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ABSTRACT

A cdata communicaticon system. wnich sends or receives
data to or from an application server using the same protocol
via a transmission line as one of a wire communication network.
awireless communication network., and both a wire communication
network and awireless communication network. comprises a table
containing therein a relation among a service identifier of
the application server, & destination address. a communication
network type. and a processing time of the application server:;
and a retransmiss!ion timer setting unit which references the
table to obtain the processing time of the application server
based on the service identifier. destination address. and
communication network type during transmission or reception of

data to or from the application server and sets the time as a

retransmission time.
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DATA COMMUNICATION SYSTEM AND METHOD

FIELD OF THE INVENTION

The present invention relates to a data communication
system that sends and receives data to or from an application
server via a transmission line comprising one type of a wire
communication network, a wireless communication network, and
both a wire communication network and a wireless communication
network. More particularly, the present invention relates to
a data communication system and a data communication method not

affected by transmission line characteristics.

BACKGROUND OF THE INVENTION
Recently, as the Internet technology has become widely
used. the user accesses the Internet from a data communication

terminal in a variety of ways.

Conventionally, the user accesses the Internet, 1n most
cases, viaawire communicationnetwork such as a LAN (Local Area
Network) in which terminals are connected by Ethernet or via a
wire communication network in which telephone lines and modems
are used. Today, in addition to access via those networks, more
and more users access the Internet via both a wireless

communication network, such as PHS (Personal Handy Phone System)
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and PDC (Personal Digital Cellular), and a wire communication

network.

The only requirement for accessing the Internet is that

5 the IP (Internet Protocol) must be used for the communication
protocol hierarchy (layer) that provides data communication
terminals with the terminal-to-terminal data transfer function.

|t is requested to transmit data as effectively as possible on

a transmission protocol hierarchy layer in the communication

10 protocol hierarchy. For increased efficiency, many

transmission protocols are proposed.

A transmission protocol for accessing the Internet in

a wire communication network is optimized for the

15 characteristics of the configuration of a wire network in which
a plurality of LANs are connected via routers. The protocol is
designed for providing the best performance in such a wire network.

On the other hand, a transmissionprotoco! for accessing

the Internet in a wireless communication network is optimized

20 for the characteristics of a wireless network that has a large

data transmission delay and a narrow transmission bandwidth. so

that the protocol is designed for providing the best performance in such

a network.
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Under the conditions described above, a data
communication terminal efficiently accesses the Internet using
the same protocol via one of a wire communication network, a
wireless communication network, and both a wire communication

5 network and a wireless communication network in one of the
following methods:

(1) Install both transmission protocols on a data

communication terminal, which are switched depending upon the

transmission line to be used.

10
(2) Install the transmission protocol optimized for one
type of communication networks, wire or wireless. The effect of
the characteristics of the other communication network is
suppressed.
15 First, the former (1) has a problem that increases the amount

of memory resources of the data communication terminal and increases
the terminal size, which therefore makes the terminal impractical. The
latter (2) has a second problem that significantly decreases the
throughput of the other, non-optimized communication network, and
20 therefore requires a positive unit for suppressing the effect of the

characteristics of the other communication network.

SUMMARY OF THE DISCLOSURE

25 According to the investigations toward the present



CA 02327309 2003-11-12

invention, the following analyses are given to the conventional
art.
In solving the above problems, there are two factors
that are affected by the characteristics of awire communication
5 networkand awireless communicationnetwork. One is the server
processing time (RTT: Round Trip Time) that determines the time
that is set intheretransmissiontimer. Theother is the amount
of free space in the receiving buffer at the destination that
determines the sending buffer size.

10 FIG. 8 is adiagram showing the amount of the free space
in the receiving buffer at the destination. As shown in the
figure, when a data communication terminal sends or receives
data to or froman application server (AP server) using the same
protocol viaa transmission lineover oneof awire communication

15 network, a wireless communication network., and both a wire
communication network and awireless communication network, the
amount of free space in the receiving buffer at the destination
affects the transmission speed of the communication network and
the processing speed of the destination terminal.

