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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.

Background Art
In the conventional technology, even in the case

where a plurality of packets with a destination of a

each

The 25 oppression of the link

common node and with equal data continuously arrive at

a node performing routing, the packets are processed

independently of each other. 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.
Disclosure of the Invention

In the above conventional technology, however, a
number of equal data are transmitted toward the same
node on a certain link, which poses a problem that the
link band 1is oppressed by link layer headers. The
oppression of the link band is also caused by the

transmission without data compression of packets.



FP02-0147-00 An object of the present invention is, therefore, to provide
routing nmethods, nodes, packet conmunication systens, prograns, and

recardi ng medi a succeeding in reducing the anount of communication data

and achieving 5 efficient utilization of network resources. In orgepzt@147-qp
acconpli sh 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 method conprising: a step of

extracting a destipatbgheaddpesshaf tp%e@%kte_ti;n@r&ti% Qfs eXHAL #d1, two or
nore packets having a common route at least in part of routes to their

respective tegpi Babgidkr eBuaihy Rlethdldst,y rfadiaciRlcke thasgu e dh8idn |
respective destination addresses thus extracted; a step of aggregating

the two or nMDEGsRARKS! SRRy dles | NENEOMPBE rd PG © mdld ilaeasticBe Ry ofy the
routes to create an aggregate packet including information of each of the

20 packets; arshgpifl @h¥i BloLHe 8EUCeARR iRAGKSN Fa2d UeSt itatisln RAdr ess
so that the destination address of the aggregate packet is an addréess of

an adj acent ned€icoanthetEOIRBRibAULE; namtod kSireRoRfrce@uti ng the aggregate
packet, based on the destination address. According to the present

i Pvgnti on, when tworAr ordd®e packetgohdue sk CORBDNAKOWE € jdE@ast the part
° 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 thé
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
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
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, based on the destination address.

25 According to the present invention, when two or

more packets have a common route at least in part of



FP02-014?-00 their routes to term nal addresses, information pieces of the
packets are aggregated to reconfigure an aggregate packet. Therefore, the
above nmethod decreases the total nunber of transmitted packets and 5 al so
decreases the nunber of references to a routing 10 table. This redqﬁg§5jgmaﬁ
- processing |load and i ncreases the processing speed. As a result, i 147-00
becones feasible to achieve efficient utilization of the network
resources. A preferred routing nethod according to the present invention
is arouting method of, based on a destination address given to a packet,
routing the et , o] ri,sing:; a step of_.extracting.a
desti nation agggééi Eﬁﬁﬁ?%gégeg?gg s?ép%a ﬁ%ﬁﬁ%ﬁﬂi*ﬁf%f%%ﬁkﬁ%rgf??9sof
original packefs f ga pa i ich the plurality of
packets are aggreéggghﬁgaégg %p %?edegéskﬁﬁﬁﬁﬁgahgfhefrﬁ et er e
packets have GUYRR 0 | east my of rqutes_to_their
respective teﬁﬁinals, asgéeggkdesting €5§§é%%fes§§§30fa Bthe'y%E%%ﬁtive
packets; and .3teR@fs perd orping QW F N t hat when_t he
result of the edetersrrisnation ?E thé%ﬁgﬁgnggékgigﬁﬁggg%?ﬁep@& rite  at
| east isn part a0kot hed U &8s @ndesiiadd OFs @%%reg%%ce%f t%@,?ﬁagrqgf@laﬁgt
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packet is rewitten so that the 25 destination address e aggreg
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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 oﬁ 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

.Jin 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 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 1is rewritten so that the

25 destination address of the aggregate packe:z 1is an

address of an adjacent node on the common route, and



FP02-0147-00 the aggregate packet is routed based on the destination
address, or in such a way that when the packets have no comon route, the
recovered packets are routed based on their respective destination

addresses. 5 According to the present invention, it is deternined§%QE£QﬁM7_oo
t he aggregate packet should be relayed in that state to a next node, “or
the plurality of original packets should be recovered fromthe aggregate

packet and be rel ayed. When the result of 10 this determ nation is that the
packets have a commbn route at least in part of their routes, the

destinaiion adds esmleddle SONA0A S PADKA dasseeliLen Setidloitle

destination address of the aggregate packet is an address of an

ocordingly, e etoms rans e 1 o dcr chee the ot e o Backet

Accordingly, it becones feasible to et er o
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invention is a routing nethod of,

to a packet, rOWlinGdheRaKEe e MBIHOD LOMYdai ng: a step of
extracting a destination address -of a packet; a step of extracting two

or nmor& packets havipgoddg@mOnd OUtRe at phr@ashti N 1 PRALLLPEnT OULRS to their
respective termnals, froma 25 plurality of packets, based on their
respective deetieratined adteesses thes eyracted pstwr ofsibh HRP2- 14~ CC
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 have a commén
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 node on the common route, and
15 the aggregate packet is then routed. Accordingly, it
ﬁbecomes feasible to decrease the total number of
lpackets on the network.
A preferred routing method according to the -
present invention is a routing method of, based on a
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, based on their respective

destination addresses thus extracted; a step of



aggregating the two or nore packets having the conmon route at least in

part of the routes to create an aggregate packet including information of
each of the packets; a step of giving the aggregate packet a 5 destination
address so that the destination address of the aggregate packet i BB _0147-00
address of a predeterm ned node having a function of recovering thé two or
nore original packets fromthe aggregate packet; and a step of routing

t he aggregate packet, based on the 10 destination address thus determ ned.
According to the present invention, the destination address is given to
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routing the 5¢FROZQLALOQ Pagkets the JRthed: COIPEESING r e %led
extracting a
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
10 destination address thus determined.

According to the present invention, the
destination address is given to the aggregate packet so
that the destination address of the aggregate packet is
the address of the predetermined node having the

15 function of recovering the plurality of original
_packets from the aggrégate 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

20 than the designated node perform normal routing. As a
result, it is feasible to avoid performing dispensable
restoring processing and make repeating processing more
efficient.

A preferred routing method according to the

25 present invention is a routing method of, based on a

destination address given to a packet, routing the



destinati on address of a packet; a step of determ ning whether the
destination address extracted agrees with an address of its own node;
step of recovering a 5 plurality of original packets from an aggregate

packet in which the plurality of packets are aggregated, when
of the determination is that the destination

a
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address extracted agrees w
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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
di sagreeing with the address of its own node, based on the destination

address. Accorglidigett 0 the peesent domsntdafy: onl ¥rwhen d he .
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the result of the determination is that the destination
address extracted agrees with the address of its own
node; and a step of routing each of the recovered
packets, or the aggregate packet having the destinatioﬁ
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

the address of its own node, the plurality of original

packets are recovered from the aggregate packet.

Namely, the aggregate packet 1is restored by only the
node designated as a restoring node. Since this causes
the nodes other than the designated node to carry out
the normal routing, 1t 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
aggregate flag indicating an aggregate packet, in

header information of the aggregate packet.

in header information of the aggregate

%%e%tsh;a‘pi{ltpan t he

routing, it is feasible to avoid



The routing nmethods according to the present

invention preferably conprise

a step of conparing the 5 total nunber of bits of the two or nore packets
havi ng the conmon route at least in part of the routes, with the nunber of

bits of the aggregate packet; and a step of routing the aggregateE%@

based on the

destinati on address thereof, only when the result of
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conparison is that the nunber of bits of the aggregate packet is smaller
than the total nunber of bits of the two or nore packets. According
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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 result of
the comparison 1is 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
packet. This makes it feasible to decrease the total
'number of paékets and the total amount of information
transmitted on the network and achieve the efficient
utilization of the network resources.

Preferably, the routing methods according to the
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
predetermined code, a technique of extracting a common

bit string included in the plurality of packets, from



information transmtted on the network and achieve nore 5 efficient
utilization of the network resources. In the routing nmethods according to
the present invention, it is preferable to enploy a configuration wherein

targets of aggregation are only packets buffered on a transn133|og 996?§4TL00

of its own router. 10 This nakes it feasible to restrain increase 1n a
delay tinme of processing due to creation of the aggregate packet at a node
having the function of <creating the aggregate packet froma plurality of
packets. A node according to the present invention is configured as a node

for, based on,a destdinatjon aaqg%ezﬁggéggnt%% gy&%%?%n%rggty%%ée spacket

the node conprising: desti atlon Ss extr ns f extriacti ng

a destinationagddisgsgnof %hﬁ%cgrﬁatkescolngmf'egglﬁi)é't Eop%ﬁ&%élegi(t# AGLd 1, means

for extracting two or nore pa havi ng a common fout eas n part

of routes toihReid,HASPRGHbYE 8 Npaaksysf I atﬂ%“rt%l xgé%ﬁe
ac ; aggregate

based on their respective destination addresse us ext

packet creatingrdbnaeada tehnaRgEedat bRgchhe \ ng
t he common route a? | east |nnpart oa thetﬁgu?gggfg&8EESOEEg}%~-0 g}eate an

aggreggte packetitightdipgliphetsAt bentak n@@@BrﬂfrEQeuBégéets, destinati on

address giving neans for givirig the aggregate packet a destination

addr ess In the routing methods according to the present
invention, it is preferable to employ a configuration
wherein targets of aggregation are only packets
buffered on a transmission queue 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 a plurality of
packets.

15 A node according to the present invention is

uconfigured 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 pagket; 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
addrésses 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



so that the destination address of the aggregate packet 5 is an address of

an adj acent node on the common route; and aggregate packet routing neans

for routing the aggregate packet, based on the destination address. In

this configuration, when two or nore packets have a common route | east -

in part of their routes to 10 respective term nal addresses, info %{h447‘00
pi eces of the packets are aggregated to reconfigure one aggregate packet,

whi ch can decrease the total nunber of packets transmtted on the network.

The decrease in the total nunber of packets nakes it feasible to decrease

t he 15 nunber er.enc r | t.abl.e, ..t o reduce he processing
| oad, and toiéﬁﬁ%ﬁ%ea@heggg%ggéggnégﬂgée dFQQ}%§¥¥%uFP,OFPa%éEBHE%f
on of .the network resources. A
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aggregate packet, based on the destination address.
In this configuration, when two or more packets
have a 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 of packets makes it feasible to decrease the
13 number of references to the routing table, to reduce
uthe processing load, and to increase the processing
speed. As a result, it becomes feasible to achieve the
efficient utilization of the network resources. -
A 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 déstination 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;



5 nmeans for performng routing in such a way that when the result of the
determ nation is that the packets have the conmmobn route at |east in part
of the routes, a destination address of the aggregate packet is rewitten

so that the destination address of the 10 aggregate packet is an a%%b§g%(g7_00
an adj acent node on the common route, and the aggregate packet is route&
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 15 destination addresses. In this configuration, it is

et ik o e L e LR s P el T om

a next link, or the plurality of original pa S ~shou

t he aggregat e pagkats and,dbey Zgorﬁl%lfi‘y?guﬁw‘ﬁ'e '[lléﬁsrte%.%n%a t t&{ Zr%ltlt?%ast i n

determnation’is that the original packets have a co n Tou

part of their dpUtBS; rt e flostE DAL %I@ﬁq{ae_psfs, ?%atslé@l gggr@@gé@k%&a&il%t ains.

rewitten so that the destination address o e aggregate pa
packer 15 1 outen iy cn maes Tt Feae e by ae e TR TR (e
; gg glrdirsjﬁnber alapack®is beansihihgd O tike Nei WQLky A J?%ﬁ?f ?héﬁd e
g to the present invention is configured as a node for, based on a
destination agedeessegiVenclo gh@ackelernidulting the hackgt. Jhadade
conprising: destination address
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
10 aggregate packet is an address of an adjacent node on
the 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, the recovered
packets are routed Dbased on their respective
15 destination addresses.
_ In this configuration, 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 is 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 1s routed, which makes it feasible to decrease

