and thereby obtains the number of hops between the
MAP ( k ) 101k and the MAP ( i ) 1011. The result of the calculation
becomes 13 ~ 7 = 6. In this way, the number of hope between the 5 MAP ( k )
101k and the MAP ( i ) 101i having the ~.r~termeaiate MAP address included
in the MAP notice packet 105i as its address ) which is newly determined in
the MAP(k) 101k, becomes "6." Subseguently, the NMDP unit 15 in the MAP ( k
) 101k conducts retrieval to determine whether the intermediate addres6 "i"
in 10 the MAP notice packet 105i is included in the TP addresses ire the
neighbor MAP table 116k shown in Fig. 26. Fig. 26 shows states of the
neighbor MAP table 116k and the second table 117k in the MAP(k) 101k at the
time when the MAP notice packet 105i shown in Fig. 25 has been receivEd. In
the neighbor MAP table 116k 15 and the second table 117k shown in Fig. 26 ,
there are places already updated from the state immediately before the MAP
search is started shown in Fig. 20. If the intermediate address "i" in the
newly received MAP notice packet 105i exists in the neighbor MAP table
116k, then 20 the NMDP unit i5 in the MAP(k) 101k judges the MAP(i) 101i
through which the MAP notice packet 105i has bean passed to be an already
detected MAP . In this case ) therefore ) the NMDP unit 15 in the MAP(k)
101k judges that the MAP notice packet 105i should be used to update the
information concerning the MAP(i) 101i alreedY 25 registered as a neighbor
MAP. In the case of Fig) 26, the intermediate MAP address "i" is included
in the IP addresses in the neighbor MAP table 116k. Therefore, the NMDP
unit 15 in the MAP(k) 101k fudges that the MAP notice packet 105i should be
used to update the information conoern~.ng the MAP(i) 1011. 30
Subsequently, the NMDP unit 15 in the MAP(k) lk determines whether update
of existing information concerning the MAP ( i ) 101i in the neighbor MAP
table 116k based on the received MAP notice packet 105,i should be
exe~outed. Specifically, the NMDP unit Z5 in the MAP(k) 101k first compares
the sequence number "165A" in 35 the received MAP notice packet 105i with
the sequence number 1 69   "1650" for the MAP(i) 10J.1 in the neighbor MAP
table 116k (Fig. 26 ) at the time when the MAP notice packet 105i is
reoeived. If the sequences number in the MAP notice packet 105i is higher,
then the NMDP unit 15 in the MAP(k) 101k fudges that the informe~tion 5
bneed on the M71P notice packet 105i is the latest information and update
of the information should be executed. =n the case of Fig. 25, the sequence
number in the t~LAP notice packet 105i is higher. Therefore, the NMDP unit
15 in the MAP(k) 101k fudges that the update of the information should be
executed. 10 On the other hand, if the sequence number in they MAP notioe
packet 105i is lower than the sequence number Z for the MAP(i) 101i in the
neighbor MAP table 116k, then the NMDP unit 15 in the MAP(k) 101k fudges
that update of the information should not be executed. 15 Subsequently, the
NMDP unit 15 in the MAP(k) 101k executes update of information concerning
the MAP(i) 101i in the neighbor MAP table 116k. The NMDP unit 15 in the
MAP(k) 101k acquires the sec~uenoe number "1654" from the MAP notice paoket
105i (Fig. 25). The NMDP unit 15 in the MAP(k) 101k acquires the initial 