20

That is, in cases where the sending data communication
terminal determines the sending buffer size based on the amount
of free space of the receiving buffer of the destination AP
server, the above-described first problem of allocating

95  unnecessary memory resources arises if the communication
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network speed is lower than the processing speed of the
destination terminal.

FIG. 9 is a diagram showing the relation between the
application server processing time and the retransmission time.
As shown in this figure, when the data communication terminal
sends orreceives datatoorfromthe applicationserverusingthe
same protocol via a transmission line in one of a wire
communication network, awirelesscommunication network, and
bothawirecommunicationnetworkand awirelesscommunication
network, the AP server processing time (RTT) is closely
associated with a transmission delay (or none) caused by data
errorsonthecommunication networkandwiththeretransmission
time (timer). Therefore, animproperretransmissiontimervalue,
if set, would result in an incorrect data-loss detection and an
unnecessary retransmission of a packet or in an unnecessary
suppression of packet retransmission, where the term “packet’
refers to a data block composed of user data and a header or
composed of control data and a header, thus generating the
second probiem which decreases throughput significantly. In
other words, when a value thatis setinthe retransmissiontimer
IS too small, data loss is detected mistakenly and a packet or
packets is retransmitted unnecessarily. Conversely, when a
value thatis setintheretransmissiontimeristoolarge, dataloss

cannot be detected evenif generated and so the retransmission

of a packet or packets is delayed.
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Thus there is much to be desired in the art.

In view of the foregoing, it is anobject of the present
invention to provide a data communication system and a data
communication method not affected by the transmission line
characteristics when data is transferred between a data
communication terminal and an AP server using the same protocol
via a transmission line comprising one of a wire communication
network, a wireless communication network, and both a wire

communication network and a wireless communication network.

Tosolve the above problems, adata communication system
which sends or receives data to or from an apptlication server
using the same protocol via a transmission fine comprising one
type of a wire communication network, a wireless communication
network, and both a wire communication network and a wireless
communication network is provided. The data communication
system comprises a first table containing therein a relation
among a service identifier of the application server, a
destination address, a communication network type, and a
processing time of the application server; and a retransmission
timer setting unit which references the first table to find the
processing time of the application server based on the service
identifier, destination address, and communicationnetwork type

during transmission or reception of data to or from the
application server and sets the processing time as a retransmission

time.
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This formulation sets the retransmission timer properly and
this therefore reduces the possibility of the unnecessary
retransmission of packets due to incorrect data-loss detection or the
possibility of unnecessary suppression of transmission at

retransmission time, which significantly increase throughput.

Preferably, the data communication system further
comprises a radio status acquisitionunit which acquires aradio
wave strength of thewireless communication network and an error
rate of data sent to or received from the wireless communication
network from a wireless base station connected via a physical
line; and a second table containing therein a relation among
radio wave strength of thewireless communicationnetwork, error
rate of data sent to or received from the communication network.
the communication network type, and communication network
transmission speeds, wherein the retransmission timer setting
unit references the second table, calculates the
transmission/reception time for each packet size based on the
radio wave strength and the error rate acquired from the radio
status acquisition unit, and sets a sum of the processing time
of the application server and the calculated
transmission/reception time of the packet as a retransmission

timer value.
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This formulation allows a retransmission timer value to
be set according to the transmission line characteristics.
In addition, the present invention provides a data
5 communication system which sends or receives data to or from an
application server using the same protocol via a transmission
line comprising one type of a wire communication network, a
wireless communication network, and both a wire communication
network and a wireless communication network. The data
10 communication system comprises (a) a variable-length sending
buffer in which data to be sent to the application server is
stored; (b) a table containing therein a relation among radio
wave strength of thewireless communicationnetwork, errorrates
of data sent to or received from the communication network,
15 communication network types, communication network
transmission speeds, and sizes of the sending buffer; (c) and
a buffer size controller which references the table to adjust
the size of the sending buffer based on the acaquired radio wave
strength and the error rate.
20
This formulation eliminates the need for allocating
unnecessary memory resources when the transmission speed of the
communication network is lower than the processing speed of the
destination terminal.

