18 NOv 2004 EP02-0147-00 DESCRI PTI ON ROUTI NG METHODS, NODES, PACKET
COVMUNI CATI ON SYSTEMS, PROGRAMS, AND RECORDI NG MEDI A Techni cal Fﬁqggzﬁ%The
i'‘cat

present invention relates to routing methods, nodes, packet conml n

systens, programs, and recording nedia inproved in utilization effR&iehkty7-00
of network resources in networks using the packet swtching system 10
Background Art In the conventional technol ogy, even in the case where a
plurality of packets with a destination of a comobn node and with equal

data continuously arrive at a node performng routing, the packets are
processed 15 independently of each gtbegyp |y, the node performng

routing specifies the destination node w t reference to header information

of all the arrivin a fo e ﬁﬁh} chyRagket toward
t he destinatﬁ&HTQ§§[ﬁ@ﬁﬁ@@grquyﬂﬁﬂe F%@gggié% r1$$§ﬁi(%€e conventi onal

t echnol ogy, however, a_ nu 0 ta are transmtted toward the sane
node on a ceP@QG$HMSHQANRJ%gg?ﬁé£§8g%%P lemthat the link band is
oppressed by link |ayer_ headers. The 25 oppression of the link band is al so
caused by t h&@echrawad F4i9 wi t hout data conpression of packets. 1

5 The present invention relates to routing methods,
nodes, packet communication systems, programs, and
recording media improved in utilization efficiency of
network resources in networks using the packet
switching system.

10 Background Art
In the conventional technology, even in the case
where a plurality of packets with a destination of a
common node and with equal data continuousiy arrive at
a node performing routing, the packets are processed
15 independently of each ather. Namely, the node
performing routing specifies the destination node with
“reference to header information of all the arriving
packets and performs the routing of each packet toward
the destination.
20 Disclosure of the Inventiocon
In the above conventional technologf, however, a
number of equal data are transmitted toward the Same
node on a certain link? which poses a problem that the
link band is oppressed by link layer headers. The
25 oppression of the link band 1is also caused by the

transmission without data compression of packets.




18 NOV 2004 F202-0147-00 An object of the present invention is, ﬁ% [@fﬁ@e,
to provide routing nethods, nodes, packet conmunication systens, 3{ & ns,
and recordi ng nedia succeeding in reducing the anount of conmuni déUbeﬁﬁbo
and achieving 5 efficient utilization of network resources. In order to
acconplish the above object, the present invention involved the neans

descri bed below. Specifically, a routing nmethod according to the present
invention is a routing nethod of, based on a 10 destination address given

to a packet, routing the packet, the nmethod conprising: a step of

extracting a destippatdpeadd®sshofprepankeinvansiep o6/ ekBPEEEPRG, two or
more packets having a common route at least in part of routes to their

respective t ‘g&”&;ﬁlﬁdé‘ UM EiAS tiieds! ynolepacketketbasayuon calféon
respective destination addresses thus extracted; a step of aggregating the

two or nore hayi pg Lhe, commmn rdcieia) hedst isugzradiigtia routes
to create aneﬁgggkgﬁatékpggket i ncluding informati on of each of the 20

packets; a step, of. Qj i 2905 £08bRnRAcket ian deski nati eaghaddiegs so
that the desfﬁﬁgtlﬁﬁjégggéégﬁ%f the aggregate packet is an address of an

ad] 208t 100 A% 10%, SRTEL: 4 0L8 1 o SneBuskRPratoteubeng he  aggrogato
i nvention, when twg or nore pagkeis-Ha¥eiancoFHBN dWute abjewast itimepart of
present invention involved the means described below.
Specifically, a routing method according to the
present invention is a routing method of, based on a
10 destination addresé given to a packet, routing the
packet, the method comprising: a step of extracting a
destination address of a packet; a step of extracting
two or more packets having a common route at least in
part of routes to their respective terminals, from a
15 plurality of packets, based on their respective
destination addresses thus extracted; a step of
Aaggreéating the two or more packets having the common
route at least in part of the routes to create an
aggregate packet including informaticn of each of the
20 packets; a step of giving the aggregate packet a
destination address so that the destination address of
the aggregate packet is an address of an adjacent node
on the common route; and a step of routing the
aggregate packet, pased on the destination address.
25 According té the present invention, when two Or

in part of
more packets have a common route at least iIn p



2°18 NOV 2004 FP02-0147-00 their routes to terminal addresses, i nf grymRtpen
. pieces of the packets are aggregated to reconfigure an aggregate packet.
Therefore, the above nmethod decreases the total nunber of transni%%%g_o 17-00
packets and 5 al so decreases the nunber of references to a routing™"t 51%-
This reduces the processing |oad and increases the processing speed. As a
result, it beconmes feasible to achieve efficient utilization of the network
resources. 10 A preferred routing nmethod according to the present invention
is arouting nethod of, based on a destination address given to a packet,
routing the preket rothesnmetdote coiopaiskdgreasssep ioff cataticii nglaces
destination address of a packet; a step of recovering a 15 plurality of
original packefs them aacagdyegadee pasketegabedhi ¢tb t hequnfrigjity oanpackets
are aggregated; a step of determ ning whether the recovered packets have a

conmon route gictegstel N madket Of roullesréfotdiei r theespabbiree tmenhaodl s,
based on destination addresses of 20 the respective packets; and a step of

perfornming routingsis such gomay hhabewheyr theareautteal paduketdet andi nation
is that the packets have the conmmon route at least in part of the routes, a

destination adosesgecokalshes agges egrin® Racket regifdeld etosa thattihe 25
destination address of the aggregate packet is an address of an adjacent
node on the cofmps rophes 2Bduces the processing load and increases

the processing speed. As a result, it becomes feasible

to achieve efficient - utilization of the network

resources.

10 A preferred routing method according to the
present invention is a routing method of, based on a
destination address given to a packet, routing the
packet, the method comprising: a step of extracting a
destination address of a packet; a step of recovering a

15 | plurality of original packets from an aggregate packet
in which the plurality of packets are aggregated; a
‘step of determining whether the recovered packets have
a common route at least in part of routes to their
respective terminals, based on destination addresses of

20 the respective packets; and a step of performing
routing in such & way that when the result of the
determination is that the packets have the common route
at least in part of the routes, a destination. address
of the aggregate packet 1s rewritten so that the

25 dastination address of the aggregate packet 1is an

address of an adjacent node on the common route, and

Ly




18 NOV 2004 FP02-0147-00 the aggregate packet is routed based on R@V
destination address, or in such a way that when the packets hav wg%nnnn
route, the recovered packets are routed based on their respective

destination addresses. 5 According to the present invention, it isFF02-0147-00
determ ned whet her the aggregate packet should be relayed in that state to

a next node, or the plurality of original packets should be recovered from
the aggregate packet and be relayed. Wien the result of 10 this

determnation is that the packets have a common route at |east in part of

their routes,tihe;gestéaoki packaddiessont edh®a2ea egatthdatdetinsttem i tten
so that the destination address of the aggregate packet is an address of

an adj acent 05t hgr COAMBACROHL RayaRfalbwhike 320G oatie tRACkSle isot hen
routed. Accordingly, it becones feasible to decrease the total nunber of

packets on { e, REINOE 4yt & PesE erEEdvELUbI BY CHREROYACCHNHIND Bk ddicon present

invention is routing nethod of, based o estination address given

to a packet,g%g%%%npe%$%¥pfggeai%%?ﬁagggggggﬁggggggﬁng: a step of extrac;ing

a destinati res a pac a ste extracting two or nore

aapect i ve. torm nalbotr s 2500l it (5 ePeBEcker i ERAY on Thei ¥

respective destination agdieseps LAUS gybragled 2.3&R Ofiduld be

relayed in that state to a next node, or the plurality

of original packets should be recovered from the

aggregate packet and be relayed. When the result of

10 this determination is that the packets haye a2 common

route at least in part of their routes, the destination

address of the aggregate packet is rewritten so that

the destination address of the aggregate packet 1is an

address of an adjacent node on the common route, and

15 the acgregate packet is then routed. Accordingly, it

becomes feasible to decrease the total number of
packets on the network.

B preferred routing method according to the

present invention is a routing method of, based on &

20 destination address given to a packet, routing the

packet, the method comprising: a step of extracting a

destination address of a packet; a step of extracting

two or more packets having a common route at least in

part of routes to their respective terminals, from a

25 plurality of packets, Dbased on their respective
destination addresses thus extracted; a step of
4



18 NOV 2004 FP02-0147-00 aggregating the two or nore packets hangE t he

common route at least in part of the routes to create an aggred

i ncluding informati on of each of the packets; a step of giving the

aggregate packet a 5 destination address so that the destination a@d@0@s®1af7-00

t he aggregate packet is an address of a predetermi ned node having a
recovering the two or nore original packets fromthe aggregate

function of
packet; and
destination
destination
desti nati on

pr edet er mi ned node hayvi t he f i ot .rec i ng e i of
ori gi nal pacE@Fgefr%51 3 a#QEE tnf Béﬁéégtt%g CEEHEE &
designate the node to restqare the [ egat, acket. This allo 0, t he
desi gnat ed no@89f892FEsEHE R elﬁﬁgggbgge lggcq% atifiy ¢ uggfzh et

20 than the designated node gerfo m nor nal

feasible to a@®F8EpErfofni A

a step of routing the aggregate packet, based on the 10
address thus determ ned. According to the present invention,

AAaPEess by P abare g e Te P e raard. iy | hron

he"aggr egate packe SS 0

t @Saggreg e pacKet,” wher

e€asible’to

ROVoAkK et

t he

e nodés~ ot her

r esul

O
a -~ des

& LREm AT IRG, Lo e fRaal Bt han Take

i nation

repeating processing nore efficient. A preferred_routi.ng nefhod accgrding
JtE%b Fe baota S o

to thed 25 pregehinfh¥eht 2GT5S % §9

Ehod S6r-na

address given to a packet, routing the 5

10

15

20

25

the aggregate packef 1s an address of a predetermined
node having a function of recovering the two or more
original packets from the aggregate packet; and a step
of routing the aggregate packet, based on the
destination address thus determined.

According to the present invention, the
destination address is given to the aggregate packet s0
that the destination address of the aggregate packet is

the address of the predetermined node having the

function of recovering the plurality of original

packets from the aggregate packet, whereby it 1is

feasible to designate the node to restore the aggregate
packet. This allows only the designated node to
restore the aggregate packet, and thus the nodes other
than the designated node perform normal routing. As a
result, it is feasible to avoid performing dispensable
restoring processing and make repeating proceésing more
efficient.

2 preferred routing method according - to the
present invention 1is a routing method of, based on a

destination address given to a packet, routing the




: . 9 |
a destination address of a packet; a step of determ ning whether

destination address extracted agrees with an address of its own n gﬁ-‘%147‘00
step of recovering a 5 plurality of original packets from an aggreg 8

packet in which the plurality of packets are aggregated, when the result

of the determnation is that the destination address extracted agrees with
the address of its own node; and a step of routing each of the recovered 10
packets, or the aggregate packet having the destination address disagreeing
with the addressket, i theowetinge, cohpseding:t ke sloap i ndt et raduridss. a
According to the present invention, only when the destination address of

the aggregat gjhackelt agreqsdeets LT thepadids essaoktieps odwdiatonenin treg
plurality of original packets are recovered fromthe aggregate packet.

Namely, the @Qé‘{'etﬁ%c@és&ﬁlé@ﬁ@r adidhe senl o t hect addagdesisgnat el as a
restoring node. Since this causes the nodes other than the designated node

to carry out 20 the nardwel ¢r oytd Ngwni tndde f €asi btept @ mvokdoperfiagn ag
di spensabl e restoring processing and nmake the repeating processing nore

efficient. The roufipg pet Bedy iaGQOlidietd #ASnPEASeRyragatentiarket

preferably conprise a step of 'setting an 25 aggregate flag indicating an

aggregate packet . ipy headen jnfiorptd onpeékbhe ager egaire gaackst . wifen

the result of the determination is that the destination

18 NOV 2004 FP02-0147-00 packet, the nethod conprising: a step of . tin
p nmpri sing p Eﬁmﬁéﬂ& Ing

" address extracted agrees with the address of its own

node; and a step of routing each of - the recovered

10 packets, or the aggregate packet having the destination

| address disagreeing with the address of its own node,
based on the destination address.

According to the present invention, only when the

destination address of the aggregate packet agrees with

v of Aricdinal
1l R A

15 the address of its own node, the plurality of origlnal
packets are recovered from the aggregate packet.
:Namely, the aggregate packet 1is restored by only the
L node designated as a restoring node. Since this causes
+he nodes other than the designated node to carry out
20 the normal routing, it is feasible to avoid performing
dispensable restoring processing and make the repeating

processing more efficient.
The routing methods according to the present
invention preferably comprise a step of setting an

25 aggregate flag indicating an aggregate packet, in

header information of the aggregate packet.



18 NOV 2004 FP02-0147-0 This makes it feasible to readily and quickly

determ ne whet her a packet is an aggregate packet. The routing nth@@FNM
according to the present invention preferably conprise a step of co arin%

the 5 total nunber of bits of the two or nore packets having the c%gﬁﬁﬁol -0
route at least in part of the routes, with the nunber of bits of the

aggregate packet; and a step of routing the aggregate packet, based on the
destinati on address thereof, only when the result of 10 the conparison is |
that the nunber of bits of the aggregate packet is snmaller than the total |
number of bits of thgiEWan&kesOrie pEeketinleAcesr digagiilly t Brdpresiaritly \
invention, a plurality of packets are aggregated into a single aggregate 15 i

packet. This ”aéﬁéfin&nfee%ief&!h%ﬁ @ dRENeass d ha tfgtequtibesadietpacket s and

the total anmount of Information transmtted on the network and achi eve the

efficient wutilizatigg ofr%ggiﬂgtmBéEh5@§ou5@@§rdfﬁﬁfeE@bIWhettyygggﬁ&ng
nmet hods according to tﬁe présent 1 nvention further conprise a step of

conpr essi ng the égﬁ{:?g?}t gaxn}frfp%&‘ei&blgc&ﬁgﬁﬁé,@s%i At oEhecaganead! ecpacket

can be inplenmente te I ques 1 ncluding a techni que of

br edet o7 mned E85ET SEFBERNELE BT e r BaEl nea Comegy DackdtS M ing
the common route at least in part of the routes, with
the number of bits of the aggregate packet; and a step
of routing the aggregate - packet, based on the
destination address thereof, only when the résult of
10 the comparison is that the number of bits of the
aggregate packet is smaller than the total number of
bits of the two or more packets.
According to the present invention, a plurality
of packets are aggregated into a single aggregate

e .

packet. This makes 1t feasible to decrease the tot

al

’_I
un

number of packets and the total amount of information

transmitted on the network and achieve the effic;ent
utilization of the network resources.

Preferably, the routing methods according to the

20 present invention further comprise a step of

compressing the aggregate packet. The compression of

the aggregate packet can be implemented, for example,

by techniques including a technique of converting a bit

pattern included in the aggregate packet, into a

25 predeterminéd code, a technique of extracting a common

bit string included in the plurality of packets, from



bit string included in the plurality of packets, from7 18 NOV 2004
FP02-0147-0 at | east one packet out of the plurality of packets, aridiBa)in

This nmakes it feasible to further decrease the total nunber of packess-@ng7-o:

the total amount of information transmtted on the network and achi eve nore
5 efficient utilization of the network resources. In the routing nethods
according to the present invention, it is preferable to enploy a
configuration wherein targets of aggregation are only packets buffered on
a transm ssion queue of its own router. 10 This nmakes it feasible to
restrain increaseléasa odel ayacket @ﬂ-ltpr@ﬁeé’,b-iGngJ]d{i%althﬁér‘égt iP@r?ei‘&ftft'he
aggregat e packet at a node having the function of creating the aggregate
packet from a pldirebi by .of Thpackekes A mobeastiebediagfusthre s€
invention is configured as a node for, based on a destination address given

to a packet, rouipgtkhe pagket , ofhepaoketscamst i shag:taded: | ABOLBA Rfdr ess
extracting neans for extracting a destination address of a packet; common

20 route packety @xidactbRoL FEARAL t Dedeshr abki NG tiwea korndraicd {Fatk &tE havi ng
a common route at least in part of routes to their respective termnals,

from acpluralidyr; of cPRcket 5izhased of thei netespdckieseudssts nation
addresses thus extracted; aggregate packet creating 25 neans for aggregating
the two or nore packg{sthavirdhting methods according to the present
invention, it is preferable to employ a configuration
wherein targets of aggregation are only packets
buffered on a transmission gueue of its own router.
10 This makes it feasible to restrain increase in a
delay time of processing due to creation of the

aggregate packet at a node having the function of

creating the aggregate packet from =& plurality of

packets.,
15 A node according regent invention 1is
configured as a node for, pased on a destination
“address given to a packet, routing the packet, the node
comprising: destination address extracting means for
extracting a destination address of a packet; common-
20 route packet extracting means for extracting two or
more packets having a common route at least in part of
routes to their respective terminals, from a plurality
of packets, based on their respective destination
addrésées thus extracted; aggregate packet creating

25 means for aggregating the two or more packets having

the common route at least in part of the routes to




the common route at |

| create an aggregate packet including information of each of the pac

east in part of the routes to 8 18 NOV 2004 FHO%Q&%ﬁMIO

destination address giving neans for giving the aggregate packet a

desti nati on address

so that the destination address of the aggregat&0gagikdt7-0

5 is an address of an adjacent node on the common route; and aggregate

packet routing neans
destinati on address.

common route at | east
addr esses, inng

for routing the aggregate packet, based on the
this configuration, Wien two or nore packets have a-
in part of their routes to 10 respective term nal

B Cﬁ&f;%;]a%@e PACKSL S 138 1 RUHLIRhed rin@tieaonbEgur e

decrease the total nunber of packets

ieonaHieg
one aggregate ~packet,

transmtted on_th Qg%ggﬁg. EQ%ﬁﬂ%m*ﬁﬁﬁ%iﬁaﬁyg?L?H@Eeseuﬁ%ﬂiﬂg Ragkst s

makes it feasi BREY O

réase the 15 nunber o erences to the routing

table, t d t he | i , ' : - |
Soed. A nrolor dNOCERE. Whdrlie Aa et 1T SRR IR R0 08ASE 00

speed. As are

ili i f th k . f '
oresent 20 | nBnErgE (e o b SN fof (R ER At (RATERED on
dd [ t [ t ket t | SLNG: . .
Gost i nab on AddFedd HACATSEL 1y MRaRSIPER ExTPHEL Iy B HECTRat | B G ess

desti naPi on addfedd
of a packet; recaoveri

packets from afR&ggR8g

IleaRas REkEECVSEL N, * fafd VIR YolltiRE! OLRE

aggregate packet, based on the destination address.

have a

" Th this configuration, when two or more packets

common route at least in part of their routes to

10 respective terminal addresses, information pieces of

the packets are aggregated to reconfigure one aggregate

packet,

which can decrease the total number of packets

transmitted on the network. The decrease in the total

number

15 number

of packets makes it feasible to decrease the

of references to the routing table, to reduce

the processing load, and to increase the processing

speed.

