DESCRIPTION Title of Invention: COVMMUNI CATI ON DEVI CE AND

COVMUNI CATI ON SYSTEM 5 Technical Field [0001] The present
invention relates to a conmunication device and a comuni cati on
system and, particularly to a 10 conmuni cati on device and a

comuni cati on system which relay comuni cati on between term nal s.
Background Art [0002] 15A Wde Area Network (WAN) which enpl oys an
Internet Protocol-Virtual Private twork (1P-VPN) technique or the
like is generally used as a cor’rmﬂﬁl\%ﬁ%%;é%tmrk bet ween gl obal
bases. In a case where a termnal present in a certain base 20
comuni cates with a term nal present in another foreign base, the
comuni cdtiitdre icsf pardaxitesh vi a a | i ne which connects a self base
Local Area Network (LAN) to a donmestic WAN, a line which connects the
donest i ¢ CRMIING BTN fV N, ANR CRMPRECHRTCR 8¥AFBUts the foreign
WAN t o anot her base LAN. In these lines, 25 an avail able bandw dth is
limted dependi ng on contract bandw dths. [0003]

Technical Field
[0001]
The present invention relates to a communication device
and a communication system, and, particularly to a
10 communication device and a communication system which relay

communication between terminals.

Background Art
f0002]

15 A Wide Area Network {(WAN) which employs an Internet
Protocol-Virtual Private Network (IP-VPN) technigue or the
like is generally used as a communication network between
global bases.

In a case where a terminal present in a certain base
20 communicates with a terminal present in another foreign base,
the communication is performed via a 1line which connects a self
base Local Area Network (LAN) to a domestic WAN, a line which
connects the domestic WAN to a foreign WAN, and a line which
connects the foreign WAN to another base LAN. 1In these lines,
25 an available bandwidth is limited depending on contract
| bandwidths.
f0003]

A Transport Communication Protocol (TCP) is generally

used in communication between terminals. In the TCP

30 communicaticn, with respect to data which is transmitted by



A Transport Communi cation Protocol (TCP) is generally used in

comuni cation between termnals.In the TCP 30 communi cation, with
respect to data which is transmtted by a transmssion termnal, a
reception termnal notifies the transm ssion term nal of an anmount of
the received data in a feedback manner. Wen the anount of the
received data the notification of which is sent in a feedback manner
does not 5 increase, the transm ssion termnal determ nes that
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comuni cation, there is Available Bit Rate (ABR) of Asynchronous
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techni que, disclpsed jn PTL 1. I n this comrunication, a reception

term nal ‘HotGFIES SR 15 aAehPSE®Ddn 30 terninal of information of a

reception bandvti(gjd]ﬂor whether or not there is congestion in a
f eedback manner, and the transm ssion term nal controls a

transm ssi on banawitdian s ddierbasirnicfal ke tiethdneat tbatt Aenetwork is
notification of which is sent in a feedback manner. 5[ 0005]

15 congested when the RTT increases or discarding is detected,
and reduces a window size so as to indirectly reduce a
transmission bandwidth, thereby preventing the network from
being congested. 1In addition, it is determined that the
network is vacant when the RTT decreases or there is no

20 discarding, and the window size is increased so as to indirectly
increase the transmission bandwidth, thereby effectively
using a line bandwidth of the network. As above, the
transmission bandwidth is greatly dependent on the RTT and a
discarding rate in the communication using the TCP.

25 As a transmission bandwidth control technique such as
the TCP communication, there is Available Bit Rate (ABR) of
Asynchronous Transfer Mode (ATM) disclosed in NPL 1 or
communication using a technique disclosed in PTL 1. In this

communication, a reception terminal notifies a transmission

30 terminal of information of a reception bandwidth or whether



In addition, there is a technique disclosed in PTL 2 as the
transm ssi on bandwi dth control techni que such as the TCP

communi cation. I n comunication using this technique, control is
performed such that a sumtotal of a transm ssion 10 bandw dt h of
data body, a transm ssion bandwi dth of error encoding data, and a
retransm ssi on bandw dth of discarded data becones a constant val ue.
When t he retraﬁ %gssion bandmﬁdtgélncreases ansm ssi on

bandwi dt F*of "¢ Fror Ehcodihg® dara &Ecﬁba§@§d i% uPERBFL Y ¢ REFe Ghe o
techni que. di sk 0580k &&Iarélaéoﬁbﬁoigadﬁ%%ﬁgfngz@s@aﬂ%mcea%ﬁcehe

techni que such as the TCP conmuni cati on. hi's techni que,

bandwi dt fodsef e bhnengnfnpmhtuonanuemdﬁanﬂmmilomfdﬁmhbmmgsosuérputln
froma connunlcatlon devi ce which perforns bandwidth linmtation are
conpar ed,® dRFSPASK JA#MFHELh |inmitation value is varied when a packet
di scagdi ng banqqughrelated to packet discarding due to a bandw dth
limtation excee a specific value. G tation List 25Patent

Literature [0006§] alddfl ikn, $ReAw2084a 080OHM: 4T lai2dc1 ol A20091,064648

LPTL 3] the transmission bandwidth control technique such as the TCP
communication. In communication wusing this technique,
control is performed such that a sum total of a transmission

10 bandwidth of data body, a transmission bandwidth of error
encoding data, and a retransmission bandwidth of discarded data
becomes a constant value. When the retransmission bandwidth
increases, the transmission bandwidth of the error encoding
data decreases.

15 Further, there is a technique disclosed in PTL 3 as the
transmission bandwidth control technique such as the TCP
communication. In this technique, a bandwidth before being
input to and a bandwidth after being output from a communication
device which performs bandwidth limitation are compared, and

20 abandwidth limitation value is varied when a packet discarding
bandwidth related to packet discarding due to a bandwidth

limitation exceeds a specific value.
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JP- A-2008-141736 30Non Patent Literature [0007] [ NPL 1] ATM
Forum Traffic Managenent Specification Version 4.0, af-tm 0056. 00,
pp. 7 to 10 April 1996. 5 Summary of Invention Technical Problem
[0008] Since a transnission bandwi dth is controlled depending 10 on
the RTT or whether or not discarding is detected in the communi cation
using the TCP, the transm ssion bandwidth is greatly dependent on the
RTT and the di rd;i ng rate. For this reason, there is a problemin
that only a trirc?gjr% Jsi on bandwi dth which is greatly lower than a

contract bandw i 0 i N i IF =G c 3 . d
whi ch the RTT i[g]tE{Lar]S]e, Q%'%g ﬁﬁﬁ%g'r gfgﬁg%grﬁ%ggﬁg ez#gtaé, an%%%%ﬁs%oq}
there ar &emmior! okl onS-whed@56i 8Carpgbng7otouls. ApbOOO9) 9be. addi tion,
in the technique disclosed in NPL 1 or PTL 20 1, the transm ssion
bandwi dth is controlled using informati on of a reception bandw dth or

whet her %rungrpatro\}nrbgflr cej[eliﬁ%g,gfggsti on a notification of which is sent

froma recepti ince a notification of whether or not there
is congestion is sent, but the size of the congestion is not known,

there is a problem25 in that it cannot be known that to what extent
t he trandifadyiigra bbb shoul d i ncrease or decrease. [0010]

{0008]
Since a transmission bandwidth is controlled depending
10 on the RTT or whether or not discarding is detected in the
communication using the TCP, the transmission bandwidth is
greatly dependent on the RTT and the discarding rate. For this
reason, there is a problem in that only a transmission bandwidth
which is greatly lower than a contract bandwidth is obtained
15 in circumstances such as a WAN in which the RTT is large, the
number of hoppings is large, and thus there are many locations
where discarding occurs.
[00089]
In addition, in the technique disclosed in NPL 1 or PTL
20 1, the transmission bandwidth is controlled using information
of a reception bandwidth or whether or not there is congestion
a notification of which is sent from a reception side. Since
a notification of whether or not there is congestion is sent,
but the size of the congestion is not known, there is a problem
25 in that it cannot be known that to what extent the transmission
bandwidth should increase or decrease.
[0010]
In addition, in the technique disclosed in PTL 2, control
is performed such that a sum total of a transmission bandwidth

30 of data body, a transmission bandwidth of error encoding data,



In addition, in the technique disclosed in PTL 2, control is
performed such that a sumtotal of a transm ssion bandw dth 30 of
data body, a transm ssion bandwi dth of error encoding data, and a
retransm ssi on bandw dth of di scarded data becones a constant val ue.
Since the sumtotal of a control bandwidth is constant, there is a
problemin that, when an avail able bandw dth is reduced due to
conpetiti | t S5_communpicat i. such.as a e, Where a
plurality o w%dﬁ%%%?@% f%ﬁ%oghaF88§l§?ﬁ9P§ %ﬁﬁgfrg% et eSS 2
bandwi dt he@xgeads ddeusontgial cdhanbv it @i it s ddh AN BaRfiidtn
transmtted at all. [0011] 10Further, in the techni que disclosed in
PTL 3, wheh <orpsieket, diseaediagabapmdhiléth imhitdlati,s vali ffrerancdd able

bet ween an i nput, bandwi dt h and an out put bandw dth of a device
exceeds }aébcg@i‘%"rft vafue FeAUSETawWi BS 19 t SPMBREVALGR cadthe wihed;

however , i : bl 1. N at .a W i m_tat] n
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termnal. [0012] However, when a communication device receives final
data 20 fSEFReLT r &hsni sendaoter RrRdrVidhlE randr idum Aekapackenot orbe

acknomﬁeq%gﬂf . t.hereto on,the basis of a TCP protocol, and fails
i mredi at el'y %ﬁﬁéél#eﬁ? Thete may be occurrence of a case where

transm ssion i soponpl eted in the transmssion ternmnal, and, on the
ot her hand, reception is not conpleted in the 25 reception term nal.
In thPs case, thertdhdan aiprohéenechnibae diasappkiedatino®Taf 3,hevhen a

transnissiqg?tekgjnmqﬁgde finishes in a state in which data of the
recepti oA T TS G TS BRIt &l chnd st Audi BheEeRBE DRe e RR &
inther ' mnal t ' . gi.sappears.. 300013
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communi cati on device receives final data fromthe transm ssion
term nal tand freedeption terminal.

{0012]
However, when a communication device receives final data
20 from a transmission terminal and returns an ACK packet for
acknowledgement thereto on the basis of a TCP protocol, and
fails immediately thereafter, there may be occurrence of a case
where transmission is completed in the transmission terminal,
and, on the other hand, reception is not completed in the
25 reception terminal. 1In this case, there is a problem in that
an application of the transmission terminal side finishes in
a state in which data of the reception terminal side is not
updated, and thus data to be written in the reception terminal
is not written and disappears.

30 [0013]



10 inmmedi ately thereafter. Solution to Problem[0014] In order to
sol ve the above-descri bed problens, 15 according to an aspect of the
present invention, there is provided a comruni cation device which
rel ays transm ssion and reception of a packet between a transm ssion
termnal and a reception termnal, and transmts an ACK packet for a
second data packet which is transmtted fromthe transm ssion
termnal 20 later than a first data packet to the transm ssion

ternmnal dependiffy PHFSARE ﬂé’c‘f@it’a‘?/ﬁ_aikta}sné?e(ﬁqé% a%ﬁ’celslqkﬁ? Athé&heisest
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provi ded neans for not returning at'a pac 'S Tecelve
in a state ¢casahivhbreherean snihos e aivhicohplaities] 2bnf ar AGRsaiGsion
transm ssion of which is in progress, and there is no data which

wai ts f ot diidendmd -apd tocepthes bandhi gception is not completed

5 1n a reception terminal. In addition, one of objects of the
present invention is to make a communication state with a
transmission terminal match a communication state with a
reception terminal even in a case where a communication device
receives final data from the transmission terminal and fails

10 immediately thereafter.

Solution to Problem
[0014]
In order to solve the above-described problems,
15 accoxrding to an aspect of the present invention, there is
provided a communication device which relays transmission and
reception of a packet between a transmission terminal and a
reception terminal, and transmits an ACK packet for a second
data packet which is transmitted fromthe transmission terminal
20 later than a first data packet to the transmission terminal
depending on ACK packet awaiting circumstances for the first
data packet from the reception terminal side. Particularly,
there is provided means for not returning ACK when a data packet
is received in a state in which there is no data which waits
25 for ACK and transmission of which is in progress, and there
is no data which waits for arrangement and reception of which
is in progress in the communication device, for returning ACK
for data packet received one step before when a data packet
is received in a state in which there is data which waits for

30 ACK and transmission of which is in progress, or there is data



is in progress in the comunication device, for returning ACK for
dat a packet received one step before when a data packet is received
in a state in which there is data which waits for 30 ACK and
transm ssion of which is in progress, or there is data which waits
for arrangenent and reception of which is in progress in the
communi cation device, and for returning normal ACK at a tim ng when

ACK is re%eic\ﬁed frg@ khe reception term t hus_t here i

| side,.
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which is in progress. According to another feature of The
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first 15 conmunicati on ce of an a W edgenent pac Includin
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manner when a data | ocation which cannot be received during

comuni cation is detected, the first comrunication device transmts a

Wi ch 18 i nel udSE T TS e RRSIedg RaREXBab ket e (HEE Ot FAFOR o
whi ch is jsents igrdv f &QAbRCkomRBINEEat 89 system! BEMPESONHy: _
comuni cation device periodically notifieS the first conmunication
devi t@ of an aeckfidwbédgemenhipatkeh device and a second communication
device that are located between two terminals and relay TCP
communication between the terminals,
wherein
the second communication device notifies the first
15 communication device of an acknowledgement packet including
identification information of an unreceived location in a
feedback manner when a data location which cannot be received
during communication is detected,
the first communication device transmits a retransmitted
20 packet including data of the unreceived location which is
included in the acknowledgement packet, the notification of
which is sent in a feedback manner, and
the second communication device periodically notifies
the first communication device of an acknowledgement packet
25 1including the identification information of the unreceived

location in a feedback manner until the retransmitted packet

including the data of the unreceived location is received.

In addition, according to another feature of the present

30 invention, it is provided a communication device which relays



25 including the identification information of the unreceived

| ocation in a feedback manner until the retransmtted packet
including the data of the unreceived |ocation is received.

In addition, according to another feature of the present 30
invention, it is provided a conmunication device which relays two
data communi cations including first data conmunication and second

et 2 SO 52 o LIS IR AT COBBIED P18 e

acknow edgemd dora - slrh@nbeipisnfinal data, when a packet with data
is received in the second data communi cati on; and returns an

acknow edgementvifigih frieftalrrdata aekeoveddgamehe Secengdadata with data
comuni cation at_a tim ng when an acknow edgenent is received and

thus ther€IS-HRE dtht & ST CPI0 SRAR PTRT AP B aRyelRdtenand for
1 ansg ssian, e sl el Ny ONR, 1 dhe dd telala paTleaan

in a state 1n ere is data S for ‘an ac

and transim ssieonsafondi ¢tk ScofnpPh0g8€86nt Nahhe first data
comuni cation and there is no data which waits for arrangenment 15 and
reception of whHiedthINS ian Frogratisdgendret sboonti el alammeataiatddnin

[ 0015] Acggording to.a first solving neans of the present 20
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communi cation, returns an acknow edgenent for a packet wt at a
recelVed wati iedstr ame astapwieldgement andackaashedgesrnbrfwhidatas in

before final data, , , _ ) , ,
progress in the first data communication, in a state in which
there is data which waits for an acknowledgement and
transmission of which is in progress in the first data
communication and there is no data which waits for arrangement

15 and reception of which is in progress in the second data

communication.

[0015]
According to a first solving means of the present
20 invention, there is provided a communication device which
relays two TCP communications including first TCP
communication and second TCP communication, returns an
acknowledgement for a packet with data received at least one
step before or an acknowledgement for data before final data
25 when a packet with data is received in the second TCP
communication; and returns an acknowledgement for final data
received in the second TCP communication at a timing when an
acknowledgement is received and thus there is no data which
waits for an acknowledgement and transmission of which is in

30 progress in the first TCP communication, in a state in which



25 when a packet with data is received in the second TOP

comuni cation; and returns an acknow edgenent for final data received
i n the second TOP communi cation at a timng when an acknow edgenent
is received and thus there is no data which waits for an

acknow edgenent and transm ssion of which is in 30 progress in the
first TOP communication, in a state in which there is data which

wai ts for_,an acknow .edgenent and transnission of ich is in progress
in the ff%%ﬁFeTCﬁSco%ﬁg%icgEFS aﬂﬁlfﬁer °Fs ?R)(ﬁ§%%%ﬁ¥%§%%ﬁ5ﬁﬁs %@P
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conmmuni cati on. According to the conmuni cation device, there is
an ef f ectcosfupriesdritdmgnalctherenice nof dat € age athere tir foms Rrssino@ries t
conpletegH#Q a transm ssion termnal, and, on the other hand,
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comugi catq.on devce,fails. [0016] According to a second sol ving
means of the present Invention, there is provided a conmunication

system i ncl udi g ddifrsd t6aAIBbRRALH 0Ba de¥hGRAk At5866NE an effect
conmmuni cation device 15 which are | ocated between two term nals and
di vide TOE preventing occurrence of a case where transmission is
completed in a transmission terminal, and, on the other hand,
reception is not completed in a reception terminal, even if
10 the communication device fails.
[0016]

According to a second solving means of the present

invention, there is provided a communication system including

a first communication device and a second communication device

15 which are located between two terminals and divide TCP
communication between the terminals into three TCP
communications which are relayed, wherein the first
communication device performs first TCP communication with a

data transmission terminal, the second communication device

20 performs second TCP communication with a data reception
terminal, third TCP communication is performed between the
first communication device and the second communication device,

and each TCP communication independently performs
retransmission of transmitted data and arrangement of received

25 data, wherein the second communication device notifies the
first communication device of an acknowledgement packet
including identification information of an unreceived
location in a feedback manner when a data location which cannot

be received during communication is detected, wherein the first

30 communication device transmits a retransmitted packet



comruni cati on between the termnals into three TOP comruni cati ons

whi ch are rel ayed, wherein the first comuni cation device perforns
first TOP communication with a data transm ssion termnal, the second
comuni cati on device 20 perforns second TOP comruni cation with a data
reception termnal, third TOP comruni cation is perforned between the
first comruni cati on device and the second comruni cati on device, and

each TOP |cat Qn I n endentl per ne retra snlsS|on of

t r ansni ttg% data ar r aflgé[e%l rﬂnre? 43]730‘:5'2351%t LSthere iR alpged
second cammRk Qaaikrﬁjhp&y b &ReOPaldes EH@ St GRTHNb £ Al 10 P@‘é'e%%
of an acknow edgenent packet I ncluding identification information of

an unr eceinved fexdtiaoh nannefeedbdckheraeriner thizeseaotat & dnomatiicart ion
whi ch caQPot be recei ved during conmmunication i s detected, wherein

the firsti®30 ComAitHtTH HAA el 1§ il T5h AMMEH Rt sevdice

5 of an acknowledgement packet including the identification
information of the unreceived location in a feedback manner
until the retransmitted packet including the data of the
unreceived location is received.

According to this communication system, by controlling
10 a window size 2605 for defining a transmission amount for each
RTT, it is possible to realize communication which is not
dependent on an RTT or a discarding rate even between terminals
which can perform only TCP communication for performing
bandwidth control.
15
Advantageous Effects of Invention
{0017]
According to the present invention, even if the
communication device receives final data from the transmission
20 terminal and fails immediately thereafter, since a
communication state with the transmission terminal matches a
communication state with the reception terminal, there is no
occurrence of a case where transmission is completed in the
transmission terminal, and, on the other hand, reception is

25 not completed in the reception terminal.

Brief Description of Drawings
[0018]
Fig. 1 is a diagram illustrating a system in which

30 communication devices 910 and 920 are installed in boundaries

10



including data of the unreceived | ocation which is included in the
acknow edgenent packet the notification of which is sent in a

f eedback manner, and wherein the second comruni cati on device
periodically notifies the first comruni cation device 5 of an

acknow edgenent packet including the identification information of
the unreceived location in a feedback manner until the retransmtted

packet incl.uding t ata he unreceived | ocation is received.
Accor di néjetté“’et s'-’f B’Mﬂﬁ%gzﬁﬁ% system by controlling 10 a w ndow
size 2605 for defy nipngsast aaggghasmmuggege&ngoa £86R R1Js dga'c?k :
possi ble to reali'ze comuni cation which 1's not dependent on an RTT or
a di scardi ng r dtie.evien et ielbrck etidqudns obi £ hcaanupesd of on ok yi JEP
comuni cation faqr pertorniqg_bandmﬁdth control. 15 Advant ageous

Ef fects of |nvédt-of ff0RrPLock diguEyiqly & ¢andandkd&ht Undvedtoodn,
even 5f ggp i iégkfﬁyigg {ggeives final data fromthe
0 term nalr- and farl f

transm ssion S Timedi ately thereafter, since a

communi cation gtigt.e SWikhat €atansil 58s0Pat ehi e nf@EEhESr danaging
communi cation state with the reception termnal, there is no
occur r ence tefansmiastl athdpef feansnd sai vaceést tonpbefédrin t he

transm ssi on tﬁLnin%I" anda.on the.fiher hand, reception is 25 naot
conpl eted in tte%efepfi Bn tBPhiHat 1 BPFER CERIPPIRTOIS FODIRNHGS I
[0018] 4 transmisdidh én&Sr@c%ﬁ@ﬂéﬁ”%hékyﬁ%r??fggrg systemin which
30 communi cation devices 910 and 920 are 1 nstalled 1 n boundaries

bet wk@n a WAN amdy.LANsis Fa gdi2giramaidilagtamtihgusianaigeft@nd frarimie of

a packet. Fig. 3 is a block diagramof a conmunication device. Fig. 4
is a bl o@dMEhJram FFransibibed rePfen andog7reception buffer.

Fig. 8 1is a sequence diagram illustrating that

communication devices 100 and 101 return ACK one packet later.

Fig. 9 is a sequence diagram illustrating a problem when

15 retransmission occurs between a transmission terminal 103 and
the communication device 100.

Fig. 10 is a sequence diagram illustrating a method of
returning ACK when retransmission occurs between the
transmission terminal 103 and the communication device 100.

20 Fig. 11 is a sequence diagram illustrating a method of
returning ACK when retransmission occurs between the
transmission terminal 103 and the communication device 100.

Fig. 12 is a sequence diagram illustrating a method of

returning ACK when a communication device 600 predicts and
25 transmits a subsequent command to a server side in advance.

Fig. 13 is a sequence diagram illustrating a method of
returning ACK when the communication device 600 predicts and
transmits a subsequent command to the server side in advance.

Fig. 14 is a sequence diagram illustrating updating of

30 a buffer management pointer and transmission and reception

11



5 in the comuni cati on device. Fig. 5 is a diagram
illustrating pointers for managing a transm ssion buffer and a
reception buffer. Fig. 6 is a diagramillustrating pointers
for managing a transm ssion and reception sharing buffer. 10Fig. 7 is
a diagramillustrating nanagenment pointers added to a transm ssion
buffer and a reception buffer. Fig. 8 is a sequence di agram

iIIustra'éH&é tofxgﬁgﬂﬁgﬁ%&gqgggyiCeaeéggeand 101 return ACK one
packet later. Fig. 9 1S a seguence %?agran1|rlustrating a probl em

when 15 retransiEsii®n i@CEUESqheh weei AgtEAnsI $5t 04k 1,84 Mgk ¢ i3 And
t he conmuni cati on devi ce 100. Fig. 10 is a sequence di agram

i |1 ustratd ny&fevetihoekgtmert upainge ACKnwhdnr ametvissdwns sinoh meeEptsion
bet ween the transnission term pal 103 and,the comruni cati on devi ce

100. 20 FEIFKEP | ZF QUM HE A+ At FEYUSErat i ng a net hod of
g ACK _ CE 1 ot
210, ] e B e e QT ARLAD o1

termnal 103 and the conmuni c

sequence dilagf fenr i hdnusgemshtgpainethodndl trehismiisrg oACKnthefeception
conmmuni cati on device 600 predicts and 25 transmits a subsequent
comand Rkt vef helecommagianeion devicerig. 13 is a sequence
diagramillustr tinq

( atl 7a.gg§hod %f %ggurnin Aﬁr wgen t he .communi cation
devi ce 600 predi's *and”tF SASHTCS 2 8 BBE 8 ubnt P EoratF (10 AR
side in atiBReRepti®n pdcketd SEAURNCRBIAGIAPId Halk Ak Hgq updatidg
of 30 a buffer managenent pointer and transm ssion and reception

10 or not there is data in the buffer.

Fig. 18 is a flowchart illustrating a process performed
by a reception history update portion 3106 of a NIF0 TCP module
1007.

Fig. 19 is a flowchart illustrating a process performed

15 by a TX packet retransmission portion 3104 of the NIFO TCP
module 10067.

Fig. 20 is a flowchart diagram illustrating updating of
a buffer management pointer.

Fig. 21 is a flowchart diagram illustrating returning

20 ACK.

Fig. 22 is a flowchart diagram illustrating updating a
lost segment.

Fig. 23 is a flowchart diagram illustrating process
procedures when the reception history update portion 3106

25 receives data with a payload.

Fig. 24 is a flowchart diagram illustrating process
procedures when the TX packet retransmission portion 3104
receives an ACK packet.

Fig. 25 is a sequence diagram illustrating that ACK is

30 not returned when a communication device 800 receives a packet

12



packets of the comunication device. Fig. 15 is a sequence
diagramillustrating updating of a buffer managenent pointer and
transm ssion and reception packets of the conmunication device. 5Fig.

16 is a sequence diagramillustrating updating of a buffer
managenent pointer and transm ssion and reception packets of the
conmuni cat i on devi ce. Fig. 17 is a sequence diagram
illustrati. tr 1.Ssion and reception packets of the comrunication
devi ce arl r11:\?\;"r1eat htekji I‘%’abgr not there is data in the buffer. Fi g.

18 is a flowchatily.i bleustratding@mPHAqest RETHY TedyBYeR 11268RHPRNe
hi story update portion 3106 of" a NIl FO TOP nodul e 1007. Fig.
19 is a fdooweirdrdatidrusteradciensgSal pand &2 peef bnsedl 1&d byn doliXdpadkeat
r et ransn%ssi on portion 3104 of the NIFO TOP nodul e 1007., Fi g.
20 is a PROWETE 0G Y4Naafr Fhgt AT P nP R i iga el Bu e performed

managenem j fre F . 1S4 I : P il lustrating
returni ngteéc(g)%A (.%he dogm"l&—lljlééascf%rlf s(ﬁ\zgﬁqu%év\c z%?%r %rﬂadlrnglr%}ieﬂ%&&%r gtclPrig
updating a | ostFigegmantis a diagramFiig.ludd datidd lowehakt ddhadoaProl
il Iustratiﬁ&g1 process procedures when the reception history update

portion BEFECEL receives data with a payl oad. Fig. 24 is a
flowchart diagramillustrating, process, procedures when the TX packet
retransm ssion 6‘(9r'ti%¢1 3fof r§%§953§l d&%& ,& retransmissgon
25 is a segusnpe pi@amamillustrating that ACK is 30 not returned
when a comuni cation device 800 receives a packet wth a PSH fl ag.
10 Fig. 29 1is a diagram illustrating a method of

retransmitting a partial non-acknowledgement NACK packet.

Fig. 30 is a diagram illustrating a congestion control
method.

Fig. 31 is a block diagram of an independent TCP unit

15 1008 in the communication device.

Fig. 32 is a diagram illustrating a format of a TX path
shaper table.

Fig. 33 is a conceptual flowchart illustrating that a
transmission bandwidth control portion 3206 updates a control

20 bandwidth.

Fig. 34 1is a diagram illustrating a format of a
transmission and retransmission bandwidth table for each
shaper.

Fig. 35 is a conceptual diagram illustrating meanings

25 of values held by a transmission and retransmission bandwidth
table 3205 for each shaper.

Fig. 36 is a flowchart diagram illustrating updating a
control bandwidth.

Fig. 37 is a flowchart illustrating a process performed

30 by the reception history update portion 3106 of the NIFQ TCP

13



Fig. 26 is a diagramillustrating a systemin which the comruni cation
devices 910 and 920 are installed in boundaries between the WAN and
the LANs, and communication is perfornmed 5 between the comruni cation
devi ces using an independent TCP. Fig. 27 is a diagram
illustrating a bandw dth control method. Fig. 28 is a diagram
illustrating a retransm ssion control nethod. 10Fig. 29 is a diagram

illust ratnioqjgﬂ% %&P%&faﬁgééﬂ@émw ng a partial non-acknow edgenent
[ [

NACK packet. g. 30 Ts a diagramillustrating a congestion control
net hod. Fig. 3Bi 9s S¥lowchddtoeh 1disagdaainefl a aiv-d adepedentrnEaP
unit 15 1008 in the comunication device. Fig. 32 is a diagram
i |l ustrativhghe T¥r packet zce¥xapamhsshapeporsbbs. 3104 of the&iNLFBICPs

a conceptual fl rt illustrating that a transm ssion bandw dth
control pot "}loenq\t@gjg ]dbaéi?’%%éje{“%mt‘?ol 20 bandwi dt h. Fig. 34
is a diagram ilgiust raf iing 2 feQffBfcldid AN ST QL BN %gmp]
retransm ssi on E%ﬁdw’ dtlh taglegffor eaclh gtsl{laper. % I’—alng.e pl S a

concept ualf bbagriempolihtetrmtvag areanhagsk 253 of AGHK paskeel ds e tairned
transm ssion and retransm ssion bandw dth table 3205 for each shaper.
Fig. 36 "8 f PoweR&St 8PEPFER | PFEEEFat iRg QUG Fpbientying an

bandw dt h. ig..37.1s a flowhart illustrating_a proce
per f or neg{rgj(?ptﬁeync%%net rTeCc[Le:pI?'la%%e%Ills‘f%rrmﬁurl}%ag?éoﬁo?ﬁv&ﬁeiéé‘ 5t Ct%ﬁg NFo
TCP  noduhn 138 hd Edsdhedhdrnt4 4. Fig. 38 is a flowhart

illustrating a process perforned by the TX packet retransm ssion
portien 3104 offitche N} FOSTEP soduerce00i agraEnbodiwentading how the

pointer moves when a communication device #1 (3600) receives
NACK from a communication device #2 (3602) in a case of
employing Embodiment 4.
Fig. 41 is a sequence diagram illustrating problems of
15 proxy devices 200 and 201 in the related art.

Fig. 42 is a conceptual diagram illustrating meanings
of values held by a transmission and retransmission bandwidth
table 3205 for each shaper.

Fig. 43 is a flowchart 1illustrating that a transmission

20 bandwidth control portion 3206 updates a control bandwidth by
using information of a retransmission bandwidth.

Fig. 44 is a flowchart diagram specifically illustrating
the update of a control bandwidth in Fig. 43.

Fig. 45 is a flowchart illustrating that the transmission

25 bandwidth control portion 3206 updates a control bandwidth by
using a rate of change of a retransmission ratio.

Fig. 46 is a flowchart illustrating that the transmission
bandwidth control portion 3206 updates a control bandwidth by
using a rate of change of a retransmission ratic so as to

30 increase or decrease the control bandwidth.
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5Fig. 39 is a sequence diagramillustrating an exanple of how the
poi nter noves and what kind of ACK packet is returned when a | oss
segnent occurs in conmuni cation using an i ndependent TOP between
comuni cation devices in a case of enploying Enbodi ment 4. 10Fi g. 40
is a sequence diagramillustrating how the pointer noves when a
comuni cation device #1 (3600) receives NACK from a commruni cation
device #2 (3602). in, a .case_of | oyi.ng Enbodi nent 4. . ,
Fig. 41 is a s?&@Enﬁzlcﬁ 3&%%@5@9? ARG Probtehea bty 15 Isdapting
devi ces 2QQ apthAQL di 4 heodel st efaihidth in Tﬁgg-%éz Is a
conceptual diagramillustrating neanings of valués held by a

transmi ssi on anmd gr.etdBansmias Sieaudvared wi ididr analil16 w330 tfiorg each shaper .
Fig. 43 is a flowhart illustrating that a transm ssion 20 bandw dth

control PSSt pésupshekiighesheprodheniatn agrmen ep tidoshetinon
of a getr; 1 SSi | Fig. 44 is a flowhart diagram
P caT o a T Cor ot fa Thied

specifica € update of a control bandwidth in Fig.
43. Fig. 45 israd.| awchay ta iddgisdicdt idihdhat ithe v anSHS it 20 Tcp
bandwi dt h control portion 3206 updates a control bandw dth by using a
rate of cvargstdgforniseesbabhisbedrbefrio the data domguudicatsien shown
fl owchart, i!ég.ustrat,i ng}th t thg transm ssi on bandw dth contr ol
portion 330€ ‘¥dat & ec%ﬁ?l?rﬁ)? bandwi dth by using a rate of change of
a retransm ssi atsino 4 a ' -r%a]_se r eqs tr
bandw dt h. . %Ogi%? a4%e§c§leg&f o%\(/\i/c art?ﬂ g'llég]%g{m spglcsit ;&cag:lol%y R

i |1 ub®r atdomguetche caupdat esbéb i ehatires £ ded dbicddit b nedri@an 4€ation shown
Fig. 48 i ;s a sequence diagramillustrating that a TOP connection is
est abl i sH&d H3éF-ore th@ ek @redmuni cati on shown 5 in Fig. 9 is

per f or med. P

. Fieg. 49 _i di . i llustrati th
TOP connecti on ilg'elssj'%ial%{él sI Zsfauzefen%lrjegn ]%lequ g‘?:ﬁ?&#ﬁﬁ#f‘\ raﬁi) %&mq%n

Fig. 9 ispeidaritedis cancelled after the data communication shown in

Fig. 9 is performed.

15 Fig. 52 is a sequence diagram illustrating that a TCP
connection is cancelled after the data communication shown in
Fig. 9 is performed.

Fig. 53 is a sequence diagram illustrating that a TCP
connection is cancelled after the data communication shown in

20 Fig. 9 is performed.

Description of Embodiments
[0019]
Representative forms for implementing the present
25 invention are as follows.

First, according to an aspect, a communication device
which relays two TCP communications including first TCP
communication and second TCP communication, and includes a
transmission buffer and a reception buffer for each TCP

30 communication, and means (1) for not returning ACK when a data

15



Fig. 50 is a sequence diagramillustrating that a TOP 10 connection

I s established before the data conmuni cation showm in Fig. 9 is

per formed. Fig. 51 is a sequence diagramillustrating that a
TOP connection is cancelled after the data comuni cati on shown in
Fig. 9 is perfornmed. 15Fig. 52 is a sequence diagramillustrating
that a TOP connection is cancelled after the data conmunicati on shown

in Fig. i er.f.orned. . Fig, 53.1.5 a sequence.di agram
il us?ra |ar‘fg(e?h% ]ég%]-':‘v%gnﬁréc‘il?%nsq%soncdo,ag?gl ‘F%‘&m‘éﬂa?g%% %&taaState
conmuni cati @RisA0MRe+d 2D nid Batd Wwisi ORNLHE o rDRSE AN k@An@hission
Enbodi ments [ 0019] Representative forns for inplenmenting
t he presadt wzbch meehtirsrogires saad nf ¢ ¢wen skilsst ondectf e fgrt chafirst
aspect, g onnunication_devicecﬁhich rel,ays two TOP conmuni cations

n

i ncl udi ng i rST™FEP oM c &TDntBRES sdcort TER RofifilcatRoRS &Rd
oS B DB f SR DD Sfpd9hc B TR0
packet | sefcepaiived Hutfidie B€Eoble TEPc6AAMUOPCAbNAGNIERaR 1903t 20N for
which there is no data which waits for ACK and transm ssion
returning ACK for a data packet received at least one step
before when a data packet is received in the second TCP
communication in a state in which there is data which waits
10 for ACK and transmission of which is in progress in the
transmission buffer for the first TCP communication, or there
is data which waits for arrangement and reception of which is
in progress in the reception buffer for the second TCP
communication, and (3) for returning ACK for a data packet
15 1located at the end among data packets received in the second
TCP communication at a timing when ACK is received in the first
TCP communication and thus there is no data which waits for
ACK and transmission of which is in progress, in a state in
which there 1s data which waits for ACK and transmission of
20 which is in progress in the transmission buffer for the first
TCP communication, and there is no data which waits for
arrangement and reception of which is in progress in the
reception buffer for the second TCP communication. According
to this'aspect, since a transmission terminal cannot receive
25 ACK for final data until a reception terminal receives the final
data transmitted from the transmission terminal, there is an
effect of preventing occurrence of a case where transmission
is completed in the transmission terminal, and, on the other

hand, reception is not completed in the reception terminal,

30 even if the communication device fails. Details of this aspect
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of which
conmuni ¢

is in progress in the transm ssion buffer for the first TOP
ation, and there is no data which waits for 5 arrangenent and

reception of which is in progress in the reception buffer for the
second TOP comuni cation, (2) for returning ACK for a data packet

recei ved

at | east one step before when a data packet is received in

the second TOP conmmunication in a state in which there is data which
waits 10 f.qr, ACK and transm ssion of which i in progress in the
transm sé"ilg‘r]r b5t cfr&rbetcﬁgﬁqefgtmar@l% o= 18 i%ﬁl}?g%}m?%@]e' is data
whi ch waits forpappgngenent and reception of which is in progress in

the reception buffer for the second TOP comuni cation, and (3) for
returni ng ACK Reramoiata apacicet, tbheletdiceloAtret-he ndmdy ADONGedatrtdbed

packet s

received in the second TOP communi cation at a timng when ACK

i s recei VEdETROCABONT, dv  FEPPESARIAREaPRSN WheD (b tharacket (o tdara
Whi Chs waigisys 9% AGK1RRT 16 8n3eES81 90 O YOLENLS. ' ARIAU SRS o Rhds

state in

10

15

20

25

30

aspect, in a case where the transmission terminal adds the PSH
flag when final data is transmitted, an effect equivalent to
Embodiment 1 can be achieved. Details of this aspect will be
described later mainly based on Embodiment 2.

