
DESCRIPTION TRANSMITTING APPARATUS, TRANSMITTING AND RECEIVING APPARATUS,
COMMUNICATION SYSTEM, AND COMMUNICATION METHOD 5 FIELD  [0001]The present
invention relates to a transmitting apparatus, a transmitting and receiving
apparatus, a communication system, and a communication method, and, more 10
particularly to a transmitting apparatus, a transmitting and receiving
apparatus, a communication system, and a communication method that can
increase communication speed by using a plurality of communication lines.
15 BACKGROUND ART  [0002]In recent years, information provided to
passengers and crew members who use mobile bodies such as trains tends to
increase. It is desirable to apply a high- speed line suitable for a data
capacity to a line for 20 communicating this information data (hereinafter
simply referred to as "line"). However, the increase in speed of the line
often involves enormous investments of expenses, time, and the like for
establishment of a communication system. Thereforey as means for solving
the problem, a  25 method such as multi-link for using a plurality of
existing  communication system, transmission rates of the lines  30 in a
peripheral environment of a mobile body. Therefore,  the multi-link by the
wireless system has a problem in that,  in some case, actual transmission
rates of the lines do not  coincide with one another and band use
efficiency of the 



2  entire lines falls. [0003]In the past, a multi-link communication
apparatus (hereinafter simply referred to as "communication apparatus")
described in Patent Literature 1 includes a 5 monitoring unit that monitors
effective transmission rates of wireless communication lines and a dividing
unit that allocates, based on a monitoring result, data amounts
corresponding to the effective transfer speeds of the lines to the lines.
Data generated first in a communication 10 apparatus on a transmission side
is divided into data of fixed sizes corresponding to transmission rates of
initial setting (referred to as "rated transmission rates") in the lines by
the dividing unit of the transmission side communication apparatus. The
divided data (hereinafter 15 referred to as "short data") is transmitted to
the lines by a transmitting and receiving unit. On the other hand, the
actual transmission rates of the lines are monitored by the transmitting
and receiving unit. The monitoring unit acquires the effective transmission
rates of the lines from 20 the transmitting and receiving unit every time
the short data is transmitted to the lines. When transmission data is
generated for the second or more time, the dividing unit divides this
transmission data according to the effective transmission rates obtained by
the monitoring unit.The  realizes multi-link communication for keeping
throughput of the entire lines high.   Citation List Patent Literature
30[0004]Patent Literature 1: Japanese Patent No. 3540183 



DISCLOSURE OF INVENTION PROBLEM TO BE SOLVED BY THE INVENTION  3
[0005]However, in the related art described in Patent Literature 1, when
communication disconnection or an extreme transmission rate delay due to
some problem occurs in a line determined as capable of performing data 5
communication among a plurality of lines, regardless of the fact that a
line that completes transmission of the short data related to the
transmission data generated for the second or more time is present, the
transmission of this short data cannot be completed because of the
influence of 10 the line in which the failure occurs. As a result, it is
likely that the transmission of the entire lines is stopped or is unusually
slow. In other words, in a data communication network in which a peripheral
environment of a moving vehicle changes or a data communication network 15
used by a large number of users or the like, in some case, a communication
failure for which prediction is difficult occurs. Therefore, only with
determination based on a data transmission result of the last time, there
is a problem in that it is likely that concurrent use of a plurality of 20
lines causes stagnation of the entire lines to the contrary and throughput
falls. [0006]The present invention has been devised in view of the above
and it is an object of the present invention to obtain a transmitting
apparatus, a tranmmittimg and 25 receiving apparatus, a communication
system, and a  communicathat can .1mprcve throughput ever coffnunication
discddm transmission rates occurs in a part of. lines. [00071The present1
hadevised : 30 the above and it obj ecr of e Jresent inmun obtain a tranmmj
t timg appaxatus, a transmiljng and receiving apparatus, a communication
system, and a communication method that can improve throughput even when  