25 Preferably, the data communication system further
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comprises a radio status acquisition unit which acquires the
radio wave strength of the wireless communication network and
the error rate of data sent to or received from the wireless
communication network fromawireless base station connected via
a physical line and outputs the acquired information to the

buffer size controller.

This formulation aliows the sending buffer size to be
adjusted according to the transmission line characteristics.
That is, when the radio wave strength is low or the data error

rate is high, the transmission band of the communication network

becomes narrow so the sending buffer may be reduced in

size (or volume).
Preferably, a linking (or relaying) server, which sends

or receives data to, or from, the application server over the wire

communication network, divides a connection with the
application server into two sub-connections and applies a

transmission protoco! to each sub-connection.

This formulation reduces the amount of packets that are
sent to or received from the wireless communication network.
Preferably, the data communication system further
comprises a network interface controller which controls a
transmission of a packet to the wire communication network or

the wireless communication network and sends information on the
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10

type of the communication network, to which the packet has been
transmitted, to the retransmission timer setting unit or the

buffer size controller.

This formulation allows the retransmission timer
settingunit toset aretransmission timer value, and the buffer
size controller to adjust the size (or volume) of the sending

buffer.

Preferably, the data communication system further comprises
a transfer controller which controls the establishment of a connection
with the application server for use in packet transmission and passes
the service identifier and the destination address to the retransmission

timer setting unit.

This formulation allows the retransmission timer
setting unit to set a retransmission timer value.

Preferably, the communicationnetwork type (or species)
contained in the table comprises only thewireless communication
network type.

Because the wireless communication network is easily
affected by the transmission line characteristics, eliminating

this effect makes the table configuration simpler.

In addition, the present invention provides a data

communication system which sends or receives data to or from an
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application server using the same protocol via a transmission
line as one type (species) of a wire communication network, a
wireless communication network, and both a wire communication
network and a wireless communication network. The data
communication system comprises: (a) a first table containing
therein relation among service identifiers of the application
server (s), destination addresses, communication network types,
and processing time of the application server;

(b) a retransmission timer setting wunit which
references the first table to acquire the processing time of the
application server based on the service identifier, destination
address, and communication network type during transmission or
reception of data to or from the application server and sets the
time as a retransmission time;

(c) a variable-length sending buffer in which data to
be sent to the application server is stored;

(d) a second table containing therein therelation among
radio wave strength of thewireless communicationnetwork, error
rates of data sent toor received from the communication network,
the communication network types, and communication network

transmission speeds; and
(e) abuffer sizecontroller whichreferences the second

table to adjust size of the sending buffer based on the acquired

radio wave strength and the error rate.
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This formulation sets the transmission timer properly
and therefore reduces the possibility of unnecessary
retransmission of packets due to an incorrect data-loss
detection or the possibility of unnecessary suppression of
transmission at retransmission time. significantly increasing
the throughput. At the same time, when the transmission speed
of the communication network is lower than the processing speed
of the destination terminal, there is no need for allocating

unnecessary memory resources.

This enables a data system not affected by transmission

line characteristics to be built.

In addition, according to a further aspect of the
present invention, there is provided a data communicationmethod
for sending or receiving data to or from an application server
using the same protocol via a transmission |line comprising one
type of a wire communication network, a wireless communication
network, and both a wire communication network and a wireless
communication network. The data communication method
comprises the steps of: ({a) storing relation among service
identifiers of the application server, destination addresses,
communication network types, and processing time of the

application server in a table; and

(b) referencing the table to set the processing time of

the application server as a retransmission time based on the
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service identifier, destination address, and communication

network type during transmissionor reception of data to or from

the application server.