[0021]

As still another aspect, two communication devices are
installed between terminals, TCP communication between the
terminals is divided into three TCP communications, a standard
TCP is used in the TCP communication between the terminal and
the communication device, and a technique disclosed in Patent
Application 1 is used in the TCP communication between the
communication devices, of the two TCP communications relayed
by each communication device. BAccording to this aspect, it
is possible to realize communication which is not dependent
on an RTT or a discarding rate even between terminals which
can perform only the standard TCP communication. Details of
this aspect will be described later mainly based on Embodiment
3.

[0022]

As still further aspect, two communication devices are
installed between terminals, TCP communication between the
terminals is divided into three TCP communications, and the
ACK returning method disclosed in Embodiment 1 is employed
while using a standard TCP (refer to Fig. 27) by controlling

a transmission amount for each RTT in the TCP communication

17



which there is data which waits for ACK and transm ssion of 20 which
IS in progress in the transm ssion buffer for the first TOP

comuni cation, and there is no data which waits for arrangenent and
reception of which is in progress in the reception buffer for the
second TOP communi cation. According to this aspect, since a

transm ssion term nal cannot receive 25 ACK for final data until a

reception tefmn %lher G eEniG it h% Itrfllal dat g t'rcaaq'.slnc?n:[ td.ee:(%lrifcreo rryntdhe

transm ssion term nal, there i an of {eer or preventing 5cCUrT 8589

a case WhetechhansHi$iS4 Olos Sd GoNPLAEERH Agp e £1aNIN S5 fie d £ pFRAk,
and, on the other hand, reception is not conpleted in the reception

t er mi nal Ar®Q-i@gdrianf Nhe280RAmBALE6ADI, orPCIAIRA) U & I Tt aih sthe TRPs

aspect wll be descrihed |ater nmainly based on Epbadi nent 1. [0020]
As anot h&PTHEPEGE T He Rttt dfG SWHHEHEN ®SthIsed 9fy the two

Embodé memicpl, cdmmBeL EQE MBH 0N Q%é%o?adéﬁﬂﬂpag ud LB 2R Bl ifad

which is a TOP flag Is recelvéﬁﬂ ing to this aspect, in a case
wher e t héadacarimssiten tedrin nalspatds, t hiec PSH f lpag sirar f iveal rédatia zies
transmtted, an effect equivalent to Enbodi nent 1 can be achieved.

Det ai | s GOMING GRdFit WiLich be ek desagiandt en amiRfTyobas 6d sgarding

EnbodlnEQ%E% even between terminals which can perform only the TCP

communication, and, there is an effect of preventing occurrence
10 of a case where transmission is completed in a transmission
terminal, and, on the other hand, reception is not completed
in a reception terminal, even if either one of the communication
devices fails. Details of this aspect will be described later
mainly based on Embodiment 4.
15 -~ [0023]
Other aspects of the present invention will be described
using various embodiments described below.
Hereinafter, in order to describe the aspects of the
present invention in detail, details of a configuration of a
20 communication device relaying communication, a process
sequence, a system in which the device is configured to be
connected via a network, or the like will be described using

embodiments.

25 Embodiment 1
[0024]
With reference to Figs. 1 to 22, a description will be
made of an embodiment of a communication device which prevents
an occurrence of a case where transmission is Completed in a

30 transmission terminal, and, on the other hand, reception is
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10[ 0021] As still another aspect, two communi cation devices are
install ed between termnals, TOP conmmuni cati on between the termnals
is divided into three TOP communi cations, a standard TOP is used in

t he TOP communi cati on between the term nal and 15 the comruni cati on
device, and a technique disclosed in Patent Application 1 is used in
t he TOP comuni cati on between the comuni cati on devi ces, of the two
TOP communij.catjons rel ayed by each communi cati on device. According to
this asplitt COPIEL] Bk Fo PesiSEre ComhiEal on SHEch Heothe
dependente2fh0R At IR Ofle i dbSCahdiBg IRLS Ry en-Dptyeelrst ep na;r%p
whi ch can performonly the standard TOP communi cati on. Details o

t hi s aspecimmunilcays adescri bed | ater mainly based on Enbodi mnent 3
[0022] 25As still further aspect, two conmunication devjces are

i nstal | ed bet wEed 't ér APAYUPs? StEE < dintiRieht & FP Rt e destifan s
is diygid it ree i caf] d A returni .
netho% dﬁg%(gsgi(?ﬁgéﬁﬁgg%ﬁgﬁ%ygéﬁs&%ﬁgﬁ%yﬁg dﬁ?ﬁé gg?ngngtg g%&a%&
TOP (ref @ourRlddigs Bérweencaniénldtin® 3600)t 5305188 0 anpEate fon
each RTT in the TOP conmmuni cation between the term nal and the
comuni ca@ficon9@évi ceanhd cosiwg izattdomni fae mistdosed viaPatkerge TCP

Application 1 (.Japanese  Patent | i cation 2009- 214015,

PCT/ JP2010) i t%eatﬂﬁ?”c%ﬁr@éﬁ o9 b cier (He ComRGHEEatPon
devi ces, t9fe hiewlwq % X%lcfogmintéﬂl%ﬂgﬁsr?é@yeéia@y%?@)cb:on cted to
communi cation device. According to this aspect, it 1s p055|% eto

real1@e dornumetcatirbn 20802} s ndthedepemdenticanian KEWiQe a#l (910)
di scarding rate even between term nals which can performonly the TOP

communi cafidideshdetiinirle it enfagsedIER andveil n Icamd dide Bodof

TS orad N ng’ hal
Bndeon i EpPEAPIASLEEILE SEIP! St obt e rr BREERER YA e
t er m nal ToBveRdufl <8 19167 N 94 L COPANEGR TP devineesS dAilch and

Details of this aspect will be described |later mainly based on
Enbodi nedt PFOxy5gde3de 912 which replaces data. In addition, in the

15 present embodiment, the number of the communication devices
910 and 920 may be one. In addition, the communication devices
910 and 920 may be, for example, proxy devices.
[0025]
Fig. 2 is a diagram illustrating a format of a packet
20 which is sent and received in the present embodiment. The
packet has a MAC header 2900, an IP header 2904, a TCP header
2909, a TCP option header 2916, and a payload 2927. The MAC
header 2900 includes DMAC 2901 indicating a destination MAC
address, SMAC 2902 indicating a transmission source MAC address,
25 and Type 2903 indicating a MAC frame type. In addition, the
IP header 2904 includes IP length 2905 indicating a packet
length excluding the MAC header, protocol 2906 indicating a
protocol number, SIP 2907 indicating a transmission source IP
address, and DIP 2908 indicating a destination IP address. The

30 TCP header 2909 includes src.port 2910 indicating a
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O her aspects of the present invention will be described using

vari ous enbodi nents descri bed bel ow Hereinafter, in order to
descri be the aspects of the present invention in detail, details of a
configuration of a 20 comuni cati on device rel ayi ng conmuni cation, a
process sequence, a systemin which the device is configured to be
connected via a network, or the like will be described using

mbodi t. 1 4] W.t h Ei tQ 22
oot renkan R Ellde ORI ! oL 058, LA S5 b0 R

whi ch pr eaitish a0 GF G FENGae r 2 mezwlzefﬁ&l@ﬁrﬂgw Q'}a'n%mlsszl.on
conpleted in a 30 transm ssion termnal’, and, on the other hand,

recept i orsSEIen st mmm@$ete6CKnZﬁh&ﬂmnﬂlmntimgnanabcepemowhe@quamce
comuni cat | n device fﬁ;ls dur,ing .relay of two TCP comruni cati ons.

Fig. 1s st Mhitoplig ﬁ.EQP.E%aae@?%%e%a and ¢RP bdgd a
conmugi C@@l@lﬂ@ﬂ:g%lgé 4 ﬁ%g}i]e_ilrfdﬁgﬁﬁ gglfg‘ggn #Q and tPglll\ﬂ%%

network O (900) and ne onmuni ca |on

i s perfortad na ltleae ofERoaORDHAI THL T qms:lltzﬁtme&ﬁth%r Rinal f 33 cand
904) connected to the network 1 (901) and term nals (905 and 906)
connect e®Rtd-orpl epgthed et kndicebing %@Péémmhrohndéﬁf@geﬁﬂe 1

(910) in Iu e ces | E1. (915

operatlng sgcf%gﬁégqagz#hgﬁ%%érﬁplE%gggﬁf?b L AN Cg( gﬁ%es
913 and 2bhmhi eboper foRa E@%&OWHH%Q%&HE apeh & prl%ét%@luléaﬁl%e
which replaces data. In addition, in the 15 present enbodinent,

nunmbé? ofratrie adldmmure et vexh. devi ces 910 and 920 may be one. In
addition, the c i cation devices 910 and 920 may be, for exanple,
proxy devices. ! ]

Fig. 41 is a sequence diagram illustrating problems of
a proxy device in the related art. The figure shows a packet
which is sent and received in a case where file data formed
15 by 4380 bytes is divided into three packets (110, 113, and 116)
including data of 1460 bytes and is transmitted (105) from a
transmission terminal 103 to a reception terminal 104 via a
proxy #1 (200) in the related art and a proxy #2 (201) in the
related art.
20 [0027]
The values 0, 1460 and 2920 are described in the three
packets (110, 113, and 116) of the transmission terminal 103
of Fig. 41 as transmission sequence numbers. When the packets
(110, 113, and 116) are received, the proxy #1 (200) adds a
25 payload length 1460 to the transmission sequence numbers
described in the received packets, and returns ACK packets (121,
122, and 127) for acknowledgement having the addition result
values as reception sequence numbers ACK to the transmission
terminal 103. When the ACK packet (127) for the final data

30 1is received, the transmission terminal 103 determines that

20



Fig. 2 is adiagramillustrating a format of a packet 20 which is
sent and received in the present enbodi nent. The packet has a MAC
header 2900, an | P header 2904, a TCP header 2909, a TCP option
header 2916, and a payl oad 2927. The MAC header 2900 incl udes DVAC
2901 indicating a destination MAC address, SMAC 2 902 indicating a
transm ssi on source MAC address, 25 and Type 2903 indicating a MAC
frame type. . In.additian, the IP hea 2904, i nclydes IR I ength 290
| cat | PG RS HART SR PHBATTN iy 1 He MAESRBAISEE  pridt GBOP55083
i ndi cati Rgad PRO1AEAL SLERENn BhE PN/, ¥1di£66) NG 2)LM aRRMSS! @l se,
source | P address, and DI P 2908 indicating a destination |P address.
The 30 TE€Rehdatlerde9Pibad|indéhespachots QOUD ankidl ta} iy taxansmitted
transm ssi on_source port number, dst.Eort 2911 indicating a

dest i nat it6h th&r PrRévbar, 28ERR o625 hditéatNAgl hdt r ARG S ists dGuihee

nunbes, 3.1 adi i r i e n r.fl 4
indic%tiﬁ%%§%$%%w#?%6%%&ﬁgg}aqaﬁgﬂg%%ﬂﬁ?%nﬁgﬁgéﬁg'?ggfégﬁéﬂ%g%%%égﬁbr
length oft2a TEPK FhekEOR ophdonipeader 9298y i NEd Ndas ald QR sipcRd 12317
i ndicating the kind of option, option |ength 2918 indicating an

option | @agketsanareeftl sedgeeiuroed. (2919, tI2920Lheg23jarahd 2025 Hadad
O oo ot ch (R9T0, 2027, zonde and 2026), BoSEIL HP M e
(232) Qf the failures and thus is not transmitted from the proxy
10 #1 (200). For this reason, the reception terminal 104 does
not complete reception yet (231). Therefore, state mismatch
occurs in which it is defermined that the reception is not
completed in the reception terminal 104 despite it being
determined that transmission is completed in the transmission
15 terminal 103 (230). This may be also the same for occurrence

of failures in the proxy #2 (201).

[0028]

In a case where, for example, the transmission terminal
103 completes transmission of data which is edited using an

20 application to the reception terminal 104 and finishes the
application in a state in which the state mismatch occurs, a
situation happens in which the application of the transmission
terminal is finished in a state in which the reception terminal
104 does not receive the edited data, and thereby the edited

25 date disappears.

Hereinafter, a configuration and a process for
preventing the above-described state mismatch will be
described in detail.

[0029]

30 (Device configuration)
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[ 0026] Fig. 41 is a sequence diagramillustrating probl ens of
a proxy device in the related art. The figure shows a packet which is
sent and received in a case where file data fornmed 15 by 4380 bytes
is divided into three packets (110, 113, and 116) i ncluding data of
1460 bytes and is transmtted (105) froma transmi ssion term nal 103
to a reception termnal 104 via a proxy #1 (200) in the related art

and a proxy #2 (.201), i.n the.related art. 027 . The val yes
0, 1460 and 2930%r¢& d&sér PUEL™ ltaﬁef%roézc_g[tg‘&c&]é’f@uﬁfﬁlffszdeém&e
116) of the Leabsalisy 08 {id rﬁf@@erﬂ@ém%daﬂ%nt%&@én{ ANHMSHRR re

i3
sequence numbers. \Wén the packets (110, 113, and 116) are recei ved,
t he proxyh#l coR0hiaddd oa @évpayl 2@ dlenghhs1dbe daomd henttd ausatd sinan
sequence numnbers described in the received packets, and returns ACM

packets EFELcomBynigagiparseyire LkhdRcddgesenetiavk g it aery LG

resul ¢ val r tl NGE: o,the transm ssi.on
or i bal TSN (GERR RBR, PERPETNE, BHIPELRS AR 4 L AN SRR
recei veditd hand riansi Sst@mAEBrietabri83 deteepsnesobbabndt naney $jron

is conpleted (230). Thereafter, it is assunmed that failures occur in
t he proxPaFBYEDe) VPRI cketh amitdechske ethleeddtherdesEEP et ket t AEFO

ket 11 113).is. t itted. t ket 111
o 114) =rinaTE ahticdeod R Ecantions: cPRhans1 8k 056 hacRo RS HEPES
and 115) qy € £l H o 1 - ; 123
t he resi)ggrfa\fglpgglfg?gpa%% al SO@?E%@%?\&S%@{?{@ O%% J}?[a]c?\e t)ﬁ}eqf alta

desci®bedd rrt herpatheh [1l6Yyansmbppeansbusférshe) b cind engededd)orof
the failures and thus is not transmtted fromthe proxy 10 #1 (200).

For this & tHe meEdsiabiyt &l MEliFOLcledses aroTEomsiditle 1007,
reception v ar(&ﬁ' ;):sigltfe%%%%re 'S S.li.(gjgbecgnna grgeﬁg%ﬁj%%n:,ggg%%%%nlfofﬂls

determ ned that the receptionis n onpl e

term nal mbdhodespivt €het NDEI NG died £F &b NBth il 1l 20881 S8 I3 P module
conpleted in the transm ssion 15 term nal 103 (230). This nmay be al so

t he same 080 vetohmerda asts dath lredgrdan the tpramemis i(@04nd He@E28]idm
Cr antim sEUTe3 BTS RhT CHEF Lot € oob WL AT 9 BOSREBL PR at (GHER P
et} OBARIEINEh JOfcRAfe ] He BeattneaBRel Al bAR {e A ddhon
and reception buffers {1013 to 1016) are provided as a storage
section, and the filters (1009 and 1010}, the TCP modules 1007
and 1008, and the proxy module 1000 parts are provided as an
- 20 operating section (corresponding to the operating section 912
of Fig. lj .
[0030]
The state table 1001 has N entries, and each entry
reg:"Lsters therein information 1002 for specifying a connection
25 including an IP address, a TCP port number, and the like, state
information 1003 such as OPEN/CLOSE of a TCP of the NIFO0 side,
state information 1004 such as OPEN/CLOSE of a TCP of the NIFl
side, information 1005 of transmission and reception buffer
management pointers of the NIFO side, and information 1006 of

30 transmission and reception buffer management pointers of the
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situation happens in which the application of the transm ssion
termnal is finished in a state in which the reception term nal
104 does not receive the edited data, and thereby the edited 25 date

di sappears. Hereinafter, a configuration and a process for
preventing the above-descri bed state msmatch will be described in
detail. [0029] 30(Device configuration) Fig. 3 is a block

di agram %{IEI hes.c emmni cation device 910 according to the present
enbodi nent, lm) €d in hardware. The comruni cati on device 920 al so
has the same cqnfgagyration. The communi cation device 910 incl udes
network interfaces NNFO 5 and NIF1 (1011 and 1012) which transmt and
recei ve a packétig.odand &rlohoektdiaqtamet Workisratind ertee X0 Gocandes
1010) forllqpassaii{;g a UDP packet or the like other than a TCP packet,

NI FO and %1 il%d TCP nodul es 1007 and 1008 whi ch perform

contrgl for TCRCoREERI1GALI QBBE%I{M?%?@EEESG‘{FE%%% b l‘?J‘L' 10 4.

or nore than 1) transm ssi on ers an reception ers

1015 nmanage@xbynt ke (NeESpEedhcpi86eEEPHE0ARL €) 19002 W itd AR s a
buffers 1016 and N reception buffers 1014 nmanaged by the N F1

dedi cat ed SFER isduPEotee8, and pr BXyriddiksanend sehpop rept scbsy datid)

bet ween transm ssign _and reception 15 buffers, and a state table
2001 havitid INVERER B8 20RER ot AR h i e, Bhe( ke Gy o102

tabl e 10Qhanfiddeat rp?a%ﬁd@:SSQQQl?QggL gfof:ﬁéﬂap 996&6@&%0;%%%%&11@

are provided as a storage section, e filters
t he TCP meddiesed p@¢kandidtod Tardcbherpl opyc midulaepd 0R6t pattls darte,

provi ded as_an 20 operating section (corresponding to the operati n%
secti on §0 A ARG/ 3HCK] paSEEtTHO StRakt tabl eckuotladgeRerht r reFC

o0, 2N LY SUSLEe S BchLALTRL 00, A00Ce SR A,
li ke, stafteite table 1001 on the basis of a received TCP control packet,
and a reception history update portion 3106 which changes the

15 buffer management pointer 1005 of the state table 1001 and
returns an ACK packet or an ACK packet with partial
acknowledgement SACK on the basis of the transmission sequence

number SEQ 2912 and the reception sequence number ACK 2913 of

a received data packet. The change of the buffer management

20 pointer 1005 by the reception history update portion 3106 will

be described later. The TX unit 3101 includes a TCP control
portion 3103 which transmits a TCP control packet by using the

TCP state 1004 of the state table 1001, a TX packet
retransmission portion 3104 which changes +the buffer

25 management pointer 1005 of the state table 1001 on the basis
of a received ACK packet, reads data from the transmission

buffer 1015 by using the received ACK packet with partial
acknowledgement SACK, and retransmits a packet, the
transmission history update portion 3105 which transmits a

30 packet of data read from the transmission buffer 1015 and
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i nformati on 1003 such as OPEN CLOSE of a TCP of the NI FO side, state
i nformati on 1004 such as OPEN CLOSE of a TCP of the N F1 side,

I nformati on 1005 of transm ssion and reception buffer nanagenent
pointers of the NIFO side, and information 1006 of 30 transm ssion
and reception buffer managenent pointers of the N F1 side. [0031]
Fig. 4 is a block diagramillustrating the TCP nodul es 1007 and 1008.
5The TOP bl ock 1007 which realizes a standard TOP includes an RX unit
(recepti aﬂ%@e§§?n@“ﬁﬁ??)m@1@@e%ﬁ1€r?%?% H‘Qoa'? péclelnt iUty 66bds

oy S, LSTR85 3
portion 31A® whi ch1di wirdes agld-dLaai el ranaitlpeit lafiht @c&/’é@%z«:@@tcnc@lt,
packet, a packet with data, and an ACK/ SACK packet for parti al
acknow edgérBmiontarofopacket, a retransmitted packet, and a data packet
5 in a FIFO manner. In addition, in Embodiments 1 and 2, the
TCPs 1007 and 1008 may have the same configuration.
[0032]
{Description of pointer)
Fig. 5 is a diagram illustrating pointers for managing
10 the transmission and reception buffers. In this figure, it
is assumed that data is written from the left to the right,
and is read from the left to the right.
The reception buffers 1013 and 1014 manage a pointer
right recv 1103 indicating a head (reception right end, and
15 a leading position in which data is written) of received data,
apointer left recv 1102 indicating aboundary between arranged
data and unarranged data, left rbuf 1101 indicating a boundary
between data which has been read by the proxy module 1000 and
data which has not been read, and pointers left/right loss
20 1107-1 to SEG_SIZE (up to SEG_SIZE)} indicating a left end and
a right end of a data location (loss segment) which is not
received and is omitted.
[0033]
The pointer right _recv 1103 indicating a head of received
25 data increases by the size of the received data and moves to
the right when data is sequentially received in sequence from
before without a loss. If a retransmitted packet is received
in a state in which there is a location (loss segment) of data

which is not received and is omitted, and the loss segment

30 disappears, the pointer left recv 1102 indicating a boundary
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control portion 3107 which changes the TOP state 1003 of the state
tabl e 1001lont hebasis of a received TOP control packet, and a
reception history update portion 3106 which changes the 15 buffer
managenent poi nter 1005 of the state table 1001 and returns an ACK
packet or an ACK packet with partial acknow edgenment SACK on the
basis of the transm ssion sequence nunber SEQ 2912 and the reception
sequence nunber ACK 2913 of a received data packet. The change of the

buf f er nﬁﬁﬁ@@ﬁﬁn@rﬁﬁqﬂﬁQHQﬁt%iﬂﬂﬁtﬂPQQﬁ? G HvSorhP (Hhifalett
portion 3106 Wl 5}@% Sﬁlﬁgg'ﬂ%%@ | 3.8k EQ@BQ&‘H”” ﬁaje()lf;t S{fyd%dﬁgﬂ@

control portion transmts a control” pac usin

the TOP sisafi@ntQQA 16f tbedst al=ed abtenl10@%¥t abliX paaket indicating a
retransm ssion portion 3104 which changes the buffer 25 managenent
poi nt er POUBAS R hetsresre dedtsl ehiohihes PhRenbeedd aid daterethied Aer

ngié?% é d%e%i%ggeﬁgstefa\hq{n ﬁlt ! Irn{c{v:e}nssqeséci_?r%ub# f]_fl%’l ]t%]'%hb rlé.sgihr{g btyh%he
size of the read data. The maximum value of the size of the
read data is a value corresponding to a difference between
left_recv 1102 and the left rbuf 1101.

[0034]

10 The transmission buffers 1015 and 1016 manage a pointer
right sbuf 1106 indicating a head (transmission right end) of
data which can be transmitted in a state of being written by
the proxy module 1000, a pointer right send 1105 indicating
a head of transmitted data, a pointer left send 1104 indicating

15 a head of data for which an acknowledgement has been received
from a reception side, and pointers left/right rts 1108-1 to
SEG_SIZE (up to SEG_SIZE) indicating a left end and a right
end of a location of data retransmission of which is in
progress.

20 [0035]

The pointer right sbuf 1106 indicating a head of data
which can be transmitted in a state of being written by the
proxy module increases by the size of written data and moves
to the right each time the proxy module writes data. When new

25 data 1s transmitted wusing the pointer right send 1105
indicating a head of transmitted data as a start point,
right_send 1105 increases by the size of the transmitted data
and moves to the right. When an acknowledgement packet having
a reception sequence number larger than left_send 1104 is

30 received from the reception side, left send 1104 increases to
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acknow edgenent SACK, and retransmts a packet, the transm ssion

hi story update portion 3105 which transmts a 30 packet of data read
fromthe transm ssion buffer 1015 and changes the buffer managenent
poi nter 1005 of the state table 1001, and a nulti pl exer (aggregation
portion) 3109 and buffers 3110 to 3113 whi ch aggregate and out put an
ACK/ SACK packet, a TCP control packet, a retransmtted packet, and a
data packet 5 in a FIFO manner. In addition, in Enbodinents 1 and 2,

the TCPs Y607°GRRAT 1008 SRHF Hy BUPRE TSRRFTHRY 4irdt s 6k pydsdpement
(Descr i PN A! JRAIMEELY Id Inedrignd. I A0LAILLLLIRLIELLAGREALE] Bn

for managing 10 the transm ssion ng'receptlon buE%ers.

figure, idcdursasauieis bladhotdicdigehnamt bheRetsamihehkeddmd eclchtion
right, and is read fromthe left to the right. The reception

buf f ers FERIens® rombsmragiEna potaieedrighenr everlzopingdimeanesg a
head {receptian right end, and 15 a | eadi aQsitjan in ich data i
ot by SSPARs Rt R 1 (RRS PPN Ay tar TS
boundary jhefgieennar rﬁfgeﬁdcﬂ%ﬁldﬁn%wﬁs%&%%&at 8 Leftadbifndd0l,
i ndi cating a boundary between data whi ch has been read by the proxy
nodul e 10@F talnd ghet_astvshi D hasambt ¢ here nr ¢ enath srahsls pon nt er sompleted.

left/right |loss 20 1107-1 to SEG SI ZE (up to SEG SI ZE) indicating a
|l eft end and a[Ppéﬁﬂ end of a data |ocation (loss segnent) which is

o et M pTE AM IO RS L LB, e
recel@ed tdairsnanh VBRI ftfer 1015 of the NIF0 dedicated TCP module 1007
and the reception.buffer 1014 of the NIF1 dedicated TCP module
1008, or a case where sharing 1is allowed between the
transmission buffer 1016 of the NIF1l dedicated TCP and the
reception buffer 1013 of the NIF0 dedicated TCP. This case
15 corresponds to a case where, in order to share data between
the transmission buffer 1016 and the reception buffer 1013,
the proxy module 1000 moves received data from the reception
buffer region to the transmission buffer region. Two buffers
including the transmission buffer and the reception buffer are
20 ﬁsed as a transmission and reception sharing buffer, and the
pointer right sbuf 1106 for the transmission buffer and the
pointer left rbuf 1101 for the reception buffer have the same
value. The transmission buffer region and the reception
buffer region are differentiated from each other using the same

25 wvalue.

[0037]

Fig. 7 is a diagram illustrating buffer management
peointers which are additionally necessary for realizing a

method in which communication devices (100 and 101) shown in

30 Fig. 8 described later return ACK in order to prevent state
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the right when data is sequentially received in sequence from before
without a loss. If aretransmtted packet is received in a state in
which there is a location (loss segnent) of data which is not
received and is omtted, and the | oss segnment 30 di sappears, the
pointer left _recv 1102 indicating a boundary between arranged data
and unarranged data noves to the left end of the smallest |oss
segnent. The proxy npdul e sequentially reads data from|eft rbuf 1101

i ndi cat i g SPBGEndary? REMEePYat g %ﬁ%oﬁoﬁé§eﬁébﬁﬂFﬁﬂﬂ HhdtH3t a®whifch
h 5 | : inght
as ”Okﬁgﬁﬁgggigg?r%. TGS, fﬁd@fﬁﬁg di% @?v%P%?thylgg%ggta

si ze of a e maxi mum val ue of the slze o erea

i s a val uefaoreespondicngs tfurch f beencediet nees 1 el sieede Ik Foa
the left rbuf 1101. [0034] 10The transmi ssion buffers 1015 and 1016
manage a@p&iafttehagshtthpliufien ipdienilgigred eadigt Fé®isn®ssi on
right.end) of q %@ 3hich can be transmitted in a state of being
wwitt%n by the %r Q nodul e 1000, a pointer right _send 1105
indicating a headQf- tdapsdfiddied data, a pointer left_send 1104

i ndicating 15 a head of data for which an acknow edgenent has been
recei ved from &igecéptiisorn sicdmernard dicigrtzer s lllefdt/ratghtyg rat snekHQ8k Lirt o
SEG SI ZE (up .to. SEG SI ZE) indicating a left end and a right end of a
| ocat i on Yo dather P FRRATREI BN VigRTH 109 #pdkblgr 8§80L93Pg0BS [t hehe

poi nt er ggg%ﬁﬁpquggégééﬁgif@%&gg_%?ﬁead of data which can be

transmt n a state eing witien by the proxy nodul e i ncreases
by the size of Twd tfigurdatsha@and dM\B&mple in which file data formed

by 4380 bytes is divided into three packets (110, 113, and 116)
including data of 1460 bytes and is transmitted from a
transmission terminal 103 to a reception terminal 104 in the
same manner as in Fig. 41. In the first packets (110 to 112)
15 from the transmission terminal 103, 0 is described as a
transmission sequence number, and 1460 is described as a packet
length (transmission is performed from the 0-th byte to the
1459-th byte). In the second packets (113 to 115), 1460
indicating leading data is described as a transmission seguence
20 number, and 1460 is described as a packet length (transmission
is performed from the 1460-th byte to the 2919-th byte).
Similarly, in the third packets (116 to 118), 2920 indicating
leading data is described as a transmission sequence number,
and 1460 is described as a packet length (transmission is
25 performed from the 2920-th byte to the 4379-th byte). The
communication device #1 (100) and the communication device #2
(101l) (corresponding to the communication devices 910 and 920
of Fig. 1) receive the leading packets (110 and 111) but do
not return ACK. The communication device #1 (100) and the

30 communication device #2 (101) return ACK packets (121 and 120)
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to the right each tine the proxy nodule wites data. Wien new 25 data
is transmtted using the pointer right_send 1105 indicating a head of
transmtted data as a start point, right _send 1105 increases by the
size of the transmtted data and noves to the right. Wen an

acknow edgenent packet having a reception sequence nunber |arger than
| eft _send 1104 is 30 received fromthe reception side, left_send 1104
increases to _the reception sequence nunber described in the

acknowl ed@énERe PAERBIPIREE WO \ES At TEre Mgt Ehenaeeare Rafdeds (113
retransm.sgy ci'lélﬁccuf[ﬁ n%!éigfi‘g’iléna%ﬂw %%G{E?i‘}d ppaacckfe}tgspp.fﬂs the $3

reception sequence nu ernf received in an ‘over ng manner, 'a

5 locati eird ecbeikety, ansrRigdaebds (descahlerh 4 n fdeaf thei Hiord $atke8s
and if actually retransmitted, O is assigned to left/right _rts 1108,

and t hen amst rahsrnsdi- onThe toemsimdtssd.orf 0038[nFilgl0% rebelyea wake the
wher e_sharj i I d between the 10 transm ssio uffer 1015 of
the' N RORSPRbReh WERE R Lo SO G PErd SR o kRt i B s = BER G
the NI F1 dadjcated TGBryedule 1008 EOSEn LG S s s

al | oned éetméen thg trghsnissiongb% ?%%q1016 d?“?iﬁjﬁﬁﬁ%rﬁgghégfg "
TCP and tilse noéceptipde thud f(@281013Whént tiee NI dash cledied TIGR. aThiises
case 15 corresponds to a case where, in order to share data between

the tran$f $icoFsssrreron GrrmEmnek 4 degpt ithe mermenirgtd on e vieexy
dul e 1Q00 i d f h tion buffer,reqgi,on t.o
ot s andlh JIRAS SRBCIARLIOAER LSRN PSS PR o B o Sl

transoi svieamingdd erandhnihectepenbhotepiihan ane 29rused AS & time,
transm ssion and reception sharing buffer, and the pointer right_sbuf

1106 for arite thearsversiiom Misfiimimand Ihelgiuimtigred dfttatr nefceptGbr drs
Fegi on aRETEHERASk PO bR PEGH T S Tt e G r e
other USiRgifif SAFLUYMAMUE41 (100) transmit the final ACK packets
| (126 and 127) for the third packets when the final ACK packets

15 (125 and 126) are received. The transmission terminal 103
receives the final ACK packet 127 and determines that
transmission is completed (129). As long as it is not
determined that reception is completed in the reception
terminal 130 (130), the final ACK packets (125, 126, and 127)

20 are not returned to the transmission terminal 103, and thus
the transmission terminal 129 does not determine that
transmission is completed. Therefore, it is possible to

prevent a situation in which an application of the transmission
terminal finishes and thereby edited data disappears in a state

25 in which the reception terminal 104 does not receive the edited
data. In addition, as described above, not only ACK for a data

packet received one step before may be transmitted, but also

ACK for a data packet received at least one step before such

as two or three steps before may be transmitted. In addition,

30 ACK for the leading packet 110 may not be transmitted, and ACK
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[0037] Fig. 7 is a diagramillustrating buffer managenent pointers
whi ch are additionally necessary for realizing a nmethod in which
communi cati on devices (100 and 101) shown in 30 Fig. 8 described

| ater return ACK in order to prevent state msmatch. In addition to
the pointers shown in Fig. 5 a pointer prev_left _recv 1900 for
recording a value of latest left recv 1102 is further provided. This

Is also the sa for cas ere the buffer is configured as in.Fig.
6. 5[ 00387 (Ead e SaTerig e (Tortegampley  teoddndd & agrar ron
i1l ustr ats'egﬂle@ld@ﬁﬁﬁge!rrbm%c;m&j)M&@ltalt%noﬁ%‘ﬁ'ecféacﬁﬁp&p%'&@et
101) according to the present enbodinent return ACK. 10The figure
shows an mewapplreturndd ehdfAdie idafadf agnee by c4380 ohyd @sudsce hvimtbed

into three packets (110, 113, and 116) including data of 1460 bytes
and is t CHGRFRBRIMDAA thardd dateh afeindicatiag pagkedc a8y ort

term nal ,104. e, same manner as in Fig. 41. In the first packets
(110 to f%b) f@n%?%ﬁlthe transm ssion termnal 103, O is described as
a [0039]
{Countermeasure for retransmission)
Fig. 9 is a sequence diagram illustrating a case where
return of the final ACK packet (125) from the reception terminal
10 104 is late due to a narrow line bandwidth between the
communication devices or the 1like. In this case, the
transmission terminal 103 determines that the third packet
(116) is discarded in themiddle and retransmits a packet (500).
When the retransmitted packet (501) is received, the
15 communication device #1 (100) returns an ACK packet (502) for
the second packet (113) in an overlapping manner. Then, the
transmission terminal 103 determines that a discarded packet
occurs again and performs transmission again (503). When the
retransmitted packet (504) is received, the communication
20 device #1 (100) returns an ACK packet (505) for the second
packet in an overlapping manner. Then, the transmission
terminal 103 determines that a discarded packet occurs again
and performs transmission again (506}). When the retransmitted
packet (507) is received, the communication device #1 (100)
25 returns an ACK packet (508) for the second packet in an
overlapping manner.
As such, when an ACK packet (127) for the third packet
(116} is received after retransmission is performed several
times, the transmission terminal 103 transmits a packet (509)

30 in which a TCP flag number is set to RST (reset), and thus the
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transm ssi on sequence nunber, and 1460 is described as a packet

| ength (transmssion is perforned fromthe O-th byte to the 1459-th
byte). In the second packets (113 to 115), 1460 indicating |eading
data is described as a transm ssion sequence 20 nunber, and 1460 is
described as a packet length (transmssion is perfornmed fromthe
1460-th byte to the 2919-th byte). Simlarly, in the third packets

(116 to . 2920 i.ndi cating | eading data_is described as a ,

{F ansm s S EeBRTERE AR Cesh i RGN Cabetri bodeass s ELRRELde
length (transmggjqy is 25 performed fromthe 2920-th byte to the
4379-th byte). Hhe communi cation device #1 (100) and the

communi cati on dev.cel@?2 i(sl04) sleeprarrspoddaggano illhNe saomEvimicC akh ORCK
devi ces 910 and 920 of Fig. 1) receive the |eading packets (110 and
111) but FFFWRiremathotret The comiticatiom damices1(10foendddWhe

30 cogmui Gt JRvi 68 it (RO pd SHL e A Papket e {40y 12Q, 4
case where return of the final ACK packet (125) from the
reception terminal 104 is late, the transmission terminal 103
determines that the third packet (116) is discarded in the
middle, and retransmits a packet as described above (300).

10 When the retransmitted packet (301) is received, the
communication device #1 {(100) returns a ACK packet (302) in
which a reception sequence number is set to be larger than that
of the ACK packet (122) for the second packet and smaller than
that of the ACK packet (127) for the third packet.

15 [0041]

Since some data of the transmitted packet 301 arrives
at the reception terminal and thus the transmission terminal
103 determines that the communication line is still connected
whilst the reception sequence number of the returning ACK

20 packet is incremented, the transmission terminal does not
transmit RST. The communication device is not required to
perform control for forcing to cancel the TCP connection.