4 communication disconnection or an extreme delay in transmission rates
occurs in a part of lines. MEANS FOR SOLVING PROBLEM 5[0008]In order to
solve the aforementioned problems and attain the aforementioned object, a
transmitting apparatus that applies a multi-link system employing a logical
plurality of communication lines is constructed in such a manner as to
include a transmitting unit that transmits 10 transmission data that should
be transmitted to a receiving apparatus of a communication partner, wherein
the transmitting unit monitors changes in transmission rates of the
communication lines, calculates, based on rated transmission rates of the
communication lines, information 15 concerning changes in the rated
transmission rates, and a transmission time until the receiving apparatus
completes reception of the transmission data, fluctuating new transmission
rates of the communication lines, and determines, based on the calculated
new transmission rates, 20 allocation amounts to the communication lines of
data that should be transmitted this time. EFFECT OF THE INVENTION
[0009]According to the present trans mitt 0 a o parratah includes aa. unit
that jitoni ro.r.s stat dilates( edh Jay each of tineO0.1.Od Lion lines u.o
uhe .recei.vinq 30i ines and a dividing unit that div.tdession data
transmitted to the receivingAO data amounts corresponding toansmissioh
ratestroll) the communication control unit and allocates the data to the
communication lines. When transmission of data allocated to a "one line"
among the lines is completed and transmission of data allocated to "the
other line" is not completed, the communication control unit transmits data



5 already transmitted to "the other line" to the "one line" as well.
Therefore, there is an effect that it is possible to improve throughput of
the entire lines even when communication disconnection or an extreme delay
in transmission rates occurs in the other line. 10 BRIEF DESCRIPTION OF
DRAWINGS [0010][FIG. 1] FIG. 1 is a diagram of the configuration of a
communication system according to an embodiment. 15[FIG. 2] FIG. 2 is a
diagram of images of division and combination of data. [FIG. 3] FIG. 3 is a
flowchart for explaining a transmission operation for data divided
according to initial setting transmission rates. 20[FIG. 4] FIG. 4 is a
flowchart for explaining a transmission operation for data divided
according to effective transmission rates. [FIG. 5] FIG. 5 is a diagram for
explaining an operation for calcuJating a transmission rate taking into
account a I STAtes calculated taking into account a LaLe of :30 EMBODI MENT
FOR CA' Tr INC OU'I"PRE INVENT-ON [0011]bodimenr.s of a transmitting appal:
6 system, and a communication method according to the present invention are
explained in detail below with reference to the drawings. The present
invention is not limited by the embodiments. 5[0012]First Embodiment.
(Configuration of a communication system)       FIG. 1 is a diagram of the
configuration of a communication system according to a first embodiment.
FIG. 



2 is a diagram of images of division and combination of 10 data. The
communication system shown in FIG. 1 includes, as main components, a
vehicle-side transmitting and receiving apparatus (hereinafter simply
referred to as "transmitting apparatus") 10, a ground-side transmitting and
receiving apparatus (hereinafter simply referred to as 15 "receiving
apparatus") 20, and communication lines A to C. Information terminal
apparatuses (not shown) such as portable terminals and seat-fixed terminals
used by passengers and crew members are connected to the transmitting
apparatus 10. A server, other networks, and 20 the like (not shown) are
connected to the receiving apparatus 20. Further, the transmitting
apparatus 10 and the receiving apparatus 20 respectively include antennas
30 to 32 and antennas 33 to 35. The lines A to C are, for example,
commtinication networks through which data can be traYierELJAad a n.d
rciveci by ram. suan as epa.c t abbe a satellion Llne, The
cOIiiJfiUnicatiuis system dCevICIte , 30lines, 'x0 ich are req a
rdedlo-plurality of communication 1 -es and pfr f)rms communication link
system, [0013](Configuration of a transmitting and receiving  apparatus)
The transmitting apparatus 10 includes, as main components, a data input
and output unit 11 and a data processing unit 12. The processing unit 12
includes a 5 multi-communication control unit (hereinafter simply referred
to as "control unit") 15 functioning as a transmitting unit that is opposed
to the communication lines and manages communication control by the
multi-link system, a data dividing unit 13, and a data combining unit 