10



extracting nmeans for extracting a destination address of a packet;
common-rout e packet extracting neans for extracting two or nore packets
having a conmon route at least in part of routes to their respective

termnals, 10 froma plurality of packets, based on their respecti%%
destination addresses thus extracted; aggregate packet

aggregating the two or nore packets having the common route at | east
part of the routes to create an aggregate packet including informtion of
is each of the packets; destination address giving neans for giving the

aggregate packsf. g ASSliNGON AAULSS eSO LA I e dlost 1Rl 1 o0 add ess of

t he aggregate packet 1s an ad

of recovern fé%%ff@ﬁorngg%e Yd Y Al acggtsgﬂénngggg%ﬁ%

aggregat e packet; and aggregate pac
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packet, and thus the nodes other than the
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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 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 two or more original packets from the
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
destination address of the aggregate packet 1s the

address of the predetermined node having the function

11



desi gnat ed node performthe normal routing. As a result, it is feasible to
avoid perform ng the dispensable restoring processing and make the
repeating processing nore efficient. A preferred node according to the
present invention is configured as a node for, based on a destin %53Q014f 00
address given to a packet, routing the packet, the node conprising. =T
destination address extracting neans for extracting a destination address
15 of a packet; address determ ning neans for determ ning whether the
destination address extracted agrees with an address of its own node;

agor ogat 6 pacret {CURT Rt ne AT L e Bl BT HsRER R B when

?ﬁgrfggbftpg?keteln ] [ i t h esti.nat.i_on .addr.ess extracted

agrees wth.t ﬁtg% agiggﬁggée{sgiﬁéi ?é‘s%éo}\g/\%t’nog&e?égﬁ%igpaél&et J‘rsoutﬁer?g“%éaens"tff%r

out1 g, each el sbheiecaveied Mapkelap Al LIP A0LegRle opagkel oy po the

lural ity of eFiginal Badket’S r & FoRbVArSd rhOMet nEoagdregare  pdiet

onl y wken the.destball ookl esanal {lie, 200 edghes Pathel agiges widh the
. y, only the node designated as a restoring
node restoresqkhe adgeadahsdRacket foh NGghd hird GaUSeS oyt ing. As a
B resﬁlt, 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 is
that the destination address extracted agfees 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



t he nodes other than the designated node to performthe

normal routing, it

is feasible to avoid perform ng the dispensable restoring processing and
make the repeating 10 processing nore efficient. The nodes according to

the present invention preferably conprise aggregate flag setting peaps ; %WFOO

setting an aggregate flag indicating an aggregate packet,

i n header

informati on of the aggregate packet. 15 This nmakes it feasible to readily
and quickly determ ne whether a packet is an aggregate packet. The nodes
according to the present invention are preferably configured in a

configuration conpriag n r- rin arkng the
AS NGin NEWDer - 8bn bl &8 r&PTBA! Q aV|g§ é? qg?p Ok

total 20 nunber of bits of the two or nbre packets

onmon route

at least in panti@hdihe goutas wdd theovupher afohi ts, of %ég%gggEggate
r

packet; wherein the aggregate packet routing neans routes t

égat e

packet, basedpgriddte dasty najhan a@t@éesaew%seionon bYagesehen, 4 herkrt 5“”
C

of the conparlson i's that the nunber of bits of the aggregate pa

smal | er than therketdle 13aEkP92- QL4k=R0 pupherRf Qaatseet

packets. According to the present invention, a plurality

tde tya oty r{mre

of packets are

aggr egat ed i nhedea SNa@beag@h&yﬂﬁheFﬁﬁ$@tde§hg§aﬁgﬁe§s'% frragidd;d o
decrease the total 5 nunber of packets and the total anmount of information

transmtted onotihe reathards aritk aoddeyvgatdiepeékiei ensindbi khzat i Qfs t he

net wor k resources.
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 quickly

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



Preferably,

aggregat e packet conpressing 10 neans for conpressing -the aggregate

packet. The
exanpl e, by
pattern incl
t echni que of
of packets,

so on. This
packets and
and achi eve

according to the PreseRidiiyentd obhears oduial crahlycpant| qursd 5o 1hat

targets of aggregation are o

t he nodes according to the present invention further conprise

conpressi on of the aggregate packet can be inplenented,

f or

the techni ques including the technique of converting P%b%ﬁ&47—oo

uded in the aggregate packet, into a predeterm ned codé,

15 extracting a conmon bit string included in the plurality

fromat | east one packet out of the plurality of packets,

and

makes it feasible to further decrease the total nunber of

wor k

o B 1 T Rt BRI £ Coour ces. The nodes

pack ered on~a fransm ssion

o1 000581 NG dud 1 0 FCE CFealt on of LRE® LA FPO3 D147 COUAGST ot FARKSL at

Lne opde Navi R9das. L ungion ftes CHEAANA LG 300" aBLEACKEL ToMA

plurality of

packets. et conmmuni cation systém accordin

a

ueue.

present I nventgn S £ON5L grsed sﬁdcgmri%ﬁpggﬁé@e;ﬁ; ri Os'tr&a;éoip&la

packet, the

foregoi ng node for relaying

receiving thetRagkeali ttAGCUH Blet QddRPF €8RAL ddWVENd ORhe W F i@ i ent

10

15

20

25

utilization of the network resources.

Preferably, the nodes according to the present
invention further comprise aggregate packet compressing
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
extracting a common bit string included in the

“plurality of packets, from at least one packet out of
the plurality of packets, and so on. This makes it
feasible to further decrease the total number of
packets and the total amount of information transmitted
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.

This makes 1t feasible to restrain increase in

the delay time of processing due to the creation of the

14



plurality of packets have a comon route at least in 10 part of their
routes to respective term nal addresses, information pieces of the packets
are aggregated to reconfigure one aggregate packet, which can decrease

the total nunber of packets transmitted on the network. This decrggﬁﬁgi&fE%_oo
nunber of references to the routing is table and reduces the processing ~~

| oad. This nmakes it 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 §$?g' [ drass.giv ket,, routing.the cket,
the progranlg% g(%%%%iggfgggt59§aEgea%%%%%u%F%§ ﬁbnt%%vi@@' éfﬁbugg t he
foll owi ng procgssas: HRCces S 4of tr i a tipatjion_address of a
packet; a process 2§u%f9£31ra§9?ﬁ aﬁﬁb ggkﬁggé Sgg etg h%gFﬁﬁeéEgo n

route at |leagfsdyrfart of routes to their respective 15 FP02-0147-00
termnals, froma plurality of packets, based on their respective

destinati on addressegs Xt : : o] f ting the two or
2s Shese eXtoaeh8dicat 1 JY §§§Ee8 arac?&%f&[a;}% gSut%nefo 5

nore packets having the common route at least I'n pa

creat e san aggpneeale tPackaind gl udi nguh P o pBLI Py %mﬁ‘iggg of 1&g packets; a

process of giving the aggregate packet a destinatio réss So that the

destination addness tefinghe gaonesat ecpackstelsian addResS Of- AN, Ad) acent
node on the comon route; and a process of
the packet, and a host for receiving the packet.
According to the ©present invention, when !
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
15 tabie and reduces the processing load. This makes it
“feasible to increase the processing speed and, as a
result, achieve the efficient wutilization 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 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

25 of extracting two or more packets having a common route

at least in part of routes to their respective

15



10 routing the aggregate packet, based on the destination address.

According to the present

route at

15 informati on pieces of the packets are aggregated to

aggregat e packet, which can decrease the total nunber of packets
transmtted on the network. The decrease in the total nunber of packets

makes it

tabl e, reduce the processing |oad, and increase

i nvention, when two or nore packets have a conmon
| east in part of their routes to respective ternm nal addresses,
reconfigur%P%Qg

0147-00

feasi ble to decrease the nunber of references to the 20 routing
the processing speed. As a

result, it becanes 035i bR (9 gEhLeyelnECLbRIAN lilddgall on,of Lhe

net wor k

packet

resources. A program ac

confi gured as 0GP Olgediaset o @ destdqald onp, address, giveq. o, a

routi ng the packet, the 16

o the present 1 Tnvention

ordi ng
~- 00 program

make a CoMUNiGRldeQR Q?f’igﬁgf"é&&’c'b?gt e of Odda%ﬁgmekgcga%%ﬁfeitsa DL PGESS
ap ce 0

extracting a ékstlnatlon addreSs o acket;

a proces

recovering

eing configured to

of
a

plurality of Q0 BnpAckehitd I oM aeps BOYPIBLELPICKEL N POLED the

plurality of packets are aggregated; a proces

ermni ng -whe

recoversed packets thavena £OULB AL eastLRIRGr {1 brRotI &Y (o their

respective termnals, based on” destination a
packets; and @2l RrOGeES cRald ordn PeokONE i B LR vIUGh (R R R, tahen

10

15

20

25

resses

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
routing the aggregate packet, based on the destination
address.

According to the present invention, when two or
more 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

the total number of packets transmitted on the network.
The decrease in the total number of packets makes it
feasible to decrease the number of references to the
routing table, reduce the processing load, and increase
the processing speed. As a result, it becomes feasible
to achieve the efficient utilization of the network
resoufces.

A program according to the present invention is
configured as a program of, based con a destination

address given to a packet, routing the packet, the

16
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the result of
at least inp

the determnation is that the packets have the common route

art of the routes, a destination address of the aggregate

packet is rewitten so that the destination address of the is aggregate

packet is an

aggr egat e pac
way that whe
rout ed based

the present i
shoul d' be r
ori gi nal pack
rel ayed. Wen
packets have
routes, the

that the dest

address of an adjacent node on the common route, and.phg_
ket is routed based on the destination address, or in"stc

Rléi—oo

n the packets have no conmon route, the recovered packets are
on their respective 20 destination addresses. According to

nvention, it is determ ned whether the aggregate packet
ink, or the *pluralit

Brotgam beidd it Btake 2 olimiihatal Adv e he

b Pe renh) M NS 2o dUl Byatt packet o
BB b1 e e R Toast | PRATECR THai
desllatihon 20099 .0k NG RIUR0RNE PACKSd S o [EWIdden so

Irnation addre thé “aggrégate pa i'S

d d  adareuste b , ;
il oh makos | Pof GRGTE 10 ducrSace-the (gt ol ROvGe: BRCRRReidram WO
transnit t ed ogggggggﬁgwgg%keé H&pg&ﬁﬂhgcggéd%pgrggiEggogaga%@%t%n%ﬁﬁg,On i s

configured as
packet, routi

conmuni cati on

10

15

ram of , based on a destihation

2gqtBeaRaaket o t R AW A POl B0 CPRLAGHECTEQLHBES 2ne
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
process of performing routing in such a way that when
the result of the determinatioﬁ 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

aggregate packet 1s an address of an adjacent node on

the common route, and the aggregate packet is routed

20

25

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
destination addresses.

According to the present invention, it 1is
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
aggregate packet and be relayed. When the result of

this determination is that the original packets have a

17
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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
common route 15 at least in part of routes to their respective termnals,
froma plurality of packets, based on their respective destinatiO@P02_0147_OO
addresses thus extracted; a process of aggregating the two or nore packet's
having the common route at least in part of the routes to 20 create an
aggregat e packet including information of each of the packets; a process

of giving the aggregate packet a destination address so that the

destination address ebuthe aggnegate pﬁcg%lre So@n t?rﬁ%fx'gS%oﬁfte@ the

predet er m ned node having a function of récovering 5°TwWo Of nore

original packefssdirQmilhe aggregate packeth a ssgfiLeuting the
aggregat e packet,]baséd on 18 FP02-014~-0%h$heqﬂ%§{l a.%onpgggsgss ?%us

determ ned. AgGdith@rt 0 ddhe gi8sentnd Neidd 9+ tdie  destdnation a%qﬁéeess IS

given to the aggregate packet so that the destination a&gress of

aggr egat e packeiyres % ot henaddy ess aﬁ'taf&%r@seéieéfrmnﬁggaeggth%\é dhe
function of recovering the plurality of origina packets tromthe

aggregat e packel, eiabyréttés aheasidd exdordesigngherkthe jRodg, jggestore

the aggregate packet. This pernmts only the designated node to 10 restore
the aggregat ewpaciketnakanrd ithifsalie1rR0des deidieda kb dhandde desinatsed node
performthe normal routing.

packets transmitted on the network.

A program according to the present invention'is
configured as a program of, 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
15 at least in part of routes to their respective
_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 1is 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



As a result, it is feasible to avoid perform ng the dispensable restoring
processi ng and nmake the repeating processing nore efficient. A program
according to the present invention is configured as a program of, based on

a destination address. given to a packet, routing the packet, theFP%quh%@_oo
bei ng configured to nmake a conmuni cati on device execute the follomﬁng
processes:. a process of 20 extracting a destination address of a packet; a
process of determ ning whether the destination address extracted agrees

with an address of its own nodd; a process of recovering a plurality of

packers are. agsPediad Aol (el o ST ThETe m nat fon 4 L 3 ¢ hat
t he destination addr%§% e tractqg 19t%f02_0147_00 agrees with the address
of its own node: an@EFFoEEss & r It ng FERIEDE t H oV ed pERet s,

or the aggregate .packet hayj i he inat i address _disagreeing with
the address of Sits 9:‘10%10 gl,drg%sseg'so%%%§% ﬁéo %gﬁ i%%qﬁ%%a%%ﬁ%%@t A%%or di ng
to the present_.invention,_.t. | yraljty _of orjqginal packets are .recovered
fromthe aggr g:élgge%@lﬁac%esttlogaltgo\%n%ﬁi#ﬁessdeos iena iagqgrgeoqﬁ eesspao?ket%els

aggreggte packel, agh%%%s@ thd h.eth%dd:?o 3 ele dofih N éoodeggqmeavjt@‘?'%’ gOnly

the node designated as a restorin e restores the aggrega packet .

Since this cayges:;the nodes gtfies than the dgsigaated nde to Rerform the

packets from the aggregate packet, whereby it 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, it 1is feasible to avoid performing the

dispensable restoring processing and make the repeating
processing more efficient.

15 A program according to the present invention is

'mconfigured as a program of, based on a destination

address given to a packet, routing the packet, the

program being configured to make a communication device

execute 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



normal routing, it is feasible to avoid performng the dispensable

restoring processing and make the repeating 15 processing nore efficient.

20 A recording medi um according to the present invention is constructed in

a conputer-readable configuration in which one of the foregoing pr %rq%ﬁ4?—oo

is recorded. According to the present invention, when a pIuraIit§% P

packets have a common route at least. in part of their routes to

respective term nal addresses, information pieces of the packets are

aggregated to reconfigure one aggregate packet, which can decrease 25 the
network. . The decrease in the

total number GETRRKELT huhs T4O50° P05 011008 FOSE/bit T f GRETEREE the
nunber of references. t.o the outi-ng._tabl e, reduce the propcessing |.0ad, and
i ncrease theoﬁfofgggﬁﬁﬁlsﬁggé: 3% atﬁgsuf??oV?rﬁgcoﬁigg?gESib?%_ ?QF_
Descr i pti on oF S0 BAni nBECRPh. TTENY of Sthiam SEROIRET LAt y SHOVERD &
packet | comunleal Y SRS d LA So0 TR Bl WD S on

5 the destination address.

According to the present invention, the plurality
of original packets are recovered from the aggregate
packet only when the destination 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 i1s 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 netwaork.