[0042]
As shown in Fig. 11, when there are many cases (400, 403,

25 and 406) where the transmission terminal 103 determines that
the third packet (116) 1is discarded in the middle and
retransmits a packet, an ACK packet may be returned by
increasing a reception sequence number by 1 (402, 405, and 408),
In these cases, a transmission sequence number of retransmitted

30 packets (401, 402, and 403) increases by 1, and a payload length
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for the first packets after receiving the second packets (113 and
114). In addition, when the third packets (116 and 117) are received,
ACK packets (122 and 124) for the second packets are returned. The
transm ssion termnal 103 receives only the 5 ACK packet (122) for
t he second packet even if the third packet (116) is transmtted, and

still determ nes that transm ssion is not conpleted (128). Wen the
third pa%tlé%t (a1183) rives at the reception termnal 104 fromthe
comuni cati on devi c (101), the final ACK packet (125) for the

third packet igobQaneturned fromthe reception termnal 104 for the
first time, and the reception term nal 130 determ nes that reception
is conpleted (1S@untHrmesenmifcat ipredievied ¢ut8l) and the

conmuni cati on devi cga#l (100) transg}lt the final ACK packets (126 and

127) for the thtdd pack®td SHREESR PH&F““A@(—%%‘&JR%? q Fhabgleisgts
126) are c 3 t o

A Pk L oT e Bl e eR et bR e oSG T N I A e

As | ong ahdre aScomhutdetatiibnedethaé #eceqoto) OWhh.&th@i’:)f@hﬁQ tiHe tshte
reception termnal 130 (130), the final ACK packets 8125 126, and

127) 20 &K meturaty rtéte comha icedrom dsvaaetit Hle4) has a émqtﬁ@@
the tran mSSIO term 129 dqges_not determnethaﬂ?gransm si o

conpl ete ﬁterejf%if‘ ean trarbs&:s b?estugsﬁﬂg\%‘ﬁt E e tt‘%noF Shi c?h

an appl i ealdear afcd B8 AP SUSIE 556 0 BBl &% Ratohhn Thes rard FILE R ten
edited data disappears in a state 25 in which the reception term nal

104 Hdes ( lﬁ?thSr)eoémﬁEh thes aedivtiatidat s z¢ ntlaeice in on I tad sdeseEniniest that

above, not (1 é’tAgK for a data packet receivyed one step before
transii t Pedi St dOdd SAKIEST o8 d40d baERETIFEcRiRReket ¢EAsHD &téch

a1 on T SR 2 e TR F oL DT AL F g
and ACK owhitc loyetaesi ate s drci bueke, (t@ra&e@mﬂéﬁ 6®4 1 0 TIAD QomBnurEGeHiicon

sequence nunber corresponding to end data of the |eading packet maybe
retur ned devd o8CcK i AEPQdI hglena W@%d—‘tﬁ@éﬁi‘i %Ehééhnumansmltted to

to th d_dat t d ket
Ot S SRk BaRr s okReTe Bor RSB S TR R, B
a sequen%nﬁt{aaﬂf 3y LLHtihat LR 2i£assy W@dikqwo@f blPesf Fhgh K
packet (125) fromthe reception termnal 10 10 | ate” due to a

nar r ow | iOnef G8ehrdvia dbytbetmedesbelbemmﬁm cat isfbstemisres packbe, | idked

In this case, the transm ssion _termnal 103 determines that the third
packet ( ff@’)nsimsubﬁ st aPAElSEn SRe i deft eClanthe efpafis APEGaRpaERah 1s

(500). tr d c

conmuni ¢ t| on ee\r/c?cé-?%?v(a%ﬁ%\) l%:?%%ng(l%%@ Bé8k§%¥?%62) h&é%ahcmt
secopd pagiket n(#A3Ehi tha@tdelBpRIst@edBINgie cliemt tBedtsapspbasdn
termnal 103 determines that a discarded packet occurs again and

per f or ms theansd ezt onl Agannwh$08) theheredistest camssind ad peketibed

504) is received, the conmuni cati.on 20 device # 100 ns .an
Aok back @IS S off Ao o SoEOR SRAci PRCKRC Sy dPLaodty Fadhorid a

Then, thedalisie S5 O dcfé%fﬂ!é‘%'z 1@319¢et erpi rgeértéﬁteo% %%ﬁ%éegn ACK

packet occurs again and perfornms transm ssion again (506) When
r et ransmgdadcetpadet o The phskeeselw athidhhehe aurtzimeat hos cd@tld:ﬁﬁaé"d

(100%5 and transmits data (618) of 0xf000 (61440} from the 0-th byte
of the file and data (621) of 0xf000 (61440) from the 0x£f000-th
byte of the file as described in the commands, to the client
(603). The data (618 and 621) is sent to the communication

device #1 (700) as data (619 and 622) wvia the communication

30 device #2 (701). The communication device #1 (700) transmits
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25 returns an ACK packet (508) for the second packet in an
over | appi ng manner. As such, when an ACK packet (127) for the third
packet (116) is received after retransm ssion is perforned several
times, the transm ssion termnal 103 transmits a packet (509) 30 in
which a TCP flag nunber is set to RST (reset), and thus the TOP
connection is forced to be cancelled in the reception side. [0040]

Fig. 10 i di |IIustrat|n an ACK returnj net hod . of
the commmi: ?55%3%3?3%%@9%%% Hdtheplis OfiP&v%‘?ﬁ‘?Rmbl?r%Eeﬁ@ﬂal

packet frgm ?62@9 trAPSELLad: ah Aok ]%Qéﬁe £ 585 Qfsfgtl‘—ﬁgklaﬂiler

ACK packet (125) fromthe reception termnal 104 i's Tate,

t r ansni ssihem tbe mead 1 viB ddekes hi e @ idat0 theldduribgqrhcked retipx ios
di scarded in the mddle, and retransmits a packet as described above
(300). 1@eﬁW@ﬁ“@h@“ﬂ@Fﬁéﬁ§n¥b?eﬁeBﬁéﬁeﬁl@%o&3n¢%'ﬁ%ﬁﬁﬁﬁkﬁﬁlQHuio the

Commg” C@ec gvtq% Egrﬁ%ngﬁogéB aﬁl#'rrnsce tlon ggﬁﬁﬁ% % %l)‘%:‘gtr}v:%l ﬁéﬂia

recept|on se ce nu 1S Se ar ge

packet (522 nfoer cohig1saeend packett iand tWHeersum%@;u@?ﬁt dek at he2heK
packet (127) for the third packet. 15[0041] Si nce sone data of

t he trandiert ddiepsleket (3CB)ameiqress tatd tvhig Iy edepttoomatner disnalecanidethus
103 determ nes that the connunlcatlon i ne

| ooSt 1 T aRas T St R, RSB TBBIRIE 1 (629)
returni n%r%@@e@%cggﬁmhﬁd'arbqﬁ{mmﬂ‘:éq’e tDe iy R0 S 1L An o @ﬁénégqlent

does not transmt RST. The comunicatiod dévice 1s not require

per fbd m cdrdt realanfseri tfsoracipag ket GRR aln e HCR connecid qrfor[ Q47 1RS
shown in Fig. 11, when there are naqéégases (400, 403, 25 and 406)
wher e t h&%@rdns RTSSTBALEori FEGrant TR thienesmpAag 613 predicted by

the communication device #1 (600) is described. 1In this case,
since the server 604 receives the packet 628 in which the next
command is described and thus does not finish a process for
15 the previous command in a state (630) in which the ACK packet
625 having the reception sequence number smaller than the
transmitted data size arrives and the server 604 determines
that transmission is not completed, a process for the next
command is not performed and the application stops.
20 [0044]
Fig. 13 is a sequence diagram illustrating that the
application is prevented from stopping. In a state in which
the predicted command is issued, the communication device #1
(700) returns an ACK packet 724 in which the same size as the
25 received data size 0x1e000 is described in a reception sequence
number to the server side. The communication device returns
ACK normally in a state of issuing the predicted command, and
thereby the server 604 can determine that transmission is
completed (730) by receiving the ACK packet (725) having the

30 same reception sequence number as the transmitted data size,
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the third packet (116) is discarded in the mddle and retransmts a
packet, an ACK packet may be returned by increasing a reception
sequence nunber by 1 (402, 405, and 408). In these cases, a
transm ssi on sequence nunber of retransmtted 30 packets (401, 402,
and403) increases by 1, and a payload |l ength decreases by 1. [0043]
(Counterneasure for predicted command) Fig. 12 is a sequence di agram

illustrating that defects are caused by the process of the esent
erbodi Mt RE8 CHCLIRNSLY ROFARAT CaPFORCEoVE To Sr S B e
per f or ms {rhen s AR A A& Wk )a§r9ﬂ'§e§9mg}'t‘i‘é %Zfﬁlcl%a%\ﬂncaog; r(&tog)cogas

a function to predict and transmt a subsequ command 1 n order t

accel er atwe. tdro vEp pla rdfatingim o UC hp rasceas Cofod - Hentredsite tedninah By S et he
(CIFS) which has a window size therein, It is assuned that a client
(client ®VIPEE) aepiedigheni FemBapdcket is3wed Mmahikea de tegdd neshiand g

for readi fi.l e b f 00Q0,.(61440) bytes from.O-th byte i

descrigbe Til%tr(;%pécl J'sagcrev%aﬁre %‘6’%5 kf‘%esec%% At o 8<:3Ev‘:f1 & %)COP%P zrﬁis
the packetn @He WekvGRel $nt haRsRckt 6 b9 d8ttNEgSErvRig GRLRS s Kat
611, and, also predicts that a read conmand for reaéfng the file by
xf 000 ( Freal)ctnd exonrfraom tared Oxé OO0 ihg byt ethe fiksgri bed in a
subsequent packet, and transmts a packet 613 in which the read
command whi ch i ep?%ﬁFEFéanisr?mfgé?fi%h%i@?@ﬂuﬁé&aﬁéoph‘ée‘éé?%é‘ﬁowﬁhe

packet 2Q,6%k 4N [ t disLs . t ' ' | hed
and the %gc%'étdsél\gqi (rillav'\/n:ighgg1 ?ﬁgré%li?:%%gl%%%n%ﬁdﬂés%{j\}essﬂc% %g%% lr:]':%ve
at the sariver 1684dashpatkes Se$ Aiaviang ikl bléicksastormudhCRigon Jewidce
#2 (601). The server 604 returns an ACK packet 615 for the packets in
whi ch thé-commands are described, 25 and transnits data (618) of

Oxf 000 (61440) froqlrgn]t he O-th byte of the file and data (621) of

xf 000 (61440) from'the Oxf000-th byte of the file as described in

the commands, tad.hescid %ée?ﬁgﬁhe Jfl?ggékﬁeil(l@]sgcxadﬂr%%wi§piﬁ@{téxo

t he conmuni cation device #1 (700) as data (619 and 622) via the
comuni cadwEs 30 dedetet ¢SOt STk ecmismaitcht wohan dedoremul dati®n
tranfg]t%evice 2000 which returns ACK one packet/one byte later
receives leading data 2005. Here, the communication device
2000 1s the communication device 210 or 920. The figure shows
a movement of a pointer of a reception buffer 2003 used for
TCP communication between the communication device 2000 and
20 a transmission terminal 2001 and a movement of a pointer of
a transmission buffer 2004 used for TCP communication between
the communication device 2000 and a reception terminal 2002.

[0046]

When a packet 2005 with leading data a transmission
25 sequence number of which is the same as right recv 1103 is
received from the transmission terminal 2001, the
communication device 2000 moves left recv 1102 and right recv
1103 to the right by the size of the received data (2006).
prev_left recv 1900 does not wvary. An ACK packet 1309 for

30 acknowledgement in which a reception sequence number is set
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the data (619) requested by the client to the reception term nal 603
(620), and returns anACKpacket 624 in which a size snmaller than the
recei ved data size Oxl e000 is described in a reception sequence
nunber to the server side since transnmission to the 5 reception
term nal 603 and reception of ACK for the final data are not
conpleted in relation to the subsequent data (622). \Wen the data
(623) requested with the command is received, the client 603

det er mi né® t-RAT_FECIPLIIR 18 E%ﬁ%lE?éH“E@Z%n§ﬂﬂﬁﬁ%ﬁﬂn§$ﬁw¥%%hﬁ§81
again. Haie it 'rac%rsgyg‘g lgmagr%4ﬁt%' Lne0L 10802 q@? M BrRELs!

626 in mhlc a ctonman trans, or crea ent from

t he comendnblieptedbatfedl byit hes cosmynireati omgeviiee #veB00o i the
described. In this case, since the server 604 recei ves the packet 628
in which Qm@%ﬁsmﬁﬁéeri%%eﬁﬂbedrwmtlmf ddés ave Imemi dR033),

o5 Bl Lo BT B TR B Sl 00D 50, 1155

transmit tpdcdat §-1§la2§falflﬁé\fﬁ§ve?c[“éiattf&e é%\éeénéoﬁfo@@ err@fﬁ%%gmafsbuf
transm ssion i s not COITp et ed a pI‘OCESS for the next comm s not

per f or med. 1&réd i & hies 1ot itdetri mmghﬁ:opendZD:[@ﬁ)A@a’da @iroh3drighth seylidnos
diagramillustrating that the application is prevented f rom st oppi ng.

In a stat® TSNP fediciednssmidad ite idwuegcaptdon terminal
- comuni calgn ¢ 22‘%@6 ﬁﬁd@?%ﬁaa?%ﬁ&"fﬁ%ﬁ%&‘@ {Ra '”%Ih"‘@ bcyhtthhe

sane size as t recelrve Sl ze eSCI’I

recepdi oniseguanahaWhEishctde setye(2gigle, The comunication
device returns ACK normally in a state of issuing the predicted
command, and tH'@Ieebib‘%‘h%‘@%ﬁiQélb@@45§§ﬁed@'@emﬁaielZt&ﬂatmealaﬂslﬁpssm@lt

I t 730 rece n the acket, (725) having the 30
e T e RGBSR A et SR CKE L BAEREred Ba cErsR in which

there is no data which waits for ACK and transmission of which
is in progress or data which waits for arrangement and reception
15 of which is in progress.
[0047]
Fig. 15 is a sequence diagram illustrating a case where
the communication device 2000 further receives a packet 2101
with leading data a transmission sequence number of which is
20 the same as right_recv 1103 from the transmission terminal 2001
in this state.
[0048]
When the packet 2101 is received, the communication
device 2000 assigns a value of left recv 1102 to prev_left recv
25 1900, thenmoves left recv 1102 and right recv 1103 to the right
by the size of the received data (2103), and sends an ACK packet
2104 for acknowledgement in which the reception sequence number
ACK 2913 is set to prev_left recv 1900 to the transmission
terminal 2001. In addition, when ACK is returned for the

30 received packet, an ACK packet 1318 for acknowledgement in
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and can continuously performa process fora next command when the
next command (628) arrives. The application does not stop w thout
perform ng a process for the next command. \Wether or not a predicted
command is issued may be determ ned using 5 appropriate nethods by
setting issuing of a predicted command in the device in advance or by
setting a flag when issuing a predicted command and referring to the
flag. The ogeration seﬁuence of the conmuni cation device shown

in Figs. "8103 13°GRE1PE PSIFERPPARAYRTT thie s§fstent Shbwreth L Fg.
L and the ARV IS AN it &l e ks Shigen il}r?d:l',g%alé Al the b33k

Fig. 14 is a sequence diagramillustrating howa pointer

order to embexEmterst,at RCKiI Sivat ch phekett cemmifiedatdron dbepleecer20Q@
whi ch returns ACK one packet/one byte |later receives |eading data

2005. Hertgansgd td@mhunildat 6h_Be¢V el Bhde Iaryee thamnlaftathoh 1dédice

910 o 92Q.. .The .fi.gur ho vement. of a .pai.nter of eception
buf f e$ Z%augg:&tf or I%\(,)fn%%mnrgba @Oo]et%éheéq}ereccovmﬁ}ﬁq%dﬁ ved
devi ce 2QQ0tRAG: 24h dind & SNSHTRS Y mowsaﬂnf@%h%n@b@fnpy@@%@a@ﬂ‘ea@

poi nter of a transm ssion buffer 2004 used Tor "TCP communi cati on
bet ween t{7d I§dnmmamict ate Ioh tevi cel P0G dndl ghtr esspf i 1000 ¢ evird malve2DA2.

[ 0046] When a .packet 2005 with | eading data a transm ssion 25
sequence tﬁi‘fnﬁérg%&f %Wnitg'r? L 4 0L SRE ’ggvﬁfigﬁﬁfﬁeéglgﬁo@“ﬂsﬂ%bi ved
fromthe .t 1S S r mi.nal , nj i evi 2
nmoves | efﬁlﬁgﬁﬁogﬂggg ;!Esg%ta%%\% tf‘l%g %%%égﬁaghﬁﬂgg’t ﬁi%%gi %ce}%o
t he 1eceindehtdatemd 20065. tar evidlet tsefv 119060 idpesravimiatys A AGE

packet 1%%%g;¥ion terminal 2002 (2107), and right send 1105 is moved
to the right by the size of the transmitted data (2109). 1In
addition, left_send 1104 is not moved since an ACK packet for
acknowledgement is not received from the reception terminal.
15 The above-described sequence realizes a means for
returning ACK for a data packet which is received one step
before when a data packet is received in a state in which there
is data which waits for ACK and transmission of which is in
progress or data which waits for arrangement and reception of

20 which is in progress.

[0049]

Fig. 16 is a sequence diagram illustrating how a pointer
moves in order to prevent state mismatch when the communication
device 2000 which returns ACK one packet/one byte later

25 receives final data 2013. The figure shows a movement of a
pointer of a reception buffer 2010 used for TCP communication
between the communication device 2000 and a transmission
terminal 2001 and a movement of a pointer of a transmission
buffer 2012 used for TCP communication between the

30 communication device 2000 and the reception terminal 2002.
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30 acknowl edgenent in which a reception sequence nunber is set to

| eft recv 1102 is sent to the transm ssion termnal 1301. If left
recv 1102 is larger than left rbuf 1101, data witten fromleft rbuf
1101 to left recv 1102 is noved to the transm ssion buffer 2007 using
right _sbuf 1106 as a head (2013) , 5 and left rbuf 1101 and ri ght
sbuf 1106 are noved to the right by the size of the noved data (2008
and 2009) . If right. sbuf 1106 is larger than right _send 1105, data
fron1right_senéof to right _sbuf 1106 is transmtted to the

recenti on Termunale 2002 {201 ca200nrd ohtcSOMAGLA05: s FRVELL KA ihe

right by the 10 size o transmtte at a

above- desttisbed skquescept tahitzesnivean f0@, Royhrekshdnyl dCkavhenha
data packet is received in a state in which there is no data which
wai ts forsaNeKvahde@sansahsspbridlAthprea G pighbgpesd 190 das 4 awsiceh

wai ts.for_.arra men n ceptian 15, of [ I s.in pr ess.
[0047? th.an !f—‘?g?—i%?fésqalbge LYen% edf’%{é?ag}i Igﬁqlfstﬁjarf?]zgggéﬁa%g \Mléare
the commutiGainisdayi BAFZEG0 Aoiard her 1 e¢glevase @ Pacdet ba£8d rWidih o,

| eadi ng data a transm ssion sequence nunmber of which is 20 the sane
as right leddy 108 ¥r@nhde tharmsme siadnig eranimight20@cv AL t0H,s tdteatee.

[ 0048] When the packet 2101 is received, the communi cation device
2000 assiigh&CaWardénered detar gegeptasn: 8fprvchets FRRFUH a0 2nd

L1 TSRl L ORI RO P AR N N0
acknbd edgeneah ACK Whicket Do 1BeEeptthentsaglenits aURbeEption sequence
number of which is the same as right send 1105 is received,
the left send 1104 has the same value as the right send 1105
(2014), and thus there is no data waiting for acknowledgement
in the transmission buffer 2012 in a state in which there is

15 no unarranged data reception of which is in progress in the
reception buffer 2010. At this timing, the communication
device 2000 returns an ACK packet 2016 a reception sequence
number of which is set to left recv 1102 to the reception
terminal 2001.

20 The above-described sequence realizes a means for
retgrning normal ACK at a timing when ACK is received from a
reception terminal side and thus there is no data which waits
for acknowledgement and transmission of which is in progress
in a transmission buffer in a state in which there is no data

25 which waits for arrangement and reception of which is in
progress in a reception buffer.

[0051]
Fig. 17 is a sequence diagram to which information of
whether or not there is data reception of which is in progress

30 in a reception buffer used for transmission side TCP
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ACK 2913 is set to prev_left recv 1900 to the transm ssion term nal
2001. In addition, when ACK is returned for the 30 received packet,
an ACK packet 1318 for acknow edgenent in which a reception seguence
nunber is set to left _recv 1102 is sent to the transm ssion term nal
1301, but, in the present enbodi nment, ACK for a packet received one
step before is transmtted. If left recv 1102 is larger than |left

rbuf 1101, 5 data witten from/left rbuf 1101 to left recv 1102 is
moved t o OB G B8 BT 252 Nedi MG SHSgAE SBGP $18BSRESSRBad

(2110), f t, rouf.11 i ght 0 i.ght
by the s??gmg?i%hépﬁnﬁédggg?ggfglgg éﬁg%%i fgfi&é?%%?ﬁgﬁuygggogb?s
| ar ger t rawaptghin seime 1108, cdamhanticamidd rigghiddendcd 10het @equence
ri ght _sbuf 1106 is transnmitted to the reception term nal 2002 (2107),
and ri ghtigesdm 15 Fignied to the right by the size of the
transgitted dat%ogéﬁog). In addition, left_send 1104 is not noved
since an ACK picket for acknow edgenent is not received fromthe

reception ternmsialce dackbes abevendasar i, Def KRAVEPE & clc@akictesn 3 tARRAS
for returning ACK for a data packet which is received one step before

when a dattd packiel 608 krceiied tihere stsane datehrebephior o8 whdtch is
whi ch waiits for ACK and _transm ssion of which. s in progress or data

whi ch wailf'sPFBETEPPaRgeRtR Hifth ekt P PIoMPAGRWAF CHY IRF 49T g tdss .
[ 0049] commurf:i.'cgati(]j,rgn 'd%v%c%%qli%@cgng' f@i?&féiﬁ?%gﬂ%\%ﬁ%wp%ckets

poi nter noves I n or r to prevent state msnuatc

COMLDI CalreoDedaY hged 200 Adnshthlis rds ubisr &rerEKackatd ddes Ly £ wihasner
25 receives final data 2013. The figure shows a novenent of a pointer
of a rec@Sl 8ackeitiel 220a0d uk&t Widh BCPeEsRfiARCIE T ern ¢ Wi Ha3 80

connunicg&iogeggykﬁg qugaaqg a tra snisa%gn.&grgkgﬁggégq# and a to
movenent 28 & Pointel of a TPENEH; S5O Bt Fere2 or VP&
comuni Caftizak Patemenddia 30 G Galdirded ), 2000 artddtSon of
reception termnal 2002. [0050] After the conmmuni cation device
2000 tramdiidts ideihi pelocdatss tor t Hetaedepnson stsdrom naf @002h is in
right _send 1105 have the sane value as rjght _sbuf 1106 and thus_,
ri gh%?seﬁ&%sifs aP&rB}é‘ﬁS return ACK packets™126 and 127 for the final
data. When the data packets (113, 114, 116, and 117) are
received, there is data reception of which is in progress or
data transmission of which is in progress, and thus an ACK
packet for a data packet received one step before is returned.
20 In addition, when the ACK packets (119, 120, 123, and 124) are
received, in a state in which there is data reception of which
is in progress or data transmission of which is in progress,
an ACK packet for received data i1s not returned to the
transmission side.
25 [0053]
Fig. 18 is a flowchart illustrating a process performed
by ﬁhe reception history update portion 3106 of the NIF0 TCP
module 1007.
When the process starts (step 3801), the reception

30 history update portion 3106 waits for a packet a payload length
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5 than left send 1104 by the size of the final data in the

transm ssion buffer 2012. In the reception buffer 2010, left recv
1102 has the sane value as right recv 1103, there is no unarranged
data reception of which is in progress, and prev_|left _recv 1900 has a
smal l er value than |left_recv1102. 10 Wen an ACK packet 2013 for the
final data a reception sequence nunber of which is the sane as

right_send 11Q05.is, received, .the ft .send 1104 has .the val ue as
the 1TghE ST S O8 (RFERE AR (hi HRore s datP R Gy | Bpen
acknowl edgegBRb« 4L LBect 4RSI raBeph LA, 2| HpBatbdidrd Tonieh
there is 15 no unarranged data reception of which I's in progress in
t he recepthaoyesufiftey m2OiEYenAintt cslttiam 03 ket chrueiception defifee

2000 returns_an ACK packet 2016 a reception sequence nunber of which
is set t&0 HIFPedPtEPOB V3t he@2PEceIGVIfY b itf nRRCEGE 1 datgrhen the

aboves desld hed SEURNAS nPAl 28R pBPR8eE08e 621 Ur NG AV, ACK A
a tining e is receive roma reception Fm'nal” si"de "arid thus
there i s medatidiviict o} ioddle 3OV e eI e tiYeh itedN $/MeTHeAN 3f
which is in progress in a transmssion buffer in a state in which
there i sned: datta 23 anisidls sdaint ©£f shighr Asgéneprognes s eceptd fiin igf the
which is.in progress in reception_huffer. 051] Fig. 17 is a .
sequence %ﬁ&fﬁ%%i&%‘b&%f]ﬁ%ﬁ%ﬁ%ﬁl vﬁfé%&éertr]tﬁl r?%t Yferds $ifst a
recept 1 0 Ofq ¥l Clnd on! BsPREEeSS, Khd NeAcLSCEPL | DR PULT BE M8 10l
transm ssion side TCP communication and ether or not there is data
trans®i ssiesrepsfiavhioth wihd dhn ipr agr pssgkasa isahsnyesittimbuitepaydedd
for reception side TOP comunication is added to the sequence di agram
of Fig. 812§ cobothe receivedchapkeket!§tero 38%F) 11106 nRIg&iacar &he
recei ved ﬂe%e%tt%?o% 11]168 oxy%ﬁa%g I nor J'I.OCII;] éft?é erei Surnos dtaOt aStre Cej%tdzon
of whichis i'nprogress Ata T ransm 8sion of I'Ch 1S i'n praogress,

the conmud eatiepntKlewicasptith and iy detistaigierdihat 3the packehs akk
are |leading data and thus do not return ACK. In addition, when ACK

packet s 128 and p@Rsksil oif ene byépt hbehosedlhencecaimbddat380shep 3806) .
recejved, the co ni cati on devices 100 and 101 wvary .to states 1630
At PRIt i e S U N O Rk SIS ok
or data tiransmn-ssi . whi IS | 5. pr ess, :an h n
packets:ﬁgygga}%%%ﬂ?gf”%ﬁ%ggﬁﬁaﬁhggéa}HV@%%'?%%l%aﬂg£pg%&%?ég?ilésK
114, 116,adahickikdny,) siresp r3gmed vidsh 1ddieie siseglad®03 ecetins of sMiedhdes

in progress or data transmni ssion of which is in progress, and thus an
ACK pack@racsss dat aviphekelCReéerveneorackedp defomee biyd o dafiatel. the

received data shown in Fig. 15 is returned.

20 [0054]

Fig. 19 is a flowchart illustrating a process performed
by the TX packet retransmission portion 3104 of the NIF0 TCP
module 1007.

When the process starts (step 3901), the TX packet

25 retransmission portion 3104 waits for an ACK packet a paylecad
length of which is 0 to be received (step 3902). When an ACK
packet is received, the TX packet retransmission portion 3104
determines whether or not there is data in the transmission
buffer of NIF0 and the reception buffer of NIF1l (step 3203).

30 If there is no data, the flow returns to step 3902. If there
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20 I'n addition, when the ACK packets (119, 120, 123, and 124) are
received, in a state in which there is data reception of which is in
progress or data transm ssion of which is in progress, an ACK packet
for received data is not returned to the transm ssion side. 25[0053]
Fig. 18 is a flowhart illustrating a process perfornmed by the
reception history update portion 3106 of the NIFO TCP nodul e 1007.

When the ,prqcess starts (step 3801), the receptiqn 3 I story u te
por U on” 4R0RR BT (019 B ROFEERete L AL SR b RGCH L8t ShAE A ANSAE 8y
than O t @ahe @it/ 8di63eP 0380RY: ¢ YRBNAs RRSK Lyt Fe £ GOLIMED Jdnl€he
reception history update portion 3106 changes the nmanagenent pointer

1005 of theisecoépthenrbuépeioonfsdlijikeénést emi380ACK @td I eleacdd bichle in
packet data in the 5 reception buffer 1013 of N FO gstep 3804). In

addi t i on,thenkeretERE AT Rrskety pd&iE 56199 dnt80é28éPerdi s 2923,
whet h ta. t 1 SS§ f i J1Sy | is | i
the tanent2ozstudn SRR =Y Goldier BP0 e 20 225

data whi qlstiep 38DG)i.n thestepsepboon bafifiy fcd¥HOrRRE LR NRC aptber
of which is in progress is |arger than the payload size of the
recei ved AS#c kil 3( deeprides) inl thaegacevecdt MeK rrdptt ors Hisgtgsmy than

updat e rtion 3106 _returns_to st 3802. If true, the receptian
St ory i BSTEr 6 S 100 & RENTA 1A i SN b o TP L5Re oy e

before t ri"ed’e‘ift%]o\ﬁ_e%eﬁ%hc(estrﬁgngép@CK g St ep38QA3 heald 283 & case

sequence procCess In ACK for the initially arriving data shown

in FlIgy. df i final Peiyr netderkn dsldnbi cdztst @pid80G Dbt OWOKY Hhephe
3805 realizes a sequence process in which ACK for one packet or one
byt e bef SFENHE SHSH R it a JRowsldif iong. 175 the semgr Re@nex0RG054)

Fig. 19 i rted L) r.aLl roce r.f.or he TX
packet rSuFBbhySe N ThRe Sioh PR S PR e iR e R s BT e
the processist ahkshest 6p B0 hetda sTYaRACKBIL RS Ul S S Puffer
portion 3104 waits for an ACK packet a payload | ength of which is O
to be recd WEF) strgh t3s02Q)ccapiclhomrbwike packefIrs (etepvadd6l he TX
packf]@) retransgi §§53n portion 3104 determ nes whether or not there is
data?n the trandmdsi on

If there is data in the reception buffer of NIF1 in step

3906, the TX packet retransmission portion 3104 checks values

of the pointers left/right rts 1108-1 to SEG SIZE indicating

the left and the right end of a data location retransmission

20 of which is in progress, and determines whether or not there
is a retransmitted packet (step 3908). If there is no
retransmitted packet, the flow returns to step 3902. If there

is a retransmitted packet, a packet 1s retransmitted (step
3909), and the flow returns to step 3902. If it is determined

25 that there is no data in the reception buffer of NIFl in step
3906, ACK for the received data is transmitted from NIF1 which

is an opposite side to NIFO which has received the ACK packet
(step 3907). When a state in which there is data transmission

and reception of which are in progress in the transmission

30 buffer of NIF0 and the reception buffer of NIFl varies to a
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buffer of NIFO and the reception buffer of NIF1 (step 3903). 30 If
there is no data, the flowreturns to step 3902. If there is data,
the TX packet retransm ssion portion 3104 changes the managenent
poi nter of the transm ssion buffer of NIFO on the basis of the
recepti on sequence nunber ACK 2913 described in the recei vedACK
packet, or left_edge | to 4 (2919, 2921, 2923, 5 and 2925) or
right e , w -and 2926 S 3905). 1n ste
%{CFIAté 9n%§§%%he%gg%s I%g tear Q%\Eﬁr%%&{ atf%%r %l'é%)rnanatgﬁénen

3905, if e receptron sequence nu escri In

recei ved R tpacketan$i d @raescd S@rnof effte santh skliQds i drefidu smand oL Qd Fos

changed to a value of the reception sequence nunber ACK 2913. For
exanpl e, (9-ep c3d868510 HACH i far AGGeitrd edptand daratwanedng thereh@K
in the transm ssion buffer. I n addition, ape _manner as in

in th
‘step 300F CHHABE fRBICTET BRATRRS B TR FoRaS T dét B hinseairdied

whet her Qo dihere ck dat 2ekRi4Re FLapstheStofe P £8" s Ohe NFRIA

t he recepf%on bd?fer of NIFle(s%ep 3906?. 15[005% ° é?gﬂfﬁirggﬁs
data in tHieyreoception buffer of NIF1 in step 3906, the TX packet
retransm ssion portion 3104 checks val ues of the pointers
left/right _rts P11 to SEG SIZE indicating the Ieft and the right
end of a data | ti retransm ssion 20 of which.is.in .proqress,. and
det erm nes whegﬁgﬁ %ﬁqﬁ%§1§'%¥£ﬁ?é gﬂF ﬁ%ﬂ§%$?fgﬁcﬁﬁékégjfgvgﬁ&hng

3908) . |fcrHdetlgahging I t€6pP3eksY, dhechd owetebunbs Hhiap
3902. If there is a retransmtted packet, a packet is retransmtted
(st epO390Pnagamenthpofindwnsefpray_flofst epc8dN0 ) fleiftt irecdel €07 readtl
25 that there is no i he recepti, buffer of NIF1 jn step .
5506, Act it idY sl dith LB TR ot tingn e B Ah BH i
opposi t e Hde-d NikR Wy QLA pa P 4
Wen a state in \/\ljlglglco‘hB "‘tﬂryetfét;é%@%c?;ata te% tr?’lllglécié?r% anggrgécé%{eﬁo%g’g%ﬁs
whi ch ar efiawqitangyr €ss pier fidrendd angnifesi eradplbyf tre DEP N basl 1007
reception buffer of NIF1 varies to a state in which there is no data
bef ore arthftW8 tHe e aGRRBARLIpBEAPBr d8HARGH ng process of the

tranfgission tnﬁgdgﬁ of NI FO (step 3905), ACMfor received data is
ret urned, thereby réalizing a sequence process in which final ACMis

not returned 5wuHud |thé NpkoACMs SH-AG8 Vesk dp Om@)hﬁ,r%%%abit%nsi&fea
shown in Fig. 16. [0056] Fig. 20 1s a flowhart diagram
speci fi caldakdl [wudth ataitey itshewshaey g teroddd) (st ¥peBlPacket heith
reception, buffer ) ,
data 1s received, len is set to a length of payload 2927,
left pkt is set to a transmission sequence number of the
20 received packet, and, right pkt is set to left pkt+len (step
1703). Successively, it is determined whether or not
right_pkt is larger than right recv 1103 (step 1704). If
larger, it is further determined whether or not right recv 1103
is equal to or more than left pkt (step 1705). If the
25 determination result of step 1705 is true, right pkt is
assigned to right recv 1103 (step 1706}). In addition, it is
determined whether or not there is a loss segment (step 1707),
and, if there is no loss segment, left recv 1102 is assigned

to prev_left recv 1900 (step 2309), and right pkt is assigned
30 to left recv 1102 (step 1708). If there is a loss segment,
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10 managenent pointers (prev_left _recv 1900, left_recv 1102, and
right_recv 1103) of Fig. 18 and illustrating step 3805 by using the
reception buffer managenent pointers. Each step of this flowchart is
performed by, for exanple, the TCP nodul es 1007 and 1008 of the
comuni cati on device. 15[ 0057] When the process starts (step
1701), reception of a packet with data is awaited (step 1702). Wen a
packet with data is, recei lLen J to a length of | 0 2927
ot bkt PoPEBERES b Tt on odiente R URbER CoP FREOH e o0
packet, angs {4 %tls%ktné§ 188k é%\%&l@[flﬁs-@_létftl %s(sf[kqpa&%%);ht loss[k]

Succe55|vely, it is determ ned her or i's farger
than ri ghirer ecwvedi®d, (st epalided)of | kibargercvi t11($3 f liISt I“ﬁsﬂmm mtoed

whet her or not  right _recv 1103 is equal to or nore than |eft
(step 17é§)ft411° 25adet Bigriofat ¢ BR_PEE IR 2a8F1gheg qq@agb§jp@é[k3

i ohtepki pdiesi oed 1o, rigilaresy 1103 (3rep L08) 5ol 20dLLLon g

is de er or ere is a Foss segnhent

and, if fg:&%rveil.le"ftn&écﬁﬁ&%ﬁgﬁ%&fe b@ﬁmreaﬁdlé%lﬁeaesﬁlﬁ bkt i
prev_|left recv 1900 (step 2309), and rlght _pkt is assigned 30 to Ieft

recv 110215(ss¢ge§@d17103)r1ghtt bherw i1d 038 | 0Bl Glegnehf , thao detecedsaitd on

erforned. If th det er tjon result of s 1705 i s false, new
Poss segﬁ@ﬁﬁ&tIS SF8gs?i$2ahﬁkﬁﬁﬁﬁeﬂ &§SFE]é%?%r@?gﬁ@ewpe%h%%ﬁﬂénﬁF

right_regyell03si s 1a5sd gReghe@ é?gktl 953kkki oése ﬁo

assigned to right_loss[k] "5(170 then, a va recv

assi yhed com florens Itef bneesy rO0H Hysteap oE3ﬁ&§s,pam]de*a s@jmmf lrelfg‘htp_mkt
is assigned to rlght recv_1103 (1710). If the determ nation
resul t oftosfé@htz®kts (FFiege 1 71l )i s 286 ok Ki Hear ahbs M J&S&w@tegm%vce

Is a losg, nﬁgg@”g (lg ﬁsfr[iekc]l Lo ¢ tgh lg%lélfit]o)sngegngel Cki{

to one or € packet segne Plgh

(step 17%Ebméﬂﬂiléfuﬁ£§f§dlQsﬁ@pIQ§Qj§99@%H tE@hpEQC&%Sdé%ermlned
perfornmed. If there is a | oss segnent, t'he | oss segnent i s updated

(st ep 171’21)etfmxd ottheati thesedis ex iowed selgsendér (stepol 71Bere 15 thdmss
seg % %713) If there 15 is no | 0ss se%nent a, val ue, of
%0

ri gh OFS  SREPgREd % 3% FeddIPtoFeryt dpP3745)assigned to
Successi 1l 2% R A Li)ﬁo%f (B! e8Y14302° 151883814099, ! 0aPTEY1 1€l lor

recv 1900 2319 friefe 1S a oss seg nent a“val u
left endlefftt heacm hlopnAllicsassegredttd ﬁraﬁ'Sﬂ_gﬂedréQvHﬁEfGO ree¥pD) .
(step 1715f)there is a loss segment, a value of the left end of the minimum
loss segment is assigned to left recv 1102 (step 1715). 1In
20 addition, left_ recv 1102 is assigned to prev left recv 1900
(step 2320) . When the change of left recv 1102 and right recv
1103 is completed, left recv 1102 is described in the reception
s‘equence ACK 2913 and an ACK packet is returned (step 1716).
{00581
25 In addition, after step 1708, and after it is determined
as being false in step 1707, the packet data is recorded in
the reception buffer (step 3810), and it is determined whether
or not right_sbuf 1106 is larger than left send 1104, or a
difference between right recv 1103 and left rbuf 1101 is larger

30 than len (step 2313). Step 2313 is a process for determining
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20 addition, left_recv 1102 is assigned to prev_left_recv 1900 (step
2320). Wen the change of left _recv 1102 and right_recv 1103 is
conpleted, left recv 1102 is described in the recepti on sequence ACK
2913 and an ACK packet is returned (step 1716). [0058] 25l n additi on,
after step 1708, and after it is determ ned as being false in step
1707, the packet data is recorded in the reception buffer (step
3810), and it is determ ned whether or not right sbuf 1106 is | arger
than | ef ("PESAE T T34 "y daatd% fFETeHteS Teamet riissrap riauy qﬁm@lanm are

| eft _rbuf. roer t han st 2313 St ep S
process grl%derer%% %g St R < o?crhn% Eefg? ar??%ﬂgh?gsmi%%ﬁﬁd o the
recept i onrehnsiisiai BuiffeRl. 001 eSSt s d&fdrhin&d thek £ Eegsakll%a
buffer or the transm ssion buffer. If it is determ ned

ri ght _sbifs Tr06 Jargmr tlaalgelefhaaehdfﬂl@émdotlmmcﬁrfea‘edncfef éreteeen

bet wegn 5 r ht rec 03 rbuf 1101 is not larger than |len
in stép 2 \slu??]ﬂ a\“@?gﬁfr 4 TP 1iivd FFOU‘PFeJE%IF%%rt"bh%Q el;ﬁ‘flm

| nserting¢ §3qt3epA@%al IsZBS or t t

| eadi ng da{ezé'lj is recei ved 555%?3&8% hgﬁa a#ligeﬂl % Brm netc?pt o]
be negat ilV®2.n Sheprtihy, thisistdptesal nads whekhas @d.’nrrlﬂit returning
prev_left recv 1900 is the sane as left pkt, left _recv 1102 is the

sane as AGhtvede il epriang &ntaightreeeivado3 is the same as right pkt
(step 2321). If t5f|s determned to be true in step 2321 (the sanme),
15 prev_left_recv 9100 is incremented by 1 (step 2322). Further, it
i s dedernined whetdhesr, oL felr BEeYs! ééﬁeiﬁ&lﬂeéggg bé A SAIE 85 ste
right_recv 1103 (step 2323) and, if the step is determned as bel rllag
true (thd7ddnme)t aSVdeuermﬁ_nEdf WhEEberlQﬁZHdtlzsra&ssiegfmdré@v 1900 is
prev_| ef ecv_1900 24) By inserting 20 steps 2321 to 2324,
a possi blct?“letfi APfitS t]1("?‘e‘CI §§|tm’?eccé7rHH§IlWet FamMem$ HwitsTrecy
packet aqqofyrgﬁdtﬁgf}wcﬂ ¥} n \g@ ket
retransm ssion from tr%nsl%%s@s?%ae%rs%ﬁlﬁa ?gL%?le %t[E %gep 2321)
perfornmedf it is determined to be true in step 2321 (the same),

15. prev_left recv 1900 is incremented by 1 (step 2322). Further,
it is determined whether or not prev_left recv 1900 is the same
as right recv 1103 (step 2323), and, if the step is determined
as being true (the same), a value of left recv 1102-1 is
assigned to prev_left recv 1900 (step 2324). By inserting

20 steps 2321 to 2324, a possibility that the transmission
terminal may transmit an RST packet and force to cancel a
connection is reduced when packet retransmission from the
transmission terminal is repeatedly performed.