20 lifetime 900 (sec.) from the second table 17k (Fig. 26). The NMDP unit
15 in the MAP(k) 101k conducts updating so as to have the latest
information by replacing the existing number of hops "6" concerning the
MAP(i) 101i in the neighbor MAP table 116k (Fig. 26) with the determined
number of hops "6", replacing the 25 existing lifetime 122 (aec. ) with the
acquired initial lifetime 900 (sea. ) , and replacing the existing sequence
number 1 "l650" with the acquired sequence number "1654." On the other
hand, if the intermediate address 'i" in the newly received MAP notioe
packet 105i does not exist in the neighbor 30 MAP table 116k in the MAP(k)
101k serving as the search node, then the NMDP unit 15 in the MAP ( k )
101k j udges the MAP ( i ) 101i through whioh the MAP notice paoket 1051
has been passed to be a newly c~atected MAP. In other words, the NMDP unit
15 in the MAP(k) 101k ,judges that there is a possibility that the MAP(i)
35 101i is newly registered in the neighbor MAP table 116k in the 70
MAP(k) 101k as a neighbor MAP for the MAP(k) 101k. rn this case , the NMDP
unit 15 in the MAP ( k ) 101k conducts a oomparison to determine whether
the number of hops between the MAP ( k ) 101k and the MAP ( i ) 101i
determined on the basis of the 5 MAP notice packet 105i is smaller than the
maximum value in the number of hops for the neighbor MAPS stored in the
neighbor MAP table 7.16k in the MAP(k) 101k at the time when the MaP notice
packet 1051 is reoeiVed. If the number of hope between the MAP ( k ) 101k
and the MAP(i) 1o11 is equal to the maximum value in the 10 number of hope
stored in the ~leighbor MAP table 116k in the MAP ( k ) 101k, then the NMDP
unit 15 in the MAP ( k ) 101k judges that the MAP ( i ) 101i should not be
newly registered in the neighbor MAP table 116k as a neighbor MAP for the
MAP(k) 101k. On the other hand, if the number of hops between the MAP ( k )
15 10 ik and the MAP ( i ) l011 is lea s than the maximum value in the
number of hops stored in the neighbor MAP te~ble 116k in the MAP(k) 101k at
the time when the MAP notice packet 105i is received, then the NMDP unit 15
in the MAP ( k ) 101k determines whether the forced registration lifetl.me
for a neighbor MAP that is larger 20 in number of hops than the MAP ( i )
101i in the neighbor MAP table 116k i.n the MAP(k) 101k is 0 (sea.). If the
forced registration time for all neighbor MAPS that are larger in number of
hops than the MAP ( i ) 101i is not 0 ( sec . ) ( then the NMDP uni t 15 in
the MAP ( k ) 101k j udgea that the MAP ( i ) ~5 101i should not be newly
registered in the neighbor MAP table 1 l 6k in the MAP ( k ) 101k ass a
neighbor MAP f or the MAP ( k ) 101k . On the other hand, if there is a
neighbor MAP that is larger in number of hops than the MAP(i) 101i and that
is 0 (sea.) in forced registration time, then the NMDP unit 15 in the
MAP(k) 30 101k judges that the MAP ( i ) 101i should be newly registered in
the neighbor MAP table 116k in the MAP ( k ) 101k as a neighbor MAP for the
MAP ( k ) 101k . Firs t ( the NMDP unit 15 in the MAP ( k ) 101k erases
information concerning a neighbor MAP having the largest number of hops
among neighbor MAPS that are greater in number 35 of hops than the MAP(j)
101j arid that are 0 (sec.) in forced 71   registration time . And the NMDp
unit 15 in the MAP (k ) 101k updates the neighbor MAP table 116k on the
basis of tha MAP notice packet 1.05 j . Speaif~.cally, the NMDP unit 15 in
the MAP ( k ) 101k acquires 5 the intermediate MAP address and the sequence
number from the MAP notice packet 105i, and acquires the initial lifetime
from the second table 11?k. Tha NMDP unit 15 in the MAP (k) 101k stores the
determined number of hops, the aoqv.ired intermediate Mi~P address, initial
lifetime and sequence number, and the initial 10 value 0 ( sec. ) of the
foroed registration lifetime in the neighbor MAP table 116k in the MAP(k)
101k, as information concerning the MAP(i) 101i. In this way) the MAP(i)
x011. which is a newly detected neighbor MAP for the MAP(k) 101k. is
registered in the neighbor MAP table 17.6k. ' 15 The case where the MAP ( j
) 101 j has transmitted the MAP notice packet 105j w311 now be described.
The MAP(j) 101j conducts deeapsulation to remove the IPv6 header 141 j from
the reaei.ved encapsulated MAP notice packet 104 j , and transm~.ts the MAP
notice packet 105j shown in Fig. 27 toward the MAP(k) 101k. ZO =t is now
supposed that the numbax of hops between the MAP ( j ) 101j and the MAP(k)
101k is 15 at this time. In the MAP notice packet 105 j shown in Fig. Z7,
the value of HL in the IPvfi header 151 j is "13 . " Hefoxe the MAP notice
packet 105 transmitted from the tdAP ( j ) 10~. j arrives at the MAP (k ) l
Olk. the value of Hh in 25 the MAP notice paakat 105 j is decreased by 1
every transfer and becomes 0, in other words, the value of HL in the MAP
notice packet 105 j 18 too small . On the route between the MAB ( j ) 101 j
and the MAP ( k ) 101k , the value of HL becomes 0 and the MAP notice
packet 105j disappears. Therefore, the MAP notice packet 105j 30 dose not
arrive at theMAP(k) 101k. In the MAP(k) 101k. therefore. update of the
neighbor MAP table 116k based on the t~AP notice packet 105j is not
conducted. Thus, it is desirable to set the initial value of HL in the IPv6
header 151 j in the MAP notice packet 105 j to the maximum 35 value in the
number of hops for neighborMAPs stored in the neighbor ?2 



MAP table 116k. In other words) it is desirable to set the initial Hh in
the second table 117k, which becomes the initial value of HL set in the
TPV6 header 151 j, to the maximum value in the number of hops for neighbor
MAPS stored in th neighbor MAP table 116k 5 as shown in Fig. 20. As a
result, the MAP notice packet 105j transmitted from the MAp ( j ) l01 j ,
whioh is a peripheral node that is looated so far away that it may not be
registered in the neighbor MAP table 116k, can be extinguished on the route
between the MAP( j ) 101j and the MAP(k) 101k serving as the search node.
In other 10 words, the MAP(j) I01 that ie greater in number of hops than
the neighbor MAPS in the current neighbor M~,P table 116k is not registered
in the neighbor MAP table 116k. It is possible to extinguish the MAP notice
packet transmitted from the MAP ( ~ ) 101 j without being received by the
MAP ( k ) 101k . Theref ore , the control 15 load of the MAP ( k ) 101k
serving as the search node can be reduced, and transfer of extra packets
can be prevented. Similarly in the node search method of the present
embodiment , erasing of a neighbor MAP in the case where a MAP notice
packet is not returned, request for registration of a MAP in the ZO
registratl.on MAP table issued by another MAP, and arrangement of a new MAP
can be conducted in the same way as the first embodiment . ( Search for MAP
effected by Iii ) A search for a M~,p effeoted by a MN will now be
described 25 with reference to figs. Z8 and 21. Fig. 28 shows a plurality
of MAPs, MAP(a) 101a to MAP(o) 101o, MN(a) 102a and MN(b) 102b included in
the mobile communication system. In Fig. Z8, neighbor MAP tables 126a and
126b respectively included in the MN(a) 102s and MN(b) 102b are shown
together with the MN(a) 102a and MN(b) 30 102b. For brevity of description,
however, only IP addresses stored in the neighbor MAP tables 126a and 126b,
and the number of hope between the MN(a) 102a and MN(b) 102b and neighbor
MAPs are shown. 35 1. Search for MAP 73   First, as to how the MN(b) 102b
searches for a MAP while moving on a travel route indicated by an arrow D
in Fig. 28 w111 now be described. In the same way as the search for a MAP
effected by a MAP, the MN(b) 102b searches for a MAP. If the lifetime 5 of
the information concerning any of MAPs registered in the neighbor MAP table
126b in the MN ( b ) 102b arrives at the search lifetime when the MN(b)
102b is in a position indicated by an arrow A in Fig. 28, then the MN(b)
102b starts a search for a MAP . Specifically, the NMDP unit 25 in the MN (
b ) 102b transmits 10 a MAP search packet to the MAP . Subsequently, the
NMDP unit 25 in the MN(b) 102b receives a MAP notice packet for the MAP
search packet returned from aMAP that has become a search packet reception
node via a MAP that has become a peripheral node. Subsequently, the NMDP
unit 25 in the MN(b) 102b detects a new MAP an the basis 15 of the
receive~MAP notice packet, acquires the latest information concerning
existing neighbor MAPS, and updates the neighbor MAP table 126b. As a
result , information concerning the MAP ( o ) 101o , MAP ( g ) 101g, MAp(i)
1011, MAP(k) 101k andMAP(h) IOlh, which era neighbor 20 MAPS each having a
smaller number of hops with respect to the MN ( b ) 102b located in the pos
ition indicated by the arrow A in Fig. 28, ie registered in the neighbor
MAP table 126b. While the MN(b) 102b moves on the travel route indicated by
the arrow D from the position indicated by the arrow A to a 25 position
indicated by an arrow C via a position indicated by an arrow B, the
lifetime values for information Concerning MAPs registered in the neighbor
MAP table 126b arrives at the search lifetime one after another, and the
MN(b) 102b effects a search for a MAP repetitively. 30 In the position
indicated by the arrow H in Fig . 28 , therefore , information concerning
the MAP ( k ) 101k, MAP ( i ) 101x , MAP ( o ) 1010 , MAP ( n ) 101n anc!
MAP ( h ) I O ih , which are neighbor MAP s each having a smaller number of
hops with respect to the MN(b) 102b located in the position indicated by
the arrow 8, is registered in the 