The decrease in the total number of packets makes it

20



configuration of a router
restoring function.
function.

Fig. 5 is a diagramshow ng configurations of

havi ng the aggregating
Fig. 3 is a flowhart for carrying out the
Fig. 4 is a flowhart for carrying out the

function and the
aggregati ng
restori.ng function.

| P packets. Fi

Fig. 61
di agram showi ng an exanple of data 20 stored in a conpression tablﬁ%qgg§l4ﬁ 00
conparing process of conparing packets

is a diagram conceptually showi ng a
I, Il with bit patterns.
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uﬂ: et\;];% secon
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Fig. 8 is a conceptual
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i1 LS %e@r%%rs%mt?ﬂ‘é’

el i B

saneentil, ian o shor g

c

gﬁf 'agweasm% of  RAE

ow ng an

di agram showi ng a 25
conpressing met hod.

onfiguration
%%odlg g 1A is

Racksi | 1ge;$lglgass' g

conpr esst ng

géxanple o

configurationof pagkete! @fd ebrPasshRd Vidi RiLOMI6n ¥ the network

5 resources.
Brief Description of the Drawings

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

10 Fig. 2 is 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 out the
aggregating function. |

15 Fig. 4 1is a flowchart for carrying out the

‘nrestoring function.

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

Fig. 6 1s a diagram showing an example of data

20 stored in a compression table.

Fig. 7 i1s a diagram conceptually showing a
comparing process of comparing packets I, II with bit
patterns.

Fig. 8 1is a conceptual diagram showing a

25 ‘configuration of a compressed packet by a first packet

compressing method.

21



Fig. 12A is a diagram show ng an exanple of a configuration of packet II.

Fig. 12B is a diagram show ng an exanple of a configuration. of aggregate
packet V after aggregation. Fig. 13 is a diagram schenmatically showi ng a
packet conmuni cation systemas a second enbodi nent of the present gpoo_g149-00
invention. Fig. 14 is a block diagram show ng a schematic configuration of

a router having the aggregating 20 function and the restoring function. 25
Fig. 15 is a flowhart for carrying out .the aggregating function. Fig. 16

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

di agram show ng confEii%ur atd onsg of 5 I B igaggﬁt sshgg,iﬁgoz-am LA H g.%f’L8 is a
[

di agram schenmati cal I'y §homﬁng a packet “conmuni cation systemas a t rrd
200 eoating S FONEAoh o7t Re. B Rar et T s bt 2 LA PRadirars) Fever 1o
ol caeyng SRHRT MG GBI oIS . Bherg o deyms, Best odes

Fig. 10 1is a conceptual diagram showing a

5 configuration of a compressed packet by a second packet
compressing method.

Fig. 11A is a diagram showing an example of a
configuration of packet I before passing via a route.
Fig. - 11B 1s a diagram showing an example of a

10 configuration of packet I after passing via a route.

Fig. 12A 1is a diagram showing an example of a
configuration of packet 1II. Fig.' 12B is a diagram
showing an example of a configuration of aggregate
packet V after aggregation.

15 Fig. 13 1is 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 restoring function.

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

Fig. 16 1is a flowchart for carrying out the
festoring function.

25 Fig. 17 is a diagram showing configurations of IP

packets.
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Fig. 1 is a diagramschematically showing a packet comunication system as

a first enbodi nent of the present invention. The nodes in the first

enbodi ment are configured to capsule two or nore | P packets together under

an | P header to create an 15 aggregate packet. The system herein i§P02—0147—oo
constructed on the prem se that routing protocols such as OSPF (Qpen '
Shortest Path First) and others are active on the network. In Fig. 1, al

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 G D Geignd bl 1 kil ' ULLS-Coand, H als0, have,an | P

capsul i ng function, .e., a packet aggdregating functionof ‘aggregating two

or nore packe %_ck%tcrfamﬁf@a@%eggg%sﬂﬁ%t a 1thi agﬂbahgﬂem t

restoring function. The routers G an aving only the restoring tunction

are configureduto23sER2+0Lhf+Q3 5 10 15 20 25 execute the restoring flow
shown in Fig. 4, for each of recelved packets. The routers C and H having

o excouto the restsrong 11 ow shove TR RP5. e bl Sherdduay o
packets and exgaut€ochh8f the Ethernet (registered trademark) level.
Fig. 20 1is a diagram showing configurations of
Ethernet frames.
Best Modes for Carrying out the Invention
(First Embodiment)

10 Fig. 1 1s 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 OSPF (Open
Shortest Path First) and others are active on the
network. In Fig. 1, all the routers in the network -
have a restoring function of restoring an aggregate

20 packet to a plurality of original packets. For
example, they are routers C, D, G, and H in Fig. 1.
The routers C and H alsc 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

23



aggregating flow side queue. Fig. 2 is shown in Fig. 3, on a transm ssion

a bl ock di agram showi ng a schematic configuration of a function and the

enbodi ment. This router having the aggregating restoring function in the

first router has a restoring function section 1 and an aggregatingFﬁgggb&gq_oo
section 2. The restoring function section 1 sends and recei ves packets

t hrough a communication interface 3 to and froma link. A destination

address extracting/rewiting device 4 extracts a destination address of a
recei ved packet. it further has a function of rewiting a destination

address of a Leceiyed ACKELLor A S9LY/ N0 AL D, ESIares, A1) agar egat e

S .
packet as an daggregate of two nmor e packets to tHe original packets. A

determning deyice.f d%@rteﬁé»ég.es wagL hef, g egoyered packat %J\%?/r?gathceomm“

route at |east in part ir routes to respective termnals] based on
the dot er m nat LSECat Ehe Betarm mip Hovi acsor o BhRee i Tle, AR s
comon route gl easlriigh RY ttf4execute the restoring flow shown in
5 Fig. 4, for each of received packets and execute the
aggregating flow shown in Fig. 3, on a transmission-
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/rewriﬁing 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 to 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

24



FP02-0147-00 5 10 15 20 25 of the routes, the destination address
extracting/rewiting device 4 rewites the destination address of the
aggregat e packet so that the destination address of the aggregate packet

is an address of an adjacent node on the conmon route (a router i Eﬁd?;o -
first enbodi ment) A packet routing device 7 routes the aggregate g‘c et,l47'OO
based on the destination address thus rewitten. Wen' the result of the
above determnation is that the recovered packets have no conmon route on

t he other hand, the packet routing device 7 routes each of the recovered

packets, based on t rre tiyve destjpatio a dre es. The regating
function sect?bn 2 hggéa co%ﬁ@% “Gut e pac% iﬁ' th%$$9 gtes

o bt i s i asiegs nar o
extract ed des@dﬁ¥é§y16%|@H€1§ ddkgate packet so that the destination
address of the aggregate packet is an address of an
5 adjacent node on the common route (a router in the
first embodiment). A packet routing device 7 routes
the aggregate packet, based on the destination address
thus rewritten. Wherl 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 destination addresses.

The aggregating function section 2 has a common-
route packet extracting device 8, which extracts two or

15 more packets having a common route at least in part of

Mtheir routes to respective terminals, from a plurality

of packets, based on extracted destination addresses

thereof. An aggregate packet creating device 9

aggregates two or mdre packets having a common route at

20 least in part of their routes to create an aggregate
packet including information of each of the packets.

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

25 aggregate packet compressing device 18 has a table 18a

for compression. The compression table 18a consists of

25



An addresses aggregate packet creating device 9 aggregates two or nore
packets having a conmon route at least in part of their routes to create an
aggregate packet including information of each of the packets.. An

aggregate packet conpressing device 18

first and second packet conpressing nethods described later. The

aggregat e packet conpressing device 18 has a table 18a

conpresses the aggregate p%%%%L

for conpression.

M7-00

The conpression table 18a consists of 25 F202-0147-00 a code area 18l1a and

a bit pattern area 182a, as shown

are 3-bit dat R 01019 S , = 1010, " . . co Da havi n
arbitrary bitékéﬁﬁ%% %Eeg 9812 QR4 5 p9% pattefﬁ %&ea(%§§a, 18 DRYLRY

(e. 9. " 10111100 E01010001 ELLOQLO L < DOOUPUNLLHIL. o e - 1) AT et ored as

updat abl e bit patterns in the bit pattern ar

d it On bi b th t | t.J . bi t
corfegpondesae, t onghie, bi topat terns sq %edsz.? ;%Oﬂaorhé’xﬁ nd P

pattern results i'n determning a corresponding 1

i n uni que

heé" todes

stinati

in Fig. 6. Stored in the code area 18la

addr ess givingﬁ@q@ﬁg%ylo gives the aggregate packet a destinaié&gbggdress
a

so that the

destination address of the aggregate packet is an

an adj gcent rquter. ,onoihe 199 0194081 1AM 010111, ""0000100011111111,

10

15

20

25

"...) are stored as 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
code.

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

aggregate packet routing device 1l 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

-comparing 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
the destination address thereof, only when the result

of the comparison between the numbers of bits 1s that

26

dress of



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 infornmation

of the aggregate packet. A nunber-of-bits 20 conparing device 13 cggggr%§47 OO
the total nunmber 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 the
aggregat e packet. The aggregate packet routing device 11 herein routes the
aggregat e packet, based on 25 the destination address thereof, only when

the result o he, g@y@ari so t t t
FPO2-01. 47- OOEt%eghunber 6? %%Fg g?eQﬁSPE% %éﬁpg Ekgﬁigiyéﬁ%lfg%than

.the total nughgp QEh%'tEbﬁglt|ﬂﬁﬁH@% ogfgp$§tpac etgﬁbuf whne iiﬁﬁgre

enbodi nent, targets o aggregation are ered on

transm ssion pacqeeye. An faPulQUL PR Lot ertaga ddas | Hgggeg%w A

reading a progranirecorded In a recording ne m suc

[1ke, and disphagybpdrdahaaas 8R1iRdeKetd BLOGLANOLA S @ n%%f?sfl%gfng

according to thée present 10 enbodi rent can be r out of e recor
nmedi unp t hroughetiBi, s input-output interface 14. A storage device 15 stores
the programread through the input- output interface 14. The above

conponents are congectithito-eordu®l ihteesatea and Qb anth@readers 15
control of a control device 17. The control device 17

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 1l6a and 16b and are 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 H shown in 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 function section 1. It 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

27



executes the programstored in the storage device 15. The router

C and

router Hshown in Fig. 1 are provided with the aggregating function and the

20 section 1 and

t he aggregating function section 2 showmn in Fig. 2. The router G a@%dﬁ£&f¥7-oo
D are provided with only the restoring function and thus have only the
restoring function section 1. It is, however, noted that the router G and
router D can also be provided 25 with the aggregating function, of
The aggregating flow shown in Fig. 3 wll be 27 FP02-01.47-00 descri bed

bel ow. First, Jdsdsiylet ardidied \é‘l‘%ts?t‘?r i@é{fd%ﬁﬁi&&"%{%‘gﬂl%y&h

restoring function and thus have the restoring function

step ore a p

packets on the transm ssion queue

packets are pui; Qn hhe tran: -rgé,fssggn ﬁ'egﬁck%gg doq—EertHiﬁn?%%é)%]srrgfn%%

is repeated. Wien a pldurality I P packets exi’st o
queue, refere des Mpds, t9) heagler, if or L.OR . r=hit
in the queue (step S2) Herg t he afﬁ?tr§r€§%agﬂfg§p%f I

least in part of theif routes (sté

a common rou

acket's

Lo as | b packeks (oANdra cherbni bhiba ARIELE NeRNaLbEL, AT PBE

course.

| P

I¢p
step S1
Wi on

%rax\llﬁ]{%vpsoggr ackets

conmonsrout e, stche fdowi kr aRphaned 0 WeP 8 jpMAN § éfC’cBTFD'iPr g:!r-%%ae%

packets ( and 2 are conpressed and capsuled to cre

e an ag

referred

ke have
oﬁémw

dhe 1P

ei5

packet (step 24list Ui @wdregahsmPaskeh el el fence is made to

header information of arbitrary two IP packets in the

queue (step S2). 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 wvia 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 I, 2,
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will be referred to as | P packet 3. Supposing that packets I, Il are
aggregated at the router C and are transmtted via the router Dto hosts

E, F, the first and second packet conpressing 20 net hods of the aggregate
packet according to the present invention will be described bel ow ag -
first packet conpressing nmethod will be described first with refng g0L§7-00
Fig. 6, Fig. 7, and Fig. 8. At the router C, as shown for exanple in Fig.

25 7, the packets I, Il received fromthe hosts A B, respectively, are
conpared with bit patterns 1, 2, 28 FP02-0147-00 3,... acquired fromthe

ion table 18 t her eby det whet her 1
packers 1, 11 Vil SRathoitm D SRR BTG b her dle,
i sed of bit st 5_8- it t ts, the bi £t
e desiranly e %ﬁﬁ%ﬁ%?ﬁagﬁmwﬁ.fvéatﬁé oy (AR Tombhe

f [ ff A b whi ch dged b
Yhﬁl“ﬁﬁgst.ﬁtﬁégéaﬁs' of prpAe LR PR b P e e Lénp'a?i‘stingei S
ted int 1 d d t val |
Showi ng a  cont ?gurgﬁ‘”r%ﬁg"ﬂaéc%s%"s%ﬁpfgﬂegass% B Seeipamat
conpre§5|ng t?gv |s ) @@gﬁ hﬂlg 5. @hetQEt qﬁhﬂi artn%%?gﬁ_ gﬁggssed

aggr egat e pac MPOS€ conpr ession

conpr essed degapé@ed%mgrﬁe&ﬁg the seAPLEs shanyiakor h',Of%rXJn the

viewpoint of processing efficiency. A bit pattern,

which is judged to 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
configuration 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
Hdata V2. Furthermore, the compression information V1
consists of fields Fl1 to F9.

