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ABSTRACT

Data processing and integration on heterogeneous data
sources often require intensive human resources on coding,
but applications developed for this purpose are usually in-
flexible to fulfill dynamic business requirements. To-date,
the Web Service paradigm standardizes the programmatic
interfaces for application-to-application communication. It
has gained a considerable momentum as a means of facili-
tate processing and integrating heterogeneous data sources.
To take full advantage of Web Services, we proposed an ap-
proach in which all operations and data sources are exposed
as Web Services. Based on that approach, a novel declar-
ative scripting language called WSIPL (Web Services Inte-
gration and Processing Language) is designed to drive the
data integration and processing tasks via Web Services in
minimal programming efforts. The reference architecture of
a WSIPL system and implementation issues are discussed.
Industries deployed with this technology found that WSIPL
can successfully enhance their data integration and process-
ing systems with higher flexibility and efficiency.

1. INTRODUCTION

Today Internet applications, such as electronic bookstores,
Web portals and digital libraries, often require integrated
access to multiple heterogeneous data sources on the Inter-
net. For example, a company may want to enquire the total
inventory level of a particular product stocked in different
regions via the Internet, while each regional office maintains
its own inventory database for its regional stock.

XML [2], a highly flexible format for data storage and ex-
change, quickly picks up the role for Internet-based data
integration. Because of its universal, self-describing and
platform-neutral properties, XML has emerged as the de
facto standard for information interchange. Currently, most

Copyright is held by the author/owner(s).
WWW2003, May 20-24, 2003, Budapest, Hungary.
ACM XXX.

Eric Lo
Department of Computer Science and
Information Systems
The University of Hong Kong
Hong Kong

ecllo@csis.hku.hk

Thomas Lee
Centre for E-Commerce Infrastructure
Development
Department of Computer Science and
Information Systems
The University of Hong Kong
Hong Kong

ytlee@cecid.hku.hk

of the XML-based integration and processing tasks are done
in an ad-hoc manner. Developing applications for this pur-
pose using general-purpose programming languages (e.g.,
C/C++ and Java) involves intensive coding efforts on low-
level data handling such as XML data parsing, transforming
and merging. Besides, such applications are usually highly
customized and hardly reusable. To fulfill the very dynamic
business requirements at this Internet age, there is a strong
demand on the technology that can make the integration
tasks simple and reusable in order to save manpower in sys-
tem development, deployment and operation.

Web Services (also called E-Services)! are the new tech-
nology expected to address the above needs. A Web Service
is an autonomous software component that can be uniquely
identified by a URI and dynamically interacts with other
Web applications using open standards and protocols, such
as XML [2], SOAP [3], WSDL [5] and UDDI [4]. The Web
Service paradigm is not only known to be served for a new
distributed paradigm for building reusable components in
distributed applications, it is also announced to be the next
wave of Internet-based business applications which can fulfill
many different kinds of applications in a dynamic and proac-
tive way [13]. One of the merits brought by Web Services is
the revolution of traditional heterogeneous data processing
and integration systems. As Web Services standardize the
programmatic interfaces for application-to-application com-
munication, by migrating existing data sources and proces-
sors (e.g., XML transformation processors) to Web Services,
or by wrapping a thin layer of codes on existing operations
to provide Web Service interfaces, the flexibility of data pro-
cessing and integration tasks greatly increases. [18] exten-
sively examined the research challenges of data integration
using Web Services. The authors have identified several re-
quirements for building a data integrator. However, writing
a program to integrate Web Services with general-purpose

Tn this paper, we will use the terms Web Services, E-
services and services interchangeably



languages like Java could still be very labour-intensive and
error-prone because this may introduce many coding efforts
in the follow aspects:

o Interacting with Web Services.

e Parsing, transforming, and composing intermediate XML

data throughout the process.

e Resolving the dependency of invoking Web Services
and parallelizing the invocations of independent Web
Services.

Therefore, the use of general-purpose languages to integrate
and process Web Services oriented data and operations could
be cost-ineffective, and sometimes impractical as business
requirements vary from time to time and from business part-
ners to business partners. This has driven us to research and
develop an XML-based scripting language, called WSIPL
(Web Services Integration and Processing Language), for the
rapid and systematic application development that involves
Web Services integration and processing.

The followings are the major benefits of developing appli-
cations using WSIPL:

o High Flexibility: As it is impractical to write pro-
cedural codes for different business requirements with
same objective (data processing and integration), there-
fore a handy scripting language is needed. The benefit
of developing applications using WSIPL is more obvi-
ous when users are allow to manipulating the interme-
diate XML data contents along the process. This is
analog to the benefits brought by current server-side
scripting for the Web. For example, writing HTML
directly within a PHP file.

e High Interoperability: As Web Services standard-
ize the interface for application integration, all data
sources and applications in our framework are exposed
as Web Services. Different operations, such as XSL
transformations and database queries, could be called
through a Web Service interface (WSDL). If a propri-
etary or legacy system needs to be handled, it could
also be wrapped with a Web Service interface. This
way, the caller can invoke all operations transparently
via Web Services, which consume and supply data in
the same protocol (SOAP) and in same format (XML).
These platform-neutral and standardized operations
can then be reused in many different applications. For
instance, a customer history querying service can be
reused by clients from Customer Relationship Manage-
ment division and Sales division, in the same protocol
(SOAP), by the same interface (WSDL) and on any
platforms. This can gain higher interoperability than
traditional (or XML-based) integration systems which
the operation interfaces are arbitrary. In addition, the
WSIPL engine that integrates and processes Web Ser-
vices is also exposed as a Web Service. Therefore a
deployed WSIPL system can call another WSIPL sys-
tem, resulting a share of resources through “a network
of WSIPL systems”.