A

As a result, it becomes feasible to achieve the

efficient utilization of the network resources.

preferred node according to the present

20 invention is configured as a node for, based on a

destination address given to a packet, routing the

packet,

the. node comprising: destination address

extracting means for extracting a destination address

of a

packet; recovering means for recovering a

25 plurality of original packets from an aggregate packet

in which the plurality of packets are aggregated;



in which the plurality of packets are aggregated; 9 18 NOV 2004 FPPET@%QﬁEO
determ ning neans for determ ning whether the recovered packets have a
common route at least in part of routes to their respective termnals,
based on destination addresses of the respective packets; and pack&P02-0147-0
routing 5 neans for performng routing in such a way that when the result

of the determnation is that the packets have the commopn route at least in
part of the routes, a destination address of the aggregate packet is

rewitten so at the destination address of the 10 aggregate packet is an

address of an gdiacaihiRedaecRhs L COIMDI 10 &, wiadith é Pec R 0F €gat er packet
is routed based on the destination address, or in such a way that when the

packets have n NHEQME & ddiend SCOY¥EBER 4 tPARKEES i3 § 4 0uted basedson
“their respectiggeggggdggﬁgngkion addressgs.aFn this ébnﬁ?guration, itsis

det erm ned whet her q%gﬁﬁggé a shoul d e ayed i hairstate to
a next |ink, O#ch%h%?ﬁra 1ty o P%?iglnaJ'pagtet?%S§ﬁ2u¥§ H%@?Ecovered from
t he aggregate d_he rel : es S

determ nation g@g}é%?g@t ﬁlg 5?1%gir%a epaclkvg%ﬂ?%%ﬁ\}gt% c%ﬁnc%o[%g?%%# er%‘tlt lrel st in
part of_their

owr i LBn S0 (RBE EndToctf RERFaar Cadar st i i g 2oAPE et Tt Ean’

i on ress he "aggrega packet 1s an

address of an gp.adiacent Bede. 0 % SYUIRM I €5 AKhLNeHRIGEOREES

have the common route at least in part of the routes, a

T destination address of the aggregate packet is
rewritten so . that the destination address .of the
10 aggregate packet is an address of an adjacent node on
the common route, and the aggregate packet 1s routed
baséd on the destination address, or in such a way that
when the packets have no common route, the recovered
packets are routed based on their respective
15 destination addresses.
In this configurationf it is determined whether
the aggregate packet should be relayed in that state to
a next 1link, or the plurality of original packets
should be recovered from the aggregate packet and be
20 relayed. When the result of this determination is that
the original packets have a common route at least in
part of their routes, the destination address of "the
aggregate packet 1is rewritten so that the destination
address of the aggregate packet is an address of an
25 adjacent node on the common route, and the aggregate

packet is routed, which makes it feasible to decrease

10



-

packet is routed, which nakes it feasible to decrease 10 1 8 NOV 2004

FP02- 0147-0 the total nunber of packets transmitted on the network! i N&V 2004
preferred node according to the present invention is configured as a node

for, based on a destination address given to a packet, routing théF&-0147-0
packet, the node conprising: destination address extracting neans for
extracting a destination address of a packet; common-route packet

extracting means for extracting two or nore packets having a common route

at least in part of routes to their respective termnals, 10 froma

plurality of pﬁ%%&a?%ﬁ%@f‘ bhebhckespeethvenidesti bat kae adtwesses thus
extracted; aggregate packet creating neans for aggregating the two or nore

packets having the co Brboute atndfast akRopaLhqgof tdie tiRat epretsents eat e
an aggregate packet ‘incfuding information of 15 each of the packets;

destination address g%%it% nggﬂzighg%dgiggngatq§xﬁggggggteb9§§geuna a

destination a&dpﬁ§%t at t estination address of the aggregate packet

is an address c?e;qa J%giig{arsg#pedsyo%g%vi Rg a,function ofJieGRyeriheg the

two or nore or rom t aggr egat'e packet; and aggregate

packet routing neans f rout t I .enp d dirie
destinati on adRpeERt1 hugﬁaet er}drr@%edegﬂgggr?%%%it's c((é;ér:] t?igﬁar\gf?lgn, %{ahe °

destinati dd j ' to:- 1t
desti nati on adiFeeee o™ NBSANST St o RURRELITS Phe oot fatish harets

of a packet; common-route packet extracting means for

" extracting two or more packets having a cemmon route at

least in part of routes to their respective tefminals,

10 from a plurality of packets, based on their respective

destination addresses thus extracted; aggregate packet

creating means for aggregating the two or more packets

having the common route at least in part of the routes

to create an aggregate packet including information of

15 each of the packets; destination address gi

for giving the aggregate packet a destination address

“so that the destination address of the aggregate packet

is an address of alpredetermined node having a function

of recovering the two or more original packets from the

20 aggregate packet; and aggregate packet routing means

for routing the aggregate packet, based on the
destination address thus determined.

As in this configuration, the destination address

is given to the aggregate packet so that the

25 destination address of the aggregate packet 1is the

address of the predetermined node having the function

11



address of the predeterm ned node having the function 11 18 hKN’ZOpa

FP02- 0147-0 of recovering the plurality of original packets from 't S0V 2004
aggregat e packet, whereby it is feasible to designate a node to restore the
aggregate packet. This pernits only the designated node to restoref¥he-8147-0
aggregat e packet, and thus the nodes other than the designated node perform
the normal routing. As a result, it is feasible to avoid performng the

di spensabl e restoring processing and nmake the repeating processing nore
efficient. 10 A preferred node according to the present invention is

configured as a_node for,. bas o) : ) S ) X acket .
i gu pvd%kéﬁfioffﬁélﬁ‘%d @ﬁenglﬁra‘igﬁ’: Naki Q) 130GYAS S P KERST G rorp:

routing the . de”conprisi'ng: “desti nati‘on adzgess extracting

L B R R o
plgural ity of (ﬂf@%i%t%a%k%?ggfEBrTFﬁggggaggg‘éat%ggﬁ%&gﬁen?pna%?%hetclﬁlele% g. :
s That 't he Gustiict | on adr 86 SReRaaRed SHhr dRiR 1 ROt nEeSadtes e ot 115

own node; and packet routing nmeans for routjng each of .the r er
packet 5 or t@%@l@@%t@ac&é&keta dvithgs hghﬁes’%ci’ at i gﬁkggdrgggxdigg%reei ng

with 25 the address of its own node, based on the d stinatL%%
designated node perform the norma routing.

As a

result, it is feasible to avoid performing the
dispensable restoring processing and make the repeating
processing more efficient.

10 A preferred node according to the present
invention is configured as a node for, based on a
destination address given to a packet, routing the
packet, the node comprising: destination address
extracting means for extracting a destination address

15 of a packet; address determining means for determining
whether the destination address extracted agrees with
an address of its own node; recovering means for
recovering a plurality of original packets from an
aggregate packet in which the plurality of packets are

20 aggregated, when the result of the determination 1is
that the destination address extracted agrees with the
address of its own node; and packet routing means for
routing each of the recovered packets, or the aggregate
packet having the destination address disagreeing with

25 the address of its own node,  based on the destination

address.

12




address. 12 18 NOV 2004 FP02-0147-00 As in this configuration, the plurality

of original packets are recovered fromthe aggregate packet onlyl t8hihe
destination address of the aggregate packet agrees with the address of its

own 5 node. Nanely, only the node designated as a restoring node rt&diZori8sd7~00
t he aggregate packet. Since this causes the nodes other than the designated
node to performthe normal routing, it is feasible to avoid performng the

di spensabl e restoring processing and make the repeating 10 processing nore
efficient. The nodes according to the present invention preferably conprise

aggregate flag setting neans_f or I - re f i N gat pgg an
aggregate packet, i hé&bertPh§or§§b?6agggeﬁﬁggaggﬁggaléﬁ%giget? 1S This

makes it feasible to readily and quickl e m e r is an
aggr egat e pac?éﬂgkﬂﬂQruRﬁ%%ﬁﬁior'?u;E%F?ﬁ%égéesgﬁ?%?négﬁti%ﬂegg gte
preferably configured in a configuration conpri.sing: - of =Di

conpari ng  meaR& k&L caphYi ngPeRe %g?algf§%ﬁ&ﬁ&ﬁoqﬁ 1é%g?€§ t%g t&geor nor e
packets having the common route at |east .in part oElthe routes. i,th the
nunber of bit 896 adRERgEREEEe FHIRT | Whitdr ef et REATEGdr eQat € packe

{hor cof. | onl yn2SiunoAl I ¥.astr LY of 1E nESEBMEAN oA A (Tt { FECRORBEY of
node restores the aggregate packet. Since this causes
the nodes other than the designated node to perform the
normal routing, it is feasible to avoid performing the
dispehsable restoring processing and make the repeating
10 processing more efficient.

The nodes according to the present invention
preferably comprise aggregate flag setting means for
setting an aggregate flag indicating an aggregate

packet, in header information of the aggregate packet.
15 This makes it feasible to readily and gquickly
determine whether a packet is an aggregate packet.
| The nodes according to the present invention are
preferably configured in a configuration-comprising:
number-of-bits comparing means for comparing the total
20 number of bits of the two or more packets having the
common route at least in part of the routes, with the
number of bits of the aggregate packet; wherein "the
aggregate packet routing means routes the aggregate
packet, based on the destination address thereof, only

25 when the result of the comparison is that the number of

bits of the aggregate packet is smaller than the total

13



bits of the aggregate packet is smaller than the total 13 6 NKN'79%4

FP02- 0147-00 nunber of bits of the two or nore packets. According! to¥dVHal:
present invention, a plurality of packets are aggregated into a single
aggregate packet. This nmakes it feasible to decrease the total 5 nEpd2r0087-00
packets and the total anpunt of information transmtted on the network and
achieve the efficient wutilization of the network resources. Preferably, the
nodes according to the present invention further conprise aggregate packet
conpressing 10 neans for conpressing -the aggregate packet. The conpression
of the aggregate packef can be_inplemented, _for_ex lLe, by the techniques
i ncl udi ng thelﬁ%%ﬁﬁ?dhé by Sd%EV@$ iﬁﬁoapﬁi?oﬁgtPgF%g?ﬁCIuded in the
aggregate packet, into a predeterm ned code, the techni que of extir.aciing a
common bi t includedﬁqFQWQQH%IE?aFﬂﬁlQﬁe%%%§e9§Y9ﬁihﬂ¥ﬂ ?egéyﬁﬁhfgécket
out of the plurality of packets, and so on., This nmakes it feasible to
further decre&dfe PREKiRl AdhbeYIsEIATEketid thd & hé 1PGHE é‘ﬁ&frﬁgagtfe
information transmtted 20 on the network and achi eve nore egLicie t '
utilization oRaket netTbik PakBEr dds. fanelhblesa ST RIRE ?hé:ogzrae]sent
invention are preferably configured so that targets of aggregatiaon are
only packets bwifasedo Bnbackedds finssi Bhe glelkel ZRoHs fak §ﬁ&FWQ£%ﬁ%ﬂe to

restrain increase in . L
transmitted on the network and achieve the efficient

utilization of the network resources.
Preferably, the nodes according to the present
( invention further comprise aggregate packet compressing
10 means for compressing -the aggregate packet. The
compression of the aggregate packet can be implemented,
for example, by the techniques including the technique
of converting a bit pattern included in the aggregate

packet, into a predetermined «code, the technique of

1 - vmm T ] o~ 8 — - -
it striang included in e

w

extracting a ccocmmen

=

plurality of packets, from at least one ?acket out of
-the plur;lity of packets, and so on. This makes it
feasible to. further decrease the total number of
packets and the total amount of information transmitted

20 on the network and achieve more efficient utilization
of the network resources.

The nodes according to the present invention’are
preferably configured so that targets of aggregation
are only packets buffered on a trénsmission queue.

25 This makes it feasible to restrain increase in

the delay time of processing due to the creation of the

14



the delay tinme of processing due to the creation of the 14 18 NOV 2004
FP02-0147-00 aggregate packet at the node having the function of driekiy 1y

t he aggregate packet froma plurality of packets. A packet comunication
system according to the 5 present invention is configured to COMPIgEH BH147-00
host for transmtting a packet, the foregoing node for relaying the

packet, and a host for receiving the packet. According to the present
invention, when a plurality of packets have a common route at least in 10
part of their routes to respective term nal addresses, information pieces of
t he packets are aggregated to reconfigure one aggregate packet, whi can
decrease the 289REIALALITEDE Datket ¢ r ARSI ttﬁ%\glg‘bg] %h@ Rerken i s
decreases the nunber of references to the routing 15 table and .reduces the
processi ng | ogetedhiBg nakled f2IRFTPFaCE0 PRAEKRRSELEMR [ 0@ iaﬁg‘té/peé’cf and,
as a result, achieve the efficient utilization of the network resources. A
program accor d?dgke©St he present invention is 20 configured as a program

of , based on a destination address given to a packet, routing the packet,
the program bei ng conbiagiedd EopaRecatéommAl TRl oRCEeTHERT S@cHhe t he

foll owi ng processes: a process of ' )
5 present invention is configured to comprise a host for

transmitting a packet, the foregoing node for relaying
the packet, and a host for receiving the packet.

| According to the present invention, when a

{ plurality of packets have a common route at least in

10 part of their routes to respective terminal addresses,

information pieces of the packets are aggregated to

reconfigure one aggregate packet, which can decrease

the total number of packets transmitted on the network.

This decreases the number of references to the routing

] 1 ~l Ml o == PO LS -
nd reduces the processing lcad. This makes 1t

A s e e

[
n

table

feasible to increase the processing speed and, as a

result, achieve the efficient utilization' of the
network resources.

A program according to the present invention is

20 configured as a program of, based on a destination

address given to a ?acket, routing the packet, the

program being configured to make a communication device

execute the following processes: a process of

extracting a destination address of a packet; a process

25 of extracting two or more packets having a common route

at least in part of routes to ‘their respective

15



or.nore packets having a common route at least in part of routes tlob A
respective 15 18 NOV 2004 FP02-0147-00 termnals, froma plurality of
packets, based on their respective destination addresses thus ext&g& QQj .00
process of aggregating the two or nore packets having the comon e By
| east in part of the route to 5 create an aggregate packet i ncluding
information of each of the packets; a process of giving the aggregate
packet a destination address so that the destination address of the
aggregate packet is an address of an _adjacent node on the common route; and
a process of t@mdmalsy tfecmgar edire lgdokeatf Areswt Hn bhaeeded | RAELSN
address. According to the present invention, when two or nore packets have
a common rout eeapdatdste | miquirinafion hekddreosses tthuespestteetedrni pal
addresses, 15 information pieces of the packets are aggregated to
reconfi gure opeocaggsegaf eapgrkebtinlgi ctheatwdeoreasee tgwckot sl haudhgr of
packets transmtted on the network. The decrease in the total nunber of
packets makesthte ¢easbhl erdwtdeateaieatiie mmnipariof ofeftiencesitteo the 20
routing table, reduce the processing load, and increase the processing
speed. 5As a regsklatte | Anbetopiesgieasigdeket o iactielMand héndgbfrimaiteon of
utilization of the network

each of the packets; a process of giving the aggregate

e

packet a destination address so that the destination

address of the aggregate packet 1s an address of an

adjacent node on the common route; and a process of

0 routing the éggregate packet, based on the destination
address.

Bccording to the present invention, when two or

more packets have a common route at least in part of

their routes to respective terminal addresses,

n

(=

extrécting a destination address of a packet; a process 25 of extrqcting_tmo
va04
informaticon pieces of the packets are aggregated Lo
reconfigure one aggregate packet, which can decrease
the total number of packets transmitted on the network.
The decrease in the total number of packets makes it E
feasible to decrease the number of references to the |
20 routing table, reduce the processing load, and increase
the processing speed. As a result, it becbmes feasible
to achieve the efficient utilization of the network
resoufces.
A program according to the present invention is

25 configured as a program of, based on a destination

address given to a packet, routing the packet, the

16



resources. A program according to the present invention is 25 configured as

a program of, based on a destination address given to a packet, riobNinggt he
packet, the 16 18 NOV 2004 FP02-0147-QOC program being configured to nmake a
comuni cati on device execute the follow ng processes: a process offpg2-0147-0C
extracting a destination address of a packet; a process of recovering a
plurality of original packets froman 5 aggregate packet in which'the

plurality of packets are aggregated; a process of determ ning whether the
recovered packets have a conmon route at least in part of routes to their

t t I based d ' d
backet s: " and_ BERY b Eas o pRt HEThIRg Y ol FRgk sucﬁigé*c‘foﬁeﬁgtfé' en
result of the deternlna n i Egat the packets have he_conmmon route at
east in part SHECHE rottds, 5oLABkiPHa BFOSHATSEE o  nRTag8rdgat i packet

is rewitten so t hat the des |nat|on address, o% the 15 aggrggate acket i's

an address of ¥k raditdcehtd e tHeR o %S§o% 2 RAdaFehe Agdr*08Pe packet
is routed based on the destination address, uch hat when the
packets have Aé CRAAFFFbIFe2 tHAGAddwer b GEAERE? &F@ Yasdd on
their respective 20 destlnatlon addkesses Accor di_n he present

i nvent fon, itaggregate pac ket in which the plurali y o packets are

aggregated; a process of determining -whether the
recovered packets have a common route at least in part
of routes to their respective terminals, based on
destination addresses of the respective packets; and a
10 process of performing routing in such a way that when
the result of the determination is that the packets
have the common route at least in part of the routes, a
destination address of the aggregate ©packet is
rewritten so that the destination address, of the
:

an adjacent node on

—
Ln

aggregate packet is an address ¢
the common route, and the aggregate packet 1s routed |
based on the destination address, or in”such a way that
when the packets have no common - route, the recovered
packets are routed based on their respective
20 destination addresses.

According to the present invention, it | is
determined whether the aggregate packet should be
relayed in that state to a next link, or the plurality
of original packets should be recovered from the

25 aggregate packet and be relayed. When the result of

this determination is that the original packets have a

17



determ ned whet her the aggregate packet should be relayed in that state to

a next link, or the plurality of original packets should be recovkBddViilém

t he 25 aggregate packet and be relayed. Wien the result of this

determination is that the original packets have a 17 1 8 NOV 2004 FP02-0147-00
FP02-0147-00 common route at .least in part of their routes, the destination
address of the aggregate packet is rewitten so that the destination

address of the aggregate packet is an address of an adjacent node on 5 the
common route, and the aggregate packet is routed, which nmakes it feasible

to decrease t %n{moc%rgl trgl& er ,pf 1 packeyy tpapsmdd edngn -t he, paiyor kpd

program accor di'ng he present  invention I's configured as a program of,

based on a destig%%%ﬁgya%?egggﬁ%%% giyen t9 a pgggg%ga%gyti the packet,

t he prpgran1b&%? 0 Treke a conmuni ¢ “devic execute the
packet: 4 proCeed LRSI Tt TR wEr b Hbr B paEkars ROUFRg%a. Sammak oute
ol ural ity of PABRAIALHASEATS Cei T 1 BepensFv@ladR ¥t o acipees el Thus
extracged; a the common route, and the aggregate packet 1is routed,
which makes it feasible to’decrease the total number of
packets transmitted on the network.