ACK is returned (step 2325), and the flow returns step

25 1702 except for a case where it is determined that right sbuf
1106 is not larger than left_send 1104, or a difference between

right_recv 1103 and left_rbuf 1101 is not larger than len in

step 2313.
[0060]
30 Fig. 21 is a flowchart specifically illustrating step
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ACK is returned (step 2325), and the flow returns step 25 1702 except
for a case where it is determned that right_sbuf 1106 is not |arger
than | eft _send 1104, or a difference between right _recv 1103 and
| eft _rbuf 1101 is not larger than len in step 2313. [0060] 30Fig. 21
is a flomchart specifically illustrating step 2325. When t he
process in step 2325 starts (step 2401), it is determ ned whether or
not right sbuf 1106 is the sane as left send 1104, and right recv
1103 is the%ane as left rbuf 5 1101 (step 2402). Step 2402 is a

process for chegking.that there.is no datga transni ssion and reception
of which are | HTETbETESE EPoERe™ P SHER A4 bis BafFer ShRE FHBLF ockiptivon
buf fer. lcieﬂérrhj&l&@,t@fle’cﬁgg @ hghegathyesphiat jigy 44 ’cﬁed%@r med
that data transm ssion and reception of which are in progress G i%
left, it lesftdeteardniliai wheicherighit neicy NdlSNissthe €ima 48 @t edbur

commapd to the server side is ini)rogr.ess as shown in Fig. 12 or 13
(st ep240H0L | §559P | AR or AteRd 2402 ity anPHens fsfr sheakding ddat

conmand e server,side is not in progress CK is returned using
prev_| ef TtMé_%lrete]{:‘L‘v 31%61(53 aclsa_séa&l 1 ar%sc_lpﬁjo‘?fpsaelgcgjeﬁ%%e Aifrﬁibroé é‘ftl'é‘rfr}‘?fd:@ Rk
it is detprdgmask as BRENGr&A 481 LDish R, 2A0R a%dthgulseé&?@oﬁ puirAat a
transm ssion and reception of which are in progress inthe

transm ssifod thisf detandinkd tedeptriegathufd .etthadr ikf it is ddeteamiimen

as being L%#e in s;ce 2403 and thuys it is determned that
transm sSiG 5656 Fgﬁsﬁ‘ﬁéail@f‘eﬂn‘éo%%%t%%nt% whdchepre| He HEOJLEss

i } d L0g. t 1 a.recept.ion se nce
numbey (i Has) £ [ bt ey PR s s o S Ter L e

comuni c@ieohi dedlevinmtanbas nole betrwit ACef 05 thepfdfRdsdaian dipiihe
transm ssion_side until ACK for the final data is received fromthe
recepti o™ eFh¥nallZ ad LAus sePmed £P3 bet wdén IMCPLs determined that

transmission of a predicted command to the server side is not
in progress, ACK is returned using prev_left recv 1900 as a
15 reception sequence number (step 2404). If it is determined
as being true in step 2402 and thus there is no data transmission
and reception of which are in progress in the transmission
buffer and the reception buffer, or if it is determined as being
true in step 2403 and thus it is determined that transmission
20 of the predicted command to the server side is in progress,
ACK is retured using left recv 1102 as a reception sequence
number (step 2405).
[0061]
By using the branch of step 2402, the communication
25 device does not return ACK for the final data to the
transmission side until ACK for the final data is received from
the reception terminal, and thus mismatch between TCP
communication state of the transmission side and TCP
communication state of the reception side as described with

30 reference to Fig. 41 does not occur even if failures occur in
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comuni cation state of the transm ssion side and TCP comuni cati on
state of the reception side as described with 30 reference to Fig. 41
does not occur even if failures occur in the comrunication device.
In addition, by using the branch of step 2403, even if the prediction
is deviated after the predicted command is transnmitted to the server
side, ACK for the final data is returned to the server, and thus
stopping 5 of a process of the server side as descrlbed wth

r ef er encé R gamgrunieaf; kemp iy 5ce [ odpjaddition Fiky wings thef [bovectedr t

illustratj of 0ss, segnent 1712 After_.the
process stf’;r té—&?%{‘&é‘ﬂwﬁ‘ﬁh f% ?1 dgtrgfiﬁngrs? %\I\:H'gt r‘?)@m x ﬁl([)taqt@frt tha
i's equal giedirct&sTdrahd q_fst I'r%%%[rrlﬁ}bte%ﬂ@ol eht g@§§£k]si§esrmiz% Hor
than right pkt (step 1802). If it is determned that left pkt is not
equal to the IFdgwmk atd elfs tegssindd tmdheftsetoss] kdnd et strogdierg
t han |ght pkt 15 in st 1802, it is determ ned whet her or not

left pkt 9% SMHIHST Wegrﬁeﬁvc%%[%deaarﬁjqﬁsg?ﬁl%%é{w iLefegipgicq o
or less thanrird gh&;q# &p-4803). Here, if it is determned that

| eft _pkt is no smal an right _loss[k], and right_|loss[k] is not
equal to or Ie@@&@%mlrlght_pkt it is 20 deternined whet her or not
left loss [ k] is smaller than left pkt, and right_pkt is smaller
than right | osdig- @8t d§ 28B6hpwcharft ildugbratingedpdabingtof & tlass

in step % %ﬁl Hgfgﬂpd% ifl?f3|gned to right _loss[k] (step 1805),

t hen, oss Se l oss[j] and right |OSS[]] are created, a

val ueoof "25 ri gt kit HeS paovledRed the thefibcbasshll ), f
right_loss[k] is aSS|gneg@fo right ossfk] 1806) . [Ooéﬂi Pﬁé%dlned

det er m nédhettier orr nettkadt |mk’tst1@peﬂ1862 ta arallessothan getfipKiodss k],
assigned Lo held ! fosd {5y (L emaPO®) el ln'figne okt (step 1802). 1t
it is determined that left pkt is not equal to or less than
left loss[k], and left loss[k] is not smaller than right pkt
15 in step 1802, it is determined whether or not left pkt is
smaller than right loss([k], and right_loss[k] is equal to or
less than right pkt (step 1803). Here, if it is determined
that 1left pkt is not smaller than right_loss[k], and
right loss[k] is not equal to or less than right pkt, it is
20 determined whether or not left loss[k] is smaller than left pkt,
and right_pkt is smaller than right loss[k] (step 18b4) . If
it is determined that it is true in step 1804, left pkt is
assigned to right_loss([k] (step 1805), then, new loss segments
left_loss[j] and right loss[j] are created, a wvalue of
25 right__pkt is assigned to left loss[k], and a value of

right loss([k] is assigned to right loss{k] (1806).

[0063]

If it is determined that it is true in step 1802, a value
of right pkt is assigned to left loss[k] (step 1808). If it
30 is determined that it is true in step 1803, a value of left pkt
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30 is determned that it is true in step 1803, a value of |eft_pkt

is assigned to right_loss [k] (step 1807) . Wen steps 1807 and 1808
are conpleted, it is determ ned whether or not left loss [k] is equal
to or nore than right loss [k] (step 1809) . If it is determ ned that
it is true in step 1809, the loss 5 segnents left_|oss [k] and

right _loss [k] are initialized and deleted (step 1810) . [0064]

For exanple, by enploying a conmunication device which arranges

recei ved dapasépnegt Fanskghts losmbhl tisdebdaBa7by USheny steps $8ancard

TCP so a performco ni cati on between termnals and the

conmuni c:t]tslt@n d&Vi c5° ‘%‘?‘gangjeg rje%ei‘\%%tbe%%e%r hathesniqs not
transm t tijededat i [ ‘?r[?ﬂ?‘ : (4 e )
whi ch does nmq%se%gﬁg gzg%%QlRTt{Ibd%ir? a |E%g{]g{l%ggm%deg%@aaggt%gbplﬁgrm
communi catfl drt biet wbebe tibinednthiacaticond sdeviuveesn istds 18I8si iR tibss

prevent occurrence of a case where transmission is conpleted in a
transhi sSISEPEr i MRl t_bess [bh ane wiokt_hewdl[ kKl eteptimitialirrd and

conpl et ed, | e i O mnal when final data is received from
t he trangjn%ls%st?eocil Sg%#) ngﬁ@!ah ACK packet for acknow edgenent is 20

returned, and ff@dawes occur immedi ately thereafter. [0065]

(Suppl enentary description of novenent of pointer) Hereinafter, a
suppl ement ary dest Eixamirde obynewpientingf at bemponhtet iwnl debicende.ch
25A description will now made of how the pointer is noved when a

comuni c &SRR EE ST ; el QS A IR R C RSP ST Bt a2 PECERI DN
R R btk R S R e e T T
segnent ceoclrthe Bwudesceaiplowndewide, and arranges received data or
retransmits transmitted data by using an independent protocol
(independent TCP) which does not depend on an RTT or a
discarding rate so as to perform communication between
15 communication devices, it is possible to prevent occurrence
of a case where transmission is completed in a transmission
terminal, and, on the other hand, reception is not completed
in a reception terminal when final data is received from the
transmission terminal, an ACK packet for acknowledgement is
20 returned, and failures occur immediately thereafter.
[0065]
(Supplementary description of movement of pointer)
Hereinafter, a supplementary description of movement of
the pointer will be made.
25 A description will now be made of how the pointer is moved
when a communication device which returns an ACK packet in which
a reception sequence number corresponding to a size of received
data is described does not sequentially receive packets from
before and thus a loss segment occurs. The description will

30 be made that the communication device moves the pointer of the
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30 be nade that the communication device noves the pointer of the
reception buffer used for TCP communication with a transm ssion
termnal and noves the pointer of the transm ssion buffer used for
TCP conmuni cation with a reception termnal. [0066] 5When a packet
with data in which a transm ssion sequence nunber is |larger than
right_recv 1103 is received fromthe transmssion termnal, the
comuni cati on device changes right _recv 1103 to a sumof the

t ransmi ssﬁetﬁﬁlfs’feﬂquehtiéfﬁmm@d éprt'll‘@? pemmumedapaohetl‘@tnd teradestrel ssion
| engt h, q?d Cr e es a HEMI | 0ss recording pqinter _in which

left | ossS[OT™ ¥ IBOV%Ft REPL arﬁ]oﬂ}% Grensadspary Ruiter yped

trans”‘S%&ﬂﬂi&ﬁﬂ%ﬁﬂﬁﬁhﬁﬂ@@@i efwibg Lee c addition, an
ACK packet for parti al ackno%ﬁéﬁgenent %S g%??vggkﬁkhgﬁﬁmmo) in

which a receptibhﬂﬁﬂquence nunber is set to left recv 1102 and 15
val ue rlght | oss[0] and right_recv 1103 are described in
| ef t Edge | Fren anerekghtviddydata 2oahich at heamopl 9piep e aBmaiEre

2916 is %ﬁmhéf) J“iéé&@?”%ﬁéhoﬂlgﬁ%”kg%b 1103 is received from the

transmission terminal, the communication device changes
right_recv 1103 to a sum of the transmission sequence number

of the received packet and a data length, and creates a new

10 loss segment recording pointer in which left loss[0] is set
to left_recv 1102 and right loss[0] is set to a transmission
sequence number of the received packet. In addition, an ACK
packet for partial acknowledgement (Selective ACK (SACK)) in
which a reception sequence number is set to left recv 1102 and

15 wvalues of right loss[0] and right _recv 1103 are described in
left_edge_1 (2919) and right_edge 1 (2920) of the TCP option
header 2916 is sent to the transmission terminal.
Successively, in addition, when a packet with data in which

a transmission sequence number is larger than right recv 1103

- 20 1is received from the transmission terminal, the communication
device creates a new loss segment recording pointer in which
left_loss[1l] is set to right recv 1103 and right loss[1l] is

set to a transmission sequence number of the received packet,

and changes right_recv 1103 to a sum of the transmission

25 sequence number of the received packet and a data length. 1In
addition, an ACK packet with partial acknowledgement SACK in
which a reception sequence number is set to left recv 1102,

and values of right loss[0] and left loss[l] are described in
left_edge 1 (2919} and right edge_ 1 (2920) of the TCP option

30  header 2916, and values of right loss[1l] and right recv 1103
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Successively, in addition, when a packet with data in which a
transm ssi on sequence nunber is larger than right_recv 1103 20 is
received fromthe transm ssion termnal, the comunication device
creates a new | oss segnment recording pointer in which left loss[1] is
set to right recv 1103 and right loss[1l] is set to a transm ssion
sequence nunber of the received packet, and changes right_recv. 1103
to a sumof the transm ssion 25 sequence nunber of the received
packet ar@df%dmcaﬂlk@?btw M&ftadiﬂq&?ﬁ ( 22 JACK b akieth twietdy epar t(28122)

acknomded on sequence nunber is set to
Tt reoPhTgE TG OREAfE SRt iher) Sehk For Fﬂﬁog[aﬂf’n&eélon

descri bed:dymilff1t,_eggs, &ggﬁ%)reegaﬁgﬁmee ke](@\%gﬁ atbﬁ whfeh
option 30 header 2916, and val ues of right I dss an rlg recv
1103 ar & Gesosmiedion sefieedgen@np@92ily tared skinghs s eviger Zré&QZZ)quf
the TCP optjon header 2916 is sent to the transnission terninal.

Next , > whéilha rain &rﬁsﬁhetwrp%iwlw SREPENEY RURREErRRE Br dasanilesiasm
sequence juupRerg s, a@eriggg :aL%s QY cle%qrz%d %r%?nﬁ%ﬁ% ‘r{fga‘r%fgnfss%on

transm ssion sequence nu = an da a engt

right _| oss{]ids£l r ece ‘é@ﬁmﬁlrrﬁ_@atth.%ri HaRS FeS Hbea st @éﬁ‘cn%cvtbﬁoz to a
communi cati on deV|ce noves left recv 1102 to a locati©on of |eft

| oss[ 1], lioflatign 6 k@bt debesed]t henfbislsegreandr eedrediony e dicerss
left_| Ossge%lme%q:d rre ordt!_r?gs o]_nters left_loss[0] and right loss[0],

10 and sends an ACK packet for acknowledgement in which a reception
sequence number is set to left recv 1102 to the transmission
terminal. If left_recv 1102 is larger than left rbuf 1101,
data written from left rbuf 1101 to left recv 1102 is moved
to the transmission buffer using right sbuf 1106 as a head,

15 and left_rbuf 1101 and right_sbuf 1106 are moved to the right
by the size of the moved data.

{00671
Next, a description will now be made of how the pointer
is moved when a communication device which returns an ACK packet

20 in which a reception sequence number corresponding to a size
of received data is described receives ACK from the reception
terminal. The description will be made that the communication
device moves the pointer of the reception buffer used for TCP
communication with a transmission terminal and moves the

- 25 pointer of the transmission buffer used for TCP communication
with a reception terminal.
[0068]
An initial state is set to the time when the communication
device has already sent an extent of amount of data to the

30 reception terminal, thus right sbuf 1106 is the same as
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10 and sends an ACM packet for acknow edgenent in which a reception
sequence nunber is set to left_recv 1102 to the transm ssion
termnal. If left recv 1102 is larger than left rbuf 1101, data
witten fromleft rbuf 1101 to left recv 1102 is noved to the

transm ssion buffer using right _sbuf 1106 as a head, 15 and |eft rbuf
1101 and right sbuf 1106 are noved to the right by the size of the

moved data. [0067] Next, a description will now be made of how
t he poi nttdighits_sandkd IWsenaadcoheivhi send ohl Aeviscbanbechcha drefs_sendCM

ket 2Q . which i di
B oo of - rddhvedTias aohe At ch 7 EEaE  og: IR TRRIdsTa D +BosPEran 2
term nal .rcthgtdest rdé?:{dé’f[bé"‘ nlmier nede 1hal, the, £ anarini Lafd on gdevige

noves the pointer of the reception buffer  used for TCP-conmuni cati on
with a trsardiiessitdrant erighial seanmdl Tid®esi € hee @6 ypad Mweim athd heception
transm ssion buffer used for, TCP. communi cation with a reception

t er mi Ral CqHFIERL ARPRHIHNIGat on deFdcerhange g prid oA et _send
comuni cgtion A d n nt ,of amunt .of  dat

The 30 1 aos teh IEF PASBLLGR ¥eAERh BT AL RE, RocRIBUE, 4 (07 8¢
ri ght_sepéckids, angthieght wend thi0% dntndral@ari drhaik&fd send velk04n

Wen an ACK packet for acknow edgenent in which a reception sequence
nunber i $Verlg@EpintaACKepackenhd drl parand lsaskhev ] ¢ dgemenyhiSedend ive05

is recei fr e reception 5 termnal, the conmmunicatjon device
changes é"%g%l(ﬁg@d{) 18 (INETY A FRFSRFIME SRRSO M Wftlence Tifsme

descipbedd iy tha ACK Packat sl thefs, WD fé;%;gfék%\rsegﬁférﬂfé Jevires

recei ves an overl appi ng ACK packet for parti gement

(Sel ecti Ve ABK $§SAEK) S ithathicdh taer RCEptadkeseqlent@enyiben is theyer
sane 10 as a value of left send 1104, the reception sequence nunber
i s the s&f@Taslehht S8ndt nel Wekapdckamalley athanwiight ssend gél 0bhdis

l eft sen . r n,rj e 1 i s_described i
oft_edos S a0 M TPRE hBRnn! 1S s R Shr oTy BxaRE befdet Gote.
ri ght _sergd W¥dlinddestrihat igedd ghtoedoe deskhridel®2d) ofgitheddd 1
opti on header 2916, a new retrtansmtted segnent recording poihnter Tn
whi ch3| ef 292X 03£ | theefl CiPo dpdfitors emelldedd, 29hd, r eghtew trsftOjarisnisated o

|l eft edge 1 (2919) is created., When fhe retransmtted segnent is
creat ed,g FHHE ?\‘F‘Bﬁgilaﬁ PHEET et alibdcths ‘Bfita 7roi T et B4 610

to 20 rightedted Q] 1180d LAtEabhzes apg) del kRS chhee FEt LD M tLafh o)
segment recordi ng pointer. - - -
is created. When the retransmitted segment is created, the
communication device retransmits data from left rts[0] to

20 right rts[0], and initializes and deletes the retransmitted

segment recording pointer.

Embodiment 2
[0069]

25 With reference to Figs. 23, 24 and 25, and with
appropriate reference to the figures related to the
above-described embodiment, a description will be made of an
embodiment of a communication device 800 which determines
whether or not data is final data depending on whether or not

30 a PSH flag is set in a TCP flag of a packet, and returns ACK
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Enbodi ment 2 [0069] 25Wth reference to Figs. 23, 24 and 25, and with
appropriate reference to the figures related to the above-descri bed
enbodi nent, a description will be nmade of an enbodi nent of a

conmruni cati on devi ce 800 which determ nes whether or not data is
final data depending on whether or not 30 a PSH flag is set in a TCP
flag of a packet, and returns ACK for one packet or one byte before
recei ved data until an ACK packet for the final data arrives froma

recept i of YeMenBRCSFe OF| AREhBYpReRERPTENBRERHERE, da e @Rkl an ACK
configuratj f_t-h Vi havi t he hl ock .confi,guratiqgn
of Figs. %33 (g%&a f1E &g(;g%:hrelsb%dl altln ocfllclrerrel%SIq%somer?plrc?ycéed).t@enver ar -
processesialee added to the processes perfornmed by the reception

hi story update portion 3106 or the TX packet retransm ssion portion

3104 shown i n HAingthg @rgserd; enhedébgninpgihaeane mprtfigutation as that

Flo 23 (8 3 QRORE THaghr 19 1St o i SO ok s e
the recept iy HiPeR! Yi MR &3 RYEAL OD %%ﬂéf&ﬁd’?s af - #goacesses
payl oad. The same process as In Fig. 18 15 1s given the sa
r ef er encermaedakistoaride deserd pié D pddermeeid wyl thberempt 6n history
update portion 3106 or the TX packet retransmission portion
3104 shown in Fig. 18 or 19, thereby implementing the
7 10 communication device 800 of the present embodiment.
[0070]
Fig. 23 is a flowchart diagram illustrating process
procedures when the reception history update portion 3106
receives data with a payload. The same process as in Fig. 18
15 is given the same reference numerals, and description thereof
will be omitted.
A new state variable PSH recv for determining whether
or not reception of PSH data is in progress is defined, and
a process (step 4001) of assigning 0 to PSH recv is inserted
20 after step 3801 shown in Fig. 18. 1In addition, after step 3804,
a process (step 4002} of determining whether or not a PSH flag
is set in a TCP flag of a received packet is inserted. If it
is determined as being true in step 4002, 1 is assigned to
PSH_recv (step 4003), and the flow proceeds to step 3805. If
25 it is determined that the PSH flag is not set in the TCP flag
of the received packet in step 4002, ACK for the received data
is returned in NIFO in the same manner as in the related art
(step 4004), and then the flow returns to step 3802. This
process method validates the function of returning ACK,

30 described in Embodiment 1, only when the PSH packet is received.
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A new state variable PSH recv for determ ning whet her or not
reception of PSH data is in progress is defined, and a process (step
4001) of assigning O to PSH recv is inserted 20 after step 3801 shown
in Fig. 18. In addition, after step 3804, a process (step 4002) of
determi ning whether or not a PSH flag is set in a TOP flag of a
received packet is inserted. If it is determned as being true in
step 4002, 1 is assigned to PSH recv (step 4003), and the flow
proceeds to std®038d5. If 25 it is detern1nEd that the 5332f|2%KI?
not set in the _TOP f of t re elved acket i.n_ste or
the received dat&®"is gfﬁrﬁegﬁl ?ﬁﬁa%aﬁgl E@F1&§|9¥QQ%§S

rel ated FlodshaeA09ddn and tﬁ@'bé@l?e’é'9&‘%£§£%ﬂ§s£8msb§gt§%923
process nmethod validates the function of returning ACK escri
i n Enbodireereivies enlACKwerkelte PBHepskebricseseces vadrig| Q@71 glven
5 the same reference numerals, and description thereof will be
omitted.

After step 3905 shown in Fig. 19, a process (step 4101)
of determining whether or not PSH recv is 1 is added. If it
is determined as being true in step 4101 (PSH recv is 1), the

10 flow returns to step 3906. If it is determined that it is false
in step 4101, the flow skips step 3906 and proceeds to step
3908. 1In addition, after step 3907, a process (step 4102) of
assigning 0 to PSH recv is added. This process method
validates the function of not returning final ACK until an ACK

15 packet for final data arrives from the reception terminal side,
described in Embodiment 1, only when a PSH packet is received.

[0072]

Fig. 25 is a sequence diagram illustrating a case of
performing a process in which the device 800 determines whether

20  or not data is final data depending on whether or not a PSH
flag is set in a TCP flag flag 2914 described in a packet by
using the process methods of Figs. 23 and 24, and does not return
final ACK until an ACK packet for final data arrives from the
reception terminal side only when reception of PSH data is in

25 progress. When a packet 810 with a PSH flag is received from
a transmission terminal 803, the communication device #1 (800)
determines that the data is final data, and transmits the packet
to a communication device #2 as it is without returning ACK
(811) . In the same manner, the communication device #2 (801)

30 determines that the data is final data, and transmits the packet
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Fig. 24 is a flowhart diagramillustrating process procedures when
the TX packet retransm ssion portion 3104 receives an ACK packet. The
sane process as in Fig. 19 is given 5 the sane reference nunerals,
and description thereof will be omtted. After step 3905
shown in Fig. 19, a process (step 4101) of determ ning whether or not
PSH recv is 1 is added. If it is determned as being true in step
4101 (PSH recv is 1) , the 10 flowreturns to step 3906. If it is

det er mi nd® h&CePtiens spsBinalst(8844168, it hes ikl petatap rRpGEK

d t . ln. additi f 3907
ot en’ 4202 Tercoinly: b0e B8H ddPllee ¥ Thall Shnithy alslloRERR,
val i dat ess Yheubuneidon sof dpt 460t shAl 08r fdHd] cACK 3wl b @ A lSed

packet for final data arrives fromthe reception term nal side,
descri bedlatte EMsodsaentinl, aonkgcahthon PSHipacdket numbeacebved. {H0ZA2]
Fig. 25 is a sequence, di agram illustrating a case of performng

process i i x thtﬁceecbgélic ELgbBl dbtist FERBL VRRet I‘[@??I?é%grp?l%l‘eﬁﬁt(%]i%
final dalaAensndeng QHANRIRY S8 WAOkNA RS f1 2G4l SndCledd Ao Rt
ed | t by ng the 0ds 0

flag flag 2914 descri n a packe usi process me

Figs. 23iande?4,imnrd rdeepuien reigifdhdd nalmAGK and ide @ vACK Maskathe
for final data arrives fromthe reception term nal side only when
recept i oF SFEHSIPHALEMLSalns Dde pridifr eosmupheatiopaikatc8 @ WBOh) arRSH

(139,15 SRS LA S SRS D L0 1k 200 s S el
the packeind 814) for the final data to the transmission terminal side.
By using the above-described method, it is possible to
prevent state mismatch in which it is determined that reception
is not completed in the reception terminal despite it being
determined that transmission is completed in the transmission

15 terminal.

Embodiment 3
[0073]
With reference to Figs. 26 to 36, and with reference to
20 the figures related to the above-described embodiments, a
description will be made of an embodiment in which two
communication devices are installed between a transmission
terminal and a reception terminal, and communication is
performed between the communication devices, using an
25 independent TCP disclosed in Patent Application 1 or further
improved than that.
[0074]
Fig. 26 is a diagram of a system in which Fig. 1 is a
base and the TCP modules of the NIF] side are changed to modules

30 2501 and 2502 performing the independent TCP process. In the
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to a comuni cation device #2 as it is without returning ACK (811)

In the same manner, the conmunication device #2 (801) 30 determ nes
that the data is final data, and transmts the packet to a reception
terminal (804) as it is without returning ACK (812). The

comuni cation device #1 (800) returns ACK in which a value which is 1
to 1459 smaller than the size of the received data is set in a
recepti on sequence nunber even if a 5 retransmtted packet (813) is
recei ved PrAFEMTACKS peilekiet s ¢8MBuanda8i®bn f ors f ipet faiated | nushingh &he

size of t.he recejved ais t i recepti on sequence nunber are
recei ved ‘PSR qqcegg% idh & ﬁﬁ né;q-?si de, the communication device
#2 (801) and t e ERMTWNGA Ol Le 8QQ)y 1 o3RS M te ACK S
(815 10 and 814) for the final data to t de %(rpéinsr%%s%zi ()(Flﬁoct%err%&%gl?%'
si de. commuly. czsi iy e iabeyezaddepermdett ek blyothe isthmiesh posis idilag ram

prevent state mismatch in which it is determned that reception is
not conpPét é8Si RLPRE FéeepamoTheer imdAiTedpi aadi thadihg &0Ahds

that tra i SSi I S.C | et ed i he transm ssjon 15 m nal .
Enbodi rre%t%rg?%%égt}ﬁ %\W?e;ﬁoerne%een?cen'fg:eﬁ tr%oiafilg%s. n%%éjt oaré%, 2’% “With
reference to 2Qobheifigures related to the above-described

enbodi nents, a description will be nmade of .an enbodi nent in which two
comuni cati on déei cemmanécahival devdlbetakdheareceapsins sicamires nisiale

and a rece[%t.i l%é“{,]%m nal , and communi cation i s performed between the

comuni c&f B O HY Hnt D5 PN dEFentSRe Tep e bR derminal
Pat o Q%ngcgstf;%% & ditdheicd gagz{?goggaw Bata:h 0943k Blardly S
manner, and the communication device of the transmission
terminal side retransmits the discarded 1locations the
notification of which is sent from the communication device
of the reception terminal side in a feedback manner, and
15 controls a sum total of a data transmission bandwidth and a
data retransmission bandwidth for a specific destination based
on a retransmission bandwidth or a discarding bandwidth (also
referred to as retransmission/discarding bandwidth in some
cases) after a reference time point and a transmission
20 bandwidth before the reference time point, thereby securing
a communication bandwidth which is not dependent on an RTT or
a discarding rate,.
[0076]
Figs. 27 to 30 are diagrams illustrating three features
25 of the independent TCP. In addition, the independent TCP is
also referred to as an RTT And Discard Independent Congestion
Control (Radic)-TCP.
Fig. 27 shows a bandwidth control method of a TCP in the
related art on the left side as an example of the standard TCP,

30 and a bandwidth control method of the independent TCP disclosed
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base and the TOP nodul es of the NIFl side are changed to nodul es 30
2501 and 2502 perform ng the independent TCP process. In the present
system communication is perfornmed using an independent TCP in a WAN
907. Communi cat i on devices 910 and 920 (for exanpl e,

comuni cati on devices) can be nounted by the sane bl ock diagram5 as
t he bl ock diagram shown in Fig. 3, and the NIF TCP 1008 is changed to
i ndependent _TCP nodul es 2501 and 2502. [0075]
connunlcéﬁigﬁt§@$|@BP&FCFﬁéOPe&eﬁPl?Fﬁt?#QHFuﬂ1Qﬂ deIﬁth?|¥§?t#ﬂathe

comuni C%[e: 19t ded,68 q&{at alsfn[laé"gsfg gcgrét eI Mg 19, scl d‘?lh i

di scarde ocations ‘in in a manner ,

comuni catiizen 2d@d de: ahildheat taaﬁﬁ’mi%ﬂan’t gnsunal isi Q@t redf &g RIT
the discarded | ocations the notification of which is sent fromthe

communi cdt4&N Jdevidetbtrehe resbpolenat drosinsalissiide iharadvisddbackhe

manne nd 15 .control.s a, su total of a data transm ssj on, bandw_dt h
and o datd VERHARATS Gty cT’tﬁxP5F§S§§egiV%n‘§‘é‘§t?3r%‘?/Wbaé['g'&

on a ret LARTIRRIPRPERNGY dih rtﬁﬂlﬁ&@ﬁﬁ%%ﬁ)a Q%Q&Qm(%%at

referred to as retransm ssion/ |scard|ng I'n sSome cases)
after a rdfeREAcEn¢Traes@s} Mtinand 6a Ot wlass i rsai somi 20l drandwelt pdaefiore
the reference time point, thereby securing a communication bandw dth

whi ch i s WGP FIRT i &n LRPP dp H2grotar dnfigthused (DOt Figh 2
2T L0, SO R kAt sl A d Rl R SRS Ol 4, s
as an0 RTEnARpbddidadd drdmdependrah £998e9608N iGoRMieh GRAdiG)smEGR 1 0n
Fig. 27 shows a bandwi dth control method of a TCP in the related art
on the | @mouwitdéogseanh bl ol of imeel s tdaftfaret! I@Q;OIBDrahlie@ (2608),
bandmﬁdt@hggghgpl gg% rolggn%he Ind%@%%%%ﬂ%sl%ﬁ.dlggé w1 th. The
transmission bandwidth is expressed by token size/interval
time. Since it is possible to remove time when transmission

15 isnot possibleevenif a line is vacant by using the independent
TCP, a use rate of a line bandwidth increases (2609). It is
possible to realize bandwidth control which does not depend
on an RTT.

[0077]

20 Fig. 28 shows a retransmission control method of a TCP
in the related art on the left side and a retransmission control
method of the independent TCP on the right side. In the TCP
in the related art, which location is partially received is
described in left edge 1 to 4 (2919, 2921, 2923, and 2925) and

25 right_edge 1to 4 (2920, 2922, 2924, and 2926) of the TCP option
header 2916 of an ACK packet up to four locations, and is used
for partial acknowledgement (Selective ACK (SACK)). On the
other hand, in the independent TCP, which location is intended

to be partially retransmitted is described in left edge 1 to
30 4 (2819, 2921, 2923, and 2925) and right edge_ 1 to 4 (2920,
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in Patent Application 1 on the right side. In the TCP in the rel ated
art, a transmssion term nal 2601 controls a w ndow size 2605 in
which a transm ssion anmount is set for each RTT (2607) and thereby
controls a transm ssion bandwi dth. The 5 transm ssion bandwi dth is
expressed by w ndow size/ RTT. The bandw dth control using this nethod
has a problemin that, if the RTT increases, tinme 2610 when

transm ssion is not possible increases even if aline is vacant, and

thus a ugddZat 898# raaRfnk9dahdvii dhie TEPrewititer ha@gtlama2dther trafdun n

the 10 i ndependent TCP,, a.token size 2606 i.n. ich a transni ssi on
amount fgro%gcc PHec i tllsrreu‘?‘gadef?ﬂed)q%tlt?\g‘npt PO 8§ g8 figement

t her eby q@@tg’a(ﬂil‘j@g;@t{)m ssion bandwi dth. The transm ssion
bandwi dth i s expressed by token size/interval time. Since it is

possi bl e to rem®wg&li me when transm ssion 15 is not possible even if
a line is vacant g)éusin t he i ndependent TCP, a use rate of a line
bandw? dt h i ncr eds e(ﬁ)g)l.nlifh?sr b3kp8l 8rteo fdal PREONFaAHRILTEN data

concrol Wiaielose agts Seepod,opnany STE, LORLTL %8 2330 A0y

retransni ssion control od o e re

si de and termein=AN2VESiten thenteobpiEbhode ohihhe 2ndgperkieachieR OB,
the right side. Inthe TCP in the related art, which |ocation is

partial | P.rEedlvaadi & agesdi ppouded iretheauiddlet gerepdph-2oRleted
2923, SN A MY L PSSR0, 072, 2001, 00 g
TR L2, giebac Skoncknamenkaee (2RLgct L L, e

be parti adkhnhovdtadgmsmrntedfos dgscr phetiekn |sdiit edfebrt d 30adn6291

2921, 29%%én%$%i%%§?%x?nghéi P;ﬁggggggogotgr%%ggg’2701 at this time

(2709). The transmission terminal retransmits the discarded

packets B, D, F and H among the packets A to I, by using

15 acknowledgement packets {2709) in which partial

acknowledgements of A to I are described (2706). After

receiving the retransmitted packets (2706), the transmission

terminal 2702 returns acknowledgements in which partial

acknowledgements after the packet I are described (2712).