e High Efficiency: WSIPL provides constructs to co-
ordinate its execution. We have identified two cate-
gories of coordination mechanisms, (1) execution, and

(2) parallelization. The execution control mechanisms
include conventional support of conditional branching
(e.g. if-then-else, switch-case) and iteration (e.g., for-
each). For instance, an email alert Web Service is
invoked only when the total stock is below a certain
amount as reported by other Web Services. The paral-
lelization mechanisms allow two independent Web Ser-
vices to be executed concurrently. When multiple Web
Services cooperate to deliver an application, their in-
vocations can be coordinated in an efficient manner.
If Web Service A supplies data to Web Service B, B
depends on A; B can only be invoked after A finishes
its execution. On the contrary, if two Web Services
do not depend on each other, they can be executed in
parallel to achieve higher efficiency.

Currently there are large number of research [11, 12, 16,
17, 18, 20] and industrial work [1, 5, 6, 7, 10] that work on
‘Web Services components. So far, none of them address the
key benefits on data processing and integration as WSIPL
does. This paper presents WSIPL, its reference architecture
and implementation, to illustrate how simple and handy to
integrate and process Web Services.

The rest of this paper is organized as follows. We begin
with a discussion in Section 2, on some related academic and
industrial work and how WSIPL differentiates. Section 3
outlines the WSIPL desiderata and constructs through a
motivating example. Section 4 presents the reference archi-
tecture of a WSIPL system and the details on WSIPL im-
plementation. Section 5 discusses our past work on WSIPL
and their acceptance in industries. Finally, Section 6 con-
tains concluding remarks and future directions of WSIPL.

2. RELATED WORK

Business Process Execution Language for Web Services
(BPEL4WS) [1] is proposed by IBM, Microsoft and BEA
for describing Web Services composition flow models in busi-
ness workflows. A composition flow model depicts how Web
Services of different organizations choreographed to execute
a specific business process. For example, a buyer invokes a
SubmitPO Web Service to send a purchase order document
to a seller. The seller invokes a ProcessPO Web Service
to process the purchase order. After the purchase order is
approved, the seller invokes a ShipOrder Web Service to
instruct the physical delivery of ordered goods. After the
buyer receives the goods, the buyer invokes a ProcessPay-
ment Web Service to issue payment. BPEL4WS establishes
an XML-based language for specifying the flow logic of busi-
ness processes as a set of activities where WSIPL focus on
processing and integrating heterogeneous data sources. In
the business processes described by BPELAWS, Web Ser-
vices work sequentially according to the flow logic spec-
ified by BPEL4AWS, and they are strongly dependent on
each other as the output of a service flows into the input
port of another service. As services are usually regarded as
business activities that involves human decisions, business
processes described by BPEL4WS are long-live and usually
spans for days or weeks. On the contrary, Web Services
involved in the integration processes described by WSIPL
are often independent as their outputs are collected by a
WSIPL-compliant system only. Such processes are fully au-
tomated, i.e. no human intervention, and thus identified as
real-time processes.



As a W3C note at the time of writing, XML Pipeline Def-
inition Language (XPDL) [10] is a set of XML vocabular-
ies for describing the processing relationships between XML
resources. XPDL and WSIPL share similar design moti-
vations and concepts. However, WSIPL has been evolving
since its ancestor XML Integrator Language (XIL) and was
proposed and implemented in [14]. Based on our experience
in applying WSIPL and its predecessors, we have incorpo-
rated a much richer language constructs in WSIPL. XPDL is
similar to XIL, the first generation WSIPL, which does not
have any instructions for control statements (FOR-EACH,
IF, CHOOSE), data and variable manipulations, and excep-
tional handling. Those instructions have been proved to be
essential for integrating Web Services for industrial appli-
cations. Moreover, XPDL does not propose Web Services
based implementation framework.

Another related work is the XL (XML Programming Lan-
guage) proposed in [16, 17] for implementing Web Services.
XL is a procedural language designed to operate on XML
data in order to deliver Web Services. It is designed for the
implementation of Web Services in general purpose. In con-
trast, WSIPL is a declarative scripting language to specify
the relations of collaborating Web Services and processing
them accordingly. The flexibility of WSIPL allows users
to manipulate the intermediate XML contents directly in
scripts and reduces the coding efforts. In addition, WSIPL
allows parallel invocation of Web Services, but XL only sup-
ports sequential execution. While XL and WSIPL target for
different application areas, WSIPL is a language specifica-
tion that is fully implemented and deployed in industry. On
the other hand, the implementation on XL is still ongoing
at the time of this paper writing.

Web Services based integration has been addressed in [18].
As shown in [18], Web Services can make the development
of heterogeneous integration systems faster and less expen-
sive to develop. They present an XML aggregator and a
use case on how Web Services can be used to unlock hetero-
geneous business systems to extract and integrate business
data. However, they have little coverage on how to drive
their data integration engines as our WSIPL works on.

SELF-SERV [11, 12] also presents a decentralized system
on the composition of Web Services using statecharts [19],
data flow and conversion rules; yet they propose a work-
flow model similar to BPEL4AWS where WSIPL performs
real-time data integration for Web Services. Further, Web
Services in their execution model communicate through Java
sockets whereas we use SOAP which is known to be a widely
adopted protocol for Web Services communications. Some
other research [15, 23] propose algebraic and algorithmic
approaches on XML data integration and merge. However,
they do not focus on the both processing and integration
on heterogeneous data as we have done. Our work also re-
lated to some XML mediators such as Mentor [22]. Though
their system architectures have some similarities with our
reference architecture, they have little coverage on the de-
sign of a specialized language for driving the data as [18]
and focus more on the “flow” like BPEL4AWS rather than
the “integration and processing” like WSIPL.