A program according to the present invention is
configured as a program of,l based on a destination
10 address given to a packet, routing the packet, the

program being configured to make a communication device
execute the following processes: a process of
extracting a destination address of a packet; a process
of extracting two or more packets having a common route

. i . P e T
at least in rpart o¢f routes te their respective

=
Ln

terminals, from a plurality of packets, based on their
respective destination addresses thus extracted; a
process of aggregating the two or more packets having
the common route at least in part of the routes to
20 create an aggregate packet including information of
each of the packets; a process of giving.the aggregate
packet a destination address so that the destination
address of the aggregate packet is an address of a
predetermined node having a function of recovering the
25 two or more original packets from the aggregate packet;

and a process of routing the aggregate packet, based on

18



process of aggregating the two or nore packets having the comon q % a}
| east in part of the routes to 20 create an aggregate packet |nclud|ﬂ@ il
information of each of the packets; a process of giving the aggregate

packet a destination address so that the destination address of thBP0Z2-0147-0(
aggregate packet is an address of a predeterm ned node having a function of
recovering the 25 two or nore original packets fromthe aggregate packet;

and a process of routing the aggregate packet, based on 18 18 NOV 2004
FP02-0147-OC the destination address thus determ ned. According to the

present inventiqw,débeindesbhnatiiensaddnass desedini@Rd.0 the aggregate packet
so that the destination address of the aggregate packet is 5 the address of

the predeterm ned noge-baying thesfunghizon ?Eeg@ﬁgverhﬂgehmqogjurahﬁ&y of
original packets front the aggregate packet, whereby it iIs féasible to

desi gnate the i A0 1681 948rths aguKegaherpagket ag?jmo_ga%r ?atciceod‘l%oet he

designated node to 10 restore the agQregate packet thus the n

other than thegsi %{%t& s0odg pok! oLEle Ber FRE LoUbhAdce SaAdetd!. I

is feasible to avoi erformng the I spensabl e re orlng pro eSS|ng and

Take the TeDeRLINg i cESi gg TBEE ChEbALeELn 4R RORY aRbatey dia Lo the

present i nvention is con |gure as a program o bas on a atl on

address. giver Q& pAckgE, LRULLRYiLRE RARKel1i81ity of original
packets from the aggregate packet, whereby 1t 1is
feasible to designate the node to restore the aggregate
packet. This permits only the designated node to

10 restore the aggregate packet, and thus the nodes other
than the designated node perform the normal routing.
As a result, 1t is feasible to avoild performing the
dispensable restoring processing and make the repeating
processing more efficient.

15 A program according to the present invention ;s
configured as a program of, based on a destination
address given to a packet, routing the packet, the
program béing configured to make a communication device
exacute the following processes: a process of

20 extracting a destination address of a packet; a process
of determining whether the destination address
extracted agrees with an address of its own node; a
process of recovering a plurality of original packets
from an aggregate packet in which the plurality of

25 packets are aggregated, when the result of the

determination is that the destination address extracted

19



program bei ng configured to nmake a communi cati on device execute th

foll ow ng processes: a process of 20 extracting a destination addré?ﬁ&%RMA
packet; a process of determ ning whether the destination address extracted
agrees with an address of its own node; a process of recovering a gFraZ-=adigy-0C
of original packets from an aggregate packet in which the plurality of 25
packets are aggregated, when the result of the determnation is that the
destination address extracted 19 1 8 N O V 2004 FP02-0147-0C agrees with the
address of its own node; and a process of routing each of the recovered

packets, or the r%gg_r‘gg%etggcggtdr@%\g t %dﬁrtéixg%g%ona gdgegzgg‘ie%%greei ng

with the addred itsS owl no based on i natron ress.
According to the present inventio t.he pluralit of j_ qi_nal C S are
recovered from heroalbtg]rré%ateea&bac ot Jo}lnei y r%ncgﬁ}et%eéj dé’sat%lrgna S|n’on Of%ﬁd&é%s of
the aggregate- packet agree ith_the address of its O 10 node. Nanely, -
only the node atﬁ‘g'?%‘f%d é’sacj(ér,gest BAAGY node® r et d rhggﬁgggfagspacket .
Since this causes the, nodes ot?gr t %% t he si gnat ed node tﬁ gerforn1the
normal routinfl939782 ¥RAsYHFR £82af 55 O ity QL RYFEpeRdaffecn

restoring processing and npke th&ﬁre eating 15 processing nore efficient. 20

A recordi ng nEdiURSICRYF HY t 3FEReS pr esent

According to the present invention, the plurality
of original packets are recovered from the aggregate
packet only when the déstination address of the
aggregate packet agrees with the address of its own

10 node. Namely, only the node designated as a restoring
node restores the aggregate packet. .- Since this causes
the nodes other than the designated node to perform the
normal routing, it is feasible to avoid performing the
dispensable restoring processing and make the repeating

15 processing more efficient.

A recording medium according to the present
invention 1is constructed in a computer-readable
configuration in which one of the foregoing programs is
.recorded.

20 According to the present invention, when a
plurality of packets have a common route at least. in
part of their routes to respective terminal addresses,
information pieces of the packets are aggregated to
reconfigure one aggregate packet, which can decrease

25 the total number of packets transmitted on the network.

The decrease in the total niumber of packets makes it

20




invention is constructed in a conputer-readabl e

of the forego

routes to res
are aggregate

the total nunber of packets transmtted on the network.
total nunber of packets makes it 20 18 NOV 2004 FP02-0147-0 feasible to

decr ease the
processing |l o
feasible to

i nvention. 10
of a router h
Fig. 3is af
is a fl owhar

5

10

15

configuration in which one

ing prograns is recorded. According to the present inviekiy BH
when a plurality of packets have a common route at least, in part of their

pective term nal addresses, information pieces of therpgeke
d to reconfigure one aggregate packet, which can decrease 2
The decrease in the

nunber of references to the routing table, reduce the

2%7—0(

d, | h [ d. I it b
oo Q08 oL T rdate DERET DR OPE e Telbibre’ bo ditrcen.
Brief Descripti f th i Fi 1 di. h i.call howi
2 packet  comMMIEHY o Y5 oHFALcH PRSP BRBsatREn o PHE presnse

Fig. 2
a‘?ﬁ%d’?%%e%@b?%gﬁwﬁ - fancti 6R5E

i s a,block diagr n1shomjngaa schematic configuration

't hE PESOTS T & f%n.

| owchart for carryi€ ., out the .aggregating function. 15 Fig. 4

ttF 0ACEALME N Bute
resources.
Brief Description of the Drawings

Fig. 1 1s a diagram schematically showing a
packet communication system as a first embodiment of
the preseﬁt invention.

Fig. 2 15 a block diagram showing 'a schematic
configuration of a router having the aggregating
function and the restoring function.

Fig. 3 1is a flowchart for carrying éut the
aggregating function. |

Fig. 4 1is a flowchart fcor carrying out

restoring function.

20

25

Fig. 5 is a diagram showing configurations of IP
packets;

Fig. 6 1is a diagram showing an example of data
stored in a compression table.

Fig. 7 1s a diagram conceptually showing a
comparing procéss of comparing packets I, II with bit
patterns.

Fig. B8 is a conceptual diagram - showing a

‘configuration of a compressed packet by a first packet

compressing methed.

21
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Fig. 5 is a diagramshow ng configurations of |IP packets. Fig. 6 is a

di agram showi ng an exanple of data 20 stored in a conpression tabL%Hgfbga 7

is a diagram conceptual |y showing a conparing process of conparing J QS

I, Il with bit patterns. Fig. 8 is a conceptual diagram showi ng a FR82-0147-0C
configuration of a conpressed packet by a first packet conpressing nethod.

21 18 NOV 2004 FP02-0147-O Fig. 9 is a diagram show ng a process of

searching for a common portion between packet | and packet Il and an

exanple of a bit string detected. Fig. 10 is a conceptual diagram show ng a

5 configuration of arconpressed packedjyrin sesondiRgcket peeprRIEESSIJH
nmethod. Fig. 11A is a diagram show ng an exanple of a conPiguration of

packet | beforg,passifg WA aal WHrdnon Fblgrgf%ﬁ 156 Bl A0 LAMESROW NG, AN

exanpl e of a 10 contiguration of packet ter passing via a route. 15 Fig.

178 i & di agrany Cehous n3 an” AxaRBIB Lot OF GontroNFatran i Raetigate packet
V after aggregation.Ffag. 18 isga q‘“Héﬂ%éﬁ@ﬁf?ti&f{&¥aﬁh°§£891ﬁg a
5 configuration of a compressed packet by a second packet
compressing method.
Fig. 11A 1is a diagram showing an example of a
R configuration of packet I before passing via a route.
Fig. - 11B 1is a diagram shéwing an example cof a
10 configuration of packet I after passing via a route.
Fig. 12A 1is a diagram showing an example of a
configuration of packet II. Fig. 12B is a diagram
showing an example of a configuration. of aggregate
packet V after aggregation.

15 Fig. 13 1s a diagram schematically showing a
packet communication system as a second embodiment of
the present invention.

Fig. 14 is a block diagram showing a schematic
configuration of a router having the aggregating

20 function and the restor;pg function.

Fig. 15 1is a flowchart for carrying out the
aggregating function.

Fig. 16 is a flowchart for carrying out the
festoring function.

25 Fig. 17 i1s a diagram showing configurations of IP

packets.
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packet conmunication systemas a second enbodi nent of the present | o 9
I nvention. Fig. 14 is a block diagram show ng a schematic configuraﬁﬂﬁhugﬁ
a router having the aggregating 20 function and the restoring function. 25

Fig. 15 is a flowhart for carrying out the aggregating function. FRGE-0B47-00

is a flowhart for carrying out the restoring function. Fig. 17 is a

di agram showi ng configurations of IP packets. 22 18 NOV 2004 FP02-0147-00 4
Fig. 18 is a diagram schematically showing a packet conmunication system as
a third enbodi ment of the present invention. Fig. 19 is a flowhart show ng

the aggregating 5 frunctiqm ofist he Eihesrsh (Jetimsdered ity ademuikg | avel . 10
Fig. 20 is a diagram show ng configurations of Ethernet franes. Best Mbdes

for Carrying Qu-idie taMROKLLR:ibH rsysEaROdisment knkid. chdddnch@gbam
schematical l y showi ng a packet conmunication systemas a first enbodi nent

of the present dJ nyentdQn.igfienasies in the first

Fig. 19 is a flowchart showing the aggregating
5 function of the Ethernet (registered trademark) level.
Fig. 20 1is a diagram showing configurations of
Ethernet frames.

e Best Modes for Carrying out the Invention
(First Embodiment)

10 Fig. 1 1is a diagram schematically showing a
packét communication system as a first embodiment of
the present invention. The nodes in the first
embodiment are configured to capsule two or more IP
packets together under an IP header to create an

15 aggregate packet. The system herein is constructed on
the premiée that routing protocols such as OSPE (Open
Shortest Path First) and others are active on the
network. In Fig. 1, all the routers 1in the network
have a restoring function of restering an aggregate

20. packet to a plurality of original packets. For
example, they are routers C, D, G, and ﬁ in Fig. 1.
The routers C and H also have an IP capsuling function,
i.e., a packet aggregating function of aggregating two
or more packets to create one aggregate packet, in

25 addition to the restoring function. The routers.G and

D having only the restoring function are configured to
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enbodi ment are configured to capsule two or nore |IP packets together under
an | P header to create an 15 aggregate packet. The system herein i3 8 N0V 2in
constructed or, the prem se that routing protocols such as OSPF (Open
Shortest Path First) and others are active on the network. In Fig.FRQ2aPL47-00
the routers in the network have a restoring function of restoring an
aggregate 20 packet to a plurality of original packets. For exanple, they
are routers C, D, G and Hin Fig. 1. The routers C and H also have an I P
capsuling function, i.e., a packet aggregating function of aggregating two
or nore packetsydo €Leahe PBELE9URGIFIRLPARR 1N FYy .addi tHen da@er her
restoring function. The routers Gand D having only the restoring function
are configured.dQ, 23.48 NM 2004 FPE220144; 00, executgqt he nesto{d ngHd ow
shown in Fig. 4,£§oreeach of receive% packets. The routers Cjéﬁ% H havi ng
the restorin j e p t g Ln i j gured
to exeout o the TaaTbrag T ot SRoant reio iy s004E "Igb¥EaE el Fbatay
packet s and exgeut £.10¢4u300" A1 A0 LLOWARO IR iy A1o@Msfown in
transm ssion- 'side queué. " Frg. 2 Ts a block diragram sifow ng a schematic
confi gyratfon gf a foutsr. haying lhe. a00r £0at Lgxo1Q funetioncapd the

D the f nent - 'S

restoring function ih TSt embodi T router has a restoring
function  sectjon 1 and an.ager egaling;functd onssection 2, .18 ssion-
side queue.

"Fig. 2 1is a block diagram showing a:  schematic

configuration of a router having the aggregating

10 function and the restoring function in the £first
embodiment. This router has a restoring function
section 1 and an aggregating function section 2. The

restoring function section 1 sends and receives packets
through a communication interface 3 to and from a link.
15 A destination address extracting/rewriting device ¢4
extracts a destination address of a received packet.
It further has a function of rewriting a destination
address of a received packet. . A restoring,device 5
.restores an aggregate packet as an aggregate of two or
20 more packets tc the original packets. A determining
device 6 determines whether recovered packets have a

common route at least in part of their routes  to

respective terminals, based on the destination
addresses of the respective packets. When the result
25 of the determination at the determining device 6 1is

that the packets have a common route at least in part



restoring function section 1 sends and receives packets through a l
conmuni cation interface 3 to and froma link. 15 A destination addre840V 004
extracting/rewiting device 4 extracts a destination address of a received
packet. It further has a function of rewiting a destination address-af] £7-00
recei ved packet. A restoring device 5 restores an aggregate packet as an
aggregate of two or 20 nore packets to the original packets. A determ ning
device 6 deternm nes whet her recovered packets have a conmon route at |east

in part of their routes to respective term nals, based on the destination
addresses of the respective packets. W the resul.t 25 of the r.m nation

at the deternting dg%?ce 65 %eﬁhat thgﬂﬁackepfsﬁé@ %éOFOnnDnaagﬁggsat

| east in part 24 18 NOV 2004 FP02-0147-00 qof the.rout t he destination
address ot r SEGHRGITH K O] CREHL o FESELEE Sadals ratF biickadPess of

t he aggregate packet so that the destination address of the aggregate
packet is an a8GEess 6 QWQB%ﬂﬂ§§ﬁﬁﬁerﬁﬁﬁ¥%ﬁl§9m;QﬁﬁnﬁﬁFr%%§Eg%ﬁt§88ter in
the first enbodinent). A packet routing device 7 routes the aggregate
packet, based2@Rrels deSt th&t i IFIBRRR - s PAHGS r kv At ehddNREn tfh‘{e FBsul t of
the above determnation is that the recovered packets have no 10 conmon
route @an the BEAEEeRENdICERe Packe rERUIRAY Ide\Fce(d rRHERE eddh 5Pt he

recovered packets, based on their respective destination addresses.
first embodiment). A packet routing device 7 routes

the aggregate packet, based on the destination address
(" thus rewritten. When' the result of the above
determination is that the recovered packets have no
10 common route on the other hand, the packet routing
device 7 routes each of the recovered packets, based on

their respective desfination addresses.
fheraggregating function section 2 has a common-
route packet extracting device 8, which extracts two or

more packets having 2 common route at least in part of

p=
N

their routes to respective terminals, from a plurality
of packets, based on extracted destination addresses
thereof. An aggregate packet creating device 9
aggregates two or mﬁre packets having a common route at
20 least in part of their routes tc¢ create an aggregate
packet including information of each of thé packets.

An aggregate packet compressing device = 18
compresses the aggregate packet by first and second
packet compressing methods descrikbed later. The

25 aggregate packet compressing device 18 has a table 1Ba

for compression. The compression table 18a consists of

25




The aggregating function section 2 has a conmpn- route packet extracting

device 8, which extracts two or 15 nore packets having a conmon qgwhﬁz%

least in part of their routes to respective terminals, froma plur ﬂ bof
packets, based on extracted destination addresses thereof. An aggrggeteg147-0¢
packet creating device 9 aggregates two or nore packets having a common

route at 20 least in part of their routes to create an aggregate packet

i ncluding informati on of each of the packets. An aggregate packet

conpressi ng device 18 conpresses t he aggregate packet by first and second

packet Conpress'“gdggtg S jdaseribed, | @%fr%aipsrn2§r399+%gateenécéﬁa

conpr essi ng de¥i & onpressron he éonpreSS|on tabl e
18a consists of 2 04 .FP02:0147- a_caod re t
pattern area I@?a EﬁzQ%Q FﬁdeB tg gc gref ﬁﬁg c@&é é?é%ng Jggre
3-bit data (e, qg. "OQ . Q J S, 0 ". ) as ¢ des a havin
arbitrary bit Buhts & 80 %%l Ol&' 1728583 Ba% avi

(e.qg. ,"1011110011010100011110010111 ""000 100011111111 " ) are stored as
updat abl e bit PRteF#EYin the bit pattern 'ea 182a. The codes & ¥ %tred in

pat tor 5 rosul (& 19 bl & ki b0y L4 0P PREpanar gt o "SHuBT R et
address gIVInq deylcgréoslsgiétgg updatable bit patterns in the bit
pattern area 182a. The codes are stored in unique
correspondence to the bit patterns so that selection of
a bit pattern results in determining a corresponding
10 code.

B destination address giving device 10 gives the
aggregate packet a destination address so that the
destination address of the aggregate packet 1s an
address of an adjacent router on the common route. An

15 aggregate packet routing device 11 routes the aggregate
packet, based on the destination address. An aggregate
flag setting device 12 sets an aggregate flag
indicating an aggregate packet, in the header
information of the aggregate packet. A number-of-bits

20 compariig device 13 compares the total number of bits
of the two or more packets having the common route at
least in part of the routes, with the number of bits of
the aggregate packet. The aggregate packet routing
device 11 herein routes the aggregate packet, based on

25 the destination address therecof, only when the result

of the comparison between the numbers of bits is that
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aggregat e packet a destination address so that the destination addmﬁgﬁv?ﬁ
t he aggregate packet is an address of an adjacent router on the cd i
route. An 15 aggregate packet routing device 11 routes the aggregate

packet, based on the destination address. An aggregate flag setti @§0Qe\ilcE’-CO0
12 sets an aggregate flag indicating an aggregate packet, in the header '
informati on of the aggregate packet. A nunber-of-bits 20 conparing device 13
conpares the total nunber of bits of the two or nore packets having the

common route at least in part of the routes, with the nunber of bits of

he agor cgat cCPRCKETackh Bh 35 The oct FRAT T on aldrGee. ther Car - Shly whe

t he aggregate S 57the on address thereof, only when

the result of the conparis bet t he nupherscof_.bhits. j.s at 18 NOV
2004 FP02- 0147088 tF%enaﬁﬁﬁfpo 1%¥§§D09Qthgygggr%%afgg%agfﬁﬁ Fg sﬁé??er

than the total nunber of bits of the_two,_or re,. packets. _| e flest
enbodi nent, tBR§EESSof agt eggFan 5}555n|§3 S %P%Ufngggeo% a of

transm ssion 5 queue. An input-output interface 14 has func
readi ng a pro@gaﬁﬁgééépﬁe&rﬁnO&lﬁb§&ﬁfQHfihﬂﬁ%%ﬁeqnﬁﬂlaagriééﬁgifg;nthe

| i ke, and di splaying data as an inmage. A programof a routing method
accordbng to €HBUBresent 10 enbodi nent can be read out of the recording

Tedium through thi g T NPE 0 Btpul " B &PRLE ) ShY 9Bunceions of

reading a program recorded in a recording medium, such
as CD-ROM or the like, and displaying data as an image.
A program of a-routing method according to the present
10 embodiment can be read out of the recording medium
through this input-output interface 14. A storage
device 15 stores the program read through the input-
output interface 14. The above components are

connected to control buses 16a and l16b and are under

he control device 17

-3

control of a control device 17.