The field Fl has a fixed length a common to all -
the routers having the aggregating and restoring

20 functions and stores the number of compressed portions
existing in the data part of the aggregate packet V
(e.g., 4). The field F2 has a fixed length b common to
all the routers having the aggregating and restoring
functions and stores a ﬂext field bit count cl for
25 ~ declaring the number of bits of the field F3, in light

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

29



consists of fields F1 to F9. The field F1 has a fixed length a common to
all the routers having the aggregating and restoring 20 functions and
stores the nunber of conpressed portions existing in the data part of the

aggregate packet V (e.g., 4) . The field F2 has a fixed length b gggggg tg
all the routers having the aggregating and restoring functions an orég /-00
a next field bit count ci for 25 declaring the nunber of bits of the field

F3, inlight of the fact that the nunber of bits of the next field 29
FP02-0147-00 5 is a variable length. The field F3 has a variable Iength cl

e compr obsed St a (738 LcolEThe 5 117S1 g obdedPior £l OHRE ke se.
Counts c2. c3-eEHE PhsR8rer jerty BT el FNE e MUMDGCE B (VK ¢ he
i el AR K 182
conpr essed ponﬁgg]6%.g.?Egégeﬁgﬁg$%§5%?e$§§Q3€%-F7, F9 may be configured

oL oEe o et Lhem Pe e Slad g o egeel URAAE L9, O Lhe
-field F3 was. £5014 F2, store next field bit counts c2, 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, d4, respectively, from
the end of a compressed portion (e.g., codel) to a next
compressed portion (e.g., code2).
The fields F5, 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., code2, code3,
_and coded) 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 compressed data V2 is comprised of non-
compressed portions of the byte counts dl, d2, d3, d4
and compressed portions codel, code2, code3, code4 as

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

of the data stored in Fl to F9 is used for specifying a
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In either of these forns, the fields F3, F5, F7, F9 can be configured in
fixed lengths, e.g., of 12 bits; in the case of the fixed | engths, the
fields F2, 20 F4, F6, F8 for declaring the bit counts do not always have
to be provided. The conpressed data V2 is conprised of non- conpre gﬁ' -
portions of the byte counts dl, d2, d3, d4 and conpressed portions < 69%47‘00
code2, code3, coded4 as 25 given 3-bit data, which are alternately arranged.
Each of the data stored in FI to F9 is used for specifying a 30

FP02-0141-00 bit string as a conversion target to a bit pattern anong the
conpr essed dat I erat C ressing the data rt of t he
aggregat e pack Sth Becgger t gﬂgg%EeEH QQP %: t%uh%eﬁﬁghtpg%

second conpre od I e be mnth reference t g. and

Fig. 10. Thes‘ﬂ?ﬁ&?%ma&I def%% reFE%ﬁ?t & pacggt ', gﬁaatﬁpﬁﬁ? loEonﬁ%n to

t he packet bgﬂﬁg#gﬁha %Ae GeLv g¥§;qg% £H§O%§§%ect ve hosketAV B

(which w | erre 0 as a
Speci fically, %%H»M}I copmon portion is searched for by
novi ng the pac ef. by g%mfﬁg%e eacﬁgfronrthe position where the | eading
portiomr of the packef,ylsd e'?ﬁ:'l@/as £ tgeég'?de%gmggr ?ngOfmeté}leocpa\SJI.(fi L

to the position 15 where the end portion o coi ncides
the leading peydiQasefibde RAEketrdtardHom the @Pg 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 respective hosts A, B (which will Dbe 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 I coincides
with the end portion of the packet II, to the position

15 where the end portion of the packet I coincides with

_che leading portion of the packet II. From the
viewpoint of search efficiency, the packet to be moved
is desirably a packet with the number of bits -
relatively smaller.

20 The search 1s carried Vout by performing the
exclusive OR operation bit by bit between the packet I
and the packet II. As a result of the research, as
shown in Fig. 9, identical bits between the packet 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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vi ewpoi nt of search efficiency, the packet to be noved is desirably a
packet with the nunber of bits relatively smaller. The search is carried
out by performng the exclusive OR operation bit by bit between the packet

| and the packet Il. As a result of the research; as shown in Fig 02L01 5
identical bits between the packet | and the packet |l are express 8 g 0lg7-00
and different 25 bits as "1." In the present enbodi nent, the search ends

in finding a coomon portion with the bit count of 31 FP02-0147-00 g bytes
at the position of f bytes fromthe |eading portion of the packet I1.

Specifically, chi; f h bi ' b
Che packet | natRES patket® SOPFL T4 ke ol GHCSh TEPROMSS LT & ppose

herein that t er e of--t he two packets to be aggregated is
t he packet | 2%5%?%% gﬁﬁ%%%r%gﬁg%gag%ét 1, that the packet |ength of the

Pho 10 packet | |5 BRCELTy (i od/  Yhe REGGSBI 15 BRCOLMRF EHE 19 bit
BULLE. 1)) Khekbenhat SUPpEsEcol bikeh e cPashal.) epalh b packet |
ok ST 1 K, LB oLt 5 bebgeang, 1l Lleplagat el e
portions of thgapackf! 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 packet I is Bl(k-1) (i.e., the head bit is B1(0) and
the last bit Bl (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
B2 (h-1}. Furthermore, it is supposed that when the

15 head of the packet II is not a search target, the

“number of bytes in overlapping porticns of the packet I
and the packet II is e' and that when the 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
exclusive OR operation 1is performed between a bit
string B1(0)-Bl(8*e'-1l) and a bit string B2 (8*L2-8*a')-

B2 (8*L2-1). If the exclusive OR operation results in
obtaining a bit string including a continuous 0 string

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

B1(8*f)-BlL(8*f+8*g~1) in the packet I and a bit string
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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 integer e between 0 inclusive and L2, the exclusive OR
operation is perfornmed between a bit string B1(0)-B1(8*e'-1) and %P%iLOl 700
string B2(8*L2-8*el)- B2(8*L2-1). If the exclusive OR operation resulgs it
obtaining a bit string including a continuous O string 25 of g bytes at f

bytes fromthe head, a bit string B1(8*f)-B1(8*f+8*g-1) in the packet |

and a bit string 32 FP02-0147-00 B2(8*L2-8*el +8*f)-B2(8*L2-8*e' +8*f +8*g- 1)

in the packetBjdsuﬂgﬂsdgag%¢¥yn§§15xﬁgjéug,ngfggy%£§F95¥Oqﬁgg&%%qa%gn N

i nclusive and (L1-L2), the exclusive OR operation per

bit 5 stringiBi ¢88) RIS @Bk vbrand, @ bit string B2(0) B2(8*L2-1).

Wien the exclusive OR operation results in obtaining a bit string

including a continug St o] f fr 't-he head, a
bit string BL(8*e+8°F) ) (Bredsk; %895{91"56%‘?%%: r%en%ﬁﬁé’te sl )

string B2(81 ;nB2(d1tRgrd o Nobbeapacket; d I sl b, 3o equmpn pordy on.

For an integer e between (LI-L2) inclusive a e éxclusive

Ui ng B2(0) T BI(8 Ll B e 1) T the ml Garie o speraftad PAUTE in
obtaining a bipb (8%LbAY) I NChkehNEha EQBLLBYGESOR oPkiiaRd oaf rQshMtes 18t f
bytes fromthe head, a bit
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+8*f+8*g-1) in the packet I and a bit
10 string B2(8*f)-B2(8*f+8*g-1) in the packet II must be a
common portion.

For an integer e between (L1-L2) inclusive and
Ll, the exclusive OR operation is performed between a
bit string Bl(8*e)-Bl(8*L1l-1) and a bit string B2(0)-

15 B2 (8*L1-8*e-1). If the exclusive OR operation 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+8*f+8*g~1) in the packet I -
and a bit string B2(8*f)-B2(8*f+8*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 is

25 composed of compression information V3 and compressed

data V4. Furthermoref the compression information V3
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string Bi (8*e+8*f)-B1(8*e+8*f+8*g-1) in the packet I and a bit string
B2(8*f)-B2(8*f+8*g-1) in.the packet Il 20 nust be a comon portion. Fig.

10 is a diagram schematically showing a configuration of a packet

conpressed by the second packet conpressing nethod. As shown in F%g 2;%147
the data part of the conpressed aggregate packet V is 25 conposed P 47-00
conpression information V3 and conpressed data V4. Furthernore, the
conpression informati on V3 33 FP02-01.47-00 consists of fields Fil to F23.

The field F1l has a fixed Iength h cormon to all the routers having the

aggregating apd eskQri ngl ynEt ixgns @nd-ost ores the nunber of conpressed
portions 5 existing in 5% a part of the aggregate packet V (e . g .

4). The field F12 hqxﬁeaff 'e>i%1d #18ngtdy i cgmﬁs%ég%@ig ngg&ggﬁj%{ squ‘ial}/l ng

the aggregating and restoring functions rom

the head t f Li.k 10 th
flglde§13 ﬁas ?ﬁe }riﬁﬁﬁﬁﬂgg?ﬂﬂﬂ{ nd s%or erggg%fﬁgcouﬁh Erns 6HFfH% ﬁead
to the first oMERARQrLhAN Jedrddiepack %bng 4 o}.fh oInB% d-E4d 3%, '()?iegg

| ength m common to all the routers e aggrega |ng

functigns andeﬁEQEfﬁgaJQVtghSO%%Ran éﬁt'%@'Céﬁé“%ﬁﬁﬁgg%%%Pegan p'K§ of
the first common portion. Nanely, a common portio count IS
changed into ¢enyresaQn iRkOrfmIIONFO; AabYhe GOWH 1ength i common
to all the routers having the aggregating and restoring
functions 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 k1l 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 of the first common
~portion.

Namely, a common portion of a byte count g is
changed into compression information of a byte count -
(ix2+m) as a result of the compression process.

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

25 the larger a byte count obtained from subtraction of

(i1x2+m) bytes from the byte count of the common
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(ix2+m) as a result of the conpression process. 20 Therefore, a condition

for bringing about the conpression effect by the second packet conpressing
nmethod is that a bit string having at |east the byte count g neeting the
relation of g > ix2+mis selected as a common portion of a conpregﬁbggo ~
target. Nanely, 25 the larger a byte count obtained fromsubtracti F0147-00
(ix2+m bytes fromthe byte count of the conmmon 34 FP02-0147-00 portion,

t he higher the effect of the conpression process. Simlarly, the fields

F15, F18, and F21 have the fixed | ength i common to all the routers having

the 5 aggregatl and resto fun tlons nd sto te counts |2, |3,
and j 4, respegt|§ 5 ng ﬁ&éd t%% Eon t T d, “HHF $HUrEh

comon portlogzo the packet l. leemnse the fields F16, F19, and F22
have the fix & ﬁgth i and store byte counts k2, k3, and 10 k4,

ively, f d.f h
hortions in ihe pacRobifRitykot .eeffiecl%%ﬁf% (g 204 Touil b comon
I th h th t d i
fanet i ons_ anaearsre Bratilohr ML TR 0 e 8 D On SRS T cadi ng
t he nugbers O%ng&%a@Enbheanaechgtoffﬁ d ' dd:fourth co ‘%d%p%@g§§d gget

Corrpressed da consrsts of non- conpr esse

Va2, as ShownchiEL05 510.53 The, 809 CORBLEsSed By, Al S £EULKALER, (O one

packet
the second, third, and fourth common portions in the

packet I. Likewise, the fields F16, F19, and F22 have

the fixed length i 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

fields 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,

15 respectively, indicating the numbers of bits of the
msecond, 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-compressed part V41 is equivalent to one packet

20 (packet I) which 1is the same packet as that before the

compression, 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 F11 to F23 is

used for specifying the positions where the respective
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20 (packet 1) which is the sane packet as that before the conpression, and
the conpressed part V42 to the other packet (packet Il) wi thout the first
to fourth common portions. Nanely, the conpressed part V42 is data

corresponding to the difference between the packet | 25 and the pag%@kébéﬂ7_oo

The data stored in F11 to F23 is wused for specifying the position

the respective 35 FP02-0147-00 comon portions are to be inserted in the
conpressed data V4 in the operation of unconpressing the data part of the
aggregat e packet V to recover the packets I, Il. The first and second

_ t i ed _ i ngl ket .
compr esst 1o, Teigd, canbe: T ANt by ALt 0.8 S0l SpRkEL

Packets to be

el t her ase oluglie APAYe iy Shoit secand wcomressl g, Eda. Lhe

conpression results in 10 decCreasing the nu

of the aggregaire Hpackelyr¥ ARR Puiteky Ly ge%%%e g%aecl%{ ttf 1 ting

fromsubtraction of the conpression informtion: m ot er of

bits of the egRpressed pydd ons.hsfore Ssi wever, 15 if the
nunber of bits decreased by the conpres%%%ﬁrgggPﬁﬁe %%gEg S t 5 %e %e

aggr egat ed isr%ei&haanttm? @%gﬂ%@t QN a a@ﬁn%ggg];sé%(eﬂ C%ggﬁgﬁg! ol Be

i ncreasing the nunber o its contrary. ore, the OW Ng process

is executed hggeeghace theyt ohdko nusdertofedi t$, ofy, g ts 1s |1
with the total number of biis of the ® ndf® FRAES Je
course.,

In either case of the above first and second
compressing methods, the compression results in
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. However,
15 if the number of bits decreased by the compressi&n of
ﬂthe 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 counted, the count results thereof
25 are defined as L1, L2, and L3, respectively, and L3 is

compared with (L1+L2) (steps S5, 36). When the
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aggregate packet V. Nanely, the bits of the IP packets Ol, 02, and B

(equivalent to the foregoing packets I, Il, and V, respectively) are

counted, the count results thereof 25 are defined as Li, L2, and L3,

respectively, and L3 is conpared with (Li+L2) (steps S5, S6). mheﬁ %Ee %6 .

