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(57) ABSTRACT 

In an object request broker (ORB) for processing requests or 
responses among distributed objects, a method and an appa 
ratus for realizing a high processing Speed of a process to 
convert from data (communication data) which is used in 
communication among the ORBS and is not Specific to 
particular computers into a data format (program data) 
which is specific to a program language. A correspondence 
between the communication data which was transmitted and 
received by the ORB and the conversion into the program 
data corresponding thereto is Stored in a cache which can be 
called at a high Speed. When a receiving process of the same 
communication data cached at the Second and Subsequent 
times or a transmitting process of the program data occurs, 
the cached conversion result is used. 
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FIG. 6 
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APPARATUS AND METHOD FOR USE IN 
DISTRIBUTED COMPUTING ENVIRONMENT 
FOR CONVERTING DATA FORMAT BETWEEN 
PROGRAM LANGUAGE-SPECIFIC FORMAT 
USED IN RESPECTIVE COMPUTERS AND 

STREAM FORMAT USED FOR COMMUNICATION 
AMONG COMPUTERS 

BACKGROUND OF THE INVENTION 

0001. The invention relates to method and apparatus for 
converting a computer-dependent data format (that is, com 
puter-specific data format) when data is communicated 
among a plurality of computers. More particularly, the 
invention relates to a method of converting a program 
language-dependent data format (that is, program language 
Specific data format) which is used for communication 
among distributed objects on a plurality of computers for 
performing a distributed computing and is used in each 
computer into a stream data format which is used for 
communication among the computers. The invention also 
relates to method and apparatus for converting a stream data 
format which is used in communication among the comput 
erS into a program language-specific data format which is 
used in each computer. 
0002 Generally, when calling from a certain program to 
another program, a transmission and a reception of data are 
performed on the same computer by using an interface 
which depends on a Specific operating System and a specific 
program language. On the other hand, in a distributed 
computing environment, a plurality of programs (distributed 
objects) can exist over a plurality of computers and can 
transmit and receive data. A distributed object which 
requests a process is called a client object. A distributed 
object which processes the request from the client object is 
called a Server object. A function for accepting the request 
from the client object, retrieving a proper Server object to 
process the request, communicating with the computer in 
which the Server object exists, and calling the Server object 
is called an object request broker (ORB). In the case where 
the client object and the Server object communicate among 
a plurality of computers, the ORB performs a data exchange 
by using data of a neutral Stream format which is not specific 
to the architecture of a particular computer, a particular 
operating System, and a particular program language. There 
fore, in order to incorporate an ORB, it is necessary to 
provide a process (marshalling) for converting from a format 
which is specific to the architecture of particular computer, 
particular operating System, and particular program lan 
guage into a neutral data Stream and a reverse proceSS 
(unmarshalling). 

SUMMARY OF THE INVENTION 

0.003 Generally, the server object residentially or persis 
tently exists on a certain computer and processes requests 
from many and unspecified client objects a plural number of 
times. Each time the request from the client object comes, 
the unmarshalling proceSS occurs. Each time a reply to the 
request is returned, the marshalling process occurs. 
0004. An example of the unmarshalling process and 
marshalling process will be described with reference to FIG. 
7. 

0005. In FIG. 7, in the unmarshalling process, stream 
data is divided from an identifier 10 describing a marshalling 
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method written in the head of stream data 8 and an IDL 
(Interface Definition Language) 12 describing a structure of 
the Stream data and is converted into the data which is 
Specific to a particular program language while discriminat 
ing attributes of each of the divided data elements from the 
IDL. The IDL 12 includes, for example, information indi 
cating Such that the first data of the Stream data is an integer 
type and the next data is a character type. In the marshalling 
process, first, a marshalling method is determined from the 
architecture of the computer which executes the marshalling 
process and the version of the ORB and the identifier 10 of 
the marshalling method is Stored in the header of the Stream. 
Subsequently, the attributes of the data are discriminated 
with respect to each of the program language-Specific data 
and the program language-Specific data is converted into the 
Stream data. In those processes, it is necessary to understand 
the meaning of each of the inputted data in order to convert 
each inputted data. In the case where data of a complicated 
format Such as data of a user definition type or the like is 
eXchanged between the client and the Server, a load of 
computing resources (CPU, main memory or other 
resources) which are required for the marshalling and 
unmarshalling is large. 