=
n

executes the program stored in the storage device 15.
The router C and router H shown in Fig. 1 are
provided with the aggregating function and the
restoring function and thus have the restoring function
20 seétion 1 and the aggregating function sectiog 2 shown
in Fig. 2. The router G and router D are provided with
only the restoring function and thus have only "the
restoring functicn section 1. I+ is, however, noted
that the router G and router D can also be provided
25  with the aggregating function, of course.

The aggregating flow shown in Fig. 3 will be
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device 15 stores the programread through the input- output interfaqq%&@,%.
The above conponents are connected to control buses 16a and 16b and bl
under 15 control of a control device 17. The control device 17 executes the
program stored in the storage device 15. The router C and router HERXovhl4%~00
Fig. 1 are provided with the aggregating function and the restoring

function and thus have the restoring function 20 section 1 and the

aggregating function section 2 shown in Fig. 2. The router G and router D

are provided with only the restoring function and thus have only the

restoring funcid on-566411981dw. | trisst honeves, seetefinthaihbhgefother«G and
router D can also be provided 25 with the aggregating function, of course.

The aggregat i @(if%:@wasr}?l’@répiﬂzg-of:g_ ol Ip D s 1§nNQ\ﬁe’—09éaEEﬁzs|Q¥6?r 00

described below. First, 1t Is determ ned whether there exist a plurality of

| P packets on r 1SSk on t . foF e Lt f IP
P M&n poeLSsh N gHeye (s , Ltégelld@;te & er@ %955&@&5 %r@

packets are ransmni ssi on queu ermnation at 5 step S

i s repeated. hen %npl al ittr%hn%fén Ie{‘s iﬁﬁgﬁ%u@ e;_(%lét rc%ln;[etrj?ﬁr{é@irbsr{ﬁ $gi on

gqueue, reference is nmade to rmation of a rary two | P packets
5 Lo e A ks (B VI LR 1 et e
have a exist on the transmission queue, reference is made to
header information of arbitrary two IP packets in the
queue (step 352). Here the arbitrary two IP packets
will be referred to as IP packets @ and @.
10 - Next, it is determined whether the packets have a
common route at least in part of their routes (step
S3). Without any common route, the flow transfers to
step S1; with a common route, the IP packets @ and @
are compressed and capsuled to create an aggregate
15 packet (step S4}. The aggregate packet thus created
~will be referred to as IP packet ®.

Supposing .that packets I, II are aggregated at
the router C and are transmitted via the router D to
hosts E, F, the first and second packet compressing

20 methods of the aggregate packet according to the
present invention will be described below.

The first packet compressing method will® be
described first with reference to Fig. 6, Fig. 7, and
Fig. 8. At the router C, as shown for example in Fig.

25 7, the packets I, II received from the hosts A, B,

respectively, are compared with bit patterns 1, 2,
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common route at least in part of their routes (step S3). Wthout any conmon
route, the flow transfers to step S1; with a cormon route, the | P padketls

(1) and (2) are conpressed and capsuled to create an aggregate 15 packet

(step $S4). The aggregate packet thus created wll be referred to agpDP-0147-0(
packet 3. Supposing that packets |, Il are aggregated at the router C and

are transmtted via the router D to hosts E, F, the first and second packet
conpressing 20 nmet hods of the aggregate packet according to the present
invention will be described below The first packet conpressing met hod wil |

be descri bed irst WiLf\retereue e Figh bodidh blaé“dﬁsf'%recef%/.the

router C, as shown 'for ‘exanple in Fig. 25 7 e pac ets ed from

the hosts A B I b
NOv 2004 FPo2-Bhar bBEE oY A sBE g e R e LAk PSR L el Tt -

ElgdetEZﬁj;2§r§$¥lg8%fég%gbgglnceE?he %g?kg? Eﬁie Cghprlsggcggdglthgtrlngs
bei ng Ehib'fieélbﬁyéﬁ)eS%@%‘aSassE%a?%s Cre® Sv%g%éii R P %ﬁ”par PO e
1S apov Ay patuergy vl 2 biged o b aclyded naJie poepers
compared while being shifted by one byte each, from the
viewpoint of processing efficiency. A bit pattern,
which is judged tc be included in the packets I, II
( from the result of the comparison, is converted into a
10 corresponding code. |
Fig. 8 1s a diagram conceptually showing a
confiquration of a packet compressed by the first
packet compressing method. As shown in Fig. 8, the
data part of the compressed aggregate packet V 1is
15 composed of compression information V1 and compressed
~data V2. Furthermore, the compression information V1
consists of fields Fl to F9.
The field Fl has a fixed length a common to all
the routers having the aggregating and restoring
20 functions and stcres the number of compressed portions
existing in the data part of the aggregate packef V

(e.g., 4). The field F2 has a fixed length b common to

all the routers having the aggregating and restoring

25 - declaring the number of bits of the field F3, in light

of-the fact that the number of bits of the next field

functions and stores a ﬁext field bit count cl for
29



10 corresponding code. Fig. B is a diagramconceptually showing a . o, ..,
configuration of a packet conpressed by the first packet conpressiﬁ&”*“”"
nmet hod. As shown in Fig. 8 the data part of the conpressed aggregate

packet V is 15 conposed of conpression information V1 and conpresseQ%?g?%§47_oc

V2. Furthernore, the conpression information V1 consists of fields
F9. The field F1 has a fixed length a common to all the routers having the
aggregating and restoring 20 functions and stores the nunmber of conpressed
portions existing in the data part of the aggregate packet V (e.g., 4) The
field F2 has a fixed length b conmon to _ all th?grouters havi ng th

aggr egati ng ard r 8st GRF gL LBuN@IDs and '& of 2818 ekt PRBeld BRE L
clfor 25 declaring the nunber of bits of the field F3, in light of the fact
that the numbdrereftibi¢l 6f-FThe heR¥Tei 8FdS89 RYLROV 2064SFPE2S084PYIR s a
vari able length. The field F3 has a variable Ilength cl ée.g., 1 byte or 500
bytes) and st@wmmta Byt rawushedhdabnrihdhifeagoppreneceonptéssed data V2
to codel as a first conpressed portion. 5 Likewi se, the fields F4, F6, F8,
similar to theoddlklas R, {sroFecomRressefldrbrtiodbunts c2, c¢3, c4,
respectively, for declaring the nunber of bits of the next field F5 F7, or
F9. Thé fields F5, R kdawsesinhbafieddsher4i eFa,F88 hadgniiaat abbe Uhengt hs
c2, c3,
‘ field F2, store next field bit counts ¢2, c3, c4,
respectively, for declaring the number of bits of the
( next field FS, F7, or F9. The fields F5, F7, F9,
similar to the field F3, have variable lengths c2, c3,
10 c4 and store byte counts d2, d3, dd4, respectively, from
the end of a compressed portion (e.g., codel) to a next
compressed portion (e.g., codel).
The fields FS, F7, F9 may be configured to store
byte counts from the head of the compressed data V2 to
15 the respective compressed portions {e.g., codeZ, code3,
and coded4) as the field F3 was.
In either of these forms, the fields F3, F3, F7,
FS can be configured in fixed lengths, e.g., of 12
bits; in the case of the fixed lengths, the fields F2,
20 F4, F6, F8 for declaring the bit counts do not always
have to be provided.
The compressed data V2 is comprised of non-
compressed portions of the byte counts dl, d2, d3, d4
and cbmpressed portions codel, code2, code3, coded as

25 given 3-bit data, which are alternately arranged. Each

of the data stored in Fl1 to F9 is used for specifying a
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10 c4 and store byte counts d2, d3, d4, respectively, from the end of a
conpressed portion (e.g., codel) to a next conpressed portion (e;g Noy 2004
code2). The fields FS, F7, F9 may be configured to store byte counts from
the head of the conpressed data V2 to 15 the respective conpresseqﬁ@@jﬁfygioo
(e.g., code2, code3, and coded4) as the field F3 was. In either of these
forms, the fields F3, F5, F7, F9 can be configured in fixed lengths, e.g.,
of 12 bits; in the case of the fixed lengths, the fields F2, 20 F4, F6, F8
for declaring the bit counts do not always have to be provided. The
conpressed data V2 js conprised of non- conpressed portions of the byte
counts dl, d2pid3, stdingndToApredBEAr popLi d?%fg(%deEP GodB2L cBaEBerBodes as
25 given 3-bit data, which are alternately arranged. Each of the data
stored in Fl1 amoRg i $hesedofiprespedi f fiatig aV30 18 Nohwve 200 FPDR0D0149£00 bit
string as a conversion target to a bit pattern anong the conpressed data V2
in the operathagoabreswionprigssi dgtaheaddt o pathe obggliegager ayatieepakket V

to recover the packets I, Il. 5 Subsequently, the second conpressing nethod
will be desctbbedceividr refepandetiso i giI 9, and Fig. 10. The router C
detects fromthe packet 11, a data part comon to the packet | and the

packets! | received Budmedileatiespedtd veebostls cAmpBeEshingh matiHodewill
hereinafter. '
be described with reference to Fig. 9, and Fig. 10.
The router C detects from the packet II, a data part
common to the packet I and the packet II received from
the respectiﬁe hosts A, B {(which will be hereinafter

10 referred to as a "common portion"). Specifically, as
shown in Fig. 9, the common portion is searched for by
moving the packet II by one byte each from the position
where the leading portion of the packet T coincides
with the end portion of the packet II, to the position

15 wheré the end portion of the packet I coincides with
the leading portion of the packet II. From the
viewpoint of search efficiency, the packet to be moved
is desirably a packet witﬁ the number of bits
relatively smaller.

20 The: search is carried out by performing the
exclusive OR operation bit by bit between-the packet T
and the packet II. As a result of the research, as
shown in Fig. 9, 1ildentical bits between the pécket I
and the packet II are expressed as "0" and different

25 bits as "1." In the present embodiment, the search

ends in finding a common portion with the bit count of
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10 referred to as a "common portion"). Specifically, as shown in Ei

the comon portion is searched for by noving the packet |1 by one @#%*@Qbh
fromthe position where the |eading portion of the packet | coincides wth
the end portion of the packet Il, to the position 15 where the end Egtd1®h47-0¢
of the packet | coincides with 20 the | eading portion of the packet Il. From
the viewpoint of search efficiency, the packet to be noved is desirably a
packet with the nunber of bits relatively snmaller. The, search is carried

out by performng the exclusive OR operation bit by bit between the packet

| and the pa J;és AT arhesWds iafiddhecfeseas phes aFroshowe | Debidngd,
identical bit meen the packet | and the packet Il are expressed as "0"

and di fferent ids 8 tHe ‘pddkdherpresent embodi nent, the search ends in
S t
finding a co %tgéﬁflon mntﬁgthe bit count of 31 1 8 NOV 2004 FPO2-0147-00

g bytes at the pos' tS' %Q:J.Offlcfalqb# es t%%or%%gr?? Oga%'fngseQPEﬁh.ﬁgl Ofo ¢ NenRacket

1. Specifically, process search r the conmon t string

bet ween t he packet t@fglggg ac twé%ﬂ'tﬁ ?ﬁ&kbEdIoQi &schol bawgetlet us

suppose her ei I onger “packet out e two pac ets to be

aggr egat ed s gckggegﬁheda%gu{ hssswltfgwg he pagkgls dppd Bt nbbespacket

| ength of t he
that the longer packet out of the two packets to be

aggregated is the packet I and the shorter the packet
II, that the packet length of the packet I is L1 bytes,
and that a value at the k-th .bit from the head of the
10 packét I is Bl(k-1) (i.e., the head bit is B1(0) and
the last bit B1(L1*8-1)). It is also supposed that the
packet length of the packet II is L2 bytes and that a
value at the h-th bit from the head of the packet II is
2(h-1). Furthermore, it is supposed that when the
15 head of the packet II 1is nct a search target, the
number of bytes in overlapping portions of the packet I
-and the packet II is e' and that when ﬁhe head is a
search target, the number of bytes from the head of the
packet I to the head of the packet II is e.

20 For an integer e’ between 0 inclusive and L2, the
excluéive OR operation 1is performed between a bit
string B1(0)-Bl(8*e'-l) and a bit string B2(8*L2-8*e') -
B2 (8*L2-1). If the exclusive OR operation results in
obtaining a bit string'including a continuous 0 string

25 of g bytes at f bytes from the head, a bit string

1(8*f)-B1l(8*f+8%g-1) in the packet I and a bit string
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and that a value at the k-th bit fromthe head of the 10 packet | is 2%@&-1)
(i.e., the head bit .is B1(0) and the last bit BL(L1*8-1)). It is al &0V 00
supposed that the packet length of the packet Il is L2 bytes and that a

value at the h-th bit fromthe head of the packet Il is B2(h-1). FP02-0147-C0
Furthernore, it is supposed that when the 15 head of the packet 11 is not a
search target, the 20 nunber of bytes in overlapping portions of the packet

| and the packet Il is e and that when the head is a search target, the
nunber of bytes fromthe head of the packet | to the head of the packet I

is e. For an b@%gg%@_ "« bgtgwean. o) igncl aisi ver anar L@ gt he i exehaispyekER

operation is perforned between a bit string B1(0)-B1(8*e'-1) and a bit

string BZ(SSL%T8*%E%'b%?%gzgﬁﬁg?éﬁJrEfﬁh?XC|USive OR operation results in

obtaining a bit g&ring i ncl continuous O string 25 of g bytes at f

b f he head it. i I * -BL. ( B* x0- i h Kk I
and 2 bt string 52718 AOVISGEFRrla sy & HictdsRigrddal fLitezpAcke
B2(5"L2-5" € +G0) AL 6 LI ) 10 LOREBPRKR! poklialits by comn

portion. For en "0 inclusive an , the exclusive OR
bl 't StFing B2POF B3 BLE . o ThE" Bhctlsins CR Boer atTond eabioh in
obtaining a b%E(%L&qu)ﬁncngkn%h% %ﬁﬁgfdgfvésdhf%géfgkion results in
obtaining a bit string including a continuous 0 string
of g bytes at f bytes from the head, a bit string
Bl (8*e+8*f)-Bl(8*e+B*f+8*g-1) in the packet I and a bit
10 string B2 (8*f)-B2(8*f+B*g-1) in theé packet II must be a
common portion.
For an integer e between (L1-L2) inclusive and
L1, the exclusive OR operation is performed between a
bit string Bl(8+*e)-Bl(8*Ll1l-1) and a bit string B2 {0)-

B2 (8*L1-8%e-1). If the exclusive CR operalion results

.._l
o

in obtaining a bit string including a continuous O
-string of g bytes at f bytes from the head, a Dbit
étring Bl (8*e+8*f)-Bl (8*e+8*f+8*g-1) in the packet I
and a bit string B2(8*f)}-B2(B8*f+B*g-1} in.the packet II

20 must be a common portion.

Fig. 10 1is a diagram schematically showing a
configuration of a packet compressed by the second
packet compressing method. As shown in Fig. 10, the

data part of the compressed aggregate packet V 1is

25 composed of compression information V3 and compressed
data V4. Furthermore, the compression information V3
33



of g bytes at f bytes fromthe head, a bit string “1 8 NOY 2304
B1(8*e+8*f)-B1(8*e+8*f +8*g-1) in the packet | and a bit 10 string
B2(8*f)-B2(8*f+8*g-1) in the packet Il nust be a 15 common portion. For an
integer e between (L1-L2) inclusive and LI, the exclusive OR oper &84 rGk47-00
perfornmed between a bit string Bl (8*e) -Bl1 (8*L1-1) and a bit string B2(0)

4. 2 (8*L1-B*e-1) ithe exclusive OR operation results in obtaining a bit

string including a continuous O string of g bytes at f bytes fromthe head,

a bit string B1(B*e+8*f)-Bl(B*e+B*f+B*g-1) in the packet I and a bit

string 52(B*fé5§§g§2g+§%gf%gﬂd@.qhq packets |1 20 nust be a common portion
Fig. 10 is a diagram schematically showi.ng a configuration of a packet

conpressed by the segand dyackal) GoPressi pgaeLhgEn £ sfiewn ifofhgy 10

the data part of the conpressed aggregate packet "V is 25 conposed of

conpr oasi on | hP8r TEEFGR RS S £ 7OV 3004203 26147900 Lons ot S aF el ds

b FE Rtk R gy e SRR oA A pLbespaut o

COMpr egsed POLLL2NT.3, 54 SEHA0 Al B4Rt % P250c01ad 0 Gk cqaicsAECket V

(e.g., 4). The field F12 has a fixed length 1 common

to all the routers having the aggregating and restoring

furnctions and stores a byte count jl from the head to

{ the first common portion in the packet I. Likewise,

10 the field F13 has the fixed length i and stores a byte
count k1 from the head to the first common portion in
the packet II. The'field Fl4 has a fixed length m
common to all the routers having the aggregating and
restoring functions and stores a byte count nl

15 indicating the number of bits cf the fizst common
_portion.

| Namely, a common portion of a byte count g 1is
changed into compression information of a‘byte count
(ix2+m) as a result of the compression Pprocess.