FP02-0147-00 condition of L3 S (L1+L2) is not net as a result of t g02-0147-00

conparison, the IP packet B is discarded (step S7) and then the fl ow goes

to step Si. Wien the condition of L3 S (Li+L2) is met on the other hand,

the I P packets 5 Q and 2 are discarded and, instead thereof, the IF

packet @B is r ; j t, royter. on.the common route (step S8).
P RS Ao S MRt IR T O Dt with e rp

The restoring flowshow in F

Packet | ncl udBSiBATaaRegdte FEApAtitD G215 WTast Sehd S AR e ® | ag,
the ofher hand e ool 7o tetansirsd Thr dBOhpoSEd ) FoIReeaaIEt he

15 ori gi nal 'Espgck@h%%%s(%ggh%? tlhtFeO.roﬁheeS} %ég@f;@é‘;ﬁﬁ pAS e;q??ssed by

the first packet conpressing ne i's necess
unconpeessi ngqapr SS$5as prelim nary process; .in . the unconpressin
operat?on, thgpr%%?é?DDE?%%vgﬁggg5§%goﬁ%}e%séasﬁsPFhﬁhFR% eIE?S é@ge4 in

Fig. 8) in thg, compgessed datay i o) oaf hght oL gl pal Bt patterns wth

route (step S$8).

The resteoring flow shown in Fig. 4 will be

described below. When an IP packet 1is received (step
10 Tl), 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 preliminary process; in -
the uncompressing operation, the zrouter D converts

20 compressed portions (codel to coded4 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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reference to the conpression table 18a. In an unconpressing process

carried out prior to the restoring operation of a packet conpressed by the

25 second packet conpressing nethod, the router D inserts the data of

comon portions picked out in the 37 FP02-01.47-00 conpressing opeﬁgb%gg, .
into the conpressed data. Then reference is made to the destinatio f e ~00
respective original packets. As a result of the reference, it is

determ ned whet her the packets have a 5 common route in their routes (step
T5). Wen they have no connnn route, each of the recovered packets is

|1 t; ket d ded T6). On th
ot hor hand, wRERCERE Ak SEETRRTE T A GG 197 196197 Fout b5, only the
head f th 10 d t .t.he dest
thereof is an ad 05 AL R LR T it o PR e
he d k d 17
nor a1y ¥ out S6SPAA-Gden’ ﬁggggaggggggreggcpgggrga}grd?asts%]; & (&% 15

T e b esenee-ghobhe ;200 LAlE M A0 AR AL, LRESLDLG.LE Rl Ly and
A& SN ﬁi‘ﬁ&fqyc

qui ckly determ ne ét her I'S an aggregat

ot g T b oshatan 0 W Byt
includes a soppCeSuhdn addass, atddhe Bead-R0d A covered packets is
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 1s changed so that the destination
thereof 1is an adjacent node (router) on the common
route (step T7). Here the data part is 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. -
A specific routing method in the first embodiment
20 will be described below with reference to Fig. 1 and
Fig. 5. As shown 1in 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 1s 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. 1In
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destination | P address subsequent thereto. Thereafter, an aggregate flag

is set as occasion may demand, and 25 the data part is provided in the |ast
place. In Fig. 1, the host A sends the IP packet | to the host E. In 38
FP02-0147-00 the I P packet |, as shown in Fig. 5, the source is th%,g%st A~
and the destination the host E. The host B sends the I P packet Il *E§<4H&47-00

host F. In the IP packet 11, the source is the host B and the destination

the 5 host F. Receiving the packet | and the packet |1, the router C

executes the aggregating flow shown in Fig. 3, to create the aggregate
function. .In_the I.P packet 111, as shown in

acket 1l by.,its regat.i

Igi g. 5 10 thé™ oﬁ%q%ﬁ%gﬂr oUt P VIt AR Gt mat i IRt T and
the aggregate,flag js _set., JThe data part stpres. the packet. | and the

di fference bemgn %h@%cﬁ%?sqes%éﬁ&%lllo,n ug{"ﬁg hﬂ*?g dffferehfti @PSt B

i cruro. S ncBothE maRde CRaSrs Tt K RdReRt 111 13 Sl SR the
nunber of bits_of the packets.l, LI t he packet |11 i,s rquted. Receiving

t he aggr egat eigécktek}e TP he tPodtist S5t Ba Eﬂﬂt a@h%ofiﬁﬁté%‘g&faé‘s e

restorkng flo Hsho in 20 Fig. 4. Since it is determned therein that the
recovered origrnal "packets al so have a common route hereinafter, the

ooover ed packets argcd 93a5dethe TPECK@I9TPITE PARKCL IO E] 1A

router C executes the aggregating flow shown in Fig. 3,
to create the aggregate packet III 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
15 plicture. Since the number of bits of the packet III is
“smaller than the number of bits of the packets I, II,

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

S. Nanely, the source is the router G the destination the router H, and

the 39 FPO2-01.47-00 aggregate flag is set. The data part stores t he packet

I, and the difference between the packets | and Il. The router at ﬁ r% ¥ _00
poi nt operates in nuch the sane manner as the router G and sends F e %
aggregate packet Vto the router D. In the aggregate 10 packet V, as shown

in Fig. 5, the source is the router H, the destination the router D, and

the aggregate flag is set; and the data part stores the packet |, and the

di fference be t.s | d ng t r te cket V,
the router e ec@%gg ?ﬁ%ﬁfé§téfﬁﬂg FFbM/E%%ME} é%;f%§3§§§* aéﬁ%#in
Fig. 4, for e&ama'n% £8ieNG8 S A 8ARLR i a:gx Eata%%eté T they ?%Lgregate

packet V, the festoring opération is carrie to recover packet VI

(the sane data 15 cepti nguactéronHagttEe Péfé?nge {%ndo% {@c X{cjt%(the

sane data configuration as the packe

packet Vi1 haygenosgoampahaute agy chengehytt Rgor egat © etq

di scarded and the recovered packets are route is al so possible that
20 a recovered B%%G@Ee'%a%&%%”\ﬁggéeﬁﬁEEQdﬂﬂ%ﬁ %90th?£ Eﬁ%k%bdyé&|¥%
transm ssi on queue as a result 25 execution of the aggregating fi%w. Then

the | P packetgacket V, as shown in Fig. 5, 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 II.

10 Receiving the aggregate packet V, the router D
executes the restoring flow shown in Fig. 4. As shown
in Fig. 4, for example, since the aggregate flag is set
in the aggregate packet V, the restoring operation is
carried out to recover the packet VI (the same data

15 configuration as the packet I) and the packet VII (the
~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 1s 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 0or more
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VI, VIl are sent to the host E and to the host F, respectively. In the

packet communi cation system of the first enbodinment, as descri bed above,

when tow or nore 40 FP02-0141-00 packets have a conmon route at |east in

part of the routes to their respective term nal addresses, the -

i nformation pieces of the packets are aggregated to create one agEF85apé47-00
packet, which can decrease the 5 total nunber of packets transmtted on the
network. The decrease in the total nunber of packets results in

decreasi ng the nunber of references to the routing table, reducing the

rocessi ng | oad, [ asi Sssi.ng,speed.. As a resuylt, it
Becomes f easi %%g@@‘%l&{‘%ﬁi évggbt e ef ?{)g:ﬁgntatut%‘?gﬁgt itoh BFrt hQ%neﬁ%rk
resources. Fur, rIxor iLnLs,.de ] ether.th aggr egat e packet
shoul d be relg§2§egg ?ﬁatE%%gfe %%éﬁ%ggg%QCtE?F%k?agr ?%%%?%&F%ﬁ ﬁ%ﬁ%
original pack l; - vered_fromthe aggregate packet and be
rel gyed. 5)5 V\Eé%ot% glﬂ%gguﬁl%?g%hgfgegé?mpnaa? %thsqi ?r%ha?ggﬁ%gabﬁgkeq% have
a conmon rout e [ f. thej royt.es,, the destination address
of the aggr eggfggggciﬁe igg%%a%tet eﬁggge}:hawkﬁ%h d&&T nAET o ATdr of
the aggregat Kk 1 n [ router, on_2Q0 the common
rout e, gand thgogggr%‘ﬁ%ﬁaﬁg?‘gﬁﬁ?%t Zc&a%cg\}ﬂlc%;g%a%ﬂr e{ u%ente. ¢ % 6tal
number of packRbSdebraBsBi ihedran dhie netwarde Jhe,ahpyuesdeseried sthe case
where the receivers

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 utilization 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 recovered from the aggregate packet and be relayed.
15 When the result of the determination is that the
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 the 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 aggregate 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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of the aggregate 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 41 FP0O2-0147-00 aggregate packet V are mobile

termnals. The followng w1l describe a process of creating the g§§?§9?59¥00
packet V fromthe packets I, Il, using Mbile IPv6 (Internet Prot

Version 6), with reference to Fig. 51, Fig. 11A Fig. 11B, Fig. 12A, and

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

packet V of the packets I, Il is sent fromthe hosts A, B via the router C

t bile host M t sh As i t h k | i d of
basic 30 | PvBOHERHSESPRRCRE Jutiy ERas SRt 8 GiEa IIE R s
h in Fig. 11A. An_I P, add Ca f dd )t il d at
orel g subaeti by t ABSCROBEI et STANRFS | 5t oriaroand, “THR | AP 1
t he _basic | Pv6 ge%dg; Pll.m addre stﬁpegifi to the 1§ﬁq$9'le é% hﬂto
recei ve the pBEREECI Y HORE addtesH PGS %t 6f ed s BSt8Fni NAT L 2Tdridss 2 in
th ti head P12. t.he. t inal.. d t h b
1mal Carri i ngCPEPRECH! TS SRe el oS BER B 1 netihos SRR kP paid of a
t t it ts, 1 t i
Coor oSt n t hel dhrd- arth PTI Tid Dacked 1 1oRe. npBila arts bali cheny6

neader o2, 2045 IpHToR, SRR, T IO BB B2 e ATl (1C
packet V of the packets I, II 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. 11A. 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
basic IPv6é header Pl1l. An address specific to the
15 mobile host M to receive the packet I (Home address) is
Hstored as a terminal address 2 in the routing header
P12. Here the terminal does not always have tc 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 is stored in the
data area P13.
The packet II is composed of a basic IPv6 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 1s stored as a terminal address 2 1in the

basic IPv6é header P21. Data 2 as real data 1s stored
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25 packet Il is stored as a termnal address 2 in the basic |IPv6 header
221. Data 2 as real data is stored 42 FP02-0147-00 in the data area P22.

When the packet | and the packet Il both arrive at the router C, the
router C aggregates the packets I, Il and adds a term nal addressﬁ'lnoz_ouﬁ 0
indicating the present 5 position of the nobile host Mto create the 47-00

aggregate packet V. The aggregate packet V stores the termnal address 1
as a routing destination in the basic IPv6 header P51, as shown in Fig.
12B. The packet | and the packet Il are packed in the data area P52. 10

When t he aggr t.8. MV arriyes at the node indicated by the term nal
address 1 (thgﬁﬂn f?gﬁﬁgitar%%,“%ﬁé nobi | e host M creates (or recovers) the

ket I, 11 f Kk : [ [ th t erm nal
Bddress 1 and the ¢ eI hal aaar 6Ee D ot arhe 189rke addr deilnr 2EREVRobi 1 ¢
host M A j il J I th kets I,
I IOS havi n;C?Lgﬁgﬁ% nrta aed%?’g;s%é]gé% ef ﬁ%g%)%gléésg%v%%%e k\ls/ee ??‘ngkgg%rgg; e

et e, e o1t G R L0

to performnore 20 efficient packet transm ssion

ot he noce RRA LS ARSI R b L RSP 1.3
Enbodi ment) packet V. The aggregate packet V stores the terminal
address 1 as a routing destination in the basic IPv6
header P51, as shown in Fig. 12B. The packet I and the
packet II are packed in the data area P52.
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 recovers) the packets
I, II from the aggregate packet V. At this time, the
terminal address 1 and the terminal address 2 both are
15 the address of the mobile host M. Accordingly, the
hmobile host M 1s 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 1t feasible to perform more
20 efficient packet transmission while avoiding triangle
routes, as compared with the case where the packet II
is once capsuled at another node (Home Agent) and is
transferred to the mobile host M.
(Second Embodiment)

25 Fig. 13 1is a diagram schematically showing a

packet communication system as a second embodiment of
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Fig. 13 is a diagramschematically showing a packet conmunication system
as a second enbodi nent of 43 FP02-0147-00 the present invention. In the
second enbodi nent, two or nore | P packets are capsul ed toget her under one

| P header to create an aggregate packet. The systemis configure%,on the .
prem se that the routing protocols 5 such as OSPF and others are a e it 7-00
the network and that the routers having the aggregating function
prelimnarily know the network topol ogy and which node has the restoring
function. It is also possible to manually set the network topol ogy and the

nodes wth 10 the restoring _function, for each of the rquters having the
aggregat i ng f Uit i% ?S%%t gS&F@&leﬁrn e Het wSFROPHas ‘f N jhetwo

estoring funclt A TEy T BeBRRea NG Tt & EOARALERe FERero hade. 15
both e, 299" sgailn0 funetian brcapsylLag.sng.he  estor! ng funct{on by
processl N, SR [LORar ool g play a0 Lhe,cresl oriag Lupet o 2
e 2o el pGcAdd et gs BhBIG LI o ol mra e
the restoringchlow figle eagh i recgl ved p@ﬁgetiggregating function
preliminarily know the network topology and which node
has the restoring function. It 1is 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
15 both the aggregating function by capsuling and the
__restoring function by decapsuling. Here the

aggregating function 1is a function of executing the
processing shown in the flowchart of Fig. 15, and the -
restoring function a function of executing the