10 14. The input and output unit 11 outputs data from the outside to the
processing unit 12 and outputs data from the processing unit 12 to the
outside. The input and output unit 11 is an interface for data transmitted
and received by the communication system. The input and output unit 11 15
performs, for example, conversion of a signal format necessary for the
transmitting apparatus 10 and the receiving apparatus 20. [0014]Like the
transmitting apparatus 10, the receiving apparatus 20 includes an input and
output unit 21 and a 20 processing unit 22. The processing unit 22 includes
a dividing unit 23, a combining unit 24, and a control unit The functions
and the operations of the components of the receiving apparatus 20 are the
same as those of the components of the transmitting apparatus 10, The
explanation oI theand the opelaxe omit below,  yl01_51 image is51EiSSi (11
30rep .re 5 ent.:san ovencl:ethe t ransLThe longitudinalection. of the
figure represe n t s a L ransmission. order of the traosndssidata- For
example data transmitted first is represented as "initial  8 transmission
data" and data transmitted next is represented as "second time transmission
data". The "initial transmission data" and the "second time transmission
data" divided by the dividing unit 13 are respectively shown as 



5 short data al to cl and short data a2 to c2. [0016]Further, in the
lateral direction of the figure, the sizes of the short data al to cl of
the "initial transmission data" divided according to transmission rates of
the lines A to C are shown. The short data al to cl 10 respectively have
different sizes because the transmission rates of the lines A to C are
different. Similarly, the sizes of the short data a2 to c2 of the "second
time transmission data" are calculated according to effective transmission
rates of the lines A to C obtained when the 15 short data al to cl are
transmitted. In this way, in some case, the sizes of the short data al to
cl are respectively different from those of the short data a2 to c2. The
same holds true for transmission data transmitted for a third or more time.
Therefore, explanation of the transmission data 20 is omitted below.
Details of the effective transmission rates are explained later. [0017]For
example, the short data al and a2 are transmitted to the receiving
apparatus 20 via the line A, t.he short data bi and b2 are transmitted to
the receiv no appaaauus _ 0 via the 11and theci arid are txanamilticri
[0018]lowel side Cuf FIG. rit data 30CCunit 24 of the receiving appa ra
t20_ An opera 1.1.on for. combining. and restoring the sno.rt data al. to
cl and the short data a2 to c2 in the combining unit 24 is explained.
later.  9 [0019]For example, an operation for dividing data that should be
transmitted from the transmitting apparatus 10 to the receiving apparatus
20 is explained below. When the dividing unit 13 receives the "initial
transmission data" 5 from the input and output unit 11, the dividing unit
13 divides this "initial transmission data" into the short data al to cl
having lengths corresponding to rated transmission rates of the lines A to
C. The dividing unit 13 adds serial numbers and flag bits, which will be 



10 necessary in combining and restoring the short data al to cl in the
combining unit 24, to the short data al to cl and sends the short data al
to cl added with the serial numbers and the like to the control unit 15.
[0020]The control unit 15 includes three transmitting 15 and receiving
units (not shown) corresponding to the lines A to C. The transmitting and
receiving units transmit the short data al to cl, which are received from
the dividing unit 13, to the receiving apparatus 20, which is opposed to
the transmitting and receiving units, via the lines A to C. 20 In the
receiving apparatus 20, when transmitting and receiving units (not shown)
of the control unit 25 receive the short data al to cl, the transmitting
and receiving units send the short data al to el to the combining unit 24.
The combining unit 24 performs, based on the serial numbers, on and
restoratjon sh01717 fiat      TheLirif"-)11cfih output via the ,niALii,r;
LL0A)smi sion VLom Lhe re iv ( a ppa .17 a 1105 2 0 io the vehicle'13the
30p.r oc-inc.) explained above, Therelcre, 0 xp 1. a nat::L on of the
procis omitted_ 00211On the other hand, th.e.. control un t 15 always
monitors transmission rates of the lines A to C and  10 