0 This method sets the transmission timer properly and
therefore reduces the possibility of unnecessary retransmission
of packets due to an incorrect data-loss detection or the
possibility of unnecessary suppression of transmission at
retransmission time, significantly increasing throughput.

10 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing the basic
configuration of a data communication system according to the
present invention that is not affected by transmission line
characteristics.
15 FIG. 2 is a block diagram showing the general
configuration of the data communication terminal 1 in FIG 1.
FIG. 3 is a diagram showing the concept of a connection
between the data communication terminal 1 and a linking server
6 and between the linking server 6 and an AP server §.

2 () FIG. 4 is a diagram showing an example of the table 14

in FIG. 2.

FIG. 5 is a diagram showing an example of the table 17

in FIG. 2.

FIG. 6 is a diagram showing an example of operation in

25 which a retransmission timer is set in the data communication
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systenm.

FIG. 7 is a diagram showing an example of operation in
which information on the type of the communication network, to
which the network interface controller 22 inFI[G. 2 is connected,
is sent to the transfer controller 19 and the buffer size
controller 20 to set the retransmission timer.

FIG. 8 isadiagramshowing the free space of a receiving

buffer at a destination.

FIG. 9 is a diagram showing the relation between an

application server processing time and a retransmission time.

PREFERRED EMBODIMENTS OF THE INVENTIOQON
An embodiment of the present invention will now be
described more in detail with reference to the drawings.

FIG. 1 is ablock diagramof a data communication system

according to the present invention that is not affected by

transmission line characteristics.

As shown in this figure, a data communication terminal
! is provided in the data communication system  The data
communication terminal 1 sends data to or from an application
server (AP server) using the same transmission protocol via one
type (or species) of a wire communication network 7, awireless
communication network 4, and both the wireless communication

network 4 and the wire communication network .
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In this specification, data refers to user data.

An AP server 9 is a terminal that establishes a
connectionwith the data communication terminal 1 and sends back
a response (including data and information) in response to a
request from the data communication terminal 1.

The wireless communication network 4, which uses a PHS,
PDC, and so on. is a communication network that connects a base

station 3 toa linking (or relaying) server 6 or to the AP server

9 via a protocol converter 5.

The base station 3, located inacell (i.e., aunit area
of wireless communication) 2, connects a physical line to the
data communication terminal 1.

The protocol converter 5 converts data communicated
between the wireless communication network 4 and the wire
communication network 7 in accordance with the communication
network.

The wire communication network 7, which uses LANs (Local
Area Network) or the Internet, is a communication network that

connects to the AP server 9 via a network interface unit 8 such

as a router.

The linking server 6 is a terminal that subdivides the
connection between the data communication terminal 1 and the AP

server 9 into two sub-connections: a first sub-connection
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betweenthedatacommunicationterminaliandthelinkingserver
6 and a second sub-connection between the linking server 6 and
the AP server 9. The linking server 6 applies a transmission
protocoltoeachsub-connectiontoreducetheamountofpackets

sent to orreceived by the wireless communication network 4. |t

may alsoactasorsubstituteforthe AP server9.

FIG. 2 is a block diagram showing a general
configurationofthedatacommunicationterminali1showninFkIG.
1. As shown in the figure, the data communication terminal 1
comprises asending module 11 and areceiving module 12 which
establish a connection with the AP server 9 for sending and
receiving packetstoorfromit,an AP 10, anddatatransferunit 13

that is a data transfer path between the sending module

11/receiving module12andthe AP 10.