3. WSIPL DESIDERATA AND SYNTAX

In this section, we outline the design objectives and core
features of WSIPL constructs via an example. This exam-
ple illustrates the requirements for today’s data processing

and integration systems. It is based on our real-life experi-
ence reported from the industries that drove our design of
WSIPL initially?. Then, we introduce how the WSIPL lan-
guage constructs can address the requirements raised by the
application example easily. The formal language specifica-
tions are described in [8].

3.1 Motivating Example and Desiderata

An international company has two branches in United
States and Hong Kong. It has to query the inventory of both
branches for in-house logistic management everyday. The
two query results need to be consolidated for querying the
total inventory of a particular product. If the total inven-
tory level falls below a user specific threshold, the manage-
ment service should send warning emails to the managers-
in-charge automatically. The inventory of each branch is
supported by its own backend system, with different tech-
nologies deployed and platform. Now, from this motivating
example, we can outline the desiderata for a Web Services
based data integration and processing system:

e Accepting input parameters or queries from users, e.g.,
accepting user queries on a product inventory level.

e Transforming intermediate data contents, e.g., trans-
forming the user input message to be the input mes-
sage of the Web Service(s).

e Invoking Web Services, e.g., invoking the data query
Web Services of Hong Kong and United State branch.

e Integrating data, e.g., consolidate the query results
from both Web Services.

e Conditional branching, e.g., if the total quantity of an
item in both inventories falls below a certain threshold,
actions should be taken to alert the users.

e Exception handling, e.g., if there is any exception, the
system can handle exception gracefully.

To fulfill the above desiderata, the inventory management
application can be developed by using procedural languages
such as C++ and Java, or it can be implemented as a part
of the integration system for retrieving Web information.
However, using these approaches need to handle network
programming and data processing explicitly. Moreover, the
application soon becomes one monolithic piece or several
pieces of tightly coupled running codes, tied to a specific
programming language or system platform. Whenever there
is any logical change in data retrieval process, for instance,
the schema of the Web Service changed, or the criteria to
data integration changed based on the business decisions,
then the application, to a certain extent, has to be altered
in programming level and redeployed in the system. As the
business logic changes from time to time, such a repeated
alteration to the application is time consuming and prone to
error, especially without the aids of programming experts.

Therefore, the principle of our WSIPL is to tackle the
above desiderata with minimum coding efforts. It is aimed
to identify and model common tasks for integrating data by
Web Services and provides easy-to-use language constructs
to describe these tasks in an XML script file. Any change
in business logic only alters the WSIPL script file and it is

2Please refer to the discussion in Section 5 for more details.



Zero or more occurrence
+ One or more occurrence
One or zero occurrence

|

Table 1: WSIPL syntax notation

then automatically reloaded into our system architecture for
execution. Based the criteria described above, we propose
some important constructs of WSIPL as follows.

3.2 WSIPL Script

A WSIPL script conceptually models a number of data
processing and integration tasks. It is an XML file with the
root element being <wsipl:script> (“wsipl” is the names-
pace prefix®). Interested readers can refer to the complete
WSIPL script of the motivating example in [21]. The nota-
tions used in this paper is in Table 1. The syntax of element
<wsipl:script> is:
<wsipl:script version="1.1">

<!-- <ysipl:source> -->
<!-- <wsipl:variable>* —->
<!-- <ysipl:task>+ -->
<!-- <ysipl:response> -->

<!-- <wsipl:exception-handler>* -->

</wsipl:script>

The wversion attribute indicates the version number of a
WSIPL script. The child elements of <wsipl:script> will be
explained in the following subsections. The order in which
these child elements under <wsipl:script> occur is not a
matter because WSIPL is declarative in nature, i.e., it spec-
ifies what tasks should be done instead of the tasks order.

3.3 Source Message

As mentioned in the desiderata, WSIPL have to model
user inputs. Thus, the element <wsipl:source> is defined
for modeling the user inputs. Its syntax is: <wsipl:source
name="qname” />. It binds the input message to a name
specified by name attribute with value is “gname”. The
following binds a name, IncomingQuery, to the input message
received by the WSIPL system. The source message should
be a message sent from a client and it contains a query about
a product as in our example:
<wsipl:script version="1.1">

<wsipl:source name="IncomingQuery” />

<!-- Other WSIPL constructs -->
</wsipl:script>

3.4 Variable

Variables are required to hold data values along the data
integration process. The syntax of a WSIPL variable is:
<wsipl:variable name="qname" select="string-expr’ />. A
variable is a name that is bound to a value which is evaluated
from an XPath [9] expression. The name attribute speci-
fies the variable name and the select attribute specifies the
XPath expression that generates the value of this variable.
For the sake of simplicity for both language implementors
and script users, the variable syntax and usage are identi-
cal to XSLT. For example, the following expression binds
variable “SQL” to the result of XPath expression which

3The namespace declaration zmlins:wsipl
="http://www.csis.hku.hk/“wsipl” is omitted in this
paper for ease of exposition.

concatenates the predefined SQL statement “SELECT Mod-
elname, Quantity, Manager FROM Inventory WHERE Prod-
uct=" with the product value extracted from the source
message by the XPath expression “/data/namevaluepair
[@name, product]”, while the incoming message declared
by <wsipl:source> serves as the input contents for variable:
<wsipl:script version="1.1">
<wsipl:source name="IncomingQuery"/>
<wsipl:variable name="SQL" select=concat('SELECT
Modelname, Quantity, Manager FROM
Inventory WHERE Product=", /data/namevaluepair
[@name, 'product’], ')'/>
<!-- Other WSIPL constructs -->
</wsipl:script>
The variables can be referenced by placing a “$” symbol
before the variable qualified name. For example, the variable
“SQL” can be referenced by “$SQL”. A variable is said to
be instantiated when it is bound to a value for the first
time. A variable can be defined in two different levels of
scopes, where the variables in different scopes have different
visibility within the whole script document.