20 processing shown in the flowchart of Fig. 16. 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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Fig. 14 is a block diagram showi ng a schematic configuration of a router
havi ng the aggregating 44 FP02-0147-00 function and the restoring function

in the second enbodinment. The present enbodinment is different from the

first enbodinment in that the router is provided wth an address -
determ ning device 70 for determ ning 5 whether a destination addr 8§82-0147-00
extracted agrees with an 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 predeterni%i&QEﬁﬁg h&@@ng%gﬁe il PFbﬁgoggPﬁgg%8PPnbn t Hee t iR S Mo e

original packets fr.omthe regat e acket. .This mekes it feasible to
desi gnate a ?@?Pgﬁﬁﬁ&tnodgg%%h LSERBF COMPSHERTY atd SitdifrZelto 4%5°% hose

0 Lne firot emodirEnl - nd et e descry plion  dheteol s omided
Festoring Tunberon 5o SRAPER 2o4Ra CRa Soct-caam nboT GREL (T R 1P 2
Functi an. i KaELEsR, AR ArRl My CHREERR RN 180w MgdreaRt tng
1 ow shown in,fgestS oW 1] e PoufS BRRel, Pah Ral o o1 tab ddieAaWisly C
" 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 1s an address of a

predetermined node having the function of recovering

the two or more original packets from the aggregate

packet. This makes it feasible to designate a
restoring node. The other components are similar to
15 those in the first embodiment, and thus the description

_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 is provided with only
the restoring function, it has only the restoring
function section 1.
The aggregating flow shown in Fig. 15 will be
25 described below. First, the router C determines

whether there exist a plurality of IP packets on the



whet her there exist a plurality of I P packets on the 45 FP02-0147-

00

transm ssion queue (step Rl). Before the transm ssion queue cones to
include a plurality of IP packets, the determ nation at step R

repeated. On the other hand, when the transm ssion queue include
plurality 5 of |IP packets, reference is made to headers of arbit

| P packets in the queue (step R2) The

referred to as IP packets ( and @, respectively. It is then det
whet her the packets have a 10 conmmon route in their routes (step R3) Wen

o Kot h fl t f t
€ packets Q%%%s%lé@ygﬁj Jé&geéégﬁ% Ei OutgggﬁthEa-réﬁ%?ﬁia%5§§é$CholS

step Ri;

when the packet's h

5 (he comon Foure Tateh M) 1hs %ﬁs?”ﬁﬂq#%el*{oﬁtﬁr&@g RN i

15 the commpn

des present n repnafter as an FC
?Iga(rat hgst m%%ﬁm‘%%?g@ T%]tgurggﬁp\grﬂc sen S !g%]é %jbacg) '\5\%[E eﬁ

destination oEahBe ﬁ@g&ﬁ&ﬂ@[gyéH%ﬁyggggﬂo gu% ?ﬁcggdg?e . Qﬁélﬁ flag

reference process a

i ncreasi

exi sts,

e restoring process a e rou

is
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r& QZtR&47—OO

arbitrary two | P packets wll be

erm ned

esent on

rest ori ng

er eby

router

ng..the prRocesing £f fidanhcAfteg tﬂ§g§eaﬁﬁh ﬁég%%SR%flt i's

determ ned whether there is an FC router (ste

t he fggm&gggg§fgw%tfbfﬁé%kéﬂs bh ey eqpdsudn (FCpOoHbST.,

aggregat e packet is created

10

arbitrary two IP packets will be referred to as

packets @ and @, respectively.

e

IP

It 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

15

20

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
the common route (step R4). The most distant router
~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 routers 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 Rl1. If there

is an FC router, an aggregate packet is created by
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46 FP02-0147-00 conpressing and capsuling the I P packets Ol and 22 (step
R6) . This aggregate packet is defined as an I P packet 03 and the
destination thereof is the FC router. The conpression for the aggregate

packet is inplenmented by 5 applying the first or second packet coqﬂﬂe? @f97 00
met hod described referring to Fig. 6 to Fig. 10, or the both. h

bit counts of the |? packets O1, (r), and B are defined as L1, L2, and L3,
respectively, and L3 is conpared with (L1+L2) (step R7). WWen the 10
conparison results in not neeting the condition of L3 (L1+L2), the IP
packet B is discarded (ste g T the flow transfers to step RL. On the
ot her hand, WReRPIERELEBNnaAFtI 6APSHLEY95 tg@1if2?%@§%ﬁﬁ tded | 5&5%%13 01

and Z are d| rdeg. and |nste d there th P 15 acke 3.is.r uted to
the FC rout erRED opliiD) 2o4RESHE b BPEHE Y i Somed b 6 18 RPFIe

descri bed bel When. an ac i s_recei ed ( p STl) IS

det erm ned mh@?%%?dtﬁge é%ﬁﬂiﬂf %9ﬁnﬁﬁ%¥e° n&Fud%gaaﬁ:aﬁaPE§5te gy (step

t he .normal, routin car d, out

Crek e oS rE R 0T P98 Sk Ao AR OB LU L b P RBREL S ToB T e
uhet ey the destpat) opy of a@gE B.03kELd S0t s oML roULel (oLep, ST

When t dest? on° o rnal

out 11 1= 28, BeC R B} e ST ey e JeRLL ot b packe

Then the bit counts of the IP packets(:L @, and

® 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 @ is discarded (step R9) and

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

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

and @ are discarded and, instead thereof, the IP

15 packet @ is routed to the FC router (step R10).

The restoring flow shown in Fig. 16 will be
described below. When an IP packet is received (step

ST1l), 1t is determined whether the received IP packet -
includes an aggregate flag (step ST2). Without the
20 aggregate flag, the normal routing is carried out (step
ST6) . With the aggregate flag on the other 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 is
25 performed (step ST6). When the destination of the IP

packet is its own router, the packet 1is decapsuled (or
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FP02-0147- OC deconposed) to recover the original

It is then determ ned whet her each recovered IP packet is one with a
aggregate flag (step ST5) . when the IP packet includes no aggregate
5 routing is perfornmed (step ST6) . On the other hand,

i ncludes the aggregate flag, the flow goes to step ST3.
specific routing process in the second enbodinment will be described
with reference to 10 Fig. 13 and Fig. 17. As shown.in Fig. 17, the |
packet format has a source's IP address at the head and a destination IP .

addr ess subseqﬂggg to e a regate_flag.is set as
occasi on may denamdc%geéacﬁd FRe atcg}a({)%r'lt‘cpgnr}i%q%fb% dga [ qi](f‘%ﬁ aé?gﬁg

place 1 Flogad e hasluAsende ther R DAGKSL] Loy, U Host £ oL

t he nor mal
| P packet

| P packet

as shown 1 n Fi e-sodrc

| P packets (step ST4)

n
flag,

en the
é10147—OC

bel ow
P

n the

In the 1P pachBto 1T LheSourCeri 8 ROTRASE 8 dnd i n 120 b8l i natheR t he

In the | P packet , e source is th

host F. Recei W e t ol e_pa ], . th router C executes
W fhepRagke! J.ncﬂ.gﬂ:légl"SnBt ga‘f;?ﬁregtate F]a%%,r e&gltee hor Lo

t he aggregating fl ow shown in Fig. , e

e an

erence between

by itss aggr egatitng d Uf@t%:@Bfo@ﬁeahOMépp tEE@; 17,4 t*;@?g':tﬁghf%? a@g%;tﬂ]gs

t he packet

and the dif e packe

differential 48ehPO2n&14% Ofacket includes the aggregate flag, the

10

15

20

25

flow goes to step ST3.

A specific routing process in the second
embodiment will be described below with reference to
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 aggregate flag is set as occasion may
demand, and the data portion is provided in the last

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

"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
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 its
aggregating function. As shown in Fig. 17, the data
part stores the packet I, and the difference between

the packets I and 1II, using the differential
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conpression technol ogy adopting the interframe correlation coding in

nmoving picture. In the header part the aggregate flag is set and the

router D being the FC router is designated as a destination node of 5 the
aggregat e packet. Since the nunber of bits of the packet 111 is spaller -
than that of the packets I, 11, the packet |1l is routed. This refaPesOtg7-00
restoring the aggregate packet only at the designated node. Nanely, the

nodes other 10 than the designated node performthe normal routing, so as

to avoi d perform ng dispensable restoring processing, whereby the

repeati ng processi ng can be de nore efficient. The router G at a relay

poi nt does noFOW§§§%§ﬁ8n 15 TR f undePBRIRAd t HES peHﬂﬁ?ﬁé?%ﬁ@norn&
routing of this pﬁgket I11. . This,router, G mﬁthgut t he resgoring unction
can never be S°CEFMPRAPRofCIHE Y pAlkC 5 uPE Bt he TRul8R &S i ving

restoring i1 oRALSs RE AT FF LRI 165 PROUGHY e SoBPBasE oLt B 1 et
the. dest | nat | Readir CRRUTEE nof P LSG & Reclvi A 1 abgtBodi e
g?ﬁggt 18 Lbotzl@gfzg?;tggéggtee’é%%%eec. RS Sl NG, oW ShowR LN B 4y, 16
packet III is 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
15 restoring function and thus performs the normal routing-
~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 III, the normal routing is carried out

eventually, because the destination address is not the

router G.
25 Recelving the aggregate packet III, the router D
executes the restoring flow shown in Fig. 16. Since
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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 IV (the same data configuration as the packet I) 5 and

t he packet V (the sane data configuration as the packet I1), as shown in .
Fig. 16. Here each of the packet IV and the aggregate packet V cafFHe-0147-00
again aggregated with another packet. Then the |IP packets 1V, V are
transmitted to the host E and to the host F, 10 respectively. As described
above, the packet communication systemin the second enbodi nent is
configured to_.,aggregate fwo_Qr nore g?ﬁkels to replace themwith a single

aggregat e pack&f AW ¥eFher F6fpressSBhe 15 EREr &Gat& Thatkkt anghi ehe

decreases the total nunber 20 packets and the total amount of
o or mat L on ¢ FEREIFERaaT GHAHE et Sotks tHutey BokiEs, A8 MOtk ent

utilization of  the network resources. (Third Enbodinent) Fig. 18 is a
diagran1schenﬁPﬁc£q§%%ﬁﬁﬂﬁrﬁp%raﬁé%?egscdﬁﬁﬁﬁ%ﬁn?%% §9stEMPISTa Ee r d
enbodi ment of __the.p nt invention. In the abgve-described first
enbodi ment angagg%né%zﬁﬁg‘ﬁi TERE, dtattré EQGreare Hlen Fackdt® e Gledtled by
cansulnd of 4 IR Tkes, BUNAR ahs B DAL SR Srette L
FP02-0147-00 pacxet 1I), 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.

As described above, the packet communication
system 1in the second embodiment 1is configured to
aggregate two or more packets to replace them with a
single aggregate packet and further compress the

15 aggregate packet, which decreases the total number of

_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 1s a diagram schematically showing a
packet communication system as a third embodimént of
the present invention. In the above~-described first
embodiment and second embodiment, the aggregate IP
packet was created by capsuling of two IP packets, but

25 it 1is also possible to create an aggregate Ethernet

(registered trademark) frame from two IP packets
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wi t hout use of the capsuling technology. In the third enbodi nent, an
aggregate Ethernet franme is created from two | P packets. The systemis

based on the premise that the routing protocols are used on the network,

as 5 in the conventional Internet. Here the routers A and B have the -
aggregating function of an Ethernet level and all the routers on i -0147-00
networ k have the restoring function. The aggregating function of the

Et hernet | evel herein is a 10 function of executing the processing shown in
the flowchart of Fig. 19. The restoring function of the Ethernet level is

Snd ot et i ity 08 88, (RETCEOAE A ) R S e, Thege (e
functions is i O t e estoring function fo ach of

recei ved Et he%r%cg{dcgrq%e?m&s’ Oaarﬁgiegg%g%/é%euﬁ{kheer%eg%r%@%ﬂ? nb?f?%@@%ﬁgt ﬁgom _

H o To w11 £ 87 Bele o) A St (F BB N p e B FBE S Fher o
exi st a pluraldt t f the transm ssi,on eue (step W
Bef or e tﬁe tré:lrl?s%ch ggsk}%ngbq{]{t}g{u% léc%éc{?gsi%?uﬁge pPur-a§ t"ge 'Oréé'he"i"get )

franes,s the Q%F%E@'E@Hﬁ@ﬁ&ﬂbﬁ%ﬁgggggﬁﬁ{Ppeated- on the other 25 hand

when the transm ssion queue I Nnc urality of Ethernet frames, a

conpar :; Snt :MS) E‘tiﬁgr ﬁg%\éﬁ%él roBRerQl4( - QQ degt gl op, MAG addresses of

function of an Ethernet level and all the routers on
the network have the restoring function. The
aggregating function of the Ethernet level herein is a
10 function o0f executing the processing shown 1in the
flowchart of Fig. 19. The restoring function of the
Ethernet level 1s a function of identifying an
aggregate flag of an aggregate Ethernet frame and
extracting two IP packets from the frame. A node
15 having these two functions is configured to execute the
"restoring function for each of received Ethernet frames
and carry out the aggregating flow on the transmission

queue 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 the transmission queue includes a plurality

of Ethernet frames, a comparison 1is made between
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frames 0 and 02 in the queue (step W) It is then determ ned whether the

MAC addresses agree with each other (step WB). Wen they disagree, the

flow goes to 5 step W. Wien the MAC addresses agree with each other on

t he other hand, an Ethernet frane @B is created in a configuration wherein

two upper-|ayer packets in the data parts of the Ethernet franes @Pogﬁ@l(ﬁ 00

both are stored in its data part and a common next hop MAC 10 address is

designated as a destination (step W) It is next determ ned whether the

Et hernet franme 03 is Wi thin MU (Maxi mrum Transm ssion Unit) (step Wb).