The sending module 11 comprises a table (table A) 14
which contains information on the relation between a pair of a
service identifier/destination address and a server processing
timerequiredforaserviceindicatedbytheserviceidentifier;
a retransmission timer setting unit 16 which sets a retrans-
missiontimervalue (aperiodoftime betweenthemomenta

packetissentandthemomentthepacketisdetermined aslost



10

19

2(

25

CA 02327309 2004-06-18

17

or failed and is retransmitted) a table (table B) 17 which

contains information on the correlation between the radio
communication network status (radio wave strength between the
data communication terminal and the base station. or error rate
of data sent or received to or from the wireless communica{ion
network) and the sending buffer size; and a radio status
acquisition unit 18 which acaquires the status of the wireless
communication network 4 from the base station 3. There are a
transfer controller 19 which establishes a connection with the
transfer controller of the AP server 9 for transmission of
packets; a buffer size controller 20 which adjusts the size of
a sending buffer 21 based on the status of the wireless
communication network 4 and information in the table 17; a
variable-length sending buffer 21 in which data to be sent to
the AP server 9 is stored; and a network interface controller

22 which sends packets to the wire communication network 7 or

the wireless communication network 4.

The receiving module 12 comprises a transfer controller
23 which receives packets from the transfer controller of the
AP server 9; a receiving buffer 24, and a network interface
controller 25 which receives packets from thewire communication
network 7 or the wireless communication network 4.

ln the above description, the sending module 11 and the

receiving module 12 are separated to simplify the description.
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These two modules may be integrated into one.

FIG. 3 is a diagram showing the concept of a connection

between the data communication terminal 1, linking server 6, and
5 AP server 9.

According to a transmission protocol for implementing
reliable, connection-oriented data reception and transmission
such as TCP (Transmission Control Protocol), access points 27
and 28, each identified by a pair of a service identifier and

10 a sending address, are provided to the AP 10 and AP 26
respectively. A connection 29 is established for each two

(pair) applications (server and/or terminal) which communicate

each other.
15 The AP 10 and the AP 26 send and receive three types of
phase data -——- a request, a response, and an acknowledgment -

- via the connection 29.
The linking server 6, which acts as an end point of the
wireless communication network 4 and the wire communication
20 network 7, divides the connection 29 into two sub-connections:
one is a sub-connection 30 between the data communication
terminal 1 and the linking server 6, and the other is a sub-
connection 31 between the linking server b and the AP server 9.
This division allows a larger amount of processing for a request

25 to be executed in the wire communication network 7 (between the
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linking server 6 and the AP server 9), thus reducing the number

of packets that are sent to or received by the wireless

communication network 4.

FIG. 4 is a diagram showing an example of the table 14
shown in FIG. 2. As shown in FIG 4(a), the table 14 is composed
of items including service identifier, destination address,
communication network type, and server processing time

(RTT (s)) .

The service identifier is avalue identifying a service
to be executed between the data communication terminal 1 and the
AP server 9.

The destination address is a value identifying the

physical address (destination) of the AP server 9.

The communication network type (species) is a value
identifying the communication network to which the data
communication terminal 1 is to be connected.

As shown in FIG. 4(b), the AP server processing time
(RTT(s)) is a period of time between a moment the data
communication terminal 1 starts to send a packet and a moment
a response to the packet is received on the connection 29 or the
sub-connection 30. This connection or a sub-connection is the
one established by the data communication terminal 1 and the AP

server 9 between the access points 27 and 28, each identified
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by apair of the service identifier and the destination address.
The server processing time is to be defined preliminarily for

each service.

) FIG. 5is adiagram showing an example of the table 17

showninFIG.2. Asshowninthe figure, thetable 17 iscomposed
of items including radio wave strength value between the
wireless data communication terminal 1 and wireless the base
station 3. error rate of data sent to or received from the
10 wireless communication network 4, communication network type,
communication network transmission speed. and sending buffer
size.
When the radio wave strength is low or when the data
error rate is high, the buffer size is reduced because the
15 transmission band of the communication network should be narrow

(a smaller amount of data can be transferred per second).

FIG. 6 isadiagram showing an example of operation that
is executed to set the retransmission timer in the data
20 communication system.
As shown in the figure, when the user starts an operation
to send or receive data in step S1, the AP 10 connects a physical
line to the AP server 9 via a network interface controller 22

and via the wire communication network 7 or the wireless

25 communicationnetwork 4. The accesspoint 27 is opened by apair
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of the service identifier and the destination address to start

sending data to the transfer controller 19.

