1 DESCRI PTI ON COVMUNI CATI ON APPARATUS AND COVMUNI CATI ON SYSTEM FOR
.ENHANCI NG SPEED OF COVMUNI CATI ONS BETWEEN TERM NALS Ws727 37/ 20 W5727
| NCORPORATI ON BY REFERENCE [ 0001] The present

application clainms priority from Japanede Patent Application No. 37720
2009- 214015, filed on Sep. 16, 2009, and the content of which is

i ncorporated by reference into 5 t RESSHIEEHDNappl i cati on. TECHNI CAL

FI ELD [ 0002] i i

comuni cat i oﬁomﬁlgﬁhﬂﬁmﬁwwmﬁﬁﬁM FOR
particul ar, rENHASRING SPEEPIGOF a0MMUNICATIDSISCSRE TWEHN TERMINYLS
bandw dth control. 10 BACKGROUND ART [ 0003] It has becone
general to use WAN (Wde Area Network) utilizing |IP-VPN technol ogy or
the li ke, as a conmunication network between gl obal bases. [0004]

151 n the case where a certain termnal at a certain base conmuni cates
wi t h aINEORRORAHON BYI RBFERENCESf er ent over seas base, conmmuni cation
S per[%ﬁrﬁd via a line connecting one's own base LAN with a donestic
VAN, al9 connecting a donmestic WAN with an overseas WAN, and a

line connecting §fe ANGEE GASliAADL Wat @Jﬁﬁ& ks nbgg%% ¢sBBatehNRRidaliBE No.
are limted in ava? abl e gg;\dvvl dtﬁ[ﬁ\n's t ,9ba?se olrll conter ac?@%ﬁaﬁaﬁ °
bandwi 8¢09-2P®1500leé pn Sep. 16, 2009, and the content of which is incorporated by reference into

5 the present application.

TECHNICAL FIELD
[0002]
The present invention relates to a communication apparatus and a communication

system, and in particular, relates to an apparatus and a system for performing bandwidth control.

10 BACKGROUND ART
[0003]

It has become general to use WAN (Wide Area Network) utilizing [P-VPN
technology or the like, as a communication network between global bases.

[0004]

15 In the case where a certain terminal at a certain base communicates with a certain
terminal at a different overseas base, communication is performed via a line connecting one’s
own base LAN with a domestic WAN, a line connecting a domestic WAN with an overseas
WAN, and a line connecting an overseas WAN with another base LAN. These lines are limited
in available bandwidth width, based on contracted bandwidth.

20 [0005]

It is general to use TCP in communication between terminals. In TCP
communication, an amount of data already received by a receiving terminal is fed back to be
notified to a transmitting terminal, the data being sent by the transmitting terminal. When the
amount of the already received data to be fed back to be notified stops increasing, the

25 transmitting terminal judges it as discard detection.

[0006]

Further, the transmitting terminal manages a parameter called a window size (a



It i‘s general to use TCP in conmunication between ternmnals. In TCP
.comuni cation, an anount of data already received by a receiving WS5727
termnal is fed back to be notified to a transmtting termnal, the

data being sent by the transmtting term nal. Wen the anmount of the
already received data to be fed back to be notified stops increasing,

t he 25 tiansmistablietdatagsizesaviain mdilen thedgetsofireceptionlisswa ackndedelged thom the 6@Biving

Further, the tr mtting.tern.nal mnage ameter called a
i o STy ahE CRtTes 8 HinGir s i Fabains ip KT D SR EUE ) 6 PRscce oF
r ecept wbpsentSofNditcasd stemiopdged fromthe receiving termnal), and
changes the wi ndow size in response to RTT (Round Trip Tine) or

present®l absence of discard detection. [0007] 5By decreasing the

or Pt scar d aoEIQErRE NE R Rdb BRI e Ao AF R Bl el T

i ndi r eicreasing ia ROThriie disodd detsdges ttheottanshissiohtbantieidth Bydecreaselaadingtly to
t he wi ndaw si ze, when decreasing in RTT or, absence of discard L
det ect P¥RHG neeoTk Soggseton. 5 Ipadelglem casfeasingtherrandow sigrivdien dgcreasing in RTT

pandw @ fhseflce S RAREGktAB RE hhkioPisliNBed Ao AE LRARAY Ml B d PR is
network 1's effectively utilized. I'n thrsTI0 way, I n conmunication
usi ng iMCRsas¢hmdirectlyssoi thatithelibabahdimddth of thesiegmorkiis effiedtiveiynitilized c de thiy

RTT and discard rate. [Q00 L | ogy. similar t
Cortfln Pk R RTAe BIng A GPo e craapissiam AR EHL R O LSRGy AaHeBd by

ATM | RTENG deRAFURiecation, in addition to RTT or discard, the
receiving 15 bandw dth is fed back to be notified fromthe receiving
term nBl0O0Bb the transmitting terminal. [0009] In addition

to RTT and di scar, tion..there is also tec of direct . .
bandwi dth cont r of (STRE0BY SBHEE PERmRRREE {-BrERh s Bt @ dynication
Cl TATI (ng ABR S0APATENT thid doanAdadbEtidn) hiledit AT T-brIdi&Add ke beeiVib
05/ 006664 SUMVARY OF | NVENT| ON TECHNI CAL PROBLEM i
15 bandwidth 1s fed back to be notified from the receiving terminal to the transmitting terminal.
[0009]
In addition to RTT and discard detection, there is also technology of direct

bandwidth control using a connection number (PATENT LITERATURE 1).

CITATION LIST
20 PATENT LITERATURE
[0010]
PATENT LITERATURE 1: WO 05/006664

SUMMARY OF INVENTION
TECHNICAL PROBLEM
25 [0011]
In communication using TCP, since the transmission bandwidth is significantly
influenced by RTT and discard rate, only the transmission bandwidth significantly lower than the
contracted bandwidth can be obtained under the environment such as WAN causing large RTT,

large hop number and many discarded segments.

30 SOLUTION TO PROBLEM
[0012]



25 ['0011] I n communi cati on using TCP, since the

.transm ssion bandwi dth is significantly influenced by RTT and di scaMd>727
rate, only the transm ssion bandw dth significantly |ower than the
contracted bandw dth can be obtained unger the environment such as

WAN causing | arge RTT, |arge hop nunber and many di scarded segnents.

30 SOLUTION TO PROBRIERthe/DRF pBoblem, in one aspectlaf thopresent nveniday ¢here is

probl e aone ect of pr esent ntio t.here is Vld a

P bpar ab R B A apPRRGE sofhecledd B ahe iy BPmRLh il F gt Fisdiainehatl o

f eedi ngotial distardetisbymenth tdjzhﬁ @ROETRE B ol tPandMitBRAP §id8 kétinal; a means
connected to a transmtti n e termnal; a neans for retransmtting

the di &aemn@@g&ﬁrﬂ &sqagdp tsagmemté f%’ebaﬁbttﬁ) b¢ nefified taan gpprirtas gennected to the
con %ec} kol % T’lia ﬂ}nte%ﬁsnl%r Eh%r cg&gec?ﬁdqg gtﬂetstrgq%ﬁuthgg terminal

apparatus con ransm t er m na

trans rmmrod)lmgotanﬂmﬁidn bands&ith,dasedén &Jﬁaﬁsrmssl@m baralvduthdint dm&ddjaﬁﬁﬁt‘dﬂh.
bandw dt h. ADVANTAGEQUS EFFECT OF | NVENTI ON [ 0013] According to the

above aspect of the present i nventi on the transm ssion 10 bandwi dth

beCOWEMN’PAQEUUS@P |(5}~th1@1§ RTT and discard rate, and

thus the transm ssion WI dth 1s |rrproved under the environnment
such afOWAN causi ng Iarge RTT, large hop nunber and many di scarded

segnent s. ects atures. and.advant ages of the
o asent | nvent i ofieGaine b arOTh ARl et (F IRHER AN o e HBBRS It | on
of 10 nb&ﬂid’?r&&di‘th%e@éméshﬁ)t @fgﬂ&ﬁﬂhﬂy MRBhEQHVIRKE Bnd Sik@ird Pat€ QRl YMEithoN
with the acconpanyi {ggdravm ngs. BRI EF SCRI PTI ON' OF DRAW NGS [ 0014]

Fi g. 1trprsnyssivrobaadsii rlsamnwveﬂruruip‘pﬁ]exmsomt fech gseVADY caisigg large RTT,

a0 A s ST R SRS on oo oth 20M1 g 2 Shoe

format of a tabl etef objaets, ﬁb]mﬁ&ran& a'df/m%ﬁ 95thepréseht iat& oSyl become
bandw dth 114. ow chart of updating a table

of eacPreFeahEPmsthe follosving §?~°GHPP%E phembrdimewa ob i PRFERHnYanfionFgiEndgntos
shqys &Iﬂﬂ{cﬁgﬁv@{htﬁe 5&%2@52@9%@@’5‘9%n table 114, and the relation

anong an-already recelv unr ecei ved segnent and SEQ
nunber. Fig. 6Ais a flow chart of updating a reception history table

114. BRIEF DESCRIPTION OF DRAWINGS
[0014]
Fig. 1 is a block diagram of an apparatus 100 for performing bandwidth control,
based on retransmission bandwidth.
20 Fig. 2 shows a format of a TX route shaper table 106.
Fig. 3 shows a format of a table of each shaper’s transmission/retransmission
bandwidth 114.
Fig. 4 is a flow chart of updating a table of each shaper’s
transmission/retransmission bandwidth 114,
25 Fig. 5 shows a format of a reception history table 114, and the relation among an
already received segment, an unreceived segment and SEQ number.
Fig. 6A is a flow chart of updating a reception history table 114,
Fig. 6B is a flow chart of updating a reception history table 114.
Fig. 7 shows an example of a transmission/reception sequence of a data packet
30 and a packet acknowledging received or unreceived segments, at a transmission side apparatus
and a recetving side apparatus.

Fig. 8 is a block diagram of an apparatus 800 attaining, with sofiware, an



Fig! 6Bis a flow chart of updating a reception history table 114.

Fig. 7 shows an exanple of a transmi ssion/reception sequence of a W5727
data packet 30 and a packet acknow edgi ng received or unreceived
segnments, at a transm ssion side apparatdis and a receiving side
apparatus. Fi % 8 is a block diagram of an apparatus 800 attai ning,

wi t h s@ppawaius forgrerfonpingbandwisitaeerntd, tased grevetronswiissjobbardwiidihh

control, based oR. ra ) S8l on bandw dt h. . Fig. I S
bl ock di agram of ri:é%’ alﬁg%?cgc;kﬁag!g% 9 &PFBP%?%&Q%%H%%W %ﬁq%th}g,coﬁté@ed
on di s¢asdd dwdishardibdndwidg, 10 shows a format of an RX rout e/ shaper

table 903. 5Fig. 11 shows a format of a table of each shaper's
t ransni ssi on/ di s&g-dOshavap dennaygban RXgoutemshpper satile 88k di agr am of an

appay atus 1200 Ki BLL ' : .
g banant i1 hies SRRSO LRsaBn SRk O BTl B bndvic
nunber 90Fi g. 13 shows a format of a connection presence/ absence table

1202. 10Fig. 14 i f.loyw chatrt of ? rocess f)erformed by a .
connect i on n_urrbeﬁ%tgl it FB/}?CF@P@H%P E‘Eﬁﬁpaﬁbﬂ S AEPSyRRG e agEsti g ed
in a cepRRlbPRuRb&SS E;%&&%’Hﬁ% BasdviBt @ndrdPased bl retrans RGNS chnbOidBtumber.

of a table of each shaper's Transmtting/retransmtting connection
nunmber 1203. Fi gFig 6A shewsa livrowk ofia agmeatiaf prasenagpbseataisbled0?2.

erform ng bandwdth control .1 ased on total packet receivVi ..
PorifBet | on mamber i F B8 voPahol dEmsen pest i DR Bhsofiot nifnbek addition
Fig. 1@Bgnfenfufit 02K himovAesfes@ibed PP a caknestidiPH@sdRE/hpdct HgbRamdy dt h
control based on _total packet receiving connection nunber notified
from a conmuni cafi®rSphpwhaformat of a table of eagh ghapeBOransmittiskaetcansméttingm
of an ggﬁ%rcﬁl&yﬁmﬁgg_olz%rform ng bandwi dth control based on total
packet recerving connection nunber notified froma conmuni cation
partner. 20Fig. Fig 9bavsa bldckidimkamnbf an gk ftuoicoamifoshmgeandwidth control
recei vlbng si de tot ﬁl . . . o
15 based on total packet receiving connection number notified from a communication partner.

Fig. 16B is a block diagram of an apparatus 1600 performing bandwidth control
based on total packet receiving connection number notified from a communication partner.

Fig. 16C is a block diagram of an apparatus 1600 performing bandwidth control
based on total packet receiving connection number notified from a communication partner.

20 Fig. 17 shows a format of a table of each shaper’s receiving side total
bandwidth/connection-number 1601.

Fig. 18 shows a format of a feedback notification address table 1604.

Fig. 19 shows a format of an RX total bandwidth/connection-number table 1606.

Fig. 20 is a flow chart of updating an RX total bandwidth/connection-number

25 table 1606.

Fig. 21 is an explanatory diagram of bandwidth control.

Fig. 22 is a block diagram of an apparatus 2200 performing bandwidth control
based on contracted bandwidth, packet transmitting connection number, and contracted
bandwidth per connection of a line used by a communication route from a transmitting terminal

30 to areceiving terminal.

Fig. 23 is an explanatory diagram of bandwidth control.

Fig. 24 is a block diagram of an apparatus 2400 performing bandwidth control
based on contracted bandwidth, packet transmitting connection number of one’s own apparatus

and contracted bandwidth per connection of a line used by a communication route from a



bandwi dt h/ connecti on- nunber 1601. Fig. 18 shows a format of a

.feedback notification address table 1604. Fig. 19 shows a format of W5727
an RX total bandw dt h/ connection-nunber table 1606. Fig. 20 is a flow
chart of updating an RX total bandw dt h/sconnecti on-nunber 25 table

1606. Fig. 21 is an explanatory di agram of bandw dth control.
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termnal to a receiying termnal as well as based on packet
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own appeamétalito atransotitimg teqpaal adsusdbadtddd of Padket REeivmigaonsecpibamamberyof
diglra of bandwi dth control. Fig. 27A is a block

di %ra hSF anRaraSsS at us 2700 per forni ng bandwi dth control based on

contract ed bandwrgf h7BRag kREK aﬁgﬁinv bhgh &RARRES 2700 JeHBEARIRg Band®WAth control

apparatus and contracted bandw dth per connection of a |Ine used by a

comunpasgd iossopGaated Yandwidih.rpackstveaedying eoningetion mingbar 08 Asets pwhagparatus and
termn ) [ ivin onnection nber_of .
10 ot nayrtsgRad SR FABHRRRBPK Bhe LG4 Sy SENREE BT Eretlying
appar atengindl fi0a padshiftingigniied aviadtias packet tdcelvramotbnasctionMudet fother
bandw dt h, packet receiving connection nunber of one's own apparatus
andoc ofRARERYES bandwi dt h per connection of a line used by a

conmuni cation ro b 1 N

Corm nal s vel | 2233 AobEARETGr AELIMAR R0%elbART kI contro
appar abassésn contracted bandwidth,qpacket Cededving bdrmektich mgmtamod bndnowp pppahus and
2700 perform n%B‘Pa@ wi dth contro Pased n contracted bandw dth, .
packet CURed ORI PBRIFCHERBER [1Bs uADYR Communalostautediam a receiving
cont r aghRthaPRNIPAMRRI RS e R G Wel s Phcidt HdcBRinsSRHnEYiof (GRATBHEE GRL ON
route froma receiving termnal to a'transmtting termnal as well as
pacdRet appaeadiisgs.ng connecti on nunber of other 20 apparat uses.

Fig. 28 shows a forpmt, of a.table. of, each communi cation route's.
recei vi ng connec{:'igogg ﬁWea.rfOSWatoﬁ? tgbIS\P/ﬁe"é W‘L‘fgc*’é’ﬁ’& r8‘l’tﬁérrf3°emng
app?r af:diﬁl@&i&ﬂrﬁlhabel:bﬂonéﬁowﬁ appar@uP hadather appi-ageamyml bandwi dt h
control.

Fig. 29 is an explanatory diagram of bandwidth control.
Fig. 30 is a block diagram of an apparatus 3000 installed at the connection of
25 LAN and WAN, which measures collectively contracted-bandwidth / data-transmitting-
connection-number / data-receiving-connection-number of a line used by a communication route,
unilaterally notifies measurement result to other apparatuses connected to the same LAN, and
mutually notifies among other apparatuses connected to other WAN,.
Fig. 31 is an explanatory diagram of bandwidth control.
30 Fig. 32 is an explanatory diagram of one apparatus 3200 configured by
connecting a plurality of apparatuses 2400/2700 with a switch HUB.
Fig. 33 shows a system for mutually notifying information on connection number
used in bandwidth control, between a central apparatus and other apparatuses.