20 After receiving the acknowledgements (2712) in which the

partial acknowledgements after the packet I are described, the

transmission terminal 2701 can retransmit the packet J

discarded after the packet I (2707). On the other hand, in

the independent TCP, even if, among twelve data packets A to

25 L (2708) which are sent from the transmission terminal 2703

to the reception terminal 2704, B, D, F, H, and J are discarded

in the middle, locations from A to J which are intended to be

retransmitted are written in detail in left edge 1 (2919) and

right edge_1 (2920) of the TCP option header 2916, and then
30 an ACK packet for partial non-acknowledgement (NACK) is
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2922, 2924, and 2926) of the TCP option header 2916 up to four

| ocations, and is used for partial non-acknow edgenment (Negative ACK
(NACK)). [0078] 5In the TCP in the related art, if, anong twel ve data
packets A to L (2705) which are sent fromthe transm ssion term nal
2701 to the reception termnal 2702, the packets B, D, F, H, and J
are discarded in the mddle, reception-conpleted | ocations which can
be described in the TCP option header 2916 10 are limted to a

nmaxi num B d ol i bhs, Baght HeS @ dyeneeuse$br lohstpavkdtss

sent aft d..cannot be transmtted the transnjssion term nal 2701
2t this B 008 SR & SneH EoNBlK SRHREL T BRFEnghe: Acthgacke

di scar ded a7aakets rBhPpak+ad kbR RAnbPERGEKELE MAK)! i s Be i 15
acknow edgenent packe%)g (2709) in which p%r i al ac(kng/?a)eéaenents of A
to | aretdestribenif2106)tehieal X viehgahbaitat i laa srtirtaedmiacketns
(2706%, t he tranim ssi,on term nal 2702 returns acknow edgenents in

whi ch” parti® S kRGRITERTSENnt &/ dit & 2RAed pies@tinehiia BBeF¢heption
(2712). byl t hes s (2712) i i,ch. the
parti al é%lﬁéﬁggg?égygagftﬁlﬁ%%\gc W%%leorééssc %’IBSQ? ?Heat one
transni ssiior eeen whkn2Z 0lo€aFE NIIsANS Bckulr)€a Ppasketin Jcdt S6RMERLE is
after the packet | (2707). On the other hand, in the independent TCP,
even i f, S&esiignaskl(d Iddt-aapdckrs A anda dt 2308hwwhiret . arbn Sdmter
fromthewtrr Ssrri scs‘iqé)n t erm nal g703 to hlge reception term nal, 2704,
B, D, F, "0 &id J'% e TPECAPUE TRt nESHPHAI SEVIGESt i OISR Oy
whi chp ar gelvitcanded rleo 1 Be thah kansa | ' b
left_edge | (2919) and ri ghtl%gldg’gf f”g(%g‘ggfd)g Panpilss OISS%(?%I}I}]J- 2L fnd
2916, andheheec®p EmnAGe paicieet, fard pard | adnmon-caokiaw adgerentt the
(NACK) is retur.ned (62[{7113_‘) Each retransm ssion request |ocation is
SErgridada

witten iHFSERY L ERASaBREE L I Rhe Heommgn pag kien (enige faf

e, Par L ehle ROBBRNANSOSTRLANETEL bE LPF Y Hhecarnded Tocationg

t hetransm ssiontermn retransmts e retransmni ssi

| ocat i ondnBlethaiF irtharubdbagsmanbed .| NnrbhexEeR1RNt LRE Jeddei 2% n
(2710). Since retransm ssion is conpleted at one time even when a | ot
of |b3seseyde® o8 Ehemitrarshbesione tiegmdhert esiade (22t2pnsmntist Hus a

bandw dt h.i. s i nprpoved. ,l.Ln other words, two co nication rel ay

Govi tes. CHSRAMIEALPoR 0 bR e d L L oS P bE bk AoPes fom the
transm ssicguli8da s a8 I L0 ipal , A .
comuni cati on device rlof fgﬁgéefgeggg?ﬁ)% ?SF%%PQSF e noIHh?i Sejéd?heln a
conmmuni cdeiecivadey imeenredr t fend riansms sséomai@rdd vdasésles dumldoafl of

di scarded lgcations in detail in a feedback manner. For exanple, the
comuni c&t i dAtas5 AN S ieme bapgwdsitdsi andt & nilabe sieteraramisssivn s

t he 4li scar 1 Qcati an e.naotjification.of which is sent fromthe
com‘r%[?li cg’talg‘(;%g’léfe)c&} %8%% Sﬁégl&gcce%?lsgﬁn?g%ﬁpr}%?s%?(%‘ ?ﬁ%?aéb%‘b’efﬁéon
manner, @ahJdWIARASes andidesr8angsranduiytat aktelk & ddl@ rence time
transm ssi on bandw dth and a data retransm ssion 20 bandwi dth fora

speci fi cpoesiti pad ent bavenienianr bandnsntashefobante didif @rermce time

di scardin .b%ndwi th after g referepce tine point and a transm ssion
bandwi dt F°3&or e TORE P&t et BRcePPPRRPYEI F refHérEnommrnicapsesiHiich o

EE?BB?S] GRS CRIJ ALY i3 L dERERGepLegn a discarding rate.
25 [0079]
In addition, as shown in Fig. 29, there is a case where
a packet which is retransmitted according to an ACK packet for
partial non-acknowledgement (NACK) is discarded. It is

assumed that packets A to D are transmitted from a transmission

30 terminal 3000 (3002), the packet B is discarded, and the packet
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In addition, as shown in Fig. 29, there is a case where a packet
which is retransmtted according to an ACK packet for partial

non- acknow edgenent (NACK) is discarded. It is assuned that packets A
to Dare transmtted froma transm ssion 30 term nal 3000 (3002), the
packet B is discarded, and the packet B (3004) retransmtted
according to an ACK packet (3003) for partial non-acknow edgenent
(NACK) in mhlch t he packet B is described in left_edge | (2919) and

ri ght edge |30@é926)°~t61ant5|ﬁ@tt@|d epcrsA ingader 2aRoACK ipaahet a3 Jagaim.

In this 5 the retr mited t B (30 oes t arrlve
f or exanﬁ%&ecléavlerll1 O R 4 r%er?%l?tt%éég Cfﬂeﬁ‘t %r?alcg?erﬁ ks
3001 trarm¥drS Y Aﬁlﬁ@ﬂ@k@&gé 3009 1for aﬁarﬁig?ﬁt @CMQ\M% 9SHERMe

(NACK) for requesting rettansmssion of the packet B=again (3006).
Thi s retﬂ&ﬁkﬁm@smmnhwﬁthUUZBQGrealdzedab¢edeagadnng WO thies AGse, if

ked 1901 sh | at th
fhe r8e &*{éoﬂggﬁﬁpémrﬁa"ﬁwéaﬁfﬂq@%‘ I Al A AU
differ en%%et}fet r%yR{ﬁLagRﬁgg\ C‘;»_%%egtq‘@ol%%%mtmlla 3001

current tine pol nt EXCEE ST two ack

non- acknawlaedgeirentn (AACKpcketl (300wt pagt 181 &@?@@c&ﬂdﬂﬁle@géﬁé@lt
di scarded | ocation left/right_loss 1107 which is exceeded is

retransnlﬂﬁ§¥)[ﬁﬂﬁﬂﬂeqmﬁﬁtEmgsh@ﬁsaasméﬁgégnlQﬁ tbat pelckett Boddain

the rel at, the Left sid t t t hod, .of
the 20 | Hagk@dentrIcPTs rﬁﬁémﬁ%ﬁ?nsinaignﬂef??ég%@?%%m?%%&%w

art,1@veni mﬁ@kﬁétﬂtﬁﬁﬁgdtm&e%@kre% e ONEEy éhmt £8! phgnd
i s considerably reduced (2801 In a communication [1ne dlscar

occurs atcox medradtiant pibbamhatyedeptﬂed &mmﬁ&rcmmmaggméheompﬂntét
buf fer or e li even |f line use 25 rate does not reach 100%
(2806) . #6#b %. Fﬁoﬁhe Foen a difference between the ACK
returnlngtlmeacked_tlme1901anda(numenttlmep01ntexceeds
two RTTs, an ACK packet for partial non-acknowledgement (NACK)
15 for requesting retransmission of the discarded 1location
left/right loss 1107 which is exceeded is retransmitted.
[0080]
Fig. 30 shows a congestion control method in the related
art on the left side and a congestion control method of the
20 independent TCP on the right side. In the TCP in the related
art, even if packet discarding occurs only once, a control
bandwidth is considerably reduced (2801). In a communication
line, discarding occurs at a constant probability derived from
a queuing theory in a buffer or the like, even if a line use
25 rate does not reach 100% (2806). For this reason, in the TCP
in the related art, there are cases where a bandwidth is reduced
(2804) before a line use rate reaches 100%, and thus 100% of
a line bandwidth cannot be entirely used. On the other hand,

in the independent TCP, if a discarding/retransmission rate

30 transitions constantly, it is determined that discarding
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inthe related art, there are cases where a bandwi dth is reduced
(2804) before a line use rate reaches 100% and thus 100% of a line
bandwi dt h cannot be entirely used. On the other hand, in the

i ndependent TOP, if a discarding/retransm ssion rate 30 transitions
constantly, it is determined that discarding nerely occurs at a
constant probability derived fromthe queuing theory, and a bandw dth
increases. |If the discarding/retransm ssion rate starts to increase,

for exanfieEelit PSCHe? el FedCeMEaRboPrebRbiddtyf dardvachefzom the

bandw dt , con | bandwidih.is reduced so as to_.be
sﬁglrtr ?%%%%E@gmﬁﬂﬁki%mdw%%ﬁh %negéﬁga 8 %relgﬁr?ﬁgeﬁasis gF tﬁge
nost 1 ecelits cdirsalgf g Faldnainsdii 51 authandd4ids and aigenthel, for

bandwi dt h one RTT therebefore. Since the control bandwidth is
control | &&agwles tbti Asr alseemmihaltctbate tarcoundc Quske dfi mehe line

bandwi dt h, _the J.ine bandwi dth can be entire|y used closely to 100%
et B e SR B S A g e edoghd Sy £o
bandwi dt k-0 {42 i i i j -

DATGh i GerpRated fioin BACONE RADHardl Al SHE RIT I AW bh A8
control bdEntdhedhbstnrk can esd fs g atin ¢ At e D& Psih i baneiv iridd 1oy el a

shapers 3209. [0081] . Fig. 31 is a block diagramfor realizing
t he i ndefoRdeEN TPdHidERdong RAE e rrkmriere 25091inerl £BO2 chngaied

o ine MERALBte B RLOS Lol Lo R AR Sl A I
sanel®! ogkedilagieaMaazivilRid) itheFidned bardwsilatien e feR l19ck <107
(913/924) realizing the standard TCP is described, as shown in Fig.
4, the TEROsledok to 100%.
In addition, here, the transmission bandwidth indicates
an input bandwidth observed for each shaper in a distribution
portion 3208 which distributes packets to the shapers 32009.
15 Further, the control bandwidth indicates a practical output
bandwidth from the shapers 3209.
[0081]
Fig. 31 is a block diagram for realizing the independent
TCP mounted in the TCP modules 2501 and 2502 blocks of the NIF1
20 side. A block diagram for realizing the standard TCP mounted
in the TCP module 1007 block of the NIFQ side may use the same
block diagram as shown in Fig. 4.
First, when the TCP block 1007 (913/924) realizing the
standard TCP is described, as shown in Fig. 4, the TCP block
25 1007 includes an RX unit 3102 which performs a reception process
and a TX unit 3101 which performs a transmission process. The
RX unit 3102 includes a packet analysis portion 3108 which
divides a received packet into a TCP control packet, a packet
with data, and an ACK packet/an SACK packet for partial

30 acknowledgement, a TCP control portion 3107 which changes the
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25 1007 includes an RX unit 3102 which perfornms a reception process
and a TX unit 3101 which perforns a transm ssion process. The RX unit
3102 includes a packet analysis portion 3108 which divides a received
packet into a TCP control packet, a packet with data, and an ACK
packet/an SACK packet for partial 30 acknow edgenent, a TCP contr ol
portion 3107 which changes the TCP state 1003 of the state table
1001 on the basis of a received TCP control packet, and a reception

hi story dpdatkapsriibhoside RhrER tHiRyd 9 Olien bheflers harigereseived

poi nt er t ahle nd_r.et urn n acket aqr .an
Ao packed vr ene EBE gt o B FeceRan il R E R e B
t ransnmi ssihdres efueres ﬁuanaiﬁﬁaQﬁﬁﬁgbéﬁéhﬁgfﬁkﬂﬁﬁpuooa SEQURNGR ate
nunber ACK 2913 of a received data packet. change of the buffer

managemefabds @l 1005 1gtunes reeepfKonabkstory apdacE peckietn wdids
enpl oys the_ method, described in diment 1. 10[ 0082 . The TX
uni t 310PHHHAIUES R O¥EsIgsHERG Eg%%t%ﬁqﬁ%s\mi eh HinieAncEis otep
control packeindy nHsbRG 2 t it he a
TX packet ret rnansIr}i ssiaoné%gr %ﬂag?o%%h%?ﬁ?{tﬁg&ggéﬁta gc%aﬂ%éﬂp%%K
managene@913oi of en 1005 bfed hdashatackett.abl® tBAhgen dhethasbufdera
recei ved ACK packet, reads data fromthe transm ssion buffer 1015 by

usi ng t hEPEGERARY REKDB&E K0 WPy fFhsak eFapt heRr hdwltedgenpda t SROK T ignd
retransmst e transm ssion..history. date portion 3105
whi ch trg%?r%ateg&g%gﬁasck%{]e ée%a?%ngeesa%q}?% JflﬁeE#KE%%?Pﬁ“gEi%h buf fer 20
10151@and changg9oagrg buffer managenment pointer 1005 of the state
tabl e 1001, and a multiplexer 3109 and buffers 3110 to 3113 which
aggregat e and GirepTiX vani tACKD BAOK Ipatsiees TEPTEPntool polrtgack@t 03avhich

t i tted packet dad ket i FI FO . 25[.0083
The 0P BRGHETIZS0E SRA SR05 PR OrRG Rhas it SERTGRE TerarPot of

realized¢py charg ppPUIPYEF, T4 90 BBReP! PEESa R N BEion portion 3104
which changes the buffer management pointer 1005 of the state
15 table 1001 on the basis of a received ACK packet, reads data
from the transmission buffer 1015 by using the received ACK
packet with partial acknowledgement SACK, and retransmits a
packet, the transmission history update portion 3105 which
transmits a packet of data read from the transmission buffer
20 1015 and changes the buffer management pointer 1005 of the state
table 1001, and a multiplexer 31092 and buffers 3110 to 3113
which aggregate and output an ACK/SACK packet a TCP control
packet, a retransmitted packet, and a data packet in a FIFO
manner.

25 (0083]
The TCP blocks 2501 and 2502 realizing the independent
TCP are realized by changing outputs from some blocks of the
RX unit 3102 and adding some blocks to inside of the TX unit
3101 on the basis of the TCP block 1007 realizing the standard

30 TCP, as shown in Fig. 31. First, the packet analysis portion

58



RX unit 3102 and addi ng sone bl ocks to inside of the TX unit 3101 on
the basis of the TCP bl ock 1007 realizing the standard 30 TCP, as
shown in Fig. 31. First, the packet analysis portion 3108 changes a
ACK packet / a SACK packet for partial acknow edgenent to an ACK
packet / ACK packet for partial non-acknow edgement (NACK) 3210 whic
are output to the TX packet retransm ssion portion 3104. Simlarly,

an ACK packet 5 / a SACK packet for partial_ acknow edgenent of the
recept i o Wist Sr3IpBatE pdrKi drckEds aré chRFijeRackedn K paskasl/

CK ket.,f i al - ack 3210 which .
AR e T G T R R e
ACK and MNe@Kapaekatlsdddierihangeck Pagked SwRi €n Sept . oalgutOtbherebyx

the TX unit 3101 can imrediately retransmt a discarded | ocati on.
[0084] packetThetFxnamiss3volpontioded] 04l Siaiilarkivy. ad ACK phafer

det erm ni,n ion 3201 _which determ nes to which shaper a 15 packe

is as ig%eg gg{:%gp"ﬁ‘é BEr LPRRA TRt DR O I SIFRIANE &F FRKELCERGIRN
t s t4 tabl i

Gof | nos & geSr T nar ke TRERarer of Pe 2, SHARGRA A7 ACRpHOKED gk

di stri bupaokepofbropa82081whonhaakabghedgepanke{ NROK] 2 basitsi of age
determ nation result 20 of the shaper determ ning portion 3201, and

shapers AUWHUE {3209 buffer IO cofhiepFBenenSACK Peskesssi bt ehpaged
er f or m handw. dt |_based_ on_RIT-j ndependen oken. [0085] I

b t1 on 22t AeErhsh AR R s T ortr GhrRERHdescLess PFﬁerL’e_ pgand
whi clo outtpkire s €HE MENLnt & MA EOkAh, iﬁﬁba{ﬁ@éwke%gh@gﬁtp@ ati's%ﬁ%%%

whi ch defi nes an interval time, a transm ssi on bandwi dth contro
portion 3208twench controls a

[0084]
The TX unit 3101 includes, unlike in Fig. 4, a shaper
determining portion 3201 which determines to which shaper a
15 packet is assigned using header information of a transmitted
packet and a retransmitted packet, a connection and shaper
table 3202 which defines a destination shaper for each
connection information piece, a distribution portion 3208
which assigns a packet on the basis of a determination result
20 of the shaper determining portion 3201, and shapers A to C
(3209). With the configuration, it is possible to perform
bandwidth control based on RTT-independent token.
[0085]
In addition, the TX unit 3101 additionally includes a
25 timer 3203 which outputs a current time point, an interval
storage portion 3204 which defines an interval time, a
transmission bandwidth control portion 3206 which controls a
transmission bandwidth for each shaper, a transmission and
retransmission bandwidth table 3205 for each shaper in which

30 statistical information of a transmission bandwidth or a
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transm ssi on bandwi dth for each shaper, a transm ssion and
retransm ssi on bandw dth table 3205 for each shaper in which 30
statistical information of a transm ssion bandwi dth or a
retransm ssi on bandwi dth for each shaper is recorded, and a token
updat e portion 3207 which controls an all owabl e transm ssion anount
per interval time. [0086] 5Wen a control bandw dth described in the
transn155|on and retransn135|on bandwi dth tabl e 3205 for each sha

i s changd® “ iAW HSHGR LA BRIV PR STAPSfodsS &fePsshot
the token JRAAt eAtld OBo3200r0M 3589 Nels EhaNash £ond r ol b%ri%w%%

The token update portio term nes er or not

can be t ransmrtied i cmaach sdhapeitS2e91 byinsi ng a token bucket
algorithm and instructs the aggregation portion 3109 such that a
packet is trandfidfédd from the shaper 3209 determined as being
capable of transmttin

th thi f t t
possiDle to per ornmalgg{%%ﬁaés ﬁwﬂ'gi% ‘g?s%’éi}éc 5 Ig:%e:tt:r%g’ssrﬁlsssﬁl%ﬁ‘
ratio. [QRB¥]retransmidside E&K@ﬂl@ﬁ'ﬁkgébi‘éggﬁbgh%rv"@% ha sﬁjlra%% i;ned

token is accunmul ated in a token bucket per unit tine and reac
transni t tbeingacket thengdifansities giask ebandwabt bwewritordie @6rtion 3206
transmtted., Further, a token of the sane size as the transmtted

packet | SWJiFiss ridiuckaken onPERE St RISt InTe k10 htof hEhsapevt ighanged
h k k d
the tran%rﬁﬁ' nllj%fnd%ail%h%ac he Iggeéo gg?ﬁg Qa rtj dze%eﬁ;]nelnes

det er m nes eto en a

basi 50 of v.aaeiﬂniﬂ’ @r handw =it idie 2 tb"eart&rarﬁssdl&rte@rﬂwndté’acqp@ﬁaqier
portion 3206 of which notifies. Through t he above-descri bed

control BYXhd¥ rapbnyssi & Ksandwiaket c@hwnitlrmrtaod 3266 ructsi he

E?;SI g|7€ a[g&ﬁéﬁt & ealtlon pog%gg\rﬁm jjfé]g %(':L)lrcll ag%sgadclggt tlget]tfgggl?ll%]té fOI:fOIIl

the shaper 3209 determined as being capable of transmitting
the packet. With this configuration, it is possible to perform
15 congestion control based on a retransmission ratio.
[0087]
In the token bucket algorithm, when a predefined token
is accumulated in a token bucket per unit time and reaches a
transmitted packet length, the packet is allowed to be
20 transmitted. Further, a token of the same size as the
transmitted packet length is reduced from the token bucket at
the same time as the transmission of the packet. The token
update portion 3207 determines a value of the token added to
the token bucket on the basis of a control bandwidth the
25 transmission bandwidth control portion 3206 of whichnotifies.
Through the above-described control by the transmission
bandwidth control portion 3206, it is possible to realize a
bandwidth control based on the token size of Fig. 27.
[0088]

30 Fig. 32 shows a format of the connection and shaper table
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30Fig. 32 shows a format of the connection and shaper table 3202 for
defini ng a shaper used for each TOP connection. In the connection and
shaper table 3202, identification information of a correspondi ng
shaper is described for each connection information piece including a
transm ssion source 5 | P/subnet, a destination |P/subnet, a
transm ssi on source port nunber, and a destination port nunber. The
shaper determ ning portion 3201 finds an entry of the connection and
shaper t &30 F202ded\ndgat Resbapaescubed fafoeasl i TP whirste Toidror mEnt o
the I P adqdresses 2907. and 2908 descri be LE thg | P heagder of ,.a 1
8°afd 28

, Q
recei ved PacketOHHE HHE patte nuiBbaPsr 29 P2/ dedBFnfddication

| Nt he TOPRGAUSMA tath 151 WelrS-ddporfl 51 | dHU-HN 1RO 13208 FF1Ch St
the packet is output to the shaper described in the entry. [0089]
15Fi g. 3%dmextione épifivaimaftlioac bdetel fhodtdahyng thatsriesion source
transm ssi on bandwi dth control portion 3206 updates a control

bandwp dt HF/subnet yg&e shaafr e d8/subred - (3 tegnspd s ioppgource port

{ranst ssLabENdId Beentrgl, opb o 3R00 (3 Lhe SRTR kG 20

follow n er “or an‘increasi pac

retransmpesitand 3200 £het ranemtss 68 HandWntiiGont kAl Hansvd: dabl e
exceeds a specific value (step 4202). If the increasing rate exceeds

t he speci¥ad®@ havieg heoaecnoecbandwidfhringtipdavetchistonf arcsirrertthe

retransm._ssi on, 25 bandw dtf h and ol,d contraql  bandw dth (step 4203).
[ the T e cathir Teh b, 2 Haeafethabegers Foe, GELB R OF »

cont{®l handwilid JaK8ases &ﬁteegoézoﬁa%wg%lo and 291} éine(':f;lag_‘&_tt%%

shows a format of "the transm ssion an retransm ssi on

t abl e 320m the BeRheshipgr andhinstraossitdsd disapdbuet bansor 55608208
bandw dt h tabl e 3205 for each shaper records a transm ssion bandw dth

and a comYdl thardingt PaBkebrs ARt et éhengbaperedperhied in the
transm sgi andwi dth, a retransm ssion bandw dth, and a control
bandwi dt ¥ before a 5 reference tine point, a reference tinme point,
and, a transm ggig®yjbit integrated value, a retransm ssion bit
integrated value, and a control bandw dth after a reference tine
poi nt3 For exarfjilge, 3Bhes di Stomidepttivenl Fdovichar3208lwhtchtdngt thautEs: a
acket tq the shaper nqtjfy the transm ssiaqn
P %ransmls ion gg%dwc:{dthycontrol portfon 3206 updates a contrxol
bandwidth.
When the process starts (step 4201), the transmission
bandwidth control portion 3206 (also the same for the
20 following) determines whether or not an increasing rate of a
packet retransmission ratio (=retransmission
bandwidth/control bandwidth) exceeds a specific value (step
4202). If the increasing rate exceeds the specific value, a
control bandwidth is updated using a current retransmission
25 bandwidth and an old control bandwidth (step 4203). 1If the
incteasingratedoesnotexceedthespecificvalue,thecontrol
bandwidth increases (step 4204).
[0090]

Fig. 34 shows a format of the transmission and

30 retransmission bandwidth table 3205 for each shaper. The
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10 bandwi dth control portion 3206 of a transmission bit nunber and a
retransm ssion bit nunber, and the transm ssion bandw dth control
portion 3206 nmay wite the transm ssion bit integrated value and the
retransm ssion bit integrated value in the transm ssion and
retransm ssi on bandw dth table 3205 for each 15 shaper. [0091] Fig.
35 is a conceptual diagramillustrating nmeani ngs of val ues held by
the transm ssion and retransm ssi on bandw dth table 3205 for each

shaper . FHEIFISSTIC AN ARt FaNEROWALPRIADY 1 He! ttop leo32he frxt rarh
As i ndi C ak g ebcyréggr?gfaeffgﬁgmgggfgﬁlbaﬁ%oo&} Eﬁg'a ggn%?of%%%ﬂ lid(‘j-'th}‘n
p indi ca ol “bandw

bandw dth after a reference tine polnt €s a contr

(i ndi cat éd:fard akedld ned herdies i Fbadic ety r A st Sl &re Ma rldwiBith,
point. A transmni ssion bandwi dth after the reference time point

i ndi cat e®t FeLFansyiSHicsi bandaidiibdt Angt 2t Gentoet drmndy intipdiafiore a

I ndi gat ed din.,th t enbodi.nent and is obtained b
S:Cih?ﬁg%Fﬁnggge%h&&§ﬁgn%%ﬁ%%pntggrg?tgg9ﬁ%ﬁe E}Tér R of ce?

tim polmt-dnoralbdithpr¥ak. fiebrafedi stk baRIW LRl LLetdi? bit

reference tine point indicates a retransm ssion bandw dt
integrated value, and a control bandwidth after a reference
time point. For example, the distribution portion 3208 which
distributes a packet to the shaper may notify the transmission
10 bandwidth control portion 3206 of a transmission bit number
and a retransmission bit number, and the transmission bandwidth
control portion 3206 may write the transmission bit integrated
value and the retransmission bit integrated value in the
transmission and retransmission bandwidth table 3205 for each

| 15 shaper.

[0091]

Fig. 35 is a conceptual diagram illustrating meanings
of values held by the transmission and retransmission bandwidth
table 3205 for each shaper. The passage of time is shown from

20 the top to the bottom. As indicated by the reference numeral
4301 of Fig. 35, a control bandwidth after a reference time
point indicates a control bandwidth {(indicated by token in the
present embodiment) at a current time point. A transmission
bandwidth after the reference time point indicates a

25 transmission bandwidth at the current time point (indicated
by snd in the present embodiment), and is obtained by dividing
the transmission bit integrated value after the reference time
point by an interval. A retransmission bandwidth after the
reference time point indicates a retransmission bandwidth

30 {indicated by rts in the present embodiment) at the current
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30 (indicated by rts in the present enbodinent) at the current tine
point, and is obtained by dividing the retransm ssion bit integrated
value after the reference tinme point by an interval. As indicated by
the reference nuneral 4302 of Fig. 35, a control bandwi dth, a
transm ssi on bandwi dth, and a retransm ssion 5 bandw dth before the
reference tinme point indicate a control bandw dth, a transm ssion
bandwi dt h, and a retransm ssion bandwi dth (i ndicated by ol d token,

ol d snd, tdme pbdnkt Seh ) J'tShebpﬁéQedthm;'adiqu Fhenmetranghishidobd t
t he reference tine, poi rom he rrent reference me poi nt unt|
bef ore ar?-rin‘rﬁ %6 Ler FReTRT ST OGS dTerip £t i?d’ By e rval.

refer encewyﬁa&egtéé%, %eFf@fe§énc@nhﬁfe‘ifaan§o ;orﬁyf?@' s Woih %1

used one step before the reference tine point : currently
bei ng us&@ndwudﬂﬁﬂr@dttanamlaﬂlahdbaﬁdwxduH;taﬂ@ ROt radidthi sdion

cont rg) | %aarrlldcivv\gl%t% }:>aeftorraenstrllreS ?:Ie%grgﬁggwtgrtng pgjr.lr?t alrgc?iégpes n; Sésgn?:rllcol

bandwidth, a transmission bandwidth, and a retransmission

bandwidth (indicated by old_token, old snd, and old rts in the

present embodiment) until right before the reference time point

{from the current reference time point until before an interval

10 time). Inaddition, as indicated by the reference numeral 4303

of Fig. 35, a reference time point which is used one step before

the reference time point which is currently being used is

referred to as an old reference time point, and, a control

bandwidth, a transmission bandwidth, and a retransmission

15 bandwidth before the old reference time point indicate a

control bandwidth, a transmission bandwidth, and a

retransmission bandwidth (indicated by old old token,

old old_snd, and old_old rts in the present embodiment) until

right before the old reference time point (from the old

20 reference time point until before a further interval time; and,

two interval times before the current reference time point).

As indicated by the reference numeral 4302 of Fig. 35, the

retransmission ratio old rts_ratio before the reference time

point is obtained by old_rts/old old snd. 1In addition, as

25 indicated by the reference numeral 4301 of Fig. 35, the current

retransmission ratio rts_ratio after the reference time point

is obtained by rts/old_snd on the basis of the current

retransmission bandwidth rts and the transmission bandwidth
before the reference time point.

30 [0092]
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15 bandwi dth before the old reference tine point indicate a control
bandw dt h, a transm ssion bandw dth, and a retransm ssion bandw dth
(indicated by old old token, old old snd, and old old rts in the
present enbodinent) until _ right before the old reference tine
point (fromthe old 20 reference tinme point until before a further
interval time; and, two interval tinmes before the current reference
time point) . As indicated b¥ the reference nuneral 4302 of Fig. 35,
the retransni s$iigh r3Ri%° ofditp¥chartodpegsrr fhdussratdnge thigke the

poi nt ist?_l%lgla&j ; I 54,9l dsl d. ln. addj.tj.0on. -as 25_indicated
by the refer eﬁ{(}gs'%nl?%?)aalq}dﬂ}ﬁ%ofq 319?5_8.93%?@}1%11 ?_uztrdreg PanFFa%scr%nggioén
ratio rtsamivieitaf t8f dditnd efiey entitidd M iled SirORBIR ReGHi ssion

rts/old_snd on the basis of the current retransm ssion bandwidth rts
and the tanghsifitssErambssdm deandiel dtle taleleed20enfert eashpshaper.

30[ 0092] Fig. 36 is a flowhart diagramillustrating that
the t¥ansm ssi 3’#%&5\% &P Foiit rsdﬁa%tqs&?%z%@]éhaﬂﬁ?s tradsySsLon

bandwi dt i aHsivig ue i bedaEn r m §siQn
retransm ssion band&mgglttﬁlabﬁgggggé f%?ogac%{%%pg?l.% 5§§\m§n ﬁ}g the
process dcdritcavi(rst)epids@etdihmeineanaBtisray handHdEBe eontEe Wetween

portion 3206 (also the same for the follow ng) first determ nes
whet her & CHEESRIFer BAEBTbeE el kY dlve éameri AB0Bokne dugfiarance

the tiner..320 reference ti Qi.nt _described in the .

t r ansni sstllg[ﬁe }r?gq}&eﬁeasncsrrﬁ‘%esc?olnn ltgle ebgznrcf’vﬁsﬁlﬁ B é?“&dzﬁqrfnés&ﬂ‘ﬁsﬁo&
or nbve harwaridnteniadl 38864 § dfmBe82)r fisrd RAAMER Vil e tH 8T 3284
nmeasured RTT or the like may be used. If it is determned to be true
in step 35GEP 3502)ue BF the igdmmoll bamew dinedaited RITeoretles dndes

g;genpf’g', My LGS STE 4 §TP4LELeR; 3303, 10 AddLtion, [0 o
value of the control bandwidth (after the reference time point)
token is set to tmp (step 3503). In addition, for example,

15 it is determined whether or not a retransmission ratio (after
the reference time point) rts_ratio obtained by retransmission
bit integrated value {after the reference time
point)/interval/transmission bandwidth (beforé the reference
time point) is larger than K (where K is a predefined

20 coefficient eqgual to or more than 1) times of an old
retransmission ratio (before the reference time point)
old_rts_ratio obtained by retransmission bandwidth (before
the reference time point)/transmission bandwidth (before the
old reference time point) (step 3504). If it is determined

25 that the retransmission ratio is larger than K times of the
old retransmission ratio, it is determined that +the
retransmission ratio increases, and a value of the control
bandwidth (after the reference time point) token is reduced
using the retransmission bandwidth rts, so as to be smaller

30 than a value of the control bandwidth (before the reference
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15 it is determ ned whether or not a retransm ssion ratio (after the
reference tinme point) rts_ratio obtained by retransm ssion bit
integrated value (after the reference tine

point)/interval /transm ssion bandwi dth (before the reference tine
point) is larger than K (where Kis a predefined 20 coefficient equal
to or nore than 1) tinmes of an old retransmssion ratio (before the
reference tine point) old rts ratio obtained by retransm ssion

bandwi dt Fifisefrstint) ol@etelkenr entert enempdent Lher apatiredi dandwidth

bandw dt h,_(hefore the old reference ti ojnt).(step 3504). If it s
det er ni ned 28 % ﬁ;’te _trﬁ'g% gtn_rca?ngﬂim?_sﬂ?r]rnﬁtl 85(?51 T‘érﬁ%‘? ?%aﬁ?%%ﬁ?lof
the ol d TRAANESSIF A Itdhe IdetScdRtETMINELINAL Y token - th
retransm ssion ratio increases, and a val ue of tlhe contro andwi teh
(af ter thetneremeeeidn bepbiintth (afepri she edifeatnes agmeheoint) rts
retrapsm ssion_bandwidth rts, so as to be snaller 30 than a val ue of

the cont riGtamAalirdeh théfote deierEinadnrbat 1t #s pol se jiros tiep 34,

For exarr nt r.al Wi a r e_reference tine paqint

t oken i rsn}'I shé%t cio(h}%tr%g‘ %gﬁtd@%glarsg\%ﬁ&% h%’%e?%f%r?ﬂ(éer%%%? éanocjenrﬁt)i %eoq{e)n
poi nt) olididrekares t(HeepeBHART Sy bandyi dths( afferstds neber ence
time point) rts 5 (step 3505) . If it is determned that it is false
in step Imowlatad.cdite draymmieokdn (eEndyidtte (hefBrmndhd inef quemtd
t oken ingr.eases .(step,3506), . We tep. 3505 and step 3506 are
conpl et ed; " t$H&9 sglil '552‘? ElﬁnHant%ﬁg(B%f‘btﬂ% TR R e andyg dth

poi niy ol snrd- i spUP b & ansIi-SSi angwi. d (after. the
r ef erence( ti me point %%%k?tehgjé%% a?{%@i %%’ang%d%%ﬁ? tlhogp
r ef er encandwe digi ibpfolre thes refamdaicedine pdieni elolansiissss apdated
bandwi dth (after the reference tinme point) rts, the réference tine
poi nt i s Wpddtedrebranemiapdrandandwicltivi MLtennthat apfgirencee time
transm sgj i LeLn I : .ter. the . referen ti Qi nt)
o oer B pE T SEPECKBLR i LBihE < BP0 o8 Chfber T

ref er ence itidBoPAL Nt hni Snts&tvd D, @hel DLakONL &8 oRPIIWE L By Chelara e
old reference tine point) old old token is updated to the the control

band¥p dt H afiFefotbetief srdnrehimetpain poiatyetot d @ ,okea rethmnsmission
transm S%qucn integrated value (after the reference time point) is set
to 0, the control bandwidth (before the old reference time
point) old old token is updated to the the control bandwidth
(before the reference time point) old token, the transmission
20 bandwidth (before the old reference time point) old old snd
is updated to the transmission bandwidth (before the reference
time point) old snd, and the control bandwidth (before the
reference time point) old token is set to tmp. The respective
values are stored in the transmission and retransmission
25 bandwidth table 3205 (step 3507).
[00931]
On the other hand, if it is determined to be false in
step 3502, in the same manner as in step 3504, it is determined

whether or not a retransmission ratio (after the reference time

30 point) rts ratio obtained by retransmission bit integrated
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20 bandwi dth (before the old reference tinme point) old old snd is
updated to the transm ssion bandwi dth (before the reference tine
point) old snd, and the control bandw dth (before the reference tine
point) old token is set to trap. The respective values are stored in
the transm ssion and retransm ssion 25 bandw dth table 3205 (step
3507) . [0093] On the other hand, if it is deternined to be false in
step 3502, .in the sane. manner as in step 3504 I s determ ned

whet her J2l¥6 (fterr BRsmelsrnsatiiay redat) tfﬁetreéffe#éﬁeentsmessen
poi nt ) %%r{d%vt @ PhiRIAGD Ry o %;é%%@s ]%eb ElhEL e%{f }h%% K
ere [ IOI‘l i

(after t erence time point)/interva sms

(before theroref ar €Bce ;brmaemem Jedest f ifigait tdpmlKtonberntole ithah 1)
predefined coefficient equal to or nore than 1) times of an old
retrans mtswietﬁwfeﬁn @léb@#‘m@&messﬂe@@mﬁe@ {heeose ghentgfotence $ime

t bt t b ore.the. reference
L e Dot RO anehi Skl Bt BRRDWCHER 066t OT% FREZORR™FBF LPEnBE I TaL ™
poi nt) (StRFID8the! frdfierdifdd aRIFLSSHODNE PRI Path Sml 85 06K ﬁo@%@w‘ﬁdth
times of the old retransmssion ratio, it is determned for exanple

t hat the (b@ floeter drisan sbd onefatencentirases inand,(sitept 3 083ne THNdre
as in step 3505, a value of the control bandwi dth (after the

r ef erencéfetq]%?élsﬁ&ﬁﬁj)oq ok8kiPs ¥rdde&deisi W@a@ hé< r"e%rﬁ%%sﬁifss’f-%% old
bandw dt i Sdraler; 4 QPé]ce"’\i:%’ H( nlitﬂ%t Hat the
oken

bandw dth ( ore t e re ererce tie poi n exanp
the 10 retransmission ratio increases, and, in the same manner as in

step 3505, a value ef the control bandwidth (after the reference
time point) token is reduced using the retransmission bandwidth
rts, so as to be smaller than a value of the control bandwidth
(before the reference time peint) old_token. For example, the

15 control bandwidth (after the reference time point) token is
set to the control bandwidth (before the reference time point)
old token - the retransmission bandwidth (after the reference
time point) rts (step 3509).