20 Therefore, a condition for  bringing about the
compression effect by the second packet compressing
method is that a bit string having at least the byte
count g meeting the relatioh of g > ix2+m 1is selected
as a common peortion of a compression target; Namely,

25 the larger a byte count obtained from subtraction of

(ix2+m) bytes from the byte count of the common
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to all the routers having the aggregating and restoring functionsﬂ%?g..ﬁmh
stores a byte count jlI fromthe head to the first conmon portion i'n t%%‘

- packet 1. Likewise, 10 the field F13 has the fixed length i and stores a

byte count kIl fromthe head to the first conmon portion in the pdd@&-0147-0C
The. field F14 has a fixed length m comon to all the routers having the
aggregating and restoring functions and stores a byte count nl 15

i ndi cating the nunber of bits of the first common portion. Nanely, a common
portion of a byte count g is changed into conpression information of a byte

count | X2+ as. .a_resukt of. .t oRpr.essi rogess 0 €ona
unt S x2emheRs A oSl oh it ComRessioachr ogesskna0 Thapetareon

condition fo conpression effect by the second packet
conpressing nethod is that a bit string having at | east the byte count g
meeting the rBFRGSST of g > i x2+mis selected as a common portion of a

conpression target. §Elaﬁ)l |y lg?fé%en %%gtg‘g]t a, byt %l%ourgtt%cobgﬁ negd £ ek

subtraction of (iXx e count” of e common 34 18 NOV

2004 FP02-0147-00 portion, the higher the fect of o] o]
process. Sim Fakef 1&RIFRelldsCRIECNFLS 3§L h59%9§ﬁ§ q?%gégjlgRSthi

common to all the routers havjng the .5 aggregat.ing a re ri.ng ctions
and stdre byt 898&MRS 4 j%wia_&SFEFlﬁéhprPgséPﬁg fggﬁit%ggﬁgadbpg@

counts j2, j3, and 34, respectively, from the head to
the second, third, and fourth common portions in the
packet I. Likewise, the fields Fl6, F19, and [22 have
the fixed length 1 and store byte counts k2, k3, and
10 - k4, respectively, from the head to the second, third,
and fourth‘ common portions in the packet II. The
£ields F17, F20, and F23 have the fixed length m common
to all the routers having the aggregating and restoring

functions and store byte counts n2, n3, and n4,

13 respectively, indicating the numbers of bits of the
second, third, and fourth common portions.
. The compressed data V4 consists of non-compressed
part v41 and compressed part V42, as shown in Fig. 10.
The non—compreséed part V4l is equivalent to one packet
20 (packet I) which is the same packet aslthat before the
compressior, and the compressed part V42 to the other
packet (packet II) without the first to fourth common
portions. Namely, the compressed part v42 is data
corresponding to the difference between the packet I

25 and the packet II. The data stored in Fl1l to F23 is

used for specifying the positions where the respective
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t he second, third, and fourth common portions in the packet |. Likeﬁﬁq,” t he
fields F16, F19, and F22 have the fixed length i and store byte cou ﬁs“kiwﬂ

k3, and 10 k4, respectively, fromthe head to the second, third, and fourth
common portions in the packet Il1. The fields F17, F20, and F23 havePdhe0i47-0C
fixed length mcomon to all the routers having the aggregating and

restoring functions and store byte counts n2, n3, and n4, 15 respectively,

i ndi cating the nunbers of bits of the second, third, and fourth common
portions. The conpressed data V4 consists of non-conpressed part V41 and

d t V42, h in Fig. 10. ..T ) :
CouTval ent b ocomin cRar CooNT patitet T ) Bl 1 Felfh. BT S EfnPeEs e 1S
bef th ion, .and' the c d t V42 to.ih ket
Cpacket 1) witRau Hat (i OR T T 10 5 OB E6T £ L BHa P Rafar g parE”©

conpressed part_ V42 is data  corresponding to the difference betwe t he
packet | 25 aRd the FEdE&9Iahe m%§?§h3g1§90¥%80Y%rF EetBaﬁggthE’uggﬁ f or
specifying the positions where the rﬁspective 35 18 NOV 2004 FPOZ-O%&?-OC
common porti ofigear & it the #Pder FBAONA  RENOGHTSESGd MY 4 FRA™ h&®
operation of unconpressing the data part . of the regat e packet V.to
recoveb the pasidewrsiantly- aprrhieq et 2afdnddGomp re ?%%BﬁtESdgxian be

5 redundantly- applied to a single packet. Packets to be
aggregated may also be three or more packets, of

course.

In either case of the above first and second

{ compressing methods, the compression results 1In
10 decreasing the number of bits of the data part of the
aggregate packet V approximately by the number of bits

resulting from subtraction of the compression

information from the total number of bits of the

compressed portions before the compression. Howgver,

if the number <f bits decreased by the compression of

=
N

the packets to be aggregated is small, the aggregation

‘and compression can result in increasing the number of

bits contrary. Therefore, the following process 1is

executed to compare the total number of bits of the

20 packets I, II with the total number of bits of the
aggregate packet V.

| Namely, the bits of the IP packets @, @, and @

(equivalent to the foregoing packets I, II, and V,

respectively) are counﬁed, the count results thereof

25 are defined as L1, L2, and L3, respectively, and L3 1is

compared with (L14L2) (steps S5, §586). When the
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aggregated nmay al so be three or nore packets, of course. In eitHet Ngawdgi of
the above first and second conpressing nethods, the conpression results in

10 decreasing the nunber of bits of the data part of the aggregat ﬁ ksi ¥
approximately by the nunber of bits resulting from subtraction ong g 47-00
conpression information fromthe total nunmber of bits of the conpressed
portions before the conpression. However, 15 if the nunber of bits decreased
by the conpression of the packets to be aggregated is small, the

aggregation and conpression can result in increasing the nunber of bits

contrary. Theéngl@ge ohhgef okl aw EQJ+E.QQCQ%S rick meteqs ed resuddnpd ehide t ot al
nunber of bits o the 20 packets I, with the total nunber of bits of the

t ket V. hel 2)7,) adred (3
?ggLF82IgnfaﬁﬁeTﬂﬁrfg?ggo¥ng pacE%ts‘%g(@ Is Blg%?%@%géégﬁste?;) are( )

counted, the count sulqts, 0f~2 g@ﬁlrwﬁg@sthé cbadiandnL HE
respectlvely t% 8 %%.%l réﬁ%%dEaﬁgﬁ% L1+L2) (steps S5, S6). When the 36 1

3 Nov 2004 FRog-0141:00 fiondl 4o gh Idhes didialaha, nobemt amakawsult of

t he conparls% scar ded (step S7) and then the flow
goes to step the co d|t|o f onthlke ot her
cﬁ\é\gs@ (f’é‘?‘udgé glag % 3 %ed 1%%5%'3%) {le Rl ONt

hand, The IP I'scar I nst ead thereof the I P
packet @ is routed to an adjacent router on the common
route (step S8} .
The restoring flow shown in Fig. 4 will be
{ described beiow. When an IP packet 1s received (step
10 Ti), it is determined whether the received IP packet
includes an aggregate flag (step T2). Without the
aggregate flag, the normal routing is carried out (step
T3). With the aggregate flag on the other hand, the
packet 1is decapsuled (or decomposed) to recover the
15 original IP packets once (step T4} .

For restoring a packet compressed by the (£first
packet compressing method,.it is necessary to perform
an uncompressing process as a prelim;nary process; 1in
the uncompressing operation, the router D converts

20 compressed portions (codel to coded in Fig. 8) in the
compresSed data into their original bit patterns with
reference. to the compression table 18a. In- an
uncompressing process carried out prior to the
restoring operation of- a packet compressed by the

25 second packet compressing method, the router D inserts

the data of common portions picked out in the
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packet B is routed to an adjacent router on the conmon route (stﬂg SB

The restoring flowshown in Fig. 4 wll be described bel ow. Werl GNOY Bl
packet is received (step 10 T1), it is determ ned whether the rec&j& qd'ﬂ7—00
packet includes an aggregate flag (step T2) . Wthout the aggrega g

the normal routing is carried out (step T3). Wth the aggregate flag on the
ot her hand, the packet is decapsuled (or deconposed) to recover the 15
original |IP packets once (step T4). For restoring a packet conpressed by the
first packet conpressing nethod, it is necessary to perform an
unconpr essi ngcpnpeess iay apereltiiimarin iy othes sgonpres red Uk bapr essi ng
operation, the router D converts 20 conpressed portions (code 1 to code 4 in
Fig. 8 in the conpheasedfdatadentic tMwie torithaaledtinpaices ngfwkhA
reference. to the conpression table 18a. In an unconpressi ng process

carried out prhapet@ite or@stioralng pepedets on ohsa packesutonpeéssédieby the
25 second packet conpressing nethod, the router Dinserts the data of

common portiopsrRiraked ,outt i1 tdet SrmiReNOWh2004r EPR2 AT D) tawpr essi ng
operation, into the conpressed data. Then reference is nmade to the

destingtions ghphBe rbeIReGk Wi ginate packess. THS. a Wesnl they hhee
reference, it is determ ned whether the packets have a 5 comon route in
their routes f(stepodadn. WWhenet heyadtaveof the recovered packets 1is
normally routed and the aggregate packet is discarded
" {step T6). On the other hand, when the~packets:have a
common route in their routes, only the header of the
10 aggregate packet is changed so that the destination
thereof is an adjacent node (router) on the common
route (step T7). Here the data part 1is copied. The
aggregate packet created at step T7 is normally routed
and each of the recovered packets 1is discarded (step
15 T8) .
The presence of the aggregate flag makes it
feasible to readily and quickly determine whether a
packet is an aggregate packet.
B specific routing method in the first embodiment
20 will be described below with reference to Fig. 1 and
Fig. 5. As shown in Fig. 5, the IP packet format
includes a source's IP address at the head and a
destination IP address subsequent thereto. Thereafter,
an aggregate flag is set as occasion may demand, and

25 the data part is provided in the last place. In Fig.

1, the host A sends the IP packet I to the host E. In
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no common route, each of the recovered packets is normally routed and the
aggregate packet is discarded (step T6) . On the other hand, mhenltw ¥ 2004
packets have a conmon route in their routes, only the header of the
aggregat e packet is changed so that the destination thereof is anfBAgagéAt 00
node (router) on the common route (step T7) Here the data part is copied.
The aggregate packet created at step T7 is nornally routed and each of the
recovered packets is discarded (step 15 T8). The presence of the aggregate
flag makes it feasible to readily and quickly determ ne whether a packet
IS an aggregate packet. ,A_specifdl i hod, i Ahkheohircst agrbga ment
20 ai 11 b ddute LBEBREIEN YL RS Srit 19 PR g.'1 and Fig. 5. As shown in
Fig. 5 the I P packet format | ! ;A .S e" P |mddr es& ahokhte Bead and
8 d?%gsr@%sgggwgsgﬁan Ot LeRBskP @

a destinatidi quen ereto. Thereafter, an aggregate flag

is set as occasi on na mand nd .25 t d t o Vi ddkdhe | ast
pl ace. In Fi gends Flﬁé ﬂgsPaﬂkggngsI t%ﬁ)ertl%lg g{é.iitgtafr'l tIgl ﬁ]t% h%g'(tjp E. In 3818

NOV 2004 FP02-0147-00 the | P packet | h i i i nlal*8 o3PUFIEE 1S the
host A and t Hel de§fenatqWbitd h Sh(jigte &O%egh%ga B&é;eg‘aS%tlﬁe I'P packet Il to

the host F. In the IP packet 1I1, the source is the host B and the
desti fati on tiHests5Fhost F.

Receiving the packet I and the packet II, the

router C exécutes the aggregating flow shown in Fig. 3,

fo create the aggregate packet’ ITT by its aggregating
function. In the IP packet III, as shown in Fig. 5,

10 the source is the router C, the destination the router
G, and the aggregate flag is set. The data part stores

the packet I and the difference between the packets I

and II, using the differential compression technology
adopting interframe correlation coding in moving

picture. Since the numper of bits of the packet 1Ll 1S

[
()]

smaller than the number of bits of the packets I, II,

the packet III is routed.
Receiving the aggregate packet IIIL, the router G
at a relay point executes the restoring flow shown in
20 Fig. 4. Since it 1s- determined therein that the
recovered original packets also have a .common route
hereinafter, the recovered packets are discarded. The
aggregate packet 1is routed to an adjacent router H on
the common route. This aggregate packet has the
25 structure shown in Fig. 5. Namely, the source is the

router G, the destination the router H, and the
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Receiving the packet | and the packet |11, the router C executes.%hgwﬁn
.aggregating flow shown in Fig. 3, to create the aggregate packet’llwﬂbymits

aggregating function. In the IP packet Ill, as showmn in Fig. 5, 199bQQ0147_00

source is the router C, the destination the router 15 G and the aggregate
flag is set. The data part stores the packet | and the difference between
the packets | and Il, using the differential conpression technol ogy.
adopting interframe correlation coding in noving picture. Since the nunber
of bits of the packet 111 is snaller than the nunber of bits of the packets
I, I, the pagketghtk f3agoutedetRec@hei dgtehpaadgreguas pdikeRa¢ket the
router G at a relay point executes the restoring flow shown in 20 Fig. 4.
since it is detepphnedet Her¢emenhat beleeene tinee ped lorti 9i haingatket s al so
have a common ro.ute hereinafter, the recovered packets are discarded. 'The
aggregat e packet isrhputeehtled ap adj acenélsguiperint ompethtesommmuont e.
Thi s aggregate packet has the 25 structure shown in Fig. 5. Nanely, the
source is the.fouter G hhgndest RaticoR t Reuteut erg,H antl tyendd 18halOv 2004
FP02-0147-00 aggregate flag is set. The data part stores the packet 1|, and

ghe di%ferenﬁggﬁ?E?ﬁE@ he Racket o1 tard ddutekhepr outar dleataggrefayepoi nt
perates in e sanme manner as the router G and sends the
packet V, as shown in Fig. 3, the source is the router
H, the destination the router D, and the aggregate flag
. is .set; and the data part stores the packet I, and the
difference between the packets I and IT.
10 Receiving the aggregate packet V, the router D
executes the -restoring flow shown in Fig. 4. As shown
inh Fig. 4, for example, since the agqregate-flag is set

in the aggregate packet V, the restoring operation is

carried out to recover the packet VI (the same data

13 comfiguration as rhe packet I) and the packet VII (the
FRpS, O R R e g - (=gt S i - jS
same data configuration as the packet II}. Since the

packet VI and the packet VII have no common route any
longer, the‘ aggregate packet 1is discarded and the
recovered packets are routed. It is also possible that

20 a recovered packet is again aggregated with another
packet on the transmission gqueue as a result = of
execution of the aggregating flow. Then the IP packets
vI, VII are.sent to the host E and to the host F,
respectively.

25 in the packet communication system of the first

embodiment, as described above, when tow o©r more
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5 aggregate packet V to the router D. In the aggregate packet V, as shown in
Fig. 5, the source is the router H, the destination the router D §48d 2E0he
aggregate flag is set; and the data part stores the packet I, andFﬁgf_ 47-00
di fference between the packets | and Il. 10 Receiving the aggregate pac%%t

V, the router D executes the-restoring flow shown in Fig. 4. As shown in

Fig. 4, for exanple, since the aggregate flag is set in the aggregate

packet V, the restoring operation is <carried out to recover the packet Vi

(the sane data 15 configuration as the packet 11 and the packet VII (the

sane data confagensi draves &heopacket rolifeSiadicel edet packertyvl odndhiehe |
packet VII have no common route any |onger, the aggregate packet is |
di scarded andrgieesr ecoVvetrledi packeisear eve outernindl | saddrsxs gEos,si Bibee t hat 20

a recovered packet is again aggregated with another packet on the

transni ssi on puesenasians gsiddedf ofexerst ipitiait$ haragosegeédaged| amw Then

the I P packets VI, VII are sent to the host E and to the host F,

respectively..25:48 (e PAgkebqREBTUPAERELON WYSEEMGh thecféisé the
enbodi nent, as descri bed above, when tow or nore 40 18 NOV 2004 FP02-0147-00

packets have @, CoMMmMIM ecdt peasétsn aldsOftdde ohouties hetvhail.

respective termnal addresses, the information pieces of the packets are ,
aggregated to, Creatp.0088 290@GAlR RACkAinb¥Ai 6B parkdesr easalithe in

) decreasing the number of references to the routing

table, reducing the processing load, and_increasing the

processing speed. As a result, it becomes feasible to

10 achieve the efficient wutilization of the network

resources. Furthermore, it is determined whether the

aggregate packet should be relayed in that state to the

next link, or the two or more original packeté should

be recoverad from the aggregate packet and be relayed.

. ermination 1s that the

the result of the de

t.a

tn
N
¥
D
3
ot

S amean e JL ~iia I % R

packets'have a common route at least in part of their

‘routes, the destination address of the aggregate packet

is rewritten so that the destination address of the

aggregate packet is an address of an adjacent router on

20 rhe common route, and the aggregate packet is routed,

which can reduce the total number of packets
transmitted on the network.

The above described the case where the receivers

of the aggrégate packet V were routers, with reference

25 to Fig. 1 to Fig. 10, but the present invention can

also be applied to the case where the receivers of the
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5 total nunber of packets transmtted on the network. The decreqs§th h?e
total nunber of packets results in decreasing the nunber of reference@ o]

the routing table, reducing the processing |oad, and increasing tEE02“0147_00
processing speed. As a result, it becones feasible to 10 achieve t

efficient utilization of the network resources. Furthernore, it is

determ ned whet her the aggregate packet should be relayed in that state to
the next link, or the two or nore original packets should be recovered
fromthe aggregate packet and be relayed. 15 Wen the result of the

det er m nat i Onad@ Lhat ot Beckepavkalrs havd la commmalout e Tate Ifedstowingart of
their routes, ﬂe destination address of the aggregate packet is rewitten

so that the q,gfﬂna%%g@ address Ep,_toéélgs agfr eged £ nepkeghe s aayuraEgaess of an
adj acent router on tﬂe common route, and the aggregate packet is routed,

whi ch can reduce, the.to n r Qf-eackers trangRihbedienilse Ietdork.
The above deé%??%%g Fﬁe%gggéwgﬁgréﬁ¥he receivers of the aggregat e packet V

were routers, {D.1 2%%%9:%50%5@ Fign %10 itk Adsebufickheopresgnt

i nvention can ["i'ed to the case where the receivers of the 41 1 8
NOV 2004 FPO2-0147- Oog@g_gr &gy e lﬁaé:kelf:liél. af exmohh e gtigr.mipa s. Tkhechieol | owi ng
t

will describelta pt8ecess™of “creating the’ aggregat e

'description herein, it 1is supposed that the aggregate
packet V of the packets I, IT is sent from the hosts A,

B via the router C to a mobile host-M (not shown) ..
As a premise, the packet I is composed of a basic
10 Ipv6 header Pll, a routing header P12, and a data area
P13, as shown in Fig. 11lA. An IP address (Care of
address)  temporarily used at a foreign subnet by the
mobile terminal is stored as a routing address 1 in the
pasic IPv6 header PIl1. An address specific to the

=1la o~
[

lrn+= T W
ne palkeéc 4+ &

g me addrass) 1s

13 moblile host M to receive

stored as a terminal address 2 in the routing header

.Pl2. Here the terminal does not always have to be a

final arriving point of the packet, but it includes a

terminal point of a common route between arbitrary

20 nodes or hosts. Data 1 as real data 1is stored in the
data area P13.