acquires the effective transmission rates obtained when the short data al
to cl are transmitted. The control unit 15 outputs information concerning
the acquired effective transmission rates to the dividing unit 13. When the
5 dividing unit 13 receives the "second time transmission data" from the
input and output unit 11, the dividing unit 13 divides, based on the
effective transmission rates of the lines A to C, the "second transmission
data" and adds serial numbers and the like to the divided short data a2 to
10 c2 and sends the short data a2 to c2 to the control unit 15. The control
unit 15 sends the short data a2 to c2 to the lines A to C, always monitors
the effective transmission rates of the lines A to C, and outputs
information concerning the acquired effective transmission rates to the 15
dividing unit 13. When the dividing unit 13 receives transmission data
transmitted for the third or more time, the dividing unit 13 repeats
processing same as the processing explained above. [0022]A state is assumed
in which, in the lines A to C, 20 for example, although transmission of the
short data a2 allocated to the line A (hereinafter referred to as "one
line") is completed, because communication disconnection, an extreme
transmission rate delay, or the like occurs in the line C (hereinafter
referred tons "the other line")  communication, transmit.. 0 tilljrifle
CJUl101111 )S,00rr.  H L.) ejat OFle).In t'is cask.,has been confito:
30relateart," are cases in. wh 1.011 data transmis:lon of the enti1-es A to
C is stopped or 1,-; made unusually sloIAL 



[0023]To solve such a problem, the communication system  11 according to
this embodiment has a function of temporarily storing the short data c2 in
a buffer section or the like (not shown) of the control unit 15 and, when a
failure or the like occurs in "the other line" C, transmitting the 5 short
data c2 to the "one line" A as well. In other words, the control unit 15
has a function of transmitting the short data c2, which is being
transmitted to the other line C, to the normal "one line" A as well.
Therefore, even in a situation in which the transmission of the short data
c2 10 is substantially delayed or difficult, the control unit 15 can read
out the short data c2 from the buffer section and automatically transmits
the short data c2 to the "one line" A. [0024]The combining unit 24 of the
receiving apparatus 15 20 restores, based on the serial numbers in the
short data a2 to c2, the "second time transmission data". The restored
"second time transmission data" is transmitted to the outside via the input
and output unit 21. As a result, the communication system according to this
embodiment can 20 maintain efficiency of use of the entire lines high and
realize efficient data communication. The operations of the dividing unit
13 and the combining unit 24 performed when transmission data transmitted
for a third or more time received are the same as the operations explained
snore nation ofoperations is 100251ation system is expid explaining 30a.
flowchar.t. for. explaj. .....09 a transm 1. s 5 100. oper.)-) for data
divided according to effective traIn EEG. 3, when the "ini.C.al
transmissipresent,  12  



When the "initial transmission data" is present (Yes at step S10), the
dividing unit 13 divides the "initial transmission data" into data amounts
corresponding to initial setting transmission rates of the lines (step
511). 5 The dividing unit 13 adds serial numbers to the divided short data
al to cl and sends the short data al to cl to the control unit 15. The
control unit 15 requests the lines A to C to transmit the short data al to
cl (step 512). When the line A that completes transmission of short data 10
is present (Yes at step S13) and the line C that does not complete
transmission of short data is present (Yes at step 514), the control unit
15 requests the line A to transmit the short data cl (step S15). When the
line A completes the transmission of the short data cl (Yes at step 516),
15 the combining unit 24 of the receiving apparatus 20 restores the
"initial transmission data", and processing at the next step is executed.
[0026]When there is no line that has completed transmission of the short
data al to cl (No at step S13), 20 the control unit 15 repeatedly executes
the same processing until a line completes transmission of short data.
Further, at step S14, when the transmission of short data is completed by
the line C (No at step S14), the control unit 15 executes the proregging at
stop S16. 1002.0lo c'110qr101 con2cr   30 unitWhen or more time., wti  5 on
rate0 (step 020) ant_ to the ion dataittedthe second rss the next
transmission. data is 