Fig. 34 shows a system for mutually notifying, in loop way, information on



Fig.” 30 is a block diagram of an apparatus 3000 installed at the
.connection of 25 LAN and WAN, whi ch neasures collectively W5727
contract ed-bandw dth / data-transm tti ngconnection-nunber /

dat a- r ecei vi ng- connecti on- nunber of a liéne used by a conmuni cation
route, unilaterally notifies neasurenent result to other apparatuses
connectehegton Wenfsqmed_m\banéwditmmmll y notifies anmong ot her

appar at uses connected {0 ot 1 i s an ex nator d| agram
of bandwi dth con % %‘E’)‘I"—LfG?M?fy\pga%%kg&%%WEP%?@%“E@%&&P&P Bys:
apparatus 3200 configured by connecting a plurality of apparatuses
2400/ 2700 with a switch HUB. Fig. 33 shows a system for
nut ual D}EWFWN@EEWQHMNT% connection nunber used in bandwi dth
controfg Etween a central apparatus and ot her apparatuses. Fig. 34
shows sy temfor nutually notifying, in |oop way, information on
Wb737 6 connecti Erplhanativer willsechiven datygishished firrcatryinkiogt thd prasboms a
format . of %}data i nput and out put by an apparatus. DESCRI PTI ON
OF EMBHE SSF‘g ™] S5Expl anation will be given on typical aspects
for carrying out pihg, Bﬁ@§%@&t i gf’d:w‘/me'd%th £theh R foPUR apparatus connected to a
Firstly, one aspect Ts provi wth a neans for an ‘apparatus
connectesdiving tarmigalefeeding backrtoinotify dlbdisgéandpdoseginents tmen apparaihd connected to a

di scarded s nts t,o0 an tus onnected to . a transpitti.n .
Fer m narssrE TR s FReRERE A nEORR e FCaidRa e daR Btk pappuifed
to e fothe bh @ppatitul Bodneered o ARRAGhHENERANREGE AHd b Mdahe fdritRPatadnisnd
termnal; and a neans for themf)parat us connected to the transmtting

t er mi neonneeind f@ibeitragsmiiang tesm wroﬂlngah@WMSmb@dmdth based on a
retran e??aﬁ?rhﬁgio{? rgW* ﬁfh{hr%rdlﬁagd Bandb (iithanﬂ tﬁig !saisl?@gpee(:ts solved Hxat

a prob emils SO n conmuni catl on US

trans rﬁmmﬁa&td&mﬂtﬂg TGP, 8ing@k friaishiissiyn bmdvu&mdedigbmcﬁmy afldeted GRRAT
rate, Jng nsn s |on bandwi dt h SI nlflcantlé | ower than contracted
bandwi #fichdiges m dm ergmassiacbagdwiith sigaificantly omier than satracked hargwidth

caygi Ngy b BbiRhed uhddrdfe gggrct m&ﬁﬁgucﬁagmxa&&@cﬁ ggi ﬁﬁ?@@fﬂ@;mﬁ@& and

present aspect provides e at a transm ssion cones
not si many dseartéd/segnichtsendhd ptbﬁexfﬁ'ﬁipm:nﬁromdm affectridte, trmsrdns’sxbu:baﬂ?dmdth

trans si on band dt h i np r the envi ronment such . as
e MRS ORI ATy R ARATRHD RE BT THRG itk 181ee il Bt rapyrRyen bandwidth
Det ai | & i@ rsda& uﬁa@r%ﬁé[\&n@%jaﬁfeht Wch las W%Mﬁgﬂﬁ%el I EMarPBhP HurhberdBd many

2

Enbodi nent s to 3
dlscarded segments. Details of the present aspect will be described later mainly in

20 Embodiments 1 to 3.

[0016]
As another aspect, the apparatus connected to the transmitting terminal is

provided with a means for measuring, in real time, retransmitting connection number of a
discarded segment, and a means for controlling a transmission bandwidth based on

25 retransmitting connection number. By this aspect, such a problem is solved that, in technology
for directly controlling a bandwidth using connection number other than RTT and discard
detection, real time reflection of 2 communication status of practical connection is difficult, and
that it is not understood in what percent of connections has been discarded in discard detection
and thus in what degree the bandwidth should be reduced. The means for performing

30 bandwidth control based on retransmitting connection number grasped by the present aspect,
provides understanding in what percent of connections has been discarded in discard detection,
and thus has such effect as it becomes clear in what degree the bandwidth should be reduced.

Details of the present aspect will be described later mainty in Embodiment 4.



As dnot her aspect, the apparatus connected to the transmitting

.termnal is provided with a neans for neasuring, in real tine, W5727
retransmtting connection nunber of a discarded segnent, and a neans

for controlling a transm ssion bandw dt iy based on 25 retransmtting
connection nunber. By this aspect, such a problemis solved that, in

t echnol[8@y71f or directly controlling a bandw dth using connection

mber other th T and dj d detection, |t flection of .
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of t he CPHERIAtIGR gURiity gPfameg yages ping PRECRTIWRICAIQN PRVIEREKET. REFRUSY
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recei vio@sggerm nal, based on RTT and discard detection, and there is
10 no neans for directly reflecting communication environnent. The
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recei vj ' € jifd. } b AR

et ai | SORARRIRRLRL PR Hankitidg. Ehoeb U A TS AR OB B Yo ofa
andithetinaspddty, 2 ¢cdnenenicaiqmrouied e Detailywait be ddescribed frminty imEirhodimedt 6. As
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provi deenngetion ppabes/bpadwigt pescenprytipn afiedioe nseddina emmarieatianput together by
contra Al : 200 \A ecty.0F r ' er
conneor Sl B Aol LR o ok Dl T8 e RSkl B
got ifi EaibbdimalltrﬁngEapl}raTgax;rj(ml \i/iﬂl)becgiveannlﬂlsthémp&ts cﬁ}kt}ia'gl'esenmh\*enﬁen in \;]arious
escripe inly in i.ment 8. Explanation w e given on other
aspectgﬁg‘PH:‘?‘FFé'tsptP@égﬁcq ¢&atet on in various Enbodinents to be

desgyri Rﬁﬂg] ater. 30 [0019] Description will be given

below rn detail of the configuration of an apparatus for performng
bandwi dt h cont r oDesaripéion aplh &e ives below jpatefadl ofi the cqpregeedtionrod ae apparatus for

performing bandwidth control or an apparatus for performing packet processing, or a system

configured by connecting the relevant apparatuses via a network, using embodiments, to explain

the aspects of the present invention in more detail. In addition, to explain the aspects of the



8 present invention in detail using the foll ow ng enbodi nents,
.description wll be given below nmainly on bandwi dth control and W5727
retransm ssion control processing perfornmed when a communi cation

term nal communi cates with another commgication termnal, so that a
plurality of apparatuses installed anong a plurality of conmunication

t er mi nairesentanventioaiin defia) nsidg clomfolinwowt éndrodspes| deRivid@idh MVENIBe Bived B2 Rjw

An Enbaodi.nent_ ,of t 00 for. f or.mi ng bandwi.dt h trol
baseq iy e adSE BB 5HR s hind Soufi B iy e rEpAPdREa o
Fi 9. 1.cofmnthnicitiofrt@mindl chméhuntbatdsivith dotiel BomdlnRatiéérindl, sd thak Q?g%ility

Fig. 1 shows a bl ock diagram of the apparatus 100. The apparatus
conpr i $E8pparatisaginstalled anfang arpdemafity efgomnenmication seraiials ean dstpinghigh

termdn : transmtting a packet toward ot her apparatus
"l

100", 103 for receiving a packet from other apparatus
15 100', and outputting the data to the termnal 101. [0022]

The TX ;éggb 0 nprises a transm ssion packet accunul ation unit
104, a Bhﬁ’-agﬁtli nation judgnent unit 105, a TX route/shaper table
106, a[aago?acket retransm ssion unit 107, an allocation unit 108, a

shaper "109, a buffer 110 for packets acknow edgi ng received 20 or
unr ecei ved segnedtsEmbodimest ofval appasitusr i0ddoupdrfordir, baadwidth eonted] bhseden a

storing unit.112, a,transm ssi.on, bandwi dth cantrol_.unit. 113,. a bl e_.
of CenoRetaission bRdiial SpRTA SR PR stk SH L EibnFist f gyt He 5. Fig
t okgn gpgﬁﬂeigunit 115, and a transmtted packet output control unit

116. [0023 5The RX unit 103 conprises an RX packet retransm ssion
unit 1190214 reception history update unit 118, a reception history

tabl e 119, an RX.si de,all tihop unit 120 for allaocating a.d .

packet received F?%ﬂnﬁh ‘gsgﬁjﬁ%clrk dg?%%\?é’tf eaf@@‘anfsolop hgher%g’gf?ﬁsgﬁ% Ccomprises
hi st or g Tpdmit @0 furtreckhing adskadrapaaket backaevhgdoi Nghdr e ahvseslitiie a packet
unrecei ved segnents to the TX side packet retransm ssion unit fo a

recei vERMVHEOREr apRactinal OF'i il AR ungial03 Sprresetyiag @inpeket Siauk ethernngratus
30 gonype! S%P?étgﬁlﬁﬁ%%%eocp&%ﬂo the termjna] 101.. A data packet that the

termnal 1 I's accunulated’in the transm ssi on packet

accuruf@i22pn unit 104, and input to the output destination judgnent

unit 105 and t heTh\eNi‘;anitg 102 comprises a transmission packet accumulation unit 104, an
output destination judgment unit 105, a TX route/shaper table 106, a TX packet retransmission
unit 107, an allocation unit 108, a shaper 109, a buffer 110 for packets acknowledging recetved

20 orunreceived segments, a timer value storing unit 111, an interval time storing unit 112, a
transmission bandwidth control unit 113, a table of each shaper’s transmission and
retransmission bandwidth 114, a token update unit 115, and a transmitted packet output control
unit 116.

[0023]

25 The RX unit 103 comprises an RX packet retransmission unit 117, a reception
history update unit 118, a reception history table 119, an RX side allocation unit 120 for
allocating a data packet received from the other apparatus 100’ to the reception history update
unit 118, and a packet acknowledging received or unreceived segments to the TX side packet
retransmission unit 107, a received packet accumulation unit 121, and a received packet output

30 control unit 122.

[0024]
A data packet that the terminal 101 transmits, is accumulated in the transmission

packet accumulation unit 104, and input to the output destination judgment unit 105 and the



al I dcation unit 108. [0025] The data packet accumul at ed

.in the transm ssion packet accunulation unit 104, is deleted, when W5727
t he packet acknow edging received segnents is received fromthe
apparatus 101' 5 to be received by the ®X packet retransm ssion unit

107 via the RX side allocation unit 120, and read out to be

r et r anstbeatiod unitHdB. t he packet acknow edgi ng unrecei ved segnents is

recei Vig %ﬁ the TX side packet retransm ssion unit 107. [0026] Fig.

35 rep % ts a format of a packet data to be input and output by an

10 appar at us [ 00Xfk dhitepaeRaketutldh@d intHeYARSmission Dot adduahu®it®aQrhit 104, is
SI P 3502, DI P 3503, SBort 3504, Dport 3505, SSEQ 3506, DSEQ 3507,

Fl ag 3%ektedowhen thegmoket arimavdedeingnegeivesl renesists rarned foupthe apparsysd01’

351 ; t . P_l.aver.

22 A2 RERb B0 P8 o0 b SR RASHE o) SPERY 0l Bl on
of a treaisqpotd b eyransmifed Bhdi2he pavkesacknswledgmsanieiceiad sédhddntd 8 rec@fved by
addr ess O,I, a_dtranl?mttl ng.termnpal., DIP 3503 stores a destination IP
addr esdhe THsideipacket retramgmissionginit {07 cei ving terminal . Sport 3504
stores [@O;_%Eurce port of TCP. Dport 3505 20 stores a destination port

of TCP. SSEQ 3506 stores source sequence nunber. DSEQ 3507 stores

desti nati on sequéig &Srraprssants FfoagaBaiSpaskeirdata ta bEGipult kad) ompnbisyr an

QO hers 3509 store other 1P/ TCP header data. Payl oad 3510 stores a

datd ofRR¥2han a packet header. DMAC 3511 stores a destination MAC
addr esgo@f7ja physical layer. SMAC 3512 stores a source MAC address of

the physical layer. Type 3513 represents a type of packet data. It
shoul d be noted Jhepheket MeinaytesdenBONRIDE 380ESIE 3662 DB 3308 afport 3504,

s Bitehl S AL SRl Loy BTG D LR

rout e/ SMREBS512, andape340% conprises the TX route (a source
| P/ subnet, a destination |P/subnet, a source port, a 30 destination

port) &84 plurality of entries for storing shapers. [0030]
e S | SSaak LS S AR MR AN AR ST
and notdehtifsatensinaiper faredantifyiag aiprotbdud of attraysgodt lhyee. aBIFORHRI stores i bdurce
108. \z{\ggr%gs, gh%t is, an address of a transmitting terminal. DIP 3503 stores a destination IP address,
that is, an address of a receiving terminal. Sport 3504 stores a source port of TCP. Dport 3505
20 stores a destination port of TCP. SSEQ 3506 stores source sequence number. DSEQ 3507
stores destination sequence number. Flag 3508 stores a TCP flag number.  Others 3509 store
other IP/TCP header data. Payload 3510 stores a data other than a packet header. DMAC
3511 stores a destination MAC address of a physical layer. SMAC 3512 stores a source MAC
address of the physical layer. Type 3513 represents a type of packet data. It should be noted
25  that MAC represents Media Access Control Frame, and a packet flowing the physical layer is
called MAC frame.
[0029]
Fig. 2 shows is a format of a TX route/shaper table 106. The TX route/shaper
table 106 comprises the TX route (a source IP/subnet, a destination IP/subnet, a source port, a
30 destination port) and a piurality of entries for storing shapers.
[0030]
The shaper judgment unit 105 reads out an entry having a route coincident with

the packet header from the TX route/shaper table 106, and notifies a shaper described in the

entry to the allocatton unit 108.



[ 0031] The allocation unit 108 allocates the input
.packet to any of a shaper A (109A), a shaper B (109B), or a shaper ®&5727
(109C), based on the notification. Further, it converts the packet

| engt h described in the packet header twma bit value, associates it

with a shaper and 5 transmitted/retransmtted bits to notify it to

t he trf¥8ii ssion bandwi dth control unit 113. [0032] The

t ] [ b idith contr. tes, the tabl e  of

Shaper ot ransni 2¢ BliseBeR b8 oL Sames DR R REAS atyOLAFBRe ALLDOA), &
shaper stapér BW@OQBfaﬂﬁMHab@td(/,‘ (RIS NSkd bR thetiotificain f IFaehéd Q'Ebﬁ\h#ts the

all ocation unit and deternines control 10 bandwi dth of each

shaper paskeelengih degratbed in theatket heager fea bit valupgssarciases ibwithlashaped@nd i on
gig%e[ ggggfiﬁga&%nanﬁt%d %ﬁst&&g&g gt' to @m@ s r§ O&O%agaﬁ idhif g%q'%mtfg 53,0 nit

shaper [0932] ansm ssi on/ r et ransm ssion bandW| dth 114. 1t is corrposed a
plurality of entr se tinme, a control bandw dth 15

es for, sto
(before base ti r’r%";‘ LAY FYQT, a %Qb)tﬁ,,capqqol(%ttlép updates the Aghle of each shaper’s
statis t dth, and
et an e o B A 11, GRRT B ) e At e e
(tr anstrammétled:l'reltrahmiagd atts mntiﬁmll fomm thenall acetioraursn G8 entd dheteﬂmnesecgmabl on

vaI mrwwdé;thtos 8? W{)&P%%ac qn adé?edfeé.gtg 3%%1};@01-3?1{)%1 1%32(15 token ac?c[] tion value

t r ans ntd&@.ﬁéﬂcﬁﬁg RNEFChARA bRhdwidiolthetokbRlpBitd Gait 102t a after base
time (transmtted bit integration value, and retransmtted bit

i nt egr BIOB3h val ue) of the entry coincident with the shaper notified

bandw ot h-concr oF Bua - P & Ritat OB abf kst Shapet L it bRRSE Adfalihnssion

t r ansnbfglingdthriesr ansm(ﬁﬁpdsad B angtitd o edttids ﬁﬁ%ﬁfrﬁgfbﬁsd 19mé, heodnkr@VbAdasidth
shown in _Fi The transm ssion bandwi dth control unit 113

6
redés @&for%g@% té?ﬁ)r 96@}%@1 handvagihdaBer bage ﬁn@»aﬁtf@ﬁtl@l data before base time

trans
| udgnen SARYEE SAERFALE ShEReaffetioh Bkl 8 B0 BB ERCRE, fime
t he ba@mnsminedibst 1h1aggtﬁbn vhlag, dnldeetrasatitval bit inteprdibn, vatie),anith respect to each

retraniéptted bit integration value is |arger than 0, the judgnent
bei ng ¥@p¥at ed

[0034]
20 The transmission bandwidth control unit 113 of Fig. 1 adds the notified

transmitted/retransmitted bits to the statistical data after base time (transmitted bit integration
value, and retransmitted bit integration value) of the entry coincident with the shaper notified
from the allocation unit 108.