The packet II is composed of 2 pasic IPv6é header

p21 and a data area P22, as shown in Fig. 12A. An

address specific to the mobile host M to receive the

25 packet II is stored as a terminal address 2 in the

pasic IPvé header P21L. Data 2 as real data 1s stored



packet V fromthe packets I, II, using Mbile IPv6 (Internet Proqchhvn
Version 6), with reference to Fig. 5 1, Fig. 11A Fig. 11B, Fig. 12A a@y

Fig. 12B. In the description herein, it is supposed that the aggrﬁﬂgﬂf

packet V of the packets I, Il is sent fromthe hosts AL B via the ep1g7-0¢
to a nobile host M (not shown). As a prem se, the packet | is conposed of a
basic 10 IPv6 header P11, a routi.ng header P12, and a data area P13, as

shown in Fig. 11A An |IP address (Care of address) tenporarily used at a
foreign subnet by the nobile termnal is stored as a routing address 1 in

the basic |Pi6 heéadelatRllarefn Blr ess specific to the nobile host Mto

receive the packet | (Hone address) is stored as a termnal address 2 in the
routi ng header Pl2yhier eeidiephekatndl foestnet pacways Iavieoth berdvef i nal
arriving point of the packet, but it includes a ‘termnal point of. a common

route betweenaar binkr 3y t23 rodesmor=hess 5. c Dag@rdgaseseahedphakiessstiored in
the data area P13. The packet Il is conposed of a basic |Pv6 header P21

and a data area B23 a28isShowkiiddl-ad@lesédm addiessisgeehbi priaehite
nobil e host Mto recelive the 25 packet Il is stored as a term nal address 2

in thee basicy,lBy§iheadsr PRI nBatiae? @St eal tdatd dat StOhedaddrbagv 2004
FPO2- 0147-0C Pn t he gata area P22. Wien the packet | and the packet Il both
arrive packet V. The aggregate packet V stores the terminal
address 1 as a routing destination in the basic IPvé6
- header P51, as shown in Fig. 12B. The packet I and the -
packet II are packed in the data area P32.
10 When the aggregate packet V arrives at the node
indicated by the terminal address 1 (the mobile host
M), the mobile host M creates {(or reco?ers) the packets

I, II from the aggregate packet V. At this time, the

terminal address 1 and the terminal address 2 both are

-
in
[
r

Svmihd a2

mobile host M is able to receive the packets I, II
having the terminal address 2 at the head, as well as
{ the aggregate packet V having the terminal address 1 at
the head. This makes it feasible to perform more
20 efficient packet Eransmission while avoiding triangle
routes, as compared with the case where Ehe packet II
is once capsuled at another node {(Home Agent) and 1is
transferred to the mobile host M.
{Second Embodiment)
25 Fig. 13 is a diagram schematically showing a

packet communication system as a second embodiment of
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at the router C, the router C aggregates the packets I, 11 and ajqig@,mq
termnal address 1 indicating the present 5 position of the nobil % ﬁ’Rhto
create the aggregate packet V. The aggregate packet V stores the tg&&kﬂg&h
address 1 as a routing destinantion in the basic |IPv6 header P51, ot 700
in Fig. 12 B. The packet | and the packet Il are packed in the data area

P52. When the aggregate packet V arrives at the node indicated by the

term nal address 1 ( the nobile host Mis able to receive the packets I,

Il having the term nal address 2 at the head, as well as the aggregate

packet V havi gget herdesmi nahvaddiess 1 Iat thbéesheatd Rnsodekestit theasi bl e

to performnore 20 efficient packet transm ssion while avoiding triangle 25
packet V. Theagg{gat ep p?ﬁlﬁﬁet‘é' sy esapdel é@r nogaltheaddress: loms aProuting
destination in the basic Pv6 header P51, as shown in Fig. 12.B. The packet

| and the pagkejh ﬁdecﬁa@&%d i hBgrdghacanna iR, Wae tdestager egate
e

packet V arrives at t node indicatéd by the termnal address 1 (the

mobi | e host ; ibe host Mersstesn® fgsovn®irddeppaekebss |, |l
fromthe aggrg%gggggggggtév. At this tine, the term nal égdress 1 and the

term nal addregs, 2 hothe@are,noutRte @S LUMAELdyM bR the casewaber antihe
packet™ Il S~ once capsu ea at anot her node (Hone Agent) and is
transferred to,the mphile fost M having the aggregating function
preliminarily know the network topology and which node
has the restoring function. It is also possible to
manually set the network topology and the nodes with
10 the restoring function, for each of the routers having
the aggregating function. The router G in the network

has neither the restoring function nor the aggregating

function. The router H has only the restoring function

by decapsuling. The router C and the router D have

] P lmny  ememam s 3 - Ly

i both the aggregating functicn by <apsuling ang the
restoring function by decapsuling. Here the

aggregating function is a function of executing the
( processing shown in the flowchart of Fig. 15, and the
restoring function Aa function of executing the
20 processing shown in the flowchart of Fig. 1l6. The
router C and the router D having the both functions
execute the aggregating flow on the transmission queue
in parallel with execution of the restoring flow for
each of received packets.
25 Fig. 14 is a block diagram showing a schematic

configuration of a router having the aggregating
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(Second Enbodinent) Fig. 13 is a diagram schematically show ng a iqg@ﬁgﬁao

communi cation system as a second enbodi nent of 43 18 NOV 2004 FPO

the present invention. In the second enbodi nent, two or nore |IP packets are
capsul ed toget her under one |IP header to create an aggregate packdtPOZ2r{EL47-0C
systemis configured on the prem se that the routing protocols 5 such as

OSPF and others are active on the network and that the routers having the
aggregating function prelimnarily know the network topol ogy and whi ch node
has the restoring function. It is also possible to manually set the network

topol ogy and the tades Wnidh 18et heesest-anigng rhmpetiban, ihor teachsetohhe
routers having the aggregating function. The router Gin the network

nei ther the restQuiiR@flunctfi0n RRksthe agMsgatdmg_ikunctdiyrenkhespgit er H

has only the restoring function by' decapsuling. The router C and the

router D have Rt hel hg: aaiaoatlde functdon: beacansiiling and Lheyigea! oring

ncti on of

function by decapsulTng. re the aggregating function 1s

executing thew.Ekp%§§sé&gfgngggqééiyi$¢£w§€€£é%ogOﬁébr;éetgﬁgiﬁbﬁ

restoring function a functron processing s

flonchart of Figypd8. Jesd GUEMo L 288 Lhe Lautal By d N ot by
functidons execut he aggregating fTow on the transm ssl on queue

address of its own router, instead of the determining

device 6 in the restoring function section 1. The

destination address giving device 10 gives an aggregate

packet a destination address so that the destination

10 address of the aggregate packet is an address of a

predetermined node having the function of recovering

the two or more original packeté from the aggregate

packet. This makes 1t feasible to designate a

restoring nocde. The other components are similar to

P S P Vs F4 s
oS8 L1l uiic L

[
[ 9]

thereof is omitted herein.
Since the router C and the router D shown in Fig.
13 are provided with the aggregating function and the
restoring function, they have the restoring function
20 section 1 and the aggregating function section 2 shown
in Fig. 14. Since the router H 1is provided with only
the restoring function, it has only the restoring
function section 1.
The aggregating flow shbwn in Fig. 15 will “be
25 described below. First, the router C determines

whether there exist a plurality of IP packets on the
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in parallel

packets. 25 Fig. 14 is a block diagram showi ng a schematic confi gur

a router having the aggregating 44 18 NOV 2004 FP02-0147-0O function and the
restoring function in the second enbodinment. The present enbodi merdtPd%0147-0C

El

with execution of the restoring flow for each of recei vgﬁ -
i‘onl of

different from the first enbodinent in that the router is provided wth an
address determ ning device 70 for determ ning S whether a destination
address extracted agrees with an address of its own router, instead of the

determining device 6 in the restoring function section 1. The

desti nati on

addr ess gi vi ngrdewsindes slidrgi gesuan (aggpeddtle.  [Beticate arttestraatnoBsaddr ess so

that the destination 10 address of the aggregate packet

predet er ni nedqnede hamday tbe ihuncideora opluesdyeyi BE IFherddee10§, MBRE
original packets fromthe aggregate packet. This makes it feasible to

designate a HeSEeMiRG iRde. afhe wihericomponeptarane Sidhl @hd OothBese in
the first enbodi nent, and thus the descrlptlon thereof is omtted herein.

Since the roupghdC @t Nend OLESRsRiSEOUR |
aggregating function and the restoring function,

is an address of a

efiled-inchdd¥e Prpvidediw,th the
t hey have the restoring

function 20 gectiren Lankdde aggf@g@htag fUNCii:0n Saet | b 248P9WNori N Fi g.
14. Since the router His provided with only

10

20

25

arbitrary two IP packets in the queue {(step R2}. The
arbitrary two IP packets will be referred to as IP
packets @ and @, respectively. -

Tt is then determined whether the packets have a
common route in their routes (step R3). When the
packets have no common route in their routes, the flow
transfers to step Rl; when the packets have a common
route in their routes, a search is performed for the

most distant node among the restoring nodes present on

j= ] TR
227 . L

Eod)

- P N - Y
ALLGS O Shde T L SLL

m

among the restoring nodes present on the common route

will be referred to hereinafter as an FC (Farthest
Common} router. The router C sends an IP packet with
its destination of the router D being an FC router, so
as to skip the flag reference process and the restoring
process at the routeré G, H, thereby increasing the
processing efficiency.

After the search at step R4, it 1is determined
whether there is an FC router (step RS5). If no FC
router exists, the flow transfers to step R1. If there

is an FC router, an aggregate packet is created by
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the restoring function, it has only the restoring function section 1. The
aggregating flow shown in Fig. 15 will be 25 described bel ow. Firb€ 0t Gai
router C determnes whether there exist a plurality of IP packetsFQHng§4g100
FP02-0147-00 transm ssion queue (step Rl). Before the transm ssion ~queu
cones to include a plurality of 12 packets, the determination at step RL is
repeated. On the other hand, when the transm ssion queue includes a
plurality 5 of I P packets, reference is nade to headers of arbitrary two IP
packets in the queue (step R2). The arbitrary two |IP packets wll be
referred to %%ﬁé%e§@@%@t§nﬁltapedl€ah,thesﬂ@cbauﬁqpsI@)BBdtQEMSﬁﬂgrnined
whet her the packets have a 10 conmmon route in their routes (step R3). Wen
the packets fi@ve np£onEpyregute ipackdd ris ol esned hesf bow b reasiets to
step Rl; when the packets have a common route in their routes, a search is

per f or med for@‘ he 4 MosL disiadatiaste eHBREcENE sf estedr FOY roates pr eBeat on 15
the comon route ?step R4). The nobst distant router anong the restoring

nodes present, ;§£'§s£8H“?Brr Qe aghddgdres refeksedibo inglemalitet @ an FC
(Farthest Co n) router. The router C sends an I F packet with its

destination o ;L ou iReItN G AN S KO Ub £F k2 80 c3Rpa% stsA rskinpe tihed f | a
iy Cpeéfylﬁﬁ %ﬁé Bibaitng M Ub&Eke80c3Rpa® s e g

referehce pro s” an e restoring process at the routers G H, thereby
I ncreasing th&éscribed referring to Fig. 6 to Fig. 10, or the both.

Then the bit counts of the IP packets @O, @, and

3 are defined as L1, L2, and L3, respectively, and L3

is compared with {L1+L2) (step R7). When  the

10 comparison results in not meeting the condition of L3 £
(L1+L2), the IP packet @ 1is discarded (step RS) and

the flow transfers to step Rl1. On the other hand, when

the condition of L3 £ (L1+L2) is met, the IP packets @

and @& are discarded and, instead therecf, the IP

1 N
oy
n o

Lyl

(o) -

15 packet & is routed to the

Is mrrl e ot an
C routear {step

3

The restoring flow shown in Fig. 16 will be

described below. When an IP packet 1s received (step

ST1), it is determined whether the received IP packet
includes an aggregate flag (step STZ2). Without the

20 aggregate flag, the normal routing is.carried out (step
ST6) . With the aggregate flag on the othef hand, it is.
determined whether the destination of the IP packet is

its own router (step ST3). When the destination of the

IP packet is not its own router, the normal routing-?s_

25 performed (step ST6). When the destination of the IP

packet is its own router, the packet is decapsuled (or

47



processing efficiency. After the search at step R4, it is determn oF
whether there is an FC router (step R5). If no FC 25 router exist$s] Ak
flowtransfers to step RL. If there is an FC router, an aggregate pg ? 0 37 0
created by 46 FP02-0147-00 conpressing and capsuling the |IP packets ? %
(2) (step R6). This aggregate packet is defined as an | P packet O and the
destination thereof is the FC router. The conpression for the aggregate
packet is inplenmented by 5 applying the first or second packet conpressing
met hod descri bed referrin% to Fig. : or the both Then the bit
counts of the 49°BRREEY) (TP, (2FCOURE 3‘) aPElIéP?heoFPasPEF efs, R 3,
respectively, and L3 _is conpared mnth L1+L2) (step Fﬂ% VMen the 10
conpari son resiftk. |nfhotsnggﬁpn&@ﬂﬁ§mﬁﬂﬂﬁtWQ#ﬁ%#rLsae (EeceYerechel§ p
packet (3 is discarded (step R9) and the flow transfers to step Rl. On the
other hand, wpsrtkathelgondet Wéfhofan Rggyedate) flsgndistephd 1R padies 0
and 0 are dlscarded and, instead thereof, the IP packet (3) is routed to
the FC router tfst epPRr@)CkéIthein@étideBngid | aggshganei g, thewndrmzd
descri bed bel ow., Wen an | P packet is received (step ST1), it is
det er ntbned whetchgrindeiseqs nfag R pasker ITel udednartteggoegare Hdraly (st ep
ST2) . Wthout the 20 aggregate flag, the normal routing is carried out
(step ST6) W tinearhethggrbaveckiedg bnclhdest Here haggreigatedef Baai ndthashet her
t he destination of the I P packet is

flow goes to step ST3.

A specific routing process 1in the second

embodiment will be described below with reference to

10 Fig. 13 and Fig. 17. As shown in Fig. 17, the IP
packet format has a source's IP address at the head and

a destination IP address subsequent thereto.
Thereafter, an ggqregate flag is set as occasion may

demand, and the data portion is provided in the last

15 place. In Fig. 13, the host A sends the IP packet I to

0

‘the host E. In the IP packet I, as shown in Fig. 17,
the source is the host A and the destination the host
(. E. The host B sends the IP packet II to the host F.
In the IP packet II, the source is the host B and the
20 destination the host F. ‘
Receiving the packet I and the packet II, the
router C executes the aggregating flow shown in Fig.
15, to create an aggregate packet III by 1its
aggregating function. As shown in Fig. 17, the data
25 part stores the packet I, and the difference between

the packets I and 1II, using the differential
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its own router (step ST3) . Wien the destination of the IP paCkef Nﬁ‘zﬁi
its own router, the normal routing-is 25 performed (step ST6). Vheﬁ‘ ﬁ
destination of the P packet is its own router, the packet is decapsul ed

- (or 47 18 NOV 2004 FP02-0147-0 deconposed) to recover the origi nBFOpp0147-00

packets (step ST4). It is then determ ned whether each recovered |IP packet
is one with an aggregate flag (step ST5) . Wien the |IP packet includes no
aggregate flag, the normal 5 routing is perfornmed (step ST6). On the other
hand, when the |IP packet includes the aggregate flag, the flow goes to

step ST3. A specifi tiNgecBhO18%S | N ddwpiseeend teebodiiverdt r fit dhebe
descri bed belgﬁﬁe%%ﬁsgggerenge to ?g.Fig. 13 and Fig. 17. As shown in Fig.

17, the I'P paCkg%%EQEETBﬁ RaLS) 18,5 O C@iov il agd&%ﬁeat the head wedden

destination I'F réss subsequent thereto. hereafter, an aggregate flag is

set as occasion d \ d datasper ti QN tise PreMEded D béd hegl ast 15
place. In Fig?aig?¥pﬁe%%%§%gﬁﬂ§%ﬁ%@§%hgglS@packet i"to the host E In the

| P packet |, as s in Fi 17, .t it
P e \Mﬁéﬁﬁﬂ%gﬁgs§e§4§§? CE&s! 3 o84t fornddde of

destination t s the I P packet Il to the host F. In

Lhe laspaCKEttAé’aggge%g%EC%aE%eEhe R9Si-cB B Alighe A0ogesliiRatd onthae host

packet ILII 1is smaller than that of the packets I, II,

the packet III is routed.
This results in restoring the aggregate packet
only at the designated node. Namely, the nodes other
10 than the designated node perform the normal routing, so
as to avoid performing dispensable restoring
processing, whereby the repeating processing can be

made more efficient.

The router G at a relay point does not have the

= He F 57 etk d ot
ms tne [norai rguclin g

restoring function and-thus perfor

=t
(&4}

‘of this packet III. This router G without the
-restoring function can never be a terminal of the
packet capsuled by the router C.
Receiving the aggregate packet III, the router H
20 at a relay point executes the restoring flow,
According to Fig. 16, though the aggregate flag is set
in the packet IILI, the normal routing is carried out
eventually, because the destination address islnot the
router G.
25 Receiving the aggregate packet III, the router D

executes the restoring flow shown in Fig. 16. Since
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Recei ving the packet | and the packet Il, the router C executes,{he.-,
aggregating flow shown in Fig. 15, to create an aggregate packe@ f\f“by Its
aggregating function. As shown in Fig. 17, the data 25 part stores thg

packet |, and the difference between the packets | and II, using ERE2-0147-00
differential 48 18 NOV 2004 11 FP02-0147-00 conpression technol ogy adopting
the interframe correlation coding in noving picture. In the header part

the aggregate flag is set and the router D being the FCrouter is

designated as a destination node of 5 the aggregate packet. Since the nunber

of bits of theyop gl%éﬂei§l§@a|i§r stitani f haheofpddi@ tpatket arld the the
packet 11 is routed. Is results in restoring the aggregate packet only

at the designated;padeoNaymlvesd hesnades silbesr 80 (Lhan due sestgnnyed node
ma

performthe no routing, so as to avoid perform ng di spensabl e restoring

br ocessi ng, whereby, INe ££PeabLAg:PHACESS O £a0 Deut TRde pEved fEgéent

The router relay p oes not have the 15 restoring function and

t hus perforns _the norpal, rquti | {dd . 19 I RELt G Wi t hout
t he PestorinBaF%ﬁétI%a(tH% Jatd égséx%énfﬁﬁg Eﬁdﬂ ad NiSe rPakREL G W

i"on ‘can never erm the packet capsul ed by

the rogter C arl?gcecihvei ”ga&QSta%r eoRL € sRackeiatd | cohPeqliPHESbnHas the

packet II), as shown in Fig. 16. Here each of the

packet IV and the aggregate packet V can be again
~aggregated with another- packet. -Then the IP packets

IV, V are transmitted to the host E and to the host F,

10 respectively.

4s described above, the packet communication

system in the second embodiment is configured to
aggregate two Or mo:e‘packets to replace them with a

single aggregate packet and further compress the

\ T ol d omla ol v = s omgm oo A= la -] riimina v Qf
aggregate packel, WhRiCO Gecreases uie total numsoer

-
n

packets and the total amount of information transmitted
on the network, thereby achieving the efficient
utilization of the network resources.