13 effective transmission rates (step S22). The dividing unit 13 adds
serial numbers to the divided short data a2 to c2 and sends the short data
a2 to c2 to the control unit 15. The control unit 15 requests the lines A
to C to transmit 5 the short data a2 to c2 (step S23). When the line A that
has completed transmission of short data is present (Yes at step S24) and
the line C that has not completed transmission of short data is present
(Yes at step 825), the control unit 15 requests the line A to transmit the
10 short data c2 (step S26). When the line A has completed the transmission
of the short data c2 (Yes at step 827), the combining unit 24 of the
receiving apparatus 20 restores transmission data. The dividing unit 13 and
the control unit 15 repeat the processing at step 820 and 15 subsequent
steps until no transmission data is left. When transmission data
transmitted for the second or more time is not present (No at step 821),
the dividing unit 13 and the control unit 15 end the processing. [0028]When
there is no line that has completed 20 transmission of short data (No at
step S24), the control unit 15 repeatedly executes the same processing
until a line completes transmission of short data. Further, at step 825,
when the transmission of short data is completed by the line C (No at step
825), the control unit 15 executes Lite processino a. step S27, t00291.The
eftect,mve. transmC 30 communication 'sines in, among a COR-T ,,flCt t.hat
has ion J_e GilcAL and a Thsion of  transmission data,communica ion line
that has  



19 rates, the control unit 15 calculates, based on an average value
calculated as an average of the actual transmission rates of transmission
performed a plurality of number of times in the line that has completed
transmission, 5 fluctuating new transmission rates of the lines. As another
example, the control unit 15 calculates, based on actual transmission rates
of the last time in the line that has completed transmission, fluctuating
new transmission rates of the lines. 10[0030]The initial transmission data
is divided according to the rated transmission rates. However, the initial
transmission data can be divided using the actual transmission rates
instead of the rated transmission rates. The communication system according
to this embodiment is 15 not limited to the three lines A to C and the
three short data a to c. The lines A to C of the wireless system are
applied to the communication system. However, communication lines of a
wired system can also be applied. [0031]In the above explanation, the
control unit 20 transmits the data transmitted to the line C to only the
line A. However, the present invention is not limited to this. For example,
when a "one communication line" that has completed transmission of short
data is present and one or a plurality of other comffunication 1. i nes
that have not orcommunicat 30 compieted transmis on of short data axe
present and "the other communication line" that hds not completed trans'ion
of short data is present, the control unit 15 can transmit short data
transmitted to "the other  1.5 communication line" to a fastest
communication line among the one or a plurality of "one communication line"
as well. 



[0032]As explained above, the communication system according to this
embodiment includes the control unit 15 5 that monitors states of the
communication lines and calculates, every time data that should be
transmitted to the receiving apparatus 20 is transmitted to the
communication lines, fluctuating transmission rates of the communication
lines and the dividing unit 13 that divides 10 the data that should be
transmitted to the receiving apparatus 20 into data amounts corresponding
to the transmission rates received from the control unit 15 and allocates
the data amounts to the communication lines. When transmission of short
data allocated to a "one line" 15 is completed and transmission of short
data allocated to "the other line" is not completed, the short data of the
other lines are transmitted to the "one line" as well. Therefore, even when
communication disconnection or an extreme transmission rate delay occurs in
the other line 20 that is transmitting short data, it is possible to
improve throughput of the entire lines. [0033]Second Embodiment. The
communication. system according to the fir-t    configured to transmit data
aaccording. to transmission. ca Lea calculated Laicorig into account - rate
of one 30[0034]Components and opera t :1. on. s differ'from those of the
communication system according to the firat embodiment are explained below
with reference to PIGS. 1, IL and 4 and FIGS. 5 and 6 referred to later.
When first time  16 transmission. data equivalent to the "initial
transmission data" is transmitted to the lines A to C, the control unit 15
calculates "effective transmission rates calculated last 



