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Abstract – In this paper, the author proposed a data 
collaborative work flow model with the support of web services.  
Nowadays, many E-Commerce businesses are relying on the 
data transmitted between businesses or their customers.  In 
order to get the best value of data, the way of processing data is 
critical.  So the author proposed a data collaborative work flow 
model with six stages (data fetching/transfer between 
businesses, data store, data refining, data analysis, data 
presentation, and data fade).  The author believes the accuracy 
of data relies upon how the data is processed at the each stage 
in this model.  In order to make this model more practical and 
understandable, it would be discussed with relevant case 
studies.  While processing data, sharing data and applications 
between businesses is common.  However, this raises some 
technical concerns in data transmission, data security, and 
network limitation.  Among these issues, system 
interoperability are becoming more important since data and 
application integration is not an easy task due to differences in 
programming languages, system platforms, Database 
Management Systems (DBMS) used within different systems.  
To-date, a new distributed middleware technology ‘Web 
Service’ paradigm standardises the programmatic interfaces 
for application-to-application communication.  To fully take 
advantage of this technology, this paper proposed the use of 
‘Web Services’ to address the issue of interoperability.  
Therefore, another aim of this paper is to enable those 
businesses deploying Web Service to enhance their data 
processing with higher flexibility and efficiency. 
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I.     INTRODUCTION 

Long time ago, most of businesses treated data 
processing as a basic routine.  But most of data are 
characteristically heterogeneous, dynamic, and time oriented 
and is contextually rich and complex.  These features, 
together with needs to meet various business requirements, 
make the information management very expensive.  It was 
estimated that the cost of data processing had comprised a 
high percentage of total business running cost.  With the 
development of IT, E-Commerce businesses or applications 
is rapidly booming up.  These businesses become more 
relying on the data processing and data exchanging between 
businesses and/or customers.  Particularly for electronic 

commerce, data processing and data exchanging 
undoubtedly would account for a big daily work load.  
Accordingly, the success of electronic commerce depends 
on how well the data is processed.  In order to more 
efficiently process the data, the author proposed a data 
collaborative work flow model.  The proposed model 
comprises of six stages that are data capture/transfer 
between businesses and customers, data store/distribution, 
data refining, data analysis, data presentation, and data 
shrinking.  In the main body of this paper, the author would 
explain how the proposed model works to make the data 
deliver its optimistic value. 

Many businesses have intended to integrate their 
systems’ functions and data.  This intention raised some 
concerns, such as, data security, data transmission, network 
limitation and so on.  Among these issues, the issue of 
system interoperability is becoming a major barrier for the 
integration of functions and data of different systems.  In 
practice, systems were developed using different languages 
(e.g. Java, Visual Basic, C++, etc.), different system 
platforms (e.g. Microsoft Windows operating systems, 
Linux operating system, etc.) and DBMSs (e.g. Microsoft 
SQL server, Oracle, Microsoft Access, etc.).  These 
differences between systems are major barriers for the 
system interoperability.  If a system is poor in its 
interoperability, any increasing functions or little changes 
could stop it working properly. 

A new distributed middleware technology, Web Services, 
plays a key role in this proposed model.  Based on open 
standards, the Web services technology allows any piece of 
software to communicate with each other in a standardised 
XML messaging system.  Web services that use SOAP 
support a wider variety of data types.  The data types 
supported by SOAP include most basic data types, as well as 
Dataset, DateTime, XMLNode and several others.  SOAP 
also permits the transmission of arrays of all these types. 
 

II.    DATA COLLABORATIVE MODEL 

Although there are massive data processed daily by 
various businesses, it is not easy for them to get the 
optimistic value from each piece of data.  The author 
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believes how much a business could benefit from those data 
is heavily relying on how the data is processed in different 
time, such as, the time when the data is fetched or 
transferred to others, the time when the data needs to be 
sorted or analysed, etc.  In that case, the author proposed 
‘Data Collaborative Model’ to provide a methodology for 
dealing with the data at different stages.  The proposed 
model concluded six stages for those data dealt in different 
time, illustrated as follows: 