[0094]

20 By using the method in which the transmission bandwidth
control portion 3206 updates a control bandwidth, it is
possible to reduce a control bandwidth so as to be smaller than
a control bandwidth one RTT before on the basis of the most
recent discarding/retransmission bandwidth shown in Fig. 30

25 and a control bandwidth one RTT therebefore. Since the control
bandwidth is updated so as to increase or decrease around a
line bandwidth, the line bandwidth can be entirely used closely
to 100%.

By using the above-described means, it is possible to

30 realize communication which is not dependent on an RTIT or a
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15 control bandwi dth (after the reference tine point) token is set to
the control bandw dth (before the reference time point) old token -
the retransm ssion bandwi dth (after the reference tine point) rts
(step 3509). [0094] 20By using the nmethod in which the transm ssion
bandw dt h control portion 3206 updates a control bandwidth, it is
possi ble to reduce a control bandwi dth so as to be snmaller than a
control bandw dt.h one RTT before on the basis of the nost recent

di scar di AGACEEIERIF 85RoRY BRAMRBH RN $F6WH nad srvhichocas pexd o gRE Yol |
bandwi dt %”%t%_ﬁﬁa%&f&ef&{rﬁn %& . J.he control bandwi dth is updated
ecr

SO as to increase or ease aroun a line bandwi dth, the line
bandwi dth can be entirely used closely to 100% By usi ng
t he above-described neans, it is possible to 30 realize conmmuni cation
which is not dé&pbrddmendn 4an RTT or a discardi ng rate even between
term d$1al S whi ctt @3 ]perform only the standard TOP comuni cati on.

Enbodi nent 45[8 %] Mai nly based on Figs. 37 to 40, with

appropriate refgrense beskhe Jd 9!3‘5_%% rebat qg, t@ot h ﬂl}PVSPg‘% m%&'ﬁ%@

enbodi ments, a description wl made of an ich two
comuni cakiferedes ces arte | rﬂ$gakéed el anesdh 1:6 ttﬁién abbse-deBcribed
communi cation between the termnals is divided into three TCP

comuni c%b&%rﬂ%%dl%éieﬁ@%rﬁﬁml@d{li dif Badre s fhe chBORiLAEN tada
the co de t Qn between ! cation
A o R i e vt PR

devi ces, comruni ca | on e cormunl

the 16 teemaﬂalsanmcpheor&ﬂfnieaewh iRl nd 6lasedl s n Fuledigarnt
1 is enployed while using a standard TOP in the TOP comuni cati on

bet ween ti&Ea il TR comausdpaidiossst | oncbedine AAH agmngtnarmatlon
i ndependent TCP di cI osed | plication.1 or a further

i mpr oved teﬁféi’r‘?etrha Fn Y%’ém’l@f rh‘%mﬁ’ﬁﬁl cEPFBHHER hEeR tcrﬁe‘uce'
conmuni CelhRfr@deh Bbchben! Wl CEofRIRYBLERLL OV FElAyed,
comruni cati on device. In conmuni cat 1 ons el ayed %y eac

communi cabimrmndenstcesn r eatertam sshen obmhnansatibad @datdcantnd the

arrangenment of received data are independently perfornmed. 25[0096] In
t he b?qeséﬁtrméﬂi’édl aBAtthe REKsyterpsne e thpdrgscigsed in Embodiment

1 is employed while using a standard TCP in the TCP
communication between the terminal and the communication
device and using an independent TCP disclosed in Patent
Application 1 or a further improved than that in the TCP

20 communication between the communication devices, of the two
TCP communications relayed by each communication device. 1In
the two TCP communications relayed by each communication device,
retransmission of transmitted data and arrangement of received
data are independently performed.

25 [0096]

In the present embodiment, the system shown in Fig. 26
and the communication device (for example, a communication
device) having the blocks shown in Fig. 3 are used, and, in
a TCP module of the communication device, a terminal side uses

30 the standard TCP module having the blocks shown in Fig. 4, and
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and the communi cation device (for exanple, a conmunication device)
havi ng the bl ocks shown in Fig. 3 are used, and, in a TOP nodul e of
t he communi cation device, a termnal side uses 30 the standard TOP
nodul e havi ng the bl ocks shown in Fig. 4, and an opposite

conmuni cati on device side uses the independent TCP nodul e having the
bl ocks shown in Fig. 31 (refer to Fig. 26). In addition, the
reception history update portion 3106 perforns updating of a buffer

manageneft* POrAt T‘em LRt QFVéEeSS%@R%EPeW%W%%TCP
met hods %a%webﬁgv%gg«];ﬁefﬂ@@fgngrgcgg} 9% 4%, 34 10.2dy %ﬂ%«ﬂ;g?%s#_w

in Enbodinent 1. [0O t1on, "as shown 1 n

r et ur ni ngnoddant AGK, phekescd ot i Pahtiisilo ryons@cke por-edganEntc phegat-nge
ACK (NACK)) 10 in which a discarded |ocation is described is realized
by addi n§Paapiscess esbadfea0mpnagesesd Poilngerhendi seaudad nidoedt Bon
i ndi cate y _the managenent inter.right/left |oss.1107 in

1 aht T oPCRuBge e B4 L3t P DESEP G dPRG HE5 0 B b FEEBTARGEr Pe
the procesgs(sten 380@) of1 r &idd M GACK o 10, G RIARESS 15 shown in
the flowhart diagramof Fig. 18. The other steps are the sanme as
those of Fig. 180&1d are given the sane reference nunerals, and

description thereof wll be omtted. [0098] | n addition, as shown in
Fig. 38, inmeditdt 8998 Hery aRSnS8Oon 18F F49i Scar 486G rsdRg 64 pg ACK

realized a t 1§ i - ack ve
MK (NaCRI PRt PRt inot s @8 ou Rl adaie A IR ACORIBR K (NRER) 01
by addi ngnawipt ¢it @séi £ S Bfed 30k tdlondes Aeishkir @ e Valrea 1deserh padding

right/left_edge | to 4 (2919 to 2926) of the TCP option field 25 in
t he retr@8nPFoess | Gda@n o enagendascpbbiner theghisrairded: dotagdon

oLt ChSpPESRRs (3 0 H0Rhetb TG e IRISARIE Ol oy o
of Fig. ¥9gnkQA%Ht edge 1 to 4 (2919 to 2926) of the TCP option field
before the process (step 3806) of returning ACK, to the process
15 shown in the flowchart diagram of Fig. 18. The other steps
are the same as those of Fig. 18 and are g-iven the same reference
numerals, and description thereof will be omitted.
[0098]
In addition, as shown in Fig. 38, immediate
20 retransmission of a discarded location is realized when an ACK
packet for partial non-acknowledgement (Negative ACK (NACK))
in which the discarded location is described is received, by
adding a process (step 4501) of describing a value described
in right/left _edge 1 to4 (2919 to 2926) of the TCP option field
25 in the retransmitted location management pointer
right/left rts 1108 after the process (step 3905) of changing
the management pointer of the reception buffer, to the process
shown in the flowchart diagram of Fig. 19.
[0099]

30 The reception history update portion 3106 realizes, as
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30The reception history update portion 3106 realizes, as shown in
Fig. 37, returning of an ACK packet for partial non-acknow edgenent
(Negati veACK(NACK)) in which a discarded |location is described by
addi ng a process (step 4401) of describing the discarded |ocation

i ndi cated by the managenent 5 pointer right/left_loss 1107 in
right/left_edge | to 4 (2919 to 2926) of the TOP option field before
the process (st.e 805) _af returning ACK, to_the process_shown in the
f1 owchar F% 'Wg'grjd'ﬁ] g?“gFi 69'1§et[‘b‘1rtfd?g 18F n2Bd & dRCite Feteprirshal
hi story al Iy & i [ ;eac nt
A v i e o R P S
the TOP dptiadnichi elsl dadcahbAGKpackeding aetuoreds arsk«lves40dt of
return the ACK packet in which the managenent pointer 15

ri ght /| efescd®inpobhpsdipcerdpdd eritinn Tofisptesnby itdie nanegengnt

di ffes ence .bet ] rrent. ti int and th eturning tine L nt
of the AR pEctor e BEIASIt GRS AA] Thrb or AE7ES SiGrenyto T (S8
possi bl etbo2 826 UId¥ the AOK qackal rik1whehotbe Hdi searded | 9cdl ensis
described again, - in a case where a 20 retransm tted packet does not
arrive epdnrefuening JgHci tiocthe e dresssebhpsrd,n shewfiléowclka gt dA8gram

[ 0101] , I'n_addition, the TX packet retransm ssion portion 3104
real i zes?faglgho in Fig. 38, immediate retransm ssion of a 25

di scarded | ocathgagwhen an ACK packet for partial non-acknow edgenent
(Negative ACK (NACK)) in which the discarded |location is described is
received, by addi agdatppacesie(séeppdbon)hdétsegarpdityg pomaldie 3106
described in right/left _edge_| to 4 (2919 to 2926) of the TOP option
field 30TPROENST et? an§AEt edPPottat | BACRan&FesentMpdRgeBent pointer

ight/left 8 ;and Lt d | d i.hed i,
2 AT R AR ISSERLR L0, 10 SR gy

af ter thenpr ocessptsbap£330a) anbl sHangkngadt e NBNAGATBM e POIdHEL s
the reception buffer, to the process 5 shown in the flowhart diagram
of Fig. n9t return the ACK packet in which the management pointer
15 right/left loss 1107 is described in the TCP option field until
a difference between a current time point and the returning
time point of the ACK packet reaches a specific time or more.
Thereby, it is possible to return the ACK packet in which the
discarded location is described again, in a case where a
20 retransmitted packet does not arrive even after a specific time
has elapsed, shown in Fig. 29.
[0101]
In addition, the TX packet retransmission portion 3104
realizes, as shown in Fig. 38, immediate retransmission of a
.25 discarded location when an ACK packet for partial
non-acknowledgement (Negative ACK (NACK)) in which the
discarded location is described is received, by adding a
process (step 4501) of describing a wvalue described in
right/left edge 1 to 4 (2919 to 2926) of the TCP option field

30 in the retransmitted location management pointer
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Through t he above-described control by the reception history update
portion 3106 and the TX packet retransm ssion portion 3104, it is
possible to realize imediate retransm ssion of all of discarded

| ocations of Fig. 28. 10[0102] Fig. 39 is a sequence di agram
illustrating an exanple of how a pointer is noved and what kind of
ACK packet is returned when a | oss segnment occurs in comunication

usi ng the_.i ndependent TCP t ween comruni cation devices | n a case of
15 enpl ofilr‘?&%t/ﬁg%g‘pést@ﬂt léﬁ%od??r‘gnﬁetﬁ?émﬂ?ldiﬁjélgsh%%nﬁ@er?enffa&gea
poi nter @Qfs <R FeeRPlipn-fuf £&f 3603 Lsed g8Eat§g§2ﬁ?§§§%?£g% pointer

communi cati on between the communi cati on devi ce

(cor r esparigihty lledtt he a0 08- déseri tes pravass ¢(atepns gey) cef 2RBhgand a
conmmuni cati on device #1 (3601) (corresponding to 20 the
above- deddiS Beagsflhi Ret R bar ¢dvthe Yaoyriaieh duffeanehe Wie presestser

of a gragﬁgﬁﬁﬂfg1éﬁgff¥b§%(ggygfd foﬁgﬁ%?gﬂﬁégéﬁff comruni cati on

bet ween t'he comruni cati'on device on term nal 3603.

[0103] 25When ahpackdt 3R0XWE+LGladdriBedESh: Aol M BYSFhESIReption
sequence nunber is larger than right _recv 1103 is received fromthe
comuni cé&tlisterdevdat#lpe36a0n, 316 sndniin (i paic ket ired r#2 sE3662 pn
changes ri ght, rec;Eéi 3 tg . a sumof the transm ssion sequence nunber

of the r 8&&EVEE p randta data PeA§ERICand B0 Epehte’ almewrdisde
segnent reGQIg [ [ ' : S ' elcto.leftorecy
1102 and ri gﬁt Sﬁ%s?%?(ﬁﬁ ﬁf sé(}ilmﬁ)f?ltér%né%cgs?%%?é%ﬁ%n%fe ?\h‘lﬁbeésbf

t he T®cei ved pdoker](3606) . In addition, an ACK packet 3608 for
partial non-acknow edgenent (Negative ACK (NACK)) in which a

reception sequéife RinBér a sesusace digdaam il usdar tirap adn¢xaainles
of left_| L. .an Lght_ | oss[.0 [ crib 604) in,left edge
(2015) 258 Trgm BRiEer (ouBEs dotn P BBt BRI CR Baghe ot d
to the cemauni gatioss dadgreit! (R8s - 1RUCESRBLNELY: 1bA a.‘i@iﬂdiorbhe
when a packet 3609 with data in which a transm ssion sequence 10

nunber i $ndgpgademnitalTGR ghttweev ddBBunscatienvddvicem tthea case of

co icatiqn device #1 (3601), the comrunication device #2 (3602)
crrergﬂé]'s SRR YIEG: T RE e e EBPEGSE -nt &R it AT § hiowist & MFEENY

set 10 [k peeKrLi03eald-LLght; bRSS el 53668 dRd #dATHHSTR RNt
guence nunbéer of the received packet)
TCP communication between the communication device #2 (3602)
(corresponding to the above-described communication device
920} and a communication device #1 (3601) (corresponding to

20  the above-described communication device 910) and a movement
of a pointer of a transmission buffer 3604 used for standard
TCP.communication between the communication device 3602 and
a reception terminal 3603.

[0103]

25 When a packet 3605 with data in which a transmission
sequence number is larger than right recv 1103 is received from
the communication device #1 (3601), the communication device
#2 (3602) changes right recv 1103 to a sum of the transmission

sequence number of the received packet and a data length, and

30 creates a new loss segment recording pointer in which
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15 and changes right_recv 1103 to a sum of the transm ssion sequence
nunber of the received packet and data length (3610). In addition, an
ACK packet 3612 for a partial non-acknow edgenent (NACK) in which a
recepti on sequence nunber is set to prev_left recv 1102, and val ues
of 20 left loss[1l] and right | oss[1l] are described (3605) in

| eft _edge_ | (2919) and right_edge_ | (2920) of the TCP option header

2916 | t mmunj cat i on_devi ce #1 (3601). Next, when

et r anomtéd 10aB S8 B Witn | GRE aT P i Gh B0k FAR B LSF 8RO Ladushte

nunber i %_otQ%x%%%%ias%i'oefin%egﬁsﬁcé%bééfé%%rét!g&%dts&fcket (3606) .
e ane as

transm ssi on sequence nu and a data length 1s the
ri ght _| ogs] &jdisisrecanvadK bueietth®e C® founh et i dhndavieeknéd 16dgehent
t he conmuni cation device #2 (3602) noves |eft recv 1102 to a | ocation

of left |(GSIPLEVE ALK ANRGES) akiel wid|dt asTefert 68 srqjmente mauhad A

poi nters | eft_lo ] 0 ri | gss{ Q]_ (3614 nd._sends A
packet 36%8 o Sﬁégﬂ%%gdg%%n?%ﬁ \ﬁﬁ‘i‘%h‘]%lureesce%ﬁi@ﬁggegﬁaﬁég?n& er
is set teighevilefdioeareldBdck-onthe (sepmynicatdan Leyd ce b 1(36QL)-
If left ré@?Qiioz i%nlaréér tﬁan Iefé rggr 1101, dé%gywwitégkegrom

| eft rbufrithd] edge &f (296N ©I02hiesTABvept iontiheadet r2adistiissisemt to

buffer 3615 using right sbuf ,110% as a head (3616), and |eft_rbuf
1101 and 'eg%?‘iﬂg'g‘&%‘cgﬁbgna?reé’%ﬁﬁ/ 8 0% Me r PHRESHY 1vRe Yai b 2GR 1itAEN,

moved da%e(rl3ﬁlga@ﬁgt3§é@g il QA AP g\ﬁféﬁa gcrsa%%lfﬁ%%%oq{ a8 ce

illustrating how the 10 pointer I's nove comuni cat1 on ‘devi ce

#1 (BBOOhumbeei des INAGH f ramm cogitinteéati onogdeviscee#2i¢3802 oml ke
figure shows a novenent of a pointer of the reception buffer 3603
used for CPOPUSdARTHTaGOH dethideds &He ¢ dheu siosauind s addwire gerl ce3460)

and a tr 1,5S1.0N rm.nal 3601 and a novenent  .of a pointer, 15 of

The trandared)of IBATES 23654 DIt TOTIT AR R o &S SR s ASH

bet ween the tCoryEaTiIgationdee e iht( 380Q) 1a03 Lhe ¢AP¥NcAld A is

device #2 (3602). [0105] An initial State is set to the tinme when the

comuni c&eitoho2d towri el 341 ¢r36judras: aumbady ofetriie aresxditwent pafcket,

anou !% of data to the comruni cation device #2 (3602 t hus ri ght _sbuf
S

1106 eRet RS rFYHRLSERGVL 0SS ahel Ai W_s%d%hﬁoﬁﬁa@wn

sequence number of the received packet and data length (3610).
In addition, an ACK packet 3612 for a partial
non-acknowledgement (NACK) in which a reception sequence
number 1is set to prev_left recv 1102, and values of
20 left_loss[l] and right loss[l] are described (3605) in
left_edge 1 (2919) and right edge 1 (2920) of the TCP option
header 2916 is sent to the communicationdevice #1 (3601). Next,
when a retransmitted packet 3613 with data in which a
transmission sequence number is the same as left recv 1102,
25 and a sum of the transmission sequence number and a data length
is the same as right loss[0] is received from the communication
device #1 (3601), the communication device #2 (3602) moves
left_recv 1102 to a location of left lossfl], initializes and
deletes the loss segment recording pointers left loss[0] and

30 right loss[0] (3614), and sends an ACK packet 3618 for
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than left send 1104 (3604). \Wen an ACK packet 3605 for

acknow edgenent in which a reception sequence nunber is |arger 25
than | eft send 1104 and smaller than right send 1105 is received from
t he conmuni cati on device #2 (3602), the comunication device #1
(3600) changes a value of left_send 1104 to the recepti on sequence
nunber described in the ACK packet 3605 (3606). Further, when the
comuni cation device 30 #1 (3600) receives an overl appi ng ACK packet

(3607) f GFXpRIMt-eL9SHE e SRIIEdy SneRCPNACK) SieRURRIcEh NETPEEe pEi /T
i seth | f nd, 1104, ,t.h
ocept: oiBoBbEY L8rkiERR0TE102 & ¥Rk BoRhyuhEbh IO adAe A RaPO30s,

a value aff Left sesnd 1104 is 1desed badni Defef tbhurenoel, HaAt2O48) tbeaf
the TOP option header 2916, a value which is"larger than | eft send

1104 and il | efthahufi ghtOkend 1168t] seduscki®ed iisn mpykd ddyethe
(2920) of the TOR.option_he r- 2916 (36 , & hew retransmtt
segrre“)r’]t Fcérg&ﬁ&‘ilﬁga’lé%i fﬁPgFeF Bﬁlflgflflq]}i]%{ﬁufglggta? 8 G‘e&]“is (ggé&&e
1 (2919ynaqa i r | t Ri g i S
created (ggog)gffﬁvﬁgﬁft %gb?e?ﬂrlgn%%rtﬁie‘esd&gfe&r%e@rﬁ a?g Ig?lerg‘tgggt,;ctt)tﬁehght
comuni cayi chedevizee Gl HIB60)vadtdans il Hadrd f3609) eft rts[0] to

right rts[0] (3609), and initializes and deletes the retransmtted
segnent recordi[Héoﬁéi nter (3610). 15[0106] By using the

above- descri beg;geang, %Tias Q@&%%x%g é?ﬁégrg%ft Ziellcuos@%a’e}%i\‘;@ggnﬁgw“@h%h

i's not dependenf “on an or a“discar e even

ter mimal podhitelr LamopRid FhehaNbyminliaishandardevir: ¢anMkdcRkker 1 vl
addition, even if either 20 one of the communi cati on devices fails,

it is pod8CH érewm preveminbeeuior ey isfe #2c4360%her eThe afigyvrss istiwiss

leted in th i ssion terminal, and, .on the other hand,
Fecopti off TEVRBENEGHpI BUST 1P IS T8ceber BRtEBRPHAFSr 2EpRbAIckAos

exanpl eshrcpO0&Bfhunication between the communication device #1 (3600)
and a transmission terminal 3601 and a movement of a pointer
15 of the transmission buffer 3604 used for independent TCP
communication between the communicationl device #1 (3600) and

the communication device #2 (3602).

{0105]

An initial state is set to the time when the communication
20 device #1 (3600) has already sent an extent of amount of data
to the communication device #2 (3602), thus right sbuf 1106
is the same as right_send 1105, and right send 1105 is larger
than left send 1104 (3604). When an ACK packet 3605 for
acknowledgement in which a reception sequence number is larger
25 than left_send 1104 and smaller than right send 1105 is
received from the communication device #2 (3602), the
communication device #1 (3600} changes a value of left send
1104 to the reception sequence number described in the ACK
packet 3605 (3606). Further, when the communication device

30 #1 (3600) receives an overlapping ACK packet (3607) for partial
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Hereinafter, with reference to Figs. 42 to 48, a description will be
made of a nodified exanple regarding the bandw dth control by the
transm ssion control portion of the 30 conmunication device rel ated
to Figs. 30 to 36. The following is an exanple in which the
transm ssi on bandw dth control portion 3206 controls an increase and
a decrease in a control bandw dth which is an anmount of packets which
are held in the buffer 3209 or the retransm ssion buffer 3110 for

each shap@ B HRPYASEARANT o (HAREL wdrk, WBhChhé pERFRPBFON sequence
ret ransmn%ﬁfb%'} £5rGyIRd &% Bl feRE £t O nBOii‘{m' T3 reception
pr edet erm ne peri od and transmssion circuastances ih a

predet er ge@@nees ndehbdy tike WRStsarRalld aWadl lof, thike ARt HarkEiSSkas,

ci rcunstances. [0108] 10Fig. 42 is a diagramillustrating a nodified
exanpl e & VRiLge GE leftssend hylfebdidepcnibada nv dlafds evged 1by20RO)
transm ssjion,angd, retransm ssion b j dt h tabl e 3205 f.or _.each shaper.
The pgssgggt&e &Fﬁeoip lé’ﬁ’o?&r‘?#d:mazt%’t&pv Ythd dm 1AL IeRditEaPed
by the reterencedndneuaks 43041808 #4202 of i 9sed® s %C%fs(:?&bed
bandw dth after a reference tinme point corresponds to a contro

bandwi dt in( rndghtatedebyl t{@e0)i nft heepreB enit Btk athad )2 %6 § 36ArLn ent

time point. A transn ssion bandwi dth after the reference tinme point
correspofdsne® LG ERRTIEEION BRERANt hracorRdngur pehrter melpoivhe ch

i ndi cat 0 d.i t _enbaqdi . The t. 1,.SSi .
bandwi di f st e er BRI b adF8Rb) , I0G AP o 1
transini ssieen tRnewigttch et rol (pord ) 01 32064 heQuats@sgase ek he

where the transmission bit integrated value after the reference tine
poi nt i s réitviedsmidied depiendnte dxstatenh the esmwunieatithndepiotatil

dth f fi i nt, d 4201) wh /al
e e ggsnce (L oLl o e (420U, Wers e velye
ref erencq3l6oR® , PRhAL: Dyr pR L DL er aﬂ d'e?g@@gegh% 0-& {%:A §Iﬁﬂ;ﬂ é:dms'egﬂlent
1 0 the re

val ue of the transm ssion bandw snd after erence time
poi nt andeddiihgurcanitdr nE3gid )Nt -ref erence time point)/interval).

[01019; [0106]

By using the above-described means, it is possible to

realize communication which is not dependent on an RTT or a
discarding rate even between terminals which can perform only

the standard TCP communication. In addition, even if either

20 one of the communication devices fails, it is possible to
'prevent occurrence of a case where transmission is completed

in the transmission terminal, and, on the other hand, reception

is not completed in the reception terminal.

25 [Modified examples]
[0107]
Hereinafter, with reference to Figs. 42 to 48, a
description will be made of a modified example regarding the
bandwidth control by the transmission control portion of the

30 communication device related to Figs. 30 to 36. The following
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A retransm ssion bandwi dth after the reference tinme point corresponds
to a retransm ssion bandwi dth (indicated by rts in the present

enbodi nent) at the current tine point. In 5 this case, the
retransm ssi on bandwi dth after the reference tinme point may be
obtained by the transm ssion bandw dth control portion 3206 through a
case (4202) where the retransm ssion bit integrated value after the
reference tine point_is divided by a difference between the current

time poi S BF HEPTRES r éReMEdcd tihfe peampsnignton kasdwidbbifonksed a
val ue obtaj b i-vLdi he._retransm ssion_bi,t integrated val ue
after th(%)%r e?%?eﬁ%gkt?%%‘q%ﬁiﬁta ylna(%relan VAl @i csie%lﬁ%ﬁgtjonf control

nul tipli gabidendtdl whieh &Beak eiriAnsticsipakKRaRdwhdth 98 Hd1xg aft ehe
the reference tinme point and (1-(current tine 15 point-reference tine

poi nt) /i Budfeal $20Asor ridhe atedd-dnsntites iref budfee Auldr&br 4203 shabeg.
42, contr.ol bandwidt{gﬂ a transm.ssi on handw di h,

and a L
r et r ahsnPSSi G Dt dtf BefSE& e 1Bt drancR2§1 FreChof At TeBFRESSRA
to a conty ' b SSi j angd. . ;
ot T anom e o h 20 f T RAT Car SRy Sl . F eaaet fninerl period
ol d_rts amnd heapsedest cemaddiomtttanddd 11m iagir defteirtminkel pefréends
time point (fromthe current reference tinme point until before an
i nt er val “PemPRS Y0 PEOTE I R Habi thioh, relramemiss beb byl ftansedrgence
nuneral 4204 ofogbg. 42, a reference tinme point which is used one
step before thé re Arence time point which is currently being used is

referged to asrag.ohd 1efLBREH dn 18 1RQRLL 133 ﬁo@?ﬁié@leﬁ%&ﬁ‘@ dteh,

a transm ssion bandwi dth, and a retransm ssion 30 bandw dth before
the ol d Fafer ehzeililmstpeiting niézatrga ofonthel| vbandwi dtdid aby the
transm ssion bandwi dth, and a retransm ssion bandw indi cated by

dwi dt h
ol d_ol d_t-GREFMAGEGS) @Ents EaRySBE 85 PR Q%Igdw#ﬁ'ifhéia&lésé%% for each
enbodi ne@th)ap%m.' | The passddIBE PRICLE dNKnPEdohSHR £858 & LB R Y.

(fromthe o
As indicated by the reference numerals 4201 and 4202 of Fig.
15 42, a control bandwidth after a reference time point
corresponds to a control bandwidth (indicated by token in the
present embodiment) at a current time point. A transmission
bandwidth after the reference time point corresponds to a
transmission bandwidth at the current time point (indicated
20 by snd in the present embodiment). The transmission bandwidth
after the reference time point may be obtained by the
transmission bandwidth control portion 3206 through a case
{4202) where the transmission bit integfated value after the
reference time point is divided by a difference between the
25 current time point and the reference time point, and a case
(4201) where a value obtained by dividing the transmission bit
integrated value after the reference time point by an interval
is added to a multiplication value of the transmission
bandwidth o©ld snd after the reference time point and

30 (1-(current time point-reference time point)/interval).
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5 reference tine point until before a further interval tinme; and, two
interval tines before the current reference tine point). As indicated
by the reference nuneral 4203 of Fig. 42, the retransm ssion ratio
old rts ratio before the reference tinme _ _ point is obtained by

old rts/old old snd. In addition, as 10 indicated by the reference
numeral 4201 or 4202 of Fig. 42, the current retransmssion ratio rts
ratio after the reference tinme p0|nt is obtained by rts/old _snd on
the basis of tHO@¥OFrent retransnission bandwi dth rts and the

transni ssi on ban fore the refer oi nt. _For

di fferentiation %ﬁ&%}g & 1?r§1 Bfi el fig %ceercu enfefeﬁ%nﬁ?)l R i
the ref erriicr tbFReRBoRUS S0 r@&@l’tﬁ:@ﬂsﬁﬁs@io@ﬁﬁaﬁsﬁw@ﬁ m{&irc?atéch%y
time fromthe reference tine point to the old reference tine point

referr ed nte as the Is-‘e‘ewm’ns%rmcmreen‘ehchtt ledet corerbet ot Ene heodoltd. In
refer time point .is referred 20 to as three sections befare. The

i nter FE8S s Fdd ARERISS 101 RadiR g tle affter the referepce,
ref erence._l'g& F15<9§mih4§ta ng, 4o 5 68 8r1§%dﬂ%\,\‘g££ngﬁlg?gpor }Ja"ﬁ W %éx

exanple in which t ansni ssi on contr on
control s camtimedr epeertdnt a3deer eaheougha aon¢aed berwivd dt kiteird hehe
basis of a retransm ssi on bandwi dt h one section before and use
ci r cunst éfﬁ@é’:é‘rk?ﬁmésdaﬁd\ﬁld:t Antgereteforaluecefbas e greference tlme

17 ansm sECA C30CSARE G kYo G501 BAC4308 UPHGPEE R CooHEF a0 ot
bandwg dt Rty thesi-Bgek-Backat Ugs ﬂ@ﬁ:@f' hadh ian ctaQ% (5205 M wisd £E a'i%lue
retransni ssion bandwi dth table 3205 for each sh aper. t he
process staatingdibapddzdd)ing the re’ansmsmssemobatmdwldtttegxaﬁedalvalue
portion ?é 6er( %:lhseo rteh ersea}lq:ee ftOJ.rmet hpeo:Lnt by an interval is added to a
multiplication value of the retransmission bandwidth old_rts
after the reference time point and (l1-(current time

15 point-reference time point)/interval). BAs indicated by the
reference numeral 4203 of Fig. 42, a control bandwidth, a
transmission bandwidth, and a retransmission bandwidth before
the reference time point correspond to a control bandwidth,
a transmission bandwidth, and a retransmission bandwidth

20 (indicated by old_token, old snd, and cold rts in the present
embodiment) until right before the reference time point (from
the current reference time point until before an interval
time) .

[0110]

25 In addition, as indicated by the reference numeral 4204
of Fig. 42, a reference time point which is used one step before
the reference time point which is currently being used is
referred to as an old reference time point, and, a control

bandwidth, a transmission bandwidth, and a retransmission

30 bandwidth before the old reference time point indicate a
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5 follow ng) determ nes whether or not a packet retransm ssion

bandwi dth rts one section before exceeds a threshold value (step
4302) . If the packet retransm ssion bandwi dth rts exceeds the

t hreshol d val ue, the transm ssion bandw dth control portion 3206
decreases the control bandwi dth by using 10 the retransm ssion

bandw dt h one section before and transm ssion and control bandw dths
two or nore sections before (step 4303) . As a result of step 4303, a
data fl owanizok o PRedwANtbi de acor tespemndsagono asidwglatishapaendf r am
the TX unit,_ 3101 decr easeg from tpe communi cation device. 15/0112] On

the ot her" Wi ST¥STHE paRRBEAWLEEhanshhndh G 5hndaW dt R4 & dodokes
exceed | had ire Nl ¥alaig1q! Beal Low 1 95ReA86 Lon ! Gibdilien AN 1S
portion 6 ontrol for

transm ssi om barmdwi dt h contro perforns ¢

i ncr easi ngi.ghte bedbrel thandwidt kefliresice 20imé bsidet erfddredtnbetier
or not the retransm ssion bandw dth does not exceed a threshold val ue
during a SJ&Egnce pérpdr ¥t uptiddegforegr et d nterwadpebnéi @nd,

o o ERRNS 0 B P RUELE TS, PR S B LD
rel ation A indcdedd anp s porbA8ANE dhlinbeh1€a0h3Pbedet gr Myned ¢y

section in the past, a colum of a retransm ssion bandw dth before
the ol d refteraayagel 25 mn peitrito pddprowi ded lionbeliertr ains s mend ime
retransm§%§dg1f§HbV%g£Qe a€§eo§§2§tggg?g_deﬁ;%d.34ILO;d%%%gon, as
10 indicated by the reference numeral 4201 or 4202 of Fig. 42,
the current retransmission ratio rts ratio after the reference
time point is obtained by rts/old snd on the basis of the
current retransmission bandwidth rts and the transmission
bandwidth before the reference time point. For
15 differentiation of the time, the time from the current time
poiﬁt to the reference time point is referred to as one section
before, the time from the reference time point to the old
reference time point is referred to as two sections before,
and the time before the old reference time point is referred
20 to as three sections before. The interval may use a measured

RTT or a fixed value.
{0111]

With reference to Figs. 43 and 44, a description will
be made of an example in which the transmission bandwidth
25 control portion 3206 controls an increase and a decrease in
a control bandwidth on the basis of a retransmission bandwidth
one section before and use circumstances of a bandwidth two

or more sections before as a modified example of Fig. 33.

Fig. 43 shows an example in which the transmission

30 bandwidth control portion 3206 updates a control bandwidth by
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section, and the transm ssion bandw dth control portion 3206 30
manages retransm ssion circunstances. In step 4304, the transm ssion
bandwi dt h control portion 3206 determ nes whether or not a
retransm ssi on bandw dt h does not exceed a threshold value during a
specific period by referring to the information of the retransm ssion
bandw dt h of one or nore 5 predeterm ned sections of the
retransm ssi on bandw dth col umm before the old reference tinme point.
In this #§d&9 t Hq hreaheed vaeserihest eptmsth%mdtm@Smhsésml dand

val ue in Sken 4306 ff t fro h. ot her

10Al t er n&6iVé nys,mlS J&ﬁ: n"‘fl%nc %%t%oﬁe%?‘gé aﬁ’%]ét ly may
be held in Stemh%%O%hea%Qoh@%st%%%%%%S%%Q%pb%@@MﬂdtQhQOQEBQEmH%%Ebﬂn
may det erm ne whether or not a predeterm ned period has el apsed by
conpar i nyparigeritdtie ponmtrodhepoatbandwZl® dedrseasebel asthy vidih &he

current pai nt. Since the Br ocess 15 of reducing a bandw dth
(step’ 436@1”%1%%1‘61@#}@&%&? Retretr arshrs s & WEdERDERAESION
the thre r i g i

poi nt  whon e e P AceraE ol PREREE GbxBlely p, SHrentB LY, Faye

retransmssiepn dz0eini dt it adle, pasdethere@taridmiiss kRS Shohewi@tRerft@r m
20 determ nation in step 4304 by using the information such as the
t hr eshol @3¢ga@s | hhst dphzsoold ovedjue, the trpnshssiei YESdwddih

I o R St L P o A b
resuld Ofcned epré@a%sﬁlgﬁénf | gwnhatigrho tdies VAN S fgn C%é%eend'a@ﬂi

to a single shaper fromthe TX unit 3101 increases fromt
conmuni cd&vagrsmiedice agd ddrd wilheandehdthstve cas® ref sélfﬂ;lcbhe before
transm ssion bandwi dth_control portion 3206 linearly increases the

control H&TER &Y 30( sPEp 43Pt Rpatedr 4303 in Bdfore - ad2pd-0
for h k f
ontron EERRY ol e Rl ol BLAUOE S oL B RARS £Vlomy D B uni e
3101 decreases from the communication device.