{(Third Embodiment)

20 Fig. 18 is a diagram schematically showing a
packet communication system as a third embodiment of
the pfesent invention. In the above-described first
embodiment and second embodiment, the aggregate 1IP
packet was created by capsuling of two IP packets, but

25 it is also possible to. create an aggregate Ethernet

(registered trademark) frame from two IP packets
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20 at a relay point executes the restoring flow According to Fi g 16,

t hough the aggregate flag is set in the packet II1l, the normal r dthgLﬂ%
carried out eventually, because the destination address is not the router

G. 25 Receiving the aggregate packet |11, the router D executes tH&92-0147-0(
restoring flow shown in Fig. 16. Since 49 18 NOV 2004 FP02-0147-00 the
aggregate flag is set in the packet Ill and the destination address is the
router D (its own router), the restoring operation is carried out to
recover the packet 1V (the sane data configuration as the packet 1) 5 and
the packet V (Jihehsamugataf centi gupstilimgasddimo jpagpket 1d) thasthladn in
Fig. 16. Here each of the packet IV and the aggregate packet V can be again
aggr egat ed Wi tdhnothert, rackejgrdfiere thehdfhackesse LY, cYeatedt rapanitted
to the host E and to the host F, 10 respectively. As described above, the
packet communiGafi op pR¥KeB i n rthe seedidhemBodidmt bs oo i presd stko
aggregate two or nore’"packets to replace themwth a single aggregate

packet and furiher £56ikhepraggeeyat arpackely i ehe desrRasrs Lie total
nunber of packets and the total anount of information transmtted on the

net wor k, ther%?yaﬁﬁgﬂdaﬁdghﬂfﬁhéifi&&@ﬁ&etyﬁi|izati0” of the network
resources. (Thir nbodi nent)

Here the routers A and B have the aggregating
function of an Ethernet lewvel and all the routers on
the. network have the---xestoring function. The
aggregating function of the Ethernet level herein is a

10 function of executing the processing shown in the
flowchart of Fig. 19. The restoring function of the
Ethernet level is a function of identifying an

aggregate flag of an aggregate Ethernet frame and

extracting two IP packets from the frame. A node

| I — dale o e Fare e s o 3 m e
Oaving wagsde cwd ITUNCLCICRS 13 Con

[
L

restoring function for each of received Ethernet frames
and carry out the aggregating flow on the transmission
gueue in parallel therewith.
The aggregating flow shown in Fig. 19 will be
20 described below. It is first determined whether there
exist a plurality of Ethernet frames on the
transmission queue (step Wl). Before the transmission
queue comes to include a plurality of Ethernet frames,
the determination at step W1 is repeated. On the other
25 hand, when ﬁhe transmission queue includes a plurality

" of Ethernet frames, a comparison 1s made between
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20 Fig. 18 is a diagram schematically showi ng a packet connunicatifE ﬁyiﬁ?n1
as a third enbodi nent of the present invention. In the above-descr @ 0
first enbodi nent and second enbodi nent, the aggregate |P packet was

created by capsuling of two I P packets, but 25 it is also possibl ef£82cPé4t’e 00
an aggregate Ethernet (registered trademark) frame fromtwo | P packets 50

18 NOV 2004 FP02-0147-00 w thout use of the capsuling technology. In the
third enbodinent, an aggregate Ethernet frame is created from two IP

packets. The systemis based on the prem se that the routing protocols are

used on the netyerkatasn MAQ thelicysent cdnakhrbiternet . tker € thherneuters A
and B have the aggregating function of an Ethernet |evel and all the

routers on t k hen r eskord i d ungtkbpniwz2ihe aggregath &g
function of tﬂﬁaﬁgﬁgggefﬂﬁgsgﬁ H%rein f% a 10[fungtion of executing the

processing s f}rﬂi;?Q& Jdawehar thef MA@ 248refBesr esdrrd ngituncdaem of the

Et hernet level Is a function of identifying an aggregate flag of an

aggregate Ethernet fLapp aRd . exeactdng, tapsiPrpackens fnem thed rese. A
node having eSe two functions Is configured to execute the restoring

function for ;@% Qt regBhKednEt Mnelqd Fad®ss apgdrear Wy tauteddie e@ge£gat i ng
flow on the tramsm Ssion queue in parallel theréwth.
on the other hand, an Ethernet frame @ is created in a
configuration wherein two upper-layer packets in the
" data parts of the Ethernet frames @ and @ both are
stored in its data part and a common next hop MAC
10 address is designated as a destination (step W4d). It
is next determined whether the Ethernet frame @ is
Wwithin MTU (Maximum Transmission Unit) (step W5). When
it is over MTU,. the Ethernet frame @ is. discarded
(step W6) and the flow transfers to step Wl. When the
15 Frhernet frame & Ls within MTU at step W5 on the other
_hand, the Ethernet frames @ and @ are discarded and,
instead thereof, the Ethernet frame(D.is routed to the
next hop (step W7).
A specific routing process in the third
20 embodiment will be described below with reference to
Fig. 18 and Fig. 20. As shown in Fig. 26, the format

of the Ethernet frame includes a destination "MAC

address at the head and a source's MAC address

subsequent thereto. Thereafter, an aggregate flag is
25 set according %to necessity, and the data part is
provided in the last place. The data part stores a
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The aggregating flow shown in Fig. 19 will be 20 described bel ow. gt M?U
first determ ned whether there exist a plurality of Ethernet fraﬁh NQ Uhe
transm ssion queue (step W,). Before the transm ssion queue cones %ﬁb -0147-0C
include a plurality of Ethernet frames, the determ nation at step 4P147-0
repeated. On the other 25 hand, when the transm ssion queue includes a
plurality of Ethernet frames, a conparison is nmade between 51 1 8 NOV 2004
FP02-0147-00 destinati on MAC addresses of arbitrary two Ethernet franes (1)
and (2) in the queue (step W2) It is then determ ned whether the MAC
addr esses agr e@uwiddat sdch adittess (snedpa W s VheatidreylHi sddgress thethieow goes
to 5 step W.. When the MAC addresses agree with each other on the other
hand, an Et hepneledf rsyrdB) is created in a configuration wherein two
upper -1 ayer packets in the data parts of the Ethernet frames (1) and (2)
both are stored ingdts Watsumparde aithta «dmoon hAexén hap BAGetfebddiess is
designated as a destination (step W) . It 1is next determ.ned whether the
Et hernet framg 03 drsis Wdhi e {dMaxi Phgmd r ansnvsshontai t atat epavil) .
Wien it is over MIU, the Ethernet franme (3) is. discarded (step W) and
the flgw transhensidigt ap We Wietkdthe Ti ss&hheriet af raosti sBlii tdn naMlU at
step Wb on the other hand, the Ethernet frames (1) and (2) are discarded
and, insteadgihererlt tiwek EBheanat of reger (8) b8 taet ddriko A heendextanhop
(step W).

" Ethernet frame II with the data part including an IP

packet II sent to a host B2 on the link-B:: Receiving
the two Ethernet frames, the router A once creates an
i0 Ethernet frame III for sending the IP packet I to the
router B and an Ethernet frame IV for sending the IP
packet II to the router B.
When these two frames are created con the gqueue,
the router A executes the aggregating flow. Namely,

e - - T4t oo = b . [P s —
the router A Cresates ali doneifnico neaqaeld Wil [

]
n

destination of the router B which is a common
destination address, and stores the IP packeﬁ I and the
IP pécket IT in the data part. An Ethernet frame V
thus created is shown in Fig. 20. The Ethernet frame V
20 is relayed through an Ethernet link C to the router B.
On this occasion, 1in the Ethérnet frame format there
exists a flag set for an aggregate packet in the
Ethernet header, and an aggregate flag is thus present,
because the Ethernet frame V i1s an "aggregate packet.”
25 Recelving the Ethefnet frame V, the router B

identifies the aggregate flag and extracts the two Ip
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A specific routing process in the third 20 enbodi nent will be descri bed

below with reference to Fig. 18 and Fig. 20. As shown in Fig. 20, §W®VW

of the Ethernet franme includes a destination MAC address at the n a
source's MAC address subsequent thereto. Thereafter, an aggregat e FE0%gy 414 7-00
25 set according to necessity, and the data part is provided in the |ast

pl ace. The data part stores a 52 1 8 NOV 2004 FP02-0147-CC source's |IP

address and a destination |IP address in the order stated. Let us suppose

that a host Al on an Ethernet |link A sends an Ethernet frane | with the

data part 5 pagkeding amdP ppekepatkeent ITo &rbast tHBle ordare Et herpet |ink
B, and a host" A2 on the link A sends an Ethernet frane Il with the data

part including;88ehReRagket thle SRNitd® B PosteB2aan it dridk Hramecwiving
the two Ethernet franes, 'the router A once creates an 10 Ethernet franme |11

for sending tfhes hPtl%th%s& Be the aredlsennBrane amdEt haareks! rate hY for
sending the I P packet to the router B. Wien these two franes are created

on the queue, tﬂQ?négutﬁanﬁe e¥egULa%H henagabegatiNgakl aw ddedehytiohhe
router A crea es an Ethernet header with the destination of the router B
which §s a coggen destdnat ban addr gssueand eher exydegdfidackalon aad the
also be executed on this queue, but the aggregation is
not carried out in fact, because the destinations of
the Ethernet frames disagree.
The 1P packets I, II are carried by the
10 respective Ethernet frames VI, VII to be delivered to
the hosts B1l, BZ2.
As described above, the packet communication
system in the third embodiment is configured to perform
the aggregation of Ethernet frames, whereby 1t 1is

to reduce the overhead and aciiieve mMaxium

[£1]

easibl

-
[
iy

utilization of MTU of each link.
In the last place, the following will describe a
program for implementing the routing technology

according to the present invention and a computer-

20 . readable recording medium (which will be referred to
hereinafter simply as a "recording medium") in which
the program is recorded. The recording medium is a

medium capable of inducing state changes of energy such
as magnetism, light, electricity, or the like according
25 to the description contents of the program against a

reading device provided in the hardware resources of
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| P packet Il in the data part. An Ethernet frame V thus created {E %h3ﬁn in
Fig. 20. The Ethernet frame V 20 is relayed through an Et hernet | W¢2ils
the router B. on this occasion, in the Ethernet frane format there_ exists
a flag set for an aggregate packet in the Ethernet header, and anf&grébet é-00
flag is thus present, because the Ethernet frame V is an "aggregate |
" packet." 25 Receiving the Ethernet frane V, the router B identifies the
aggregate flag and extracts the two IP 53 1 8 NOV 2004 FP02-0147-00 packet
| and I P packet Il fromthe data part. Subsequently, the router B places an
Et hernet framgederaltgutgesdosbmBltassa atebt ohaekon avidC bddnessthndgan
Ethernet franme VII with the host B2 as a destination 5 MAC address on the
queue. The agdtegaldfwx fftoMvcasonakstsbe fexeeutpadgarant hics tueuesabdihgt he
aggregation is not carried out in fact, because the destinations of the
Et hernet framge digaghge. tide fdpaeket signals afe wsggdedidy tthe the
respective Ethernet frames VI, VII to be delivered to the hosts Bl, B2. As
descri bed abo%%agéuadyyﬂggsponngubﬁatk@aorayﬁgenhgaibhechhirﬁegnbﬁdknent is
configured to perform the aggregation of Ethernet frames, whereby it is 15
feasibke to redueRitde o¥grlead @sdagchbeye MEMidBEA Ut bhi ZatbepuobrMU of
each link. In the'last place, the followng wll describe a

{including mobile computers) like IC cards, magnetic

disks, optical disks, and magnetooptical disks, and can

also be HD (Hard Disk) -fixedly built .in computers,

nonvolatile semiconductor memories such as firmware or

i0 the like integrally secured in the computers, and so
on.

The above program may be configured so that part

or the whole thereof is received by a router or a node

according to the present invention through transmissiocn
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another device and is recorded therein. Contrary, the

above program may also be configured so that it is

transmitted from a router or a node according to the

present invention through the transmission media to
20 another device to be installed therein.

Industrial Applicability

Accerding to the present invention, as described
above, when two or more packets have a common route at
least in part of‘their routes to respective terminal

25 addresses, the information.pieces of the packets are

aggregated to create one aggregate packet.' This can
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program for inplementing the routing technology according to the present

i nvention and a conputer 20 readable recording medi um (which will ToeN0V 2004
referred to hereinafter sinply as a "recording nediunt) in which the
programis recorded. The recording nediumis a nedium capable of FE@LciOIg7-00
state changes of energy such as magnetism light, electricity, or the like
according 25 to the description contents of the program agai nst a reading
device provided in the hardware resources of 54 1 8 NOV 2004 FP02-0147-00
general - purpose conputers and others and transmtting the description

contents of tpg4pRERUNAM titde heRBkR] ofdgyiceetd thankRnmtell signehs
corresponding to the state changes. Such recording nedia can be, for S

exanpl e, 1 hosﬁif%@ﬁé?ﬁhab'mm%@a@@ CANRML Sotal | AGhHELNG MOPitRet s

conputers) i cards, magnetic disks, optical disks, and nagnetooptica

di sks, and can éhﬁguqﬁ'ﬂ%é$@%§&£§sﬁhefg§ﬁﬂé&t%%'%e%@r%ﬁﬁgﬁtqﬁ§’the

. S
nonvol atil e s@%1con ctor nenori es” such irmvare or 10 the |ike

integrally secured in c ut.ers,,- ahov 0 be
confi gur ed sor?ﬂgfngaF%B?SrggﬁeE%ﬁ§Fé %ﬁg%%o |qsgggggﬁﬁé§xﬁ£'g£$%%§§¥ or a
node ccording to_the_pr nt,. | ! t h transnyssi medi a such
as a conmuni c 8?5ﬁaﬁﬁﬁg aﬁ%got%%$§g$%%ﬁ§ 558&@, ASSTRSheRul tIPALE
hecomes feasible to achieve the efficient utilization

of the network resources.
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anot her device and is recorded therein. Contrary, the above program na
al so the configured so that it is transnitted froma router or a h&d@VZ%ﬂ
according to the present invention through the transmission nedia to 20
anot her device to be installed therein. Industrial Applicability According
to the present invention, as described above, when two or nore packets have
a common route at least in part of their routes to respective termnal 25
addresses, the information pieces of the packets are aggregated to create
one aggregate packet. This can 55 1 8c 006 FP02-0147-00 reduce the total
nunber of packets transmtted on the rk. The decrease in the total

nunber of packets 1re%!g&4i&£dg¢%t?gozdsp%dt :}%a%rag%égﬂm to the

routing table and réducing I ncreasi ng the

processing Sagsgesés 2veaSHbt a btacli&%%(;rr%uft%%h@dt adkBikevaatige efficient
utilization of the nétwork resources. 56 1 8 2004 CLAIM5 1. A routing
met hod of, basedoBncam@eskingti on address given to a packet, routing said
packet, said nethod conprising: a step of extracting a destination address
of a packet; a step of extracting a destination address of a

packet;

a step of extracting two or more packets having a
common route at least in part of routes to their
respective terminals, from a plurality of packets,
based on their respective destination addresses thus
extracted;

a step of aggregating the two or more packets
having the common route at least in part of the routes
to create an aggregate packet including information of
each of the packets;

a step of giving said aggregate packet a
destination address so that the destination address of
said aggregate packet is an address of an adjacent node
on said common route; and

a step of routing said aggregate packet, based on

salid destination address.

2. A routing method of, based on a destination
address given to a packet, routing said packet, said
method comprising:

a step of extracting a destination address of a
packet;

a step of recovering a plurality of original
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a step of extracting two or nore packets having a common route at |east in

part ‘of routes to their respective termnals, froma plurality ofs gﬂg %@?,
based on their respective destination addresses thus extracted; a st

aggregating the two or nore packets having the comopn route at least in
part of the routes to create an aggregate packet including informtion of
each of the packets; a step of giving said aggregate packet a destination
address so that the destination address of said aggregate packet is an

address of ag.aglacent A0ds gn:380 CRIIRALT OH! Gy BHY L ACSEIR AN sEQut I No

sai d aggregaP% pac ased estination address. roating

met hod of, bgge Re@sdeStl R3Li-2R ,rafdr ess given to a packet, routing said
packet, said ng?ﬁog gonpris?ﬁg:ag stép of extracting a destination address

of a packet; a stspseéFr geoMetbRfifai RhULALLh¥roka@ki gkBake?édl8 NOV 2004
packets from an aggregate packet in which the plurality of packets are

aggregat ed; paskepsohatet ar donnbg whetkentsdedstedaveaed ofacketeshave a
comon route at least in part of routes to their respective termnals,
based on destbnahedm raddeessiws tkrmiealespbestide opadkstdnasndn
addresses of the respective packets; and
a step of performing routing in such a way that
when the result of the determination is that the
packets have the common route at least in part of the
routes, a destination address of said aggregate packet
is rewritten so that the destination address of said
aggregate packet is an address of an adjacent node on
said common route, and the aggregate packet is routed
based on the destination address, or in such a way that
when the packets have no common route, said recovered

packets are routed based on their respective

destination addresses.

3. A routing method of, based on a destination
address given to a packet, routing said packet, said
method comprising:

a step of extracting a destination address of a
packet;

a step of extracting two or more packets having a
common route at least in part of routes to their
respective terminals, from a plurality of packets,
based on their respective destination éddresses thus

extracted;
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a step of performng routing in such a way that when the result of t
determ nation is that the packets have the common route at | east ﬁh@gﬂmaof
the routes, a destination address of said aggregate packet is rewitten so
that the destination address of said aggregate packet is an address of an
adj acent node on said conmopn route, and the aggregate packet is routed
based on the destination address, or in such a way that when the packets
have no common route, said recovered packets are routed based on their

respective destinatiggegﬁgzgaéggggg%pé EREtEQQ g§pﬁgggoégggg§gq on a

destination addre8s® roating sai C said nethod

compr i S ng: 29180 SheekbhABh! 8utadest haakioBAddreon otng rAckel: A step

of extracting two“or nore packets havin C n route at least in part of

routes to thehr  bgsReahi ¥§gkeEHLBAbackbEOAhA1BHYhe! ihYoehaRackeby based
on their respective destination addresses thus extracted; 58 18 NOV 2004 a

step of aggregahi Bg the pwekerssore packets having the common route at
| east in part of the routes to create an aggregate packet including

information of eaghsokpt bé packayssaddstgprefjagevpagksdi d aggregat e packet
a destination address so that the destination address of

destination address so that the destination address of

said aggregate packet is an address of a predetermined

node having a function of recovering the two or more

original packets from said aggregate packet; and

a step of routing said aggregate packet, based on

said destination address thus determined.

4. A routing method of, based on a destination
address given to a packet, routing said packet, said
method comprising:

a step of determining whether an aggregate flag
is set in a received packet;

a step of recovering a plurality of original
packets from an aggregate packet in which the plurality
of packets are aggregated based on the destination
address of said packet, when the aggregate flag is set
in the received packet; and

a step of routing the recovered packets, or said
aggregate packet having the destination address
disagreeing with its own address based on the
destination address when the aggregate flag is set, and
routing the received packet based on the destination

address when the aggregate flag is not set.
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sai d aggregate packet is an address of a predeterm ned node having a
function of recovering the two or nore original packets fron1sa|q%ﬁ@9ﬁﬁ ate
packet; and a step of routing said aggregate packet, based on

destination address thus determ ned. 4. A routing nethod of, based on a
destination address given to a packet, routing said packet, said nethod
conprising: a step of determ ning whether an aggregate flag is set in a
recei ved packet; a step of recovering a plurality of original packets from
an aggregate packet in which the plurality of packets are aggregated based
on the destination address of said packet, when the aggregate flag is set

in the received pagketp, %eg_he e?glh({cptgdddé}gr r}ﬁ%rtecpqylec{qg Pagkets, or said

aggr egat e packet haV|ng on a isagreeing wth its own

address based, gyt Be ceﬁg&a@ahboa addpess whenihBeaaodyegabathl 3dags set,
and routing the reteived packét based on the destination address when t he

aggregate fl agdisaB@hgSah. ag8rég@tMO¥adRe4, SinTheatieut i RgorRbRa@naccor di ng
to Claim1 or a|n1§ conprising a step of setting an aggregate flag

i ndi cating aafaggﬁagaQQragaketpabmeheader information of said aggregate
packet. 6. The routing nethod according to daiml or Caim3, conprising:
6. The routing method according to Claim 1 or
Claim 3, comprising:
a step of comparing the total number of bits of
the two or more packets having the common route at
least in part of the routes, with the number of bits of
said aggregate packet; and
a step of routing said aggregate packet, based on
the destination address thereof, only when the result
of the comparison is that the number of bits of said
aggregate packet is smaller than the total number of

bits of said two or more packets.