 
Figure 1. Data Collaborative Model 

 
A.    DATA CAPTURE/TRANSFERRING 

Airinmar Ltd receives considerable data every day, such 
as, customers’ orders, customers’ enquiries, customers’ 
comments, orders put to suppliers and communication 
between Airinmar Ltd and suppliers/customers.  Some 
electronic mechanisms are deployed in this company to 
receive and transfer data, such as, FTP, computer-based 
applications, emails, Internet, etc. As discussed above, the 
proposed model is aiming to make the data deliver its 
optimistic value from each stage.  In order to achieve this 
purpose, some data processing mechanisms are applied, 
illustrated in the following figure: 

  
Figure 2. The procedure of data capture/transfer 

At the stage of data capture/transfer, raw data will be 
from various data source like emails, FTP, etc.  Traditionally, 
when businesses get the data from its customers or suppliers, 
they just pass and save them directly into the data storage.  

However, this method is not really appropriate in most of 
current situations, which would result in wasting the data 
storage and inaccuracy processing result for future stages. 
For example, different countries have different formats of 
data time.  If they are not properly validated and converted 
to required formats, the result of data analysis would be 
messed up. So the raw data should be filtered in couples of 
steps in this stage.  Firstly, once the data comes in from 
various sources, a validation mechanism should be applied 
to validate the data.  If the data is found invalid, it would be 
taken to the stage ‘data fade’ to dump it.  Secondly, the data 
would be checked if it has been redundant and repeated 
compared to the existing data.  If so, the data should be 
removed and taken to the stage ‘data fade’.  Finally, a 
mechanism would be used to normalise the data before 
going to next stage since raw data might be received in an 
unreadable format.   

 
Figure 3. The example of normalisation of data 

The above figure represents a good example of data 
normalisation in Airinmar Ltd.   Everyday, Airinmar Ltd 
receives some data from its customers in specific files, such 
as CSV files.  Sometime, these data is arranged in a very 
mess format that is unreadable at all, like up left screenshot.  
For the further processing, the data would be firstly 
formatted in a reasonable order, like the middle screenshot.  
However, it is still not readable for those people who do not 
understand CSV file.  As the result, it would be further 
normalised to be an appropriate format, such as a data table, 
spreadsheet like down right screenshot. 

 
B.     DATA STORE/DISTRIBUTION 

After the stage of data capture/transfer, the data should 
be distributed to the data storage.  This stage in the proposed 
model has a big weight since it could severely affect the 
result of following stages.  Traditionally, the business may 
populate the data straight to the data storage.  Although this 
method is very easy and fast, it could make following stages 
to be more complicated and difficult to handle.  In this stage, 
the data should be re-arranged and categorised in order to 
satisfy any potential requirements for the further data 
processing before distributing them to the data storage.  The 
following figure would illustrate it: 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2008 Vol I
IMECS 2008, 19-21 March, 2008, Hong Kong

ISBN: 978-988-98671-8-8 IMECS 2008



 
Figure 4. The procedure of data store/distribution 

In Airinmar Ltd, after the data is received and processed 
in the first stage, it could be usually categorised into part 
repair orders, part purchase orders, comments from 
customers/suppliers and quotations from suppliers for the 
further processing in the following stages.  Nevertheless, 
some duplicated and dummy data could be sent to Airinmar 
Ltd by mistake sometime.  In this case, they would be 
straight dumped to the stage ‘Data Fade’.  
 

 
Figure 5. The example for the stage of data 

store/distribution 
 

The above figure illustrates an example about how 
Airinmar Ltd to deal with the data in the stage of data 
store/distribution.  In fact, the company provides 
customers/suppliers with an Internet-based application to 
upload their data.  This application applies steps specified at 
the first stage (figure 2) to ensure that all data received from 
customers/suppliers are correct for next stage.  All of 
received data would be temporally kept in a temp container.  
And then, another windows-based application is developed 
for internal staff in Airinmar Ltd to process those data at the 
second stage.  According to second stage’s rules (figure 4), 
this application would firstly take all the data out from the 
temp container, and then filter, categorise and populate them 
into relevant databases for the next stage’s processing. 
 