35 ne~.ghbor MAP table 126b. In the position indicated by the arrow 74   C
in Fig . 28 , information concerning the MAP ( n ) 101n , MAP ( k ) 101k.
MAP ( i ) 1011, MAP ( 1 ) 1011 and MAP ( a ) 101e , which are neighbor MAPe
each having a smaller number of hops with respect to the MN ( b ) 102b
located in the position indicated by the arrowC, ie registered 5 ire the
neighbor MAP table 126b. 2. Selection of MAP Sezection of a MAP will now be
described by taking the case where the MN(a) 102a selects a MAP that ie the
most suitable for 10 use, as an example. As described above, the MN(a) 102a
has the neighbor MAP table 126a shown in Fig. 21. The MAP selection policy
holding unit 30 of the MN(a) 102a holds a MAP selection policy represented
as "a MAP located nearest, i. a . , a MAP having a minimum numbez of hope
between nodes." 15 Therefore, the NMDP unit 25 in the MN(a) 102a ao7.lates
information concerning neighbor MAPs stored in the neighbor MAP table 126a
shown in Fig. 21 with the MAP selection policy held in the MAP selection
policy holding unit 30 , and selects an optimum neighbor MAP . As a result
, the NMDP unit 2 5 1n the MN ( a ) 102a 20 selects the MAP(f ) 101f as the
neighbor MAP to be used. The NMDP unit 25 in the MN(a) lo2a notifies the
mobility management unit z 4 of an address of the MAP ( f ) if , whi.ch is
the selected neighbor MAP. The MN(a) 102a registers the home address and a
care of 25 address now in use in the MAP(f) lf. The MN(a) 102a registers
the horns address and an address of the MAP(f) 1f in the HA. In this way,
the MN(a) 102a can be provided for the transfer service for a packet
transmitted to the home address of the MN(a) 202a) which is conducted by
the MAP(b) 101b. 30 According to the mobile communication system, the MAPS)
the MNa, and the node search method, the following effects can be obtained
in addition to the effects obtained by the mobile communioati.ansystem,
theMAPs, theMNs, sndthenodesearchmethod in the first embodiment. 35 The
neighbor MAP table stores five neighbor MAPS that are 75   smallest in
number of hops in the order of increasing number of hops. The search node
in the MAP(a) 101a to MAP(o) 101o, the MN(a) 102a and MN(b) 102b transmits
a node search paoket to a neighbor MAP having an address stored in the
neighbor MAP table 5 of the searvh node . A MAP that has received the node
search paoket and has become the search packet reception node returns a MAP
notice pavket) which is passed through peripheral nodes. Specifically, the
MAP that has become the search packet reception node returns a MAP notice
packet to the MAP serving as the search 10 node, via neighbor MAPs having
addresses stored in the neighbor MAP table of the MAP serving as the search
packet reception node. Therefore) the MAP notice packet includes
information, such as the number of hops and addressee, voncerriing MAPs
that are peripheral nodes through which the MAP notice packet is passed. 15
Therefore, the MAP serving as the search packet reception node can supply
information concerning neighbor MAPS stored in the neighbor MAP table of
itself to the MAP serving as the search node . Therefore , the s earth node
in the MAP ( a ) 10 la to MAP ( o ) 101o, the MN(a) 102a and MN(b) 102b can
grasp information, such 20 as the number of hope and addressa~s, concerning
a larger number of MAPs . Iri addition, the search node in the MAp ( a )
101a to MAP ( o ) 101o, the MN(a) 102a and MN(b) 102b can obtain
information concerning MAPs that are located comparatively near to the
esrch node, and detect neighbor MAPs that are small in number of hops 25
efficiently. 



The MAP(a) 101a to MAP(o) 101o include the NDMP un~.t 15, the neighbor MAP
tables 116a to 116o, and the interface 19, respectively. Therefore, the
MA,P(a) 101a to MAP(o) 101o can access the neighbor MAP tables 116a to
116o, create a MAP notice 30 packet that is to be passed through peripheral
nodes, on the basis of the stored information) and return the MAP notice
packet to other MAps . Theraf ore, the MAP ( a ) 101a to MAP ( o ) l O to
can supply information concerning neighbor MAPs stored in their own
neighbor MAP tables to other MAPS. 35 76   (Variations] The present
invention ie not limited to the first and second embodiments, and various
variations are poss~~.ble. First Variation 5 Service Nodes according to the
present invention include not only nodes like mobility management nodes,
which conduct packet processing, but also etatl,onary nodes, such as
printer servers, FTP (File Transfer Protocol) servers and electric
appliances and mobile nodes, such as mobile terminals, PDAs 10 ( Personal.
Digital Assistants ) and automobi~.es . In the case of a mobile node, it
serves as a node for relaying a packet to a mobile node of transmission
destination. As a result. the ad hoc technique or multi-hop connection
technique can be applied thereto. 15 Furthermore) in the case where as a
plurality of nodes a plurality of FTP servers form a group and a client
node downloads a file from any FTP server, ox iri the case where a client
node uploads a file to any FTP server, the nodes and the node search method
according to the present invention can be applied. As 20 a result, the
client node can select an optimum server from among detected FTP ;servers,
and use the optimum server. Specifically, if own-node information) such as
the processing capability or the traffic volume of the FTP server, and
inter-node information) such as the delay value or the number of hops in
packet transmission 25 between the client node and the FTP server, axe
preBCribed as a selection criterion for selecting a node to be used, then a
suitable FTP server can be selected by taking them into consideration. For
example, if an FTP server is selected on the basis of 30 a selection
criterion that an FTP server having the shortest delay value should be
selected) then tha client node can shorten the time required for
downloading sad uploading, and use the transmission line efficiently. In
this way, the nodes and the node search method according to the present
invention can be 35 applied to various techniques that necessitate the
deteetson of 77   another node or the grasping of the state of another
no8e. In the first and second embodiments , only MAPS form a group . The
mobile communication system may include a plurality of groups . In other
words, the mobile communication system can be formed 5 by gather~,ng a
plurality of gxoups each formed by gathering nodes 