0006. It is an object of the invention to provide high 
Speed marshalling and unmarshalling processing methods 
and apparatus in the case where a transmission and a 
reception of data between a client and a Server occur a plural 
number of times. 

0007 To accomplish the above object, according to one 
aspect of the invention, there is provided an apparatus for 
converting a data format which is Specific to a particular 
program language on a particular computer into Stream data 
which is not specific to, i.e., is common to particular 
computers, comprising: a caching part or component for 
Storing a correspondence between a program language 
Specific data format and Stream data; a marshalling part or 
component for retrieving whether all or a part of the data of 
the program language-specific format has been Stored in the 
cache or not, for performing a conversion by using the data 
on the cache when the data exists on the cache, and for 
converting the data of the program language-specific format 
into the Stream data without using the cache when the data 
does not exist on the cache; and a cache registering part or 
component for registering a result into the cache at the time 
of the conversion from the data of the program language 
Specific format into the Stream data or the conversion from 
the Stream data into the data of the program language 
Specific format. 

0008. In such a construction, when the data is transmit 
ted, the marshalling part retrieves or discriminates whether 
the received data exists on the cache or not, converts the data 
at a high Speed by referring to the cache when the data exists, 
and converts the data at a low Speed by the foregoing method 
or another known method without using the cache when the 
data does not exist. When the data is converted by the 
method which does not use the cache, the conversion result 
is registered into the cache by using the cache registering 
part. 

0009. According to another aspect of the invention, there 
is provided an apparatus for converting Stream data which is 
not specific to or is common to particular computers into the 
data of a format which is Specific to a particular program 
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language on a particular computer, comprising: a caching 
part or component for Storing a correspondence between 
Stream data and data of a program language-specific format; 
an unmarshalling part or component for discriminating 
whether all or a part of the Stream data has been Stored in the 
cache or not, for performing a conversion by using the data 
on the cache when the Stream data exists on the cache, and 
for converting the Stream data into the data of the program 
language-specific format without using the cache when the 
data does not exist on the cache; and a cache registering part 
or component for registering a result into the cache at the 
time of the conversion from the Stream data into the data of 
the program language-Specific format or the conversion 
from the data of the program language-Specific format into 
the Stream data. In Such a construction, when the data is 
received, the unmarshalling part discriminates whether the 
received data exists on the cache or not, converts the data at 
a high Speed by using the cache when the data exists, and 
converts the data at a low speed by the foregoing method or 
another known method without using the cache when the 
data does not exist on the cache. When the data is converted 
without using the cache, the conversion result is registered 
into the cache by using the cache registering part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.010 FIG. 1 is a diagram showing a constructional 
example of a distributed computing environment to which 
the invention is applied; 
0011 FIG. 2 is a diagram showing an ORB (object 
request broker) according to an embodiment of the inven 
tion; 
0012 FIG. 3 is a diagram showing a flow of data at the 
time of marshalling and a structure of a cache in the 
embodiment of FIG. 2; 
0013 FIG. 4 is a flowchart showing a flow of processes 
at the time of marshalling in the embodiment of FIG. 2; 
0.014 FIG. 5 is a diagram showing a flow of data at the 
time of unmarshalling and a structure of a cache in the 
embodiment of FIG. 2; 
0.015 FIG. 6 is a flowchart showing a flow of processes 
at the time of unmarshalling in the embodiment of FIG. 2; 
and 

0016 FIG. 7 is a diagram that is useful for explaining an 
example of a marshalling proceSS which does not use a cache 
and an unmarshalling process. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0017. An embodiment of the invention will now be 
described hereinbelow with reference to the drawings. Simi 
lar component elements in the diagrams are designated by 
the same reference numerals. 

0.018 FIG. 1 is a diagram showing a construction of a 
distributed computing environment according to an embodi 
ment of the invention. 

0019. In the diagram, a client program 602 on a small 
computer 1 requests a processing work to a Server program 
601 on a large computer 2 existing at a remote place and 
having a plenty of computing resources via a network 3. By 
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receiving this request, the Server program 601 processes the 
processing job or task and returns a result of the processing 
to the client program 602. FIG. 2 is a diagram showing a 
flow of data in Such a construction. 