Wen it is overt t he ﬁé&er frame (c)3 is discarded (step V\B% and

the flow tranSFer smtacF Hep FEHRS 19t REPAdE vaneves Fhewrein MIU

at step Wb on the ot the Ethernet frames @ and 20 are di scarded
Pﬁ t@E@]

and, i nst ead TEREES0 et Ret™"fr e 32| dSkelt dtPlto the isexthéwp
third 20 enbodinment wll be

t W A f t th
((:Inglrol beZ:I bel %\%%\%rfr%c Og"?ﬂ:‘é% ro%g dJLP["Cls aﬁaePFﬁs AT YRERN §aFMF g.

20, the fornmm of th i ncl udes a destjnation MAC address
at the head aEr?giha sourc gj&&‘r’enq_sh U%Js%ﬁ‘ﬂﬂéﬁ? t hefefdOVTROSSafi®r, an
aggregate fla se C i cessity, and the data part is

provi dgd int te?)ast pl gc%% %ﬁl% Cgcf{e%si%? eégﬁegzwﬁgbz SgER7 G &our ce' s

| P address ang ay %Stl rﬂ%trl %gnldl? addrE%%serlnnett hteramr(%gr lsst %tr%gted in a
configuration wherein two upper-layer packets in the
data parts of the Ethernet frames @ and @ bo:th are
stored in its data part and a common next hop MAC

10 address 1s designated as a destination (step W4). It
is next determined whether the Ethernet frame ® is
within MTU (Maximum Transmission Unit) (step W5). When
it 1is over MTU, the Ethernet frame @ 1is discarded
(step W6) and the flow transfers to step Wl. When the

15 Ethernet frame @ is within MTU at step W5 on the other

_hand, the Ethernet frames O and @ are discarded and,
instead thereof, the Ethernet frame @ 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. 20, 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 1is

provided in the last rlace. The data part stores a
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Let us suppose that a host Al on an Ethernet link A sends an Ethernet
frame | with the data part 5 including an I P packet I sent to a host Bl on
an Ethernet link B, and a host A2 on the link A sends an Ethernet frane |

with the data part including an IP packet Il sent to a host B2 on the |ink.

B. Receiving the two Ethernet franes, the router A once creates adPP@-0147-00
Et hernet franme Il for sending the IP packet | to the router B and an

Et hernet frame IV for sending the IP packet Il to the router B. Wen these

two franmes are created on the queue the router A executes the aggregating

flow Nanely, 15 the r@utaé{ crea s an Ethernet header with the
desti nati on ofqﬁﬁgﬁwiﬂ Hifih & Siiioia et | hatadar eeiir ez sthand

stores the IP ket and t he IP packet Il in the data part. An Ethernet
frame V thus O%?‘%&t é&alt?dshom in Fig. 20. The Ethernet frame V 20 is

rel ayed through an Ethernet | i nk &g&the router B. 25 On this occasion, in
the Ethernet frame FEFNHE CHEPESSefiéfts 3 Hostg Adetor g it haggrasyatianpacket

in 'the Ethe net h ader and.an aqggregate flag is thus present, because
t he Et hernet s%8n Egé‘ %t f% I~ el vithe t HR R harar frame

V, thecrouter ntifies reg efI and extracts the two I P 53
FP02- 0T47- 00 6gg%eg§Pgad%nl pagﬁgg ef a%r&ﬁ?i etfatd gt BsubReqwEntly,
the router B Ekﬂ%?ﬁe@nlgkaeﬁnﬂagéanehost A2 on the link A sends an

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 crea“-es an
10 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 on the gueue,
the router A executes the aggregating flow. Namely,
15 the router A creates an Ethernet header with the
~destination of the router B which is a common
destination address, and stores the IP packet I and the
IP packet II in the data part. 2An 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, in the Ethernet 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 is an "aggregate packet."
25 Receiving the Ethernet frame V, the router B

identifies the aggregate flag and extracts the two IP
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with the host Bl as a destination MAC address and an Ethernet franme VI

with the host B2 as a destination 5 MAC address on the queue. The

aggregating flow can also be executed on this queue, but the aggregation

is not carried out in fact, because the destinations of the Ethernet -
frames di sagree. The I P packets |, Il are carried by the 10 respeéfidee0147-00
Et hernet franes VI, VIl to be delivered to the hosts Bl, B2. As described
above, the packet communication systemin the third enbodinent is

configured to perform the aggregation of Ethernet franes, whereby it is 15
feasi ble to reduce  the ov%gead and achi eve_maxi mum wutilization of MIU of
each link. In Stast! pl , the PaFkehi ngIwi Frrodesditicne datapr qegam f or

i npl enenti ng tshgJ routin tectg}nol Oﬂﬂ-}é according to the present invention and
a conput er PESGEE e ordih gt TR Unt (RARERSwAR Efderaedr famne VI

herei nafter si y .as "recqrding nmediunt) in which the programis

recor ded. Thewggéortg‘t%gh?rﬁgi %r]n iassgaa grareEapab MG f 2ddBass ngnst aare
changes of ener such . as tis light, electricity, or the like
according 25 ﬁS%ﬁ@egesfcrra}%etn?\gﬂ?cé’ﬁi%nt@%fhPﬁE Progtanagdistsimat iqreadi ng
devi cecprovid Ci n Cpe har dwar.e resources of 54 FP02-0147-00

generals- pur posé coar%Lﬁeesrss 8Hd BthefECHAd t r MR nitdGiieg 2 e dBLeyi sEron

o e e ngesB; B AR SRR RN PR HRE OGRS
" not carried out in fact, because the destinations of
the Ethernet frames disagree.

The IP packets I, II are carried by the

10 respective Ethernet frames VI, VII to be delivered to
the hosts Bl, B2.

As described above, the packet communication
system in the third embodiment is configured to prerform
the aggregation of Ethernet frames, whereby it is

15 feasible to reduce the overhead and achieve maximum
~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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state changes.

di sks, optical
Di sk) fixedly

Such recording nedia can be, for 5 exanple, those detachably

mount ed on conputers, (including nobile conputers) like IC cards, nmagnetic
di sks, and magnet oopti cal disks, and can also be HD (Hard

built in conputers, nonvolatile sem conductor nenories
and S8 T

as firmvare or 10 the like integrally secured in the conputers,

The above program may be configured so that part or the whol e thereof

received by a router or a node according to the present invention through

transm ssion 15 nmedia such as a conmunication |ine and others from another
) ( erein, ntrary,_the bove program may al so be

{%%ﬁ%%ﬁbcﬁ reangﬂ{%ﬁlgarﬁroarﬂcg ?Bﬁ?@? (?E"Cg FB@I’%SI&gEEFHEng to

0 anot her device

device and is
configured so
the present

i nvention, as

route at | eas

. YLP! L ket . ted t t
SR ool R 18, BB g, crent

addresses, th
one aggregate
packet s trans
packets resu
table and red

10

15

.CI i be Y, when .t wo. or re packets have a connon
Q?lncrépar?ﬂ o@p‘?h:qorrmr olitesS19"% %p&é&ﬁfe’sﬁ% ikl t95 the

. t ¢ T in the total nb
e L s B P e P BT ol e85, o A A ng

l'ts 1'n decreasi ng the nu

UGinRg Jd@gPrRESS B NG R Ge AdlEr DY 1c 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
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 transmission

media such as a communication line and others from

“another device and is recorded therein. Contrary, the

20

25

above progr;nl 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
another device to be installed therein.
Industrial Applicability

According 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
addresses, the information'pieces of the packets are

aggregated to create one aggregate packet. This can
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5 increasing the processing speed. As a result, it becones feasible to
achieve the efficient utilization of the network resources. 56
FP02-0147-00 5 CLAIMS 1 A routing nethod of, based on a destination
address given to a packet, routing said packet, said nethod conprising: a -
step of extracting a destination address of a packet; a step of ei?%%éQQ#ﬁf‘oo
two or nore packets having a common route at least in part of routes to

their respective termnals, froma plurality of packets, 10 based on their
respective destination addresses thus extracted; . a step of aggregating

the two or nor packe aying the co n_route at |east in part of the
routes to create 5% %%%rgaééé pac erhﬂgglaaFﬁaanFGFﬁﬁﬁHﬁ¥Qﬁ °% sthgch of

t he packets; st f .giving said regat acket a _destjnation
address so thggﬂﬁﬁgﬂﬁés?ﬂﬁgtFgﬁ¥sag$e§§'Jﬁggséggagg 5Ce PackeEXEESan

address of an ' t..no id._common route. and a step of routing
sai d aggr egat é:ae%acccgs?,lrgaggargﬁﬁg i&%(?esrﬁ%%lf oRf ad§feLgnces to the
routing table and reducing the processing load, thereby
5 increasing the processing speed. As a result, it

becomes feasible to achieve the efficient utilization

of the network resources.
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2. Arouting nmethod of, based on a destination address given to a packet,
routing said packet, said nethod conprising: a step of extracting a
destination address o-f a packet; 57 FP02-0147-00 a step of recovering a
plurality of original packets froman aggregate packet in which the -
plurality of packets are aggregated; a step of determning whet heFF88i-§147-00
recovered 5 packets have a conmopn route at least in part of routes to

their respective termnals, based on destination addresses of the

respective packets; and a step of performng routing in such a way that

when the result of the determnation is_that the 10 packets have the

common route at least in part of the r%h%%@? a destination address of said

aggregate packet is reyitten so that the destination address of said
aggregat e packet istan Addr¥Es S %ﬁ%ﬂ?a@émt Bespd ot gaideddmadiiarout e,

and the aggreg?te packet _is £outed 15 based on.the destination address, or
in such a way>EH&ESSwHEY ThetPadkid fave hBUESRAOIF 3 st BACkaEd rseddver ed

packets are rog%ggdbasedronitheir respective destination addresses. 3. A
routing met hod -0  h&888 o 4% esti nati on 20 address given to a packet,

routing said packel, s3id JPLORP-LOMPLESLY A 3L Y £44188L 08 2
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,

10 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

15 each of the packets;

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

20 a step of routing said aggregate packet, based on
sald destination address.

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

25 a step of extracting a destination address of a

packet;

57



packet; a step of extracting two or nore packets having a 25 common route

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

of packets, 58 FP02-0147-00 based on their respective destination addresses
thus extracted; a step of aggregating the two or nore packets havin% t he ..
common route at least in part of the routes 5 to create an aggregé? -0147-00
packet including information of each of the packets; a step o fl: giving

sai d aggregate packet a destination address so that the destination

address of said aggregate packet is an address of a predeterm ned 10 node
having a function o%.rg%% erégg the two, or nore_ original packets from said
aggregat e packet: and 3 -Step df TOUTITY %I & afgre YpaCket 0T basedl on
sai d destinati thus deternm.ned. 4. A routing nmethod of, based on
a destination p%l%skaea dffzrgosm lg}’}%veargeqroegftpea%éfe’?oiﬁ i"ﬁbl‘gféi theaekeial sy d
met hod conpri%fn$aé%§gep of extracting a destination address of a packet;

a step of determning Whét e 54 d&sti nati on 20 address extract ed agr ees
ackets

from an agar egat e pAckEFSPn Bhi R TRECHH PRI | Ty EarE piekth o S Ui bgat o0,
when the resulb QkttN@ave a common route at least in part of routes
to their respective terminals, based on destination
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
10 packets have the common route at least in part of the
routes, a destination address of said aggregate vacket
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 1s routed
15 based on the destination address, or in such a way that
Mwhen 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
20 address given to a packet, routing said racket, said
method comprising:
a step of extracting a destination address of a
packet; |
a step of extracting two or more packets having a
25 common rxoute at least in part of routes to their

respective terminals, from a plurality of packets,
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determnation is that said destination address 25 extracted agrees with

its own address; and a step of routing each of said recovered packets, 59
FP02-0147-CC or sai d aggregate packet having the destination address

di sagreeing with its own address, based on the destination address. 5. The.
routing nmethod according to daiml or 5 daim3, conprising a stéF®-0147-00
setting an aggregate flag 10 indicating an aggregate packet, in header
information of said aggregate packet. 6. The routing nmethod according to
Claim1 or Caima3, conprising: a step of conparing the total nunber of

bits of the tBNO or nore_packets havi n% the common route at least in part
of the routes,”%W§h Phe Hﬁ%ﬁ%rrﬁﬁpﬁpﬁ§ & d_3f Hhakrrgaceisssest ; thnd a

step of routing said aggregate packet, based on 15 the destination address
thereof, only WHerfTtR¥result of the conparison is that the number of bits

of said aggregate packgt isq’%rral | er than the total nunber of bits of said
two or nore packets.2 7°"Re YoutPRGEHRERBE ddcor 8FVAg A% BPERMRBE®Fet20

Claim 3, wher of aggregation e only packets buffered on a

transm ssion gigﬁégggﬁhi(ﬁgﬁgggo¥ E%S%Eaiﬁaﬁtdé§tpﬁ§¢i@ﬁ ddefr ezautes ven to
a pack%t, rou%%”%f%gé%F§§k§égr§$£ engggket including information of
each of the packets;

a step of giving said aggregate packet a
destination address so that the destination address of
salid aggregate packet is an address of a predetermined

10 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

15 address given to a packet, routing said packet, said
~method comprising:

a step of extracting a destination address of a
packet;

a step of determining whether said destination

20 address extracted agrees with its own address:

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

25 extracted agrees with its own address; and

a step of routing each of said recovered packets,
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conprising: 25 destination address extracting neans for extracting a
destination address of a packet; 60 FP02-0147-00 commobn-route packet
extracting nmeans for extracting two or nore packets having a common route

at least in part of routes to their respective termnals, froma
plurality of packets, based on their respective 5 desti nation addr@%ﬁ%ﬁ@l47 e

t hus extracted; aggregate packet creating neans for aggregating the two or

nore packets having the conmon route at least in part of the routes to
create an aggregate packet including information of each of the packets;

10 destinatio ddress_ givin ne ns for V|ng sai aggregat e packet a
destination a dﬁé%%lécéﬁgé%g%%% ST Caes H@?e&%SB%néﬁiﬂnaaéﬂégéﬁe
packet is an an acent node on i d conmpon route; and

aggr egat e packda‘JthCla[%rsét9 g msa%‘g}l or “Poutq'iy s%é re§8, aghPEGAt e Packbhe based
on said destingtd ess 9._A node for, based on a destination address
given to a pac eﬁgﬂlqgtlmf%gﬁ%F%acket sald node conprising: destination

address extracting @pans ﬁg extract i ng a destination address of a
packet; recovering rneans or coverth ‘% p?ﬁFSFPf?g dt° oft@imall pagkets

det or mini ng. meare™ o SErETATIE, AnGeRbr L a e iy ARERSSES PRS0
indicating an aggregate packet, in header information
of sald aggregate packet.