having the same function, such as a groups of FmP servers, a group of
printer servers, and a group of mobile nodes. Yn th~.s case, a) criterion
suitable for each group can be adopted as a decision criterion for yudging
remoteness/nearnesa. One node may belong 10 to a plurality of groups.
Second Variation) In the first and second embodiments, a MAP notice packet
including node information, such as the delay value, the number 15 of hops
and the processing capability, is used. A MAP that has become a search
packet reception no4e or a peripheral node may create a MAP notice packet
including an IP address of a neighbor MAP stored in its own neighbor MAP
table, and return the MAP notice packet to a MAp or MN serving as the
search node. In this case 20 too, the MAP or MN serving as the search node
can grasp an zp address of another MAp, detect a MAP, and register the
detected MAP in the neighbor MAP table. In addition, it i possible to
reduce the information included in the MAP notice packet, and makethe
packettransmission and packetprocessing more efficient. 25 In this case,
the M~"p or I~T serving as the search node transmits data for investigating
node infvrmati.on to a MAP detected on the basis of the MAP notice packet.
The detected MAP returns responBe data in response to the received data.
The MAP or MN sexving as the search node update the neighbor MAP 30 table.
As the data for investigating the node information, for expmple) a ping
(Packet Internet Groper) request can be used. A the response data, for
example, a pin response can be used. Specifically) the MAP or MN serving as
the search node transmits a ping request for investigating the delay value
and 35 the number of hops in packet fi~ransmi~asion between the MAP serving
78   as the search node and a MAP detected on the basis of the MAP notice
packet, to an IP address of the detected MAP. Upon receiving the ping
request, the detected MAP returns a ping response in ra~sponse to the ping
request. Upon receiving the 5 ping response, the MAP or MN serving as the
search node updates the neighbor MAP table an the basis of the received
ping response . in this case, the NMDP unit 15 in the MAP or the NMDP unit
25 in the MN functions as a data creation unit, which Creates data for
investigating node information to be transmitted to the 10 detectsd node )
such as a ping request . The intexf ace 19 in the MAP ox the interface 29
in the MN functions as th communication unit, which transmits created data,
and receives response data corresponding to the data returned from the
detected node. In addition, the NMDP unit 15 in the MAP or the NMDP unit 25
in the 15 MN functions as the update unit, which updates the neighbor MAP
table on the basis of the returned response data. In this case, by using
the data for investigating the node information and its response data, such
as the ping reguest and ping response, the MAP or MN serving as the search
node can al9o 20 grasp the node information, such as various kinds of
own-node information ana inter-node information concerning the detected
MAP. Furthermore, by receiving response data (ping response) depending upon
the situation at the time of transmission of the data (ping request) for
investigating the node information, the 25 MAP or MN serving as the search
node can grasp the node information depending upon the situation at that
time, and hold the node information in the neighbor MAP table dynamically.
Furthermore, after the MAP or MN has registered a MAP in the neighbor MAP
table as a neighbor MAP) the MAP or MN can 



30 investigate the node information, such as the delay value and the number
of hops between the MAP or MIA and an already detected neighbor MAP, as
occasion demands by using the data for irive~etigating the node information
and its response data, such as the ping request an4 ping response. Further,
the MAP or MN 35 Can update the neighbor MAP table on the basis of the node
79   information, and hold the latest i.nfox~mation. [Th~.rd Variation In
the first and second embodiments, xPv6 is used. However, 5 IPv4 can also be
used. In the case where IPv4 is used, a packet obtained by storing
information stored in the destination option header of a MAP sarch packet,
a MAP notice request packet, a MAP notice packet, a neighbor MAP
registration request packet, or a neighbor MAP registration acknowledgement
packet, in a data 10 part of an IPv4 packet ie used. The kind of the packet
indicated by the type in the destination option header is indicated by
using the port number in the UDP header. Fig. 29 shows a configuration of a
MAP 3D1 in the case where IPv4 3s used. The MAP 301 comprises an
application unit 311, 15 a TCP/CDP unit 312, an ZP layer unit 3l3, a
mobility management unit 314, an NMDP unit 315, a neighbor MAP table 316, a
second table 317, a link layer unit 318 and an interface 319. The
application unit 311, the mobility management unit 314, the link layer unit
318 and the interface 319 are substantially the same 20 as the application
unit 11, the mobility management unit 14 , the link layer unit 18 and the
interface 19 of the MAP 1 shot~m ~.n Fig. 2. The TCP/UDP unit 312 is
connected to the NDMP unit 315. xf the TCP/UDP unit 31z has saquired a
packet concerning a search 25 for a neighbor MAP from the zP layer unit
313, then the TCP/UDP unit 312 supplies the packet to the NDMP unit 3l5.
The TCP/UDP unit 312 a0quires a packet concerning a search for a neighbor
MAP from the NDMP unit 315, and supplies the packet to the IP layer unit
313 . The TCP/UDP unit 312 judges the kind of the packet 30 oonaerning the
search for a MAP on the basis of s port number in a TCP header of the
packet . 8xoept for these points, the TCP/UDP unit 312 is substantially the
same as the TCP/UDP unit 12 of the MAP 1 shown in Fig. 2. The NDMP unit 315
is connected to the TCP/UDP unit 312. 35 The NDMP unit 315 conducts
processing on a packet concerning s eo   search for a MAP acquired from the
TCP/UDP unit 312 . Furthermore, the NDMP unit 315 access the neighbor MAP
table 316 and the second table 317, creates a packet concerning a search
for a MAP, and supplies the packet to the TCP/UDP unit 312. Thus, the NDMP
unit 5 3I5, the neighbor MAP table 316 and the second table 317 are
substantially the same as the NDMP unit 15, the neighbor MAP table 