0020. In FIG. 2, a client program 111 has therein: pro 
gram data 113 and 122 which is specific to a computer and 
a described program language, an ORB 141 which is used by 
the client program; and the like. A Server program 112 has 
therein: program data 117 and 118 which is specific to the 
computer and the described program language; an ORB 142 
which is used by the Server program; and the like. 
0021 How to exchange the data between the client 
program 111 and server program 112 in FIG. 2 will now be 
described with respect to a flow of data. In the client 
program 111, to transmit the program data 113 of a data 
format Specific to the computer on which the client program 
operates and the described program to the Server program 
112, a marshalling part 114 of the ORB 141 converts from 
the program data 113 to request communication data 115 
which is not specific to particular computers or program 
languages. In this instance, if all or a part of the program data 
113 exists in a cache 131 of the client program by referring 
to the cache 131, the data is converted into the request 
communication data 115 by using the cache data. After 
completion of the conversion, the data 115 is transmitted to 
the Server program 112. 
0022. In the server program 112, an unmarshalling part 
116 of the ORB 142 converts the received request commu 
nication data 115 into the program data 117 of a format 
which is Specific to the computer on which the Server 
program operates or to the described program language. In 
this instance, if all or a part of the request communication 
data 115 exists in a cache 132 of the server program by 
referring to the cache 132, the data is converted into the 
program data 117 by using the cache data. 
0023. After the server program processed the request 
from the client, to return the program data 118 as a proceSS 
ing result to the client program, the data is converted into 
response communication data 120 by a marshalling part 119 
of the ORB 142. At this time, if all or a part of the program 
data 118 exists in the cache 132 of the server program with 
reference to the cache 132, the data is converted into the 
response communication data 120 by using the cache data. 
The response communication data 120 is transmitted to the 
client program. 
0024. In the client program 111, the received data is 
converted into the program data 122 of the client program 
language-specific format by an unmarshalling part 121 of 
the ORB 141. At this time, if all or a part of the response 
communication data 120 exists in a cache 131 of the client 
program with reference to the cache 131, the data is con 
verted into the program data 122 by using the cache data. In 
this manner, the data transmission and reception can be 
performed between the distributed client and server pro 
grams at a high Speed. 
0025. An embodiment of processes in the marshalling 
part 114 and 119 in FIG. 2 will now be described with 
reference to FIG. 3. Although the marshalling part 114 in 
FIG. 2 is used as an example in the description, a similar 
embodiment is also possible in the marshalling part 119. 
0026 FIG. 3 is a diagram showing a structure of the 
cache at the time of marshalling and a flow of data of the 
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marshalling process. First, the Structure of the cache will be 
explained. A pair of contents of the program data and 
contents of the communication data corresponding thereto 
have been Stored in the cache every type of program data (in 
the example of FIG. 3, a pair of a program data cache 211 
and a communication data cache 212 for an “aTable' struct). 
When the program data is based on the user definition type, 
every element (user definition type or basic type) of the user 
definition type data, an offset from the header of the com 
munication data corresponding thereto is Stored in the cache. 
In the example of FIG. 3, a system having the cache 
corresponding to every user definition type and basic type is 
shown. Although the case where the correspondence of the 
pair of communication data and program data is Stored on 
the cache is shown in the diagram, a correspondence of a 
plurality of pairs of communication data and program data 
can be also provided on the cache. The “basic type' indicates 
data Such as numeral, a single character, a character String, 
or the like. The “user definition type' indicates a set of basic 
type data and other user definition type data, which is 
generally complicated data. For example, a plurality of 
attributes of a particular employee Such as name, age and 
employee identification number, can be represented by 
Single user definition type data. 

0.027 A flow of data of the marshalling process and a 
flow of control will now be described with reference to 
FIGS. 3 and 4. In the marshalling part, first, the program 
data 113 to be transmitted and the program data 211 on the 
cache corresponding to its type are compared (S311) and 
whether their contents are matched with each other or not is 
discriminated (S312). Even in the case where the data to be 
checked is the user definition type Such as Struct, union, or 
the like, it is not decomposed to respective elemental types 
constituting the user definition type, but the user definition 
type is compared, as is, on the memory. If it is determined 
that the contents match as a comparison result, the next data 
is checked. When there is a difference or unmatch between 
the contents, the communication data 212 on the cache 
corresponding to the program data which was identical or 
matched until the difference is detected is copied into the 
request communication data 115 (S313). Whether the pro 
gram data with the difference or unmatch is the basic type or 
the user definition type is discriminated (S314). In case of 
the basic type, Since it does not take a long time for the 
converting process, a process to convert the program data 
into the communication data is performed (S315). In case of 
the user definition type, the data is long in many cases and 
there is a possibility that the user definition type data has 
been registered in another cache. Therefore, the marshalling 
process is recursively called (S316). (In the example of FIG. 
3, the marshalling process is recursively called by using the 
struct “aStr' in which the output program data 113 does not 
coincide or match as an argument.) A conversion result in 
step S315 or S316 is registered into the cache (S317). The 
processes in steps S311 to S317 are executed to all of the 
data. When there is no data to be processed (S310), the 
communication data remaining on the cache at this time 
point is copied (S318). 