[0035]

25 Further, the transmission bandwidth control unit 113 updates the table of each
shaper’s transmission/retransmission bandwidth 114 according to the flow chart shown in Fig. 4.
[0036]

The transmission bandwidth control unit 113 reads out each entry of the table of
each shaper’s transmission/retransmission bandwidth 114 (step 401) to perform judgment on

30 whether the difference between the timer value 111 and the base time is larger than the interval
time 112, or an retransmitted bit integration value is larger than 0, the judgment being repeated
until the judgment condition is satisfied (step 402). When the judgment condition is satisfied,
the entry is updated so as to satisfy (transmission bandwidth} = (retransmitted bit integration

value) / (interval) + (transmission bandwidth) X {(interval) — (timer value) + (base time)} /



until the judgnent condition is satisfied (step 402). Wen the

Judgment condition is satisfied, the entry is updated so as to WS5727
satisfy (transm ssion bandwidth) = (retransmtted bit integration

value) / (interval) + (transm ssion bantw dth) X [(interval) - (tiner
value) + (base tine)} / W727 11 (interval), (retransm ssion

bandwi (inteyval), (ietraesgrissiorobandaiidib) ﬁ(int@ract'a)nsrm@s:ifmtrdmisﬂn)ssibn(bﬁtmf énteata)) +

U me)  CPERR SRR bl il koot IB5E o)l ilreeR 3RS tme) -
i nt egr girhéiva Mﬁgl{ﬁ')msmt@smlﬁﬁﬁ 1r(tég%hﬂi<ﬁﬂ$dlﬂlé)t-—6®i anl (retrihReiitad bR ﬂlt%g%h&@) valoe) =
0 (steg 403) urther, it is judged whether or not an alrea dat e

retran &ﬁtgg%}) b Erdtbereit s jadg wbﬁt@@rormnhw Prepdy épdamsr)etram&mm gnglwidth

e R L A S R P U T
1(3 af t er 1shﬁ3@e¥il taedd @emle rr&sarmmbioarbatgdimialtﬁ gt‘i‘tr}]lﬁﬂﬁhfé l'c@ﬂltrdg daaiwidth(aftbebae gime)
ase t or_.ex e (0] a ter ase tine =
E cont b ;m%awlifrﬁtﬁféﬁ69@@3@@3%%@9?&(3 i)asétﬁ%%ﬁqrgwaalebé«‘r@wb@qalﬂwidth
S
P Qa@tgob%s%\grt?ﬁbt)?] 4&@&1@3@;@@ mﬁ%ﬁfﬁ%%éeeﬁr?e)g 094 &ﬂgrﬁ@hoﬁﬁarédggiﬁgg (step

change e control ase tine
| ar ger 4@¢an Whea itmmldgati th he dmaldkrhth¢ abnteol blaassechang&ﬁ) so(thatetbe &@itjol bandwidth

d t 11
honPY | (6es hess e barpHies BoLns leipationrtd i (ks biisoo rea dap
changeogonpt rol bandwi dth (after base tine) to the token control unit

115. 15 [0038] The token control unit 115 adds
periodi cal | y an abeltransanssaklandwidth cprttolfungrhl B metifiesansadidg gingnken calculated

e gor 1 P SR e At alede Roh BTN et BERGnihe0 BETSIGHR i

value, 118 is notified to the transmtted packet output control unit
116 that it is allowed to be output. 20 [0039] The

t r dAs Q088 packet output control unit 116 reads out a packet froma
buf fer which acc

outputs 1t 1ot B oAcE SR Wb eroRioRy YRR QbEhbrdds frétithe
( 109A) trarshessgdrelpad witith OER)] uait lﬂBla) 8 I:tﬂqee buéket, 1A on doken mpﬂﬂg@ﬁtﬂm

t he ogtlgrﬂ'} packet Ie,n th are 1notlfled to the token control unit 115.
The t BRI dPkesEaration yalle it pyer arcertainahient Eoratitisd s thergpnsmitiede
acknowh.g4. 1 ket of the notified
shap e\rl\ﬂ)a% gja%ﬁ’&%&% dnﬁrl%tﬂhgthgggﬂ%g%%( l%{beu?%ﬁved by the appar at us
10@0 fﬁ0@&91 he apparatus 100 is |nput to the reception history update
unit 118" by th si de n unit 120 41

The reception hﬁm t(ﬁ%d qu%gomb@ﬂlpgrl&g f?ﬁdgelé%%}ﬁ?&efsﬁﬁwwef
the flQwch Iaacsutmmteﬁlﬁ pablcet RS RGIBWell ‘ﬂ@oﬁt?ﬁteit sad oqgiues ipackeke &€ of he

content of the reception hi storly table 1
09A), the shaper B (109B) or the shaper C (109C), the

shaper and the output packet length are notified to the token control unit 115. The token control

outputting from any of the shaper A (

25 unit 115 subtracts a token corresponding to the acknowledging packet length from the token
bucket of the notified shaper.
[0040]
A data packet received by the apparatus 100 from the apparatus 100 is input to
the reception history update unit 118’ by the RX side allocation unit 120’
30 [0041]
The reception history update unit 118 performs processing shown by the flow
chart of Fig. 6, based on the received data packet and the content of the reception history table
119°,



[ 0042] Fig. 5 represents a format of a reception history
.table 114" and rel ation anong al ready received segnents 510, W5727
unrecei ved segnents 520, and SEQ nunbers 0, 8, 9, 12 and 14. [0043]
5Reception history table 114" is conposef of a source IP, a

destination IP, a source port, a destination port, the rearnost SEQ

of the[8P428ady received segnents, a SEQ of the unreceived segnents,

d a di d detectd on tine. .Th t b . f
The head of the FiEe GRTHIL ATOrBbAA TROHIE MRS RN L SrigHomione
uni t 1fhﬁ"eadyer@d&vaﬂéegﬁi&n@rﬂlOYurﬁ*@éeﬁkf‘eidCi@@heMﬁ 550, anY FRCEmARSGEE b,b@, P afd 14.

recei ved packet header fromthe reception history record table 119
(step 694331 1t judges whether or not the tail SEQ of a data incl uded

b i ved | fth d
el ved segrent Rpeion R 81 LPI pollbo e 85 BRSY Sia dkstinplo flF, §30Hce
t hat i tpoitsa Hestigetion pdrt, jthehgesnosh SEQesf thy alreatly tdreiviee sehniin@, afSEQnef that a

i ncluded in tge recei \é%gﬁé5 pgcket .coincides with the rearnost SEQ of
the al MBEG§VFESREMADES, praddetectionidge; nTheaEQTeprgsentsst e gemper from the

When i el HOERS rddARkd idhipdoes, it judges whether or not the SEQ of the
unrecei ved segnents is described in the entry (step 604). Wen it is

not de$@d44hed, the entry is updated as (rearnost SEQ of already

recej ved segnent = (tail,SEQ of data jnhgluded in received, packets

and"t he recei veds%‘gé?fg‘f’g%ﬁ @36?8{ Perats gt ’1@ F@géf’\}feadl_ %‘é‘&'l&@fncﬂi‘gfpmtﬁa‘)alue
cont r oldedshibld FP2receivbd Pitﬁt'ét head&r oA Gheelec@fioN MW GYTLRAd Bbld PR X¥&MAs01). It
segnents a SEQ range of data included in the recéived packets, Is

out put judges whether ¢rarot thegkail SEQeef sty included by the received packetlinlardee thrmgbe

where it 1S j "No",.in the step 6 of Fig., 6, .t epthy | .
paat edeegius S BEe Meads Bedif S ERhE e Pkl ke Srirk e B | Waemyi
dat a i pelgesemt it s lafesiivedgetdwialkds @ fdt tha Achd $EQ 0 BRI daeinPla8éPinghé feceived
witten into the received packet accunmulation unit 121'. Further, a

pacifet Parkeherinddes wigh the reamost BEQ9E Heethead wreceireyl pegmpntsofeserihed in the entry,

i ncl ud he i : S f ' .

500) - FOBRP] VIR ML 1Edocs! F AUbAhorh drtoy B SHRY o B unt et 8
step G@anﬁng;ﬁsges@i,bediiﬁ@gﬁﬁy (aepe04)f Wienriei@abv@aimﬂlaeﬂl,(&teaentry isgsttackd as
to an SEQ o unrecejved .segnents in the entry, the entry Is

updat eg(egwsr gﬁﬁr&"ﬁe@m@w %esalapfs}ﬁé@ﬂ\%@ Q %%mc&l)d?ént fegFil edspaskefs),
the reggl #RJeRRfiGlashet sl WlithR%0o FRGBESFH PRESSIFNALE Y ubk 9927 NFArthBe 2
recei ved packet accunulation unit 121'. 'Further, a packet

ac kfowpaakgt agknovkedgingesresegped fsegmetth e SEQstanSE6Y dita inklded imetheyeceived

received.segnents to.the.,head,SE the received packets is set as
unrecep?f‘éﬁ%sg i?thgrl?ﬂﬁ?%@%sé&% 27 13 range of the received
packet gppg4s]out put to the buffer 110' as received segnents (step 607).
[ 0047] In the case where it is judged "not larger” in

the step 602 of e case wherp ij indgedi Waatimhe step ool g 6SHE antmigeupsdated
st SRS of Ry R 3 BERRE el SEERM BT ol i el
(st2sp PpakkEts), and the received packets is written into the received packet accumulation unit 121°,
Further, a packet acknowledging as received segments an SEQ range of data included by the
received packet, is output to the buffer 110° (step 606).
[0046]
In the case where it is judged “not coincident” in the step 603 of Fig. 6, a SEQ
30 range of the received packets is added to an SEQ of an unreceived segments in the entry, the
entry is updated as (rearmost SEQ of already received segments) = (tail SEQ of the received
packets), and the received packets are written into the received packet accumulation unit 121°.
Further, a packet acknowledging that the range from the last SEQ of the already received

segments to the head SEQ of the received packets is set as unreceived segments, and the SEQ



[ 0048] In the case where it is judged "coincident” in the
.step 608 of Fig. 6, the entry is updated so that the SEQ range of t W3727
recei ved packets is deleted fromthe SEQ of the unreceived segnents,

and the received packets and the entry ase output to the RX packet
retransm ssion unit 10 117'. Further, a packet for acknow edgi ng as

r ecei veangsay ameseinedSFOketa ngeutpit td dteebuiffec ! Udlad réasiviet segreens (st 607),
packeti 473 output to the buffer for packets acknow edgi ng received

or unr (8% ed segnents 110" (step 609). [0049] In the case where it

is judged "not cahR Eedrvhedent ﬁs?\ﬁigﬁﬂeﬁoﬁ%eﬁfinﬁi@ste;ﬁéoi_(ﬁﬁigrﬁ,ﬁt\fls jrlged
updated so that the SEQ range of the received packets is deleted from
t he SE@hsther penetihe SEQuartesedhedats inchded blishe weeivedpacseis ieeancident with the

witten | I [ { .atld.on uni ' urther, a
packor T rR s PERE R RRE K ARCHM R B b GRF a0 1 e
unr eceif0@tBjsegnent s before the SEQ range of the received packets and

as received segnents a SEQ range of the recejved packets, is output |
to the buffer 1187 theasgwherg)t lsi‘ﬁigﬁéo%]m‘gent in the step 6PR Of Rig. falbik SpLrY is
retrangfisss ik SEY; i - | N=)Y)

Focer vl pa orthe S raBe B e D R B S AP BN Re oYPrecec
based oegménts, med dieveckipalpackeats andltheleatre atergutprate theRIX fpaclet tdtmnsmission unit

recepti hi_st ory upda unjt 118'.., and qutputs the ei ved .nacket s
it nd FPead ool p 2Rt Dragkdanlediine Mees b Rem b U0 cowe hag auded
122" . ZotheQBeiled packets, is outputftb@he Huffeh B¥Spaelds SAABTMIRIeRg @ceived or unreceived
transm ssion/recepti on sequence of a data packet and a packet

acknowsegiggniyl He tsepve@P)or unrecei ved segnents, at a transmi ssion side
appar a nd a receiving side apparatus. [0052] 30A solid line

[oof . _
represents-‘data packets, while a broken |ine represents an

acknow edgi ng patikte.caMawhiére dieis fudgbe tnattcolndRlet Gh fitd dtePb08 dFFis iR kid iy
point of the solid line represents a SEQ range_of the data packets,

1 SEQ h
whi1%e (aindeted ge dhatithserEQrangsol Yhetepstyvsd pickets és daleted fram the SHR affthe he

br oken_ Li t I RY cel -
segnont LLGYEERERRER thd hE Aol 38R ire S i e R SO U B R iffcion
vi ci ni uyit @21t h&usther & packepfirntkafwltdging o wrdedeived, segMbima 4 SEQ range of the
transition of transm s§i 0 lz@g wi dth of the transm ssion side iIs
shown. ufll@sggTd segments before the lr%ngqg)f the rp;péveé{j&y ets and, as tereined spgments a
appar a ) ; et ransm ssi on
bandw dER e TS R B8 e (R 1S o0 s

si i f (AT 1y influenced by RTT and discard rate, and thus a

L1 anom o510 DSl IRL MBS, 1P, S0 SAMEDL o SHER, 85 ing

EMBODI ifel¥EcetvddQferdts from the received packet accumulation unit 121°, based on the received
packets and the entry received from the reception history update unit 118°, and outputs the
received packets and the read out packets to the received packet output control unit 122’

25 [0051]

Fig. 7 shows one example of a transmission/reception sequence of a data packet
and a packet acknowledging received or unreceived segments, at a transmission side apparatus
and a receiving side apparatus.

[0052]

30 A solid line represents data packets, while a broken line represents an
acknowledging packet. Value described at the vicinity of the starting point of the solid line
represents a SEQ range of the data packets, while values described at the vicinity of the starting
point of the broken line represents the SEQ range of already received/unreceived segments. At

the further left side of the values described at the vicinity of the starting point of the solid line,



10W'th reference to Fig. 8 is explained an enbodi nent of an apparat us
.800 for attaining, with software, an apparatus for perforn ng W5727
bandwi dt h control based on a retransm ssion bandw dth. [0055]

Fig. 8 shows a bl ock di agram of the appktatus 800. The apparatus 800

15 conprises a processor unit 823 and a nenory unit 824. [0056]

The TXtrapgition@xranstessRN baniwidtinaf the transrhisgien side digfhemn. uni t 105, the

TX paﬁhﬁ)ts etransm ssion unit 107, the allocation unit 108, the
transntssion bandwi dth control unit 113, the token control unit 115,

the transmtted R@@dfrﬁing&d&ﬁﬂﬁbo@@Eﬁdtﬁlned@htapﬂajr@busE‘d@eﬁﬁrtﬁﬂl@@hd@ﬁl{dh control
e

retransm ssion unit 117, the reception history update unit 118,
RX si dBasgfl o8 @deirgimissian bepdwidihd Infhisveayep rawsmjasiqe banduigiitbeeemes st

uni . 122 .o j i ' r..unj
555 AR il A fludngBl By AR AR 5 RERALS delshidoRbRERTER s WHlbloved
805, aurdér pleecdarironmentassivhs BIAN cansihgl lerg8 RTT, hngeehdpomahted andraaul dis848ed
a transm ssi on bandw dth control nodule 813, a token control nodul e
815, aS¥"™¥MLhi ssion packet output control nodul e 816, an 25 RX packet
retrangNisebhbefgadul e 817, a reception history update nodule 818, an
RX side al l ocation nodul e 820, and a received packet output control
modul ef(822] [ 0057] In addition, all of the transm ssion

packet accumnul at | nory . 104, .the TX route/shaper table 106
Phdfer 100, the. B ERERRSE 1§ Btk Be Sunllnbh LSRG RPEAR) s g0 for
unr ec eatvRfing SGiie §fvakd Can dppBrabis/TBF petfrkhehoSBaRH Witlh Uittol baded dolve
interval tinme storing unit 112, the table of each shaper's

t r ansniesenypissien panbvildisi on bandwi dth 114, the reception history

tabl e @0535 and the received packet accunulation unit 121 in Fig. 1
are | oca e]d in the nmenory unit 824. [0058] According to the above is
attai ned an appaFigt 8shdws a ek diagtdng oD dppathdas GONt r Dhe appRBBODS
based on a retransm ssion bandw dth by an apparatus surface nounted
wi tlA SEAMREER 2 PForesser Yn8yS and & MeRORYy 8&f 84+ bandwi dt h becomes not

si gni H@g@]tly influenced by RTT and discard rate, and thus a

transni ssion bandw dth is inproved under the environnent such as WAN
causi ng | arge RTThe TAngé lapthe®Denit 403 thashapeli jadanetedintdl@ipthe X pdacket

houl d be nated tha h npdul e | s configured readi ng out a
or ogr HEREHIEROR w1 st -l?lﬁuw%'l@% e A B Hd‘abig%ngrtttpi ugipa 13, the
EVBCD! {icBi c&;t{o@ﬁﬁiﬂlls, the transmitted packeM¥ublt 'c8hREIRREE 160thERI¢ pabkef 1 9- 10

f
and Fig. 11 is explained an Enbodi ment of the 10 apparatus 900 for
pef or reiragsniasiowitait 17 ol reotptivadisionyvpdatdiusis di 8, tha RKnide allochBe6adit 120,

and the received packet output control unit 122, in Fig. 1 are modularized to operate in the
processor unit 823 as a TX module 802, a RX module 803, a shaper judgment module 805, a TX
packet retransmission module 807, an aliocation module 808, a transmission bandwidth control
module 813, a token control module 815, a transmission packet output control module 816, an
256 RX packet retransmission module 817, a reception history update module 818, an RX side
allocation module 820, and a received packet output control module 822,
[0057]
In addition, all of the transmission packet accumulation memory 104, the TX
route/shaper table 106, the shaper 109, the buffer for packets acknowledging received or
30 unreceived segments 110, the timer value storing unit 111, the interval time storing unit 112, the
table of each shaper’s transmission/retransmission bandwidth 114, the reception history table
119, and the received packet accumulation unit 121 in Fig. 1 are located in the memory unit 824,
[0058]