In step 32, when the access point 27 is opened, the
transfer controller 19 passes the pair of the service identifier
and the destination address to the retransmission timer setting
unit 16.

In step S3, when the pair of the service identifier and
the destination address is passed. the retransmission timer
setting unit 16 references the tabie 14 (TABLE A) and sets the

corresponding AP server processing time (RTT) as a

retransmission time.

In step S4, the communication network type is stored in
the buffer. When the communicationnetwork type is thewireless
communication network 4, a radio status acquisition request 1s
sent to the radio status acaquisition unit 18

In step S5, the radio status acquisition unit 18
acquires from the base station 3 a radio wave strength value
between the data communication terminal 1 and the base station
3 and an error rate (status of wireless communication network
4) of data sent to or received from the wireless communication
network 4. These values are acquired at a given time interval

or when the values change. The acaquired values are stored in

the buffer.
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The status of the wireless communication network 4 is
acquired from the base station3, inmost cases, via an AT command
interface. This description is omitted here because it is

b outside the range of the present invention.

In step S6, the transfer controller 19 generates a

connection connect request packet to connect to the AP server

9 if a connection is not vet established with the AP server 9.

10 At a time when data passed from the AP 10 is
transformed into a packet, the packet identification number and
the retransmission timer value are stored in the buffer and a
notification is sent to the buffer size controllier 20.

When no response or acknowledgment to the packet
15 corresponding to the packet identification number is received
from the AP server 9 within the time indicated by the

retransmission timer value, the same packet is sent again.

instep S7, when a packet other than a connection connect
20 request packet is passed fromthe transfer controller 19 and when
data is to be sent via the wireless communication network 4, the
buffer size controller 20 references the table 17 (TABLE B) to
get the sending buffer size corresponding to the pair of the
status of the wireless communication network 4 and the

25 communication network type.



10

19

20

25

CA 02327309 2003-11-12

23

Instep S8, when the sumof thesize of the sending buffer
21 at that time and the size of the packet to be sent is smaller
than the storage size of the sending buffer 21, the packet is

concatenated to the sending buffer 21.

In step SS9, when the packet is concatenated to the

sending buffer 21, the network interface controller 22 reads the
packet and sends data to the AP server 9 over the communication
network.

In\step $10, information on the identification number
and the size of the concatenated packet is sent (notified) to

the retransmission timer setting unit 16.

In step S11, the retransmission timer setting unit 16
calculates the radio transmission time from the following
expression:

Radio transmission time = Notified packet-
size/Communication network transmission speed.

The timer is set to activate the retransmission timer
settingunit 16 after the time calculated by adding the AP server

processing time (RTT) to the radio transmission time.

When the retransmission timer setting unit 106 s
activated by the timer, it calculates the radio reception time

from the following expression:
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Radio reception time = Maximum notified-packet
size/Communication network transmission speed.

The retransmission timer value corresponding to the
packet identification number, which is stored in the buffer, is
updated by the radio reception time.

The communication network transmission speed is the
speed obtained from the table 17 (TABLE B) corresponding to the

pair of the status of the wireless communication network 4 and

the communication network type.

That is, the retransmission timer setting unit 16
calculates the transmission/reception time for each packet size
based on the radio communication network status and the
sending/receiving packet size and sets the sum of the AP server
processing time and the transmission/reception time of each
packet as the retransmission timer value.

This method allows the retransmission timer value to be
set according to the transmission line characteristics.

FIG. 7 is a diagram showing an example of operation iIn
which the information on the type of the communication network
to which the network interface controller 22 in FIG 2 1s
connected, is sent to the transfer controller 19 and the buffer

size controller 20 to set the retransmission timer.

As shown in the figure, when the user starts anoperation




10

15

2{)

25

CA 02327309 2003-11-12

25

to send or receive data in step 323, the AP 10 connects a physical
line to the AP server 9 via the network interface controller 22
and via the wire communication network 7 or the wireless
communication network 4.