16 and the second table 17 in the MAP 1 shown in Fig. 2 exoept that the
processing is conducted at the TCP/UDP ~eval. Except that the IP layer unit
313 is not connected to the NDMP unit 3~.5 10 and the IP layer unit 313
does not conduot proCessi.ng on a packt concerning asearchfor aMAP, the IP
layer unit 313 is substantially the sa,m as the IP layer unit 13 shown in
Fig. 2. Fig. 30 shows a configuration of a MN 302 in the case where IPv4 is
used. The MN 302 comprises an application unit 321 ) a 15 TCP/CDP unit 322,
an IP layer unit 323, a mobility management unit 324, an NMDP unit 3Z5, a
neighbor MAP table 326, a second. table 327, a link layer unit 328, an
interface 329 and a MAP selection policy holding unit 330. Tha application
unit 321, the mobility management unit 324 , 20 the link layer unit 328 and
the interface 329 are substantially the same as the application unit Z1,
the mobility management unit 24, the link layer unit 28 and the interfs.ce
29 of the MN 2 shown in Fig. 4. The TCP/UDP unit 32Z is connected to the
NDMP unit 325. Z5 If the TCP/UDP unit 322 has aoquired a packet oonoerning
a search for a neighbor MAP from the IP layer unit 3z3, then the TCP/UDP
unit 322 supplies the packet to the NDMP unit 325. The TCP/UDP unit 322
acquires a paoket concerning a search for a MaP from the NDMP unit 3Z5, and
supplies the packet to the IP layer unit 30 323 . The TCP/UDP unit 322
judges the kind of the packet aonoerning the search for a MAP on the basis
of a port number in a TCP header of the packet. Exoept for these points,
the TCP/UDP unit 322 is substantially the same as the TCP/UDP unit 12 of
the MN 2 shown in Fig. 4. 35 The NDMP unit 325 is connected to the TCP/UDP
unit 322. 81   The NDMP unit 325 conducts processing on a packet concerning
a search for a MAP acquired from the TCP/UDP unit 32Z . Furthermore, the
NDMP unit 325 accesses the neighbor MAP table 326 and th second table 327,
creates a packet concerning a search for a MAP) 5 and supplies the packet
to the TCP/UDP unit 322. Thus ) the NDMP unit 325, the neighbor MAP table
3z6, the second table 327 and the MAP selection policy holding unit 330 are
substantially the same as the NDMP unit 25, the neighbor MAP table 26, the
second table 27 and the MAP selection policy holding unit 30 in the MN ~0 2
shor"m in Fig. 4 except that the processing is conducted at the TCP/UDP
level. Except that the IP layer unit 323 is not connected to the NDMP un~,t
325 and the IP layer unit 323 does not conduct processing on a packet
concerning a search for a MAP ) the IP layer unit 323 is substantially the
same as the IP layer unit 23 shown 15 in Fig. 4. lFOUrth Variation In
peripheral nodes , there is a MAP that directly neighbors a MAP serving as
the search packet reception node, and a MAP that 20 indirectly neighbors
the MAP serving as the search packet 



reception node. For example, denot~.ng a MAP that directly neighbors a MAP
serving as the search packet reception node by first neighbor MAP, a second
neighbor MAP that directly neighbors the first neighbor MAP and a third
neighbor MAP that directly 25 neighbors the second neighbor MAP become MAPa
that indirectly neighbor the MAP serving as the search packet reception
node. Tn the first embodiment, a MAP notice request packet is transmitted
to a MAP serving as a peripheral node that directly neighbors a MAP serving
as the search packet reception node, and 30 the peripheral node that has
received the MAP notice request packet transmits a MAP notice packet.
However, a MAP serving ae a peripheral nods that di.rectlyneighbors aMAP
serving as the search packet reception node may further transmit a MAP
notice request packet to a MAP having ari address stored in the neighbor
MAP table 35 in the MAP serving as the peripheral node. 82   As a result,
aMAP serving as the search node can also receive a MAP notice packet from a
MAP serving as a peripheral node that indirectly neighbor a search packet
reception node . In the same way, upon receiving a MAP notice zequest
packet, a MAP serving 5 as a peripheral node may create a MAP not~.ae
request packet and transmit the MAP notice request packet to a MAP having
an address stored in the ne~.ghborMAP table in the~IAP serving as the
peripheral node. This operation may be repeated one after another. When the
interface 19 has received at least one of a MAP search packet, 10 a MAP
notice packet and a MAP notice request packet, the NMDP unit 15 in a MAP
can create a MAP notice request packet. Furthermore, upon receiving a MAP
notice packet, a MAP existing on a route through which a MAP notice packet
is passed may create a MAP notice packet that includes informat~.on 15
concerning s MAP registered in the neighbor MAP table in the MAP that has
receives the MAP notice packet, and transmit the MAP notice packet to a MAP
serving sa the search node. 0r upon receiving a MAP notice packet ) a MAp
existing on a route through which a MAP notice packet is passed may store
information 20 concerning a MAP registezed in the neighbor MAP table in the
MAP that has received the MAP notice packet . in the received MAP notice
packet. A MAP serving as a peripheral node may further return a MAP notice
packet that passes through another peripheral node. At this time, the MAP
serving as the peripheral node oreate8 a 25 MAP notice packet that passes
through a MAP having an address stored in the neighbor MAP table in the MAP
serving as the peripheral node, and returns the MAP notice packet. When the
interface 19 has received at least one of a MAP search pe~oket, a MAP
notice packet anc! a MAP notice request packet, the NMDP unit 15 in a 30
MAP can create a MAP notice zequest packet. A MAP that has received a
neighbor MAP registration request packet may further transmit a neighbor
MAP registration request packet to another MAP. As heretofore described,
each MAP may transmit a packet concerning a search for a MAP to a MAP
neighboring 35 itse~.f , and propagation to the surrounding MAPS may be
conducted, 83   by repeating this operation. As a result, each MAP can
grasp 