According to the above is attained an apparatus for performing bandwidth control,



Fig.” 9 shows a bl ock diagram of the apparatus 900. The apparatus 900

s configured by using the apparatus 100 described in Enbodi nent 1 a¥5727
t he base, replacing the table of each shaper's

transm ssion/retransm ssion bandwi dth 11% with a table of each

shaper's 15 transm ssion/di scard bandw dth 902, and new y adding a

dis car Haratd lonta ratganshiigsign amdwidth b9 @a aapajatam sURFace mctuet%ihaipiesoﬁvedmb e BaBis

[ 0061 bl e

b03. 1 redrinsmissionefliuidth foStRes el SelRbahlyafiived BY B TRkl ot

sour ceadd¥has b hRhsmigsioe BAddWAEIhAR ithfloSbdafder tik SQI#bABeRANEL aPWANCARIng
desti natlon ort) and a shaper. Wth respect to values of the RX

route dawe fiap pumberandanany dissardedisegmams, & Beould b@ peted fitag amhet

andxt h I n

the5deﬁ1t0| na?# g‘?ﬁd&% Fbtd ﬂs/r%%elgghang Iggé[%g%g%?q%a%og ?E%h én? 'g'g

a tabl eppatates@0d0.shaper's transm ssion/di scard bandw dt h 25 902. It
conpri I ity of entries for storing base tine, a control
bandwi gﬁp@@ﬂﬁ@%ase time), a control bandwi dth (after base tine),
stati sgd data before base tine (transm ssion bandw dth, and

di scard bandwi dth), and statistical data after base tine (transmtted
bit integration W,tthjefermd tfniFégzarEigbl@iatich’figgrlaisieﬂpiaimti as Embwidithent of the
respect to.e 0P6 The di.scayded notl tign unit 901
Gentr ninnatae S0 OEPRT ity herip D ORIBLESH ot Rt bebdie s "when 1t
recei veebpe packet acknow edgi ng unreceived segments, to set it as

discard length. Further, it reads out an entry with which a val ue
described at theFigaglsbewhehligek dmgcann pEthRYppasaie 980 n'Ehecm),palfatl(SrﬁOé)ns RX

and. ¢ neormpiss et mmity TO0 bisiods BIBRRRERTLan R obd il oo

cont r ofable\W§ édch staperd ﬁraribﬂtﬁsmdrﬂ@ﬁéﬂsmlssmn bandWIdth 1Th Wlﬂiraaﬂaﬁl@o?f ghéHshaper’s
bandw dt h contrgl unjt 113 dates a tabl e of each shaper’
tradfs rr‘if%fsg%ﬁ}(d%lé%‘ii mwﬁa yubnewly addigg aidisgardsd bit @@uﬁ@at@@ ugit 901 and

updat i fjop e ?@ rqHi@pe of 5 each shaper's
transm ssion/ret ransm ssion bandw dth 114 described in Fig. 4.

Furt hej006il notifies the addition token cal cul ated based on the above
al ready updat ed ol ban wi dt h to_the token
control unit 115 ‘g[% GBS 6‘?’El‘i ?f&g‘%t;’&{%e@y@%taggpq@ét ftdnglpdes; aylurality

S A A TIOR8 o, v

20 destination port) and a shaper. With respect to values of the RX route compared with the

route/shaper table 106, the source IP/subnet and the destination IP/subnet are exchanged, and the
source port and the destination port are exchanged.
[0062]

Fig. 11 shows a format of a table of each shaper’s transmission/discard bandwidth

25 902. It comprises a plurality of entries for storing base time, a control bandwidth (before base
time), a control bandwidth (after base time), statistical data before base time (transmission
bandwidth, and discard bandwidth), and statistical data after base time (transmitted bit
integration value, and discard bid integration value), with respect to each shaper.

[0063]

30 The discarded notification unit 901 determines total bit length of described
unreceived segments, when it receives the packet acknowledging unreceived segments, to set it
as discard length. Further, it reads out an entry with which a value described at the packet
header and the RX route coincide, from an RX route/shaper table 903, and notifies a shaper

described in the entry and the determined discarded length to the transmission bandwidth control



sigrificantly influenced by RTT and discard rate, and thus such

.effect is obtained that a transm ssion bandwi dth is inproved under WS35727
the environnent such as WAN causing |large RTT, |arge hop nunber and

many di scarded segnments. EMBODI MENT 4 1%6[0066] Wth reference to

Fig. 12, Fig. 13, Fig. 14 and Fig. 15 is explained an enbodi nent of

the appaitdidis 1200 for perform ng bandwi dth control based on
retrani§6¢ﬁing connection nunber, by neasuring retransmtting
connection‘nunber. [0067] 20Fig. 12 shows a bl ock diagram of the

apparatus 1200. Tig tRRAAKAbL BaddBth onEreNidigHIBagshdriés B eibMof d48h shaper’s
apparatus 100 described in Enbodinment 1 as the base and addin

a

Connec tiassmistinmarcerddrnd widt Rl i mirpraGdure a 20 odeng method of a table of
presen . t.abl.e. I .
R I o e
shows aofifiesthe additidinken oaledhied bagpsdemane sbdkatasdy ipalated cdAN@l bahliwidth
includes, a plurality of entries for storing a source IP, a

dest i n&fiepRagepime), Wfhe tokep gpptrolaingdddi nati on port, in retransnission
(Yeszl{odgg = 0) and the base tine. [0069] Fig. 14 shows a flow chart

of the pr oéess performed by a connection nunber 30 addition judgnent
unit 1201, usi ngArabrdew tdebcatiovedspent ishdained ae eppacaiupfoe perfcediap bewdveidth

tabl e 1202..,[0Q70] ,Wb727 17 .(ste 401), and judge et.her or not

t hel0en PR beoR  anGar Feonat Dby dBashi PR Bepltat basdiaathos <
pr esentjghiFcemiylh@dsncet by HIE £REEs@Fd ARS ARE thus JudEVERN s dbtdigedthePar ed
as (source IP) = (source IP of packet), (destination IP) =

( dest i HangmipsioPbasidwidibie inproyesoundse theenyvirormént suctcas WAN cavsingdargeRY T,

(desti 100 [ =.(dest,i nat.i on port of packet), and (base tine) =
(ti rrerpa\%‘? @%Eug%ﬁ%ﬁ?? g"@r%y dlst ﬁdg&)ﬁe(#?ef#sed to the notification

bandw EMBODMWEDIT 4nit 113 that "1" should be added to connection
nunber of a designated shaper of a shaper judgnent unit (step 1405).

I n ¥hel®%8E where the coincident entry is present in the step 1402,
it judges whet hegrdi t 1 . e base
time is |arger tﬁgﬂ{ {eﬁﬁélﬁgﬁgf&glﬂfﬁ%ﬁ?’?ﬁ% lg?h?}&g' ﬁgﬁ%én’gps[%ﬁ%dn&h

descr i bmbodimeandfitig appadatant2athier perfarinipabieiividih cantreltbagstisen tetr@fsmitting

packet, and.in the case where both , . .
connection number, by measuring retransmitting connection number.

[0067]
20 Fig. 12 shows a block diagram of the apparatus 1200. The apparatus 1200 is

configured by using the apparatus 100 described in Embodiment 1 as the base and adding a
connection number addition judgment unit 1201, a connection presence/absence table 1202 and a
table of each shaper’s transmitting/retransmitting connection number 1203.

[0068]

25 Fig. 13 shows a format of the connection presence/absence table 1202. It
includes a plurality of entries for storing a source IP, a destination IP, a source port, a destination
port, in retransmission (Yes=1, No = 0) and the base time.

[0069]
Fig. 14 shows a flow chart of the process performed by a connection number

30 addition judgment unit 1201, using values described in the connection presence/absence table
1202,

[0070]
The connection number addition judgment unit 1201 reads out an entry coinciding

with a value described at the packet header, from the connection presence/absence table 1202



10 are not satisfied, it loops (step 1403). In the case where any one

of themis satisfied, it updates the entry: to (base tinme) = (tinmer W5727
value), if the difference between the tiner value 111 and the base

time is larger than the interval tinme 112; to (retransm ssion) = 1,

if the input packet is a retransmtted packet; and to

(r et r affgap $4010Mdndgudgesivihettee of ngiube goketindiding withrtha balpadésetibedratrthéypacket

it tifi .toth ' ' bandwi.dt h t I it 113.that "1"
shoul d PBRIR G HE (R9RE 9D L3 1B oL PhP EBimBBET GAIH gPare axoures IP) =
desig n@&@cmg Q J g&lggﬁﬁmﬁqg) + YeigiRd{onun io‘fﬁa&kfet):[ Q6urch 9?{0 ﬁg&:‘ﬁ%e pott of

a normal packet, al ' shoul d be added to the réetransmtti
connec®pdfeth (deseration pariiediiepinrtian prisagfarackdt), zhé (kasapime) Ftgeevalugni t

i f thed . i ransm tted. packet t 14Q4) . 71
b PR GHERKRL B IR SRRER A0S 0D sk
t r ansnicbhneegén alimbarsotiatdesiggated siped dfanshaperdiedgre anit l(§tep MY Ak B case
entry far sq&ilgri,ng, base tine, statistical data before base tine

(t r ans FPEES 1hg CeigRdER! R ihpresRat In BisdtepeiPans ridees WhetheitEerenespetween the
number yim ARgus 1 #f bt fh%%hse?@ﬂl@isqgﬁg@f thgﬁ;f]l‘% iflefa oS ML EdiRsmission

connection nunber integration valfue, and retransmtiing connhection
nunber destribgd at ¢ndry) vl arel)the wipuhpackstie atrettamsmitodal mbkgicand iR Shd &8 Bthere both

The, t 1. SSi hapdwi dt h r nit 113 updates the tabl f. each
el SR SRS T Pt PN 1 i o Fets B da b Ui b gatisTisgh i Spdates
si m | agheddn@getibBseafimdne (b valubl. 4f Bf difGeRRURWERARES tider value lllsaind the

transmi ssion/retransm'ssion bandw dth described in Fig. 4. [007
30The baseriyne sdaugar thamthwi idtetvat imerld?; tor(retrangrBispionlyed, ibdrednputtpacket is a

reductign t i discard detectiqn,.by.l ooking at.the table. of

cach staePBH paper SRR RREEITRAGDY 0. dh e PR O Bh i s ek g.  Purther
[ 0074] itlridtifibs S th@Yrandnhisdion bixdenidtheesrynalit N8MBEAM” Gholt@PORLe eh thehas
been di scarded when A Wb727 18 detecting the discard, and thus this
enb'ddi HBRMIFE anegtioa umber iy designpied shapes @f thei sbrpes isigment unit, if the input

packet 1s a normal packet, and “1” should be added to the retransmitting connection number of a

designated shaper of the shaper judgment unit, if the input packet is a retransmitted packet (step
1404).
[0071]

20 Fig. 15 shows a format of table of each shaper’s transmitting/retransmitting
connection number 1203. It includes an entry for storing base time, statistical data before base
time (transmitting connection number, and retransmitting connection number), and statistical
data after base time (transmitting connection number integration value, and retransmitting
connection number integration value), with respect to each shaper.

25 [0072]

The transmission bandwidth control unit 113 updates the table of each shaper’s
transmitting/retransmitting connection number 1203, by a similar procedure as the table 114 of
the each shaper’s transmission/retransmission bandwidth described in Fig. 4.

[0073]

30 The transmission bandwidth control unit 113 judges bandwidth reduction amount
in discard detection, by looking at the table of each shaper’s transmitting/retransmitting
connection number 1203,

[0074]

In this way, it is understood what percent of connections has been discarded when



of d bandw dth. EMBODI MENT 5 [0075] 5An enbodi nent of the apparatus
.1600 for perform ng bandwi dth control, based on total packet WS5727
recei ving connection nunber acknow edged from a communi cati on

partner, is explained with reference tol¥ig. 16, Fig. 17, Fig. 18,
Fig. 19, Fig. 20 and Fig. 21. [0076] Fig. 16 shows a bl ock di agram of
t he appetestingthg @60ardTins thppthiserlpodiee has ad effe wf dptimizihgo/ redsétvg dnmeint
appar at gg 13000d€§<scri bed in Enbodi nent 4 as the base, adding the TX
unit 16 P% an rout e/ shaper table 903; newy adding a table of

each sEMBODIMERCESVI Ng side total bandw dt h/ connecti on-nunber 1601,
for recording a receiving bandw dth of a conmuni cati on partner or
data r &&¥i ng connection nunber, a receiving side total

bangwi dt h/ connecty 0 iuiRal: JFd 163 .sq%ggg&'tpae%géi @gh@%@kﬁi"g&tml, based

notification packet generation 15°uni
not i f i oatdtalrpaakitresivita bbrmeditdvinimber ek nbwledyet dRa coyimaditation pdither, is

connectiqQn nunber additiop. | ] nit_ 1201 and connection
presenE@q%‘BE‘gWétg TESBINES 12028 f%%{lggg&guh%%&dﬁ; Fign 40 8yd Rigakl addi ng
an RX raifzgtmation notification unit 1605 and an RX total

bandw dt h/ connecti on- nunber table 1606, for recording a receiving
bandwi dt h and patigtl6skews ¥ biegk dagreac of tha apparites 166G tTie dgfaranist 6008

2 b A90, b tieced ty wips g @bPisedf 1300 e ot b ERRimen £ 1B Piseifing the TX

[ 0078] udit t ebtearOR X@8618/SBAIRP BbleSO03e A8l M dAdiryl SH@ble I @hch shaper’s receiving side
bandwi dt h/ connect i on- nunber 1601 25 includés a plurali ty of entries

for st ttalhgndwidh/conneetion-mynlrar 60 donreqerding aergceiving baodwidi oft i on
Parber oy Gisof BirheEBEREL rocBhe BhleiBR A B el BTECRE nAP A "

addr esbartdahifith/cbafiettioh QRbblr BéHidaties biie ko0m hiféddbatk ﬁb’tif&gﬂélﬁﬁa&k’é@@n@rgﬁon
a destination'?