0028. An embodiment of the processes in the unmarshal 
ling parts 116 and 121 in FIG. 2 will now be described. 
Although the unmarshalling part 116 in FIG. 2 will be 
explained as an example, a similar embodiment is also 
possible even in the unmarshalling part 121. 
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0029 FIG. 5 is a diagram showing a structure of the 
cache at the time of unmarshalling and a flow of data in the 
unmarshalling process. First, the Structure of the cache will 
be explained. A pair of contents of the program data and 
contents of the communication data corresponding thereto 
have been Stored in the cache every type of program data (in 
the example of FIG. 5, a pair of a communication data cache 
411 for an “aTable” struct and a program data cache 412). 
When the program data is the user definition type, every 
element (user definition type or basic type) of the program 
data of the user definition type, an offset from the header of 
the communication data corresponding thereto is Stored in 
the cache. By using this correlation, to which element in the 
program data an arbitrary offset of the communication data 
corresponds will be understood. In the example of FIG. 5, 
a System having the cache every user definition type and 
basic type is shown. Although the case where the correspon 
dence of the pair of communication data and program data 
has been Stored on the cache every type is shown in the 
diagram, a correspondence of a plurality of pairs of com 
munication data and program data can be also provided on 
the cache. 

0030) A flow of data in the unmarshalling process and a 
flow of control will now be described with reference to 
FIGS. 5 and 6. In the unmarshalling part, the received 
request communication data 115 and the communication 
data 411 on the cache are compared on an octet unit basis as 
a unit of the communication data (S511). Whether they have 
the same value or not is discriminated (S512). Thus, if they 
have the same value, the next octet is checked. If they do not 
have the same value and there is a difference or unmatch, the 
program data 412 on the cache corresponding to the com 
munication data which was identical or showed match until 
the difference or unmatch is detected is copied into the 
output program data 117 (S513). Whether the program data 
having the difference or unmatch is the basic type or user 
definition type is discriminated by looking at the program 
data or IDL 12 (S514). In case of the basic type, since it does 
not take a long time for the converting process, a process to 
convert the communication data into the program data is 
performed (S515). In case of the user definition type, the 
data is long in many cases and there is a possibility that the 
data of the user definition type has been registered in another 
cache (not shown). Therefore, the unmarshalling process is 
recursively called (S516). A conversion result in step S515 
or S516 is registered into the cache (S517). The processes in 
steps S511 to S517 are executed to all of the octets of the 
communication data. When there is no data to be processed 
(S510), the program data remaining on the cache at this time 
point is copied (S518). 
0031 Generally, the server object residentially or persis 
tently exists on a certain computer and processes similar 
requests from many and unspecified client objects a plural 
number of times. Hitherto, to independently execute the 
marshalling and unmarshalling processes in response to 
those Similar processing requests of a plural number of 
times, in the case where a complicated data format is 
eXchanged between the client and the Server, a load of 
computing resources (CPU, main memory) which are 
required for the marshalling and unmarshalling is large. In 
the embodiment, the converting proceSS which was once 
performed is Stored into the cache and it is used from the 
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next time, So that the computing resources which are 
required for the marshalling and unmarshalling can be 
reduced. 

0032) The procedures shown in FIGS. 4 and 6 and other 
procedures described herein can be stored into an ROM or 
a disk in each of the Small computer 1 and large computer 
2 or into another memory means. 

What is claimed is: 
1. An apparatus for converting data of a first data format 

used on a particular computer into data of a Second data 
format which is common to a plurality of computers in a 
distributed computing environment, comprising: 

a caching part for Storing a correspondence between data 
of the first data format and corresponding data of the 
Second data format; 

a marshalling part for discriminating whether at least a 
part of the data of the first data format to be converted 
has been Stored in Said caching part or not, for con 
Verting Said data of the first data format to be converted 
into the data of the Second format by using the data on 
Said caching part when Said data exists, and for con 
Verting Said data to be converted into the data of the 
Second data format without using Said caching part 
when said data does not exist; and 

a cache registering part for registering Said converted data 
into Said caching part. 