informat~.on concerning a larger number of MAPs. (Fifth Variation) 5 fhe
method for determining a delay value and the number of hops between MAPS is
not limited to that in the first and second embodiments . In the first and
second embodiments , a MAP or MN serving as asearch node determines
inter-node information between the MAP or MN itself serving as the search
node and a MAP serving 10 as a peripheral node, on the basis of a de~.ay
va~.ue between the MAP or MN itself and a MAP serving as a search packet
reception node anc~ a delay value between the MAP serving as a search
packet reception node and the MAP serving as the peripheral nvde. If the
MAPS are iri synchronism with each other and a MAP is in 15 synchronism
With the MN, however, the delay value itself between the MAP or MN itself
serving as the search node and the MAP serving as the peripheral node can
be measured directly. For example, when transmitting a MAP notice packet,
the MAP serving as the peripheral node needs only to store its transmission
time in the ZO MAP notice packet. It is not neoessary to store the search
start time in a MAP search packet, a MAP notice request packet, or a MAP
notice packet. In the case where the MAPs are in synchronism with eo~ch
other and a MAP is in ~aynchronisrn with the MN, each MAP that exists Z5 on
the route of a MAP notice packet may store an IP address of itself and
transmission time of the MAP notice packet when it has received the MAP
notice packet. In other words, each MAp may press a time stamp of
transmission time on a MAP notice packet . Aa a result) the MAP serving as
the search node can grasp 30 information ooncerning a larger number of MAPs
at a time. In the case where the MAPs are in synohronism with ach other and
a MAP ie in synchronism with the MN, the MAP or MN serving as the search
node may hold a table in which sequence numbers of MAP search packets are
associated with the search start time 35 of the MAP search packets . By
accessing the table on the basis 84   of the seguence number in the
returned MAP notice packet, tl~e search start time cari be grasped. As a
result, it is not necessary to store the search start time in the MAP
search packet, MAP notice request packet and MAP notice packet. 5 Also ) ae
for the number of hops, the number of hope between the MAP or MN itself
serving as the search nods and the MAP serving as the peripheral node may
be directly measured. Or the number of hops between the MAP or MN itself
serving as the search node and the MAP serving as the peripheral node may
be calculated from 10 the numbers of hops between MAPs. 



Sixth Variation Information included in the MAP notice packet and
information stored in the neighbor MA,P table are not limited to 15 those
in the fix~et and second embodiments. The information included in the MAP
notice packet and the infarmation stored ~.n the neighbor MAP table vary
according to the remoteness/nearness decision criterion used by the mobile
communication system and the nodes, and the MAp selection policy. Zf,
besides the delay 20 value and the number of hops, for example, inter..node
information, such as the cost, link capacity and propagation path
information in packet transmission between nodes, and own-node information.
such as the processing capability of the node, traffic volume in the node,
the numbex of nodes using the node, transmission 25 power of the node and
reliability of the node, such as whether a mirror configuration is adopted,
axe used as parameters for the rernoteness/nearness decision criterion,
then the MAP votive packet includes the Inter-node information and the
own-no8e information, arid the neighbor MAP table stores the inter-node 30
information and th own-node information. If besides the processing
capability, inter-node information, such as the cost, link capacity and
propagation path information in paalcet transmission between nodes, and
own-node information, such as the traffic volume in the node, the number 35
of nodes using the no4e, transmission power and reliability, are 85   used
as parameters for the MAF selection policy) then the MAp notice packet
includes the inter-node information and the own-node informat~.on) and the
neighbor MAP table stores the inter-node information and the owm-node
infvrmativn. 5 Tt is also possible that the neighbor MAP table stores a
plurality of kinds of own-node information and inter-node information and
the NMDP unit alters the remoteness/neaxnaes decision criterion to be
adopted or the MAP selection policy to be used, according to the situation.
A criterion used to store 10 information by the neighbor MAP table is not
limited to that in the first and second embodiments, either. For example,
information concerning MAPa that are lees than a predetermined value in the
delay value or the number of hops may ba stored without setting the maximum
number of node entr~.es. It is desirable that 15 the Criterion according to
which the neighbor MAP table stores information is set on the basis of the
MAP selection policy. Hy previously registering MAPs satisfying the MAP
selection policy in the neighbor MAP table) a node to be used Can be
selected efficiently. 20 86   



~~ =s cL~~MSD zs: 1. A node search method for searching for a service node
for providing a service to a mobile node, in a mobile communication 5
system including a plurality of service nodes and the mobile node, each of
the service nodes and the mobile nod having a node storage unit Configured
to store addresses of service nodes, the node search method comprising:
transmitting a node search packt for s~earah~.ng for the 10 service node
from a search node, which searches for the service node, to an address
stored in the node storage unit of the search node, returning a node notice
packet from at least one of a search packet reception node, which has
received the node search packet, 15 and a peripheral node other than the
search packet reception node , to the search node in response to the node
search packet, detecting the service node on a basis of a returned node
notice packet by the search node, and updating the node storage unit of the
search node on a basis 20 of a detected service node by the search node. 2.
A node comprising: a node storage unit configured to store addresses of
service nodes for providing a service to a mobile node; 25 a search packet
creation unit contiguxed to create a node search packet to be transmitted
to an address stoxed in the node storage unit) in order to search for the
service node; a communication unit configured to commun~.cate, transmit the
node search packet created by the search packet creation unit , 30 and
receive 8 node notice packet returned from at least one of a search packet
reception node, which has received the node search packet, and a
per~,pheral node other than the search packet reception node in response to
a transmitted node search packet; a detection unit configured to detest the
serv~.ce node on 35 a basis of the node notice packet received by the
communication 87   unit; and an update unit configured to update the node
storage unit on a basis of the service node deteoted by the detaoti.or~
unit. 5 3. The node of claim 2, further comprising: a data creation unit
configured to Create data for investigating node information concrning the
service node detected by the detection unit, the data being transmitted to
a detected serv~.ce node, wherein 10 the data storage unit stores the node
information, the communication unit transmits the data created by the data
creation unit, and receives response Bata returned in response to the data
by the detected ssrviae node, and the update unit updates the node storage
unit on a basis 15 of a returned response data. 4. The node of claim 2,
wherein node information concerning the service node is inoluded in the
node notioe paoket, 20 the node storage unit stores the node information,
and the update unit updates the node storage unit on a basis of a returned
node notice packet. 5. The node of claim 3 or 4, wherein the node storage
un~lt 25 stores the addresses of the service nodes and the node information
according to a predetermined criterion. 6. The node of claim 4) further
comprising: a determination unit configured to determine inter-node 30
informat~.an bettyen the node and the peripheral node according to
inter-node information between the node and the search packet reception
node and inter-node information between the searoh packet reception node
and the peripheral node on a basis of the node notice packet, wherein 35
the update unit updates the node storage unit on a basis 