3.4.1 Global Variables

A variable that is nested directly under script element is
a global variable. A global variable is visible to all WSIPL
elements. The variable “SQL” before is a global variable.

3.4.2 Local Variables

A variable that is instantiate under <wsipl:task> (Sec-
tion 3.5) or <wsipl:exception-handler> (Section 3.9) is a
local variable. The select attribute of a local variable takes
the output of its preceding executed instruction as input.
The scope of a local variable begins from the point where
it is instantiated inside <wsipl:task> or <wsipl:exception-
handler> until the closing of these two elements. If the local
variable is instantiated in a nested block, it is also visible in
the blocks containing this nested instruction block as long
as all these instruction blocks are in the same <wsipl:task>
or <wsipl:exception-handler> element.

3.4.3 Shadowing and Changing Values of Variables

The value of a global variable cannot be changed but can
be shadowed by local variables. When a global variable and
a local variable have the same variable name, access to this
variable name within the scope of the local variable will
return the value of the local variable but outside this scope
will return the value of the global variable.

The value of a local variable can be changed by reapplying
<wsipl:variable>. The old value will be disposed and will
be replaced by the new value. In other words, the language
engine should maintain a store for global variable bindings
and an independent store for each local variable scope.

3.5 Task

In data integration and processing, some execution steps
often form a logical procedure like the procedure calls or
methods in programming paradigms. Continue with the ex-
ample, to invoke query service in US, the inventory man-
agement service should (i) prepare a message according to
the target Web Service schema, (ii) send this message to the
target Web Service, (iii) receive the returning message from
the Web Service and extract the data from it. These steps
are essentially the same as those in the invocation of the



Web Service in Hong Kong. Moreover, the two invocations
of Web Services do not depend on each other and they can
be executed concurrently. Element <wsipl:task> is defined
to group some logical related execution steps into a task and
its syntax is:
<wsipl:script version="1.1">

<wsipl:source name="qgname"/>

<wsipl:variable name="qname" select="string-expr"/>

<!-- <ysipl:variable>* -->
<wsipl:task name="qname”>
<!-- <wsipl:initial-content> -->
<!-- WSIPL instructions -->
</wsipl:task>

<!-- Other WSIPL constructs -->
</wsipl:script>

The name attribute of task element specifies the name of
task. <wsipl:initial-content> element is an XML content
manipulation element which compose a well-formed message
input to be used within the task. After specifying the input
to the task, each task can perform some instructions such
as invoking Web Services and transforming XML data.

In our example, three tasks are outstanding:

e Querying the quantity of a particular product via HK
branch database query service.

e Querying the quantity of a particular product via US
branch database query service.

e Integrating the above query results and testing the in-
ventory level, alert the users if the total inventory falls
below a certain threshold.

Thus, the three outstanding tasks are modeled by three
elements, namely <wsipl:task name="QueryUSInventory” >,
<wsipl:task name="QueryHKInventory”> and <wsipl:task
name="InventoryLevel Testing” >.

3.6 Manipulating XML in Process

WSIPL offers two content manipulation elements for ma-
nipulate the XML contents throughout the whole execution
process in the script. Previously, <wsipl:initial-content>
is briefly introduced as an element nested inside a task for
composing input contents for the whole task. Another ele-
ment <wsipl:compose> serves a similar purpose on manip-
ulating the intermediate contents within a task. Both con-
tent manipulation elements can nest with a content directive
element <wsipl:include> for including the output of any
tasks in the WSIPL script. The syntax is: <wsipl:include
name=qname>. If a task includes another task output, it im-
plies that the execution between two tasks is dependent. In
our example, the task QueryUSInventory and QueryHKInven-
tory are independent. Thus these tasks can be executed con-
currently. Whereas the task InventorylLevelTesting depends
on the query output of QueryUSInventory and QueryHKIn-
ventory, therefore InventorylLevelTesting must start after the
two query tasks finished. This kind of parallelization is
model implicitly by the <wsipl:include> element where a
partial order tree is built in execution time. The system fol-
lows the order in the partial order tree to execute the tasks.
The name attribute of <wsipl:include> element specifies
which task output to be included. The followings show how
the task InventorylLevelTesting includes the output of tasks
QueryHKInventory and QueryUSInventory:

<wsipl:task name="InventoryLevelTesting">
<wsipl:initial-content>
<wsipl:include name="QueryHKInventory” >
<wsipl:include name="QueryUSInventory” >
</wsipl:initial-content>
<!-- Invoke email alert if a particular
stock falls below a threshold level -->
</wsipl:task>