15 [0112]

On the other hand, if the packet retransmission bandwidth
rts does not exceed the threshold value, the flow proceeds to
step 4304, and the transmission bandwidth control portion 3206
performs control for increasing the control bandwidth. First,

20 it is determined whether or not the retransmission bandwidth
does not exceed a threshold value during a specificperiod (step
4304). For example, the specific period corresponds to one
predetermined section or a plurality of predetermined sections
before two or more sections in the past. In relation to a

25 retransmission bandwidth for each predetermined section in the
past, a column of a retransmission bandwidth before the old
reference time point is provided in the transmission and
retransmission bandwidth table 3205 shown in Fig. 34 for each
section, and the transmission bandwidth control portion 3206

30 manages retransmission circumstances. In step 4304, the

17



[0115] The increase in the bandwidth in step 4306 is controlled 5 so
as to be snoother than the increase in the bandwidth in step 4305,
and thus a data flowrate to the WAN side corresponding to a single
shaper fromthe TX unit 3101 fromthe comuni cation device increases
so as to be snoother than in step 4305. In steps 4304 to 4306, it is
determ ned that conpetition with other 10 conmuni cations may possibly
occur until a predetermned tinme has el apsed after the retransm ssion

bandwi dt FBEEEHES 1Bhe PR AHe (IS d PPaT-dOn add Ofhugeftgemnines
bandwi dt hid RRAT o A 3 Py JARHRASRS: LR IRENIY. dea &
i Dandw dene th

state in thé retransm Ssi on ower an the

t hr eshol & ht@lske 116 viadsles dduingJaassReeEi ECpd 1B b derLdatvigidedhe
that conpetition with other conmunicati ons does not occur, and thus

t he bandwindirmagomemy dihy wefdrzaphisyionchendesdtdsofbone, canmore
increasing rate of, a control bandwidth s controlled dependin n
ot oS S ACE P PE bt o BS  HBR PSS Sp AL S e
pef or e ¥R i JITOfRe SBIH Hbre AL NELRRY dd1dss. POSHT R d OchEL] 0.
bandwi dt h control so as not to put pressure on other conmmunication
bandwi dt keirefsbble] viediuvaddint saep 4302t ind e ittoredss g v lhendwi dickepi n
steps 25 4305 and 4306 is not limted to the exponential increase and
the |inedlUh&cgade FHdfesamplfecomseach eailer of step 4302, an

i ncreasi ng cont r()cill3§andvm dth size when a retransm ssion bandw dth is
equal to or egs than a threshold value during a specific period may

be tyece or thpeeckind®s vl ,i BCLEAS POiRD wEd rP bR gt Bietired sehaen
the retransm ssion bandwi dth exceeds the threshold val ue during the
speci fi ¢ lpstilaydnaypeohhdd Wwosdep #8081 epsl 4865 masMBOS] on ipagdea s hof
increasi%%@% cggtrol.bandmﬁdth t he transm ssion bandw dt h contr,ol
portion O PPEIE OB AN PEEEF RGP aY BEBREE HRT Gk fpPredetermined

period has elapsed by comparing the time point when a bandwidth
decreases lastly with a current time point. Since the process
15 of reducing a bandwidth (step 4303) is performed when the
retransmission bandwidth exceeds the threshold value at a
process time point of Fig. 43, the time point when the bandwidth
decreases 1is held in the transmission and retransmission
bandwidth table, and thereby it is possible to perform
20 determination in step 4304 by using the information such as
the threshold value in step 4302.
[0114]
In acase of YES as a result of step 4304, the transmission
bandwidth control portion 3206 exponentially increases the
25 control bandwidth (step 4305). As a result of step 4305, a
data flow rate to the WAN side corresponding to a single shaper
from the TX unit 3101 increases from the communication device.
On the other hand, in a case of NO, the transmission bandwidth
control portion 3206 linearly increases the control bandwidth

30 (step 4306). A packet held in the buffer 3209 for each shaper
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5 bandwi dth on the basis of a retransm ssion bandw dth two or nore
sections before, and thereby suppresses the increasing rate of the
control bandw dth when the retransm ssion bandw dth reaches the

t hreshol d value as conpared with a case where the retransm ssion
bandwi dth in the past is |lower than the 10 threshold val ue during the
specific period. In addition, the transm ssion bandw dth control

portion 3206 nay conptrol whether a bandw dth increases snpothly or
Papi dl'y dSpERREIE ORCUIRETRIBER BRORamS PR YT BRVIHRIT R} RASRMESIEn

bandw dt hexseeds tif}pcgggse%@oi _%?‘%#%géjgi?]g yE®gspecific period. 15

Further, the transm ssion bandw conttol portion may control

whet her a bandwiodtls]i ncreases snoothly or rapidly depending on the
nunber of tines in which a bandw dth decreases during the specific
peri od. Thr ougAhehénpreaesst’ Wivokandnifity. iy tapaAdipdt h avorrmod|ler
based. on _transm ssi on ntrol _and retransm ssion bandw dt.hs over two
or oo SSctTor PAnapRRBREdtRERaTtT 6P CF SROROL™ it POCHFEEBAT S
ot her conmgy,cahiiopnRangd vl Hse GaR 1GaeX kst thé Wi s fdd cotd dsDRding
flowchart diagramillustrating that the 25 transm ssion bandw dth

control poer&ism@)6hsees romnthoTXbandni it dsbngthdeomudsation
described in the transm ssion and retransm ssion bandw dth table 3205
for each SiaFE BETEIFGT Wetd FOJPGesBPPpRESNtRRANF . sigp 4305. In

When t he pr. st.ep. ) : 1.S5.S1 0. bangdw dt h
control Do o568 15085 ThLd S it EARP SRl b PPt
whet her @omeinildie irRid aRsMpesisdbliasewuet intis afgaiddthernaiad anee
time point is larger than a predefined threshold value thr_ R (step

4402) . | hashelppsegnskicesi shebuatnhdshiesionsbindgbdth Hegcemes lower
redefin 5 reshol d lue,.the tr m ssion bandw.df h. contr ol

or t1 on 968 GEEerAFRELRonERUEn T IR B RACAPLEr Ry HEOTEr £ dich
time poi ptodiGkencsRaa3ed.0 b eHB! behelhdthd N6 £ANLEQkPARAW Ath @ld

t oken before the reference tinme point, using the retransm ssion

bandw dt lrettraaredntieys idre batdwedck fentopernthi@ (EChieephdAddeldoralue

exarrf\lée, old token-rts is set to the new control bandwi dth (after the
e

r ef etence &S GRedPBine)2 £8REA fist bHra4dd) 1s deter@ingd Bhakicdirat-ition
bandw dt h .r.t.s t i int.is not |arge an the
predefi ng&tt}hrgfghgﬁd v%§$$%§§%§5g4 ,Sot Hgtt r%%%%ésiagﬁ{ bgﬁa\?\d Jtr}he
15 cont r Paneritdtd) eXdh et pemaheihen i nbekagedi.f f REeN68ve, an
between the current tinme point and the reférence tine point is equal
to or norecressing ratervhla conepod4ed)dwidth tisi sodbret hiedetepdradintde
di fference between the current tinme point and the reference tine,

poi nt i s ot CEGFETS S hOCE WRET ¥ EL36UPSLEnFsS, PRdNA| VPRI L s
to spep 42od BLEBke two or more sections, and thereby it is possible

to perform bandwidth control so as not to put pressure on other
communication bandwidths.
[0116]
In addition, a method of increasing a bandwidth in steps
25 4305 and 4306 is not limited to the exponential increase and
the linear increase. For example, as a result of step 4302,
an increasing control bandwidth size when a retransmission
bandwidth is equal to or less than a threshold value during
a specific period may be twice or three times the increasing

30 control bandwidth size when the retransmission bandwidth
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If it is determned that it is true in step 4403, the transm ssion
bandw dth control portion 3206 sets a value of the control bandw dth
(after the reference tinme point) token 25 to tnp (step 4404).
Successively, the transm ssion bandw dth control portion 3206

i ncreases control bandwi dth (after the reference tinme point) token.
The transm ssion bandwi dth control portion 3206 determ nes whet her or
not the retransm ssion bandw dth does not exceed the threshold val ue

30 duri n§FHIESHEGT OISV (G M) 1the sRee i e iqde In

t i SSj i dt | ti tially . incr
he cont itz Raael] BacBREhe) 4R05! pA0 2508, ChPF T AREeadiny
bandwi dt la ceahtobl pBAndni 2R ldHeatk¥nknEs€a68S BAredw oMt Olcontrol

bandwi dth (step 4409). 5[0119] Next, the transm ssion bandw dth
control pOIGiew 32986saan il cohlr dindrEadiing hrabef ofe the gogtrol

eSO BRI oy Ol od Sken L, e LG Cop BT
bandw dt liore sections before, and thereby suppresses the increasing
rate of the control bandwidth when the retransmission bandwidth
reaches the threshold value as compared with a case where the
retransmission bandwidth .in the past is lower than the
10 threshold value during the specific period. In addition, the
transmission bandwidth control portion 3206 may control
whether a bandwidth increases smoothly or rapidly depending
on the number of times in which the retransmission bandwidth
exceeds the threshold value during the specific period.
15 Further, the transmission bandwidth control portion may
control whether a bandwidth increases smoothly or rapidly
depending on the number of times in which a bandwidth decreases
during the specific period.
Through the processes shown in Fig. 43, bandwidth control
20 Dbased on transmission, control and retransmissio.n bandwidths
over two or more sections and bandwidth control for not putting
pressure on other communication bandwidths can coexist.
[0117]
Fig. 44 is a flowchart diagram illustrating that the
25 transmission bandwidth control portion 3206 sets a control
bandwidth using the values described in the transmission and
retransmission bandwidth table 3205 for each shaper as a more
detailed description of Fig. 43.
When the process starts (step 4401), the transmission

30 bandwidth control portion 3206 {(also the same for the
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10 (before the reference tinme point) old token to tnp, and stores the
respective values in the transm ssion and retransm ssion bandw dth
tabl e 3205 (step 4406). After step 4406 or step 4408 is perforned,
the transm ssion bandwi dth control portion 3206 sets the transm ssion
bandw dth (before the old reference tine 15 point) old old snd to the
transm ssi on bandwi dth (before the reference tine point) old_snd, the

transm ssi bandw dth_(before the reference ti point) old snd.to

the &1 anERTASr SAChandnT CFRL (Tt SPRTIEET ePdr hee e BOFRESERASLPRe
retransnpgabQndeandwsdtircchetaee rblhe realer @Age bbiRtPLN L r&@r0Ldaht s
to the retransm ssion bandwidth (after the reference tinme point) rts,

t he ref erenuedemmnebi bhreshvhd reflrenchrt Rne( poamt 440ah. 1 ntlef vahe
the transm ssion bit integrated value (after the reference tine

poi nt) t 5SBIAPRELFELPEANSANSUISI iRt S meglareer vEleR thetBredpéined
referencentLaRoRA by 95 ggsgggaﬁémﬁ%fo%f BLAAGS dthRoRREAY E8rEREA

current ti1ne POl nt, an
3206 determines a new control bandwidth (after the reference

time point) token so as to be smaller than the control bandwidth
old_token before the reference time point, using the
retransmission bandwidth rts after the reference time point
10 (step 4408). For example, old token-rts is set to the new
control bandwidth (after the reference time point) token (step
4408) . If the retransmission bandwidth rts after the
reference time point is not larger than the predefined
threshold value in step 4402, the transmission bandwidth
15 control portion 3206 determines whether or not a difference
between the current time point and the reference time point
is equal to or more than an interval (step 4403). If it is
determined that the difference between the current time point
and the reference time point is not equal to or more than the
20 interval, the flow returns to step 4402.

[0118)

If it is determined that it i1s true in step 4403, the
transmission bandwidth control portion 3206 sets a value of
the control bandwidth (after the reference time point) token

25 to tmp (step 4404). Successively, the transmission bandwidth
control portion 3206 increases control bandwidth (after the
reference time point) token. The transmission bandwidth
control portion 3206 determines whether or not the
retransmission bandwidth does not exceed the threshold value

30 during the specific period (step 4405). 1In a case of YES, the
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the respective values in the transm ssion and retransm ssion

bandw dth tabl e 3205 (step 4407). After step 4407, the flow returns
to step 4402. In steps 4405, 4409 and 4410, it is determ ned that
conpetition with other conmunications nay 30 possibly occur until a
predeterm ned tine has el apsed after the retransm ssion bandw dth
beconmes | ower than the threshold value, and thus the bandw dth

linearly and sl.owy i On_the gther hand, _j tate in which
Lhe. Tt 1 AHEEE i BhrOR AT AP XA ndf T HEo hP 8RO e ReRy TAate

during a ;5 SRedd enkl BBntbb1isa08F 261 ned dhak189npet ti aRswi dh o,
ot her communi cati ons does not occur, and thus the bandw dth

exponent itdld ytaadsmapsdby ibeorddastsh chaceby, pdriiorpo3806l dinearly
perform bandw dth control so as not to put pressure on ot her

communi c 3P aRaRIVERR HON R Héﬁ”}d‘t’h‘?%]&ghsgﬁﬁ ptBResses 10 shown in
Fig. 44, bandvvi[q)tlri&ﬁnontrol based on transm ssion, control and
retransm ssi on bandw dt hs over two or nore sections and bandw dth

control for notvepu,t it RITRSSHM S Db HEALION Wi fdt3m e
can coexist. [0120] 15Wth reference to Figs. 45, 46 and 47, a

descri pt isert ani the beontide lobaanivexidip| €d fowhi the t hédt redfemessieort ime

bandwi dt h control. portjon 3206 contrqls a control handw dth on the
basi s of PS04 SEhg@ 5m 5Ot BRF ArihicO o0 BENEOGER IPRTaFaIhey

of secti RS- a PrPeesisaA N W @gﬁm j
bandw dt h cc()antro('ll'egptoi?[?ei ?r%ﬁ\ggto)G %pcgat es Ilé' c%%srcgiﬁ gcnc%{vm t bu%%cﬁhe

val ues deserfided the tdEerenosniiast poiand o2Hr a0REhSSO amphandwi cidres
tabl e 3205 for each shaper as a nodified exanple of Fig. 33. 25Wen
t he procédd¥ FesPeSHisieyadses) 1nt hbet FaaRpnbSs ban bW negHi s ion

porton 206, Shap bR S99 @5 1%ubel | O AL Lot 1l geR MEL Do oY
retranSWﬁ%ﬁb@&fb&hb@, the transmission.bandwidth control portion 3206
sets the transmission bandwidth (before the old reference time

15 point) old old_snd to the transmission bandwidth (before the
reference time point) old snd, the transmission bandwidth

(before the reference time pdint) old_snd to the transmission
bandwidth (after the reference time point) snd, the
retransmission bandwidth (before the reference time point)

20 old rts to the retransmission bandwidth (after the reference
time point) rts, the reference time point to the reference time

point + an interval, the transmission bit integrated value

(after the reference time point) to 0, the retransmission bit
integrated value (after the reference time point) to 0, and

25 the reference time point to the current time point, and stores
the respective values in the transmission and retransmission
bandwidth table 3205 (step 4407). After step 4407, the flow

returns to step 4402. 1In steps 4405, 4409 and 4410, it is
determined that competition with other communications may

30 possibly occur until a predetermined time has elapsed after
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o exceeds a threshold value (step 4502). If the rate of change
30 exceeds the threshold value, the control bandw dth decreases

using the retransm ssi on bandw dth one section before and

transm ssion and control bandw dths two or nore sections before (step
4503). If the rate of change does not exceed the threshold val ue, the
control bandwi dth increases (step 4504). 5 Thereby, it is possible to

perform bandw dt h contrgl based on transm ssion, control and
retrans m'tgﬁ bRt hARTREFCHERORRF IV WO LB P SRR & d@iednEhag h e, thaeshet d

change of;,3 et LARS gh?%;?ﬂer@éﬁgwiégﬂzﬂnéggig darﬁagt%%%vﬁa{ 'ri%l\é%%afstes.

diagramillustratin t the transm ssion banaw conmtrol "portion

3206 updamnesise cortiepl hbaadwidt b usidige the valogestHesekithed sl sishen
transm ssion and retransm ssion bandw dth table 3205 for each shaper
as a nodPRReWisdnple Wwer gthaps thadthpashpidl delye dasssedpring a

i ncreasi ng_a .handw.dth wll, be, descr.i be i.nly. ... Wien.th
proce@s g’%éerctls st 60 F5st serﬁigﬂfcgﬁg;%&é%’qpéeﬁéc&ql\/&lgh Sther
corr espordninStcRns AR02 R 4803 OobcEhg, 48nd! fribe rate oanchanes
(rts_ratio/old rts_ratio) of the packet retransm ssion ratio does not
exceed t kepomeeadhicild wahderagid@lyain@seddenf Shepraedf2itthe possible
transm ssi on bandw dth control portion 3206 determ nes whether or not

the rat e SfPEhARGE AN FeGaHR1s SPoRs Mett 5O dOHs PAGE SEXEeRR oFher
thr eshol M CHOI0 BaRBRELLhS . PErhdndl | NP (PHEP siodbsses

[0122] 2 ternative ransm ssi on W ntr ol “portion

32061 0ray shelweh ar imky poin) MaedwadbANdvhE-Bldeakeases taslhilgdishep
4603, and the transm ssion bandw dth control portion 3206 nmay
det er ni nEORAEHeR N sigtansprasdiatrebandeddths over two or more sections

and bandwidth control for not putting pressure on other
communication bandwidths can coexist.
{0120]

15 With reference to Figs. 45, 46 and 47, a description will
be made of an example in which the transmission bandwidth
control portion 3206 controls a control bandwidth on the basis
of a rate of change of a retransmission ratio over a plurélity
of sections.

20 Fig. 45 shows a process in which the transmission
bandwidth control portion 3206 updates a control bandwidth
using the values described in the transmission and
retransmission bandwidth table 3205 for each shaper as a
modified example of Fig. 33.

25 When the process starts (step 4501), the transmission
bandwidth control portion 3206 (also the same for the
following) determines whether or not a rate of change
(rts_ratio/old_xrts_ratio) of a packet retransmission ratio
exceeds a threshold value (step 4502). If the rate of change

30 exceeds the threshold value, the control bandwidth decreases
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period has el apsed by conparing the tine point when a bandw dth 30
decreases lastly with a current tine point. Since the process of
reduci ng a bandwidth (step 4603) is perforned when the retransm ssion
bandw dt h exceeds the threshold value at a process tine point of Fig.
46, the tine point when the bandw dth decreases is managed, and
thereby it is possible to perform5 determ nation in step 4604 by
using the i,nformation such as the threshold value in step 4602.

[0123]  USiNG|tieqBPt FBROME RE-CPeBRACH L6 GRS oF FESHOmAESE 858N 8ngy
a P ural kb rahi¥adat of BB RAChLAAR 1 RENQ" S, U0 1R IDLL: 10, 2 861L00S

in the past relation to a retransm ssi on or each

pr edet er niistregh sLEEB PN | Mt hehpashtea Ol cRENGE alo@acl«re:tt exceed the
retransm ssion bandwidth is provided in the transm ssion and

r et r ansnitégieshdshialyen tap|org20s Saowy lidthrigcreasesr ( %fm4504
secti@n e tran m ssi on ndmnd 15, cont r. por t 206
mangega rigl{ég:eo %ange B S%Jg%}( ?’é’ter%??gﬁ E’%Pg 8?L'H SYR_p" %33438‘?
transmi ssi-amshaRicH h RRIAl ARAN £bPRaRRSsJEbATIAMES: MheS welortw%ot
a rate of change of retransm ssi on does not exceed a threshol d val ue
duri ng aogpewirfd ceeariaus byaméfarrahg b6 thenteapnsmassietraasthizG ion
retransm ssi.on bandwi dth table 3205. In this case, the threshold

val ue inIEFéﬁ'4604 and the threshold value in step 4602 may be

di fferent fronwgch]other [0124] If the rate of change of the
retransm ssion rati o does 25 not exceed the threshold val ue during

the Bpeci fic peiigad,4d hies ta ansewcsast Baagwast h1castrak iper Ttlhféﬂt 3206
exponential ly increases the control bandw dth (step 4606). it is

det er ni nédFapisatl sieon ppadyt dirangetspliper tion éﬁé}ﬁ gpdahesaa |C@Iﬁd@sl
not exceg hreshold al ue.duri the s eC|f|c eriod 30 in ste
2600t nEor i SRR SRR OB o PR SRE F bt gh S
i ncr easegelcheneenityloPapanbilt A hsteap 1460905 | kokheLant Rk DaNGW df h
i ncreases in steps 4605 and 4606, the new control bandmndth Is stored
in the twbﬁafiaﬁsexampbepafk@tghe@iﬂrnnme pattcuB209yf on easle of
shapeg i§ sent to the network

1 increasing a bandwidth will be described mainly.

When the process starts {(step 4601), steps 4602 and 4603
respectively correspond to steps 4502 and 4503 of Fig. 45. 1If
the rate of change (rts_ratio/old_rts_ratio) of the packet
retransmission ratio does not exceed the threshold value as

+ 20 a result of step 4602, the transmission bandwidth control
portion 3206 determines whether or not the rate of change of
the retransmission ratio does not exceed a threshold value
during a specific period in the past (step 4604).

[0122]

25 Alternatively, the transmission bandwidth control
portion 3206 may hold a time point when a bandwidth decreases
lastly in step 4603, and the transmission bandwidth control
portion 3206 may determine whether orxr not a predetermined

period has elapsed by comparing the time point when a bandwidth

30 decreases lastly with a current time point. Since the process
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5 on the basis of the new control bandw dth. [0125] In the
same manner as in step 4305 or 4306 of Fig. 43, the increase in the
bandwi dth in step 4606 is controlled so as to be snoother than the
increase in the bandwidth in step 10 4605, and, as a result of step
4606, a data flowrate to the WAN side corresponding to a single
shaper fron1the TX unit 3101 fromthe conmuni cati on device increases

so as to ot.her than_i,n p405 Thereby, ban vmdthcntr

based on tra% Sdion? %“88?@%5 %&pr eqte{b?‘r? n%/%sli)%’ﬁ BEATN H g&?&r
{0 OF MR S8Rk orANShRdh A€n 0L xEBaRGE 19fe G\:Hfésrr?&%” +£108 éet 120,
and bandwi dth control for not putting pressure on other conmunication

bandw dt psfowsscbemesmlrimoﬁtﬂ"ue; e, dshe rtumleqacdmuemmemetdlé banhdwidth
conpetition with other conmuni catjons may possibly occur until 20 a

pr edet er MSTEE A5G Ifadadagdesed G dhedeivhditeds @@Sﬁd{bé-eoﬂioaperform
di di t th th
0 Scac b e ool | e i e LGSR e ot Ul e

state i Nt eahrRIBHIIT easiuy Tt &b gog scarding rate is |ower than
the threshold value lasts during a specific 25 time, it is determ ned

that conpetiti dr@l\ai?ft]h ot her communi cati ons does not occur, and thus

t he bandw dt h i.al l nd ra i ncre ses. There
possible to pe gﬁ&\ﬂ’é? cﬁH?Eb? éop‘?%lﬂ tc?{)r%%ﬁ;o%(?%gs roeneoﬁ’r

ot her COW%l%b@%d%fg&&eMr@@GLectlo banfd}(ﬁ h@wéag'f HRyper

as in Fig. 43, an increasing rate of a contro

contt®l | eccddpersdi hg drha epransn sSThonralLiidentce Car(mltﬁ:tammﬂ$smn
during a speC|f|c period before two or nore sections, and thereby it

i s possi Ba&dg ddy fereachiedalareiang éﬁc§éoalslﬁdithet Baptit Epﬁ‘@slélm*b
on ot her Cfong\m?va%qcte Onrgggg%ﬂihglon %ﬁdd{:'hdfi L sFeﬁ)sroirédj‘fdan%in4g§§

addi tion, I NCréasi ng a

i's not Immamltssﬁdaﬁaaap@@eﬁahgﬁnlss%ﬁ%&a@mﬂdmwm&ea&osnﬁ@ﬁﬁ%n
For exanple, as a result of step 4602, 10 an increasing control

bandwi dt fFisi-ze34hénra aale aécthangea@fd rigte ahsansmiienibs dgumadwitdihor
| ess Eghan a.threshol d val gsggurl ng specific period nmay be tvm ce or

t hrek” t | @R iRt n ntRd adt’ﬁ‘g”é z8twrBANg S Qfe RFcket
change of. iy, il S84,PN efﬁeg(ﬂﬁgtsfh%dzf'r eshol ggéglsggégggblg%a%ldth

speC|f|c perio In 15 ot her wor I'n st eps I'n a case

of incr eammgcoa_ pontioh badewettdtrmitdees hhéﬂﬁék&ﬁi abtbandwedbh adgol
portion 3206 may control an increasing rate of the control bandw dth
on the b&§ Feéfragsidiss igm cesfgaodt edceedr anshreshohdreaalee tdwring a

nor e sectlonsa%)lfore thlere suppr ess thﬁiﬂ i.ncreasin rateaéH:I
the cont r&l~%: &MCRGH:JV% egrlﬂégthﬁ%s H VA HS D
Wity cass hens ddited abanamle%n@r@a@ie a 3oRfsy, ans i, Sk T 8kkA, | ruwe
past is lower than the threshol d value during the specific period
threshold value in step 4604 and the threshold value in step
4602 may be different from each other.
[0124]
If the rate of change of the retransmission ratio does
25 not exceed the threshold value during the specific period, the
transmission bandwidth control portion 3206 exponentially
increases the control bandwidth (step 4606). If it is
determined that the rate of change of the retransmission ratio

does not exceed the threshold value during the specific period

30 in step 4604, the transmission bandwidth control portion 3206
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In addition, the transm ssion bandw dth control portion 25 3206 may
det erm ne whether a bandw dth increases snoothly or rapidly depending
on the nunber of times in which the rate of change of a

retransm ssion rati o exceeds the threshold value during the specific
period w thout using step 4604. [0127] 30Fig. 47 shows a process in
whi ch the transm ssion bandw dth control portion 3206 updates a
control bhandwi dth.,as a specjfic exa e of Fig. 46. When_t he
process staAte (OstBFTEFGFES ﬁec‘?l?%ng '%%%&hd\ﬁtﬁ‘?h‘lé%mrollf the
port} on 320k (Al AR KA e S AL Mhod 14 AYE! TrleBew
whet her or not a difference between a currént tinme polnt odtput by

the timerco32G®lamcraiwieftes encestidre] pial thelastlidhaP ) =il a packet
transm ssion and retransm ssi on bandwi dth table 3205 is equal to or
nor e t hafedsl iRt eheHuBDor 32 eFor7e2rh shapde ismsentatottime negwork

measug ed he used,. ,10 or a predefined value may be used. If it
is de er%ﬁgggﬁﬁﬁl c|”§sj 5% %‘?%Ji)r% Cﬁ“fm?‘ﬁﬁdﬁansm ssi on

bandw dt h contr@liosqrti on 3206 sets a value of the control bandw dth
(after the reference tine point) token is set to tnp (step 4703). In
addi tion, for éxafpleesame msndeters nadswhpt hgd5ocor nb30& hef Fig. 43,
retransm (after the reference tirre%%int_) rts ratio is

| ar ger t Ffi%" %rrl)(c\rﬂa?%s% KT $he haagstididy idbetraRr 4t dgugontgdrlathse
th 1 i ] j i f.
e poi o) o e, FBoSHE " EhalTeALoskOPeR Bl o (O Mhd ViRl F LS SHED

r et radismidEison amnal,i @sl & rasgert 3@ thap Kebbpes @itdher®h drate to the
retransm ssion ratio, the transm ssion bandw dth control portion 3206
det er mi n&@&N paferrRrr3pardhngdicon $ndbe ishansasEsomait: FEcvrbe ekl 0d
val ue of ftr%':rh ¢Qat [:ol lblan%wi dth (after the reference time poi 3{8 oken
by using the refr ShemrEdCe 1A G dER FPSre85e8sSPo? Bt Rl IS er
than a vahee ah thegouydds! bandwi dth (before the reference tine

poi nt) ol d_token. For exanple, the control bandw dth (after the
reference tineTheinsty. .t okemdwidsét tonthelcobised bamndwirdinsn(izefiarg

t he Lgference tinme point) old token - the retransm ssion bandw dth

(after t FE S RRE S QG LA 361 Tt)on Pandyisiss AL wo 9F BaErSeST 1A

o et RFIEEPEALE OF SRS o AR bR 15 LT, PR
control for not putting pressure on other communication
bandwidths can coexist. In other words, it is determined that
competition with other communications may possibly occur until

20 a predetermined time has elapsed after an increasing rate of
a discarding rate becomes lower than the threshold value, and
thus the bandwidth 1linearly and slowly increases. On the other
hand, if a state in which an increasing rate of a discarding
rate is lower than the threshold value lasts during a specific

| 25 time, it is determined that competition with other
communications does not occur, and thus the bandwidth
exponentially and rapidly increases. Thereby, it is possible
to perform bandwidth control so as not to put pressure on other

communication bandwidths.

30 [(0126]
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If it is determined that it is false in step 4704, the 5 transm ssion
bandw dth control portion 3206 linearly or exponentially increases
the control bandw dth (after the reference tinme point) token. It is
determ ned whet her or not a difference between the current tinme point
and the tinme point dec tine when the bandw dth decreases lastly is

| arger than 10 a predefined threshold value T (step 4708). The
threshold value T naybe a dynam c variable value which is
proportional toRahhRTTEEAMAESKeHS UF Fiig.i §3dederiFirpIing natq of

rue 10 S e8.0708 b 106 LokeN £XaRIeRtIAL yobacoRses, (ALeR 410k, RO

exanpl e, en nmay be se roken by using”a (
val ue E (eicepréfR) cithensdlaeds mmyibg a ygtderdefpaetbyddtmbtdhewo

token. If it is determned that it is false in step 4708, the token
| i near | y drncreesesefCitiop471@)d Ebereranplte, ishedsskddrl erayo bgeséorio

Lokens L MSURTT, by usipg. g predef jned walue'L (step 4700) . WS, .
communication bandwidths in Fig. 46 as well.
In addition, a method of increasing a bandwidth in steps
4605 and 4606 is not limited to the exponential increase and
the linear increase. For example, as a result of step 4602,
10 an increasing control bandwidth size when a rate of change of
retransmission is equal to or less than a threshold value during
a specific period may be twice or three times the increasing
control bandwidth size when a rate of change of retransmission
exceeds the threshold value during the specific period. In
15 other words, in steps 4305 and 4306, in a case of increasing
a contrel bandwidth, the transmission bandwidth control
portion 3206 may control an increasing rate of the control
bandwidth on the basis of a rate of change of a retransmission
ratio two or more sections before, and thereby suppress the
20 increasing rate of the control bandwidth when reaching the
threshold value as compared with a case where the rate of change
of a retransmission ratio in the past is lower than the
threshold value during the specific period. _
In addition, the transmission bandwidth control portion
25 3206 may determine whether a bandwidth increases smoothly or
rapidly depending on the number of times in which the rate of
change of a retransmission ratio exceeds the threshold value
during the specific period without using step 4604.
[0127]

30 Fig. 47 shows a process in which the transmission
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20 Size. \Wen steps 4706, 4709 and 4710 are conpleted, the
transm ssi on bandwi dth (before the old reference tinme point) old old
snd is updated to the transm ssion bandw dth (before t he

reference tinme point) old snd, the transm ssion bandw dth (before the
reference tinme point) old snd is updated to the 25 transm ssion
bandw dth (after the reference time point) snd, the retransm ssion

bandwi dth (bef.o the reference tine point) old rts is_updated to the
et ans SR Bah FARHC { BPEGR OPheZ? SRS & e parhLhad e hes

referenc%Igﬂgéﬂggénegéhﬁiga%ngi8't@g.reference time point + an
3

I nterval, the transm ssion bit“integrated value (after the

reference timewWhemtthd prseiesd Gihride gtelg amm)ssitee Ridansitieghianed
value (after the reference time point is set to O, the control
bandwi dt P BEFGHS t FENdir@lr ePerEnea t BAB6 poiaktgo oltdreol damekefry s the

Updated (L5 GO EOL SRANLALT, LPELALR LS LBl el SPEReLLE ROl
poi nt) oldchekent simet pbontMPutghe BLPRCLIVE VabYES AR, I i n
the transm ssion and retransm ssion bandw dth table 3205 (step 4707).
[ 0129] time point described in the transmission and retransmission
bandwidth table 3205 is equal to or more than an interval 3204
(step 4702). As the interval time, a measured RTT may be used,
10 or a predefined value may be used. If it is determined that
it is true in step 4702, the transmission bandwidth control
portion 3206 sets a value of the control bandwidth (after the
reference time point) token is set to tmp (step 4703). 1In
addition, for example, it is determined whether or not the
15 retransmission ratio (after the reference time point)
rts_ratio is larger than K (where K is a predefined coefficient
equal to or more than 1) times of the old retransmission ratio
(before the reference time point) old rts ratio (step 4704).
If it is determined that the retransmission ratio is larger
20 than K times of the old retransmission ratio, the transmission
bandwidth control portion 3206 determines that the
retransmission ratio increases, and decreases a value of the
control bandwidth (after the reference time point) token by
using the retransmission bandwidth rts, so as to be smaller
25 than a value of the control bandwidth (before the reference
time point)} old_token. For example, the control bandwidth
(after the reference time point) token is set to the control
bandwidth (before the reference time point) old token - the
retransmission bandwidth {after thé reference time point) rts

30 (step 4705). In addition, the current time point is assigned
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10If it is determned that it is false in step 4702, in the sane
manner as in step 4704, the transm ssion bandw dth control portion
3206 determ nes whether or not the retransmssion ratio (after the
reference tinme point) rts ratio is larger than K (where Kis a
predefined coefficient 15 equal to or nore than 1) tinmes of the old
retransm ssion ratio (before the reference tine point) old rts_ratio
(step 4711) . If it is determ ned that the retransmssion ratiqQ is

o gbr 1 HEhARCLFHEe S SrHERGIRP T PRRGH SR PERARACED 7 e s 4 eRta e
that, for eyt he retransm ssion ratio increases, and a 20 val ue
of the contral bandﬂﬁdth (after the reference tine point) token is
reduced using tlE28dtransm ssion bandwi dth rts, so as to be smaller
than a value of the control bandw dth (before the reference tine

poi nt) ol d_t okéd it dRedehperinsseithas ih &6 echrBse5in ForerR i e thene

contrel gt s(af t ref nce tine poi token is.set to
t he cgnt %éqﬁggﬁd{\%lﬁ ?%Q %ﬁg%t%neg?ggg?gn emirﬁe pgitzﬁtG) Jr?ii?]a‘(%n Qx
the retr angormsiinandihdkBacakt ethd heoheh-el et du iR P0i Ak e bt She
(step 4712). Wen step 4712 is conpleted, the flowreturns to step
4702. Thé&rdisrensandwingt hodoit r bbkbnsedl o s30eteansmesisivbatheontr glot
and retrangg‘ifisi on bandw dt hs over two or nore, sections, and a rate

L ! :
of changé& S FERAT EEE B R G T eRtd EARA G Hh h adshthel t 1B Brdnt
putting RILSSULR %%H&!H‘i@?ﬁi Landw dt [ St
[ 0130] 5Accordi ngqihc?Q{Fihg{s? 46 an 47,&%1e trangr#%slﬁgnq%g%lﬁ%d:t r?han
contt®l pomreaieB206]l noni¢shsld walleeofT glsarge 40083 r eMhANYARSIHY1 d
ratio of a retransmtted packet which takes up packets sent fromthe
TX unit ¥R TAE Bast dvsram ¢ grtich Usanahiet whihh cbs iny oper téena L

current ti J i first period. 10 If the.rat f_.change
reaches ;tog%égg{g n%nnrhe% tthor%es ol dﬂfeétuélsageécerrgglﬂetdeﬁ%ﬂﬁ glﬁ g, 2e
the contriel shapdu7dBh €rereares LpéfehPisiCE @R ATDUNE @y thd Hent
packets, and packets are read fromthe buffer 3209 according to the

control Badwidrhplen &dei tiaokeni fiayhdea atet otoclangskef lay using a

r et (rj@?sn‘i SSi rh.rat' 0 15 does not reach the threshold value after a
pre erllﬁrr‘?é:g3 TR R 4 dpskiteR A7P2kul (ThE vome & ivRy ke value

predet er A S ekl e . ne: ve
A A R e R

packet s firomtidpe 4008, exhd208kaacor deaglyoihbecaoakr oktbpnam di h. Bdy
20 addition, in a case of increasing the control bandw dth, the
transm sSEGMEEndile st ma Y gog t3eth B208 kot IS ART e wadirenta

t he contrgal dwi dt h.in ases d on trapsition of the control
bandw dt ST adie F-oE ThaREeR TRTThe pst SERnRs ShmipainnR S di o
bet wvegn &itidTe P&l ‘é’ﬁ@Bsthﬁ?df@,ntﬁ(?b92§mlaar¥j7"ﬂ(§jt%rge oRBIeT N &
current tinme point is larger than the first period and a pre(?eflnecie

peri od hds:aglsapsed, oratvarmbviebdi npedimentthiesot dnt ¢ 6k efcast traamsds iatk)