88   of the inter-nod information between the node and the peripheral node
determined by the determination unit. 7. The node of claim 2, further
comprising: 5 a notice packet creation unit configured to create the node
notice packet by accessing the node storage unit, wherein the communication
unit transmits the node notice packet erected by the notice packet creation
unit. 10 8. The node of claim 7, Wherein the notice packet creation unit
creates the node notice packet that ins passed through the peripheral node.
9. The node of claim 7, wherein the notice packet creation 15 unit creates
the node notice packet when the communication unit has received at least
one of the node search packet, the node notice packet, and a node notice
request packet fox requesting return of the node notice packet. 20 10. The
node of claim 2, further comprising: a request packet creation unit
configured to create a node notice request packet for requesting the
peripheral node to return the node notice packet, wherein the communication
unit transmits the node notice request 25 packet created by the request
packet creation unit. 11. The node of claim Z0, wherein the roguet packet
creation unit creates the node notice request packet when the communication
unit has received at least one of the node search packet, the 30 node
notice packet, snd the node notice request packet. 12. The node of claim Z,
further comprising: a request packet creation unit configured to create a
node registrat~.on request packet for requesting registration in a node 35
storage unit of another service node, wherein 89   th aommunioation unit
transmits the node registration request packet created by the request
packet creation unit. 13. The node of claim 2, wherein 



5 the communication unit receivesa node registration request packet for
x~equeeting registration in a nods storage unit of another service node,
and the update unit updates the node storage unit on a basis of the node
registration request packet. 10 14. The node of claim 2) further
comprising= a selection criterion holding unit configured to hold, a
selection criterion for selecting a service node to be used; and a
selection unit configured to access the node storage unit 15 and select the
service node to be used, on a basis of the selection criterion held in the
selection criterion holding unit. 15. A mobile comrnun~.cation system
aompr,isir~g: a search node configured to search for a service node for 20
providing a service to a mobile node by transmitting a node search packet
in order to search for the service node; a search packet reception rode
conrigured to receive the node search packet transmitted from the search
node; and a peripheral node other than the search packet reception 25 node)
wherein the search node comprises: a node storage unit configured to store
addresses of service nodes; 30 a search packet creation unit configured to
create a node search packet to be transmitted to an address stored in the
node storage unit; a commun~.cation unit configured to communicate,
transmit the node search packet created by the search packet creation unit
, 35 and receive a node notice packet returned from at least one of 90
the search packet reception node and the peripheral node in respone to a
transmitted nods searvh packet; a detection unit configured to detect the
service node on a basis of the node notice packet received by the
aommunicatiori 5 unit: and an update unit configured to update the node
storage unit 



on a basis of the service node detected by the detection unit. 16 . A
computer programproduct f or causing a computer to f unafi~ion 10 as a
node, the computer program product comprising: a first computer program
code for causing the computer to store addresses of Service nodes for
providing a service to a mobile node; a second computer program vode or
causing the computer 15 to create a node search packet to be transmitted to
a stored address . in order to search for the sexwice nodes a third
computer program code for pausing the computer to communicate, transmit the
node search packet created, and receive a node notice packet returned from
at least one of a seaxch packet 20 reception nude, which has received the
node search packet, and a peripheral node other than the search packet
reception node iri response to a transmitted node search packet; a fourth
computer program code for cau9ing the computer to detect the service node
on a basis of the node notice packet 25 received; and a fifth computer
program code for pausing the computer to update the addresses on a basis of
a detected service node. 91
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aU]ca]caU]ca]caU]ca]caU]ca]caU]cag!ggghPhhiJiLiijHjzjjjjjjjjjkkkkkk,k.k0kzt
oid^YShb]WRUU]]U]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]c
aU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca0k2k@kkll|l~lllmmmmtmvm
zm|mmmnnnnnnnnnoooytnic^XSUU]]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caoooooZopRq
rrUsksss[tttauuv]vdvvvvvvvvvvztoid^XSic^XSUU]]]caU]caU]ca]caU]ca]caU]ca]caU
]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]c
a]caU]cavawcwfwiwwbxxxx&y_yyyzza{{{||~|||||}}}}}ztoic]WQic^XSUUU]caU]caU]ca
U]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
aU]caU]caU]ca]caU]ca]caU]ca}~~~5~D~F~y~~~;
t?BNQdg}xrmgb\WQUUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca
]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]ca%4CEq^`ysmga[VPUU]ca
]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]
ca]caU]ca]caU]caU]ca]caU]caU]ca]caBEHHtw<U{upje_ZTga[VPUU]cU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]c
aU]ca]caU]caU]caU]caXZgikm;
z,.:<>@bd~xsmgb\WQUUU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]
caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caACLNPT\^`b
+-ytnic^XSUUU]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU
]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]ca-/1fik')-38@BDFytnic^XRUUU
U]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca
]caU]ca]caU]caU]ca]caU]caU]ca]caU]caC~:GIQUnpz
IK{vpke`ZUic^XRUUUU]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]
caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caKY[
3579EPRbdfhwy{}ztoid^YSUUUUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca/BCPRTVY[oqsu
}wrlga[VPUU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca
]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]cacegisuwy8:<>HJLNzuojd_YTUU]
c]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca
]caU]ca]caU]caU]ca]caU]ca]caU]ca]caNg4uzh{vqlf`[UUU]c]U]ca]caU]caU]ca]ca]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]c
a]caU]caU]ca
/p7u7B{7u1ptzupjd^YSUU]U]ca]caU]caU]caU]ca]ca]ca]caU]ca]ca]caU]caU]caU]ca]c
a]ca]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca
"-/13!a{vpke_YSUU]U]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caa
Vmcgz7xA~xrlga\VQke_YSUU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
aU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caB13Nkn<QS H
Hztnhb\VPke_YSUU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]ca]caU]caU]c
aU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca@QS
Bc_"*,%(+~ztoid^YSke_YSUU]U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]c
aU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]ca6t;
DFHJUWY[egikE><|vpjd^XRke_YSUU]U]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caYxz\*}
wrlga\VQUU]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU
]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca U_ace79UWY[ $9;
>ACgikmwyzuojd_YTUU]c]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]cay{}1_aceo|RT^`hjlnxz
|~~xsmhb]WQUUU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]
caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca$&.024>@BDOQSU_ace1jwy'ys
nhc]WQUUU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca' 