3.7 Instructions

Each task should have a set of instructions in order to ful-
fill the task objective. There are two types of instructions:
Action instructions and Control instructions. As Web Ser-
vices standardize the function invoking procedure, we can
model all actions by one <wsipl:call> element. The element
<wsipl:call> abstracts the intrinsic tasks for sending mes-
sages through network, and it also simplifies the program-
ming efforts on building a complete SOAP envelop. The
syntax is:
<wsipl:call url="url" urn="urn" operation="qname"”

style="[RPC|DOC]" timeout="interval” >

<wsipl:param name="qname” type="type"

value="value” />
</wsipl:call>

In the task InventoryLevelTesting in our example, if a spe-
cific condition happens, an email alert Web Service should
invoke. Intuitively, the email service should expect a set
of inputs like email address and email subject. Thus an-
other element <wsipl:param> is supported by WSIPL to
model the input parameters for RPC* Web Services. The
attributes name, type and value specify a parameter name,
its data value type (e.g., string) and its data value respec-
tively. On the other hand, the attributes url, urn, operation
and timeout of <wsipl:call> specify the physical location,
logical location, name of operation and the waiting time of
the invoked service respectively. As defined in the WSDL
1.1 specifications [5], Web Services can be invoked by two
different styles. Services in RPC-style (style attribute value
is RPC) are designed to accept serialized representation of
RPC method calls. In contrast, document-style services ex-
pect to accept SOAP messages carrying a generic XML doc-
ument. To invoke a document-style service, the SOAP mes-
sage contents can be constructed by an <wsipl:compose>
element and specifies the style attribute of <wsipl:call> el-
ement with value DOC.

Now, the script for the task InventorylLevelTesting is:
<wsipl:task name="InventoryLevelTesting">

<wsipl:initial-content>

<wsipl:include name="QueryHKInventory">
<wsipl:include name="QueryUSInventory">
</wsipl:initial-content>

<!-- If a testing condition is satisfied -->

<wsipl:call url/="http://company.com/soap”
urn="urn:MailService”
operation="sendAlertMail" style="RPC" >
<wsipl:param name="To" value="$%$manager” />
</wsipl:call>

</wsipl:task>

Each Web Service should have a WSDL file to describe
its interface details. Thus it would be very easy for WSIPL

4RPC stands for Remote Procedure Call




users to know the input and output parameters of the in-
voked Web Services. The following XML snippet illustrates
part of the integrated query result returned from HK and
US database services.

<Modelname>Compact Disc</Modelname>
<Quantity>60</Quantity>

<Manager>cyng@hk.company . com</Manager>
<Modelname>Compact Disc</Modelname>
<Quantity>20</Quantity>
<Manager>ytleeQus.company.com</Manager>

3.8 Control Instructions

Recall that in the desiderata, a scripting language desig-
nated for integrating data and Web Services must have a
means to control the execution steps. WSIPL has four con-
trolling instructions, namely <wsipl:if>, <wsipl:choose>,
<wsipl:for-each>, and <wsipl:throw-exception>. The
first three constructs share exactly the same usage as that
in XSLT with the following syntax.

3.8.1 Conditional Execution with <wsipl:if >

The <wsipl:if> instruction contains an instruction block,
in which the instructions are executed when the boolean
expression in the test attribute is evaluated to be ‘true’. The
syntax is:
<wsipl:if test=boolean-expr>

<!-- WSIPL instructions -->
</wsipl:if>
Recall that the email alert service should be invoked if the
total inventory level of a particular stock falls below a thresh-
old. The <wsipl:if> element plays a key role in the condi-
tional testing case. By writing the following script, the email
alert web service is called only when the total quantity of
two branches is lower than one hundred:
<wsipl:task name="InventoryLevelTesting">

<wsipl:initial-content>

<wsipl:include name="QueryHKInventory">
<wsipl:include name="QueryUSInventory">
</wsipl:initial-content>

<wsipl:if test="number(//Quantity[position()=1]) +

number(//Quantity[position()=2]) &It; 100" >
<wsipl:call url="http://company.com/soap"
urn="urn:MailService"
operation="sendAlertMail" style="RPC">
<wsipl:param name="To" value="$manager"/>
</wsipl:call>

</wsipl:if>

</wsipl:task>

3.8.2 Repetition with <wsipl:for-each>

In our motivating example, if the total inventory level
for a particular product falls below a threshold, the man-
agers in charge of that particular product should be in-
formed via email. This droves the design of the <wsipl:for-
each> element. The <wsipl:for-each> element selects a
node from the input contents using the XPath node-set ex-
pression in the select attribute and executes the instructions
within the <wsipl:for-each> instruction block. The execu-
tion repeats for each selected node matching the node-set
expression. A <wsipl:loop-variable> must be stated after
the <wsipl:for-each> element and is used to bind a local

variable to a value like <wsipl:variable> does. However,
the string expression in the select attribute of <wsipl:loop-
variable> is evaluated at the node selected by the <wsipl:for-
each> instruction instead of the root node. The first instruc-
tion next to the last <wsipl:loop-variable> will use the
root node of the initial contents of the <wsipl:for-each>
instruction as its input contents. The syntax is:
<wsipl:for-each select=node-set-expr>

<!-- WSIPL instructions -->
</wsipl:for-each>
<wsipl:loop-variable name=qname select=string-expr/>

Therefore, after checking the total inventory level (by
<wsipl:if>) on the consolidated result(by <wsipl:include>),
the task InventoryLevel Testing invokes the email Web Service
for each email address nested in the element Manager:
<wsipl:task name="InventoryLevelTesting">

<wsipl:initial-content>

<wsipl:include name="QueryHKInventory">
<wsipl:include name="QueryUSInventory">
</wsipl:initial-content>

<wsipl:if test=’’number(//Quantity[position()=11)+

number(//Quantity[position()=2]) &lt; 100">
<wsipl:for-each select="//Manager”>
<wsipl:loop-variable name="manager” select="text()">
<wsipl:call url="http://company.com/soap"
urn="urn:MailService"
operation="sendAlertMail" style="RPC">
<wsipl:param name="To" value="$manager"/>
</wsipl:call>
</wsipl:for-each>

</wsipl:if>

</wsipl:task>

3.8.3 Conditional Execution with <wsipl:choose>

<wsipl:choose>
Content: (wsipl:whent,wsipl:otherwise?)