2ddpeseni PO anda Stk e orei bR oK LGP o e B UBis0Bcky g the
a0 Al AR R AL oSSR AR i 2
the RX unit 103; and by newly adding an RX information notification unit 1605 and an RX total
bandwidth/connection-number table 1606, for recording a receiving bandwidth and packet
receiving connection number, to the RX unit 103.
20 [0077]
Fig. 17 shows a format of a table of each shaper’s receiving side total
bandwidth/connection-number 1601.
[0078]
A table of each shaper’s receiving side total bandwidth/connection-number 1601
25  includes a plurality of entries for storing total receiving bandwidth measured at a communication
partner side by each shaper, and total packet receiving connection number.
[0079]
Fig. 18 shows a format of a feedback notification address table 1604,
[0080]
30 A feedback notification address table 1604 is composed a plurality of entries for
storing a destination IP address in the case where the feedback notification subject is a terminal,
and also a subnet along with a destination IP address in the case where the feedback notification

subject is a base.
[0081]



Wb727 19 Fig. 19 shows a format of an RX total

.bandw dt h/ connecti on- nunber table 1606. [0082] An RX WS5727
total bandw dt h/ connecti on-nunber table 1606 stores base tine,
statistical data before base tinme (RX ttv2al bandw dth, and RX total
connection number), and statistical data 5 after base time (RX total

bit integrati on ¥ig. U8 shewsia Rxntab bfn R¥rintbindwidthiebeneciint-agmber whle 1606.
val ue) 4892 The RX information notification unit 1605
adds s{ tical data after base time (RX total bit integration

val ue, and RX t otAal REesEsdndandthieoReictibMhefbat tab1e 1686 b@resWaseiimEDstatistical
total 10 bandw dt h/connection-nunber table 1606, using addition

not i f i dateibsforebasedim@X nalhandwidth, radRObotal samrastipo Aunbeand stidstigabdata
d
hat o padprdist et SRS pRAEGRIOERALE HERH LR LoD n iR cBiarbl

noti fi ealteon of connection nunber is recei ved, "1" is added to
I nt egrf(iobgi] val ue of RX total connection and the packet length is
conver o bit length to be added to integration value of RX 15

total bit. [0084jrpe R 1nformat10n 'ﬁHﬁfi&?i’bn uhﬂEIGﬁ‘?(aéld%fs%tﬁﬁédl Q%%ta after base time

notification unit 1605 updates an
bandwi (RXtatenremtégoationabiee; am@BKdothB@@neamngmHee 1ritbg1m1mhwlue)sjf(awﬂ)( total

Fig. 20. [0 he RX.i on not Lcati unit.16

FeiBat B GOROBFHLIOT HgHEh FoI e A iERo et € B BsicRawRbERe
tiner gahiie tddnefish Aldfbdragitioh TRIeHO URS 1261, aﬁa phdk@DlchB® deBdrBed 3 the
time 112, until it is satisfied (step 2001). Wien it is satisfied, it

updat eBeadreot thpdata paeket inpuafromxhp Radvifelalfocpdomueit b2@ e Whmyddﬂlozmx

t ot al tier e ,tl {. v

(base Féﬁﬁ%a?&ﬁgfaﬁd“?&@? cu;ﬁﬁonegc%ﬁ%gﬁg‘%sj er ’Egé?d Om%g fl ﬁ@l tal
total 2dmnectivread the paukeblengthii egtvaitedt bitlehgthab beaddudse 1ﬁteg1’ablon {{IB@sERX
tinme) (thar value)) (total RX bit integration value bandw dth

af tlar E’é@é" time) 0, and (tot aI RX connecti on nunber integration
val ue g(otgg base ti me) = 0 (step 2002). [0086] The
t ot al bandwi dt h/total connection nunber before the updated base
time is 30 out puFurticerfthe REemfiramkion abfificatiah nait 1508 kpdatgremeR Mitotah uni t
1603. Lf?n%%nJith/connectlon—number table 1606, using the flow chart shown in Fig. 20.

[0085]

20 The RX information notification unit 1605 repeatedly performs judgment on
whether or not difference between the timer value 111 and the base time becomes larger than the
interval time 112, until it is satisfied (step 2001). When it is satisfied, it updates the table, as
(total RX bandwidth before base time) = {RX total bit integration value after base time} /

{ (timer value) — (base time)}, (total RX connection number before base time) = (RX total

25  connection number integration value after base time), {(base time) — (timer value)}, (total RX bit
integration value bandwidth after base time) = 0, and (total RX connection number integration
value after base time) = O (step 2002).

[0086]
The total RX bandwidth/total connection number before the updated base time is

30 output to the feedback notification packet generation unit 1603.

[0087]
The feedback notification packet generation unit 1603 generates a notification
packet including the notified RX total bandwidth/connection-number, and outputs them to the all

addresses described in a feedback notification address table 1604.



The Teedback notification packet generation unit 1603 generates a
.notification packet including the notified RX total WS5727
bandw dt h/ connecti on- nunber, and outputs themto the all addresses
described in a feedback notification adeltess table 1604. Ws727 20

[0088] On the contrary, when the apparatus 1600 receives the

noti fi €¥BBbn packet including the total RX bandw dth/total connection

nunber froma co | cation partper, it o uts.themto.t he receiving
Gide total bandwlihs EomELe TR A ety oPi e IR Aot PR s
t he RXirmeludtngdhk estal RRbabdwidtii#fal chR@2Hbn hilvabéreEdh YicBthnSiri@itibR badtner, it

bandwi dt h/ connecti on-nunber notification unit 1602 reads out an entry
coi nci GeRutsihern tatheaeesivingside fajelbandwidihl conmentian-punabrs motifieatioanmipd 602 via

r out-e/ ﬁ?ﬁ%%&%ﬁﬁb@dﬁ%ﬁ%‘?ﬁ%' notifies the receiving side total

bandwi connection nunber 10 described in the notification
packet [0088] t he transm ssion bandw dth control unit 113, by

I ati It with h d I bed.in the entry. [0090]. The,
Cranemssi on baniiF HEAVEGHRII0R Qe 4Y Poaestiopauintivs hpukation g dFeR
total RaREYILRLEDCBIncRRRNGRR h%lu%%@%l?i&g@én&hﬁ?a&&& hiddRFrshanaix to a

tabl e of each shaper's receiving
bandwi diute/shapergeble 903 nandowtifie SOk re¢eding pide total bandwidth/Kita conmevsion asmber

bandwi dt h .cont rol it .113 coptrgls the. bandw dth  for exanple, as
ahdiin fieargrig8e nghidupn kRl o BhedrapmisSen aantHth <BLBUREL b bt o
connecidse¢iatibne ithdeshapdriReerived @n tRInAy0f each shaper's receiving
side total bandw dth/connection-nunber 1601, 20 and the transmtting

conneckd088] number described in a table of each shaper's

transm tting/retqan ﬁ'gﬁs%lés%}l gﬁlranwef&thicgrqtr&uu%elrm ]dégc%'beg %%%géeiving side total

bandwidth/total connection number of the notified shaper, to a table of each shaper’s receiving
15 side total bandwidth/connection-number 1601,
[0091]

The transmission bandwidth control unit 113 controls the bandwidth, for example,
as shown in Fig. 21, by using the receiving side total bandwidth/total connection number
described in a table of each shaper’s receiving side total bandwidth/connection-number 1601,

20 and the transmitting connection number described in a table of each shaper’s
transmitting/retransmitting connection number 1203,
[0092]

In Fig. 21, it is presumed that number of communication connection transmitting

data from the transmitting terminal 2101 toward the receiving terminal 2103 was “2”, and

25 number of communication connection transmitting data from the transmitting terminal 2102
toward the receiving terminal 2103 was “1”.  When it is assumed that the total RX bandwidth
was “12” and number of the total RX connections was “3”, which were measured in the
apparatus 1600C connected to the receiving terminal 2103, information that the total RX
bandwidth was “12” and the number of the total RX connections was “3” is fed back to be

30 notifted from the apparatus 1600C toward the apparatus 1600A/B connected to the transmitting
terminal 2101/2102. The apparatus 1600A determines the bandwidth per connection as “4”
from information that the total RX bandwidth fed back to be notified was “12” and number of
the total RX connections was “3”, and adjusts the transmission bandwidth to 4x2 = 8 based on

the transmitting connection number: 2 described in a table of each shaper’s



In Fig. 21, it is presuned that nunmber of comuni cation connection
transmtting data fromthe transmtting termnal 2101 toward the WS5727
receiving termnal 2103 was "2", and 25 nunber of comrunication
connection transmtting data fromthe tgansmtting termnal 2102

toward the receiving termnal 2103 was "1". Wien it is assuned that

t he t otrahsR}tingirethwishnittingseonhdczion ancbru h2BA offth¢ ippatasesal 604,  The apparatus

connect,i s ' 3" ich re measured i he. ar.at 0
connect 807 g8 Einth s FonfelaER e RERRESRS: P ralf idBRB R B Brio &k
RX banduhditidthves badieto tnbtifibe way MPET ardf nuinkiRr bothatotlPR XL baFayes’,
"3" is fed back to be 30 notified fromthe apparatus 1600C toward the

appar aflé adjgge fegransmissiondandwidihe 4rlandnbased eythedrampmigtingg@megtiggonumber;

{1 ot Asrire AP HRREL LA Al AT R SRty SRARRRLIER et 1agpaof

was " 1#e appdratusrito@0Bof the total RX connections was "3", and adjusts
t he trféhs?'ssion bandwi dth to 4x2 = 8, based on the transmtting
connec nunber: 2 described in a table of each shaper's W727 21

transm tting/ret inaRsadd B9 RRHASG HA @Pﬁéefgl%grgﬁg?ﬁﬂigé thd GanBRRAN BEKE on

1600A. The apparatus 1600B determ nes I connection as
"4" fr totali patiost medeivamg cdraectidnenundiea nofftedfionlvd atrimdcativaglarther, fdr bandwidth
notjfied.was "12" and.nunber of t.he tot RX connections was "3", and
e 195 8%t Eons o Bl Al iRl o s Son ko O G Goackia quality caf BE
t r ans MhdihOn A MBP&ingO6h ARl 5 1 described in the table of each
shaper's transmtting/retransmtting connection nunber 1203A of the

appar aEYSBABOYENT ©093] Accordi ng the above descri bed
appar atdb'm or controlling the bandw dth based on total packet
recei ving ctonnecti on nunber notified froma comuni cati on partner,

fair bandw dth 1Widsefgearmens Finn2hed @id ab ieskpidimdiOad Ehbbdialest ofahe
t hus constant compuni cati,on quality can be attai ned not dependi ng on

a tlér nRRArAuERERSTo K ERorgpg brutpvidthicrnirelr tasedeacantrartied bandwighiolr lie wped
bandw o h SRR e fomt cldihidne SRR AR i REmBE] b9

comuntre@smitiimgroontextibn anmbet, aad sorttacied dahdwidingdr comeatiogcei vi ng

term nﬁi 5 acket transmtting connection nunber, and contracted
bandw 09 ger connecti on.

Fig. 22 shows a block diagram of the apparatus 2200. The apparatus 2200 is

20 configured by using the apparatus 1200 described in Embodiment 4 as the base, newly adding a
table of each line’s contracted-bandwidth / transmitting-connection-number / bandwidth-per-
connection 2202, and a table recording lines used by each communication route 2203 of a shaper
output packet.

[0096]

25 Fig. 23 shows a format of a table of each line’s contracted-bandwidth /
transmitting-connection-number / bandwidth-per-connection 2202, and a table recording lines
used by each communication route of a shaper output packet 2203. Further, in the case where
there are a line X with contracted bandwidth of 10.0, a line Y with contracted bandwidth of 8.0,
and a line Z with contracted bandwidth of 3.0; there are the line X and the line Yina

30 communication route of an output packet of the shaper A of the apparatus 2200; and there are the
line X and the line Z in a communication route of an output packet of the shaper B, an example
of a bandwidth control method of the transmission bandwidth control unit 113 of the apparatus
2200 1s shown.

[0097]



[0095] Fig. 22 shows a bl ock diagram of the apparatus 2200. The
.apparatus 2200 is 20 configured by using the apparatus 1200 descri bed5727
i n Enbodi nent 4 as the base, newly adding a table of each line's
contract ed-bandwi dth / transmtting-conpgction-nunber /

bandw dt h- perconnecti on 2202, and a table recording |lines used by

each comuni cat i datableuifeadPixg’ oéomdrastedbandwidtipltragsmitkieg-cofB@d64-number /

25Fig. .23 f t t abl f h i ' . }
cont » aCARSBRRsRRReRon AR f ROV HES BURAALIRLR Satsss e storing contracted
bandw gahdwiRtlr GRBRE Bah®Ride2 Qﬁeacﬁ'%signé@%nﬁvﬁ&ﬁ,%ﬂiﬁgszs%déﬁ%ah@ﬁi@t}m(yith

each communi cati on route of a shaper output packe . Further, in
t he casespapide aehninee trapsnitting] cannectinh nhmbenfoveret edmben dineagiyressigneomonber,

contt aelHhicheT RS T S AR il bR oiinfieloh e vin

30 comfoppsgati on route of an output packet of the shaper A of the
apparatus 2200; and there are the line X and the line Zin a .
conmuni cati on r odt BbBreeaidigadipes ussd by each sommunisatignaiouts, of arshanes eytnat

of a b ' . : 1 SSi W ol
ani ¢ 1P o BORRAA TR 35l of PR isE0R U BRI GREPL
each | bmsdveidtiowith essped tbeavttwodiniunicativansutet t inntge presee @mbodinmemnaliess assumed
bandw dt h-per-connection 22 [ rovided with lurality of entries

{ or oy SHACHAF COpRY IS DR A Fee Poient backshia A aom ondl e layieassi gned
bandw @gdgg]and unassi gned bandw dth) with respect to each line,
transmtting connection nunber (overall nunber, already assigned

nunber, 5 and unddigitegnsndissiombandwidthredntrohdet 116f caloubaesi dateettartsanitting dt h
per connectj.on. 098 . A tabl e recording |lines used.b
bach” COMERTaRPHBRCH R et to sortor. tibgisee et Bvfies piraer:

W t h anphbéeddstibedlin @nablE Bfofdiig BlidRfusEby BRhUDRE LI ESn ahte 6PR bElr output
bandwi dth with respect to each communication route. In the present

enbddi Ragket 22493, pad a tablmefpagipshapat’s traRsIHiRETAtransNitting comnestion number 1203, to

T anort SRR RGN Lo iRt YioB SR B, Fponpd thiv essiensd ap pnffe

connechbwassigied)erf awatild of exhdiae’siconteguedd-bandevidth s itagsmisia-tdnae&ichnthmber /
transnmjttjng_ connection nunber described in a_table recording. lines
used b aféia‘é‘athcl&ﬁh?ﬂﬂﬁlf‘@ﬁf’il &Y% ot galglaty nop assigned banslyyidthepep gemasctiono3,

and a t@l@bg of each shaper's transmtting/retransmtting connection
nunber 1203, to initialize transmtting connection nunber (total
nurder, nunber allThe&dysaissoybaciwidthctontroberit HEtcakakitagribelyomdol batdwitith of

of each line' s, cantracted-bandwi dth / transmtting-conpecti on-nunber
/ band%eﬁ'ﬁe%ﬁtﬁmgﬁ RERELAR s £ %éS%@dizg%f?‘@H@up%&ﬁa%ca%of
per coppamtiZon 1.4, WA is 2hhcuh had ik &RI1IMR 2R%MdENN ﬁ%ﬁ@%ﬂg&%@%&e B

cal cul ates the control bandw dth of the shaper Bto be ,
usi ng ©ohan euipetpacketiof theshapar bandvigtiea trimndttingtdonpestion onmbert ¢fche giapehB is

line Zsis . l. ich |s ,mni d that the lin i included i
o copndneupdpichtHeiddntril gl Bl cofitiaBonisiie Boralle rihag fuss,
a tasangsddityl dash 6OMAREGIChGG FMPEI03ah 3the shaper B is 2, and updates
the control bandwi dth of the comrunication route B of a table

recor dlH§11 i nes
Further, since the line X/Z are lines used by the communication route B of the

output packet of the shaper B, the transmission bandwidth control unit 113 describes that

transmitting connection number of the communication route B is 2, and the control bandwidth
30 are 3.0, as contracted bandwidth already assigned/connection transmitting number already

assigned of the lines X/Z of a table of each line’s contracted-bandwidth / transmitting-

connection-number / bandwidth-per-connection 2202, to recalculate not assigned bandwidth per

connection,

[0102]



25 used by each conmmunication route 2203 to 3.0. [0101]

Further, since the line X/Z are lines used by the comruni cati on rout¥é5727
B of the output packet of the shaper B, the transm ssion bandw dth
control unit 113 describes that transm23ing connection nunber of the
comuni cation route Bis 2, and the control bandwi dth 30 are 3.0, as
contract ed bandwiftie trasdmissicly basisiidthedntralnmecttls ealctilatas siviontroligndwidie of the

al ready_assi gned.aof .t | ine f tabl e of. each.ljne's )

ont ¢ aBRe ARG ST,y Fohs D fin basSaRe, FBERiqth DEr Connection of the
bandw dhdXngter eaReBLLON REOhick B thiRGahGUhalite DO ifdsd N8 thdddidthion
per connection. [0102] Ws727 23 The transmi ssi on

bandwi Bt 8o an ghtpuhpacketid thesshenerah, ¢wd shat ariranemittegemingetipnofumtiee of the
shaper e 7 = ' .ne. not __assigne .
SR koA R i Shafe oAb bt SR b8 rcorang
whi ch lisesrdsad byisacht doenrhimieatdnirsute 220360l N t he conmuni cation route A
of an flitE]Ut packet of the shaper A, and that a transmtting

connectdi8Al nunber of the 5 shaper Ais 1, and updates a control

bandwi dt h of t hegg RN GRtbLPR tpéﬂgléng%ﬂt\sg{g?@%&ﬁ?&?g&%ﬁ@trh%xﬂgrésb&??o each

used by each communication rou
Bandwi chirmuuicatial route qferthide nexdrdisg hgesaused by eadh doanliviicitionwbith 2263 petained

to_eac 0 ni catiqn route of a table recording |lines used by each
coﬂﬁun&%ﬁ?ggﬁv?%ﬁ 82203 obt ai ned 10 by the above nethod. [0104]