2. An apparatus for converting data of a Second data 
format which is common to a plurality of computers into 
data of a Second data format used on a particular computer 
in a distributed computing environment, comprising: 

a caching part for Storing a correspondence between the 
data of the second data format and the data of the first 
data format; 

an unmarshalling part for discriminating whether at least 
a part of the data of the Second data format to be 
converted has been Stored in Said caching part or not, 
for converting Said data of the Second data format to be 
converted into the data of the first data format by using 
the data on Said caching part when Said data exists, and 
for converting Said data of the Second data format to be 
converted into the data of the first data format without 
using Said caching part when Said data does not exist; 
and 

a cache registering part for registering Said converted data 
of the first data format into Said caching part. 

3. A method of converting client program data of a client 
program into request communication data common to a 
plurality of program languages or computers in order to 
request a processing task from Said client program to a 
Server program on a Server in a distributed computing 
environment, comprising the Steps of: 

discriminating whether at least a part of Said client 
program data exists on a cache of Said client program 
or not by referring to Said cache; 

converting Said client program data into Said request 
communication data by using the program data existing 
on Said cache when said data exists and converting Said 
data based on attributes of Said client program data 
when said data does not exist; 
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Storing the request communication data into Said cache as 
a conversion result when Said data does not exist; and 

transmitting Said converted requesting communication 
data to Said Server program. 

4. A method of converting request communication data 
which is transmitted from a client and is common to a 
plurality of program languages or computers into program 
data of a program language describing a server program 
which operates on a Server in a distributed computing 
environment and processing a processing task requested by 
the client, comprising the Steps of: 

receiving Said request communication data by an unmar 
shalling part in Said Server, 

discriminating whether at least a part of Said request 
communication data exists in a cache of Said Server 
program or not by referring to Said cache; 

converting Said received requesting communication data 
into the program data of the program language describ 
ing Said Server program by using the request commu 
nication data existing in Said cache when Said data 
exists in Said cache and converting Said data based on 
attributes of Said received requesting communication 
data when Said data does not exist; 

Storing the program data into Said cache as a conversion 
result when Said data does not exist; and 

processing the processing task requested by Said client on 
the basis of Said converted program data. 

5. A method according to claim 4, wherein Said step of 
processing the processing task requested by Said client on 
the basis of Said converted program data further comprising 
the Steps of: 

processing the processing task requested by Said client on 
the basis of Said converted program data and forming 
the resultant program data; 

discriminating whether at least a part of Said resultant 
program data exists in Said cache or not by referring to 
the cache in Said Server program; 

converting Said resultant program data by using the pro 
gram data on Said cache into response communication 
data which is common to the plurality of computers or 
program language when said data exists, while con 
Verting Said data by determining attributes of Said 
resultant program data when Said data does not exist; 

Storing the response communication data into Said cache 
as a conversion result when Said data does not exist; 
and 

transmitting Said converted response communication data 
to Said client program. 

6. A method whereby a client program receives and 
processes response communication data which is transmit 
ted from a Server and is common to a plurality of computers 
or program languages in a distributed computing environ 
ment, comprising the Steps of 

receiving Said response communication data by Said client 
program, 

discriminating whether at least a part of Said response 
communication data exists on a cache of Said client 
program or not by referring to Said cache; 
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converting Said received response communication data 
into client program data by using the communication 
data on Said cache when Said data exists and converting 
Said data by discriminating attributes of Said received 
response communication data when said data does not 
exist; and 

Storing the client program data into Said cache as a 
conversion result when Said data does not exist. 

7. A computer Software product including a computer 
readable medium having a computer readable program 
embodied in the medium for making program data to be 
transmitted Subject to a marshalling process to generate 
request communication data, Said medium having Stored 
thereon: 

a program code portion for comparing Said program data 
to be transmitted with Said program data on a cache, 
Said cache Storing a pair of contents of Said program 
data and contents of the communication data corre 
sponding thereto for every type of the program data; 

a program code portion for, when the contents of Said 
program data to be transmitted and the contents of the 
program data on Said cache are matched, comparing 
Subsequent data to be transmitted with Said program 
data on Said cache until a difference is detected; 

a program code portion for copying the communication 
data on Said cache corresponding to the program data 
which is matched until said difference is detected into 
requesting communication data, 

a program code portion for, when a difference is detected 
between contents of certain program data and contents 
of the program data on the cache, forming correspond 
ing communication data from the program data in 
which Said difference is detected in accordance with a 
type of the program data in which said difference is 
detected; 

a program code portion for Storing a correspondence 
between the program code in which Said difference is 
detected and Said formed communication data onto Said 
cache; and 

a program code portion for, when there is no transmission 
program data to be compared, copying the data remain 
ing on Said cache into Said request communication data. 