time". When the dividing unit 13 receives second time 5 transmission data,
the dividing unit 13 divides, based on the "effective transmission rates
calculated last time", the second time transmission data. When the divided
data are transmitted to the lines A to C, the control unit 15 calculates
"effective transmission rates calculated this 10 time". When the dividing
unit 13 receives third time transmission data, the dividing unit 13
divides, based on the "effective transmission rates calculated this time",
the third time transmission data. The divided data are transmitted to the
receiving apparatus 20 via the control 15 unit 15 and the lines in the same
manner as explained above. [0035]Operations performed when fourth time
transmission data, which is data that should be transmitted this time, is
received are explained below. FIG. 5 is a diagram for explaining an
operation for calculating a 20 transmission rate taking into account a rate
of change. In the control unit 15, AT1 as a transmission time until a
receiving apparatus completes reception of initial transmission data, AT2
as a transmission time until the receiving apparatus completes reception of
second time rcn transmission data are defined, Further,he control unit. 15,
a. deviation between a transmission rate in trangman at thp 30 "effective
transmission -ate calculated last time" andbetween tflED "c DI 1161.01 1166
transmission rate calculated last time" and an "effective  17 transmission
rate calculated this time" is defined as AV2. [0036]The control unit 15
calculates a rate of change f (the transmission time AT3 and the deviation
AV2), which is information concerning a change in a rated transmission 



5 rate, according to the transmission times and the deviations defined as
explained above. Further, the control unit 15 calculates a "transmission
rate calculated taking into account a rate of change", which is a new
transmission rate for dividing "fourth time transmission 10 data" into
short data of optimum sizes, according to a calculation "rated transmission
raterate of change f". When the dividing unit 13 receives the "fourth time
transmission data" from the input and output unit 11, the dividing unit 13
divides, based on the "transmission rate 15 calculated taking into account
a rate of change", the "fourth time transmission data" into short data and
adds serial numbers and the like to the divided data and transmits the
divided data to the control unit 15. When the control unit 15 and the
dividing unit 13 receive 20 transmission data transmitted for a fifth or
more time, the control unit 15 and the dividing unit 13 repeat processing
same as the processing explained above. A data     transmitting operation
by the control unit 15 and a data combining operation by tine combining
unit 24 are the same those [00371FIG, 6 is a flowchart for explaining a
transmission operation. for data divided accordino to transmission
Totemmired taking in.account a Tate 30 change, The flowchart of FIG. 6
follows the fiowcha.rt of FIG. 3, Contents of the
firm,mThartspecia.ricmolly explained below. [0038]At step S22 in FIG. 4,
the dividing unit 13  18 divides "second time transmission data" and "third
time transmission data" into data amounts corresponding to effective
transmission rates. At step S27, the control unit 15 transmits divided
short data to the lines A to C 5[0039]In FIG. 6, the control unit 15 always
monitors transmission rates of the lines A to C. When the short data are
transmitted, the control unit 15 calculates "transmission rates calculated
taking into account a rate of change" (step 830) and outputs the
transmission rates to 10 the dividing unit 13. When transmission data
transmitted for a fourth or more time, which is the next transmission data,
is present (Yes at step 831), the dividing unit 13 divides the transmission
data into data amounts corresponding to the transmission rates (step 832).
15 Operations at steps S33 to 837 are the same as the operations at step
823 to 827 in FIG. 4. Therefore, explanation of the operations is omitted.
[0040]In the above explanation, as an example, the 