By perfoaoaj ng the above bandwi dth control, such bandw dth control

beconmes possible that the contracted bandwidth is maxinmally utilized,
dependi ng on t heBgparfomisgthenbore bindsvidthreontydl, suahdandwitsh EnvBODbadENTes7

[ 0105] . (th neference to.Fig. Fig. 25 and Fig. 26 is
ol a1 sl toat s s RS G hPamnlly uliscr iibepBRpdR i ghmiichdon
bandw gifvircamirhi fla ld@sed on contracted bandw dth, packet transmtting
connection nunber of one's own apparatus, and contracted bandw dth
pert820EMBREMENY ©f a 1ine used by a communication route froma
transmotlbijﬂg termnal to a receiving termnal as well as packet
transnittimng connection nunber of other apparatuses notified from
With reference to Fig. 24, Fig. 25 and Fig. 26 is explained an embodiment of the

apparatus 2400 for performing bandwidth control based on contracted bandwidth, packet
transmitting connection number of one’s own apparatus, and contracted bandwidth per
20 connection of a line used by a communication route from a transmitting terminal to a receiving
terminal as well as packet transmitting connection number of other apparatuses notified from
other apparatuses.
[0106]
Fig. 24 shows a block diagram of the apparatus 2400. The apparatus 2400 is
25  configured by using the apparatus 2200 of Embodiment 6 as the base, adding a mutual
notification packet generation unit 2402 and a mutual notification address table 2403, and is
provided with a table of each communication route’s transmitting connection numbers of one’s
own apparatus and other apparatuses 2401 of a shaper output packet, instead of a table of each
shaper’s transmitting/retransmitting connection number 1203. In the present embodiment, it is
80 assumed that the communication route of the shaper output packet is always only one route. A
format of a mutual notification address table 2403 is the same as a feedback notification address
table 1604.
[0107]

Fig. 25 shows a format of a table of each communication route’s transmitting



ot her apparatuses. [0106] Fig. 24 shows a bl ock diagram of the
.apparatus 2400. The apparatus 2400 is 25 configured by using the W5727
appar atus 2200 of Enbodi nent 6 as the base, adding a nutual
notification packet generation unit 24024 and a nutual notification
address table 2403, and is provided with a table of each
comunice@tecton moubes of onednewn eppangus amhatbér appamtuske?40) 1aff achapes oospnt
appar at ucg(F?nd ot her apparatuses 2401 of a shaper output packet,

i nst eall® a table of each shaper's transmtting/retransmtting
connecfg@g] nunber 1203. In the present embodinment, it is 30 assumed
that the communication route of the shaper output packet is always
only one route. A thileeheachfcommunicaionnmoutesitwashisingcumessiontmiibersufige’s

Fi o5 20 amank ot SRR ibaliRseh PGt b PRI GIR atiall 3R 8t o Qorin base

t r ansmniitve] st@ristiéBldATa l?e‘fo&cha@@ﬁﬁlb Outtiamed ingfcofietion awmbapirneiswwmnd
ot her apparatuses 2401 of a shaper out put packet. [0108] A table of
each cBPRARNS defadrnpiiting sonneatirunben gt etsnannarasesenl Atbstatissical lata aftes

1" PBR A A RARinE PAMARNPR SRS ek 2O HLIBEoNL Qo ohik

of entrie stor se t1ne, statlst

( dat a trassnsttingtdongection nesbeomtaguarivarvahk of loehes appanatagEspr at us, data
snt(ilbwg connection number of other apparatuses), and statistical

dat a base tine (data transmtting connection nunber integration

val ue of one's oyge %ﬂ@ﬁl%ﬁbarﬁ%@th%ﬁ‘t@&rﬂnﬁtﬁ'ﬁ@Qe&i?sfé@%&ﬂngﬂn@ﬂt’i“@%@ibn of

I ntegration val ue of other apparatuses)
t r ans niraesinotingapodedctivh ngaber Ddmaig tonhe@ianewmibee additldi jridgment unit 1201, and a

noti ficat tl connecti on nu fromthe connectj.on.
nurber "aHifep Sheg R e CORBEton R R e BB o JORL e R Side

t r ansmylidcafién GRIDNEX! | MitheL Abee tifhiln%w}h@ﬁ dmafcew%%nftﬁ%émm@ﬁ 131268 the
all ocation unit 120, Furt her, at the tini ng when difference between

t helbt i base tigag bpsomes lasgey thandba Biterualdingg Hi, uewdﬁ@s eac&r@mqm@aﬁlon lneute’s
i nter V?LIISHIHEI%%C%&I’IGCPI)H H{?ﬂ%re(?f O%Q%Q)V&l E{B@E&k& er %gé)a?at%ls ro‘%ﬁ?erg %B%

connectl on nu S own paratus an ara uses O

shaper olﬁtpﬁﬂpmbk@atﬁbebasahh&l; s1hﬁhﬁlyttd) mbléoﬁﬂabashapet 9 trlandndibtkry/refradadiing
shaper's transmtti n%ret ransm tting connection nunber 1203. [0110]

20FurtFf%!]lﬂe‘3‘5t°ﬁ’eﬂ'~‘tnil d#9%si on bandwi dth control unit 113 notifies a
trans nlotltm]ng

20 Further, the transmission bandwidth control unit 113 notifies a transmitting
connection number of one’s own apparatus to the mutual notification packet generation unit
2402. The mutual notification packet generation unit 2402 generates a packet for notifying the
transmitting connection number of one’s own apparatus to the all addresses described in a mutual
notification address table 2403,

95 [0111]

Fig. 26 shows an example of a control method of a bandwidth by the transmission
bandwidth control unit 113 using a table of each line’s contracted-bandwidth / transmitting-
connection-number / bandwidth-per-connection 2202 and a table recording lines used by each
communication route of a shaper output packet 2203, in the case where there are a line X with

30 contracted bandwidth 10, a line Y with contracted bandwidth 8, and a line Z with contracted
bandwidth 3; there are the line X and the line Y as lines used by a communication route of an
output packet of the shaper A of the apparatus 2400, and there are the line X and the line Z as
lines used by a communication route of an output packet of the shaper B.

[0112]



connection nunber of one's own apparatus to the nutual notification
.packet generation unit 2402. The mutual notification packet W5727
generation unit 2402 generates a packet for notifying the

transmtting connection nunber of one' s2®wn apparatus to the all
addresses described in a nutual notification address table 2403.

25[ 0111] The traBbmyissips bgdbwidtharonopbmpt El3ofalalatertach line’s tlanahiding

a bandw dth.bl){ thg transn‘icisi on_ bandw control unit 113 usin

dth .a
Labl o GPORSHRY PRmEens v F1c B BARIGR o e F Upscllines: Yanspghii Connettich
connectu@beneidiRrs dwibaiAvitey, BndainsaRRRe Cohitidr AdmBatbfdthetRbFaratuses,
recordi ng |ines used by each communi cation route of a shaper out put
packet destoibed jrha tahle reeydinghisee useddyyeeagh eommunisation routhof3oshepertauiptt eacket

conts a2t e Hple iach Wi ERAIGATHES PRBRYEL fofieaBPt pinbAESe fretd 4o
used bypparstasanthothat apparateses 2401, t@inittalit-p vbnreaddehurtbers (Wesdlap@ibeA abkady

t he appa[atas 2400; and there are the line X and the line Z as |ines
used byssignedmHbee 2nd BRassighed ngnber) obytabletofipaclk ke prontrrgtedibapdwidg /
[0112] ( MBdi2Tne2 o HfAnS T, S5 i t al
113 ool ehnag g nnpotion-mymber / AMRIIAR EoRiichl 220 M LSRR B allied
conmunbemdvwidih peo gomiestions étepl 26083, transnitting connection nunber of
one' s %\@ pparatus, and transmtting connection nunber of other
app]aQra_ é described in a table recording lines used by each

conmuni cati on roghg afpardus DAREEet LM bl BARKREhIAOHaBRB aviisPb&pals a
each communi cation route's transmtting connection nunbers of one's
own appagkst tewvansthegohmunigatian douts Bs tolON.0x2<2.0,nisinigeh¢ fastsabatribe notasigned

nunber V. Il n [ ready, .assi gned .nunber, and.unassj gned...
o patdvigter cBUERRE oftnt REY. 33 IALR, LB Ehn ARC e BRS AR g

t r ans mebiriedtior ARNIES I0f Ohe’d biNAIpparakin BE eohmalicAdh ReeE BoRckdhe thalk Z is
cal cul ate a not assi gned bandw dth per connection (step 2601). 10

[ 011P3] “27 (step 2602). The apparatus 2400 sets a control bandwi dth of the
shaper &3, Y\'hi ch outputs a packet toward the comunication route B, to
be 1.0 223 0, using the facts that the not assigned bandw dth per

connection of th&uttherebetaise the DnesvikiiZcdre lisesisad by nhedudnmingitatibatraute B, a

transmtti connectjon nunber of one's own apparatus of th

commun PRHEY SROPHAREOTE 4 ROl h ag fate trpnspytiong; @Plg@tw@nu(r@%%f tgsom .

[0114] ot t; ] {1n '

e colommuication rouf B, S BbscrBEE G el A0 BE ety Bl
dat2 t alagaslyriassigmeg conertioninombauafibe lioés Xhed Zdmauable af eazh lineistcentBacteds
descri ped, i.n.the tabl.e 2401, .as alre ssi,gned bandwi and 20 .

o r eadhaaatiydtosBitite fomheudpart ST RGN RIRRS-cRDAHOR SPHP. i at essigned
each | bRiwidhQsel tarieBioR rebM i dled (Sggpagmgj.t ti ng- connecti on- nunber /

bandw dt h-f)er-connecti on 2202, and not assi gned bandw dth per
connecfQldal i s recal cul ated (step 2603). [0115] The apparatus 2400

out put £ ng a packBE RNRRY TR R Lok Pt st RRRERAD R temen g

thats t betpling agatles esivara bt cHihufiesticnab iR N, iveihgdhe £208 thitlRe Motakdiked
recalculation is 3.5 whichis mininumand that data transmttin

ConnecbahVidi s ForsRCREOlE line Xdter SecauBHOR He .5 ohigh At BAM A teat data

e S Bl RSB ok RO TR

by pertorm ng control "based™“on con
t r ansnitietline X sdn3eptdcod). nunber of one's own apparatus, and contracted
[0116]
30 As described above, by performing bandwidth control based on contracted

bandwidth, packet transmitting connection number of one’s own apparatus, and contracted
bandwidth per connection of a line used by a communication from a transmitting terminal to a
receiving terminal as well as packet transmitting connection number of other apparatuses

notified from other apparatuses, the bandwidth control can more reflect the communication



bandw dt h per connection of a line used by a comruni cation froma
transmtting termnal to a receiving termnal as well as packet W5727
transmtting connection nunber of other apparatuses notified from
ot her apparatuses, the bandw dth controbkeécan nore reflect the
communi cation W727 26 environnment. EMBODI MENT 8 [0117] Wth
r ef er emoerowngsitg. 27, Fig. 28 and Fig. 29 is explained an enbodi nent
of thegﬁggeﬁgﬁﬁayg 2700 for perform ng bandw dth control based on
contra ?h, packet receiving connection nunber of own
appar afogp7]and contracted bandwi dth per connection of a |ine used by
a conmuni cation froma transnitting.terninal to a receiving termna
1

as wel | as packetWitkedergnergodiey?de FigoRS audBigr 291s le?éﬂedm{iﬁmmdikm% of the
We! _ e = |
UL EE A T N

usi ng tréivdppesmiecion2d bl @8 owh g parhins Eid @dhireonéd Handsiidth @ebasBeaitd of a

addi ng.t he feedback noti f_irggti on packet (t;enerati on unit 1603 and a
f eedbadi® #8734 1Y & SAMPHRISRIRTEE M AFISMIERg Ierpinah o aseciving teginal gg well as

addi ti Q@ke’?)’ec@ﬂzﬂ{gfgmh&tfo%%u%epgf :Sthé'xg%&%% asgé)ﬁﬁ}ﬁﬁhiﬂ;g?gmfggéna?%ﬂge i on

judgment unit 1201, a connection pre sence t
rout e/ $§GEBér table 903, 15 the tinmer value storing unit 111, and the

i nt [ ti tQri it 2, Lt b i t o_desi t )
L on of the il o biick diert of B sRBMBRE MPRh TRCHBRE 09
COMUNicEAG R bPUSiRg thel dpbhrafus\rabe d&%ﬁb&&qntmhsodmzm F44 thB Ghse dnl@df¥g the

unit 103 is also provided with a table of each communication route”s
recei vit¢pgbadknnsidication paeketegeneation ghis 1 6¢handppiedhagk natificastoneddress table 1604

appar a 7 tahble. of each.line s nt.r act.ed- bandw dt h "
oee Vi BEIE 107 R Ralih, SO e RGN PBRRaORRS idber adiign
tabl e jeipaiet ogit (20108 cuseLtiby ﬁﬁsa@r&exaegeﬁué\!tabw 12002, 5ORNEohRfshiper 218903,
simlarly to the table of each comunication route's transmttin

confec thedimeruvmbie stepnggput Kl loapd e prieryalismea sigrisg Hait 1 4P ibbecomss posita to

of the Eh . j : et

P o< EURRES RSO 2SRl o urk 2 b Bl S0 i
bandwi dfute paniabntoehd TRMNA22, FncthéhthetRIOLait 16T traléongrovided siithsadblbyf
each co ni cati.on. route 25 of a shaper output packet 2203. Further,

?

p ;
by upd8R9HPRUEAIOB O ESECH YRS EAINCGIQTLRIPRE G ONHiS BPAePPALUS and other
notifi ﬁﬁﬁir-aﬁsémb1,?a7t961efo@%@ﬂidé%dﬁ%&@&m&%@a r}é@%i]Hﬁg-cER%e%tion-number/

k ovided wwth. Tn the t

notification packet generation unit is pr presen
en#0di herdwidiht-parsoaswtion 8762 and aheble menudnglindsawed oueahabmnnmichiap esute

t put is.al te. [0119] 30Fig. 28 sh ,
For ot TSk 20t MsmiA R e e reti25e Binuhigtiar otiean Bing g nE Ghmeciohn
nurber nehb&E che R Wvnipparadlstnd Dfer AbHREtuSRPAD BbPARShAR but b pZRbt oft?e TX

A tabl e of each comunication route' s receiving connection nunber o

one' s B0 183 ke wblewfench insieeonippied drodwislip/gansmittipgeonurstioninumbar /
plural bér}/dvmith?ﬂ]etr-rc'o%?ec{i% 25(%? BhhAHE réc'orrqamg lines used by each communication route

25  of a shaper output packet 2203. Further, by updating values of these tables, a reception

information notification unit 2704 for notifying the updated values to a notification packet
generation unit is provided with. In the present embodiment, it is assumed that the
communication route of the shaper output packet is always only one route.
[0119]

30 Fig. 28 shows a format of a table of each communication route’s receiving
connection number of one’s own apparatus and other apparatuses 2701.
[0120]

Atable of each communication route’s receiving connection number of one’s own

apparatus and other apparatuses 2701 is provided with a plurality of entries for storing base time,



Wb727 27 statistical data before base tine (data transmtting
.connection nunber of one's own apparatus, and data transmtting WS5727
connection nunber of other apparatuses), and statistical data after
base tine (data transmitting connection2punber integration val ue of
one's own apparatus, and data transmtting connection nunber

i nt egr atatistical/ddta befofe loish @meqdpatansmipt)g cdnnf @b umber of one’s own Apysaratus,
reception,. information notification unit 2704 adds statjstical dat