C.    DATA REFINE/DATA ANALYSIS/DATA 
PRESENTATION 

Stages of data refine, data analysis and data presentation 
are tightly related each other, as the result, the author would 
discuss them together in the following section.  Since last 
stage, most of data should have been correctly stored in 
DBMS.  But in order to meet various requirements of data 
analysis, the data should be reorganised and refined before 

going any further.  In Airinmar Ltd, there are lots of data 
analysis applications for different purposes.  The author 
would take one of data analysis applications as a case to talk 
through following stages.  The selected application is used 
to track increasing (decreasing) costs for each part number 
and repair type, and to take any corrective actions if 
necessary.   Before doing the major analysis, this application 
would refine the data according to different conditions.  The 
procedure of data refine for this application is shown in the 
following figure: 
 

 
Figure 6. An example for the procedure of data refine 

The above figure describes how that application refines 
the data before doing the analysis.  Main criteria of data 
refine for this application is based on customer accounts, 
part numbers, repair types and repair costs.  Airinmar Ltd 
sets unique customer accounts for different customers.  In 
this case, the data would be firstly filtered by different 
customer accounts.  For some reasons, each part may have 
multiple part numbers.  With respect to the requirement for 
this application, only latest one would be applied in the 
application.  Each part has various repair types with 
different repair codes.  Regarding to the requirement, the 
application would categorise them into three general repair 
types (repair, test and overhaul).   Additionally, the value of 
repair cost is usually recorded in various currencies and 
multi-quantity parts.  In order to ensure the accuracy and 
consistency of data analysis, all cost value would be 
calculated into US dollars in a single value.  Finally, the data 
analysis could be executed based on these data.  The 
following figure illustrates a whole procedure from data 
analysis to data presentation. 
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Figure 7. The example for the procedure from data 

analysis to data presentation 

Before going to the stage of data analysis, the application 
still needs to find out if the data passed from the stage of 
data refine is good enough for carrying onto next stage.  For 
instance, in figure 7 the data would be checked if it is within 
a qualified period and it has sufficient number of records for 
the analysis.  If not, the application would roll back to 
previous stage to adjust the criteria for the selection of data.  
But if everything is sorted, the application would start to 
analyse and calculate the data based on specific rules and 
formulas as described in figure 7. Once the analysis and 
calculation is done, the result would be presented to end 
users in different forms like illustrated in the following 
figure: 

 
Figure 8. The example of data presentation 

The result of data analysis could be presented in different 
forms in order to meet different requirements from users.  In 
figure 8, the application presents the result in the line graph, 
the report in word document and the report in the web form. 
 

III.     THE ISSUE AND SOLUTION OF 
INTEROPERABILITY 

 
A.    THE ISSUE OF INTEROPERABILITY 

The interoperability can be defined as “the capability 
with which two or more programs can share and process 
information irrespective of their implementation language 
and platform” [1-3].  The above section explains the 
procedure and data flow of proposed data collaborative work 
flow model.  However, in order to implement different parts 

of the proposed model as a whole body, it is critical to 
integrate functions and data together in relation to the 
proposed model.  In this case, it raises technical concerns 
like data transmission, data security and network limitation. 
Among these issues, interoperability concerns also rises as 
one of the most urgent priorities of enterprise information 
systems.  Most enterprise applications are determined by a 
huge variety of heterogeneous and independent work places, 
most of them equipped with specialised hardware. These 
systems are also used by people with different levels of 
expertises and needs.  Once the interoperability problem is 
solved, the development and maintenance of systems can be 
streamlined with data reuse, code reuse, application reuse 
and choice of an appropriate computing environment using 
object-oriented technology.  The following content would 
explain the interoperability problem from different 
perspectives [1, 3]: 

Database System Interoperability: records are often 
located in different database systems; however, data from 
different database systems cannot be exchanged with each 
other and deployed by applications based on different 
DBMSs.    

Language Interoperability: Usually, since different 
systems are developed by different IT providers, developers 
may make use of different programming language to build 
their applications. This would make the reuse and share of 
applications between different systems very hard because of 
the incompatibility between different programming 
languages.    

System-platform Interoperability: System platform 
interoperability means OS interoperability, but over the last 
few years the Internet browser has emerged as a platform in 
itself [4].  As different systems could be developed based on 
different development platforms, this feature would limit 
those systems only work on some certain system platforms.  