ytnic^XRUUUU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]c
a]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca^egoq|~
HE&(6|vpjd^YSic^XRUUUUU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca6+I{$;
:ztoic]XRic^XRUUUU]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU
]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca
CHLRcMOV\|kzuojd^YSUUUUU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
aU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca@ORThj`cfmoqsf'~y
smhb]WQUUU]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca
]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]ca'z>y')e& g k
ytnhb\VPhb]WQUU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]cak m o q
XZ^dxXa~xsmhb]WRUU]]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]
ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca^  AB?wy{}
OQY{vpke_YThb]WRUU]]]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca '579;
VXj]~ysmgb\WQUUU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]
caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca%L
_}xrmgb\VPUU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU
]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]ca+-n&7:=79.0@BDF
!~xsmgb\WQUUU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca!""4"6"w"x#$$$%%%%c%e%%%%%
%&&&
&'&)&+&-&N'4(6(~ysnhc]WRUUU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
aU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca6(C(((((((((
(((((()i)k)m)o){))))))*****ztoic]WRUUU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU
]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca*
****+3,:,-b-e-h----O.v.x.....//////////}xrmgb\WQUUU]ca]caU]ca]caU]ca]caU]ca
]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]ca]c
aU]ca]caU]ca//012-2/2L2N2P2R2l2n23E4F4G4I4S4U4h4j4l4n4!5@5B5D5F5b5e5h5ysnhc
]WRUUU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]
caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]cah555555666666A6C6E6G6v6|6~6666666
6677a7c7e7g7u7ytnhc]XRUUUU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]cau777y88"9$9999
::::::U;
;<=====N==>>>[>]>ztnhb]WRhc]XRUUU]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]
caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]>?T
@_ACCC'D+DDDLEmEoEqEsExEzEEEEEQFFFFFFFFFF}wrlfa[VPUU]ca]caU]ca]caU]caU]ca]c
aU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]
caU]caU]caU]caFFPGRGTGVGgGiGkGmGHHHHIIIIFIHIJILIeIgIiIkIJJJJ+J-J{vpke`ZUUU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca-J/J1JKKKKKKKK8L:L<L>LLLNLRLXLzL|L~LLLLL
LLLLL
M{upje_ZTUU]cU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca M"M$M&M+M-MkMNNN
N0NWNYN[N]NNNNNNNNNNN;
O|OOOOOzuoic^XSUU]]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caOOO
PPP3P6P>PDPQQQQQQQRRRRRRSSS-T/T1T3TTTztnic^XSUU]]caU]ca]caU]ca]caU]caU]ca]c
aU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]c
a]caU]caTUUUU$U&U@UUUUUUVVVVVVVV,WWWW;
XXWYYY[YaYcY~ytnhc]XRUU]U]ca]caU]ca]caU]caU]ca]ca]caU]caU]caU]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]cacYeYYNZF[H[J[L[
t[v[x[z[[[[[[[[[[Q\\\U]W]Y]x]z]]]7^zupje_ZTUU]U]U]ca]caU]ca]caU]ca]ca]caU]c
aU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]ca7^D^H^z^^=_____``a=a?aAaCaaabb
bbb@bBbbicccddytnhb\VQUU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]cad'd)d+d-d2d4d8
d:d<d>ddddddd;
etee3ffffggggg0g2g4g|wqlfa[VPUU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU
]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca4g6g@gB
gDgFgKgMgQgSgUgWg\g^gbgdgfghgvgxgzg|g)hmhphsh|h~hhhhhzuojd_YTUU]c]caU]ca]ca
U]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]cahhhhhhhhhhhhhhhhhhhhhGiIiKiMiiiijEjj5k{uoic]WQUUU]c
aU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]ca5k9kPkokkUlWl{l}lllllllllTmVmXmZm]m_mmm=n
n!o`oooysmga[Uic]WQUUU]cU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]cao2p5p8pxp3qHqJqs
swtyttttttttttttFuHuqusuuuwuuuuztoid^YSUUU]U]ca]caU]ca]caU]ca]caU]ca]caU]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]caU]caU
]cauuFvJwwwwwwwxxxxvxyxxxx yHyy;
z>z@z]z_zpzrzzD{|wqlfa[Uid^YSUUU]U]U]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]c
aU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caD{|B|
}~~~~OFIL9<ytnhc]XRid^YSUUUU]ca]caU]ca]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU
]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca<?DGvy|n/m
4s5g|wqke_YSid^YSUUUUU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca
U]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]cag#`PG
:Ls{upjd^YSid^YSUUUUU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]
ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca+jlu?At
;?Rdgqxztoid^YTUUUUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caXZ_LNP1lnAy={Eztnhc]W
Qid^YTUUU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]
caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]ca]caPKMVUSUbD{~xsmhb\VPUU]caU]ca
U]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]ca]caU]ca]caU]caU]c
aU]ca]caU]ca]ca]caU]caU]caU]ca2x*03n{,(#KMhg,S}wqke_YShb\VPUU]U]caU]caU]caU
]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]ca]ca]ca]
caU]ca]caU]ca]caU]caU]caS\^"Se#e,/D{uoic]WQhb\VPUUU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca
]caU]ca]caU]caDFx@2WgZ`]ysmga[UOhb\VU]caU]caU]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]
cayA(a]jmps+zysmga[UPhb\VU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca
02u=s|&R,W3_ysmga[UOhb\VU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caU]caU]caU]ca]caU]caU]ca);
vICp"%\Nysmga[UOhb\VU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caJlRadgLX}wqke_
YTNhbU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caNSU~{adgLX}wqke_YTNhbU]ca]ca
U]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]caUU]caU]caU]ca
U]caU]caU]caU]caU]ca]caU]caU]caU]caU}Yx{]< 3S&10%\\&'()-.3S&10%9&'()-.
3S&10%&'()-. 3S&10%&'()-. 0'10%HH&'()-L '10%
&'()-L-VwU3!~3S&10%~~&'()-.!`3S&10%&&&'()-.!`3S&10%&'()-.!`3S&10%&'()-.!3S&
10%&'()-.!>3S&10%&'()-.* , - . / 1 
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