L or BEUNE BRI GABrsopObeh oL APPERIRER PR REISLoAl dat ek gose
connec kRN did RRESmRinQ RSN MUARRA IR HBHANhIR! Sinc BRRA Apdess, sdPdata
using addition designation of receiving connection nunber "of one's
own appransmitténgf qosnedtion numbreintéapatiommaberofatftr mpparatuseshment unit 1201,
and 10 61‘;22? vi ng connection nunber of other apparatuses described in
a nc?ti ¥| i on packet received fromthe RX side allocation unit 120.
At the tim ng whane dckpesEinéRmadbivaetifidabion uhiie70d addigtalitiicad dgtatater base
base time becones over the interval tinme storing unit 112, it updates
st at i stimedp adzhie obeach campuaucatipprEoute’p FeCRiiNgcongeqtia nugbeE ohPnedpewn
conmmun ' byl j J . '

appar attriBGulithér SebBRRSCHIA, Doag ARG KALAMIRSE RellinB iEnieciV
[ 0122] number of one’s owh appadfisshumvsheasongemion namber aldittrdbdgkent unit 1201, and
notification nethod of

t otl) -SSRV SRRReRHoaMMPST of otherampgraitiet disrdbad igs-netifigation nagkeffeceived
appar akds & 8% $ife hise 2200 i 6 1&@@&@[?9%%& t@ig%?ééﬁ% Pémﬂc@ﬁ R timer value

connected to a conmunication partner, usihg a eac
comunil tlaaidahe basgttehabecones vierghe omereattinmstotingenit dF2, ongdsteswhatistical data

appar a nd ot her. 20 .a ratuses 2701, a table of each line's .
cont r aedtar e Bndar wanf BRBETrilE SEehas o B aptiy ¥ Hansmibiiy Sonnection
bandwi gifib&e bf 68916%h afPhrfiddnd Sther phailses PARIsAh thabbhQipHRABKRY
each communi cation route 2703, in the case where there are a line X

wi t1h cBH2ehct ed bandwidth of "10", a line Y with contracted bandwi dth

of "8", and a Ii 1 0 i f. "3"; r e
line X and the | P%e%%\gﬂllé]‘pst %e%@%ﬁtﬁ%éég ‘lﬁ.[gd\ré\fk(rii%ﬁft-lée)anﬂ;n%eﬁlggc{]?%ggﬁﬁﬁgwﬁe
| i ne Xoadavidth@ofal-rezeitinghodnbectd-abed byCai dpprafB 760 Bb theQpgahtus 1600C and
The reception information notification unit 2704 of an apparatus 2700

cal cul Heapraratug 1pRYURcoegted 4o ACOMTBIIGHLIAD BRITREL UsingasiBRletof eeacteach
e neing Lic HEHDY . .
Ine bbﬁhﬂﬂgﬁc%%lﬁfxoﬂﬁ%drebé{\éﬁg%ﬁn&e%ﬂw BhABL! FonkR%Wn %@g&%@@j Sgl'gbra

tabl e recor i nes use each conmmunication ro and
r e@8i vappgratuses 8¢9 1, anabie pbeachdine Broehsaaedbapipadtht/ uscetiésgcotedtidomnamber /

tabl e of each communi cat | route' s recel ving connecti on nunber  of
one's B«'Wé%ﬁé}e&fa@eaw 8111 i e EQEnEAT Usedby; o Fammgication route
recei ViTg GOMRBRSL. \ﬂﬁbﬁgg{épﬁre GUREL Wi ERact O BHAGvidth LEARY”, #FiRb 91\6Hh

and nunber not assig ) a table of each line's
cont r acangtcted andwidth ¢f ‘B3 canida lingch mitbcontyactedibdndmvidth of “3”; there are the line X

bandvt i nR ke SRR A L0 R 6 4 A the3h Sre 102 SR HATH: fATA A"
appsgr atdmmadieicifabetd®t al control bandw dth of the shaper B to be
1.0x3=3.0, using the facts that the not assigned bandw dth per

conneck®l8al of the line Zis 1.0, which is 5 minimumand that total
o ud e ¥ had) TRRPERLLR) iBPRElch ShislAfof BT AYLS ah WphQHs 2760 calcutates
data receiving connection number with respect to each line, using lines used by each
communication route described in a table recording lines used by each communication route
30 2703, and receiving connection number of one’s own apparatus described in a table of each
communication route’s receiving connection number of one’s own apparatus and other
apparatuses 2701, to initialize receiving connection number (total number, number already

assigned, and number not assigned) of a table of each line’s contracted-bandwidth / receiving-

connection-number / bandwidth-per-connection 2702, and calculate not assigned bandwidth per



Further, because the lines X/Z are |ines used by the conmunication
route B, it adds total data receiving connection nunber of the WS5727
comuni cation route "3" and total control 10 bandw dth "3.0" as

al ready assigned contacted bandw dt h angg al ready assi gned receivVving
connection nunber of the lines X and Z, to a table of each line's

cont r acomchamnuipddd®1). r ecei vi ng- connect i on- nunber /

bandw gé]]gh{])er-connecti on 2702, to recal cul ate not assigned bandw dth

per co ction (step 2903). [0126] 15The apparatus 2700 sets to

3.5x2=7.0 total qaBLpRratdRDTY ol colifol GRRIWRIHCEHthO hahBUB € Be 19SB080.
the facts that the not assigned bandw dth per connection of the |ine

X af t esssing ghe facts shat dhe nos agsigned handsiditspericannagtiomafithe fiae Ztiot 4, which is

e | B ATASE P B R Tt LGB b s P ool B 4, B0

t he totmludigethietined i Srn@pi2zoo2nunber of respctive resul tant

commntcat!lon routes are notified to the feedback notification packet
genera G3rlunit 1603 to prepare a notification packet toward the all

addresses descri ?gﬂ%g&&a&s@%ﬂ?ﬁ‘ﬁéﬁiﬁzj&é iiﬁé’st%ga‘gg?gef i §RPLIRn T84 B, it

Further, it is fe to be not tot nsSm ssi on si de
appar atdds ttGR0GCA DycemppatinmestionTulndien gf the gbmeadinicativheoudatd and total control

t ] SSJ i 25 t 1600C/ . [,01 . The, .
e g e T aéaﬁgffﬁ?f{ﬁglgg%bwqﬁt%@ﬁphwrﬁﬁ%ﬁ%alfffa&ﬁ@?ﬁl@?ﬂaﬁc_eeﬂfmg
bandwi g heb@aliberlofthe IRieaIX £ 1168l thAD S MindR dohipdBdd-b£QRidh I

connection nunber described in the feedback-notification packet
recei veageivBg-¢annagion-number / bandwigtheperdennactian 2203, ¢o ndcalahlatehiat hssigned

apparatus, 2700 i s connect ed S a server termnal, and a term nal
whi ch ﬁ#‘gwég‘é}reﬁf?fglei%b@eﬁ%b@ onnected to is a client termnal, an

appar afaagetronnected to the client termnal beconmes not necessary to
perform feedback notification or mutual notification. Thus it becones

poddi bl e to shar &he ApRsFatas 2T9 ssis toAp7 277 Dgotabeprbeol bundvidiisdthe
lrres p@(ﬁfhfntﬁgif%%c]rﬁroﬁea&q?sin%fth@?a&gsqg%r L Hgteaﬁggﬁﬁ\f/%a%q%@&%égleco%ké&g% of the

term nal . €scCri rformn
bandw HhdXcaftet rezhlchigtion b 1) whilotsrainiraumaeind tiia ke sl retdivige comretidn Ainbers
nunber g tified fraom ot her al%f_lratuses as as information on 5

1

. § |1
r ecei vPhige COMAREIGRHEAN FRWSSAncietng thedines i Q\S@Ff‘é’rzg'gﬁbar atuses, the

bandw gjja7pontrol can nore reflect communication environment.

20 The total control bandwidth and the total receiving connection number of
respctive resultant communication routes are notified to the feedback notification packet
generation unit 1603 to prepare a notification packet toward the all addresses described in a
feedback notification address table 1604. Further, it is fed back to be notified to the data
transmission side apparatus 1600C/D, Embodiment 5 being applied to the data transmission side

256  apparatus 1600C/D.

[0128]

The transmission side apparatus 1600C/D controls the transmission bandwidth
based on the total control bandwidth and total receiving connection number described in the
feedback-notification packet received.

30 {0129]

Provided that a terminal which the apparatus 2700 is connected to is a server
terminal, and a terminal which the apparatus 1600C/D is connected to is a client terminal, an
apparatus connected to the client terminal becomes not necessary to perform feedback

notification or mutual notification. Thus it becomes possible to share information on



EMBODI MENT 9 [0131] Wth reference to Fig. 30 and Fig. 31 is

expl ai ned an enbodi nent of the apparatus 10 3000 installed at W5727
connection of LAN and WAN neasures coll ectivel y-contracted-bandw dth

/| data-transm tting-connection-nunber /29

dat a- r ecei vi ng- connecti on-nunber of a line used by a conmuni cation
rout e, comrickatremahber imespettiesofmstsuy effmmrdppamslsl cosndetedab hier clepprmainak es
conneci(g]g,ogo the same LAN, and nutually notifies to other apparatuses
connec o other WAN and vice versa. 15 [0132] Fig. 30
shows a bl ock di agraeserled absveaBP BEdbrasing BRIwidihS:oaRBRSPdddEng3R R maion on
configured by using the apparatus 2700 described in Enrbodi ment 8 as

t he bas@nsmjeting qongedsiop sumbeenaitiieddram other appasatises ppwell as inforometimndn

B e e

W t h arpeflRdt ¢conauimidationfearireament. managenent unit 3001 for neasuring a
connection nunber in a direction fromWAN toward LAN, instead of the
recept EYBORIMER: Y on notification unit 2704, an outbound i nformation
manageg@l@tl unit 3002 for neasuring a connection nunber in a direction
from LAN tl)ward VAN, instead of the transm ssion bandw dth contr ol

unit 113, a tabl &Vitf rebaedrveco FipiA0 ead Fon 31 dudxplanaidnombodimennd chid apparatus

ot Br e S00hingalsd B ERRR GRL AN SREWAN Feadres AR arve D SR bR
nunber §a@fraA8RiEn¥ehrRBRH-AlHSer BQta%E@Gin?&Bﬁﬁ&EiHﬁ-%ﬁm%?P&ﬁ a lehe 3BY By Qf

each communication route's inbound connection nunmber of one's own
appar atersmanigateerheste ppidaterally setifdB0Bsasimesteatbsalfs to lother appazatofeseantected to

communj,cation J.oute' s .recei vi connecti on nunber of  one' )
appar altses kAN e ByhalBiaqiiles (o OHT Sopefiier copeai 0 phpoWAN and vice
cont r agéreql- bandwi dt h / out bound- connecti on- 30 nunber /

bandw dt h-fer-connecti on 3007, instead of table of each line's

corfr ald1éd} bandwi dth / transnitting-connecti on- number /

bandw dt h- per - copnegs| f i ng' .
contract ed- bandva%f Eé Ilv’ Q%%%ﬁlﬁgk g% Iﬁ%ﬁé’?@%g a%tgggé)‘bd. pﬁlesapparatus 30001s

bandwi cirifignesd-teausitgcthe appa3&0 62 700nddserdisbddh Brstildémedt Seake bdsealeteting blocks
contracted-bandwi dth / recej vi ng-connecti on- nunber / . )
bandwi HHANSP ESTARERISHIGR fynction andyBanswidi qogtrghiunction, and changingithe TX unit to

out bouﬁgoﬁt%lﬂ{dffggﬂ_ RRATRRARE REOboi iiniﬁ?&ﬁxd%ﬂ%i eﬁldﬁgg}ro%}o%ﬁ Wiifth

| i ne's contract out bound- connecti on-nu
barwi mibbupkinfarontier tiaoage3Gn? pnia B0 lafor alelasuroly acnnect mamunibeain odirection

route's o nd connection. n ers af one's own apparatus and 5
ooher BaB VAR BESERRES nshiad O R Frceotinn MTGrma @ g R Estioaa gy n

bandw gitBosiiNhfRhatioh faddedmednchin9d02f fof et 9 UNGnRQRBE TlinBBr MU Wk tion
of own apparatus to the rmutual notification packet generation unit.

[ 0134] fromd AN howard WANo insteail ofithedreasmission bandwidgoamtiopuizt &13, a tatdbbBeach

of eac@ i lr}r%lc&?tio]ilor c%nst(; é%g- gandévi d'hh ﬁ r| ngound- connecti on-({mnber /
bandwi cﬂ"ﬁ- per-conr%ctl ol & ORTHOR " RBYE © PR3 EAT ABRATHINE &) Pt(glﬁr
rogte’ spparibees d0as) MxeaHioPthd BB RF esth ARSI MdInIBRET HarSmdikeh Q3dASEtion
apparatuses 3005, by a simlar nmethod as the reception information

not i f i BERbSHOLPNS's PYDAPPasaiys #uk otherapprishisemtd on tabla ofmach commirnightionwn
7 1 ; \ o 0
SO R Apb AUl SRR SRR bl bt !l

nunber oflthe tibld efteath corbmunidai@noact's oS ving dohtection dbmblr ¢fuinkfsiocvat apParatus

packet generation unit [1013 l The mutuyal notification gacket .

gener adgtherapparaniges 2 puiable ofeasbling s eentrastedhandwidth powsbeyndcopppetion-

si dg afithicer HODhlidfh-pMBnh&RbR 3647 Mplidddl 94 ’ -Bahdd

16%% out putrséltﬂhe lnotIIJe;Fi catelg:on pac Kg@%&@@%ﬂg@?g&é@&ﬁﬁ&g?g@?&@éd bihdbAdch /
transmitting-connection-number / bandwidth-per-connection 2202, and a table of each line’s
contracted-bandwidth / inbound-connection-number / bandwidth-per-connection 3006, instead of
table of each line’s contracted-bandwidth / receiving-connection-number / bandwidth-per-

connection 2702.



20 [0136] Fig. 31 represents a notifying direction of statistical
informati on between apparatuses. [0137] A statistical information W5727
col l ection apparatus 3000 unilaterally notifies inbound 25 connection
nunber of the comruni cation route A and3@ he comuni cation route B to

t he apparatus 2400 XY, Enbodi nent 7 being applied to the apparatus

2400 X[ 3%he apparatus 2400 X/ Y perforns bandw dth control by
subtracting transgittin onpnect.i on nunber . of. .S aratus ..
from connecti on ndrB# og%chg?(?r %J'o? Fanpge gt Pt 2@@ W&E%@&gﬁe Pf%%?&lws §
appar ategrasdtbah@witbh Abitbbiir@REdtinkdtioMhueleR € BANIWIdIALEERRbnRlctiOh BEU7, and a

apparatuses. 30 [0138] . , In addition, the statistical
i nf or nablenf el FerBMBITaEYpRLEY LeUBONG cantectian nhmberstodphe’s Pwalapparatus and

i nf @r i ' ol ] . | QF rt
of | & noepARRl G AR tOBARA S el o etk Rah itk BhoRGRIRRRY B A3 hud
connechotiffesroutivand aotheotibimumberadonacippaatusuatiermetialantification packet
comuni cation route W727 31 [0139] Further, the

st at i sEPERUNEr mati on col | ection apparatus 3000 notifies i nbound
connecfgi@gy nunber and total inbound control bandwidth to an apparatus
1600E, " Enbodi nent 5 being connecting to a termnal and applied to the
appar at us 1600E Tbambotnhmitroration eramageahent Snft 00ADpdayesiastablg of barhdmaise

statistical infor i on . col)ectiogn a ratus,  t. bandwi dt.h ro

B HTRUTHIRET I oD f e foag e/ B P e G HueiPb A0TSR P
not i fi gl sreatipsbrABRAcaidSrouteSs iAbsiddNRHnedtidn hlMbeRSE NI vh dPPadatus and
apparatuses are present within a base, the bandw dth control can nore

r ef | ecethemappatatsend @R bym searosihedhas thi r¢ogplietinirmgtiomgotification unit 2704,

notifi ' n N 1 01411 In Fig. 32 1S 0 an

erboct SRS iR Ehe MR Gt bk bt e alitudi oG b Hhcke
generation unit, as well as notifies total control bandwidth of one’s own apparatus, and number

15 of total inbound connections to the feedback notification packet generation unit.
[0135]

The mutual notification packet generation unit 2402 outputs the notification
packet to both a WAN side and a LAN side. The feedback notification packet generation unit
1603 outputs the notification packet only to the WAN side.

20 [0136]
Fig. 31 represents a notifying direction of statistical information between
apparatuses.
[0137]
A statistical information collection apparatus 3000 unilaterally notifies inbound
25  connection number of the communication route A and the communication route B to the
apparatus 2400 X/Y, Embodiment 7 being applied to the apparatus 2400 X/Y. The apparatus
2400 X/Y performs bandwidth control by subtracting transmitting connection number of one’s
own apparatus from connection number described in the notification packet from the apparatus
3000 to obtain transmiiting connection number of other apparatuses.
30 [0138]
In addition, the statistical information collection apparatus 3000 and another
statistical information collection apparatus 3000’ installed at a connection part of other LAN and
WAN mutually notifies information on inbound connection number and outbound connection

number of each communication route.



connecting plurality of apparatuses 2400/2700 to a switch HUB. 15

[0142] Because a plurality of apparatuses can share the table for W5727
managi ng i nformati on on connecti on nunber, the present enbodi nent can
reduce cost. EMBODI MENT 11 [0143] 20In Big. 33 is shown an enbodi nent

of a systemfor nutually notifying informati on on connecti on nunber

to be USEX]for bandw dth control, between a central apparatus and

ot her appar at use I,nst al |.i l.ural i.ty. of appar es.24Q0/ 27Q0
described in Emi’g{tﬁ%ﬁhﬁ&%@l@ﬁ%pﬁ@}ﬂn cg_he%‘cﬁ)féﬁg})g@%gbﬁﬁggnges tRbing

i nf or MabhR1iEN AEMBEN MdQ6tal MbBurkEIntd! baHRARAItA LY 8n hpar RS S400ED Ehdddinfent
each ﬁ%par atus, the present enbodi nent can reduce comuni cation tines

as conpangdonnecHng ek tqrinkal and applied oo theiapparpwin 1 CONBEDINKEINE 102 toing]
30W h[?ﬁ{ rence to Fig. 34 is explained an enbodi nrent of a system of
nmut ual é)g- li ke notification of informati on on connection nunber to

be used for bandBydisihgcthatb®le sthisticdl safothativg @Ilﬁd:twnadrlrjghmn@f the bandwidth
appar at uses .2400/ 2700 descri bed i n_ Enbodi nent 7 or Enbodi nent 8,
[ 0146] CopEolbagedon InfOrpEHPHER iraputingAnd deehing APEEionymbgss nefifted from an

conpar ggn bl is YeARd, RPHIRILL Wht€ iy YAdarRObds 4eE Bleb @R withd# Bdse, the
bandwidth control can more reflect the communication environment while reducing the

10 notification number.