Semantic Interoperability: some interoperability 
problems are caused by semantic differences.  Semantic 
interoperability assumes that the components of the 
distributed application will have different meanings. Usually 
human intelligence is required to solve it, however this 
problem has been beyond the scope of this paper.    
 
B. THE SOLUTION OF INTEROPERABILITY 

The interoperability with applications and data from 
different systems is a challenging task.  Traditionally, 
solutions of interoperability normally involve developing 
middleware applications to communicate the non-
interoperable applications using the messages, of which the 
technology is also named as the distributed middleware 
technology [5].  CORBA and DCOM are two most typical 
distributed middleware technologies.  Nevertheless, CORBA 
or DCOM is very complex, a task requiring special expertise.  
Quite often, the achievement of a good interoperability 
strategy is significantly constrained by many 
implementation restrictions in CORBA or DCOM [5-7].   
Web services have emerged as the next generation of 
integration technology [6, 8, 9].  Based on open standards, 
the Web services technology allows any piece of software to 
communicate with each other in a standardised XML 
messaging systems[5, 6, 10].  It solves and eliminates above 
issues of DCOM/CORBA [6].  As a new type of software 
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service, Web services are modular self-describing, and self-
contained applications that can be published, located, and 
dynamically invoked across the Web.  The Web-services 
technology is built on the foundation of open standards and 
common infrastructure.  The Web-services framework is 
divided into three areas – communication protocols, service 
descriptions, and service discovery, of which each is 
specified by an open standard [2, 11].    

 
Figure 9. A detailed architecture of Web service 

Figure 9 also indicates how web services works [2].  In 
general, web services consist of two major technologies 
(XML – extensible Markup Language and SOAP – Simple 
Object Access Protocol) and two assistant technologies 
(WSDL – Web Services Description Language and UDDI – 
Universal Description, Discovery, and Integration).   

- Firstly, service providers would make use 
of WSDL to describe their web services  
- Following the above step, service 
providers would register and publish their services 
in UDDI 
- Applications or service consumers find 
services via UDDI which would direct service 
consumers to relevant services according to the 
description of web services 
- Regarding to previous step, applications or 
service consumers are able to invoke relevant web 
services using SOAP transmitted via HTTP on the 
Internet. 

Web services encoded in XML, SOAP provides a way to 
communicate between applications developed with different 
programming languages and running on different operating 
systems.  In fact, Web services provide a distributed 
computing technology for integrating applications on the 
Internet using open standards and XML encoding.  The use 
of standard XML protocols makes Web services platform-, 
Language- and vendor-independent, thus an ideal solution 
for use in application integration.  
 
C.     CASE STUDY - AIRINMAR LTD 

The following case study is based on a company name as 
Airinmar Ltd that is founded around 90s last century.  It is 
an independent company specialising in managing the repair 
of aircraft parts for many of the world’s largest and most 
successful airlines.  During past seventeen years, Airinmar 
Ltd developed lots of applications to manage those data 
about different parts of aircrafts.  With the development of 
IT technologies, Airinmar Ltd aims moving to some new 

technologies, such as Microsoft .Net.  Additionally, the 
company also intends to integrate some of applications into 
a whole system for the easy maintenance and expansion. 
However, the biggest obstacle of this objective and intention 
is the interoperability issue because of the following reasons: 
 

- Different DBMSs: Within last seventeen years, 
there are various DBMSs applied in Airinmar Ltd 
to accommodate the data.  There are still some 
seriously old DBMSs in use, such as, FoxPro 
database, Microsoft Access 97.  In some 
departments, some unsuitable technologies are used 
as the data storage like Microsoft Excel that would 
become very unstable in term of performance and 
scalability when the amount of data is increasing.  
FoxPro and Microsoft Access have limitations to 
handle a large number of customers.  In terms of 
robustness, scalability, security, data recovery and 
performance, both of FoxPro and Microsoft Access 
are all very weak.  As the result, the company 
decided to migrate these data into an advance 
DBMS (Microsoft SQL sever) that would 
overcome those weaknesses from those old DBMSs.  
But this also leads to a big challenge for the 
integration of these data from different DBMSs. 

- Different Programming Languages: Lots of existing 
applications in Airinmar Ltd were developed in 
various languages (e.g. VB, Java, JSP, etc.) by 
different developers.  This situation makes the 
integration of different applications more difficult. 