</wsipl:choose>
<wsipl:when test=boolean-expr>

<!-- WSIPL instructions -->
</wsipl:when>
<wsipl:otherwise>

<!-- WSIPL instructions -->
</wsipl:otherwise>
The WSIPL includes the <wsipl:choose> instruction with
the similar purpose as <wsipl:if>. It contains a list of
<wsipl:when> and an optional <wsipl:otherwise> element.
When an <wsipl:choose> instruction is executed, each of
the <wsipl:when> elements is tested in turn. Only the in-
struction block of the first <wsipl:when> element whose
test is “true” is executed. If no <wsipl:when> is true, the
<wsipl:otherwise> instruction block will be executed. Due
to limited space, the motivating example does not cover this
element and more details are given in [8].

3.8.4 Exception Throwing by <wsipl:throw-exception>
<wsipl:throw-exception code=number message=string>

To fulfill the desiderata on handling exceptions, element
<wsipl:throw-exception> and element <wsipl:exception-
handler> is designed. This two constructs model the tradi-
tional exception-trapping similar to Java, C++ and Delphi.
The <wsipl:throw-exception> element throws an excep-
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Figure 1: Architecture of the WSIPL System

tion unconditionally. The code and message attributes spec-
ifies the exception code and message for pre-setting the vari-
ables in <wsipl:exception-handler>. This instruction can
be used in the instruction blocks of both <wsipl:task> and
<wsipl:exception-handler>. The exception will be han-
dled by the corresponding <wsipl:exception-handler>. In-
terested reader can also refer to [8].

3.9 Exception Handling

An exception may occur when an instruction in a task or
in a content directive fails or a <wsipl:throw-exception>
intentionally throws an exception. The exception thrown
can be handled by a <wsipl:iexception-handler>. The
name attribute in <wsipl:exception-handler> specifies the
names of the <wsipl:task> elements from that the excep-
tions are handled. One <wsipl:exception-handler> may
watch multiple tasks but a task can be watched by at most
one <wsipl:exception-handler>:
<wsipl:exception-handler name=qnames>

<!-- WSIPL instructions -->
</wsipl:exception-handler>
The <wsipl:exception-handler> element has an instruc-
tion block. The initial contents for this instruction block
is the initial contents for the <wsipl:task> element that
throws the exception. <wsipl:exception-handler> exe-
cutes its instructions based on this initial contents. The
final contents produced by this instruction block is used as
the final contents for the <wsipl:task>. If an instruction in
<wsipl:exception-handler> also throws an exception, the
next instruction will not be executed and the <wsipl:task>
that passes the control to this <wsipl:exception-handler>
will throw an exception. It is as if no <wsipl:exception-
handler> had ever handled this exception.

3.10 Returning Result

After all tasks specify in the script finished, WSIPL of-
fers a <wsipl:response> element to specify which task out-
put should be regarded as the returned result. Its syntax
is: <wsipl:response name=qname>. The name attribute
binds the output of a task to the response message which is
going to be received by clients. To complete our motivating
example, the line below shows how to bind the output of the
task InventorylLevelTesting to the response message:
<wsipl:response name="InventorylLevelTesting” >

<?xml version="1.0"7>
<xs:schema
xmlns:xs="http://www.w3.o0rg/2001/XMLSchema"
xmlns:wsipl="http://www.csis.hku.hk/“wsipl"
targetNamespace="http://www.csis.hku.hk/~wsipl"
elementFormDefault="qualified">
<xs:element name="data'">
<xs:complexType>
<xs:choice minOccurs="1" max0Occurs="unbounded">
<xs:element ref=“wsip1:document"/>
<xs:element ref="wsipl:namevaluepair"
max0ccurs="unbounded"/>
</xs:choice>
</xs:complexType>
</xs:element>
<xs:element name="document">
<xs:complexType>
<xs:choice minOccurs="1" max0Occurs="unbounded">
<xs:any namespace="##other"
processContents="skip"/>
</xs:choice>
<xs:attribute name="name" type="xs:string"/>
</xs:complexType>
</xs:element>
<xs:element name="namevaluepair">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name='"name"
type="xs:string" use="required"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:schema>

Figure 2: Generic XML Schema

4. IMPLEMENTING WSIPL

In this section, we first present the reference architecture
of a WSIPL system for Web Services oriented data process-
ing and integration. As Web Services interact by XML mes-
sages, the architecture can be adopted to all XML-based
document processing systems like [14] and XML-based work-
flow systems like [22]. Section 4.2 presents our current im-
plementation. A description on runtime operations of exe-
cuting the example script is presented on Section 4.3.

4.1 WSIPL Reference Architecture

Figure 1 shows the various components of the reference
architecture. The WSIPL system composed of a WSIPL
seript repository, a SOAP gateway, a WSIPL engine, a pool
of Web Services, a WSDL file and a Generic XML Schema.

WSIPL Script Repository. The WSIPL script reposi-
tory stores all WSIPL scripts. It can be in any fashion such
as a local directory or an XML-database. Each script in the
WSIPL script repository must have a corresponding entry
in the WSDL file for describing the service it provides. The
repository is also responsible for updating the WSDL files
automatically. For example, whenever a WSIPL script is
deleted from the repository, the corresponding entry in the



WSDL file should be deleted automatically.

SOAP Gateway. The SOAP gateway acts as a communi-
cation interface of the system. It is in charge of the com-
munication between the clients and different Web Services.
Whenever a client invokes the WSIPL system by sending
a SOAP request message, the SOAP gateway determines
which service script the client has requested and notifies the
engine to load the script from the WSIPL script repository.
Meanwhile, the SOAP gateway extracts the payload from
the client message and passes the payload to the WSIPL
engine for execution. The SOAP gateway also acts as a
client to invoke various Web Services.