6. The routing method according to Claim 1 or
Claim 3, comprising:

10 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
sald aggregate packet; and

a step of routing said aggregate packet, based on

15 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

20 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:

25 destination address extracting means for

extracting a destination address of a packet;
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25 recovered packets have a comon route at least in part of routes to
their respective termnals, based on 61 F202-0147-00 destinati on addresses

of the respective packets; and packet routing neans for perform ng routing

in such a way that when the result of the determnation is that the -
afP02-0147-00

packets have the comon route at least in part 5 of the routes,
destination address of said aggregate packet is rewitten 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

t he destination addre in such a 10 wa en the packets_have no

; t pat [
common route, said CP%%S@%%&&H%Mﬂ«Q%F%ﬁ% rgﬁﬁggaﬁggaa onERES 1 eSpective

destinati A f d a destinati dd

gi ven (o a pate e b et DA e 1 RS 75 SO SIS o

of & packer:  SBRmory SIS PaoEy TBatr B8t (g Mokt HROE R I g K or
espective ¢ crahats LIRS Sirafrester askd: 8 paedd ordtimarive
respecti ve daégk@ﬁggggPﬁggﬁ%%gggstQ%ise E§%E%%%vaggregate packet creating

means for aggregatin nor'e packets ing the common route at
25 least in part OfaBE?e&QEEe%éékégeé&@a@?nsg%&%%gE?or aggregating
) the two or more packets having the common route at
least in part of the routes to create anr aggregate
packet including information of each of the packets;

10 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

15 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
20 extracting a destination address of a packet;

recovering means for recovering a boplurality. of

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

determining means for determining whether said

25 recovered packets have a common route at least in part

of routes to their respective terminals, based on
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, packet including information of each of the packets; 62 FP02-0147-00
destination address giving neans for giving said aggregate packet a
destination address so that the destination address of said aggregate

packet is an address of a predeterm ned node having a function of 5 -
recovering the two or nore original packets fromsaid 10 15 aggregdt®®2-0147-00
packet; and aggregate packet routing neans for routing said aggregate

packet, based on said destination address thus determ ned. 11. A node for,
based on a destination address given to a packet, routing said packet,

said node conprising:, destjpation address extracting nmeans for extracting
a destination lé?gltﬂ‘n & 8S Rfdr’d IR @t hrageaskess f oand

det erm ni ng whet her sg%g destjpation address extracted agrees with its own
address; recoveri ngSiE foPUrEEBvESRY afprurkedf3rming oriogitnaly packet s

froman aggregate packet in which the 20 plurality of packets are
aggr egat ed, V\%élﬁ’%t e "Pds (2 Lo Reh & "ot SR Hatq forthe dearmixiat destinati on

For T out i ng. eqof tof Meara CHPECo PeEd TSR REGIOTo = Sk AgOr el Pt
having5the of the routes, a destination address of said aggregate
packet 1s 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 1is
routed based on the destination address, or in such a
10 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
15 comprising:
destination address extracting means for
exXtracting a destination address of a packet;
common-route racket eXxtracting means for
extracting two or more packets having a common route at
20 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

25 least in part of the routes to create an aggregate

.packet including information of each of the packets;
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25 destination address disagreeing wwth its own address, based on the
destination address. 63 FP02-0147-00 5 12. The node according to Claim8 or
Claim 10, conprising aggregate flag setting neans for setting an t 4
aggregate flag indicating an aggregate packet, in header infornat%%§éﬁ01 -
sai d aggregate packet. 13. The node according to Caim8 or CaimI1. 47-00
conprising: nunber of bits conparing neans for conparing the total nunber

of bits of the two or nore packets having the common route at |east in

part of the routes, with 10 the nunber of bits of said aggregate packet;
wherein sai d aggregate packet r means. routes said

oqﬁ'n aggr egat e cket,
based on the destindtion 2address C%%%T‘%o?,lvbﬂgymﬁﬁgﬁ e r%sq{ﬂr?g o?afﬁe

i i t .t . of bit f id t t i i
el e than S5 I nABSE Cof bi T8 Br A G t e DD B ot PaEkeres 14
The node aCCOQ%%ﬂQQﬁ%%ﬁQn@'ghér%EsC|gkn7§§Ed \%ﬁﬁﬁﬁgéi%gfge% ggLe?ggrggatlon

~are only packe ered on-a transmssion
comuni cati on Sy C i Si t for sending a packet; the node as
set forth in &he egs? (Sogf)%rs oeaflezl%}{p]f oerJrrel?éf/ig‘ A% PackEELIERd AL host

5 recovering the two or more original packets from said

aggregate packet; and

aggregate packet routing means for routing said
aggregate packet, Dbased on said destination address
thus determined.

10 11. 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;

15 address determining means for determining whether

ﬂsaid destination address extracfed agrees with its own
address;

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

20 plurality of packets are aggregated, when the result of
the determination is that said destination address
extracted agrees with its own address; and

packet routing means for routing each of said
recovered packets, or sald aggregate packet having the

25 destination address disagreeing with its own address,

based on the destination address.
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for receiving said packet. 16. A program of, based on a destination address
2S given to a packet, routing said packet, said program being configured
to make a communi cation devi ce execute 64 FP02-0147-00 the follow ng
processes: a process of extracting a destination address of a packet; a_ -
process of extracting two or nore packets 5 having a common rout eFa0<r8agt7-00
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 nore packets 10 having the comnmon route
at least in part of Ehe routes  to_create an _aggregate_packet including
informati on of each®f ﬁH%%%tg?“%r%FB€e§§ L4y $ig°gaitd 2dgyriéyat e
packet a destinati.on _address sq that the destination address of 15 said

aggr egat e pack8FEFd SARIafFEEERT ant3j IREM R RolR2NEN L8&i FLdriish dbut e;

and a process _of rou;ingFﬁaid ag reg Legpacket, based on said destination
address. 17. A9FF6§Pam of - Fasdld o7 a~GEst PRat PG &I Ess P Sfivento a

ram Qeing configured to nake a

ket , ti i d.packet, .said
bommun cati on' 48uete |RToees L3R Gt SRLoWARg EraLes SREKEE or ocoss. of

connunipation Vi'Ce "ex
extracting a dESt'n§5[0nTﬁgd%%§%(gccording to Claim 8 or Claim 10,

comprising:

number-of-bits comparing means for comparing the
total number of bits of the two or more packets having
the common route at least in part of the routes, with

10 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

15 smaller than the total number of bits of said two 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.

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

16. A program of, based on a destination address

25 given to a packet, routing said packet, said program

being ceonfigured to make a communication device execute
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.a packet; 25 a process of recovering a plurality of original packets from
an aggregate packet in which the plurality 65 FP02-0147-00 of packets are
aggregat ed; a process of determ ning whether said recovered packets have a
common route at least in part of routes to their respective termnals,
based on destination 5 addresses of the respective packets; and aFBPBCQ§§7 00
of performng routing in such a way that when the result of the

determ nation is that the packets have the commopn route at |east in part

of the routes, a destination address of said aggregate packet 10 is
rewitten so that t destination address of said aggregate packet is an
address of an & Wigde PHPCESHEF ‘common route and the aggregate packet
is routed based on t he destina glon addr ess, in such a way that when

t he packets have noac@%ﬁﬁ?%%nﬁ e%%ﬁ%FFe%%véré§5f3nﬁéé@@t§ e Soutled
based on their res tive destlnatlon addresses. 18. A program of, based
on a desti nat o 5 @ss given to a packet, routing said packet, said
program bei ng conflgured to nakg a comuni cati on device execute 20 the

fol I owi ng processes?® aPpPGEaSs of exX¥FaRtFHYTa Bttt it addesdetof a

packet a progess of extractln two o ackets havipng a common route

at Iea in p§F Bf rHutRENPR %oute atnqeas% in part of "routes to
their respective terminals, from a plurality of
packets, based on their respective destination

addresses thus extracted;
a process of aggregating the two or more packets
10 having the common route at least in part of the:foutes
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
15 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
20 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;
25 a process of recovering a plurality of original

packets from an aggregate packet in which the plurality



25 their respective termnals, froma plurality of packets, based on their
respective destination 66 FP02-0147-00 addresses thus extracted; a process
of aggregating the two or nore packets having the common route at |east in

part of the routes to create an aggregate packet including inforngﬁbgn ?f ~

5 each of the packets; a process of giving said aggregate packet a ~0147-00
destination address so that the destination address of said aggregate

packet is an address of a predeterm ned node having a function of

recovering the two or nore 10 original packets from said aggregate packet;

and a process gf r%%ting said a %re&atq packet, based on said destination
address thus 8ét&f 'ﬁ@&.af§.aﬂg% §Gr-&%'0f , based on a destination address

given to a packet, routin said%pgcket sai d program 15 heing configured
X

to make a conmuni cafi &1 CF&EFTce® exEEGEERIPREY STy PROCeSSESVF S ocess
f t ti tinati dd f t; a, f det '
whether sai o BRSCERA: Fane 20 SaiEos WS abf el oa5r b WPLH Pis %Mt Eicr o

f ' I lit f i_gi_nal kets f . t
packet I n whi R tHEE I UFAITHY *OFF pACKBL2dss d3aredatdl, e B esul t
of the deterg%ggggggslggtggg ggggeggibgnggk%gtggdg% s 25 extracted agrees
with ifs own address; an

a 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 said aggregate packet

10 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

15 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

20 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

25 their respective terminals, from a plurality of

packets, based on their respective destiration

66



a process of routing each of said recovered 67 FP02-0147-00 packets, or

sai d aggregate packet having the destination address disagreeing with its

own address, based on the destination address. 20. A conputer-readabl e
recording mediumin 5 which the programas set forth in one of Clains 16 .
to 19 is recorded. 21. The routing nethod according to Jaimb5, fEPENEL47-00

conprising a step of conpressing said aggregate packet by converting a bit
pattern included in said 10 aggregate packet, into a predeterm ned code.
22. The routing nethod according to Caim5, further conprising a step of

conpressing sai d_aggregate packet by picking out a common bit string
i ncl uded in ?ggﬁeggﬁﬁaﬁkﬁf @5%§§€¥§Ps, fromat |east one packet out 15 of
said two or nore packets. 23.6ﬁ£e node according to Caim12, further
conpri si ng aggregat & PACKES Sc ShpraE s SR mehstrer tWeoRpr ESdienpasdiets

aggregat e packet .b nverting a bit attern included in said aggregate
packet, into aviﬁépﬁgﬁefEWWi §9ﬁ£ﬁL£§4%eQ%E hBdB2EECcOEdItAG ttoutes m 12,

further conprisin gregat e packet conpressi ng nmeans for conpressing
sai d aggr egat Op&EggggbfﬁM%ﬁﬁgﬁf%) %Fg%%PnbﬂchFl§€rFﬁgoFﬁéF&@@dQﬁlsaid
pluraltty of ggcgag%ekﬁé ngg&gt,least one packet out of said two or nore
packet S. ’

a process of giving said aggregate packet a
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

10 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

15 being configured to make a communication device execute
_the following proCesses:

a process of extracting a destination address of
a packet;

a process of determining whether said destiration

20 address extracted agrees with its own address;

a process of recovering a plurality of original
packets from an aggregate packet in which the plurality
of packets are aggregated, when the result of the
determination is that sald destination address

25 extracted agrees with its own address; and

a process of routing each of said recovered
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packets, or sald aggregate packet having the
destination address disagreeiﬁg with its own address,
based on the destination address.

20. A computer-readable recording medium in
which the program as set forth in one of Claims 16 to
19 is recorded.

21. The routing method according to Claim 35,
further comprising a step of compressing 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 salid aggregate packet by converting a bit
pattern included 1in 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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