operation in calculating the rate of change f and 20 transmission rates for
the "fourth time transmission data" is explained. However, an operation for
transmission data transmitted for the fifth or more time is the same'
[0041]In the calculation of the rate of change f, only the transmission
time AT3 and the deviation AV2 are used. 'Am Am I rate of change f is
calculated according to only the transmission. time AT and the d=viation
AV, Howeyhr, I and vai.uea of 30 rate of change f are more finely set,
further throughput bcr: er./...peuLed. [0042]As explained above, with the
communication system  19 according to this embodiment, the rate of change f
is calculated based on the transmission time AT and the deviation AV of
data transmitted in the past and transmission rates are calculated
according to rated 5 transmission rates and the rate of change f.
Therefore, the data dividing unit 13 can divide transmission data according
to optimum transmission rates calculated with the rated transmission rates
set as references. Even when communication disconnection or an extreme
transmission rate 10 delay occurs in a line that is transmitting data, like
the communication system according to the first embodiment, it is possible
to improve throughput. [0043]The configuration of the communication system
explained in this embodiment indicates an example of 



15 contents of the present invention. It goes without saying that the
configuration can also be combined with another publicly-known technology
or can be changed, for example, a part of the configuration can be omitted
without departing from the spirit of the present invention. 20 Industrial
Applicability [0044]As explained above, the present invention can be
applied to a transmitting apparatus, a transmitting and receiving
apparatus, a communication system, and a corimun.,. A 1'In the present.
nventIon is useful as an invention 0can realize efficient data
communication when communication 01.sconnent*On or an evtrame
tranmissOfu,iay ncnnrc; 30a part of the lines, REFERENCE SIGNS LIST
[0045]10 VEHICLE-SIDE TRANSMITTING AND RECEIVING  20  APPARATUS   11, 21
DATA INPUT AND OUTPU UNITS 



12, 22 DATA PROCESSING UNITS  13, 23 DATA DIVIDING UNITS 5 14, 24 DATA
COMBINING UNITS  15, 25 MULTI-COMMUNICATION CONTROL UNITS  20 GROUND-SIDE
TRANSMITTING AND RECEIVING APPARATUS  



30, 31, 32,33,34,35ANTENNAS  A, B,C COMMUNICATION LINES 10 al,
bl,cl,a2,b2,c2SHORT DATA  21  CLAIMS 1.A transmitting apparatus that
applies a multi-link system employing a logical plurality of communication
lines, the transmitting apparatus comprising a transmitting 5unit that
transmits transmission data that should be transmitted to a receiving
apparatus of a communication partner, wherein the transmitting unit
monitors changes in transmission rates of the communication lines,
calculates, for each 



10of the communication lines, based on a transmission time of first data
completed to be transmitted in the past and a deviation that is a rate
difference between a first effective transmission rate during transmission
of the first data and a second effective 15transmission rate during
transmission of second data completed to be transmitted immediately before
the transmission of the first data, new transmission rates taking into
account a rate of change that is information concerning a change with time
of an 20effective transmission rate with respect to a rated transmission
rate, and determines, based on the calculated new transmission rates,
allocation amounts to the communication lines of data that should he
transmitted this time, 1h2 Incnv hinrc : fly iryil in =nrr-o-r-H ncr tn cl
nn    transmission. data Is present and one or a plurality of thp other
communication. lanes that have npt completed 30transmission of the
rraosmi..ssion data transmitted to a slowest communication line among the
other cCilUilLijiiicciLiOfl lines to Lb none. coniunin ..acation useas
welli  22  3. The transmitting apparatus according to claim 1, wherein the
transmitting unit transmits, when one or a plurality of one communication
lines that have completed 5 transmission of the transmission data are
present and the other communication line that has not completed 