In step S22, when the physical line is connected, the
network interface controller 22 passes information on the

communication type to the transfer controller 19 and the buffer

size controller 20.

In step S23, the access point 27 is opened by a pair of
the service identifier and the destination address to start
sending data to the transfer controller 19.

In step S24, when the access point 27 is opened and when
data is to be sent via the wireless communication network 4, the
transfer controller 19 passes the pair of the service identifier

and the destination address to the retransmission timer setting

unit 16.

In step S25, when a connection is not yet established
with the AP server 9, a connection connect request packet is
generated to request a connection with the AP server.

In addition, when data passed from the AP 10 1is
transformed into a packet, the packet identification number and
the retransmission timer value are stored in the buffer and a

notification is sent to the buffer size controller 20.
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When no response or acknowledgment to the packet
corresponding to the packet identification number is received
from the AP server § within the time indicated by the
retransmission timer value, the same packet is sent again.

When data is sent via the wire communication network 7,
the time between a moment the buffer size controller 20 stores
the packet in the sending buffer 21 and a moment the AP server
9 returns a response is measured. The retransmission timer
value is wusually set based on the measured time. The
description of how to set the retransmission timer value is

omitted here.

The entry item "communicationnetwork type” in the table
14 in FIG. 4 and in the table 17 in FIG. 5 is replaced by the
type of the wireless communication network 4 to generate a table
(TABLE A') 44 and a table (TABLE B’) 45. The table 44 and the
table 45 are referenced only when data is sent via the wireless
communication network 4.

Because the wireless communication network is easily
affected by the transmission line characteristics, eliminating

this effect makes the table configuration simpler.

The meritorious effects of the present invention

are summarized as follows.
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As described above, the system and the method
according to the present invention set the transmission timer
properly and therefore reduces the possibility of unnecessary

retransmission of packetsduetoincorrectdata-loss detectionor

the possibility of unnecessary suppression of transmission at

retransmissiontime,whichsignificantiyincreasesthroughput.

In addition. when the transmission speed of a
communication network is lower than the processing speed of the
destination terminal, there is no need for unnecessary memory
resources to be reserved.

It should be noted that other objects, features and
aspects of the present invention will become apparent .in the
entire disclosure and that modifications may be done without
departing the gist and scope of the present invention as
disclosed herein and claimed as appended herewith.

Also it should be noted that any combination of the

disclosed and/or claimed elements, matters and/or items may fall

under the modifications aforementioned.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY ORPRIVILEGEISCLAIMED AREDEFINED AS FOLLOWS.

1. A data communication system which sends or receives
data to or from an application serverusing a same protocol via a
transmission line comprising one type selected from a group
consisting of a wire commuication network, a wireless
communication network, and bothawirecommunication network
andawirelesscommunicationnetwork, saiddatacommunication
system comprising:

a first table containing therein a relation among a
serviceidentifierofthe applicationserver,adestination address,
a communication network type, and processing time of the
application server from a transmission to the application 'server
until reception of aresponse; and

aretransmissiontimersettingunitwhichreferences said
firsttabletoacquirethe processingtimeofthe applicationserver
based on the service identifier, destination address, and
communication network type during transmission orreception of

data to or from said application server and sets the processing

time as aretransmissiontime.

2. The data communication system as defined by claim 1,

further comprising:

a radio status acquisition unit which acquires a radio
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wave strength of the wireless communication network and an
error rate of data sent to or received from the wireless
communication network from a wireless base station connected
viaaphysicalline,; and
asecondtablecontainingthereinarelationamongradio
wave strength ofthe wirelesscomunication network, errorrate of
data sent to or received from the communication network, the
communication network type, and communication network

transmissionspeeds,

wherein said retransmission timer setting unit
references said second table and calculates a
transmission/reception time for each packet size based on the
radio wave strength and the error rate acquired from said radio
status acquistion unit, and sets a sum of the processing time of

theapplicationserverandthecalculated transmission/reception

timeofthepacketasaretransmissiontimervalue.