Web service is applied as a major solution for the 
interoperability issue in Airinmar Ltd.  It plays as the role of 
middleware that hides all these differences in system 
platforms, programming languages and database systems to 
users and developers.  Accordingly, from users’ perspective, 
they would be able to get the access to the system regardless 
of their different system platforms.  From developers’ 
perspective, they can invoke or reuse applications built up in 
different technologies with the support of web services. 
   

 
Figure 10. The way of Web service working in Airinmar 

Ltd with the support of Microsoft .Net technologies 

Figure 11 explains how Web Service and Microsoft .Net 
technology are applied in Airinmar Ltd.  The new system in 
the company is built upon Microsoft .Net platform, and Web 
service plays a role of middleware.  Web services can be 
exposed from and consumed by any platform that can format 
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and parse an XML message because using XML for the 
formatting of requests and responses.  This allows XML-
based Web services to bring together disparate pieces of 
functionality – existing or new, internal or external to an 
organisation – into a coherent whole.  Core technologies of 
Web service are XML and SOAP.  Once Web services 
receive requests from applications, web services would 
retrieve data from different DBMSs (e.g. SQL server, 
Microsoft Access, FoxPro, etc.) into datasets according to 
requirements of applications.  All datasets would be written 
in XML messages, in additions, SOAP would act as an 
XML envelop to wrap those XML-based datasets into SOAP 
messages.  And then these SOAP messages would be 
transmitted back to applications via HTTP.  SOAP in Web 
service-based middleware provides a way to communicate 
between applications developed with different programming 
languages and running on different operating systems.   

Additionally, Microsoft .Net platform is another 
important part of solution for the interoperability in 
Airinmar Ltd.  It is language neutral. It is best thought of as 
an open programming platform into which a variety of 
languages can be plugged.  It is achieved by translating all 
different programming languages into a common language 
called Intermediary Language (IL).  Firstly, source code is 
translated into Microsoft Intermediate Language (MSIL). 
This IL code is language-neutral, and is analogous to Java 
bytecode.  The IL code then needs to be interpreted and 
translated into a native executable.  
 

IV.    CONCLUSION AND DISCUSSION 
 

In this paper, the author proposed a data collaborative 
work flow model to enhance the data processing for current 
businesses.  With the growing businesses, the data is 
becoming characteristically highly complex, heterogeneous, 
dynamic, time-oriented and is contextually rich and complex.  
Under this situation, the data processing is becoming more 
difficult and critical.   As the result, the author has an insight 
into this concern.  With the real experience of data 
processing, a conceptual model is proposed.  The author 
systematically divides this model into six stages.  And each 
stage has its own logic and steps for processing the data.  In 
this paper, the author explains this model with some 
practical examples to help various businesses easily 
understand how the data should be processed at different 
stages in order to let each peace of data deliver its optimistic 
value.  But steps and rules for processing the data in each 
stage could keep changing based on different situations. 

In order for this model to process the data from different 
sources and integrate applications built in different 
technologies, the interoperability issue is becoming another 
major concern of this paper.   In fact, the interoperability 
issue also becomes a common concern for most of current 
businesses. For instance, some companies are keen to 
rebuild their systems with new computer technologies 
instead of old technologies.  On the other hand, since most 
of legacy applications have been in use for many years, lots 
of users have been used to them.  So companies could not 
directly get rid of original applications.  In this case, a 

general solution is to let legacy applications and new 
systems run in the meantime for a while until all of data are 
completely migrated from legacy applications to new ones 
and users are fully confident with new systems.  During this 
period, legacy applications and new systems would share 
some data and functions.  However, the interoperability 
between legacy applications and new systems becomes a 
prominent obstacle.  Only if the interoperability issue is 
solved, the integration of data and functions between legacy 
applications and new systems becomes realistic. In this 
paper, the technology ‘Web Service’ is applied as the major 
solution for the interoperability issue.  Web service acts as a 
distributed middleware to allow any piece of software to 
communicate with each other in a standardised XML 
messaging system that significantly facilitate the 
interoperability of the whole model with the support of 
Microsoft .Net technologies.   
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