WSIPL Engine. The WSIPL engine parses the service
script and executes various instructions according to the log-
ics in the script. When parsing the script, the engine resolves
the dependency among the tasks and builds a partial-order
tree. Based on the partial-order tree, the engine executes
all independent service-oriented operations concurrently if
possible. The service operations are invoked through the
SOAP gateway. The engine is also responsible for validat-
ing the message payload extracted by the SOAP gateway to
ensure that the client input messages conform to the service
schemas. For the returning messages from different invoked
Web Services, the engine acts as an integrator to integrate
all the messages and passes the integrated result back to the
clients via the SOAP gateway.

Pool of Web Services. The pool of Web Services contains
the functional components and data sources. Recall that to
facilitate data exchange, all operations should be exposed
as Web Services. Some Web Service operations may require
an access to resources such as databases and mail servers.
Wrappers may be needed for those existing operations which
do not have any Web Services interface, so that the WSIPL
engine and the SOAP gateway can invoke all operations and
third-party Web Services transparently. All services are in-
voked through the SOAP gateway.

WSDL File. A WSDL file is an XML document which
describes all the details on how to invoke a Web Service. It
defines the service location, types of input and output mes-
sages, transport protocols, etc. One WSDL file can describe
more than one Web Services. Thus, WSDL file is stored in
the system to describe all services the WSIPL system pro-
vides. Intuitively, a WSIPL script specifies a set processing
and integration tasks for a designated purpose. Therefore,
each script can be identified as a single independent Web
Service and should have a corresponding service entry in
the WSDL file. The WSDL file can be stored in the local
file system or publish to one or more public UDDI registries.
Therefore WSIPL clients can refer to the WSDL file and cus-
tomizes their own applications easily.

Generic XML Schema. As mentioned before, the WSIPL
system generates different Web Service based integration
and processing services by constructing different WSIPL
scripts. Obviously, different services should have different
sets of input parameters. Consider a WSIPL script that is
designed to provide a weather forecast summary for four dif-
ferent cities. The script should invoke four weather forecast
services and integrate the results into a single weather re-

<?xml version="1.0"7>
<xsl:stylesheet
xmlns:xsl="http://www.w3.org/1999/XSL/Transform"
version = "1.0" xmlns:prefix1="URI1"
xmlns:prefix2="URI2" xmlns:prefix3="URI3">
<xsl:output omit-xml-declaration="yes"
method="xml" indent="yes"/>
<xsl:variable name="variablel" select="valuel"/>
<xsl:variable name="variable2" select="value2'"/>
<xsl:variable name="variable3" select="value3"/>

<xsl:template match="/">
<xsl:if test="boolean-expr">
<true/>
</xsl:if>

</xsl:template>

</xsl:stylesheet>

Figure 3: XSLT stylesheet for handling <wsipl:if>

port. We expect the script to accept one input parameter
(the number of days they want to forecast for the weather).
On the other hand, another WSIPL script is designed to in-
tegrate two language translation services. Thus, a client can
send a business contract in English to the WSIPL system
and receive the contract in both Chinese and Spanish. For
this instance, we expect the script to accept a document as
input rather than a single data value. As there is no pre-
defined set of input parameters for the WSIPL system, it
is impossible to build a single, strongly-typed schema for
describing all inputs. In WSIPL system, we have designed
a generic schema that provides a standard interface for the
WSIPL script users to refer to the input message. Thus,
the payload of client SOAP messages should conform to the
simple generic schema in Figure 2. Typically, all incoming
SOAP messages should be either in document style or RPC
style. As defined in WSDL 1.1 specifications [5], the style of
a call refers to whether a SOAP envelope is structured for
sending XML documents or whether it is a serialized repre-
sentation of an RPC method call. Thus the generic schema
we proposed composes of two major elements, <document>
and <namevaluepair>. The body of <document> is in the
document style which has no constraints on how the doc-
ument is structured. This kind of incoming messages im-
ply that the corresponding WSIPL script understand the
incoming XML document schema. Thus the contents of
the incoming messages can be easily referenced by speci-
fying an XPath expression beginning with /data/document
in the WSIPL script. Another type of incoming messages
is RPC based. The incoming parameters are represented as
name-value pairs. Each <namevaluepair> element has an
attribute “name” to specify the parameter name, and the
contents of the element represent the parameter value. To
refer to the input parameters in RPC style, the script can use
the XPath expression /data/namevaluepair [@name=gname].

4.2 Implementation

We have implemented the WSIPL system as described
above. All components have been implemented using JDK1.3.
Both the SOAP gateway and WSIPL engine are implemented
as Java Servlets, and the SOAP communication rides on



HTTP. All functional units and data sources are exposed as
Web Services with a WSDL file describing their properties.
The XML parser is Xerces and the XSLT processor is Saxon.
Currently, the engine and gateway are deployed on a Apache
Tomcat servlet container and the script repository is a local
directory.

Clients invoke WSIPL services by sending SOAP mes-

sages. The SOAP gateway then tells the engine which WSIPL

script is requested by parsing the payload. Afterwards, the
script is fetched from the script repository by the engine
and execute various instructions specified in the script are
executed.