EMBODIMENT 10
[0141]

In Fig. 32 is shown an embodiment of one apparatus 3200 configured by
connecting plurality of apparatuses 2400/2700 to a switch HUB.

15 [0142]

Because a plurality of apparatuses can share the table for managing information
on connection number, the present embodiment can reduce cost,
EMBODIMENT 11
[0143]

20 In Fig. 33 is shown an embodiment of a system for mutually notifying
information on connection number to be used for bandwidth control, between a central apparatus
and other apparatuses, by installing a plurality of apparatuses 2400/2700 described in
Embodiment 7 or Embodiment 8.

[0144]

- 25 Because information concentrated to a central apparatus is redistributed to each
apparatus, the present embodiment can reduce communication times as compared with mesh-like
mutual notification.

EMBODIMENT 12
[0145]

30 With reference to Fig. 34 is explained an embodiment of a system of mutual loop-
like notification of information on connection number to be used for bandwidth control, by
installing a plurality of apparatuses 2400/2700 described in Embodiment 7 or Embodiment 8.
[0146]

The present Embodiment can reduce communication times as compared with



As clarified by the above various enbodi nents, in performng

comuni cation between a certain conmunication term nal and anot her W5727
comuni cation termnal, by taking over 5 bandw dth control of

comuni cation or retransm ssion control3py two or nore apparatuses
installed anong a plurality of conmunication termnals, speed up of
comunineahdlika noawml betifitdt@mnned. Al t hough description has

been given.on enbodi nents, the present invention should not be
Iiniteh“ﬁ']those enbodi ments, and it is apparent to a person skilled

in the art that 1Q Ja{ficdby 1RO HRY2ABEs dRSHdiMERS, iR i ﬂg@ icati
within the spirit 5? theq?nventionaand t he scop%lo?gt elg ggn egwauOn
cl ai s betREFERENCEN SPBNEnidagdn f@hird] anddnotipp apmimmickiod Gtmited, hiyrtaking 00er

Appar at us, 9 a us 1200 parat us 1600 rratus 20 2200

Aob PR AL R L S R A A 308 GO R P s Spposafuses
CLAI MBinktalted kinbsif a pRIFAIK oF 3beunaRBSA Brtials) sfRd &P HFeshafinicatién can be
net wor k conpri si ng: a bandwi dth control unit for
cont r oPIt#RRS- t r ansmi ssi on bandwi dth to send a packet, based on a
retransm ssi on st : S M . hg first. . .
conmmuni cati on apg‘géh gﬁ%@&vﬁé&mﬁaﬁg&%gﬁ% éﬁ gﬁilg é‘(ﬁzlg{r%%scglmérﬁ%%talﬂ’%ﬁmn
appar athild astthe limited to those embod R, aad Riis ﬂcm'atent o a pansh skl ipalekat that
to the netvvoilk, accor di r}g t.o the controll g ransm ssi on bandw dt h.

2. Whevariquschargesand meditivatianyarnbe ade wihu the SRt ef the inventioaidsthg scope
t he bag%%@erﬁggkﬁ%s unit controls the transm ssion bandw dth, based
on retrans si on bandwi dth assigned to retransmi ssion included in
the retransm ssion status of the packet. 3. The first conmmuni cation
appara 0or di aim1, wherein the bandw dth control unit
acqui rg&%&ﬁ% ﬁ;hf@ﬁ%g&ﬁ%stat us of the transmtted packet, and
controfgg4gne transm ssion bandw dth, based on the acquired

comuni catl1on status. 4. The first comruni cati on apparatus accordi ng
to cl alPl &ppawkias ei n: t he conmmuni cation status includes
recept E(?.:PTC;%I formation indicating whether or not the transmitted
packet has“been recei ved by the second comruni cati on apparatus; and

t he bagabwagpdrat@entrol unit detects that a packet has not received,
based on the reception information, and controls the transm ssion
bandwi 8hAPRHEES on the detection result.

1200 Apparatus

1600 Apparatus
20 2200 Apparatus
2400 Apparatus
2700 Apparatus
3000 Apparatus



5. The first comruni cati on apparatus according to claim1, wherein

the first communi cation apparatus receives a reception status W5727
acknow edgenent relating to reception of the transmtted packet, from

t he second comuni cation apparatus, andigletects a discard status on

the network of the packet transmitted to the second conmuni cation
apparatus, fromthe reception status @ckms edgenent; and

t he bandwi dth control unit controls the transm ssion bandw dth, from

di scar & bandwi dt B it CrHPHEEAIOAPRAGHISER 8e gPIesled ta @ AR ARMPTising:

retransm ssi on bandvtiath dabel MinRA cgﬁé(ﬁﬂn%ﬂaﬁs?rﬁssﬁﬁ bARANAE TS Qéglfd a packet,

status. 6. The first conmmunication apparatus according to any
cl ai nsbdsed ona, retrirsnession shatus of & packeinransinitédd form dpprsbtomsmisi caamepghmcs

to one or, nore i.nformati pn processi ng appar atuses; and
the t r §RAH BRGTK ogticrord CRFPORFAIRR APPEB & o | nel udi ng
i nformation trangmahdedsiby uﬁihf’oﬂs@ﬁdlﬁ%‘tﬁtﬁh@l«gét RI1BE Aot RERABLYTRS

according to the transm ssi on bandw The first comruni cation

appar atenrolleé giedsmigsiombendayidths, wherein the di scard bandwidth is

obt ai ngd by sunmi L scarded segnents from#the 727 34 discard
oratuss g The T IPERrE SRR P S AR SR e 2T 1
wherein the bandwiedizhdwimk edtrol Dhit chrtfdNLR tEARMTSELE bhiEvitifaBgsel D51 ONn
bandw dt h, based on a _connectjon nunber of packets received fromthe

net wor etragsmisgign pandwidthaspighedtorernsapisionaneludedivshelragnsrmisgipn sigius of the
wherei g, §be bandwi dth control unit neasures a packet retransmtting
connection nunber, and controls the transm ssi on bandw dth, based on

t he pagket r etr afibetitst cogmaoitatei apparatusdreordinglio.cladmclgrrherdicat i on

Appar at Uses vi a He R ABRLCqNET Bk acddet s HMBEN oS abp  shedgensmitted
hol ds gackebhd EQrdl €60 Hdhfifisdok Bﬁ{dvﬁafhsagas%a%ﬂ%@&c@uiréd Q&ﬁlﬁﬁhicaﬁon status.

transmtting connection nunber, and a contracted bandw dth per

connecti on wi t h Thepst commuesinetion apperatseatchyding tochaimi i, sdieiedm route to
the other commu n%h%%tohlcr)r?un?& 3h %tta usselrslch\llci:leas rE:che(;")ti(r)]r(le }n\fgrrn{(a;tioﬁ I?I(ljdié::a &Er\;/ﬁe?hser or
not the transmitted packet has been received by the second communication apparatus; and
the bandwidth control unit detects that a packet has not received, based on the
reception information, and controls the transmission bandwidth, based on the detection result.
5. The first communication apparatus according to claim 1, wherein
the first communication apparatus receives a reception status acknowledgement
relating to reception of the transmitted packet, from the second communication apparatus, and
detects a discard status on the network of the packet transmitted to the second communication
apparatus, from the reception status acknowledgement; and
the bandwidth control unit controls the transmission bandwidth, from discard
bandwidth determined based on the discard status and retransmission bandwidth determined
based on the retransmission status.
6. The first communication apparatus according to any of claims 1 to 5, wherein
the first communication apparatus is connected to one or more information
processing apparatuses; and
the transmission control unit transmits a packet including information transmitted
by the information processing apparatuses, according to the transmission bandwidth,
7. The first communication apparatus according to claim 5, wherein

the discard bandwidth is obtained by summing discarded segments from the



a bandwi dth control unit for controlling transm ssion bandwi dth to
transmt a packet, based on a m ninum value of the contracted Ws5727
bandwi dt h per connection, and a packet transm ssion unit for
transmtting a packet, according to they4ransm ssion bandw dth. 11.

The conmuni cati on apparatus according to claim 10, wherein

t he baddwirdsfatuisontrol unit acquires each conmmuni cati on rout e's packet

transnjtting congglon nunber, from ‘gﬁ!’éty ?f aoth
comunfcati on apg? f%g%muawaﬂ?}b?ﬂpéf &fPrf g “’6‘? t he
transm ssion bangh¥ihiwidaRssfo init AlFHRE BBRISIhE raRimiS QDA Bﬁ?d\ﬁéth, based on

bandw dt h per connection. 12. The communi cation apparatus according
to cl ak remtectioheuraber of packstsopadaiect omtesrdtwarkaunber |s witten in the

t abl e. 13 The c ni cat i on. ar atu accordl n | ai,m 11, wherein
a connéction nungmfsﬁg?mgalcﬁﬁ I}?Pé’afai‘bﬁ gecpid tgé’lﬁ oM each
comuni cati on di fiRGah@Ridtefshtid] GHNAREI I, prekBiaetriMshiitinBRoA4dEbn number,
communi cati on ag‘garat uses is notified to one or nore of the other

comunfskgongalsdpe Hazsmisden bapdwidthebaserhpm Hiesekes reteaapaiting sonneetinminyrgber.
to claja 11, whe t

corrrrunli((s:natl on ap%??a uséésa%}1 @%&%&?@at{aﬂgmﬁ{nﬁé%k%{ i &nﬁeﬁ%égl%v%mcaﬁon
each odppabutuses hieva owozkniwhateiron appar at uses hol ds. 15. The

comuni cati on apﬁlar atus according to claim 10, wherein W727 35

t he comuni cat i oNCERPRIUEGEOR APRAEHS not i fi es acqui red connection
nunbers and conngghg QEhb!%??éc%rdiﬁé'?beﬁ?a‘étédrbahﬁ'\ﬁxdftl% rﬁ”acl&é? tRAGhiSe

comruni cati on appar at us. . A comuni cati on systerh conpri sing £
first comectmnoamben aag pa:oatra:stechlmildmdth [pecommectionavittorespgrp tr edch dies used by
wherein the first co Cc on ratus co

1ot RetEPHECRon B ONT AnH o R aar R BT BLSRI R e ecuohs 2 ed
bandw dth, a packshpridgeansm tting connection nunber, and a cont ract ed
bandw dt h per connectl on, with respect to each line used b

conmuni cati on r oubandwidtbtoratrolamitrion pentallong faq;pawtqmsl@gdm@ wﬁﬂ@tsma(
afirs n Lk nnuni cat i

route’ a°g§‘cgﬂf3 g%’g%ﬁﬁﬂ{éaﬁ[‘lvﬁg gg?\%ee% ?rg#e%h?fgiﬁ&% preo%)meﬁ'il% 3P$t y of

ot her conmuni cat 4 pavkeppaisalissiRunitfoel tremiftilel d pagkdt! &REAIITSI0qRe transmission
bandwi dth to transmt a packet, based on a m ni mum val ue of

cont r R&EW Bhndwi dt h per connection; and a packet

transnjssi on unifpd Mm@ et 0
cormum cation apparg{ us{ésgagjcc%?%%ﬁ e T he t{’ ggnlgrqno’s‘é’?%%mbandm dt h;
and the bandwidth control unit acquxres each communication route’s packet

transmitting connection number, from a plurality of other communication apparatuses, and
performs bandwidth control of the transmission bandwidth, based on a minimum value of
contracted bandwidth per connection.
12. The communication apparatus according to claim 11, wherein

the acquired connection number is written in the table.
13. The communication apparatus according to claim 11, wherein

a connection number included in the table is associated with each communication
direction, and

a connection number with the other communication apparatuses is notified to one
or more of the other communication apparatuses.
14. The communication apparatus according to claim 11, wherein

collecting, from two or more of the other communication apparatuses, a
communicating connection number which each of the other communication apparatuses holds.

15. The communication apparatus according to claim 10, wherein



t he ot her communi cati on apparatuses conprises: a packet reception

unit for receiving a packet fromthe first conmunication apparatus; W5727
a second holding unit for holding a table for recording a contracted
bandw dt h, a packet communi cating conneg4ion nunber, and a contracted
bandw dt h per connection with respect to each Iine used by a

communi cat i on r otiiescontmiitieatfonrapparameurthiet abiifies appidéddandestion mymbers and
net wor k; and h control unit for

a second bandw gt Ol .
acqui r FAjeelmm hﬁ?ﬁmengefﬁmr ﬁf"é"ﬁsto&é@a’éf CQIPRHBERYQY FPa@nect i on

nunber yjgsfrom a pl ' ﬁ‘gﬁrfﬂ ' '

contr oll?'i ng tr anéA %@ﬁ%ﬁﬁ%&ﬁ%&%@h&t tfr?lgﬁdgﬁr%s ‘?&é‘ﬂgg‘? %%oﬂ%%éaérggﬁgﬁd gther
m ni nuremeluneatdn gppatateses,cshdsgindwi dt h per connection. 17. The

conmuni cati on sy?ﬁﬁ accordi.naq. to clajm16, .wherein a
connecti on nunbe FCPYHEAIONAPPARINS SPWETSF ¢ i s each

communi cation r oytfsthoRBEK @it for ABRIMd 4 (bR 6P REFHINON cAHHIBRE baAdWidth, a
a connection nunber held by the second holding unit is each

communpecket Genspatiing congrstipe numbereand mepniwaied bendridthupasspnnectign, Wilerespect

comuni cat | i t | ai 6, wherei.n . the
rrot iciieh e TR aBRLRCR fufe R oBleh SomiicRl P appessiossp pin e
are connected vi a fiastbahdwidttgniddBunit 2 .acquifiogeashi wain@iicadivs réue’s packet
conprising a, first conmunication apparatus and a Ws727_36 secong
comun PREIHBIFAERHeanRecton orst, fim a elusglity 9f oHer £ompmnication APaEatssH and

appar .aEbiﬁl_'o\ﬂiiI?g ﬁaﬂﬁﬁ%&%&nﬁ%ﬁga&d&%ﬂﬁﬁg e{ é%ﬁ(e C 0Ty %h%%i&lﬂﬂulﬁ%ﬁe% us

conpri ses: cont ani't for controlling
t r ans ntagraotedbandiwiddt pertconmseetidn;zandacket, based on a retransm ssion
status of a packet transmtted fromthe first co ni cat 'h%nca par.at us

via the network f8%HbIARRIYFAT: transmigingsmpacks tgdhe ofher communication

a trangiaeahR8 460bididedb (RERLHsAGssPorRRlRIdih.anihe network, according to
the controlled transm ssi on bandw dth. 20.The comuni cation system

according to cl athgotieer camsneicatiomapfaratusescomprisdscat i on appar at us

he transm 1 tod. pasel e B dBLLERTRT Rnsh il A8 A fraReAan

det ect gpparghiiggcard status on the network of the packet transmitted to
t he second communi cation apparatus, fromthe reception status )
acknow edgement ; 2 &f@nd holding unit for heldingmighledenreendingat cantracted bandvitleh, a
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the r etcspers td sashdine staak hysa communication route to the first communication apparatus via a
network; and
a second bandwidth control unit for acquiring each communication route’s packet
transmitting connection number, from a plurality of other communication apparatuses, and
controlling transmission bandwidth to transmit a packet, based on a minimum value of
contracted bandwidth per connection.
17. The communication system according to claim 16, wherein
a connection number held by the first holding unit is each communication route’s
packet transmitting connection number, and
a connection number held by the second holding unit is each communication
route’s packet receiving connection number.
18. The communication system according to claim 16, wherein
the first communication apparatus and the other communication apparatuses are
connected via a switching HUB,

19. A communication system comprising a first communication apparatus and a
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second communication apparatus to be connected to the first communication apparatus via a
network, wherein

the first communication apparatus comprises:

a bandwidth control unit for controlling transmission bandwidth to send a packet,
based on a retransmission status of a packet transmitted from the first communication apparatus
via the network to the second communication apparatus; and

a transmission unit for sending a packet to the network, according to the
controlled transmission bandwidth.

20. The communication system according to claim 19, wherein

the first communication apparatus

receives a reception status acknowledgement refating to reception of the
transmitted packet, from the second communication apparatus, and

detects a discard status on the network of the packet transmitted to the second
communication apparatus, from the reception status acknowledgement; and

the bandwidth control unit controls transmission bandwidth, from discard
bandwidth determined based on the discard status and retransmission bandwidth determined

based on the retransmission status.