8. A product according to claim 7, wherein Said program 
code portion for forming the corresponding communication 
data from Said program data in which the difference is 
detected further has: 

a program code portion for discriminating whether the 
type of Said program data in which the difference is 
detected is a basic type or a user definition type; and 

a program code portion for, when the type of Said program 
data in which the difference is detected is said basic 
type, recognizing an architecture or an identifier of Said 
program data in which the difference is detected and 
converting into the communication data. 

9. A product according to claim 7, wherein Said program 
code portion for forming the corresponding communication 
data from Said program data in which the difference is 
detected further has: 
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a program code portion for discriminating whether the 
type of Said program data in which the difference is 
detected is a basic type or a user definition type, and 

a program code portion for, when the type of Said program 
data in which the difference is detected is said user 
definition type, recursively calling Said marshalling 
process by using Said program data in which the 
difference is detected as a parameter. 

10. A computer Software product including a computer 
readable medium having a computer readable program 
embodied in Said medium for making received request 
communication data Subject to an unmarshalling process to 
generate output program data, Said medium having Stored 
thereon: 

a program code portion for comparing Said received 
request communication data with Said communication 
data on a cache in units of a predetermined communi 
cation data length, Said cache Storing a pair of contents 
of Said program data and contents of the communica 
tion data corresponding thereto for every type of the 
program data; 

a program code portion for, when the contents of Said 
received request communication data and the contents 
of the communication data on Said cache are identical, 
comparing Subsequent received request communica 
tion data with Said communication data on Said cache 
until a difference is detected; 

a program code portion for copying the communication 
data on Said cache corresponding to the received 
request communication data which is matched until 
Said difference is detected into Said output program 
data; 

a program code portion for, when a difference is detected 
between contents of certain received request commu 
nication data and contents of the communication data 
on the cache, forming corresponding program data 
from Said received request communication data in 
which Said difference is detected in accordance with a 
type of Said received request communication data; 

a program code portion for Storing a correspondence 
between Said received request communication data in 
which said difference is detected and said formed 
program data onto Said cache; and 

a program code portion for, when there is no received 
request communication data to be compared, copying 
the data remaining on Said cache into Said output 
program data. 

11. A product according to claim 10, wherein Said pro 
gram code portion for forming the corresponding output 
program data in accordance with the type of Said received 
request communication data in which the difference is 
detected further has: 

a program code portion for discriminating whether the 
type of Said received request communication data in 
which the difference is detected is a basic type or a user 
definition type, and 

a program code portion for, when the type of Said received 
request communication data in which the difference is 
detected is said basic type, converting Said data into the 
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output program data by discriminating attributes of Said 
received request communication data in which the 
difference was detected. 

12. A product according to claim 10, wherein Said pro 
gram code portion for forming the corresponding output 
program data in accordance with the type of Said received 
request communication data in which the difference is 
detected further has: 

a program code portion for discriminating whether the 
type of Said received request communication data in 
which the difference is detected is a basic type or a user 
definition type, and 

a program code portion for, when the type of Said received 
request communication data in which the difference is 
detected is said user definition type, recursively calling 
Said unmarshalling process to Said received requesting 
communication data in which the difference is detected. 

13. An apparatus according to claim 1, wherein Said first 
data format is a data format Specific to a particular program 
language and Said Second data format is a stream data 
format. 
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14. An apparatus according to claim 2, wherein Said first 
data format is a data format Specific to a particular program 
language and Said Second data format is a stream data 
format. 

15. A method according to claim 3, wherein Said client 
program data is Specific to a particular program language 
describing Said client program and Said common commu 
nication data is Stream data. 

16. A method according to claim 4, wherein Said program 
data of a program lanugage describing a server program is 
Specific to a particular program language describing a server 
program. 

17. A method according to claim 3, wherein said method 
is Stored on a computer-readable medium as a computer 
readable program. 

18. A method according to claim 4, wherein Said method 
is Stored on a computer-readable medium as a computer 
readable program. 
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