7. The routing method according to Claim 1 or
Claim 3, wherein targets of aggregation are only

packets buffered on a transmission queue.

8. A node for, based on a destination address
given to a packet, routing said packet, said node
comprising:

destination address extracting means for
extracting a destination address of a packet;

common-route packet extracting means for
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a step of conparing the total nunber of bits of the two or nore packets
havi ng the common route at least in part of the routes, with the nubiigY 205
bits of said aggregate packet; and a step of routing said aggregate packet,
based on the destination address thereof, only when the result of the
conparison is that the nunber of bits of said aggregate packet is smaller
than the total nunber of bits of said two or nore packets. 7. The routing
nmet hod according to Clain11 or Claim3, wherein targets of aggregation are
only packets_buff n a transm ssi anuEPH A node for bas d on a

destinati on 584r&% lnal gﬁ b6 8°p&cRBE S dngaldcﬁggﬁgtrogﬁl ode
conpri si ng: gg%gknﬁk'?Qr@dgEe§%u%éEr@8tEﬂ%i?e§@§gEEE€v%XE L3k hAg sa

destination ress o extracting freans for

60 1 8 NOV 2@96 o5t Qﬁ&hmgtwaf%a@%spasﬁ%a laawtﬂgl% ¢EpRRLhQut e at

| east in part o tes fo fheir respective termnals, froma plurality of

packets, bas@és@@nhh@bh é@&&%@%bﬁethd@SEk@QEbQ@daddreSSGS thus extracted;
aggregat e packet creating neans for aggregating the two or nore packets

having the common agytegate beakbti Brpattingf mbhfAsr dutreagheeguedahe an
aggregate packet including information of each of the packets; destination
addr ess gi vi hgemeansotomogevpagkesisdhaving the common route at

least in part of the routes to create an aggregate

packet including information of each of the packets;

destination address giving means for giving said

aggregate packet a destination address so that the

destination address of said aggregate packet is an

address of an adjacent node on said common route; and

aggregate packet routing means for routing said

aggregate packet, based on said destination address.

9. A node for, based on a destination address
given to a packet, routing said packet, said node
comprising:

destination address extracting means for
extracting a destination address of a packet:;

recovering means for recovering a plurality of
original packets from an aggregate packet in which the
plurality of packets are aggregated;

determining means for determining whether said
recovered packets have a common route at least in part
of routes to their respective terminals, based on
destination addresses of the respective packets; and

packet routing means for performing routing in
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aggregat e packet a destination address so that the destination addgeg
sai d*aggregate packet is an address of an adjacent node on said conmop
foute; and aggregate packet routing neans for routing said aggregate
packet, based on said destination address. 9. A node for, based on a
destination address given to a packet, routing said packet, said node
conprising: destination address extracting nmeans for extracting a
destination address of a packet; recovering neans for recovering a
plurality of orjginal packets froman_a gate,  packet in.which the

Dl Lral |13 of SHERREL 8247 EAG,PBEAL EUE GBCaLm AEns eans oDy FaLearuis ng
whet her said C r e a a ﬁgggn I e_at t.i.n t of
routes to thEF%§rgé%eggFgggéeb%¥Ea¥§? Sgse oﬁogg%sﬁ?n%%ggﬁ égdpggées of the
respective pagkehs; ralfeRaCkeletPYhhRY HERY L BET 6L Aggiaubi-ag in 61 1
8 NOV 2004 such a méy tﬁaf mheﬁ tEe regylt of tﬁe gete%ning?foﬁ is that the
packets havephBRe6ONEDRLRYLEeRl sbe@fhti RhBalkst@hathenr aHH@EssacEesti nation
address of said aggregate packet is rewitten so that the destination
address of said aggregate paeket is an address of an adjacent nede on said
common route, and the aggregate packet is routed based on the destination
address, or on satd aommay tbatewhendt haepagkeegahaveans@etomson route, said

recovered packets are routed based on their respective
routed based on the destination address, or in such a

$ 210i
n

way that when the packets have no common route, said
recovered packets are routed based on their respective

destination addresses,

10. A node for, based on a destination address
given to a packet, routing said packet, said node
comprising:

destination address extracting means for
extracting a destination address of a packet;

common-route packet extracting means for
extracting two or more packets having a common route at
least in part of routes to their respective terminals,
from a plurality of packets, based on their respective
destination addresses thus extracted;

aggregate packet creating means for aggregating
the two or more packets having the common route at
least in part of the routes to create an aggregate
packet including information of each of the packets;

destination address giving means for giving said
aggregate packet a destination address so that the

destination address of said aggregate packet is an
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destination addresses. 10. A node for, based on a destination address I ven
to a-packet, routing said packet, said node conprising: destinatﬂo&NaH%Wbss
extracting nmeans for extracting a destination address of a packet;
comon-rout e packet extracting means for extracting two or nore packets
having a conmon route at least in part of routes to their respective
termnals, froma plurality of packets, based on their respective
destinati on addresses thus extracted; aggregate packet creating nmeans for
aggregating the two qQr nore packets havi he .common route at - | east in
part of the ?SBFEEStB%CPegfgdﬁ eé@dpggapgg%pégﬁépgiﬁc&ﬂ&%#é%nnpgrnation of
each of the packets: destination. addres L\ f.or: gl Vi sai d
aggregat e pagﬁngéraggt?hgt?gﬁ géd&%§§ égqgﬁggqtﬁgéﬁgggtFﬁgbignqudress of
sai d aggregaggggggggg F%ci@t@zaﬁﬁ NOV 7004 address of a predeterm ned node
havi ng a functron”o ecovering the two or nore original packets fromsaid

aggregate packet; gpdraggtedphekBackeltiadt mednsegns reLtiadt isagdsai d
aggregat e packet, based on said destination address thus determ ned. 11. A
node for, bagggdregatedpsicikedti paseddoassaid vestinat ipackedresauti ng said
packet, said node conprising:

thus determined.

11. A node for, based on a destination address
given to a packet, routing said packet, said node
comprising:

aggregate flag determining means for determining
whether an aggregate flag is set in a received packet;

recovering means for recovering a plurality of
original packets from an aggregate packet in which the
plurality of packets are aggregated based on the
destination address of said packet, when the aggregate
flag is set in the received packet; and

packet routing means for routing the recovered
packets, or said aggregate packet having the
destination address disagreeing with its own address
based on the destination address when the aggregate
flag is set, and for routing the received packet based
on the destination address when the aggregate flag is

not set.

12. The node according to Claim 8 or Claim 10,
comprising aggregate flag setting means for setting an

aggregate flag indicating an aggregate packet, in

63




aggregate flag determ ni ng neans for determ ning whether an aggreﬂgtelflag
is set in a received packet; recovering neans for recovering a pl ﬁﬂﬂﬂ%éof
original packets froman aggregate packet in which the plurality of packets
are aggregated based on the destination address of said packet, when the
aggregate flag is set in the received packet; and packet routing nmeans for
routing the recovered packets, or said aggregate packet having the
destination address disagreeing with its own address based on the
destinati on address,when the aggr.egat flag is set, ,and for routing the
recei ved pacag?dﬁﬁséﬁQOEWaFﬁ8nd§§tgﬁéﬁi8ﬁgég8F§§spﬁﬁ§ﬁtrhe aggregate flag is
not set. 12. The node according to Caim8 or Caim110, conprising
aggregate flag setting neans for setting an aggregate flag indicating an

aggregate packet, 18 6%@4% tzd%ggi?nggrtodr r@‘éogirﬁptg' ¥} of1 Sid A @ogregate

packet. 13. The node’ accor alm 10, conprising:
nunber - of - bi EgmpeiBaRLAY Means for conparing the total number of bits of
the two or nore packefs having the comon route at least in part of the
routes, with the nuimber-of-bits ebmparingggeenst Eopackmparwher ehe said
aggregat e packet routing neans routes said aggregate packet, based on the
destinati on tatldlessmbher efif biosl pfwher the pesmbreopathetsohparnngon

the common route at least in part of the routes, with

the number of bits of said aggregate packet;

wherein said aggregate packet routing means

routes said aggregate packet, based on the destination

address thereof, only when the result of the comparison

is that the number of bits of said aggregate packet is

smaller than the total number of bits of said twec or

more packets.

14. The node according to Claim 8 or Claim 10,
wherein targets of aggregation are only packets

buffered on a transmission queue.

15. A packet communication system comprising a
host for sending a packet; the node as set forth in one
of Claims 8 to 14 and 25, for relaying said packet; and

a host for receiving said packet.

16. A program of, based on a destination address
given to a packet, routing said packet, said program
being configured to make a communication device execute

the following processes:
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is that the nunber of bits of said aggregate packet is smaller than the
total nunber of bits of said two or nore packets. 14. The node agcpr@ing to
Claim8 or Claim10, wherein targets of aggregation are only packets
buffered on a transm ssion queue. 15. A packet conmunication system
conprising a host for sending a packet; the node as set forth in one of
Clains 8 to 14 and 25, for relaying said packet; and a host for receiving
sai d packet. 16. A program of, based on a destination address given to a

packet, routing said , ~$8] : baLRg: : lLgu e a
conmmuni cati on devi%epgggég%e°§thgtgégﬁgagha g?ggéggggbgaﬁag§3§6535004 a
process of extpgekkbpg a destination address of a packet; a process of

extracting two or nore packets having a conmon route at |least in part of

routes to their rgspeetk¥e berakbfehsrihgobtwe pkumakkt paeketpackets, based
on their respective destination addresses thus extracted; a process of

aggregati ng hheihgoaotofimpe packet at hawsngihheacomydnrootes &b | east in
part of the routes to create an aggregate packet including informtion of
each of the pheket sespeptivesseofnipatsngfsamdaagdregatisypadket a
destination address so that the destination address of
packets, based on their respective destination
addresses thus extracted;
a process of aggregating the two or more packets
having the common route at least in part of the routes
to create an aggregate packet including information of
each of the packets;
a process of giving said aggregate packet a
destination address so that the destination address of
said aggregate packet is an address of an adjacent node
on said common route; and

a process of routing said aggregate packet, based

on said destination address.

17. A program of, based on a destination address
given to a packet, routing said packet, said program
being configured to make a communication device execute
the following processes:

a process of extracting a destination address of
a packet;

a process of recovering a plurality of original
packets from an aggregate packet in which the plurality
of packets are aggregated;

a process of determining whether said recovered
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sai d aggregate packet is an address of an adjacent node on said common
route; and a process of routing said aggregate packet, based on sai @0V 700

destinati on
to a packet,

Per ot copsBREE Aafs EUREER' Rye, RO TRRRer iy oS L 2Bl 0t
routes to thei %g@&%p‘i—%g'g\égtf&%fe%mnaggzgr 2R85! AaL AR ;M esses

¢ ( ¢ orm ng routlng in such a way
that when thggpesdkksobft Recdeb8prRali0BaickelRt ahlie

the respecti

address. 17. A program of, based on a destination address

gi

ven

routing said packet, said program being configured to make a
communi cati on device execute the follow ng processes: a process of
extracting a destination address of a packet; a process of recovering a
plurality of original packets froman aggregate packet in which the

dave a comron rout

ve p ets; process o

I"'éast in part

sai d

of
of

packets have the

common route at least in part of the routes, a destination address of said

aggregat e packet hsprewekkt eff pertbamihberdastingainosuatidaeswayof said

aggregat e packet is an address of an adjacent node on said conmon route,

and t he aggr epgatewhaekehe sesoltedf hasedetarriiaaddsn nat ithiataddeess,
such a way that when the packets have no common route, said recovered

packets are

pecgketisbheve thet fommonegpatei vé least in part of the
routes, a destination address of said aggregate packet
is rewritten so that the destination address of said
aggregate packet is an address of an adjacent node on
said common route, and the aggregate packet is routed
based on the destination address, or in such a way that
when the packets have no common route, said recovered
packets are routed based on their respective

destination addresses.

18. A program of, based on a destination address
given to a packet, routing said packet, said program
being configured to make a communication device execute
the following processes:

a process of extracting a destination address of
a packet;

a process of extracting two or more packets
having a common route at least in part of routes to
their respective terminals, from a plurality of
packets, baséd on their respective destination
addresses thus extracted:;

a process of aggregating the two or more packets

having the common route at least in part of the routes
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destinati on addresses. 18. A program of, based on a destination address
given to a packet, routing said packet, said program being confi gur 8&0¥ a0
make a conmuni cation device execute the follow ng processes: a process of
extracting a destination address of a packet; a process of extracting two
or nore packets having a comon route at least in part of routes to their
respective termnals, froma plurality of packets, based on their
respective destination addresses thus extracted; a process of aggregating

the two or re _packets_ havin he_caq n.route.at |. i.n.part -of the
Foutes 66 1 BONERESbB4Po BPERER AnPAY P Lokl 1HaIRE: T ASrDACAET Rior mat on
of each of pack ; ess of giving said aggregate packet a
destination gggpegg gggtﬁng%ﬁg’destination address of said aggregate

packet is an addreéspeécésgreéegﬁeﬁhaegaiaogsgbaggeg_aaaueetgon of
recovering the two of nore original "packets™from sai d aggregate packet; and

a process of qegut hRgisal ddageceyabetpaekehe Basednalionaidddestsi Bati on
address thus determ ned. 19. A program of, based on a destination address

given to a pagkeat aghgeethng pacHepatketn saddepsogfam plredegeconihiegured to
make a conmmuni cation device execute the follow ng processes:
node having a function of recovering the two or more
original packets from said aggregate packet; and
a process of routing said aggregate packet, based

on said destination address thus determined.

19. A program of, based on a destination address
given to a packet, routing said packet, said program
being configured to make a communication device execute
the following processes:

a process of determining whether an aggregate
flag is set in a received packet;

a process of recovering a plurality of original
packets from an aggregate packet in which the plurality
of packets are aggregated based on the destination
address of said packet, when the aggregate flag is set
in the received packet; and

a process of routing the recovered packets, or
said aggregate packet having the destination address
disagreeing with its own address based on the
destination address when the aggregate flag is set, and
routing the received packet based on the destination

address when the aggregate flag is not set.
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a process of determ ning whether an aggregate flag is set in a recehmaq .
packet; a process of recovering a plurality of original packets frb i 2004
‘aggregat e packet in which the plurality of packets are aggregated based on
the destination address of said packet, when the aggregate flag is set in
t he recei ved packet; and a process of routing the recovered packets, or

sai d aggregate packet having the destination address disagreeing wwth its
own address based on the destination address when the aggregate flag is set,
and routing the rggeived packet bas n the de t|n i ddr SS- when t he
aggregate flag is %@ COD g ﬁc% §rie&r)i-urmegid]ab e rhecor di ng

nedi um i n whigh ofhe pﬁogga%@s ?‘i:hf?([]tgnbno 1gamg T olholgs10 IS

recorded. 21 netho accor furt conpr|5|ng a
step of conprgssi-geqsai d aggregate packet by converting a b|t pattern
included in said aggregate packet, into a predeterm ned code. 22. The
routing nmethod according to aimb5, further conprising a step of
conpressing said aggregate packet by picking out a conmon bit string
included in said plurahd yeoft ipac ketthod rammoatdirepsto disjpacket out  of
said two or nore packets. 23. The node according to Claim 12, further
conpri si ng afgyregarecpmpkésiognpr esepbngfneanpreesing said aggregate

packet by converting a bit pattern included in said

aggregate packet, into a predetermined code.

22. The routing method according to Claim 5,
further comprising a step of compressing said aggregate
packet by picking out a common bit string included in
said plurality of packets, from at least one packet out

of said two or more packets.

23. The node according to Claim 12, further
comprising aggregate packet compressing means for
compressing said aggregate packet by converting a bit
pattern included in said aggregate packet, into a

predetermined code.

24. The node according to Claim 12, further
comprising aggregate packet compressing means for
compressing said aggregate packet by picking out a
common bit string included in said plurality of
packets, from at least one packet out of said two or

more packets.
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conpressi ng said aggregate packet by converting a bit pattern included in
sai d- aggregat e packet, into a predeterm ned code. 24. The node accdfdiyq)gio
T aim12, further conprising aggregate packet conpressing neans for
conpressing said aggregate packet by picking out a conmon bit string
included in said plurality of packets, fromat |east one packet out of said
two or nore packets. 68 18 NOV 2004 25. The routing nethod according to
Claim4, further conprising: a step of extracting a destination address of

the received packgg anghg ggsglgé gg£ nggggrgggghﬁg é??? mdgstination

address extracted agfees W't ress; sai recbvering

recovers the L ¥ m@h 1 s95Q1 nal packets fromthe aggregate packet in
whi ch t he E%gpgtyEoPB E PS are aggregated, when the result of the

det erm nat i On is thaktggl efdeakkaethaa addegs$n8xibachadragsesg whih its own
address. 26. The node according to Caim 11, further conprising:

destination addeggsdeyhehelti;ngnaeans for extracting a destination address
of the received packet; and address determ ni ng neans for determ ning
whet her sai d dest anatkpnodddeessméntinactwbedthgresaivi thsittisadwon
address extracted agrees with its own address;
said step of recovering recovers the plurality of
original packets from the aggregate packet in which the
plurality of packets are aggregated, when the result of

the determination is that said destination address

extracted agrees with its own address.

26. The node according to Claim 11, further
comprising:

destination address extracting means for
extracting a destination address of the received
packet; and

address determining means for determining whether
said destination address extracted agrees with its own
address;

said recovering means recovers the plurality of
original packets from the aggregate packet in which the
plurality of packets are aggregated, when the result of
the determination is that said destination address

extracted agrees with its own address.

27. The program according to Claim 19, further

comprising:
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address; said recovering neans recovers the plurality of original gckets
fromthe aggregate packet in which the plurality of packets are agg eV
when the result of the determination is that said destination address
extracted agrees with its own address. 27. The program according to C aim
19, further conprising: 69 18 NOV 2004 a process of extracting a destination
address of the received packet; and a process of determ ning whether said
destination address extracted agrees with its own address; said process of
recovering recover raki LgLn f gregate
packet in which t ebyﬁﬁggP'?k E¥trggﬁgﬁg %rggﬁggﬁégg§3d58§kéﬁgtﬁg result
of the deterghga}égglbédtgggkggldaggstlnatlon address extracted agrees wth
its own address.

a process of determining whether said destination
address extracted agrees with its own address;

said process of recovering recovers the plurality
of original packets from the aggregate packet in which
the plurality of packets are aggregated, when the
result of the determination is that said destination

address extracted agrees with its own address.
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