W th a case where the predefined period has not elapsed. [0131]
old old _snd is updated to the transmission bandwidth (before

the reference time point) old snd, the transmission bandwidth
(before the reference time point) old snd is updated to the
25 transmission bandwidth (after the reference time point) snd,
the retransmission bandwidth (before the reference time point)
old_rts is updated to the retransmission bandwidth (after the
reference time point) rts, the reference time point is updated

to the reference time point + an interval, the transmission

30 bit integrated value (after the reference time point) is set
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30According to Figs. 43 to 47, the transm ssion bandwi dth control
portion 3206 updates a control bandwi dth for limting an anount of
packets sent fromthe TX unit 3101 for each interval corresponding to
an RTT or the |ike. The transm ssion bandw dth control portion
nmonitors retransm ssion 5 circunstances for each first period which
is an interval according to sending of a retransmtted packet, and
determ n%tso v&g;{b’gr a control. bandw dth i,ncreases or decreases bas%d
on the réfra 8i Fif "HACTHET S sP L As 1PhEIraErEnSIR 18l ofatter the

ci rcumst aRGRs-drix Pe1 fe P! 84 A g6, £05 c%%%'l%ax?dd@dth (before

retransm ssi on bandw dth corresponding 'to an anount of retransmtted
packets ateupildngefaréheeftinsé paeiritodolel clanakieson s ofipdsat @doiw tc hef
retransmtted packets occurring in the first period with an anount of

r et r ans nicOPeF PabfBYigER USRS Hhe PrFsRNIREdME ROENE] ©dC_Forkiesd

i ncl udi n moni t.Qri.n i in is e i fled. . In.a
caseu%f (Ia%lr e%glsel r(fgf;D n;t%co&n Fo Cfmléﬁ_‘ w@{erﬁ,oﬁ%)é:?iggﬁgﬁrs%ﬁc@n tﬁgﬁd\ﬁodﬂ‘f)
control paid itke3RAG detetnl BRp.a RS LassskPapdW Al Siae o ddi®ed
basis of transm ssion circunstances in the past, retransm ssion

ci rcunst dmcéde Gra@rd ssdtorcemd ole thamdmidti arafdeedwiltbrh tthedo e 13205
period i BCl udi ngl the nonitoring tine point, thereby decreasing the
control B&FFR ¢t [(0132] On the other hand, in a case of increasing
a control 25 bq@q\g’gqm, t he transm ssion bandw dth control portion
3206 refers to an interval between a tinme point when the control
band dt h decr @fsds drd dateuwnrienrid tiie: pai rits RNG P GuEp Aoy, 0lin
for making an increased control bandw dth size |arger when the

i nt erval B¢ ISeMe MRameihés tife starerd/dl4 i $hehdmansagwaien frandwidth

above-descrihed configurati r %{1 I OCeSS, tmﬁécormuni cation
devi ce cgr?nﬁ:grrq‘q'or rﬁ%lfg%?%e ggggw e%egrgﬁtnreﬁ o HEhasPE of'°t  the
ret r ansMyeHiQh LM anGaAsid N thecdi r siheriad @ayhd r ansid syt
circunstances in the past. In addition, by precisely increasing an
decr easi atf sa tedridwiidtIg r@e ¥ tthiag obgidrte Kt prevede £ ned suree fin- iatriter
co i cation bandw dths. [0133] . ) . .
equal to or more than 1) times of the old retransmission ratio
(before the reference time point) old rts_ratio (step 4711).
If it is determined that the retransmission ratio is larger
than K times of the old retransmission ratio, it is determined
that, for example, the retransmission ratio increases, and a
20 value of the control bandwidth (after the reference time point)
token is reduced using the retransmission bandwidth rts, so
as to be smaller than a value of the control bandwidth (before
the reference time point) old token in the same manner as in
step 3505. For example, the control bandwidth (after the
25 reference time point) token is set to the control bandwidth
(before the reference time point) old token - the
retransmission bandwidth (after the reference time point) rts
(step 4712). When step 4712 is completed, the flow returns
to step 4702, Thereby, bandwidth control based on

30 transmission, control and retransmission bandwidths over two
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In addition, by using the nethod in which the transm ssion bandw dth
control portion 3206 updates a control 10 bandw dth, it is possible
to decrease or increase the control bandwi dth so as to be snaller
than a control bandw dth one RTT before on the basis of a

retransm ssion bandwidth in a first period of a current tine point
and a first tinme period therefore, for exanple, a control bandw dth
and a retransm ssion bandw dth 15 one RTT before. Since a control

bandwi dt 5 HeF 8 SS&E 1A HeBPEf B8 L ErOUAE2RIE Mo 2R Mt ST HP e -
bandw dt tivel 4 i :
andaw I%nﬂalrb%rgdxgjééglﬁ : 'c&?t&oﬁsegoag%‘?t ]%ﬁgﬁf%(g?%@ssu%%qugﬁcgther

di agrans w b mai nly ase €n “conmuni cat1 on
devi ces whialuriersftaron datralWwiclaii ¢l i efetpdted to Fig. 9 with
reference to Figs. 48 to 53. Fig. 48 is a sequence diagram
illustrating tﬂg)t13z9]TCP connection is established before the data

commupni cation shaown 25 in Fi.g. 9,i rformed. First, the .

t ransst’r:j ssi on t &FRN .lnf’ogoe%g%‘hsa‘néé’iaé%&ﬁSgﬁ? Wsﬁém?aml@
4803 Wi t e ROMYERILGRH OR2deVi FBnHLolR0 80 Astio eptablimdeacs o
connection. Next, the comunication device #1 100 exchanges SYN 4804,
SYN- ACK 4805 arcand sACKM 806 iwi 0h 4 hetosmamitdatd pacHevi wiei #R 3kdDlipso
as to establish a connection. Finall t he communi cation device #2

101 exché’ﬁ&é&e@lﬁeﬁﬁoﬁr%‘YN—hﬂ@RMSG%? ahll Ak Wmpdasih ahe cendialon
oxe NN ) oo, the .
term na b%%?ﬁ%ﬁ?wﬁ?cﬁ%sagéjc Sah: gé‘g&ﬁﬁﬁ‘t Jfﬁlgegé)gglt [ 395K 23t .%%rlg.logd.. 9

term nal starts transmtting nanner-as in

after05 ast ahki shtogpt hhLeneehicor Dat peede t SemiAEAIHAS KWL d &/l
103 and the comruni cation device #1 100. [0135] Fig. 49 is another

sequence 3§ agFamiit|ek monditey imarCik heoppatrpénbardesd bl | destiezh 325 Gree

. . hown
the dataacsoto' V2 utc!eorz];lns Andunt of the sent packets, and packets are

read from the buffer 3209 according to the control bandwidth.
In addition, if the rate of change of a retransmission ratio
15 does not reach the threshold value after a predetermined time
has elapsed as a result of monitoring, the transmission
bandwidth control portion 3206 increases the control bandwidth
S0 as to increase an amount of sent packets, and reads packets
from the buffer 3209 according to the control bandwidth. 1In
20 addition, in a case of increasing the control bandwidth, the
transmission bandwidth control portion 3206 controls to what
extent the control bandwidth increases based on transition of
the control bandwidth for each first period in the past. For
example, 1f a period between a time point when the control
25 bandwidth decreases and a current time point is larger than
the first period and a predefined period has elapsed, an
increasing amount is controlled as compared with a case where
the predefined period has not elapsed.
[0131]

30 According to Figs. 43 to 47, the transmission bandwidth
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10 in Fig. 9 is perforned. SYN (4901, 4904, and 4907) is sent from
the transm ssion termnal 103 to the reception term nal 104 via the
communi cati on device #1 100 and the conmmuni cati on devi ce #2 101.
Next, SYN- ACK (4908, 4905, and 4902) is sent fromthe reception
termnal 104 to the transm ssion ternmnal 15 103 via the

comruni cati on device #2 101 and the conmuni cati on device #1 100.
Finally,

ACK 903, ., 4906 d 4909) i t he  t 1SS,
Cer mi nal POSTEd PRESFEC0REN BT i heA C208 <0 o THEn COMmARG Lo 10
devi ce #LnlORo@Rd JMea EREPYRILAL £ PB4\ @ﬁ_lﬁ?i_tlﬁ)i(ﬂl-f%?_r@é%?_htetr%_l

transm ssion termnal 103 20 starts transmtting data in the sane

manner asonrelppnding 0t86]Jan RTT &rg.the0 lskanot the sequasad ssion
diagramillustrating a TCP connection is established before the data
communi cREPGHY isHdwn i FORFEOLO | £AFEHBY me dROBYRPTS001 FeLHRRSTE§§1on

S00T)e |5 SR L e AR LA EE LAl AT Lo LAY SRS

t er m nal VI a e conmmuni ca and

comuni caldctdiely €6 dehdiy ofextre M A {ELPBEcke)nnd b tadadhdsS
sent fromthe reception termnal 104 to the transm ssion term nal 103

via the whehlpsizcat icontdadi bangwit®h dnd ndes comuriccatiacr 30aded oa
#1 100. W]ﬁ]sré S%/%ACK 5008.is received, the communjcation device #2
101 ret uriS AERFEBBEIGREAN SYR-LLARTGRCTS: r edSi vEE EREransmission

comuni cai i 1+10 etur ACM-2Q0 j%ﬂgp S qﬁ?ﬁ@? S
recei ved%tltrﬁgngﬁi\aérfg‘erﬁsgs;cénoﬁ)éer% nrgiéHIOS ?gt Scrans ACM g%%g JQéeaﬂ“ tér,
t he 1@ answritssinemiSs dienmm baindkQditd arbs respasdinig ngodadm idnddre: sate
manner as in Fig. 9. [0137 Fig. 51 is a sequence diagram

i |1 ust r atfehd AR IFESE oRAEKEL SN FECERERY edlaf Hoe tH&sdatperiod, or

ConnuniC@ﬁﬁﬁg&fﬁ@&”po%nan amount of retransmitted packets occurring in
the first period with an amount of retransmitted packets
occurring in a period before the first period including a

15 monitoring time point, is exemplified.

In a case of decreasing a control bandwidth, the
transmission bandwidth control portion 3206 determines a
decreased bandwidth size on the basis of transmission
circumstances in the past, retransmission circumstances, or

20 a set control bandwidth rather than the first period including
the monitoring time point, thereby decreasing the control
bandwidth.

[0132]

On the other hand, in a case of increasing a control

25 Dbandwidth, the transmission bandwidth control portion 3206
refers to an interval between a time point when the control
bandwidth decreases and a current time point, and performs
control for making an iﬁcreased control bandwidth size larger
when the interval is long than when the interval is short.

30 With the above-described configuration or the process,
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10 Fig. 9 is perforned. First, the transm ssion termnal 103
exchanges FIN 5101, FIN-ACM 5102, and ACM 5103 with the conmuni cation
device #1 100 so as to cancel the connection. Next, the comrunication
device #1 100 exchanges FIN 5104, FIN-ACM 5105, and ACK 5106 with the
comruni cati on device #2 15 101 so as to establish the connecti on.
Finally, the comunication device #2 101 exchanges FIN 5107, FIN-ACM
5108, and . ACK5109 with.the,reception termnal 1Q4 so as {0 .cancel the
comnect | S Tt bb R bR bhl e Chh Sncd oo S T COrEE G

the TCP eannaed ip8sis 6@NGelied Allals e Bt QuGOraRaLcat ) 0RrENeUn-din
Fig. 9 is perforned. FIN (5201, 5204, and 5207) 1s sent fromthe

t ransmi sgiegridder andal t 4@3shDs s henr ecioptunst dreted ndin 10He vipmdthe In
comuni cat j on device #1 100 and the copmuni cation 25 device #2 101.
Next, FI RGENMIBp0ByY BYPBSIsahY Hxergasingamnd desrraRéng e dgtidyddth,

term pal ;104. 10 . nsm ssi t,erm nal 103 via,the connuni.cati.on
tovi o 3 1 0% SRAUEiRLETER B 8t ol Behf SRR ER N
(5203, S5H¥ndwanrtth209) is sent fromthe transm ssion termnal 103 to
the reception termnal 30 104 via the communi cation device #1 100 and

t he communi catiléd33devi ce #2 101.
In addition, by using the method in which the
transmission bandwidth control portion 3206 updates a control
10 bandwidth, it is possible to decrease or increase the control
bandwidth so as to be smaller than a control bandwidth one RTT
before on the basis of a retransmission bandwidth in a first
period of a current time point and a first time period therefore,
for example, a control bandwidth and a retransmission bandwidth
15 one RTT before. Since a control bandwidth increases or
decreases around a line bandwidth, the line bandwidth can be
effectively used.
[0134]
Hereinafter, sequence diagrams will be described mainly
20 based on between communication devices which perform data
communication related to Fig. 9 with reference to Figs. 48 to
53.
Fig. 48 is a sequence diagram illustrating that a TCP
connection is established before the data communication shown
25 in Fig. 9 is performed. First, the transmission terminal 103
exchanges SYN 4801, SYN-ACK 4802, and ACK 4803 with the
communication device #1 100 so as to establish a connection.
Next, the communication device #1 100 exchanges SYN 4804,
SYN-ACK 4805, and ACK 4806 with the communication device #2

30 10l so as to establish a connection. Finally, the
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[ 0139] Fig. 53 is another sequence diagramillustrating the
TOP connection is canceled after the data comruni cati on shown in 5
Fig. 9 is perfornmed. FIN (5301, 5304, and 5307) is sent fromthe
transm ssion termnal 103 to the reception termnal 104 via the
comuni cati on device #1 100 and the communi cation device #2 101.
Next, FIN ACK (5308, 5305, and 5302) is sent fromthe reception
termnal 104 to the transm ssion termnal 10 103 via

comuni cﬁqwrﬂﬁﬁwr# Horeand 19k e_(?%ﬁﬂﬁ]‘rﬂec%tsiY_ n4§Q7/§ E%W%é.BOWen
FI N- ACK 5308ab& 4@@%&?‘ thg%é;&%p@dféﬁ%te'r%n%qviﬁg T o re%tgaggafgbm

5309. When FI N-ACK 1S recel vVed, the conmuni cation devic

returns ACK adfitectien. FI NBGK 58P2nssisecehvederiifalllr ansd ssit@tkd
term nal 103 returns ACK 5303. [0140] As described above,
accor di ngdF1eaigsting dagasdgn otlEa, sameemarieTOPs cémndtty onf afder

est ablLi she tween the termnals he co ication devices rel.a

ot & Zomm T e RS PHECoB0P FHTSM S LOR CF HeHEE | 1 EAsaH A on
si de, and ondD!tid Mt Whed: ALK | et SL4T 156 the transni ssion

side termnal. A description has been made of an exanple in which the
transm ssi on sildd 35%cei ves ACK regardi ng the data communi cati on, and
thereby the transm ssion side perfornms a 25 process. of canceling the
TOP connect i ons.19-ndFstFi &NOBPEEI EaBRENEG Foagaam 1llustratng g &t

e AR ok ORI B, RERILGRLONAEKLES B
Ref erencenSiEgRe. 19 sis [f¥42)rmed. SYN (4901, 4904, and 4907) is sent
from the transmission terminal 103 to the reception terminal
104 via the communication device #1 100 and the communication
device #2 101. Next, SYN-ACK (4908, 4905, and 4902) is sent
from the reception terminal 104 to the transmission terminal
15 103 via the communication device #2 101 and the communication
device #1 100. Finally, ACK (4903, 4906, and 4909) is sent
from the transmission terminal 103 to the reception terminal
104 via the communication device #1 100 and the communication
device #2 101. Thereafter, the transmission terminal 103
20 starts transmitting data in the same manner as in Fig. 9.

[0136]

Fig. 50 is another sequence diagram illustrating a TCP
connection is established before the data communication shown
in Fig. 9 is performed. SYN (5001, 5004, and 5007) is sent

25 from the transmission terminal 103 to the reception terminal
104 via the communication device #1 100 and the communication
device #2 101. Next, SYN-ACK (5008, 5005, and 5002) is sent
from the reception terminal 104 to the transmission terminal
103 via the communication device #2 101 and the communication

30 device #1 100. When SYN-ACK 5008 is received, the

94



103,
Dat a

10

15

20

25

30

903 And 904 Term nal 104, 905 And 906 Terminal 5 110 Flow O

100 And 910 Communi cati on Devi ce

communication device #2 101 returns ACK 5002. When SYN-ACK
5005 is received, the communication device #1 100 returns ACK
5006. When SYN-ACK 5002 1s received, the transmission
terminal 103 returns ACK 5003. Thereafter, the transmission
terminal 103 starts transmitting data in the same manner as
in Fig. 9.

[0137]

Fig. 51 is a sequence diagram illustrating the TCP
connection is canceled after the data communication shown in
Fig. 9 is performed. First, the transmission terminal 103
exchanges FIN 5101, FIN-ACK 5102, and ACK 5103 with the
communication device #1 100 so as to cancel the connection.
Next, the communication device #1 100 exchanges FIN 5104,
FIN-ACK 5105, and ACK 5106 with the communication device #2
101 so as to establish the connection. Finally, the
communication device #2 101 exchanges FIN 5107, FIN-ACK 5108,
and ACK5109 with the reception terminal 104 so as to cancel
the. connection.

[0138]

Fig. 52 is another sequence diagram illustrating the TCP
connection is canceled after the data communication shown in
Fig. 9 is performed. FIN (5201, 5204, and 5207) is sent from
the transmission terminal 103 to the reception terminal 104
via the communication device #1 100 and the communication
device #2 101. Next, FIN-ACK (5208, 5205, and 5202) is sent
from the reception terminal 104 to the transmission terminal
103 via the communication device #2 101 and the communication
device #1 100. Finally, ACK (5203, 5206, and 5209) is sent
from the transmission terminal 103 to the reception terminal

104 via the communication device #1 100 and the communication

95



101 And 920 Conmmuni cati on Device 900, 901, 902 And 907 Network 1000
Proxy Modul e 10 CLAIMS [C ai m 1]

10

15

20

25

30

device #2 101.

[0139]

Fig. 53 is another sequence diagram illustrating the TCP
connection is canceled after the data communication shown in
Fig. 9 is performed. FIN (5301, 5304, and 5307) is sent from
the transmission terminal 103 to the reception terminal 104
via the communication device #1 100 and the communication
device #2 101l. Next, FIN-ACK (5308, 5305, and 5302) is sent
from the reception terminal 104 to the transmission terminal
103 via the communication device #2 101 and the communication
device #1 100. When FIN-ACK 65308 is received, the
communication device #2 101 returns ACK 5309. When FIN-ACK
5305 is received, the communication device #1 100 returns ACK
530%. When FIN-ACK 5302 is received, the transmission
terminal 103 returns ACK 5303.

[0140]

As described above, according to Figs. 9, and 48 to 53,
after the TCP connections are established between the terminals,
the communication devices relay data communication between the
transmission side and the reception side, and control timing
when ACK is returned to the transmission side terminal. &
description has been made of an example in which the
transmission side receives ACK regardiﬁg the data
communication, and thereby the transmission side performs a
process of canceling the TCP connections.

Industrial Applicability

[0141]

The present invention is applicable to, for example, a
communication device and a communication system which relay

communication between terminals.

%6



A commruni cati on system conprising: 5a first comrunication device and
a second communi cation device that are | ocated between two termnals
and relay TCP communi cati on between the term nals, wherein the second
comuni cation device notifies the first 10 conmuni cati on device of an
acknow edgenent packet including identification information of an
unrecei ved location in a feedback manner when a data | ocati on which
cannot be received during communication is detected, the first
connunic%ﬁ PR ETHanshits a retransnitted 15 packet including
data of the unregeived |ocation which is included in the
acknow edgenent packet, the notification of which is sent in a
f eedback manner,033n®03 And 3 Beaoirth Tonmuni cati on devi ce
periodically notifies the first comunication device of an
acknow edgementt Odacikér> Zad RA@udisignimel i dentification information of
t he uareceived ,l.ocati | f eedback manner until the retransmtted
packe includigégkﬁgiggﬁgpo Tfhe unreceived location is received.
[Caim2] The qoomacali@TasleieRcre) dhogidd claiml, wherein 25
the first conmmuni cation devi ce manages a predefined interval tine and
a reference tidlpdingt A &f@dnfrorcaaiodn ibdeteal tinme, and adds the
interval tinme tgﬁfh% reference(*ine point so as to update the

n

reference timne? Pher Y& 14 et ChAEBRTeen a current tine poi nt

and the refereq@%digga%?ﬂ%?d&ggexceeds the interval time, the first
comruni cation device includesatabl ei nwhich

10
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retransm ssi on/ di scar di ngbandw dt h, at ransm ssi on bandw dth, and a
control bandwidth for limting a sumtotal 5 of the
retransm ssi on/ di scardi ng bandwi dth and the transm ssi on bandw dth
are recorded according to the tine that is divided into a first tine
froma reference tine point to a current tine point, a second tine
fromthe reference tinme point to an old reference tine point which is
an interval tinme 10 before the refeéfggﬁ time point, and a third tine
fromthe old reference tinme point u Before a further interval
time; and varies a control bandw dth after the reference
time point on the basis of a retransm ssion/discardi ng bandw dth
during t HE€ faiimstllti ne after the reference tinme point 15 and a control
bandwi dt h or a_transm ssion bandw dth during the second tinme before

the reference & MEHOHCAYIGMh T S PRIt Eat i on syst em
e te clai . . n S .
sceordio, o Chatiie, MG o & LIIELEL MEES AR ALe Lo

obtained by a ratio o contr

bandwi dt eddrdeng Hate ssec At dtidte Hatwadh e wefralice i mdaidlayt adehe
old reference tinme point and a retransn ssion/discardi ng bandw dth
duri ng t FeMMUSCatipn fhefmadie ¥iee ckemminalee point to the current
time point is I?{ er. than a second retransm ssion ratio obtained 25

by a ratio of d°Crandhi ssi on bandwi dth or a control bandwi dth during

the third tinetheomnében8! ¢ofielinee dl MePPLEt HHidies the Ffirst
10 cbmmunication device of an acknowledgement packet including
identification information of an unreceived location in a
feedback manner when a data location which cannot be received
during communication is detected,
the first communication device transmits a retransmitted
15 packet including data of the unreceived location which is
included in the acknowledgement packet, the notification of
which is sent in a feedback manner, and
the second communication device periodically notifies
the first communication device of an acknowledgement packet
20 including the identification information of the unreceived
location in a feedback manner until the retransmitted packet
including the data of the unreceived location is received.
[Claim 2]
The communication system according to claim 1, wherein
25 the first communication device manages a predefined
interval time and a reference time point updated for each
interval time, and adds the interval time to the reference tine
point so as to update the reference time point when a difference
between a current time point and the reference time point

30 exceeds the interval time,
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before a further interval tinme and a retransm ssi on/di scardi ng

bandw dth during the second tine fromthe reference tinme point to the
old reference tine point, the control bandw dth after 30 the
reference tinme point decreases so as to be snaller than the control
bandwi dth during the second tine fromthe reference tinme point to the
old reference tine point on the basis of the

retransm ssi on/tqges%%@%m%@i&gt%vi&e reference tine point.

5[ d ai m 4] comuni catl on system according to claim 3,

wherein, when a firstin@krdnrsm ssizon ratdgpiebt ai nggy by ayatdio of @
transm ssi on bandwi dth or a control bandw dth during the second tine
from t he HedfraTEHs 2ion/ pospardbng he blagdwdiddhence @i ne tiGuysoiinsts iamnd

t 1.8si.0n/.di di i.dt h, dugi the first ti f th
et or enc BT ol b 4 P ST R0 e TSR rs (i oAl
secong rgfff angHeSSi PQtE:thﬁi@%%h’?@i‘is%rﬁi&%t ' ObgﬂdéiBEflnsnéﬁﬁgogklhg

bandwi dth or a control bandw dth during the“third tine fromt

r ef er ence gammmigs inin banidwitkhbefermedofded hetorrat agved thieeiasd it
retransm ssi on/ di scardi ng bandwi dth during the second time fromthe
r ef er ence s iRV IFEDIRS the o1k reims Shean 13 ke frsiemce iting point to

deter NG DS oo Bl SFULII BT 20 T, Slapae s W

time poin na con ecre !

det er m neitdat o28n tdied HaRAtIdE RethePBHiRE WascIelidPE8di nfe £FPAT [tQlne
bandw dth after the reference tinme point is controlled so as to
i ncrt@se bpfard thet refesengnd;ing paints, deideanibmar tthate flrem the old

predet o e het 99035, 061 Shefbed. e, olsel, bandudun afier Lhe
o e abeara: g o SeE o LR pangy g HECEOTEND S0
control s tanteokpnisitzeonhitdie délsies aft ranyREtyinSmiamslwi/iefcarding
specific galnr&%visd?:haﬁiug:?.néoglgéOfliz?s?t ?:i?n%nénrft?clarbtahned\éme%ggénce time point
15 and a control bandwidth or a transmission bandwidth during the
second time before the reference time point.
[Claim 3]
The communication system according to claim 2, wherein,
when a first retransmission ratio obtained by a ratio of a
20 transmissionbandwidth or a control bandwidth during the second
time from the reference time point to the old reference time
point and a retransmission/discarding bandwidth during the
first time from the reference time point to the current time
point is larger than a second retransmission ratio obtained
25 Dby a ratio of a transmission bandwidth or a control bandwidth
during the third time from the old reference time point until
before a further interval time and a retransmission/discarding
bandwidth during the second time from the reference time point

to the old reference time point, the control bandwidth after

30 the reference time point decreases so as to be smaller than
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[ Cl ai m 6] The conmuni cati on system according to claim1,
wherein the first comrunication device and the second communi cati on
device are proxy devices. 5[Claim7] The communi cati on system
according to claim1, wherein the first conmuni cation device
perfornms first TCP comrunication with a data transm ssion term nal,
the second communi cation device perfornms second TCP communi cation

ber for mect o RBES ST AT L hino: Do G o] LR kb S dcprence
comuni cadi@ pdevitCeo end &R&?E&@%éﬂi@%%%%b?ﬁlt'&Q%R%”Hggagyof the

performs retransnission of transmtted data and arrangenent

recei ved it zansmids 453hed i $catd togrhari dat d tdn adeeircehe reference time
returns an acknow edgenent for a packet with data received at | east
one step HEfbre or an acknow edgenment for data before final data,
when g pagkefjyjh data is received in the first TCP communi cation;
and 20returns an acknova edgenent for final data received in the first

TCP conmmuni cat iTre abmauhikiarg osheRsBBmaskeOWh eRERLak S 3e(iﬁ'léfteéir§md
thus there is no data which waits for an acknow edgenent and

transni s & Tkieh jF%tr@n@ngsesB rattiheobhiaide®CByc ammartiicatdfon

t at whi data which waits f
acknow o0gAHEHL. SPt PARSHEGEPGRE BiC b e PHLgFBGHEang e

TCP commiingat @ aRd tReLe cinsNQ 1gat ﬁo\ﬂ’ﬂ'tcpo"\@ﬁés Jflcggeafé@élgce

and reception of which is in progress’in the first communi ca |on
30[ G&i me8jint and a Fherzpamisstehi/disspstiérgabaatdibght udidignthe
wherein acknow edgenent for the packet with data received at |east
one stepaftr;‘erf%? &ige égﬁogbﬁﬁﬁwlf@é@éﬁéﬁﬁ témet relaht o U:eh%r@wfenﬁ itiage

data is t s_ received in first
Tob commgidi i e 1R PRAAR 2" LOGRR Sl fad SR Gy En L G A i
an acknowyedgeaent GNch WSS iUh Mandiidtt Sri d PSS DddudNen
third TOP communi cation, or there is data which waits for arrangenent

and rece HITMDIhehEBATHst ine pFoom de iod d e feireate TCRne quorint aattidn.
10[ qg' mbgéfore a further interval time and a retransmission/discarding
bandwidth during the second time from the reference time point
to the old reference time point, it is determined whether or
not a predetermined period has elapsed from a time point when
a control bandwidth decreases, and, if it is determined that
20 the predetermined period has elapsed, a control bandwidth after
the reference time point is controlled so as to increase by
a first size, and, if it is determined that the predetermined
period has not elapsed, the control bandwidth after the
reference time point is controlled to increase by a second size
25 smaller than the first size.
[Claim 5]
The communication system according to claim 1, wherein
the first communication device controls a token size which
defines a transmission amount per specific time so as to control

30 a control bandwidth.
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The conmuni cati on system according to claim8, wherein an

acknow edgenent is not returned when a packet with data is received
in the first TOP communication in a state in which there is no data
whi ch waits for an acknow edgenent and 15 transm ssion of which is in
progress in the third TOP comuni cation, and there is no data which
waits for arrangenent and reception of which is in progress in the
first TOR ommrg cation. [Claim 10] 20The comruni cation system
accordi ng[ctcl(?lg} al]m 7, wherein the first comrunication device

includes: The commuRibh@NSM 89eBmPYEEELaf A thethig d, TRerein
communi cati on; and a reception buffer for the first

TOP 25 cdmeudiigatt eommunicaticet alashiczh aml tthef erecandaclomonnddgéerient
and transm ssion of which is in progress is stored in the

transnmi s ST BuE BN REYH$% TOP cormuni cati on, dat a
whi ch5wai0[tc"1afiqr[] Af rangenent and reception of which 30 is in progress
is stored inthe reception buffer for the first TCP conmunicati on,

and it iThedebamiinied twbet BEtem Q@boﬁ:ﬁ_@ﬁ% 6 &ad B Wi GiheMiins
for an acknow edgenent and transm ssion of which is in progress in

the third TCP d&denufiitati orrrjunitati¢ng deyvide peafiomimssibirst TCP

buffer, and it .is determni.ned ther or not there is data ich waits
or  ar F afGER S EECRI 6 A T8 35 B Corieniay  ere BRI o
the recepigrBWdeiod {dhed :ﬂé_lfo-r % CIABHN GRtE Uyl i 4P 111 gﬂl%h R

comuni cati on device which rel'ays two data conmuni cations 1 ncl udi
fir s10 dakadsbamemiegdatiicont andina § e ddnid-dach ceommamiceatiiconi s per formed

between the first communication device and the second
communication device, and each TCP communication
independently performs retransmission of transmitted data and
arrangement of received data, and

15 the first communication device

returns an acknowledgement for a packet with data

received at least one step before or an acknowledgement for
data before final data, when a packet with data is received
in the first TCP communication; and

20 returns an acknowledgement for £inal data received
in the first TCP communication at a timing when an
acknowledgement is received and thus there is no data which
waits for an acknowledgement and transmission of which is in
progress in the third TCP communication, in a state in which

25 there is data which waits for an acknowledgement and
transmission of which is in progress in the third TCP
communication and there is no data which waits for arrangement
and reception of which is in progress in the £irst TCP
communication.

30 [Claim 8]
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whi ch returns an acknow edgenent for a packet with data received at

| east one step before or an acknow edgenent for 15 data before final
data, when a packet with data is received in the second data
comuni cati on; and returns an acknow edgenment for final data
received in the second data conmunication at a tim ng when an

acknow edgenent is received and thus there is no data which 20 waits

for an acknow gigengnt, gud tsansglssion ol which 1s I progress o,

th_efirst dat a comruni cation, in S e h _ _ _’da
wai ts fomnaBcasknowdedarmenEcanghd gaer@mtssai% abtwhi&heived mtPrRALESS

in the first data comuni cation an here is no data which waits for
arrangememe 25epndefereptt am afcknloiwdledgemanipifogr €8s dat 4 e Rewordie
dat a conﬁuni at.i on. LCIain112% The comruni cati,on device accondiqg_to

in

claim 11, R 3ahS b RhEWR e JEHEh 2 PG e YhaEKER T th Tpated ve
recelyed il keast 20p00enALSP-OEioH e AL AR AAGRTEI L Afs WA

data before the I nal I's returned when a packet wmth data is

r ecei vedwhichheadeeotid rdataa ConewDECaEMOALT Ain@ St End 45 WH T Wiheich
is data which waits for an acknow edgenent and transm ssion of which
is in pré§re8PRqPiees iy she ddiiar tdRMuAPRBLLHAAL HPN} et Bhipgesl glgivda
whi ch wai é‘s or_arrangement and reception of which is in ress .n

nd da awagloﬁmnlogatairorﬁng[eﬂeﬁ 43§ LeCePLipRe océorfﬁtgji]&ga%?oﬁn

t he secon

devi ce agGRHdRG tig alrfd N ildst WRES ek dniin BEkPP¥h edgement is not
returned when a packet with data is 10 received in the second data

comii cdCilevini Pla state in which there is no data which waits for an
acknow edgenent_and transm ssion of which is in progress in the first

data communi caténCRAY L s SHE T GHt 8CRRATERHRF P sCHBIN dir SiGeemt
and recegh!QEkﬁwa%H%an%ﬂ @spﬁQQrf@@ufﬂeahﬁuﬁ?%PBgcgganﬂéh.data is

communi cat | on.
received in the first TCP communication in a state in which

there is no data which waits for an acknowledgement and
15 transmission of which is in progress in the third TCP
communication, and there is no data which waits for arrangement
and reception of which 1is in progress in the first TCP
communication.
[Claim 10]
20 The communication system according to claim 7, wherein
the first communication device includes:
a transmission buffer for the third TCP
communication; and
a reception buffer for the first TCP
25 communication,
data which waits for an acknowledgement and transmission
of which is in progress is stored in the transmission buffer
for the third TCP communication,
data which waits for arrangement and reception of which

30 1is in progress is stored in the reception buffer for the first
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[ C ai m 14] The conmuni cati on device according to claim 11,

i ncl udi ng: a transm ssion buffer for the first data
20 communi cati on; and a reception buffer for the second

data communi cati on, data which waits for an acknow edgenent

and transm ssion of which is in progress is stored in the

transm ssion buffer 25 for the first data comuni cati on, dat a

whi ch wai f : t reception of which is in progress is
ion puf f

stored in the recep er for the second data conmuni cation, and

it is determ ned YOi{IrRindWivhbheee 65 At anwbichs WakhSwsle QhidnR
acknow edgenent and transm ssion of which is in progress in the

first datf®remagknatietodnentetodrirmnsn shion cdnsn clsiienib pigresand
it is det.erm ned .wh r or not there is data which waits for ,

ar r angement %ﬁ&%ﬁ%ﬁ%&goﬁomu%ﬁ%wa% Biynr BT R4 Y e Ry St Fhe
recepsi ObURAS! ahf) {019 SEEP0MNIndAlH OB RYLALE A he dEha! MidDknicn
The conmuni cation device according to claim12, wherein, en a
packet wiwtshi tohatfa miiratarigendie sane msaptpankeif Whictdata ine grioged sat
a previous tinme is received in the second data 10 comunication in a
stat e i nBhi ERfeRELRYI staatthahirereraicrs fovfharackinokhedgbhest IFhP
transm ssj f. i<chis in progress in the first data comuni cati on,
or theresdlogr[g"élg}lacvav\%nji%rh' waits for arrangenent and reception of which
is in prggness it he second data conmuni cation, an acknow edgenent
for data after 15 data for which an acknowl edgenment was returned at a
previdus tine and dpefouritahabndatdevisea et whheld. [f&laya 16two  datEhe
comruni cati on devi.ce accord]ill]ggito claim11l, wherein a predicted

command ICCTPHHSAYHEE | ANt st dats PR mbEATERRi6atigRgand a

second data communication,
which returns an acknowledgement for a packet with data
received at least one step before or an acknowledgement for
15 data before final data, when a packet with data is received
in the second data communication; and
returns an acknowledgement for final data received in
the second data communication at a +timing when an
acknowledgement is received and thus there is no data which
20 waits for an acknowledgement and transmission of which is in
progress in the first data communication, in a state in which
there is data which waits for an acknowledgement and
transmission of which is in progress in the first data
communication and there is no data which waits for arrangement
25 and reception of which is in progress in the second data
communication.
[Claim 12]
The communication device according to claim 11, wherein
an acknowledgement for the packet with data received at least

30 one step before or an acknowledgement for the data before the
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when data received in the first data comuni cation or data which is
processed is transmtted in the second data communi cation, and then a
packet with data for the predicted conmand is received in the second
data communi cation, an 25 acknow edgenent for final data of the
packet with data is returned in the second data comunication. [Caim
17] The communi cati on device according to cl ai m 11, wherein an

ccknon SSSGINghar 9, 81 RRs o LR AL 508 ANE TR0 3
timng wher 8edaha d@@éﬂ@oxﬂfdﬁrﬁc@at&%ﬂ &hasg statleeriMethn eﬂeretf@@atan
acknow edgenent is received and thus there is no data which waits for
an acknowhddgemendt safidrt pansaksev badgémant cimd st Tangmibgs bes dh whieh
First datia ?.nc%%rzye%aé[ Il%n the first data communlcatlon, or there is
5 data which waits for arrangement and reception of which is in
progress in the second data communication.
[Claim 13]
The communication device according to claim 12, wherein
an acknowledgement is not returned when a packet with data is
10 received in the second data communication in a state in which
there is no data which waits for an acknowledgement and
transmission of which is in progress in the first data
communication, and there is no data which waits for arrangement
and reception of which is in progress in the second data
15 communication.
[Claim 14]
The communication device according to claim 11,
including:
a transmission buffer for the first data
20 communication; and
a reception buffer for the second data
communication,
data which waits for an acknowledgement and transmission
of which is in progress is stored in the transmission buffer
25 for the first data communication,
data which waits for arrangement and reception of which
is in progress is stored in the reception buffer for the second
data communication, and

it is determined whether or not there is data which waits

30 for an acknowledgement and transmission of which is in progress

104



10

15

20

25

30

in the first data communication by referring to the
transmission buffer, and it is determined whether or not there
is data which waits for arrangement and reception of which is
in progress by referring to the reception buffer in the second
data communication.

[Claim 15]

The communication device according to claim 12, wherein,
when a packet with data which is the same as a packet with data
received at a previous time is received in the second data
communication in a state in which there is data which waits
for an acknowledgement and transmission of which is in progress
in the first data communication, or there is data which waits
for arrangement and reception of which is in progress in the
second data communication, an acknowledgement for data after
data for which an acknowledgement was returned at a previous
time and before final data is returned.

[Claim 16]

The communication device according to claim 11, wherein

a predicted command is transmitted in the first data
communication, and

when data received in the first data communication or
data which is processed is transmitted in the second data
communication, and then a packet with data for the predicted
command is received in the second data communication, an
acknowledgement for final data of the packet with data is
returned in the second data communication.

[Claim 17]

The communication device according to claim 11, wherein

an acknowledgement for a data packet located at the end among

data packets received in the second data communication is
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returned at a timing when a data packet with a PSH flag is
received, and, then, an acknowledgement is received and thus
there is no data which waits for an acknowledgement and
transmission of which is in progress in the first data

communication.
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