As mentioned previously, control instructions (<wsipl:if>,
<wsipl:for-each> and <wsipl:choose>) share the same syn-
tax as that in XSLT. Thus the implementation of these
constructs can be done by passing the conditional evalu-
ation to an XSLT processor instead. Take <wsipl:if> as
an example. In the runtime, if the WSIPL engine encoun-
ters this element, it will compose an XSL stylesheet as in
Figure 3 (suitable namespace will be inserted if necessary).
The XSL stylesheet will then be passed into an XSLT pro-
cessor and the WSIPL engine will execute the instructions
under <wsipl:if> element if and only if the result from
XSLT processor is <true/>. The “variablel”, “variable2”,
etc. and “valuel”, “value2”, etc., are the variable bind-
ings used in the Boolean expression (boolean-expr). The
<xsl:variable> elements are used to set up the variable-
binding environment for the expression evaluation.

4.3 Runtime Operations

Now, we describe what happen during the motivating ex-
ample WSIPL script is requested by a user and the engine
executes it®. Figure 4 illustrates the steps in a user request
as follows: (1) The client sends a SOAP request to the sys-
tem, specifying which service script that he wants to invoke
and the input parameters to that service (In this example,
the input is the product’s name). (2) The SOAP gateway
extracts and passes the request payload to the WSIPL en-
gine. (3) The WSIPL engine fetches the requested script
from the script repository and executes the logic specified
on the script. (4) There are three distinct tasks in exam-
ple script: InventoryLevelTesting, QueryHKInventory and task
QueryUSInventory. The first task includes the output from
the last two tasks so that the first task is dependent on
the last two tasks. Thus the task InventorylevelTesting can
only be executed after the finish of the tasks QueryHKIn-
ventory and QueryUSInventory. (5) The engine passes the
global variable SQL to the two database query services spec-
ified in tasks (QueryHKInventory and QueryUSinventory) via
the SOAP gateway concurrently. (6-10) The SOAP gateway
then collects the results from the two database services and
passes the results to the engine. The engine now executes
the task InventoryLevelTesting and checks if the total inven-
tory from the integrated result is less than the threshold
value. (11,12) If it is true, the engine invokes the mailing
service to send an alert email to every manager specified on
the script. (13) Finally, the engine sends the integrated re-
sult back to the client.

5A complete WSIPL script of the motivating example is in
[21]
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Figure 4: Steps in Inventory Maintenance Example

5. DISCUSSION

WSIPL has been developed in an evolutionary manner
and is the third generation of this technology. The first
generation is Document Integrator (DI) [14] , which was
designed in 1999 to meet the business requirements from
an airfreight forwarder. The airfreight forwarder required
a programmable XML-based middleware to integrate dis-
tributed and heterogeneous data sources from various busi-
ness partners, such as warehouse operators and airlines, for
its customers to obtain real-time logistics information. De-
spite having a limited instruction set, DI remains as the core
integration framework being used through the three gener-
ations.

The second generation is XML Integrator (XI) and was
designed in 2000. The programming language for XI (XIL)
has incorporated a rich instruction set similar to the one pro-
posed in WSIPL. The instruction set (e.g., variables, con-
trol statements, and exception handling mechanisms) was
specially designed to meet the Enterprise Application In-
tegration (EAI) requirements from various business users.
Several companies are currently using XI to integrate var-
ious procurement, accounting and sales systems to provide
just-in-time decision support systems.

However, the Web Services concept and technology have
not yet been materialized until now. With the wide ac-
ceptance of Web Services, the data exchange mechanisms
between the integrator and various distributed data proces-
sors can be standardized so that cross-enterprise application
integration becomes possible. The main difference between
XIL and WSIPL is that the external adaptors (or transfor-
mation modules in [14]) that translate proprietary data for-
mats to XML in XIL are excluded in WSIPL while all data
processors are assumed to provide services via Web Services
protocols. This way, the WSIPL framework has become less
proprietary, more simple and interoperable with other Web
Services technology.

The WSIPL system has successfully deployed on several
companies in Hong Kong. Company clients like the air-
freight forwarder have written more than hundred WSIPL
scripts to build up a complete supply chain management ap-
plication. Feedbacks from the companies prove that WSIPL
can successfully achieve its design objectives and reduce user
programming efforts in great extends.



6. CONCLUSIONSAND FUTURE WORK

Data processing and integration of heterogeneous data
sources often require intensive coding. However, applica-
tions developed for this purpose spend most of the efforts
on low-level data handling and network programming where
the end products are usually highly customized. Such ap-
plications cannot achieve their goals efficiently under the
dynamic business requirements in the Internet age.

In this paper, we have identified the challenges for apply-
ing the Web Service paradigm on data processing and inte-
gration. We described a scripting language WSIPL which
aimed at simplifying the intricate tasks on processing and
integrating Web Services oriented operations. WSIPL pro-
vides constructs for Web Service invocations and control

constructs to coordinate the processing and integration tasks.

All independent tasks are executed in parallel to attain high
efficiency. WSIPL users no longer worry about the details of
network programming, XML transformation, database con-
nection mechanisms and Web Service invocation steps. The
proposed language is conformed to all standards and the
full WSIPL language specification can be obtained in [8].
Interested readers can refer to [21] for more application ex-
amples. We also present a complete framework for imple-
menting WSIPL. The generic schema in the WSIPL system
provides a powerful means for WSIPL scripts users to spec-
ify the input parameters for new services created by WSIPL
script in a standardize way. Further, the usage of the generic
schema can be extended and adopted to be a standard in
referring to any kinds of XML incoming messages without
schema known a priori.

Industries deployed with WSIPL found that WSIPL can
successfully solve the data integration and processing tasks
efficiently. User efforts are reduced and WSIPL system can
attain different functionalities by writing different WSIPL
scripts. Future work includes adding constructs to support
query on the UDDI registry. Other data integration solu-
tions such as schema matching and query discovery are now
under development and will be integrated into next version
of WSIPL. In long term, WSIPL should evolve into a stan-
dard for Web Services oriented data processing and integra-
tion.
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