transmission of the transmission data are present, data transmitted to the
other communication line to a fastest communication line among the one
communication lines as 10well.  4. A communication system that applies a
multi-link system employing a logical plurality of communication lines, the
communication system comprising: 15a transmitting unit that transmits
transmission data that should be transmitted to a receiving apparatus which
is a communication partner, and       a receiving unit that receives data
transmitted from a transmitting apparatus which is a communication partner,
20 wherein       the transmitting unit monitors changes in transmission
rates of the communication lines, calculates, for each of the communication
lines, based on a transmission time of first data completed to be
transmitted in the past and a rnl-p cliffprgr, 1.-1(ntP firSt transmission
of second data completed to be transm.tted immediately before the tree smi
5 s ion of the first data, new txansmission rates taking into acc.eunr ar
are of cnanqe that is information concerning a change with time of an
effect e tranumi_ssJ:,sp(c.JuL. to a 00cd.  23 transmission rate, and
determines, based on the calculated new transmission rates, allocation
amounts to the communication lines of data that should be transmitted this
time. 5 5.The transmitting and receiving apparatus according to claim 4,
wherein the transmitting unit transmits, when a one communication line that
has completed transmission of the transmission data is present and one or a
plurality of 10 the other communication lines that have not completed
transmission of the transmission data are present, data transmitted to a
slowest communication line among the other communication lines to the one
communication line as well. 



15 6.The transmitting and receiving apparatus according to claim 4, wherein
the transmitting unit transmits, when one or a plurality of one
communication lines that have completed transmission of the transmission
data are present and the other communication line that has not completed 20
transmission of the transmission data is present, data  transmitted to the
other communication line to a fastest communication line among the one
communication lines as well.  a. transmittobnj apparatuscluding a
transmitti transmits transmission. data that should be transmit ted. to a.
receiving apparatus as its communication partner; 9 a receiving apparatus
ina. receiving unit U  24  receives data transmitted from the transmitting
apparatus wherein       the transmitting unit monitors changes in
transmission rates of the communication lines, calculates, for each of 5
the communication lines, based on a transmission time of first data
completed to be transmitted in the past and a deviation that is a rate
difference between a first effective transmission rate during transmission
of the first data and a second effective transmission rate during 10
transmission of second data completed to be transmitted immediately before
the transmission of the first data, new transmission rates taking into
account a rate of change that is information concerning a change with time
of an effective transmission rate with respect to a rated 15 transmission
rate, and determines, based on the calculated new transmission rates,
allocation amounts to the communication lines of data that should be
transmitted this time. 20 8.The communication system according to claim 7,
wherein 



the transmitting unit transmits, when a one communication line that has
completed transmission of the transmission data is present and one or a
plurality of the other communication lines that have not completed
transmission of 25the trnnc:rnion date 2rp nrnqPnt: (idtdd trttriomttod to
. tmilmt.catdch    the Lthwernieeiefi Ciae pr  25 communication line that
has not completed transmission of the transmission data is present, data
transmitted to the other communication line to a fastest communication line
among the one communication lines as well. 5  10. A communication method
carried out in a transmitting apparatus that applies a multi-link system
employing a logical plurality of communication lines, the transmitting
apparatus including a transmitting unit that transmits 10 transmission data
that should be transmitted to a receiving apparatus of a communication
partner, the communication method comprising:       a step of the
transmitting unit monitoring changes in transmission rates of the
communication lines and 15 calculating, for each of the communication
lines, based on a transmission time of first data completed to be
transmitted in the past and a deviation that is a rate difference between a
first effective transmission rate during transmission of the first data and
a second 20 effective transmission rate during transmission of second data
completed to be transmitted immediately before the transmission of the
first data, new transmission rates taking into account a rate of change
that is information concerning a change with time of an effective
transmission. wifh r2c\";:lnr1 



a step-transmmtta 6116101::?5.1. to the comirmn1on lines of data that
should be transmitted this time  11. The communacz tion. method according
to claim 10,  26 communication line that has completed transmission of the
transmission data is present and one or a plurality of the other
communication lines that have not completed transmission of the
transmission data are present, data 5 transmitted to a slowest
communication line among the other communication lines to the one
communication line as well. 12. The communication method according to claim
10, wherein the transmitting unit transmits, when one or a 10 plurality of
communication lines that have completed transmission of the transmission
data are present and the other communication line that has not completed
transmission of the transmission data is present, data transmitted to the
other communication line to a fastest 15 communication line among the one
communication lines as well. 