3. A data communication system which sends orreceives
data to or from an application server using a same protocol via a
transmission line comprising one type selected from the group
consisting of a wire communication network, a w'ireless
communication network, and both awirecommunication network

andawirelesscommunicationnetwork, saiddatacommunication

systemcomprising.:
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avariable-lengthsending bufferinwhichdatatobe sent
totheapplicationserverisstored;

a table containing therein a retfation among radio wave
strength of the wireless communication network, error rates of
data sent to or received from the communication network,
communication networ-k types, communication network
transmission speeds, and sizes of said variable-length sending
buffer; and

a buffer size controller which references said table to

adjustthesizeofsaidvariable-lengthsendingbufterbasedonan

acquiredradiowavestrengthandtheerrorrate.

4 The data communication system as defined by claim 3,
furthercomprising:

aradio status acquisition unit which acquries the radio
wave strength of the wireless communication network and the
error rate of data sent to or received from the wireless

communication network from a wireless base station connected

via a physical line and outputs the acquired wave strength and

errorratetothebuffersizecontroller.

S. Thedatacommunicationsystemasdefinedbyclaim 1 or
claim 3, whereinalinking server, whichsendsorreceives datato

or from the application server over the wire communication

network, dividesaconnectionwiththeapplicationserverintotwo
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sub-connections and applies a transmission protocol to each of

thesub-connections.

6. Thedatacommunicationsystemasdefinedbyclaim 1or
claim 3, further comprising a network interface controller which
controls a tranmission of a packet to the wire communication
network or the wireless communication network and informs a

type of the communication network to the retransmission timer

settingunitorabuffersizecontroller.

7. The data communication system as defined by claim 1,
further comprising a transfer controller which controls
establishmentofa connectionwiththe applicationserverforuse
in packettransmission and passes the service identifier and the

destinationaddresstosaidretransmissiontimersettingunit.

8. Thedatacommunicationsystemasdefinedbyclaim 1 or
claim 3, wherein the communication network type contained in

said table comprises only the wireless communication network

type.

9. A data communication system which sends or receives
data to or from an appliation server using a same protocol via a

transmission line comprising one type selected from the group

consisting of a wire communication network, a wireless
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communication network, and bothawirecommunication network
andawirelesscommunication network, saiddatacommunication
systemcomprising:
afirsttable containing therein arelationamong service
identifiers of the application server, destination addresses,
communication network types, and processing time of the

application server from a transmission to the application server

untilreceptionofaresponse;

aretransmissiontimersettingunitwhichreferencessaid
first table to acquire the processing time of the application
server based on the service identifier, destination address, and
communication networktype duringtransmissionorreception of
data to or from said application server and sets the processing

timeasaretransmissiontime;

avariable-lengthsendingbufferinwhichdatatobe sent
totheapplicationserverisstored;

asecondtablecontainingthereinarelationamongradio
wave strengthofthewirelesscommunicationnetwork, errorrates
of data sentto orreceived from the communication network, the
communication network types, and communication network
transmissionspeeds; and

a buffer size controller which references the second
tabletoadjustasizeofsaidvariable-lengthsendingbufferbased

onanacquiredradiowavestrengthandtheerrorrate.
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10. A data communication method for sending orreceiving
data to or froman application serverusing asame protocol via a
transmission line comprising one type selected from the group
consisting of a wire communication network, a wireless
communication network, and bothawirecommunication network

and awirelesscommunication network, saiddatacommunication

method comprisingthe steps of:

storing relation among service identifiers of the
application server, destination addresses, communication
network types, and processing time from a transmission time to
the application server until reception of a response of the
applicationserverinatable;and

referencing said table to set the processing time of the
application serveras aretransmissiontime based onthe service
identifier, destinationaddress, and communicationnetworktype

during transmission or reception of data to or from said

applicationserver.
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